neutrons (1 MeV n-equiv)
RO00 3=~ 7 wo : 10"

102
500

000
500

107
0

10-11

LFleIdMuo!IMagn?t [Byl(z,y) x=0 |

4000 5000

z(cm) _

Study of Strongly Interacting Matter

T
e
7\ :
- + -
7 [Ny ;
-
o]
P
"~

This work is supported by the EU Integrated
Infrastructure Initiative Hadron-Physics Project
(I3HP) under Contract number RII3-CT-2004-
506078, by INTAS Ref. Ne 06-1000012-8729,
-8778, -8781, -8810, -8914, and by the German
Federal Ministry for Education and Research.

central trigger (10°)
£44K A/10" central events
30 A; > pKn

20
[ eff = 0.18%
S/B=19

Vi

10}

2 25
m, , (GeV/ch)

105.CGBV coIIabofat_i',on MEELNgRPresden, September 200

ISSN: 0171-4546
ISBN: 978-3-9811298-5-4

CBM PROGRESS REPORT




Preface

This report documents the activities within the CBM project in 2007. Significant progress has been made in
the optimization of the simulation software, the layout and development of detectors, the design of front-end
electronics, and the concepts for data acquisition.

The simulation and analysis routines have been completely integrated into the software framework (FAIRroot
and CBMTroot), and can be used now easily by users outside GSI. A breakthrough has been achieved in the
development of fast algorithms for track and vertex reconstruction which have been improved in speed by a
factor of 10°. These fast routines permit to perform high-statistics simulations for detailed detector layout
optimization. Full event reconstruction based on realistic detector properties and particle multiplicities as
given by microscopic transport models are routinely used in the feasibility studies.

A version of the Silicon Tracking System is now implemented in the simulation software comprising 8
detector layers based on microstrip technology only, including the readout cables, and the mechanical detector
structure. The studies of open charm detection have been extended to D" and A, taking into account a
realistic layout of the Silicon Pixel Microvertex detector. The identification of electrons has been optimized
by improved ring recognition algorithms and transition radiation simulations. The Ring Imaging Cherenkov
(RICH) detector has been redesigned, resulting in a reduction by a factor of two in mirror size and number of
readout channels without reducing the pion rejection capability. The muon detection system has been
optimized with respect to the number of detector layers. The muon simulations take into account detector
inefficiencies and a segmentation of the muon chambers into pads according to a nominal occupancy of 5%
for central AutAu collisions. Studies for a dimuon trigger show promising results. Radiation dose
simulations using the FLUKA transport code have been started.

A new generation of pixel sensors for the Microvertex detector (MVD) with fast read-out architecture has
been tested with pion beams at CERN. The tolerance of the sensors to non-ionizing radiation has been
improved, and the construction of a MVD demonstrator has been started. The first double-sided microstrip
sensors have been built and will be tested. Prototype MWPCs for the measurement of transition radiation
have been tested and optimized for high rate capability. Prototype straw-tube tracker modules haven been
built and tested. The n-XYTER readout ASIC was characterized in various test benches and is now ready for
deployment in detector and beam tests in 2008. The design work on the CBM-XYTER, a radiation-hard
second-generation readout ASIC for Silicon and fast gas detectors, has started in 2007. The FEE development
for the RPC-TOF system saw two major milestones in 2007: the preamplifier-discriminator chip PADI was
successfully tested, and the preparatory studies of several time-to-digital converter buildings blocks were
concluded with the design choices for the first full system chip to be developed in 2008. Within the
development of a future data acquisition system, the scalability of high-throughput event building was
demonstrated on a 110 node cluster. A very important milestone will be the proton beam test of Silicon
microstrip and gas detectors read out by n-XYTER ASICs at GSI end of September 2008.

In 2007 seven institutions joined the CBM collaboration: University of Split (Croatia), Aligarh Muslim
University (India), Rajasthan University (India), Jammu University (India), Srinagar University (India),
Kolkata University (India), and the Academy of Mining and Metallurgies Krakow (Poland). An important
decision has been taken concerning the participation of GSI groups in FAIR. The GSI efforts in FAIR will
concentrate on five experiments, and one of them is CBM. The CBM Physics Book is almost finished and
will be submitted for publication in 2008.

Many thanks to all the colleagues who have contributed to this report.

February 2008 Peter Senger
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General

Status of the FAIR Project

FAIR Joint Core Team
GSI, Darmstadt, Germany

The year 2007 saw tremendous progress in the realisa-
tion of the FAIR facility. During the year, the FAIR mem-
ber states have been joined by Austria and Slovenia. The
Republic of Georgia has been granted observer status.

Although not all necessary funding for the entire pro-
ject could be achieved to that date, the FAIR project was
officially started at 7" November 2007 (see Fig. 1). With
more than 1,400 people attending, delegates of the mem-
ber states signed a communiqué reaffirming their com-
mitment to build FAIR.

The celebration was followed-up by a symposium which
gave a concise overview of the physics at FAIR and its
significance in the international research environment. It
was attended by more than 500 physicists.

FAIR is unique in its attempt to build an entire facility,
accelerators and experiments, in a distributed fashion. It is
planned that sub-systems will be built within the various
member countries and provided to FAIR as so-called in-
kind contributions. This concept relies on the capabilities
and willingness of the laboratories of the member states.

In autumn 2007 this was put to test. In a first round of
enquiries, 22 laboratories from 9 member states expressed
the interest into particular in-kind contributions. The re-
sponse exceeded all expectations, already covering the
majority of the work packages that have to be executed.
The needed consolidation and organisation of these work
packages will be addressed during 2008.

The 14 experiment collaborations with more than 2,500
scientists have consolidated their attempts to acquire their
necessary funding. In parallel, significant progress in
research and development of the various detectors has
been achieved.

The first technical design reports are expected for 2008.
They are needed to start the construction of the particular
sub-detectors, e.g. the PANDA electro-magnetic calorime-
ter.

The creation of the FAIR GmbH and its first year of
operation will be supported by a FP7 grant of the Euro-
pean Commission.

Figure 1: More than 1,400 people attended the start of the FAIR project on 7" November 2007
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The CBM experiment at FAIR

V. Friesé, W. F. J. Miller*, P. Sengét and the CBM Collaboration
1Gesellschaftiir Schwerionenforschung, Darmstadt

Compressed Baryonic Matter: Physics case serves hadron identification by time-of-flight measurement
and detector setup The setup is completed by an electro-magnetic calorimeter
(ECAL) used for the identification of photons. A schematic

The mission of the Compressed Baryonic Matter (CBMyjiew of the CBM setup for electron and hadron measure-
experiment at FAIR is to explore the QCD phase diaments is shown in Fig. 1.

gram in the region of high baryon densities. The physics
of dense baryonic matter and the relevant observables in
nucleus-nucleus collisions have been worked out in de-
tail in the CBM Physics Book which will appear in 2008.
The detailed understanding of the evolution of the par-
tonic/hadronic fireball requires new measurements which
have not yet been performed at FAIR energies. The most
promising observables are rare probes which carry infor-
mation on the matter properties, such as particles contain-
ing charm quarks (D mesons and charmonia), low-mass —|
vector mesons decaying into dilepton paifs«{ and ¢ 4
mesons), of) hyperons (consisting of 3 strange quarks). & *=*°
The measurement of event-by-event fluctuations, correla- l :
tions, and of the collective flow of hadrons (including the
flow of rare probes) will provide important information on
the dynamics of the fireball.

The goal of the CBM research programme is to deter-
mine the equation-of-state of strongly interacting matter

to discover the phase trla.nsition from hadronic .to par.toni'gigure 1:The Compressed Baryonic Matter (CBM) experiment
matter and the QCD critical endpoint, and to InVeStlgatslanned at FAIR. The setup consists of a high-resolution Sili-

the in-medium properties of hadrons as a signature for thg, Tracking System (STS), a Ring Imaging Cherenkov detector
onset of chiral symmetry restoration. This programme rqr|CH), three stations of Transition Radiation Detectors (TRD)
quires the systematic and comprehensive investigation @fth 3-4 radiator/detector layers each, a time-of-flight (TOF) sys-
the above mentioned observables as function of beam &sm made of Resistive Plate Chambers (RPC), and an Electromag-
ergy, system size and collision centrality. netic Calorimeter (ECAL) based on lead/scintillator "Shashlik”
The experimental task is to identify hadrons and leptechnology.
tons in collisions with up to 1000 charged particles at event
rates of up to 10 MHz. These measurements require fast
self-triggered read-out electronics, a high-speed data ac ror the complementary measurement of low-mass vec-
quisition (DAQ) architecture, and an appropriate higrelev o, mesons and charmonia through their decay into muon
event-_selection concept. A particular expe.rim(.ental Chabairs, the RICH detector will be replaced by a muon de-
lenge is the measurement of D mesons which is based ytion system consisting of several iron absorbers inter-
the real-time selection of displaced vertices with an acClayed with large-area tracking detectors. In this setug, th
racy of about 5Q:m. _ ~ TRD will serve as a pure tracking detector. The TOF detec-
The core of the CBM detector concept is the Siliconor will be used for background suppression during muon
Tracking System (STS) located in a large-aperture dipolgeasurements or, with the absorbers removed, for hadron

magnet. It is made up of several layers of silicon microjjentifcation as in the case of the electron setup.
strip detectors and has to provide track reconstruction and

momentum determination. The STS is supplemented with In the following, we briefly review the status of the fea-
the Micro-Vertex Detector (MVD), consisting of two layerssibility studies and the detector R&D for CBM. The sim-
of silicon pixel sensors, for high-precision determinatié  ulations have been performed within the FAIRroot soft-
primary and secondary vertices. Electrons from the decayare framework (see M. Al-Turany et al., this report). The
of low-mass vector mesons or charmonia will be identiroutines for track and vertex reconstruction have been im-
fied by the combination of a Ring Imaging Cherenkov Deproved in speed by a factor of 1000 which allows to per-
tector (RICH) and a system of Transition Radiation Deform sophisticated high-statistics simulations for d&iec
tectors (TRD). A wall of timing RPC detectors (TOF) layout optimization (see I. Kisel et al., this report).
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The Silicon Tracking System pion contamination in the electron sample. Low-mass vec-

tor mesons can be identified using elaborated background

h IB (.)(;de.r t? regucg the nlumber dOf detector teChn()log_":i’%jection strategies (see T. Galatyuk et al., this rep®tie
.( ybrid pixet an mlcro-gtrlps), a etector system COHS'SE]/zp meson yield is well visible above the combinatorial
ing of 8 double-sided micro-strip sensor layers only wa

desianed. Thi ki has b imized wi ackground (see A. Maevskaya et al., this report). The
esigned. This tracking system has been optimized Withpy pe y activities are focused on the development of
respect to track reconstruction efficiency,

- . momentum_ re?ﬁghly granular and fast gaseous detectors which can stand
olution and r_e_dundan(;y (see R. KarabO\_Mcz e_t al., _th's "%he high-rate environment of CBM. Prototype gas detec-
port). In addition, details of the detector including a igal tors based on MWPC and GEM technology have been built

tic sensor layout, micro-cables and support structures ha¥nd tested with particle rates of up to 200 kHzfowith-

been implemented in the simulation software. First Protos, + deterioration of performance (see M. Kleilding et

type double-sided micro-strip sensors with different size;) 5,4 b Gonalez-Diaz et al., this report). Moreover, test

have been produced gn_d tested. The next_ step is to prOst’ﬁgasurements of RICH mirror and photon detector perfor-
a demonstrator consisting of a double-sided sensor COiances have started

nected to a self-triggered read-out chip (n-XYTER), and to
perform test measurements with proton beams at GSI (s

J. Heuser et al. and C. Schmidt et al., this report). eﬁluon measurements with hadron absorbers

The CBM muon detection system consists of active

D meson identification and vertex detector hadron absorbers located just behind the Silicon Track-

. o ing System. The idea is to continuously track all charged

The Micro-Vertex Detector (MVD) - which is close to particles through the complete absorber, starting with the
the target and has limitations in radiation hardness anghcks measured by the Silicon tracker (which defines the
read-out speed - will be installed only for open charm meanomentum). This concept requires highly granulated and
surements which requires high-precision vertexing. Thgst tracking detectors which are located in each gap be-

MVD consists of two layers of Monolithic Active Pixel tween the absorber layers. The muon detection system is
Sensors (MAPS) which can be made very thin in ordegchematically shown in Fig. 2.

to reduce multiple scattering. Feasibility studies demon-
strate that particles with open charm®{, D*, D,, and

A.) can be measured with good efficiency and excellent
signal-to-background ratio using a detector setup consist
ing of 2 MAPS and 6 double-sided micro-strip stations (see
I. Vassiliev et al., this report). The R&D on the MVD
concentrates on the improvement of radiation hardness and
readout speed of the MAPS, and on the development of a
demonstrator (see S. Amar-Youcef et al., this report).

Hadron identification by Time-of-Flight

The study of event-by-event fluctuations and particle
correlations is based on the measurement of pions, kaons
and protons. Hadron identification in CBM requires track
reconstruction using the STS and the TRD, and TOF deter-
mination with the timing RPC wall. The total reconstruc-
tion efficiency for hadrons (STS-TRD-RPC) is well aboveFigure 2:Sketch of the CBM muon detection system consisting
80 %. This result is based on realistic detector layouts and alternating layers of iron hadron absorbers and detectors
performances. The R&D on prototype timing RPCs con-
centrates on high rate capability, low-resistivity maigri ~ The simulations are based on track reconstruction al-
long-term stability, and the realization of large arrayshwi gorithms taking into account a realistic pad layout of the
overall excellent timing performance. muon chambers according to an occupancy of 5%. The

studies demonstrate that both low-mass vector mesons and
Electron identification with RICH and TRD charmonialcar.] be idgntified above the combinatorigl back-
ground which is dominated by muons from weak pion de-

The simulations on electron identification are based ocays (see A. Kiseleva et al., this report). The challenge for
reconstructed tracks in STS and TRD, on ring recognitiothe muon chambers and for the track reconstruction algo-
in the RICH photon detector, on ring-track matching, andithms is the huge particle density of up to 1 hitfciper
on the statistical analysis of the energy loss signal in thevent in the first detector layers. Therefore, the current de
TRD (see C. Whne et al., this report). The combined in-tector R&D concentrates on the design of fast and highly
formation from RICH and TRD is sufficient to suppress thgranulated gaseous detectors based on GEM technology.
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Cave and infrastructure for CBM

W. Niebur'

IGesellschaft fiir Schwerionenforschung, Darmstadt

The experimental cave for the CBM experiment will be
located south of the SIS100/300 synchroton rings, near the
production target for the Super-FRS. The cave provides an
area of 38 m x 21 m; its height is about 17 m. It wil be
built underground and covered with compacted earth for
radiation protection. Access to the cave will be granted by
a 10 m x 6 m breakthrough in the front part of the ceiling
which can be reached by heavy loads through the access
road. Here, experimental equipment can be lowered to the
experimental area by an external crane.

breakthrough
6X10m

Annex

/ building

Compacted earth

Figure 1: Side view of the CBM cave

Inside the cave, an internal crane will be used to place
equipment. The capacity of the crane will be about 30 t. A
side view and a top view of the planned cave are shown in
Figs. 1 and 2, repectively.

Unlike previous designes, the cave floor on one level
only. An intermediate ceiling at about 3 - 4 m above floor
level will provide acces to the beam line and the target re-

gion. The beam line is at about 5.70 m from floor level.
Below the inserted ceiling, electronics and supplies will be
located which are shielded from the interaction zone by the
concrete support of the dipole magnet.

The HADES experiment will be placed in front of the
CBM setup. To avoid additional focusing magnets between
HADES and CBM, the distance of the two is to be min-
imised. Currently, the CBM target position is foreseen at
about 12 m from the cave wall.

breakthrough

290,338,

faz g,

4

Figure 2: Top view of the CBM cave

The CBM infrastructure is complemented with an Annex
building hosting the control room, the computing farm, var-
ious laboratory rooms including a clean room, a montage
room and a meeting room. The cave can be accessed from
the Annex by an elevator as well as by a stair case.
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Dipole magnet study for the CBM experiment

P. Akishin, V. Ilvanov, and E. Litvinenko
LIT JINR, Dubna, Russia

In order to estimate the possibility of using the dipole ;- 8 port » e
magnet of the HERMES set-up at DESY for the CBM ex- & - : i
periment, we created a model of this magnet on the basis . AN e
of the available information — a one-page technical draw-
ing and some basic parameters of the magnet [1]. The field «-
map, calculated with TOSCA, and magnet geometry were ...
converted to be compatible with the cbmroot framework: 2 . .\ . Ee ]
the field map "Hermes” corresponds to the nominal current enll |
1500 A.

As the opening angle of the HERMES magnet was n
sufficient for CBM experiment needs, a modified model o

d%igure 3: Left plot: B, field components for "Hermes”
fnagnet and its modified version. Right plot: comparison of

this magnet was developed and studied (Fig. 1). Since tf gon;ponents for dlnfferent d'F,),Ole magnet models. Here
field value in the center of the magnet was significantly re’ ctVe” iS the former “standard” magnet model for CBM
duced after this modification (Fig. 3, left plot), the modi-s"’”ul"jltlons

fied geometry did not provide enough bending power (field
map "HermesEn”, 1500 A current ), even if the electrical
current in the coils is increased up to the maximum value
(map "HermesE”, 1650 A current).

4 Figure 4: Muon magnet model as represented in cbmroot

Figure 1: Geometry of HERMES magnet models in
TOSCA and cbmroot. Differences between original anther 2006 [3]. To achieve this, the magnet model was re-
modified models are shown designed and the field map was recalculated on a new grid.
For all above mentioned magnet models the field maps
were calculated using TOSCA (Fig. 3, right plot) and con-
verted into a cbmroot compatible format. The geometry
files are also provided, so that these magnet models can
be used in GEANT simulations and analysis in the cbm-
root framework. The magnet model “MuonMagnet” is se-
lected now as a new “standard” model for CBM simula-
tions. Presently, a further design study of this magnet for
the CBM experiment is conducted.

_ _ References
Figure 2: HERA magnet model as represented in cbhmroot .
[1] http://lwww.gsi.de/documents/DOC-2007-Oct-110-1.pdf

Previously, similar studies have been conducted with tHe] http://www.gsi.de/documents/DOC-2007-Mar-51-1.pdf.
magnet (Fig. 2) used at DESY in the experiment Hera [2]{3] hitp:/mww.gsi.de/documents/DOC-2007-May-1-1.pdf.
Motivated by increased requirements for the apperture,
additional calculations have been carried out for the mag-
net model “MuonMagnet” (Fig.4), reported in Septem-
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Superconducting Dipole Magnet for CBM
E.A.Matyushevskiy, P.G. Akishin, A.V. Alfeev, V.S. Alfeev, V.V. lvanov, A.l. Malakhov
JINR, Dubna, Russia

One of the major components of the CBM setup is the
superconducting dipole magnet which is located closely to
RICH detector. The magnet should provide a field integral
along the beam axis of about 1.5-2 Tm. The maximal value of
the magnetic field in the magnet gap should amount to 2 T.
The working gap acceptance should be within 50° in height
(1.4 m) and 60° in width (1.6 m).

The conceptual design of the SC dipole magnet with a
magnetic steel yoke and a SC excitation winding is presented

at Fig.1.
2 5 3
B .
e I N
5 7
Vi D :
S i L
T C) =] [ 5] ) 0 S T
I 1 T

Fig. 1. Superconducting dipole magnet.
1.Beam; 2.Rack; 3.Winding; 4. Connector;
5. Fill in device; 6. Support basic.

The magnet’s yoke consists of top and bottom beams and
lateral racks made of magnetic steel with low carbon content
(Steel 10). The set of three pairs of top and bottom beams forms
the magnet’s poles. The cryostats for the excitation windings
are fixed on the magnet’s yoke, which receives the magnetic
forces acting on the coil. The windings are made of
superconducting cable with a cross-section of 7*4.5 mmz2. The
cable consists of superconducting wires with niobium-titanic
strings put in a copper matrix. The cross-section ratio of
superconductor area to copper matrix is 1/3; the ratio of the
superconducting wires to the aluminum matrix is 1/12.

The winding (Fig. 2) consists of two coils (pancakes)
in rectangular form with a rounding at the corners. The parts of
the coils in the magnet’s outlet are turned up and down (‘Duck
nose’ form), that makes the working aperture wider. In the
magnet’s outlet the winding is covered by a magnetic screen to
reduce a field in the RICH area.

[ —

71l

Fig. 2. SC winding with cryostat.

The excitation winding cryostat (Fig. 2) consists of the
helium vessel (1), nitric screen (3) and vacuum casing (6).
The nitric screen and helium vessel are the supporting
elements of the construction. They transfer the forces from
the windings to the vacuum casing. The cooling of the
helium vessel is made by tubes (2) with circulating liquid
helium. The external vessel’s surfaces are polished and
covered by Al foil to reduce heat flow from radiation. The
heat flow from radiation is 0.22 watt. The helium vessel
rests upon the nitric screen through Kevlar bases. The heat
flow through the bases is 1.8 watt. The copper nitric screen
with copper tubes (4), soldered to it, rests upon the
vacuum casing of the stainless steel cryostat. The cover
and hatches on the casing provide an access to the
equipment inside of it. Thickness of the external wall of
the vacuum casing, that must be less than 4 mm, is defined
according to operating stability and admissible sag. The
casing is equipped with tubes to connect vacuum pumps
and install sensors for vacuum monitoring.

The inner surface of the vacuum casing is polished. A

multilayer shield-vacuum isolation is placed between the
vacuum casing and nitric screen. The top and bottom
intercryostat connection is realized by two vacuum-
cryostats adapters which allow jointing them to the
winding. This permits to place here the elements of the
helium and nitric circulation monitoring. The top cryostat
is equipped with the lead-in device with two current leads
designed for 5 kA, the inputs for liquid helium and
nitrogen supply, sensors, control and monitoring devices
and others. The pipes and other communications coming
to the helium vessel create a heat flow to this vessel at a
level of 5 watt.
The calculations with the program “RADIO” give a field
in the gap of 1.5 T and in the RICH area of below 250
Gauss for an excitation current of 4 kA. The picture of
magnetic field distribution along the Z and X axis is
presented at Fig. 3.

Bz=f(X.,z) (y=0mm)
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Fig. 3. Field distribution along the X-axis of the magnet
for different height levels.
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Radiation environment in the CBM experiment

R. Karabowicz and D. Bertini
GSI, Darmstadt, Germany

The CBM experiment focuses on the investigation o€harged particle energy loss in the silicon stations as a
matter under extreme conditions as produced in heavy idrenchmark to compare the two engines. The energy loss
collisions by observing rare probes such as light vectgredicted by GEANT was found to be about 20 % higher
mesons or charmonium particles [1]. The achievemeriban that produced by FLUKA. The results proved to be
of this goal depends crucially on the collection of high+elatively stable against changing GEANT or FLUKA set-
statistics data, which requires running of the experimerings. The only significant difference was observed when
at high collision rates. At present, we expect the colliadjusting the number of tracking steps in the silion mate-
sion rates to reach0” minimum bias Au+Au collisions rial; this dependence is currently under study.
per second on a 1% interaction target. Such running condi- The above comparison resulted in the possibility of per-
tions produce a high radiation environment, which has to lerming radiation studies in the demanding environment of
studied to identify both hot spots and regions in the experthe STS. Assuming a CBM experiment lifetime of about
mental cave with low radiation levels, where infrastruetur 3 - 10** minimum bias Au + Au interactions at 25 AGeV
can be located. (which corresponds to about 6 years of running), the es-

Radiation simulations were performed with the FLUKAtimated integrated dose in the silicon detector reaches
package [2]. 50 UrQMD minimum bias Au+Au collisions 20 Mrad (see Fig. 2).
at 25 AGeV were injected into FLUKA which transported
the produced particles in a simplified geometry of the CBN
experimental cave. The result is shown in the left part ¢
Fig. 1 as a scatter plot of the particle fluence converted 1 = *
1 MeV neutron equivalent units ingz projection of the 1
CBM cave. We obtain a rather uniform distribution of the
radiation level in the CBM cave except of the regions clos
to the target and in the beam dump, where the radiatic
level is much higher.

To estimate the radiation background induced by bea
particles not interacting in the target, single gold ionseve
studied in a separate simulation. The results are display ) x [em]
in the right part of Fig. 1, demonstrating that the back scat-
tering of the beam in the beam dump produces a cone Bfgure 2: Radiation dose on the first STS station in 6 years
heavy radiation comparable to the background from targef running
interactions.

Energy loss on station 1, z=30cm Mrad/Gyr
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The preliminary studies of the radiation environment in
‘", the CBM experiment performed in the last year underline
. the challenging aspects of the detector setup and running
o F «» conditions. Rough estimates predict radiation doses on lev
it 3 .|lEw  els comparable to that expected for the LHC experiments.
“w o Itappears that the present construction of the beam dump is
' @ far too simplistic; its design is crucial for a minimizatioh
»  the radiation doses in the CBM cave. Thus, future efforts
will focus on optimizing the cave geometry with respect
Figure 1: y-> scatter plot of particle fluence in the CBM to the radiation environment, and on performing radiation
cave for gold nuclei colliding with the gold target atfolerance tests of the most exposed detectors.
25 AGeV (left) and for gold nuclei interacting in the beam
dump (right) normalized to one minimum bias interaction References
in the target

LA R L 1 L L N L 1
0 1000 2000 3000 4000 .0 1000 2000 3000 4000
z(em, 2(cm)

[1] P. SengerThe CBM experiment at FAIR, this report

) ) ) _[2] A. Fas® et al.,, FLUKA, a multi-particle transport code,
In the course of performing the FLUKA simulations, it © cERN-2005-10, INFN/TQ05/11, SLAC-R-773

appeared necessary to compare the results obtained V\gi‘l M. GoossensGEANT: Detector description and simulation
this transport code with the default transport code of th tool CERN W5013 ('1993)
CBM experiment, GEANT3 [3]. We have chosen the '
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Status of the FairRoot Simulation and Analysis Framewor k

M. Al-Turany*, D. Bertinit, and F. Uhlig
1GSI, Darmstadt, Germany

£ Eve Main Window

The FairRoot framework is used for simulation and anal-
ysis by the CBM and Panda collaborations at the GSI. |~
Among the new developments in 2007 are a generic event |
display, an interface to external decayers and an interface
for user-defined simple phase space decay. Moreover, a
new mode of the main application has been introduced
providing an easy way for the calculation of the radiation
length in the different detector materials.

Event display

The event display in FairRoot is based on the Eve (Event
Visualization Environment) package of ROOT [1]. Com-
bined with trajectory visualization in FairRoot [2], it can
be used directly from the macro to display TGeoTracks
(MC Tracks) and all sub-classes of ComPoint and CbmHikigure 2: MC tracks and RICH points in the CBM detector
together with the detector geometry (see Figs. 1 and 2).

The FairEventManager implemented in FairRoot provides

an easy way of applying cuts on energy, transverse mome#ftain particles or fragments. This new interface was also
tum and parncle type in the user events. communicated to the deve|0per8 of ROOT and GEANT4-

VMC [4]. In case of GEANT3-VMC, it is simply a wrap-
per of the GSDK routine. In GEANT4-VMC, more work
had to be invested from the FairRoot and the VMC side in
order to make the interface transparent for users and to en-
able the use of this facility without changing of the physics
list.

Radiation length manager

In a new mode of the framework application, the en-
trance and exit points of the particle trajectories in all vo
umes, sensitive and passive, are registered. This mode en-
ables the user to calculate the effective material in urfits o
radiation length for each trajectory.

Figure 1: MC tracks and points in the PANDA-EMC de-Outlook

tector The development of the FairRoot framework is ongoing

in close cooperation with the users, in particular the CBM
and Panda collaborations, and the ROOT and VMC teams
at CERN.

An external decayer (TPythia6Decayer) can be used in
place of the Monte Carlo native decay mechanisms for de- References
cays defined by the user in a configuration macro. The user
can also force certain decay channels to be used instead8f http://root.cern.ch
decaying according to the tabulated branching ratios (dg] M. Al-Turany, D. Bertini, and |. Konig, CBM Smulation and
fault in Pythia). The design allows the simutaneous use of Analyis Framework, GSI Scientific Report 2004 (FAIR-EXP-
different decayers for different particles. 07), Darmstadt 2005, p. 13

[3] R.Brunetal.,, CERN DD/EE/84-1, Geneva 1987
[4] http://root.cern.ch/root/vmc

External decayer

Phase space 2 and 3 body decay

The GSDK routine of GEANT3 [3] was interfaced to
enable the user to define custom 2 or 3 body decays for
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3D B-spline approximation of magnetic fields in inclined dipole magnets

P. G. Akishin, V. V. lvanov, and E. I. Litvinenko
LIT JINR, Dubna, Russia

We consider the numerical problem of a threein[2]could be directly applied. The developed scheme can
dimensional (3D) magnetic field approximation. This is @&e used for the construction of a differentiable 3D B-spline
typical problem not only for the CBM experiment, but forapproximation of the magnetic field for different types of
many experiments in high-energy physics where one dealfpole magnets for the CBM experiment.
with the task of track fitting. It arises in solving the equa-
tion of motion of charged particles in the magnetic field.

In practice, we deal with a non-homogeneous field
known from field measurements or from mathematical cal-
culations at some set of space points. The problem of af
proximation and continuation of the field is usually solved
by applying piece-wise linear node functions. However,
such field approximations provide neither the availability
of high-order derivatives of the field nor even the existence
of first derivatives.

The presence of high-order derivatives is very impor-
tant when we apply high-accuracy numerical methods fol
solving the equation of motion. Such methods may pro-
vide a good convergence of numerical solutions to contin-
uous ones only in the case of availability of correspondin
derivatives of the field.

The best approach for continuation of the differentiabl
field is a spline approximation method [1]. For the first time
we discussed the application of the B-spline approximatior =
to 3D-rectangular magnetic field regions for the CBM ex- [ “**"
periment in [2]. However, this approach can not be directly e
applied to magnets with a non-rectangular working regior fr====
as is the case for magnets which were considered as pos:fr====
ble variants of the dipole magnet for the CBM experiment ===
(Figs. 1-3). In this context, we adopted the approach prej ==
sented in [2] for such cases using special variables for th =<
field description [3]. o

29/Nov/2004 00:26:27 Y

W VECTOR FIELDS

&igure 2: 3D model of the inclined version of the CBM
gipole magnet (Alligator)

Vector Fields ﬂ

w;‘_mm Figure 3: 3D model of the HERMES dipole magnet
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The main idea of the new approach was to transform the
working region of the dipole magnet into a 3D-rectangular
region. After such a transformation, the method described
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Fast SIMDized Kalman filter based track fit

l. Kisel*2, S. Gorbuno¥%, U. Kebschuf, V. Lindenstrut®, and W.F.J. Nuller!
1GSI, Darmstadt, Germany?KIP, University of Heidelberg, Germany

~
n

The core of data reconstruction in high energy physics
is the Kalman filter. Therefore, the development of fast,
Kalman filter based reconstruction algorithms, making
maximal use of the available processor power, is of utmost
importance. A powerful feature supported by almost all up-
to-date PC processors is a SIMD instruction set, which al-
lows to pack several data items in one register and operate
on all of them in one go, thus achieving more operations
per clock cycle. A novel Cell processor extends the par- 05
allelization further by combining a general-purpose Pow-
erPC processor core with 8 streamlined co-processing el-  *5— 35—~ % ¢z 1 65 20
ements (SPEs) which greatly accelerate vector-processing Number of processes

applications. . o
In our investigation, after a significant memory op_Flgure 1: Fit time per track for the Intel, AMD and Cell

timization and a comprehensive numerical analysis, t}.%ased computers running different number of processes in

Kalman filter based track fitting algorithm of the CBM ex_parallel

periment has been vectorized using inline operator over-

loading [1]. The algorithm thus continues to be flexiblegytine running on three different CPU architectures: In-
with respect to any CPU family used for data reconstrugg|t, AMD2 and Celf. Both the Intel and the AMD based
tion. personal computers are treated by the operating system as
having 4 processors each. Figure 1 shows that the hyper-

>

Intel
AMD
Cell

Fit time per track [ps]
53
<

-
n

1

111
>
L1l

Stage Time/track | Speedup g .

Initial scalar version 12 ms — threading of the Intel Xe_on processor does_ n_ot improve the
Approximation of the field 240415 50 performance in this particular case of the fitting procedure
Optimization of the algorithm 7.2 s 35 In contrast, the dual core techno!ogy of the AMD Opteron
Vectorization 1.6s 45 processor shows stability of the timing performance due to
Porting to SPE 11us 15 its NUMA architecture. In fche Cell Blade com'puter, all
Parallelization on 2 Cells 0.1/ 10 16 SPEs work completely mdependently_ and in parallel.
Final simdized version 018 120000 They show a constant speed of the algorithm per process-

ing unit up to 11 processes. For more processes, the speed

is slightly reduced, presumably due to the large data flow
Table 1: Summarized stages of the porting procedure through the element interconnect bus. In general, despite

of having significant differences in architecture and clock

Table 1 summarizes all stages of the investigation. TH&te, all computers have shown a similar speed of the algo-

elimination of the magnetic field map and, as a result, théthm per processing unit.

the speed of the algorithm by up to 50 times. OptimizatioR€en also included into the cellular automaton track finder

of the algorithm results in a 35 times faster performanc®f the CBM experiment, resulting in an increase of the re-

The vectorization stage, requiring both software and hargonstruction speed by a factor of 1,000 with respect to the

ware changes, gives a speedup by a factor of 4.5. portiﬁgtial scalar version running on the same Pentium 4 based

to SPE resulted in an 1.5 increase of the speed with resp&@mputer.

to a Pentium 4 processor used at the previous stages, prob-

ably because of the increased number of registers. The last References

stage is another hardware improvement that makes useg S. Gorbunov, U. Kebschull, I. Kisel, V. Lindenstruth and

all 16 .SPES of the (_ZeII_BIade .Computer and, becags_e W. F. J. Miller, Fast SIMDized Kalman filter based track fit

sgch simple paral[ehzaﬂon as in the case of track fitting, Comp. Phys. Commun., 2008, in press

gives another 10 times speedup. In total, the speed of the

algorithm has been increased by a factor of 120,000.
We have compared the timing performance of the !ixgi411 (2 Intel Xeon with HT, 2.66 GHz) at GSI.

simdized version of the Kalman filter based track fitting 2eh102 (2 Dual Core AMD Opteron 265, 1.8 GHz) at KIP.
3plade11bc4 (2 Cell Broadband Engines, 2.4 GHz) at the IBM Lab-

*|.Kisel@gsi.de oratory Bbblingen.
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I mplementation of a Hough Tracker for CBM

C. Steinlé, A. Kugel, and R. Mannet
IUniversity of Mannheim, Department of Computer Enginegifi68131 Mannheim, Germany

The Hough transform is a global method for track find-at the implementation and validation of the developed con-
ing, which in CBM is used for track reconstruction incepts on a Playstation3 system. In additon, the final stage
the main tracking system (STS). All STS detector hit®f the algorithm has to be developed and implemented in a
have to be transformed into a histogrammed parametEIDL for a FPGA.
space according to the components of the track momentum
p(0, Wﬁ’ ). This leads to our 3D Hough transform [1]. : IuBorder histogrampate trackData

The hardware algorithm structure and the block diagran | ™ b= iy e
of the data path in front of the histogram was described pre | e e | | s vaems:

* "unsigned short pos1 “nistogramCell** cell « trackCoordinates position

double maxValues[3]
* unsigned short stepValues(3]
“trackLayer” tracks

viously [2]. The strategy for the usage of the histogram car | - mmissmditumen | | © B iy

be found in [1]. The implementation of the final parts is | wsmamiin S o naes e accessover
not yet developed in hardware. All investigated concepts R

are at first suitable for a single-chip FPGA implementa- e B
tion; however, due to the limited resources of such a chig ] 5 nwaal P
and the huge algorithm resource requirements, we adapte Lo ; 3 e
the algorithm to be also suitable for a multi-chip system as — — “2l —
depicted in figure 1. Within this concept, it is now pos- ___ ..., \\ 4

sible to balance the hardware resources with regard to th — == wg;yg;fg . f I
necessary system speed which is defined by the data inp
and the number of parallelly used tracking systems. In ad-

dition, we can exploit the flexibility of the Hough tracking Figure 2: Software design

algorithm by implementing the different units on different
platforms like FPGA or CELL BEs, since different paral- The software simulation of the Hough tracking algo-

_ .o : being reviewed. The next step in software development is
Histogram Histogram . . . ..
the introduction of an automatised analysis in order to ar-
rive at an optimal peak finding geometry. Furthermore, the
. ) two transformation formulas should be exchangeable such
Figure 1: System design that the4” order Runge-Kutta method can be used for im-

proving the track model as mentioned in [2].
In such a multi-chip system, the single-FPGA strategies

can be used on different chips connected by a netwo_rking References

system. A common CELL BE has, except for the final

LBuffer, resources for all mentioned units on a single chipgl] J. Glass, C. Steinle and R. &mner, Tracking in the
Furthermore, with the usage of a CELL BE itis easy to de- Slicon Tracker System of the CBM Experiment using
velop and proof the networking concept. A cheap and fast Hough Transform,  RT2005, June 2005, = Stockholm,
prototyping system is the Playstation3 system. Obviously, ttP://www.gsi.de/documents/D0C-2007-Jul-9.html
the possible parallelism level on such a system is differef?] C. Steinle, A. Kugel and R. [nner, Implementation
compared to the FPGA. Here, the major used parallelism Of @ Hough Tracker for CBM, CBM Progress Report
is given by the fact that the histogram entry for one trans- 2006, Darmstadt 200&ttp: //www.gsi.de/documents/
formed hit is a plane in consecutive layers. Thus, having D0C~2007-Mar-137.html

128 bits ALU width, a plane can be inserted in up to 16

consecutive layers in parallel. Our next steps hence aim

lelism levels can be used. rithm was set up and is ready to be used in the CBM-
| | ROOT framework. Figure 2 depicts the software design
Sept Step2 St of the algorithm. The CBMROOT module ’htrack’ con-
| | tains the Hough tracking algorithm and many analyses to
‘ Pmia::;mg “ee Proia::;mg | help adop_ting the parameters of the algorithm. Further on,
I Unit Unit 1] there are internal analyses to check and verify each step of
Master L'| | T T Master | processing. A summary of all implemented analyses will
Input | | Output be made available in the manual of the module which is by
i | . nowinareviewing state. In addition, the external inteefac
| ProcUes_tsing Proaes_tsing | are described in a separate 'how-to’ which is also currently
nr nr
| |
| |
| |
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DV detection in the CBM experiment

l. Vassilie}, S. Gorbuno¥, and I. Kisel2
1GSI, Darmstadt, Germany?KIP, Ruprecht-Karls-Universitt Heidelberg, Heidelberg, Germany

One of the major experimental challenges of the CBM
experiment is to trigger on the displaced vertex of the [3 oo | er=32%
mesons in the high-multiplicity environment of a heavy-ior S S0
collision. This task requires fast and efficient track recon
struction algorithms and high-precision secondary verte & m\\;: pe 0%l v
determination. Particular difficulties in recognizing ttis- S 3 is 2 25 5
placed vertex of the rare D meson decays are the very Ic.. M, (GeV/C) M (GeV/C)
multiplicities, low branching ratios, and multiple scaiig ) )
in the beam pipe and detectors. In addition, weak decaffdgure 1: Invariant-mass spectra fof’ — K~=* and
of K9, A andX taking place several cm behind the targefharge conjugated (left) and’ — K-m*zrtx~ (right)
result in a huge background of off-vertex tracks. In this recorresponding ta0” central Au+Au events at 28GeV

port, we study the feasibility of thB° measurement via its

decay mode®’ — K~ 7t andD’ — K~ w7t 7~. The s reduced due to the increased effect of multiple scatierin
simultaneous measurement of two decay channels of tQg the daughter tracks which have, on average, lower mo-
same particle will provide an unique opportunity to reducénenta. This reflects in a lower signal efficiency of the ver-
systematic uncertainties. tex cut. On the other hand, the restriction imposed by the
The study is based on aboli* central Au+Au events requirement of a good 4-particle vertex reduces the back-
simulated in the CBM detector setup? decays were em- ground very efficiently as visible in Fig. 1. All in all, the
bedded into the background events in order to study thggnal-to-background ratio expected in the 4-particleagiec

signal in the environment of background hadrons. A STghannel turns out to be even better than that obtained in the
geometry with 2 MAPS and 6 double-sided strip detectop-particle channel.

stations was used. The first MAPS detector is located at

Eff. = 0.37%
SB, =71
32K D*+9.6K D°

0
52K D°+ 174KD
per 10%central events

tries/

Entries/ 8 (MeV/c?)
=
8

10 cm downstream of the target in order to reduce radi- DO+ D° Do
ation damage. Track reconstruction was performed using ["decay channel K-t K ntatn
the L1 reconstruction algorithms. The primary vertex was | multiplicity 1.5-104 4.0-107°
reconstructed with high accuracy (. along and 1.Gum branching ratio 3.8% 7.7%
perpendicular to the beam) from about 450 tracks fitted in | geom. acceptance] 55.7% 19.3%
the STS inside a non-homogeneous magnetic field by the | reconstr. efficiency  98% 97.7%
Kalman filter procedure as described in [1]. z-resolution 54 um 82 um
A novel algorithm has been developed to reconstruct the | total efficiency 3.25% 0.37%
DO life time and its decay length together with the corre- | o, [AeV/c?] 11.0 12.0
sponding errorsD® decay vertices are reconstructed from S/ By, ratio 4.4 7.1
two or four daughter track candidates, respectively, assum | yield D° 52 K 10 K
ing the previously found primary vertex @&’ production yield ° 174 K 32 K

point. Because of originating from a displaced vertex, the

daughter tracks have a non-vanishing impact parameter{3pje 1: Acceptances and efficiencies, mass resolution, and
the target plane. Thus, a significant part of the backgroungdyna-to-background ratio (S/B) in 2v,, region around

(= 99 %) can be rejected on the single-track level by a Cuhe peak forD? reconstruction in central Au+Au collisions

on the distance of the track to the primary vertex. Furthef; o5 AGeV beam momentum. The total efficiency is cal-
suppression of the combinatorial background is achieved)jated from the product of geometrical acceptance, recon-

by geometrical and topological quality cuts on the decayiryction and cut efficiency. Reconstructed yields arergive
vertex. The resulting invariant-mass spectra, corresponger1012 central events.

ing to 10° central events, are displayed in Fig. 1. The shape
of the background in the signal mass region was estimated
using the event-mix technique.

Table 1 presents the performances obtained for the two-
and four-particle decay channels, respectively. In case Bfl S- Gorbunov, I. Kisel and I. VassilievAnalysis of D"
the 4-particle decay, the geometrical acceptance is loywer b Meson Detection in Au+Au Collisions at 25 AGeV, CBM-
a factor of about three since all four daughter tracks are re- PHYS-n0te-2005-001, higtp: //www. gsi.de/docunents/

. . .~ DOC-2005-Jun-181.html]
quired to be accepted simultaneously. The vertex resolutio

References

12



CBM Progress Report 2007 Simulations

D", D} and A decay feasibility study in the CBM experiment

I. Vassilie, S. Gorbuno¥, I. Kisel*2, S. Seddiki®, and I. Sevastiuk

1GSI, barmstadt, Germany’KIP, Ruprecht-Karls-Universitt Heidelberg, Heidelberg, German$institut
Pluridisciplinaire Hubert Curien, Strasbourg, Franéiational Taras Shevchenko University, Kiev, Ukraine

ChargedD mesons and\. constitute a significant con- Au+Au collisions at 254GeV. Table 1 summarises accep-
tribution to the open charm production at FAIR energiegances, efficiencies and signal-to-background ratios.
Moreover, model predictions of their multiplicities diffe

noticeably, enabling the experiment to discriminate char Pi - 7Dj+ - A; -
production scenarios. Therefore, the feasibility studies de‘:la_‘ylf:hanH”gll:) f T K4K T K-
open charm detection in the CBM experiment have been™tPliCity 2-1077 1 5.4- 1077 .
44 ot multiplicity SM 8.4-10 1.4-10 4.9-10
extended to the decay channél§ — K—ntn™, Df — branchi ti 9 5% 5 3% 5 0%
“K*trxT andAf — pK~rT, with the correspondin ranching rato ey .y oy
I_( K 7T c p , p 9 | geom. acceptance| 39.6% 29.6% 53.0%
life times of 312um, 150pm and 59um, respectively. A | reconst. efficiency| 97.5% 97.5% 97.6%
high-precision measurement of the displaced decay verte¥-resolution 60 um 67 um 70 um
is mandatory in particular for th&* in order to suppress | total eff. 4.2% 1.0% 0.5%
the overwhelming background of prompt charged hadrons.o,,,[MeV/c?] 11.0 12.0 12.0
Vertexing in CBM is performed by the Micro-Vertex De- S_/Bza ratio 9.0 0.3 0.25
tector (MVD), here assumed to be composed of two sta-yield (10'* events)| 162K 72(2.9)K 107K

tions of 150um equivalent Si thickness each, positioned afaple 1: Acceptance and efficienciy, mass resolution, and

10 and 20 cm from the target. signal-to-background ratio (S/B) in 2., region around
The study is performed analogously to that for €  the peak for open charm reconstruction in central Au+Au

mesons [1]. Time-of-flight information is used to rejectcollisions at 254GeV beam energy. The total efficiency

(or select in case oh}) proton tracks. A set of mainly s calculated from the product of geometrical acceptance,

topological cuts is imposed on single tracks as well as oconstruction and cut efficiencies. Multiplicities arken

reconstructed vertices. As an example, Fig. 1 demonstraigsm HSD [2] and the Statistical Model [3].

the background suppression by a cut on the secondary ver-

tex position in the case of thB™ meson. Single-track cuts

central trigger 10°events central trigger

mainly rely on the back-extrapolation to the primary verte}%’? s o 0% o &g - nen KT =0
requiring the tracks to miss it. The reconstructed mothe = = | fi 207 Roniva o
tracks, on the other hand, are required to point to the eve g 5T 8 1ooHi {Mw {
vertex, a restriction which allows to strongly reduce ran £ E o W}ﬁ%
dom Comblnatlons -‘1 2 * 2“5 22 24 26 2.8
The resulting invariant-mass spectra for the three deci _ My, (Gev/c) My (GeVIC)
channels under investigation are shown in Fig. 2 for centri . cwduioe e HD modd contral rigger 10 events_Stat. mode (AA)
2 ZSFZ.QK D:/10% central events g 72K D:/10 central events
O 200 D; -KK'm 2
= off. = 10% =3
L 2
?_E 10 ‘ig
'5: I ! g
) 105? . (R R Vs 05 1 15 2
8 o ; m,,, (GeV/cd) m,,, (GeV/cd)
é 10° R Figure 2: Reconstructed charmed hadrond(f central
o 10°¢ e ) Au+Au collisions at 254GeV. Dt — K~ ntat (upper
102 %W_"E‘:ﬁ\aw""cm g .o left), AT — pK~=" (upper right),D} — K K*trx™
F K all cuts with prediction from HSD (lower left) and from the Statis-
10; bt tical model (lower right)
-0.5 0 0.5
z (cm) References
Figure 1: Distribution of single tracks and secondary ver- - 0 o ] )
tices along the beam line fab+ — K- 7+x+ recon- [1] I. Vassiliev et al.,D" detection in the CBM experiment, this
struction. All primary tracks are shown by the black line, report ) o
those selected as secondaries bWﬁ‘ﬁ?m cut as blue line. [21 W. Cassing, E. Bratkovskaya, and A. Sibirtsev, Nucl. Phys.
A 691 (2001) 751

Secondary vertices after the geometrical cuts are shown in _
green, after the more stringent topological cut in magentd3! A Andronic etal., Phys. Lett. 859 (2008) 159
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Open charm trigger feasibility study in the CBM experiment

I. Vassilie and |. Kisel?
1GSI, Darmstadt, Germany?KIP, Ruprecht-Karls-Universitt Heidelberg, Heidelberg, Germany

One of the most important experimental tasks of th&ig. 1. First, local reconstruction in the STS is performed
CBM experiment is to identifyD mesons and . baryons at by track finding, track fitting and primary vertex finding.
extreme interaction rates. Online event selection based @andidates for tracks from open charm decay are then se-
an open charm trigger signature is therefore mandatory lacted based on the normalised impact parameter at the
order to reduce the data volume to the recordable rate. Thegent vertexs(ﬁ”-m. Pairs of oppositely charged track can-
study investigates the possibility of a common trigger fodidates are combined to look for decay vertex candidates.
the decay channeBO(EO) — KTr* DT — KFgfg*  The pairvertexis required to satisfy the geometrical duali
D — KFK*r* andA, — pKnt. As the lifetimes criterion X%.qw < 3¢ and to be located between 2pfn
of the charmed hadrons range from ﬁﬁ'] to 312 um, and 1 cm along the beam axis. Events without a decay
their most prominent characteristic is a decay vertex lo/ertex candidate satisfying these criteria are rejectde T
cated from several 100m to several mm downstream of analysis of the selected tracks at this stage reveals gt th
the target. Another common feature is the presence of &fe predominantly primary tracks having suffered multiple
off-vertex kaon. For the feasibility study of the open charngcattering, or secondary tracks fraff; and A decays as
trigger, 10* central and minimum bias Au+Au events at 25demonstrated in Fig. 2.

AGeV have been simulated in the CBM setup. An STS
geometry with 2 MAPS and 6 double-sided strip detectc
stations was assumed. =5 KO |Entries 972

First, a trigger based on the secondary kaon was inve @, 100 s
tigated. This requires kaon identifcation by TOF and thu @ -
combined STS and TOF information, and global tracking'=
However, central Au+Au events at 2B5eV contain on av-
erage about 4& * and 13K —, some of which having large
normalised impact parameteggm»m in the target plane due
to multiple scattering in the target and the STS detector
Even the relatively strong cu,btg”-m > 3o rejects only

32 % of central events (rejection factor 1.47).
In order to achieve higher rejection factors, the topolog

Ent

0.5 1

of the displaced decay vertex has to be exploited. This hi__ Miny (GeV/CZ)

the advantage of using local STS information only, but in-

volves computationally expensive combinatorics. The floigure 2: Invariant mass of the pair vertices selected at the
chart of the Detached Vertex Trigger (DVT) is illustrated infirst stage of the trigger algorithmi’ and A decays are

the main sources of the background.

In the last stage of the algorithm, 3-particle vertices are

‘ looked for by combining pair vertices with single candidate
| | tracks. The triplet vertex has to fulfill the combined ge-

| frack e ‘ ometrical (closest approach of the track triplet) and topo-
logical (triplet momentum pointing to the event vertex)

| Track Finder

=

| Primary Vertex Finder ‘ constraintx3,.,. 1, < 30. Events containing such a
1 3-particle vertex are accepted as candidateridr, D,
|Charm Track Candidates Selectionxzpﬂm>30‘ AC and the 4-partiC|e decay dp°. For the other events,

the 2-particle vertex is checked for the topological crite-
v rion x7,,, < 30 and an invariant mass above 1.3 GeV/
B 3l B b G assuming kaon and pion mass for the daughter tracks, re-
E— T spectively. The event is accepted if these two conditions
Sowotiow 77 H are fulfilled, signalling a candidate for a 2-particle deohy
D*A, D, the D°.
In the current STS setup, the DVT gives a rejection factor

of 5.2 for central and about 40 for minimum bias Au+Au
Figure 1: Flow chart of the Detached Vertex Trigger events at 254GeV.

¢ 1 Do
Charm Pairs Xzzg“ < 3.0, 250pm < zv <1 cm; .

Event rejected

Event accepted
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Track reconstruction in the TRD and MuCh detectors

A. Lebedev!? and G. Ososkdv
1GSI, Darmstadt, Germany?JINR LIT, Dubna, Russia

The successful application of the TRD tracking algo- g
r|thm§ [1] Iegd to thg idea to generahze and optimize tho;e %Z: e +++++++++ + +++ H
algorithms in a flexible way in order to make them appli- E + + +Jr
cable for other, similar detectors. In this contributiorg w 094 ¥
present how this idea was realized and applied for the TRD 0.92
layout optimization and for track finding in the MuCh de- 0.9}
tector. 0.881

Since both tracking detector setups (TRD and MuCh) are o.ms;Jr
analogous in many details, the same approach can be used o4/
for tracking in these detectors. Therefore, a generalited a 082
gorithm of track finding in the CBM tracking detectors has 080 T T )
been developed. It is based on the Kalman Filter and track Momentum, GeV

following methods where the next track point is searched in

an area surrounding a predicted point. The main idea is fdgure 1: TRD tracking efficiency as function of momen-
apply a general algorithm of track finding to different detum for tracks found in the STS

tectors and only adopt it to a specific one by changing the

tracking routine parameters. This helps to decrease coggy 4 layers in each station (4-4-4), 12 layers in total. To
duplication, thus significantly easing the software sUppor minimize the number of stations, several TRD geometries
In our implementation, tracking is accomplished in aRy;ith 3 jayers in each station (25% savings) and with 2 lay-
iterative way. In each 'iteration, Fracking parameterg havsrs in each station (50% savings) have been studied. For
to be specified, and hits belonging to tracks found in thge standalone TRD track finder, two additional geometries
current iteration are deleted from the hit array. In order tfaye peen studied, with 4 layers in the first station and 2
use the tracking routine, one has to specify the number gf 3 |ayers in the others (4-3-3 and 4-2-2). The tracking
tracking iterations, the maximum number of allowed MiSSperformance for the different TRD layouts looks surpris-
ing hits in a detector station, start and end station for thi?qgly similar. An efficiency of 95-96% for the STS-track
tracking, the sigma coefficient determining the searchingased TRD track finder and of 89% for the standalone TRD
region, and other parameters of the tracking. The searctiack finder has been achieved. However, this conclusion
ing region can be determined in two different ways: (1) Uspn, the layout relates to tracking performance only without
ing the covariance matrix of the predicted track parametetnsidering the task of electron-pion separation and shoul
and position errors of the hits; (2) calculating the maximahe completed by that consideration. The STS-track based
deviation between the predicted position and a hit on therp track finding efficiency for the standard TRD geome-
basis of a Ipok—up table obtained from a simulation Witqry (4-4-4) is shown in Figure 1 as function of momentum.
large statistics. Similar to the scheme introduced above, track finding
For the TRD, two different approaches have been usegbytines for the so called "compact” MuCh geometry [2]
a standalone TRD track finder (using only TRD informahave been developed and tested. Decay muons from the
tion), and an algorithm based on the information frompmega meson were embedded into UrQMD events in order
tracks found in preceding detectors (STS-based or MUCly simulate interesting track candidates. First resukés ar
based). For the MuCh detector, which consists of a seather promising. An efficiency at the level of 1.9-2.6% for
quence of several absorber and detector layers, vertgg;m pairs was achieved. This efficiency includes accep-
tracks reconstructed in the STS have been used as se e and full track reconstruction. The performance de-
for track reconstruction. pends on the tracking parameters; typically, an increase of

The software was embedded into the CbmRoot framehe signal finding efficiency also increases the background.
work and tested on central Au+Au collisions at 25 AGeV

beam energy from UrQMD.

Using the TRD track finder, a detector layout study has
been performed in order to optimize the detector setup] A.Lebedev, G. OsoskoVRD and Global tracking, X. CBM
while keeping high reconstruction efficiency. The aim of collaboration meeting, Dresden, 27 September 2007,
this study is to minimize the costs of the detector. The [NttP//www.gsi.de/documents/DOC-2007-Oct-97.html]

standard detector setup for the TRD consists of 3 statiof] A. Kiseleva et al.,The muon detection system for the CBM
experiment, this report
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Ring reconstruction in the CBM RICH detector

S. Lebedet*? and G. Ososkdv
1GSI, Darmstadt, Germany?JINR LIT, Dubna, Russia

In this contribution we will present innovations and im-for an improved radius resolution and thus pion suppres-
provements which have been developed for ring recosion. Our algorithm is based on a radius correction map
struction in the CBM RICH detector. obtained from a large-statistics simulation. The corgecti

The RICH ring recognition algorithm based on themproves the resolution by a factor of two.

Hough Transform (HT) [1, 2] was rewritten improving the The existing fake ring rejection algorithm was improved
speed and the ring finding efficiency. It is now optimizedafter studying the distributions of 10 parameters relabed t
for the Hamamatsu PMT H8500-03 (22 hits per electrothe fitted ellipses, like major half axis, minor half axis; ro
ring), which did not result in an efficiency drop in compari-tation angle etc. These parameters are used as input to a
son to the PMT proposal from Protvino (40 hits per electrotrained artificial neural network (ANN), which suppresses
ring). strongly the contribution of fake rings.

In systematic studies for both the standard and the com- The current performance of the RICH ring reconstruc-
pact RICH layout [3], the following parameters were vardion after all improvements is presented in Figure 1. The
ied: type of photo-multiplier (Hamamatsu or Protvino),results were obtained for electrons embedded into central
beam energy, number of noise hits in the PMT planédu+Au collisions at 25 AGeV. The integrated ring finding
and the magnetic field (active shielding magnet and dipokfficiency for primary electrons is 93.6 % with an average
magnet with larger stray field in RICH). In dependence onumber of fake rings of 4.0 per event. After applying the
those conditions, ring finding and ring-track matching effifake rejection routine based on the ANN, the number of
ciencies and fake ring rejection were investigated as funéake rings was reduced to 0.29 per event at an efficiency
tion of momentum, radial position and hit density. It wasf 90.9 %. The quoted effiencies do not include ring-track
found that due to an increasing hit density, the ring findmatching.
ing efficiency drops slightly with increasing beam energy,
while the fake ring rate and ring-track mismatches increase 100/
atthe same time. As long as less then 1% of the PMTs have s - —|—_|__|_—|-+'H'+—H'+'H+|_+
noise hits in one event, the ring finding efficiency is not af- 80— +‘|—
fected. The integrated ring finding and ring-track matching r

effi

efficiencies for the two magnetic fields are the same.

As the rings in the photodetector plane have a slightly el-
liptic shape, an ellipse fitting method was developed in or-
der to have a more precise determination of the ring param- 40
eters and, thus, an improved ring-track matching. It will be
investigated whether these parameters can be used in orde
to separate primary and secondary electrons as many of the
latter cross the RICH detector at large angles, hence show-
ing different ring distortions in the photodetector plane.

The algorithm for handling ellipse-like rings was imple-
mented into the CBM software framework. We use Kegjq e 1: Ring finding efficiency of the HT ring finder for
pler's ellipse definition to build the fitting functional, Wi &j6crons from the main vertex as function of momentum,
is m_|n|m|zed using MINUIT. This algorithm was tes_,ted after fake ring rejection by use of the neural net
on simulated data and has shown good and interesting re-
sults. We observed that in the current CBM-RICH setup,
the mean eccentricity of the rings is 0.43. For electrons
from the main vertex, the ellipse rotation angle shows a
clear dependence on the azimuthal angle of the electrong1] P. V. C. HoughMethod and Means for Recognizing Complex

The sizes of the major and minor axes of the ellipses are Patterns, U.S. Patent 3,069,654 (1962)
strongly dependent on the position on the PMT plane. The] s. Lebedev, G. Ososkov and C.khe, Ring recognition
mean value of the major half axis varies from 5.8 cminthe in the CBM RICH detector, CBM-RICH-note-2008-001,
outer part of the PMT to 6.6 cm in the inner part; the half  Darmstadt, 2008 [http://www.gsi.de/documents/DOC-2008-
minor axis shows a variation from 5.2 cm to 5.9 cm. There- Jan-29.html]; JINR Communication E10-2007-88, Dubna,
fore, a radius (axes) correction algorithm was introduced 2007
[3] C. Héhne,CBM-RICH layout optimization, this report
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The RICH detector in CBM shall provide electron iden-
tification together with the TRD detectors for the mea-
surement of low-mass vector mesons and charmonium in
the di-electron decay channel. Both observables are con-
sidered key probes for the study of compressed baryonic
matter in heavy ion collisions. A RICH design based on
first general considerations has been developed and ap-
plied in detector simulations and feasibility studies [IL, 2
These studies include full event reconstruction and edactr
identification in the proposed CBM setup. Current results 10
clearly demonstrate the feasibility of these measurements

CBM Progress Report 2007

Simulations

CBM-RICH layout optimization

C. Hohné
1GSI, Darmstadt, Germany

— RICH
— RICH & TRD
— RICH & TOF
RICH & TRD & TOF
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[2]. Combining RICH, TRD and TOF information, a pion
suppression of 10" at an electron identification efficiency

p [GeVic]

of 80% is reached for 2 GeVie p < 8 GeVic. Efficien- Figure 1: Pion suppression factor for central Au+Au colli-

cies and signal-to-background ratios for reconstructed lo

sions at 254GeV with the small RICH layout

mass vector mesons and charmonium are very promising

[3, 4]. However, the layout of the RICH detector was only3 m radius, this allows to reduce the detector length by 30%
implemented based on afirst, educated guess. An optimizasyiting in an overall reduction of the RICH dimensions
tion of the RICH in particular with respect to minimizing by a factor 2-3 (table 1, compact RICH) while keeping the
its dimensions is awaiting. This process has been startggye geometrical acceptance. The number of channels in
and first results will be presented in this report.
In order to keep the number of detected photoelectron$g500 MAPMT from Hamamatsu. Considering the fact
per electron ring when reducing the overall length of theéhat the RICH acceptance so far has been kept rather large
detector, a radiator gas with larger refractive index has tand has not yet been optimized with respect to the physics
be chosen to compensate the lower yield of Cherenkov phanalysis, a total number of 64k channels corresponding to
tons. We investigated CQOnstead of N, see table 1. The 1000 MAPMTSs is realistic. A first design of a compact
larger refractive index of C@slightly lowers the threshold RICH detector based on the parameters given in table 1 was
of Cherenkov light production for pions; otherwise bothimplemented in the CBM simulation framework in order to
gases have similar, convenient properties. With mirrors aftudy its characteristics. The layout is not yet optimized

large RICH compact RICH
radiator gas Ns CO,
Vih 41 33.3
pr, [GeVic] 5.6 4.65
Aen [NM] < 160 ~ 175
radiator length 25m 1.76 m
full length 29m 21m
mirror radius 45m 3m
mirror size 2(5.7-2)m? | 2(4.2-1.4) m?
~ 228 ~11.8n?
photodetector size 2(3.2 - 1.4) m? | 2(2.4-0.78) m?
~ 9 m? ~3.7n7
No. of channels ~ 200k ~ 85k

Table 1: Comparison of layout parameters for the large ar[g] T. Galatyuk et al. Di-

the photodetector plane has been calculated based on the

as rings still show strong distortions in the photodetector
plane. Currently, this reduces the efficiency of ring recon-
struction from 90% to 75% and increases the ring radius
resolution from 2% to 6%. With an optimized position
of the photodetector plane, we expect to reach the same
performance as before. However, even with this reduced
RICH performance, a pion suppression factor of nearly
10~* is again reached in combination with TRD and TOF
information. Based on this first promising results we will
continue developing an optimized, reduced RICH layout
for CBM.

References

[1] C. Hohne et al., Nucl. Instr. Meth. A 553 (2005) 91

[2] C.Hbhne etal., Proceedings dfinternational workshop on
RICH counters 2007, to be published in Nucl. Instr. Meth. A

€l ectron spectroscopy in CBM, GSI Sci-

compact RICH detector. The size of the photodetector can’ gpsific Report 2007 and CBM Progress Report 2007

be further reduced on account of the acceptance; the mir
would be reduced accordingly.
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TRD layout studies and energy loss simulations

F. Uhlig*
1GSI, Darmstadt, Germany

(a.u)

The tasks of the Transition Radiation Detector [1] in
the CBM experiment are electron identification and track-
ing between STS and TOF. The TRD has to be operated
at count rates up to 100H z/cm?. Prototypes of single
TRD layers which could fulfill the experimental require-
ments were developed by several groups [2, 3, 4].

Yield
5

10%E

Geometries

The geometries of two of these prototypes, a single gap
MWPC with a gas layer of 6 mm and a double-sided
MWPC with two gas layers of 6 mm each [5] were im- _ .
plemented in the simulation of the CBM experiment. ifigure 1: Measured energy _Iosses for_ pions and electrons
order to study general properties of the TRD like energ lack) compared to simulations for pions (red) and elec-
loss, electron identification or tracking performance;-ide rons (blue)
alized versions of the geometries are employed which are

sensitive in the entire detector plane. These idealized ggiformation of all twelve layers and assuming that the lay-

ometries are also used to compare the simulation with thgg are identical, the likelihood to be an electron is defined
beam test data.

as
A more realistic detector performance is studied by a
TRD built up from single detector chambers. The layout
is optimized such that the complete detector with sever
layers can be built with only three different detector mod
ules.

dE (keV)

P.(E)
P.(E)+ P(E)’

%Ihe value ofL. ranges between 0 and 1 and is used to
discriminate electrons from pions.

The second method is also a probabilistic approach
which is described in detail in [6]. The third method uses

Energy Loss a neural network which was trained with a pure electron
(signal) and a pure pion (background) sample [7].

For a realistic estimate of the electron identification ca-
pabilities provided by the TRD, it is essential to correctly References
describe the energy loss of charged particles in the detecto
gas. Since transport engines do not provide a reliable dd] B. Dolgoshein,Transition radiation detectorNucl. Instrum.
scription of the transition radiation induced by electrons ~ Meth. A326(1993) 434
the radiators, the TR is modeled by hand according to ef2] M. Klein-Bosing et al Position resolution of a high efficiency
perimental data. For the ionzing energy loss, a correct de- transition radiation detector for high counting rate environ-
scription of measured data was achieved within GEANT3  ments Nucl. Instrum. Meth. A685(2008) 83
by choosing the proper physics model as shown in Fig. 13] M. Petris et al.,High counting rate transition radiation de-
A similar tuning of the transport engine will be done for  tector, Nucl. Instrum. Meth. A581(2007) 406

GEANT4 in the near future. [4] A. Andronic et al., Electron/pion identification with fast
TRD prototypes CBM Progress Report 2006, Darm-
stadt 2007, p.35 Http://wuw.gsi.de/documents/
DOC-2007-Mar-137.html]

Electron identification is based on the energy loss in5] M. Klein-Bosing et al. High efficiency TRD for CBM in test
formation in all twelve layers of the TRD. Three differ- ~ beam and simulatiarthis report
ent algorithms have been developed and implemented [i§} V. V. lvanov and P. V. Zrelov, Int. J. Comput. & Math. with
the CBM software framework. The first is based on a Appl., vol. 34, No. 7/8, (1997) 703
maximum-likelihood method making u_se ofthe normallse E. P. Akishina et al.Electron/Pion Identification in the CBM
energy loss spectra of electrons and pions as obtained from trp Using a Multilayer PerceptrgnJINR Communication
simulations. From these spectra, the probabilifié&’|e) E10-2007-17, Dubna 2007
and P(E|x) of an electron or a pion, respectively, deposit-
ing the energy in a detector layer are derived. Adding the

L. = (1)

Electron identification
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Electron Identification in the Compressed Baryonic Matter (CBM) expaiment

S. Dag and C. Hbhné

1Gesellschaftiir Schwerionenforschung mbH (GSI), Darmstadt, Germany

One of the key physics programs of CBM is the spec
troscopy of both low and high mass vector mesons (name
o, w, &, J/1, ¢") through their di-electron decay channels.
The first step towards this is the identification of electrons
In the current CBM setup, electron identification involves
the Ring Imaging CHerenkov counter (RICH), the Tran- | * e it Bl
sition Radiation Detector (TRD) and the Time Of Flight >} T
(TOF) detector. The informations from RICH and TRD are oz~ w0k
used to identify the electrons, and those from TOF help t .y WTH e LWL L
suppress the pions in the identified electron sample. A so' b Gevio b @evio
ware package has been developed to perform these tasks.

The methods and performance of electron identification afigure 1: Efficiency of electron identification (left) and
ter full event reconstruction will be presented in this iépo Pion suppression factor (right) as function of momentum

In the event reconstruction, particles are first trackefPr central Au+Au collisions at 231GeV beam energy
by the tracking detectors placed inside a dipole magnetic
field, providing the momentum of the tracks. The informagngd
tion from RICH, TRD and TOF is then associated to these ] bions identified as electrons
tracks to form a global track. PIOL SUPPLESSION = i RICH acceptance

RICH rings are found using ring reconstruction algo- The performance of the detectors as well as the electron
rithms [1]. Next, the tracks are extrapolated from the lagHentification software were studied for central Au+Au col-
STS plane to the photodetector plane. Rings are assofisions at 254GeV beam energy, generated by UrQMD [3].
ated to tracks choosing pairs with closest distance betweghese events were tracked through the CBM detector
track and ring centre. Rings with ring-track distance morgystem using GEANT3 [4] and reconstructed afterwards.
than 1 cm are rejected as wrong matches. A set of rinphe electron identification efficiency as well as the
quality cuts is also applied in order to reject fake rings. Fisuppression factor as function of momentum are shown
nally, the electrons are identified choosing a range of radi Fig. 1. With the combined information from all detec-
of (R) + 30, with (R) = 6.17 cm and> = 0.14 cm. Pion tors, we achieve an efficiency of 70% for momenta larger
rings leak into this band and are identified as electrons onfijan 2 GeV/c. The drop in efficiency towards low mo-
for momenta larger than 8 Gew/ mentum results from tracking, ring finding efficiencies and

While passing through the TRD planes, pions suffer onlifRD and TOF acceptance losses compared to RICH. Using
from the specific energy loséF/dx whereas electrons the RICH alone, a-suppression factor of 500 is achieved
are subject to additional energy loss by emission of transivhereas after combining information from TRD and TOF,
tion radiation. The CBM electron identification frameworkthe w-suppression factor reaches up~o 10~° for low
provides three different methods to discriminate eledrormomentum. Evidently, the use of TRD information sig-
from pions based on the total energy loss, namely the Lika&ificantly improves the electron-pion separation; TOF sup-
lihood, the* [2] and the Artificial Neural Network meth- presses pions by about an order of magnitude for momenta
ods. below 1 GeVé¢.

In addition to RICH and TRD, the information from The set of cuts for different detectors are being optimized
TOF is also used to separate hadrons from electrons. THeobtain the best values for electron efficiency and pion
squared mass of charged partictes is calculated from suppression. The electron identification is expected to be
the length traversed by the particle and the time of flight. Aurther improved by an optimized combination of various
momentum dependent cut en? is used to reject hadrons detector information.
from the identified electron sample.

After the electron identification, each of the identified References
t.raCks Is aSSOCia.lted to its available Monte Ca”c? info_rmam S. Lebedev et alRing reconstruction in the CBM RICH de-
tion for the quality assessment of the electron identifica-
tion. The relevant quantities are defined as
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tector, this report
[2] P. Zrelov and V. lvanov, Nucl. Instr. Meth. 810(1991) 623
[3] S. A.Bass etal., Prog. Part. Nucl. Ph¥4.(1998) 255

identified true electrons [4] http://wwwasd.web.cern.ch/wwwasd/geant
electrons in RICH acceptance

efficiency =
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On the distribution of energy lossesin the CBM-TRD

E. P. Akishina, T. P. Akishina, O. Yu. Denisova, and V. V. lean
LIT JINR, Dubna, Russia

We analyze the energy loss of electrons and pions at
p = 1.5 GeVEt in the TRD detector, using both measure-

250 D 26

Entries 3677
ments with a single-layer TRD prototype obtained in a 5&‘;“"“90’01 /3:235
beam test at GSI in February 2006, and simulations of o Oag7s 40 28e1E-01
the TRD withn layers with GEANT3 in the framework - i S4seat o2asee—on
of CbomRoot. o oomhs | omes

Fig. 1 shows the measured energy loss distribution of o g
pions in the TRD protoype. It can well be approximated by
a log-normal function [1] s
fl(l‘) = A eXp—%%(lnz—u)i ®o 6 10 15 20 25 3gﬂ’j‘sh‘
2rox

40 45 60
electrons

wherey is the mean values the dispersion, and a nor-

Figure 2: Distribution of the energy loss of electrons in the
malization constant.

TRD prototype

distribution | m.v. () | RMS () | m.v. () | RMS (¢)

D M

prototype 2.8 35 9.0 7.5
beon”  7em GEANT 3.0 3.8 9.6 7.7
)R{:}idf 339,2 /3.5;i .

P2 0.6354 + 0.6647E—02

P2 s394+ 0coa7E_o2 Table 1: Mean values (m.v.) and RMS of the energy loss
' ) distributions of pions and electrons from prototype mea-
surements and simulations
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In order to study the pion suppression capabilities in the
TRD consisting of: layers, random values were generated
— for each layer from the distributions of Figs. 1 and 2. Three

oo ra e approaches for electron identificaton were applied [2]: the
Figure 1: Distribution of the energy loss of pions in thel‘ike”hOOd Functions Ratio (LFR) me_thod, the mean value

; (MV) method, and theu® test. The pion suppression fac-
TRD prototype n

tors obtained with these methods at 90 % electron effi-

- o ciency in a TRD withn = 12 layers are presented in Ta-
In addition to ionization, electrons suffer energy 10ss dugje 2 showing that the moderate deviations of the simu-
to the production of transition radiation. Their energyslos ateq energy loss distributions from the prototype measure
distribution (see Fig. 2) can be approximated with high aGyents result in a significantly reduced pion suppression ca-
curacy by the weighted sum of two log-normal functions papility. The reasons for these deviations are under study.

00
Q%
&
X

XX
5
5

tel

B

BS
22
o

-1 (lnz— 2
fg(x):B(LeXp agnemim)” data | LFR | & (only) [ MV | MV + oF
Vinoix prototype | 108 83 73 781
1 -, ) GEANT | 41 55 17 262
+ —Qa exp—Q(HI—Mz)
V2mogx '

Table 2: Pion suppression for different methods in case of

Here,;; andys are the mean values; ando, the disper- Prototype measurements and simulations

sions,a and1 — « the contributions of the first and second

log-normal distribution, respectively, atilis a normaliza-
tion constant.

References
The energy loss distributions of pions and electrons otﬁ] E. P. Akishina et al. Distribution of energy losses for elec-
tained from the GEANT3 simulations are also well de-

h 0 ST trons and pions in the CBM TRD, JINR Communications
scribed by log-normal distributions. Table 1 compares g10-2007-158, Dubna 2007
mean values and RMS of the distributions from the pro-

. . - 2
totype measurements and from simulation. Deviations |L1]

E. P. Akishina et al.Comparative study of statistical criteria
the values are below 10 %.

for e/ separation in the TRD. this report
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Compar ative study of statistical criteriafor e/ separation in the TRD

E. P. Akishina, T. P. Akishina, O. Yu. Denisova, and V. V. lgan
LIT JINR, Dubna, Russia

We compare different approaches for e separation

using the Transition Radiation Detector (TRD) in the CBM so00 oy " 2500 z
experiment. The methods are based on the energy loss mea- b -
surements forr ande atp = 1.5 GeVE in a single-layer 4000 100
TRD prototype as obtained in the beam test of February o s0 -
2006 at GSI. The distributions of these measurements have A A T
been used for the simulation of energy losses afidr in oo T i
the TRD consisting of. identical layers. Josss

In the first approach, the method of Likelihood Functions priss
Ratio (LFR) is used for particle identification. The value '

Pe n n Aopichen
L= m’ Pe= Hpe(AEi)v Pr= pr(AEi) Figure 2:Distributions of AE for pions (top left), electrons (top
=1 i=1 right) and the sum of both (bottom)

is calculated for each set of energy losses, wherg AE)

denotes the probability density function for the energglos , 09
AFE in a single layer for pions and electrons, respectively.
The approximation of the probability density functions,
which with good accuracy reproduces the measured energy
loss distributions, is described in [1]. Fig. 1 shows the dis
tributions of L for pions (top left) and electrons (top right)
and the sum of both (bottom) in 12 layers. Electrons are
identified by a custom cut in this variable.

The second approach is based on the successive appli-
cation of two statistical criteria: the Mean Value (MV)
method and thes*-test [2]. In the mean value method, the
mean ener.gy ,IOSA,E ofa trgck in all TRD layers is calcu- Figure 3:Distributions ofw’ for pions (top left), electrons (top
lated. Its distributions for pions and electrons are Shawn iight) and the sum of both (bottom)

Fig. 2. Again, electrons are selected by an appropriate cut.

Fig. 3 shows the distributions of theé measure [2] for
pions and electrons. Here,= 12 is the number of TRD efficiency = 1 -a) and the fraction of misidentified pions
layers. Pions, peaking strongly at small values,pf can  (pion suppression = 14). The successive application of
well be separated from electrons. the mean value method and thé test provides the best

Table 1 presents the comparison of the discussed mefigsults with a pion suppression of about 800 at an electron
ods. Hereq is the fraction of rejected electrons (electrorefficiency of 90 %.

© =
- 1ot
N
by ot

Wun for electrons

Win for pf and e

method | «[%] | 5 [%] | pion suppression
LFR 10 0.925 108
wk 10 | 1.152 87
o MV 7.7 | 1.365 73
MV + wF 10 | 0.128 781
) SRR L Table 1:Comparison of the identification methods (see text)
PPpi distribution ‘ - ::- distribution
N References
s [1] E. P. Akishina et al.On the distribution of energy lossesin
o 02 o 08 o8 1 the CBM-TRD, this report
Figure 1: Distributions of L for pions (top left), electrons (top 2l 22\:; Zrelovand V. V. Ivanov, Nucl. Instr. Meth. 810 (1991)

right) and the sum of both (bottom) in a TRD with 12 layers
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Di-electron spectroscopy in CBM

T. Galatyuk, S. Das, and C. tbhné
1GSI, Darmstadt, Germany

The emission of lepton pairs out of the hot and denseconstruction and electron identification after applyatig
collision zone of heavy ion reactions is a promising probeuts is shown in Figure 1. The signal-to-background (S/B)
to study the electromagnetic structure of hadrons under esatio in a+2 o, range around the pole mass is 0.3 at
treme conditions. The reconstruction of low-mass vecta signal efficiency of 6.7%. For the invariant mass region
mesons £°, w, ¢) is one of the prime tasks of the CBM above 200MeV/c? a S/B ratio of 1/16 is obtained.
experiment. In this report, we present the status of simula- A strong excess of di-lepton pairs over the yield expected
tions of the electron pair measurement in CBM and confrom neutral meson decays was observed by hitherto exist-
pare the expected performance to that of previous or exisiig dilepton experiments [3, 4, 5]. From a parametrisation
ing dilepton experiments. of the published enhancement factors as functiogoénd

The general challenge of di-electron measurements iHVer/dn, we expect this factor to be not smaller than 6 in
heavy-ion collisions is to cope with the large backgroungentral Au+Au collisions at 251GeV. For CBM, we thus
of electrons originating from other than the desired sasircededuce a S/B ratio of x 1/16 for m,,, > 200 MeV /c?.
This is in particular difficult in the CBM spectrometer sinceAs Figure 2 demonstrates, this performance is well com-
electron identification is not provided in front of the mag-petitive with previous experiments measuring di-leptans i
netic field required for tracking. This leads to a considerheavy-ion collisions at similar charged track densities.
able material budget in front of the RICH detector.

2
S e
& E [an] [ .
S R i
O ® ;
8 10254y v %a ]
~  F 0% ey
%’m 10_3 : v
2 2 [ .
10 : : : :
© 10_4 i : i ; T
10° 10°0""100 200 300 400 500 600 700
dN,, / dn

10.5, m || {1 b

0 0.2040608 1 1.214161.8

M, (GeVic?) Figure 2: Signal-to-background ratio for;,, larger than
200 MeV/c? as function ofdN,;/dn. Circle: NA6O data;

Figure 1: Di-electron invariant mass spectra for centrarIanglle CERES data, square: PHENIX data; star: CBM

Au + Au collisions at a beam energy of 25 AGeV. Black assuming an enhancement factor of 6.
area: unlikesign combinations ef ande~, grey: com-
binatorial background. Red:®, dark blue:n, yellow: w-
Dalitz, magentaw, green: ¢, violet: p°. The simulated
data sample (200 k events) corresponds to 10 seconds[gf s. Das et al.Electron identification with RICH and TRD in
beam time. CBM, this report

[2] T. Galatyuk et al. Strategies for electron pair reconstruction

An important requirement for efficient background re- = in cBM, GSI Scientific Report 2005/FAIR-QCD-CBM-06

jection is electron identification with high efficiency and[3] D. Adamova et al. (CERES collaboratiorinhanced Pro-

purity. In CBM, the. RICH detector i.n Combinatiozl with duction of Low-Mass Electron-Positron Pairs in 40-AGeV Pb-
TRD and TOF provides a-suppression factor of0® at Au Collisions at the CERN SPBhys. Rev. 91 (2003) 042301
50 % electron efficiency for momenta below 2 GeV [1].
With h hiah f the identified elect | [4] S. Damjanovic for the NA60 collaborationkirst mea-

ith such high a purity of the identified electron sample, surement of thep spectral function in nuclear collisions
the dominant background sources are random combina- rxiy:nucl-ex/0609026 v1, 16 Sep 2006

tions ofe~ ande* from 7°-Dalitz decay an nversion _ )
ons ofe™ ande . om #°-Dalitz decay a d/cq ersion, [5] S. Afanasiev et al.,, (PHENIX collaboration)Enhance-
the latter mostly in the target. Several topological cutsha ) . - .

ment of the dielectron continuum in Au+Au collisions at

been developed to redupe the backgroynd [2]. The invari- /5N N=200 Ge\, atXiv:0706.3034v1[nucl-ex], 20 Jun 2007
ant mass spectrum of dielectron pairs including full event

References
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Systematic investigations on the di-electron setup of CBM

K. Antipint, H. Appeltauset, and C. Hbhne
LKF, University of Frankfurt, Frankfurt, Germany¥GSl, Darmstadt, Germany

-&i , no electron-ID

In this report, we present a systematic investigation on an Rejected electrons fomm0andy |54’ (i ciecran-ip
optimization of the di-electron setup of CBM for the mea- 76 i clcwon:
NS
N

@110, with electron-ID
surement of low-mass vector mesons, and establish a limit so:
on the pion misidentification. The main challenge in the il

L N T Y @
di-electron spectroscopy is the efficient reduction of back :Z '\ ’
ground electrons which dominantly stem frarfi Dalitz w0 RPN
decay andy conversion in the target. This study is fully %
based on MC information. 20
In the currently applied background suppression strategy . e .
[1], first a cut of M;,,,, < 0.025 GeV is placed in order to ® hiegral of the fild 0-10 cm (procenis flom standard configuraton)

reject reconstructed pairs fromconversion. Afterwards,
a topological cut on the distance of identified tracks to thgjq, re 2. Rejection of electrons fron? and~ conversion
closest hit of not accepted tracks in the first trackingsteti it angd without e-ID versus a given field integral in the
(MAPS, 10 cm behind the target) is applied. first 10 cm (100% correspond to 0.07 Tm)

In order to increase the power of this cut, we consider
a reduction of the magnetic field between target and firgtithout. However, the signal-to-background ratio in the di
MVD station and the possibility of electron identificationi electron invariant-mass range 0.2 - 0.9 GeV is increased
the first MVD. Fig. 1 shows the distance of electron trackenly by a factor of two under these conditions, i. e. with e-
identified after the STS to the nearest hit of not accepte® and field integral less then 0.02 Tm, and remains nearly
tracks for different sources of lepton tracks. Two cases atgaffected without e-ID but reduced field.
presented: No magnetic field in the first 10 cm (solid lines), In a second study, the influence of pion misidentifcation
and e-ID in thel® MVD with 70% of the nominal CBM was investigated by adding a certain amount of pions ac-
field (0.07 Tm field integral, dashed lines). As the meagepted by the RICH detector, corresponding to pion sup-
distances of electrons fronf or v conversion differ from pression levels of 100, 1000, 5000 and 10000, to the sample
those stemming frorp mesons, a cut can be placed to reof identified electrons. The combinatorial background was
ject background. calculated applying all cuts established in [1]. The centri

Cut values were established for field integrals varyingpution of the misidentified pions to the combinatorial back-
from 0 % to 100 % of 0.07 Tm. Fig. 2 shows the resultground is 85 %, 37 %, 11.2 %, and 6.8 %, respectively. We
ing fraction of rejected electrons from and~ conver- thus find that a pion suppression of 5000 or better is re-
sion. Electrons fronmp mesons are rejected on a constanguired for the combinatorial background to be dominated
20% level for the configuration with e-1D in the first MAPS by physical sources.
detector and with a larger and further increasing fraction

no Misidentification

—— T, 7t MisID 1/100

e
w
a

— 7', ¥ MisID 1/1000

T, 7€ MisID 1/5000

T, T MisID 1/10000

o
i
o

and closest track 0.1
from 1t field[0,10] = 0 0.05
fromy, field[0,10] =0 i) g o v Y |
from p, field[0,10] = 0, x100 % 12 14 16 18
wes from1f, e"-ID Ge\”cz
Figure 3: Combinatorial background assuming different
wee from p’, e"-ID, x100

L] levels of pion misidentification

cm

Figure 1: Distance of electrons in the first MVD station to References

hits from the closest not accepted track without magneti N
field in the first 10 cm (solid lines) and with e-ID and 70 el ;bgea'ztyg’zk et al., GSI Scientific Report 2005, Darmstadt

nominal field (dashed lines)
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J/p and v’ detection in the di-electron decay channel in CBM

A. Maevskay3, A. Kurepir?, and C. Fbhné
1INR RAS, Moscow, Russia?GSl|, Darmstadt, Germany

The study of the energy dependence of charmonium pro-
duction in heavy-ion collisions recently received renewed
interest due to new measurements at RHIC showing that
the anomalous 4/ suppression for central events is about

10°

the same as for NA50 at much lower energies [1]. So far 0°

this effect is difficult to explain in theoretical models. \We

results of the NA50 experiment [2] show that the anoma- 10

lous suppression af’ is much stronger than that of3/

and is similar for S+U and Pb+Pb. The measurement of 0% e 3 e 38

M, (Gevic?)

both charmonium states at CBM energies (15 -A3BeV)

would prOVide crucial information for the Understanding OfFigure 1: Invariant mass spectra fb/hz) andw’ mesons af-
charm prOdUCtion in heaVy'iOn collisions. In this repore, W ter a |Owerpt cutof 1.2 GeV¢ and an upper momentum cut

present a study on the feasibility df'v» and, for the first of 13 GeVF on the electrons (central Au+Au at 285eV)
time, ¢’ reconstruction in the CBM experiment.

The simulations were perfomed with an implementatiorgegion_ The spectrum corresponddtb0'° central Au+Au
of the standard CBM detector layout [3]. Decay electrongyjjisions at 254GeV, or roughly one hour of beam time
from Ji) and ¢’ (simulated by PLUTO) were embedded 4; ) CBM interaction rate. Signal-to-background rafios
into central Au+Au collisions generated by UrQMD. Dueqia| reconstruction efficiencies and mass resolutions are
to the very low J) and’ rates, the event mixing tech- ¢ mmarised in Table 1.
nique was used for the background simulations of electron- \ye conclude that the feasibility o/ and even)’ mea-
positron pairs [4]. In order to miniz¢ conversion in the g rements in central collisions of heavy-ions with CBM
gold target, shown to be the most prominent contribution t@,q5 promising provided a very thin target will be used.

the electron background, the target thickness was reducgge study will be continued with the investigation of a
to 25um. The STS detector was implemented using silicopnarmonium trigger.

strip detectors only. Full event reconstruction in CBM was

performed using the currently available semi-realistie de mult. branch.| S/B | eff Om
tector response descriptions. All reconstructed traaks fr ratio
the main vertex crossing at least 4 STS stations and beingj/> | 1.92-107° | 0.06 | 13 | 0.14 | 27 MeV
identified as electrons in RICH and TRD were used forthé &’ [ 2.56-10-7 | 0.0088| 0.3 | 0.19 | 29 MeV
analysis.

) o ) Table 1: Multiplicity, branching ratio, signal-to-
The procedure of electron identification in CBM is deackground ratio, reocnstruction efficiency and mass
scribed in detail in [5]. Here, we use the elliptic ring fit ogoiution forJy andy)’ in central Au+Au collisions at 25

in RICH and apply ring quality cuts based on the neuraligey, The multiplicities of 34 andv’ were taken from
network. A maximal distance of 1 cm was allowed folihe HSD model 7]

ring-track matching. Tracks were identified as electrons

if the reconstructed ring radius was between 5.3 and 7 cm.

For the electron identification in the TRD, we employed References
three different statistical analysis methods: neural netw
likelihood and goodness-to-f)i/t criterion [6]. For all three [] A Adare etal,, Phys. Rev. Lett. 98 (2007) 232301
methods, cuts were tuned to provide an electron efficiency?! B- Alessandro etal., Eur. Phys. J. C 49 (2007) 559

of 90 %. Electrons were selected if they were identified by[3] P- Senger et alCompressed Baryonic Matter: physics case
all three methods. The combined RICH and TRD identi- ~ and detector setygihis report

fication suppressed pions to a levelld®f* for momenta  [4] A. B. Kurepin et al.Charmonium detection in the CBM ex-
from 1 to 134GeV/c. periment CBM-PHYS-note-2007-001

d[5] S. Das et al.Electron identification in the CBM experiment

In order to suppress the physical electron backgroun this report

a transverse momentum cut at 1.2 Gewias applied for o ) . o
each track identified as electron as described above Th@] E. Akishina et al.,Comparative study of statistical criteria

. . . T for electron identification in the TRRhis report
identification andp; cuts do not introduce a limitation in i

phase space for bot/«» and’. Figure 1 shows the re- L[] KIV ICS;S'ngé74E'20|60 Bzrj;kovskaya, and S. Juchem,
sulting invariant-mass spectrum in the charmonium mass uct. Fhys. ( )
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Standalone TRD event selection using Cellular Automaton based tracking

M. Krauzée, W. Zippet,

and A. Bubak

LUniversity of Silesia, Katowice

Charmonium measurements in CBM will be performedhis study, we assume a hadron suppression of 100 obtained
with the highest available interaction rates and thus relysing TRD information only.
on an efficient and fast online event selection scheme. ForThe event selection algorithm consists of the following

the online event selection, the usage of local informatiorste
i. e. from one detector system only, is highly desirable. We
hence consider the feasibility of filtering events with re- ©
spect toJ/y — ete™ signatures in CBM using TRD in-
formation only.

A TRD setup with 12 detector layers was investigated.
For track finding, we employ the Cellular Automaton al-
gorithm [1] as developed for standalone TRD tracking [2], ®
which results in a track finding efficiency of 93 % for tracks
with momenta above 1 Ge¥in central Au+Au events at
25 AGeV. The mean processing time is about 0.6 s per
event on a P4 3 GHz machine.

As the TRD is located outside of the magnetic field, the
momentum determination is performed iteratively. First,
the found track is fitted by a straight line using the Kalman
Filter [3] and extrapolated backwards towards the point
where the magnetic field vanishes [4]. At this stage, multi-
ple scattering in the detector material is taken into actoun
by assuming a momentum of 1 GeV/A first momen-
tum estimate is then obtained by backwards extrapolation .
through the magnetic field to the target region. This mo-
mentum estimate is used for a more accurate determination

ps:

Tracks in the TRD are reconstructed using the Cellular
Automaton algorithm.

99 % of the tracks are randomly rejected according to
a hadron suppression factor of 100.

The remaining tracks are fitted and extrapolated to the
target region. The momentum is determined itera-
tively in three steps. Tracks without a valid extrap-
olation to the target are rejected.

A transverse momentum cpf > 1 GeVle is applied
on the fitted tracks.

The invariant mass of pairs of surviving, oppositely
charged tracks is calculated assuming the electron
mass for both. A pair is considered/gy candidate
(myy = 3.096 GeV/c?) if its invariant mass is be-
tween 2.5 and 3.5 GeW.

Events containing at least onE« candidate are ac-
cepted; all others are considered background and are

. . . rejected.
of the multiple scattering. The procedure is iterated three J

times. The relative momentum resolution after the lastiter To test the event selection algorithm, signal events were
ation is 13.8 % as shown in Fig. 1. The mass resolution fafonstructed by embeddingy/y) — e*e~ decays into min-
the J/¢ is about 16 %. imum bias Au+Au UrQMD events at 23.GeV. For the

The TRD serves not only tracking but also electron idenbackground, pure UrQMD events were taken. Both were
tification by the measurement of transition radiation. Fotransported through the CBM setup.

The algorithm rejects 98 % of the background events
while keeping 52 % of events with &/1) signal. Thus,
when being used in a Level-1 event selection scheme, the
data volume can be reduced by a factor of 50 before more
precise and time-consuming reconstruction and event se-
lection are performed on a higher level.

Resolution
Entries 19442
Mean 0.05101
RMS 0.2269

‘ Momentum Resolution with TRD alone |

w

000

Resolution

2500
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The muon detection system for the CBM experiment

A. Kiselevd, S. Gorbuno¥, I. Kisel* 2, E. Kryshen, V. Nikulin3, M. Ryzhinskiy*, and P. Sengér

1GSlI, Darmstadt, Germany’University, Heidelberg, GermanyPNPI, Gatchina, RussidSPbSPU, St.Petersburg,
Russia

The layout of the CBM muon detection system has beepresented in Table 1. A lower transverse momentum cut-
improved and optimized in 2007 with respect to backeff at 1 GeV/c was applied for tracks in the charmonium
ground suppression and a more realistic detector respongsggion.

The modifications include:

e compact absorber system in order to reduce the nun
ber of muons from pion and kaon decays;

s 3
& E)
2 2 9

o realistic detector segmentation according to an occu
pancy of %, including digitization of the muon de-
tectors with charge sharing and hit finding;

]

counts/(event x 10 MeV/c?)
counts/(event x 10 MeV/c?)

1012

=)
3

10"

0 0.5

1 1.5 N
« additional shielding in order to reduce the backgrouna M (08D
of secondary electrons produced in the beam pipe

25 3 35 A
My, (GeVic)

’ Figure 1: Muon pair invariant mass spectra. Left: low-
. mass region withpaic. (1), (2), w (3), ¢ (4), p (5), and
* additional ToF detector to suppress the baCkgrounc(,jombinatorial background (grey area). Right: charmonium
due to punch-through kaons and protons. mass region with 3/ (1), ¢* (2), and combinatorial back-
The present design of the muon detection system coﬁ[Ound (grey area) for muons with p- 1 GeVic.
sists of several .iron absorber layers of varying thickness D w o || o
and 15-18 tracking detectors based on GEM technolodys/B ratio 0.0021 0.111 0061 7 | 0.09
For the measurement of muons from low mass vectOfefficiency (%) 28 4 7 | 7.7] 82
mesons £, w, ¢), the total iron absorber thickness is mass
125 cm (7.5);), whereas for muons from charmonia, resolution (MeV/@) 10 12 22
1 m of iron is added (total thickness of 13¥). For
Au+Au collisions at 254GeV, on average about 0.3 back-Table 1: Reconstruction efficiencies, signal-to-backgrbu
ground tracks per event are reconstructed. These backtios and mass resolutions for vector mesons in central
ground tracks consist of muons (66), kaons (25%), pi- Au+Au collisions at 254GeV
ons (7%), protons (3%), and ghosts (%). About 80%
of the muons originate from weak meson decays inside theIn the ongoing simulations, we have started to take
absorber system, the rest from decays in front of the alito account detector inefficiencies and clustering of pads
sorbers. These numbers refer to the iron absorber of 125 dvipreover, we have removed one out of three detector sta-
thickness. tion after each absorber layer, and reduced thus the total
The vector meson decays were simulated with theumber of tI’aCkIng detectors from 15 to 10. It turned out
PLUTO generator assuming an isotropic thermal sourd8at a detector efficiency of 95 can be tolerated without
with a temperature of 130 MeV. The mu|t|p||c|t|es for Cen_losses of track reconstruction efﬁCiency which is very sim-
tral Au+Au collisions at 254GeV beam energy were taken ilar for the setup with 15 and 10 detector stations. In order
from the HSD transport code [2]. The background was cal© further optimize the muon detection system, we will im-
culated with the UrQMD event generator. Both signal an@rove the track propagation algorithm for thick absorbers.
background are transported through the detector setup i4oreover, we will investigate the possibility to generate
ing the transport code GEANT3 within the cbmroot sim2 hardware dimuon trigger both for charmonium and low-
ulation framework. The L1 tracking procedure has beefl@ss vector mesons.
used for track finding in the STS and the muon system, and
for momentum reconstruction in the STS. References

The resulting invariant mass spectra a_re shown in Flgﬁ] E. Kryshen, V. Nikulin and M. RyzhinskiyDigitization and
ure 1 for the low-mass vector meson region (left) and the™ finding in the CBM muon detectahis report
charmonium mass region (rlght). The efficiencies for ve 2] W, Cassing, E. L. Bratkovskaya and A. Sibirtsev,
tor meson detection and the signal-to-background ratios; Nucl. Phys. A 691 (2001) 753
calculated in at2 o window around the signal peaks, are ' '
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Digitization and hit finding in the CBM muon detector

E. Kryshen, V. Nikulin, and M. Ryzhinskiy
IPNPI, Gatchina, Russi&SPbhSPU, St-Petersburg, Russia

Detector Granularity

The tracking chambers of the CBM muon detector N ) § n iy A
(MUCH) will work under conditions of high hit density (up d | L

to 1 hit per cd) and high event rated (” events/s). Mod- N
ern gas pad detectors like GEM and micromegas are ex- -
pected to meet these requirements. Taking into account the
large variation of hit density with distance from beam, each 4
chamber is subdivided into ring-like regions with apprepri F n I
ate pad sizes. The radii of the rings are chosen such that g ‘T' s [ i
the mean hit density is doubled from ring to ring, while the

pad area varies inversely with the hit density. Egch regio,aigure 1: Example of micromegas (left image) and GEM
is mapped onto rectangular sectors, a sector being a grogiyht image) responses to the same track sample. Red rect-

of 128 channels connected to a front-end electronics chigngles correspond to MC track projections, black dots rep-
The identical sector sizes within a ring simplify the devegent reconstructed hit positions.

sign of the printed circuit boards for the detector read-out
Another constraint is the spatial resolution which should
match the tracking requirements: 0.4 mm for the cen- Hit Finder
tral area, decreasing towards the periphery. The required
resolution defines the maximal pad size.

The next important step of detector simulations involves
the analysis of charge distributions and the production of
hits. First, clusters of neighbouring fired pads are found,
and the hit finding procedure is applied on a cluster level.
Detector Response Simulations On average, 1.2 Monte-Carlo tracks contribute to one clus-
ter. For the time being, a simple cluster unfolding alganith
TheGEANT package is not well suited for the simulationshas t_)een developed. Itis ba_se(_j on_the search for I_oc_:al max-
ima in the cluster charge distribution and the splitting of

of the ionization energy loss in very thin layers. On th - . .
- . . arge clusters into secondary ones. Hits are attributed by
other handHEED [1] — a reliable microscopic tool for such . .
calculating the center of gravity for each secondary clus-

kind of analyses — can not be effectively integrated int . . . .
GEANT. We adopt a compromise solution: the distributior?er' However, the efficiency of this algorithm can still be

. ! - optimized for complicated clusters. Figure 1 shows a vi-

of the number of primary electrons in an appropriate gas™ _,. .. . - .
. - . Sualization of the detector response simulation and the hit

gap has been simulated wiHEED and fitted to a Landau finding for micromeaa and GEM detectors

function. The thus obtained parameterizations of expecta- 9 9 '

tion value and variance as functions of logarithm of kinetic

energy of the ionizing particle are used for the simulation Outlook

of the r_1umberof primary electroqs i|_'1 the MUCH d_igitizer. In the proposed approach, some effects are not taken
The primary electrons are then distributed according to thgg account, namely the cluster nature of primary electron
Poisson law along the direction of the incident track.  roduction, the microscopical estimation of the transvers
The gas gain for each primary electron fluctuates a@valanche component (essentially detector dependeat), th
cording to an exponential distribution with a mean valugesponse of the front-end electronics, and threshold and
of 10,000. The transversal diffusion of the avalanche (spaiigitization effects. The cluster deconvolution algamith
size) is assumed to be constant; its value (0.3 mm for miteed being optimized with respect to the muon reconstruc-
cromegas and 1.5 mm for GEM) has been chosen to reprigen efficiency. Besides, the developed model should be

duce the existing experimental data. tuned according to beam test results.
The avalanche spot for each primary electron is projected
to the pad plane, and the sum of charges at each pad is cal- References

culated. With the currently foreseen pad design, typicalg,zl] I. Smirnov, NIM A 554 (2005) 474

2.5 pads are fired by a vertex track, while highly inclined "~ htp:/jismirnov.web.cern.ch/ismimov/heed.html
secondary particles cover much larger clusters of pads (up

to several tens).
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Acceptance study for HADES@SI S100

A. Kuglert, J. GarzoA, M. Golubevad, D. Gonzales-Didz F. Gube?, R. Holzmanf, and P. Tlusty

INPI, AS CR, 25068 Rez, Czech.Republf®FP, University of Santiago de Compostela, 15706 Santiago d
Compostela, Spain’INR, Russian AS, Moscow, 117259 Moscow, RussigSI, 64220 Darmstadt, Germany

While the CBM experiment at FAIR is designed to study
heavy-ion collisions at beam energies from 10 to/45eV,
the energy range from 2 to 1AGeV, accessible also with
the future accelerator facility, can be covered by an upgrad 3 : < :
of the existing HADES di-lepton spectrometer [1]. There- i " rapidity y' i " rapidity y ’
fore, we carried out simulations of dilepton production '

250
200

150

100

pt[MeV /c]
pt[MeV / c]

50

08 0.8

o o ;i
in heavy-ion collisions at bombarding energies of about % & % . 0
8 AGeV as seen by the HADES detector. =) i E = .
Results of the simulations of the full di-lepton cocktail = e e
rapidity y rapidity y

from Au+Au at 8 AGeV were published in [2, 3], and
demonstrated that, in principle, HADES in its current con-
figuration and after replacement of the inner TOF wall byrigure 1: Phase space distributions of di-electrons from
a high granularity RPC detector system is able to measufiee direct decay of the meson from a thermal source at
dileptons using beams up to that energy. 2 AGeV (left) and 84GeV (right). The upper row shows
We continued our study, concentrating on the changesl generated di-electrons, the lower row those accepted in
of the acceptance for both hadrons and di-leptons with inhe HADES spectrometer.
creasing beam energy from 2GeV (HADES optimum

acceptance) up to 81GeV. In order to study the re- o e
sponse of the HADES spectrometer, first, events genéi’® used a thermal model of an expanding fireball, with in-

ated by UrQMD were used to investigate the acceptand&rSe slope parameters of 89 MeV at@eV and 105 MeV

for hadrons. For simplicity, at this stage of simulations wét 8AGeV as motivated by UrQMD model predictions and
used the HADES acceptance matrices instead of propag&@mparison with experimental data. The individual Iepton§
ing the track throughout the HADES detection system usYere then propagated through the HADES acceptance fil-
ing GEANT. These matrices were obtained for hadrons 4€" In the same way as described for hadrons. Pairs of ac-
a function of momentum, polar angle and azimuthal anglé®Pted leptons with opening angle above 9 degrees were
by propagating the particles from a white source throughPnsidered. _ o

the HADES detector using the HGeant package. Note 'N€ results of the calculations are shown in Fig. 1. At
that HADES is designed to study symmetric systems with ~AG€V, the overall acceptance for di-lepton pairs from
bombarding energy around.2GeV, for which the accep-  décay decreases moderately from 33 % al@eV to

tance of light particles is symmetric around mid-rapidity?® % &t 84GeV. From the distributions shown in Fig. 1t
(your =~ 0.9). At8 AGeV beam energy, the rapidity distri- is also visible that the acceptance of the HADES detector,

bution is shifted to higher valuegda, ~ 1.5), but still the without change of its geometrical configuration, still cov-

HADES acceptance for pions safely covers the maximunt's the mid-rapidity region at 8GeV. Taking into account

ranging in rapidity up to 2. The ratio of accepted particled'€ Presumably much higher yields of vector mesons at

to those emitted to the full solid angle is shown in Table 1th€ higher energy, we can expect a significantly higher ob-

The HADES acceptance for di-leptons was studied in 3ervable rate in the corresponding region of invariant mass
similar way as described above. As an example of a gppectraat B1GeV as compared to 2GeV.
lepton source of physical interest, we generated di-lepton

from the direct electron-positron decay of theneson us- References
ing the Monte-Carlo generator PLUTO. For thesource, 1] p. salabura et al. (HADES collaboration), Prog. Part. Nucl.
Phys.53 (2004) 49
P. Salabura et al. (HADES collaboration), Nucl. Phy§48
particle 2AGeV 8AGeV (2005) 150
mt 0.63 0.50 [2] A. Kugler et al., CBM progress report 2006, Darm-
T 0.64 0.52 stadt 2007, p.25, http://www.gsi.de/documents/
p 0.40 0.15 DOC-2007-Mar-137.html

[3] A. Kugler et al., Proceedings of XLIV International Winter

. ; 12
Table 1: Acceptance of hadrons emitted fréhe+12C at Meeting on Nuclear Physics, Bormio 2006, vol. 125, p. 282

2 and 84GeV
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Timing Properties of CVD-Diamond Detectors at RelativisticVelocities

E. Berdermann, M. Ciobanu, M. Ki§, W. Koenig, M. Pomorski and M. Triger
GSI, Darmstadt, Germany

Heavy-lon Induced Transient Currents (TC)

In order to investigate the behaviour of Single-Crystal
CVD-Diamond Detectors (SC-DD) at relativistic ion ve-
locities, we measured original TC Signals (TCS) induced
by 132X e jons of 215AMeV in a SC-DD of a thickness dp
=400um and a capacitance Cp=0.9pF. At a rate of 1.6kHz,
a charge Qg™ =1.2*10" e-h pairs/ion was generated in the
diamond bulk. We present a data discussion according to
the theory of Space-Charge Limited Current transients
(SCLQ) [1], expected for Qg > Qpy, with Qp; =Cp*Vp, the
bias-induced charge at the electrodes of the sensor.

The "?Xe pulses were recorded with a 1GHz DSO of
10GS/s resolution, connected to the diamond via a high-
frequency transmission line of 30m lengths. We compare
the shapes of the '**Xe transients with o-signals measured
in the laboratory using a broadband amplifier and a 3GHz
DSO. Each a-particle generates a charge of Qg = 4.2%¥10°
e-h pairs within the a-range of 12um, and represents the
‘small-signal case’ at ‘single-carrier drift’.

Figure 1 shows average '*“Xe transients obtained in the
bias range 10V< |Vp| < 800V (solid and dotted lines) and
an average o-signal (dashed line) measured at Vp=800V.
Note, the a-amplitude is magnified by an arbitrary factor.

R i i B B S P S R S B B P
T sof 2Xe, -
— 215 AMeV
=
o
(3 25 — u's, 55MeV
] small-signal case
@D | single-carnier drift
Q
= L
-
£ t

0.0
0 2 4 6 8
t [ns]

Figure 1: Original TCS obtained in the bias range 10V <
[Vp| < 800V from *?Xe ions of 215AMeV (solid and dot-
ted lines). A **'Am-o-transient (dashed line) represents
the ‘small-signal case’ at ‘single-carrier drift’. (see text)

The RCp time constant of the circuit was as short as
45ps at 50Q impedance. In addition, the bias resistor of
10kQ ensured a constant voltage on the electrodes at all
times, and the measurements were performed in the so-
called ‘current mode’. The flat top of the a-signal demon-
strates the homogeneity of the internal drift field and the
absence of trapping and recombination. The right ‘kink’
indicates the arrival of the leading hole to the backward,
grounded electrode and the top width defines the transi-
tion time ty,. In contrary to the prompt signal decay in the
‘small-signal case’, '““Xe-generated TCS show much
longer relaxation time (=7ns), given by the time needed to
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expel all space charge from the crystal. Charge expulsion
is supported by free carriers present in the neutral detector
at thermal equilibrium. Hence, it is faster for low-quality
diamond detectors, e.g. for polycrystalline sensors.

The rising slope dI/dt of the **Xe TCS was maintained
at t, < 200ps. The area of pulses recorded at |[Vp| > 25V
were equal to the theoretically predicted charge of Qg =
19.22pC, indicating a charge-collection efficiency near to
unit. The transition time tr, decreased from tr,=3ns for the
‘small-signal’ case to tscpc = 650ps for the 32Xe tran-
sients. This effect was expected, however not only be-
cause of the ‘dual-carrier drift’. According to the standard
SCLC theory, the transit time drops also at ‘single-carrier
drift’ to a constant value tgcrc = 0.78*ty, in the transition
from the ‘small-signal’ case to the SCLC case. In our ex-
periment, tr, saturates for [Vp| > 50V, and that is evident
to the onset of SCLC for Qg™ > 45pC (i.e., two ions in a
time in the counter). The almost same level of both
‘kinks’, confirms equal mobility of electrons and holes
and the absence of bulk trapping.

Time Resolution for Relativistic Protons

We tested the time resolution of SC-DD using 3.5GeV
protons and a new low-capacitance broadband amplifier
designed for the diamond start detectors of the HADES
spectrometer. Two SC-DD of a thickness d=300um,
equipped with 3mm circular electrodes segmented in four
quadrants, were mounted each on an amplifier pcb in or-
der to minimize stray capacitances. Figure 2 shows the
time spectrum obtained with two opposite diamond seg-
ments aligned in the proton beam. The intrinsic resolution
o ~ 107ps achieved, is a significant milestone towards the
difficult goal of a oyp< 100ps. The tail is due to boarder
events of longer drift time - an unavoidable experimental
drawback in measurements where relativistic particles are
used to test sensors smaller than the beam spots.

[ p.3.5GeV

300 1
0 | o= 107.3 ps
IS
=
=]
QO 150 d, = 300pm ]
| C,=0.3pF
I V, = 8OOV
0 L rin-aiu/i T | el =3
-8 6 4 -2 0 2 4 B 8

At(tSﬁ 5 t321) [ns]

Figure 2: Time resolution of SC-DD for 3.5GeV protons
measured with a low-capacitance broadband amplifier.
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Achievements of CMOS Pixel Sensors for the CBM Micro-Vertex Detector

A.Besson!, G.Claus', M.Deveaux'?, A.Dorokhov', G.Doziere', W.Dulinski!, Ch.Hu-Guo!,
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CMOS pixel sensors are being developed for the CBM
Micro-Vertex Detector (MVD). They provide the high res-
olution required to reconstruct efficiently decay vertices of
short-lived particles, such as charmed mesons. The present
R&D is mainly driven by the severe running conditions ex-
pected in the vicinity of the experimental target. The most
significant outcome obtained in 2007 is summarised here-
after. Prominent results include performances of a fast sen-
sor architecture with discriminated outputs, the tolerance
to non-ionising radiation, the design of a zero-suppression
micro-circuit and industrial thinning. The report also gives
an overview of the R&D plans for 2008.

Fast read-out architecture

The fast read-out architecture developped for the MVD
was already presented in previous reports [1]. The most
recent sensor featuring this architecture (called MIMOSA-
16) is composed of 32 columns of pixels read out in paral-
lel. Each pixel includes correlated double sampling micro-
circuits. 24 columns are ended with a discriminator (the re-
maining 8 columns have analog outputs for test purposes).

The sensor was mounted on a Si-strip telescope and its
detection performances were assessed as a function of the
discriminator threshold with a 180 GeV 7~ beam at the
CERN-SPS. A detection efficiency of ~ 99.9 % was ob-
served for fake hit rates in the order of a few 1075, The
single point resolution was found to be < 5 pm, i.e. sub-
stantially better than the binary resolution (~ 7.2 pm) re-
flecting the pixel pitch (25 pm). This value satisfies the
MVD requirements, aleviating the need for ADCs.

The MIMOSA-16 architecture is foreseen to evolve to-
wards a sensor incorporating integrated zero-suppression
micro-circuits. A prototype zero-suppression chip (called
SUZE-01) was designed and fabricated in 2007. It features
a 2-step logic encoding the compactified address of pixels
delivering a charge above the discriminator threshold, and
is equipped with output memories. Preliminary test results
indicate that the zero-suppression logic performs according
to the specifications.

The next major objectives consist in fabricating 2
full scale sensors: a first one, without integrated zero-
suppression, for the STAR Heavy Flavour Tracker, and
a second one for the beam telescope of the FP-6 project
EUDET, which incorporates zero-suppression. To bridge
the gap with these final sensors, a medium size prototype
(MIMOSA-22) was designed in 2007 and submitted to fab-
rication in Octobre. It features 128 columns of 576 pixels
(18.4 wm pitch), each ended with a discriminator. It adds to
the MIMOSA-16 design integrated JTAG steering micro-

circuits and improved testability. The chip characterisation
should start in February 2008.

Radiation tolerance

The tolerance of the sensors to non-ionising radiation,
already studied in previous years, was assessed with a sen-
sor expected to withstand higher fluencies than chips tested
previously. The sensor (called MIMOSA-18) is composed
of 4 matrices of 256 x256 pixels. The pixel pitch amounts
to only 10 pm, a value which reinforces the charge collec-
tion efficiency. Several chips were exposed to low energy
neutrons at the Llubjana irradiation facility. The highest
integrated doses amounted to ~ 6-10'? and 103 n,,/cm?.
In the latter case, the photon gas accompanying the neu-
trons and irradiating the sensor translated into a integrated
ionising dose of 100-200 kRad. Irradiated sensors were
subsequently mounted on a Si-strip telescope and exposed
to a 120 GeV 7~ beam at the CERN-SPS. The detection
performances observed for a coolant temperature of -20°C
and a read-out time of 3 ms are summarised in the table be-
low. The latter displays the sensor noise, the cluster charge,
the signal-to-noise ratio and the detection efficiency for the
two values of the fluence and before irradiation.

’ Fluence (n.,/cm?) ‘ 0 6-10'2 1-10'3 ‘
Noise (e~ ENC) 10.84+0.3 12.240.3 14.34+0.3
Quinst (€7) 1026 680 560
S/N (MPV) 28.54+0.2 20.4+0.2 14.7+0.2
Det. Eff. (%) 99.93+£0.03 99.854+0.05 99.5+0.1

The major outcome of the study is that MIMOSA sen-
sors can tolerate fluences of O(10'3 n.,/cm?), provided the
pixel design is adapted to this issue. The R&D next steps
aim to adapt the design to the other MVD specifications.

Thinning

Several different MIMOSA sensors were thinned indi-
vidually to ~ 50 pum in industry. Thinned MIMOSA-18
sensors (5.5x7.5 mm? large) were mounted on their inter-
face board and consecutively characterised at the CERN-
SPS. No performance loss was observed, demonstrating
that 50 pm thin sensors constitute a valid baseline assump-
tion for the MVD geometry.
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Status of the MVD-Demonstrator

The MVD of the future CBM-experiment at FAIR is
needed to identify open charm particles by reconstruct-
ing their secondary decay vertex (SV). To reach the re-
quired SV resolution, the detector will be installed in beam
vacuum and its material budget (MB) has to stay below
~ 0.5% X per layer. Monolithic Active Pixel Sensors
(MAPS) [1] are the currently preferred sensing elements
and provide the necessary spatial resolution of few um.

To study their integration to a detector, a demonstrator is
being built in the IKF technology lab of University Frank-
furt. This project addresses open questions regarding the
design of an ultra thin cooling support for the sensor chips,
their handling and their integration into a central data aqui-
sition system. The latter includes the design of particular
hardware and algorithms for readout and data sparsification
[2]. Our concept for a demonstrator module is depicted in

R/O Interface Board

A\/@*&C
4 Sensors & RIO W,

PG
RVC |
PG

|| pipe &
| sealing

Figure 1: Side view of demonstrator layout: Support sand-
wich structure applied to a cooling and connecting entity

Figure 1. A cooling support based on the very heat conduc-
tive and stiff Thermal Pyrolytic Graphite (TPG) hosts the
sensors and evacuates their power (up to ~ 1 W/cm?). Ad-
ditional stiffness is reached by adding the very light RVC
(Reticulated Vitreous Carbon) between two layers of TPG.
“MIMOTEL” MAPS (~ 1 ¢m?2, ~ 1 ms readout time) can
be mounted on each side of the support. These sensors,
which are provided by IPHC Strasbourg, are biased and
read out with flexprint cables connecting them with a small
PCB hosting signal buffers.

The trade off between low MB, efficient heat evacua-
tion and mechanical stability is being optimized with ther-
mal and mechanical simulations. We assume today that the
thickness of the cooling support will be ~ 0.2% Xg. The
multilayer flexprint cables required will add ~ 0.3% X if
being installed on both sides. After mounting sensors be-
ing thinned to ~ 100 pm by conventional industrial means,
we will reach a MB of ~ 0.4% Xg (~ 0.7% X,) for a
MVD station with a single (a double) layer of MAPS. This
value is not yet satisfactory for CBM but the experiences
obtained with this demonstrator will guide further optimi-
sation steps. Lower MB may be reached by using thinner

*In collaboration with IPHC.

sensors [3] with digital output. This output requires fewer
pins and allows using lighter flexprint cables.

Radiation Tolerance

A second important issue for the CBM MVD is its ra-
diation tolerance. Intense studies were performed in the
context of a common R&D activity of IKF and IPHC. Mea-
surements with 3®Fe-photons on neutron irradiated sensors
highlighted that the radiation induced drop of the charge
collection efficiency (CCE) is substantially reduced for
small pixels (see figure 2). As this drop forms the dom-

Pixel pitch:
—=— 10 um
—&— 20 um
—&— 30 um!

Rel. charge collection
efficiency (Seed pixel)

0,01 0.1 1
Neutron Fluence [10'° n_/cm?]

Figure 2: The CCE of pixels as function of the pixel pitch.
CCE:s below 0.4 are considered as upper limits.

inant radiation damage, the radiation tolerance of MAPS
increases substantially with smaller pixel pitch. This was
cross checked and confirmed with beam tests [3]. However,
using small pixels comes with draw backs in terms of lower
time resolution and higher power dissipation.

A second potential way of improving the radiation tol-
erance of MAPS is to operate them at LNs-temperatures.
The CERN-RD39 collaboration recently demonstrated that
the CCE of heavily irradiated, n-doped silicon detectors is
partly restored at this temperature [4]. Substantial improve-
ments in the radiation tolerance might be reached, if those
promising results could be reproduced with the p-doped
sensors of MAPS. An experiment for testing this approach
and to establish the radiation tolerance of cryogenic MAPS
is currently under preparation.
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First microstrip detector prototypes for the CBM Silicon Tracking System

J. M. Heusel, Chr. J. Schmidt A. Lymanet$, R. RodeP, and L. Lond
1GSI, Darmstadt, GermanyFIAS, J. W. Goethe University, Frankfurt, GermariCIS, Erfurt, Germany

The first prototypes of a double-sided silicon microstripther test structures. Current-voltage and capacityagelt
detector for the CBM Silicon Tracking System (STS) haveharacterizations have been performed. The requested
been produced in cooperation of GSI and the CIS Institutgpecifications were achieved with high yield. Detailed
for Micro Sensors in Erfurt. measurements of other quantities, e.g. inter-strip capaci

tances, and in-beam tests are being prepared.

Low mass silicon tracking stations Next steps

The STS plays a central role in the CBM experiment as gq the next design iteration, systematic simulations of

it will exclusively perform track and momentum measurete getector technology have been performed. A technol-
ments of the charged particles created at the target. OBgy \afer with various test structures has been submitted
of its key requirements is an especially low-mass construgs;” nroduction, now addressing improved radiation toler-

tion, essential for achieving momentum resolution down 19, c¢ yith poly-silicon bias structures, measures to irserea
about 1%. This is particularly challenging because the higlye preakdown voltage, as well as several insolation tech-
charged-particle densities (up to 30 per’¢rand the high nologies ofi-strips.

interaction rates (up to 10 MHz) require a large number
of detector channels equipped with fast power dissipating
front-end electronics. The necessary cooling system-intro
duces an excessive material budget. We have started to ex-
plore an STS concept that avoids the readout electronics
and its cooling infrastructure in the aperture [1]. The duil

ing block of the STS tracking stations is a ladder structure
made from double-sided microstrip detectors. It comprises
several sectors of different strip lengths, realized with s
gle or multiple chained sensors, that are individually read
out at the periphery of the stations through very thin flat
cables with high line density.

Microstrip detector prototype CBMO01

A double-sided microstrip detector compatible with thig=igure 1: The CBMO1 detector (center), five test detectors,
STS concept has been designed in 2006 [2]. It address&id various test structures on a silicon wafer of 4” diameter
specific connectivity issues of the module. The prototype
features a 15 degree stereo angle betweerpthad the

n side strips. Their readout is performed #C mode. X I =% |

Punch-through biasing structures are applied. On b¢ ~ /) T |

detector sides, 1024 contact pads are arranged near *“ / o

top and bottom edges. Their pitch of 5Qum matches 3 / ;

the input of the n-XYTER chip that will be used during //" g

the initial prototyping phase. On the steregeifplanted) i P4 /,/"'; a

side, unconnected corner regions are avoided by linking! Py # & /

metal of every short strip with its matching partnerinth | == o ; ~. /

opposite corner through a line on a second metal layer. ¢oE momom MU R
U vl Ul

Production and first test results Figure 2: Current-voltage behaviour of 9 CBMO1 sensors:

Low voltage region (left) and breakthrough region (right).
In Summer 2007, a first batch of 24 4-inch wafers has
been produced with 286m thick polished 5 kcm float
zone material. The production involved a set of 17 masks.
A wafer, seen on the photograph in Fig. 1, fits the 5.5 crf1] J. M. Heuser, Nucl. Instr. Meth. ReA582 (2007) 910-915
wide CBMO1 detector, five test sensors with 256 by 25?2] J.M. Heuser et al., GSI Report 2007-1 19
orthogonal strips of 50.4m and 80um pitch, and several
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L ayout studies of the Silicon Tracking System for the CBM experiment

R. Karabowicz and J. M. Heuser
GSI, Darmstadt, Germany

The Silicon Tracking System (STS) serves the CBM exthe STS. Signals from the sensors will be read out by thin
periment as a track reconstruction and momentum meeapton micro-cables. The silicon detector will be mounted
surement detector. It is designed to provide high trackingn an ultralight carbon fiber skeleton. These additional ma-
efficiency and good momentum resolution for the chargetérials are already present in the GEANT simulations of the
particles produced in nuclear interactions in the target. ACBM experiment as indicated in Fig. 2. The double-sided
the multiplicities in central Au + Au collisions at FAIR en- silicon sensors have active strips with a pitch ofi60(pre-
ergies reach 1000 charged particles a high granularity arebusly 5Q:m) on both sides, oriented vertically in the front
low mass detector device is required. The major chandayer and rotated by a stereo angle 8f in the back plane.
in the STS layout compared to the previous versions [1] iBlease refer to [3] for more details on the detector R&D.
an increased number of stations fully based on micro-stripor high-resolution vertex measurements, e. g. open charm
detectors. Other changes include segmentation of the sthetection, the STS is supported with a Micro-Vertex De-
tions according to the prototype designs and introductiotector (MVD) consisting of two very thin and fine-pitch
of passive material. MAPS pixel detector stations close to the target.

Detector Layout Performance studies

The current STS detector concept comprises 8 detector The performance of the STS detector was evaluated on
stations schematically shown in Fig. 1. The stations aféirious levels. The tracking routines are based on a Cel-
built of 300um thick double-sided silicon micro-strip sen-ular Automaton for track finding and a Kalman filter for
sors arranged in vertical modules with fixed horizontal sizEack fitting [4]. The tracking efficiencies vary from 99.7%
of 6cm. While the vertical size of the sensors varies fronfPr Single track events to ca. 95% in central Au + Au events
2 to 6cm to ascertain a maximum occupancy of less that} 25 AGeV (for tracks with momenta exceeding 1 GgV/
5%, up to 3 sensors may be chained together to minimiZee mome_ntum resolution depends strongly on_the detec-
the number of channels. For the radiation studies and oS material budget and changes from 1.2% in case of
cupancy results, see [2]. The arrangement of sensors affandalone silicon sensors to 1.6% for the full STS setup

modules in a single station is presented in Fig. 2. with readout cables and carbon support structure. Although
the tracking results depend only weakly and linearly on the
e - s == strip pitch or the stereo angle, the small deterioratiomef t

track reconstruction performance can have strong impact
on the full physics analysis, e. g. of the light vector meson
2.50 muon decay channel.

Conclusions and plans

micro-strips, .y

A detailed STS detector layout has been implemented in
T L the simulation of the CBM experiment. The dependence of
T L e tm the reconstruction results on several important parameter
Figure 1: Sketch of the STS + MVD detector systems. has been studied. Future plans include the development
of realistic detector response functions that include aign

sharing between strips and hit clusters. Replacement of the

4 Yem STS station 5, z=60cm

___-_ module

I double-sided detectors with single-sided ones as a back-up
T . I solution is another topic being studied at the moment.
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the CBM Silicon Tracking Systei®@S| Report 2007-1 19
] . ) [2] R.Karabowicz et al.Radiation environment in the CBM ex-

periment this report
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J. M. Heuser et al First microstrip detector prototypes for the

. . . . . 3
Figure 2: Silicon micro-strip sensors arranged into moo[-] CBM Silicon Tracking Systerthis report

ules of different lengths building up a tracking station. . ) i i
[4] I.Kisel et al., Fast SIMDized Kalman filter based track, fit

In order to achieve a low-mass detector, we have de- thisreport
cided to place the read-out electronics at the perimeter of
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Development of thin multi-line cables for the STS micro-strip detector modules

V.N. Borshchov, O.M. Listratenko, M.A. Protsenko, I.T. Tymchuk
State Enterprise Scientific Research Technological Institute of Instrumental Engineering (SE SRTIIE),
Kharkov, Ukraine

The first pre-prototypes of flexible thin multi-line micro-
cables for the STS micro-strip detector modules have been
developed and produced in the SE SRTIIE, Kharkov,
Ukraine.

Thin micro-strip detector modules for the STS

The Silicon Tracking System (STS) is the central
component of the CBM experiment. One of the key
requirements of the STS is a low-mass design to achieve
momentum measurement with about 1% resolution. Silicon
micro-strip detectors are compatible with a low-mass design
as the sensors themselves are thin. With an appropriate
module structure, active readout electronics with its cooling
requirements and material involved may be avoided in the
aperture [1].

Analog cables

; — ¢ ' Front-end
Sensors Chained sensors electronics
Figure 1: Schematic view of the proposed detector module
composition.

Figure 1 shows the concept of such a micro-strip detector
module. The module is divided into few sectors of different
effective strip lengths, consisting of either single sensors or
groups of chained micro-strip sensors. The offered concept of
module construction can be realized only by innovative full
aluminium "chip on flex" technology with application of
flexible cables of two types:

— the analog strip signals of the sectors are individually
read out through thin long multi-line cables (so-called
analog cable);

the daisy chain connection of sensors is provided by
flexible micro-cables (so-called daisy-chain cable).

Aluminium-polyimide flexible cables

The development of the readout cables, made from
aluminum traces on polyimide material for minimum material
budget, is a particular important task. This includes the
reliable fabrication of fine-pitch traces, matching the strip
pitch of the sensors, over lengths up to about 55 cm. The
mechanical and electrical connection to both sides of thin
double-side sensors must be executed. For the full
functionality of the micro-strip detector modules, the total
capacitance of sensor and cable at the input of the front-end
electronics must be as low as possible in order to achieve a
sufficiently large signal-to-noise ratio of the measurements
[2].

While selecting a material for fabrication of micro-cables
foremost the requirements to minimization of material
amount within working volume, as well as requirements to
resistance, mutual capacitance of conductors, electric strength
and elasticity was reviewed. Comparative calculations for
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ratio of radiation length versus resistance for copper and
aluminium micro-cables have shown that given ratio is as
much as 3.8 times better for aluminium micro-cables.
Radiation length of aluminium-polyimide micro-cables does
not exceed 0.02% of Xo for one layer (Xoa = 8.7 cm,
Xo Pi~ 28.4 Cm).

The flexible dielectric substrate of the cable affects the
capacitance. The material of choice in high-energy
applications is polyimide with a dielectric constant of 3.5 (at a
frequency of 1 MHz). This material is radiation-resistant with
good mechanical and electrical properties. Other synthesized
dielectric materials on the market (such as polyethylene or
polypropylenes are used in the flex circuit industry) achieve a
lower dielectric constant by adding halogens. They are not
radiation-resistant.

As the initial micro-cable construction material has been
chosen the serially manufactured FDI-type foiled dielectric.
The FDI film is polyimide (10 um thickness) with
(10 = 14) um aluminium film thickness.

As major technological variant for production of micro-
cables has been adopted the micro-electronic technology.
Assuming for design features of micro-cables being
developed, technology of their manufacturing is based on
methods of precision photo-lithography with photo-printing
through flexible and rigid photomasks, chemical etching of
metal and dielectric layers and plasma-chemical treatment of
photo-resist.

Analog cables

Figure 2 shows a schematic view of the arrangement for
the sensor and analog cables. Two cables (for each side of
sensor) with constant 100 um pitch are laminated together
with a lateral shift of 50 um (effectively as a cable with
50 pwm pitch).

To front-end [=
| clectronics

L_ i

* To front-end
electronics

1]

TTATE]

}

[ - sensor
- polyimide

A i i . - :-Imm_mnm
Figure 2: Schematic view of the proposed connections

between the sensor and analog cables.

A first iteration of analog cable compatible with this STS
detector module concept has been designed and produced at
our institute in 2007. Some basic characteristics of such
cables are given below:
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material — foiled dielectric FDI-A-24;

thickness of aluminium layer — (12 + 14) pm;

thickness of polyimide layer — 10 um;

dimension of analog cable is (600x70) mm with
technological area and (500%51.5) mm — only work area;
pitch of traces — 100 pm;

width of traces — (35 + 45) um;

quantity of traces — 512;

expected resistance Rtr ~ (5 + 7) Ohm/cm;

expected capacitance Ctr = (0.3 + 0.33) pF/cm.

Close-up view
of cable to sensor
bond area

Figure 3: Photo of analog cable first pre-prototype

In order to reduce the capacitance contribution from
adjacent cables, a spacer will place between the cables. A
candidate for the spacer material is polyimide mesh sheet
with dielectric constant 3.5. The effective dielectric constant
of the polyimide mesh can reduce by removing more material
from a polyimide sheet.

Daisy-chain cable

The application of flexible cables will provide overlapping
of sensors (inside the module) for elimination of “dead areas”
(including daisy-chained sensors).

Flexible cable interconnection
wire flexible

i 7 uable
:@\r‘ /1

Overlapping of sensors:

%

Figure 4: Schematic view of the proposed connections
between the sensors.

Wire interconnection

Figure 4 shows a schematic view of the arrangement for
the sensors and daisy-chain cables. A first iteration of daisy-
chain cable compatible with this STS detector module
concept has been designed and produced at our institute in
2007.Some basic characteristics of such cables are given
below:
material — foiled dielectric FDI-A-20;
thickness of aluminium layer — (8 + 10) um;
thickness of polyimide layer — 10 pm;
dimension of daisy-chain cable is (71.2x22.9) mm with
technological area and (51x12.4) mm — only work area;
pitch of traces — 50 um;
width of traces — (20 + 30) um;
quantity of traces — 1024;
expected resistance Rtr = (9 + 14) Ohm/cm;
expected capacitance Ctr =~ (0.36 + 0.45) pF/cm.
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Close-up view
of cable to sensor
bond area

Figure 5: Photo of daisy-chain cable first pre-prototype

Features of assembly

The opportunity of formation of reach-through ,,windows”
in polyimide layers will allow to refuse application of an
aluminium wire for connection of sensor contact pad and
leads of aluminium-polyimide cables and to carry out
connection of leads directly to sensor contact pads by
ultrasonic bonding through “windows” in polyimide.

It will allow reducing quantity of bonded connections in
detector modules practically twice and will allow
considerably simplifying assembly process. Thus during
assembly the opportunity of short circuits is completely
excluded in the bonding area of sensor contact pads with
leads of flexible cables.

The assembly technology of flexible aluminium-
polyimide cables with sensor easily adapts for the existing
automatic bonders for ultrasonic bonding such as Delvotec.
Identical materials application (aluminium sensor contact
pads and bonded aluminium cable leads) the high quality and
reliability of bonded connections is ensure.

Conclusions and plans

Two types of thin micro-cables were developed and the
first samples of long multi-line analog cable (cable length —
500 mm, traces pitch — 100 um, traces quantity — 512) and
daisy-chain cable (cable length — 12.4 mm, traces pitch —
50 um, traces quantity — 1024) are made.

Future plans must take into account necessity
investigations of technological factors influence, construction
features of cables and optimal production technological
modes selection with the purpose of prototypes and real
flexible micro-cables high quality guaranteeing.
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Development of a Microstrip Detector Module Prototype for the Silicon
Tracking System of the CBM Experiment at FAIR

M. Borysovd, J. M. Heuse#, O. KovalchuR, V. Kyval, A. Lymanets$?, V. Militsiya?,
O. Okhrimenkd, V. Pugatch, V. Zhord', V. Perevertaylty and A. Galinskiy

IKINR, Kiev, Ukraine; 2GSI, Darmstadt, GermanyFIAS, J. W. Goethe University, Frankfurt, Germarfynstitute for
Microdevices, Kiev, UkraineSPA AEROPLAST, Kiev, Ukraine

The development of a low-mass mechanical assembly tie transversal size of the frame up to 5 mm (keeping ma-
single or chained double-sided silicon microstrip sensotgrial budget still within a required 0.3%).
and their connection through thin flat low-capacitance ana- .
log readout cables to a readout electronics is a goal of the Microcables
R&D within the Agreement on cooperation between the The readout of the microstrip sensor is planned to be

KINR and GSI. This includes the development and conerformed through low-mass long readout cables with the
struction of an experimental test stand with cooling infrasq;me pitch as the sensor strips. A double-layer staggered
tructure to characterize the functionality of the devic&lfw icro cable with 25,m wide, 20m thick Al strips at
focus on sensor-cable-chip interconnection issues, ad ﬂl‘01.4um pitch on 24um thick polyimide film (thus pro-
signal-to-noise ratio achieved with particle detectiand viding 50.7 um pitch) is currently under development at
the elaboration of a quality assurance procedure suitaligs |nstitute of Microdevices (IMD, Kiev). The pitch of
for a future larger detector module production. the strips was chosen to match that of the readout chip n-
. XYTER that will serve for detector prototyping in the CBM
Supporting frame experiment. A micro cable must feed signals at distances

A low mass STS is one of the key requirements of th&P t0 0.5 m, which creates high input capacitance for read-
experiment to minimize multiple Coulomb-scattering ofoUt micro chip. This problem has been simulated using mi-
charged particles in the detector and support materials. §i° cables of similar structure, but with less capacitairce.
2007, first double-sided silicon microstrip detector protothiS approximation pick-up signal was of the order of 1% of
types have become avilable. Few versions of the subhe main signal. Cu.rrently, t.hree-layer micro cables (.Wlth
port frame for the CBM01, CBM01B1, CBM01B2 sensorshe grounded layer in the middle) are also under design at
have been designed and produced by AEROPLAST (KieWVD (Kiev) aimed at the prevention of a pick-up problem.
Construction material is carbon fiber with material budget Tests
below 0.3%X,. The design was focused on ladmate-
rial, minimization of the mass, maximum rigidity, perfect The first detector module prototypes equipped with
flatness, geometric thickness less than 2.5 mm, stable mM@BMO01B1 as well as CBM01B2 sensors have been
chanical properties in the temperature region from -5 °@ounted and connected to a discrete electronics at the read-
to 50 °C. This construction material (approximate weighbut board.
proportions: 65% - carbon, 35% - epoxy resin) has a den-
sity 1.5 times less than Al-alloys, elasticity module - & th
level of the steel, coefficient of the thermal expansion @& th
temperature region +/- 60 °C - close to zero. Three-layer
frames composed by two flat plates (0.25 mm thick) with
foam layer (1 mm thick, density - 0.7 g/énin between
them were produced in three types of geometry shape to
match the sizes of prototype silicon sensors.

Cooling

Thermo-mechanical tests with dummy silicon samples L

glued by silicon glue ont_o the_ s_upportlng frames Olemor\figure 1: Scheme of the CBM01B2 sensor connection to a
strated perfect mechanical rigidity as well as thermor-ea dout board
conductivity ( appr. 0.6 W/m°C in the longitudinal direc- ’
Flon). A_speC|aI _de5|gr_1 has t_)ee_n developed for investigat- A scheme of connections is shown in Fig. 1 Tests are
ing cooling by circulating a liquid agent in hollow plates. :

o erformed now at KINR using laser pulses (640 nm) and
Yet, currently such structure didn’t show needed mechani- .. . . .

- . ) : . .~ radioactive sources. The results will be available soon.

cal stability. It might be improved at the price of increagin
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I nvestigations on WL S cover ed photocathodes for the RICH photodetector

V.V.Brekhovskikh, M.V.Medynsky, V.V.Morozova, V.I.Rykalj and S.A.Sadovsky
IHEP, Protvino, Russia

In order to improve the physics performance of the RICH
detector an increase of the photodetector sensitivityén th
UV region is a promising possibility. As proposed in [1] an
effective solution in this direction is based on WLS films
covering the PMT glass photo-cathodes. In 2007 we have
started R&D on different WLS films aiming at an improve-
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relative quantum yield (%)
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ment of the combined efficiency of PMTs with glass pho- or
tocatode covered with transparent WLS films. :z

It was shown [2] that the effective quantum yield of pho- aof
tomultipliers (PMTs) with a flat glass photocathode win- sof

dow covered with transparent WLS films can achieve 130%
of the maximal value of the quantum vyield of the uncov-
ered photocathode. This effect has been obtained experi-
mentally and calculated analytically. It is due to the multi

ple transition of some of the photons emitted by the WLEigure 1: The measured spectral dependences of PMT
through the photocathode because of the total internal rBuantum efficiencies: (1) PMT FEU 110 (glass window),
flection. . . maximum quantum yield = 24%; (2) PMT 56UVP
Spectral dependences of relative quantum yields Of@uartz window), maximum quantum yietld= 24%; (3)
multialkali photocathode with flat glass window with andppT FEU 110+WLS film (optimal mixture of organic lu-
without WLS coverage and of a bialkali photocathode opinophores) normalized for the quantum yield of PMT

a quartz window are shown in Fig.1, see [2]. The shogyp as a typical photomultiplier with the quarz window
wavelength boundary of the spectral region is restricted

the transparency of the polymethylmetacrylat based WL '
film in the ultraviolet region. At the same time, the optical

200 220 240 260 280 300 320 340 360 380 400 420 440 460
(nm)

non-transparent (diffuse view) WLS film allows to obtain gm
an excess above the quantum yield of no more than 10%, ~ ©° e
see [3]. 8 fims
Therefore, for RICH photodetectors an optically trans- "
parent WLS film would be needed with a high efficiency 61
in the region of ultraviolet wavelengths. The evaporated st
paraterphenyl WLS films are not optically transparent (dif- n
fuse view), i.e. they have not an optimal structure. For o E?méz)fr'ﬁgi”y' Eﬂﬁéﬁ‘;’éﬂﬁ'ﬂe
the CBM RICH we have designed a new type of thin ol o e
WLS film with a monocrystalline paraterthenyl layer of a i _ X
few pm thickness on a 2@m teflon substructure. These | !

paraterphenyl films have a high optical transmissivity and
have no visible diffuse light scattering. First prelimipar
measurements show that the efficiency of monocrystalli
paraterthenyl films are substantially higher than those
polymethylmetacrylat based and evaporated paraterphe%'
films. For tests @/ gF; crystal excited by 83Sr radioac-

tive source was used as the light emitting source. The WLS
film efficiency was defined as the ratio

R = (I(PMT + WLS) — I(PMT))/I(PMT),

wherel (PMT + W LS) is the photocathode current in the
case of using the WLS film ant{ PM T) is the photocath- 3]
ode current without the WLS film. Results are shown ir#
Fig.2.

468.

165.

* Serguei.Sadovsky@ihep.ru
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Research and Development of fast readout chamber based on GEM structures

S. Chernenko, S. Razin, Yu. Zanevsky, V. Zryueyv,
JINR Dubna, 1419890,Russia

The result of R&D for fast readout chambers based on GEM and g v | 2soov
thick GEM (THGEM) [1] is presented. The test of the detectors
was performed in a laboratory test bench with an X-ray tube
with copper cathode and an Fe-55 source. The two-stage GEM Hv | 2000V
detector with sensitive area of 10x10 cm? had a one dimensional

12mm

readout board with the strips of 0,35 mm, 0,6 mm and 1,0 mm = e o TeEM Y
pitch. The drift and induction gaps were 10 mm and 2 mm ac- 1 1 2mom 13m0
cordingly [2]. The detector has operated with Ar/CO2 (85/15) . T L =i | Ranad
gas mixture and an amplification factor of ~ 2x10%. A spatial I il _I_ il ADC
resolution of 90 um was obtained with strips of 0,6 mm and 60 [~ ) B e __ gate
um slit collimator (fig.1) ~ wape ——l B
ArICO, (85/15) il D Fig.3. Schematic layout of the one-stage THGEM detector.
a450[— Kray‘) |I- Mean 1.627
400 ::!'I"‘ ?'UZHTO‘ ] ;“.rs;ndt 33:9‘?3 Ar/CO, (85/15)
S R Constant waaTEs 09 Fess 0N 0O OOR S
300 Mean 1625 £ 0,001 ~ -
N 250 Sigma  0.08908 + 0.00087 s O
200 % -
150 % 0.5 4
100 -
50 -
alf! II:! 1.4 1.5 I.IG 1.7 1.8 1ﬂ| é ZJ.I - *
X(ITIIT\) & D1 400 1-4'50 1 5'00 1 5'50 1 SIOO 1 SISD 1 7'00 1 7'50
Fig 1. A spatial resolution obtained for GEM detector AV ooV
with a fine collimated X-ray beam. Fig.4. Counting plateau of THGEM detector measured with
an Fe-55 source.
From the point of view of electronic channel number and spatial
resolution this pitch is an optimal one. 2000 ]
The THGEM of 10x10 cm? was manufactured by standard PCB st s 16400 (Gain=2+10%
techniques with precise drilling in G-10 of 0,4 mm thickness, S <rit 70
hole diameter 0,3 mm, distance between the holes 0,7 mm. and _ 1200} RERATRER
rims 0,1mm (fig2) 5 1000
800 -
- 2 600 -
] 400 3
700MKM 200
o]
o 200 400 600 800 xﬁm 1200 1400 1600 1800 2000
Fig.5.  Integral nonlinearity measured for the THGEM
100MKM detector a with fine collimated X-ray beam.
The study of THGEM detector at JINR is in progress. But we
300MKM can summarize now that this type of detector permits to get a
high gas amplification factor and to work with one stage
Fig.2 The frame of one stage THGEM detector. THGEM. But for a high reliability operation we need to manu-

facture this THGEM (holes and rims) with an accuracy about

On the base of this structure a one-stage THGEM detector was 15um [3].
constructed and tested under the same conditions as the GEM

detector. The schematic layout is shown on fig.3. The gas am-  References: . o .
plification factor was ~ 2x10% The counting plateau obtained ~ [1]- C-Shalem etal. “Advances in Thick GEM-like gaseous elec

with Fe-55 is presented in fig.4, the maximal gas amplification tron multipliers” Nucl. Instr. and Meth. A 558 (2006)475
factor was ~ 5x102 (for the end of plateau). On fig.5 is shown [2]. A. Andronic “ Research and Development of fast TRD read
the integral nonlinearity for this detector measured with a fine out chambers”, CBM Progress Report 2006, 34.

collimated X-ray beam. A spatial resolution of ~ 250 um. was ~ [3] M. Gai for the Yale-Weizmann Collaboration. TOWE"E‘
obtained. Applications of Thick GEM for a Dark Matter Detector

A Progress Report at Big Sky Workshop,,February 14, 2007.
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R&D with GEMsand THGEM stowar ds developing a muon tracker for CBM
experiment

A. K. Dubey*!, S. Chattopadhydyand G. S. N. Murthy
lvariable Energy Cyclotron Centre, Kolkata

A large acceptance, high-resolution and high rate muon
detection system is being proposed by the Indian collabo-
ration for the CBM experiment for carrying out measure-
ments of charmoniumJ/+,+’ ..) and the low mass vec-
tor mesons exploiting their decay via muonic channels.
These measurements are key probes for the indication of in-
medium modification of hadrons, chiral symmetry restora-
tion and deconfinement. Current design of the muon sys-
tem consists of 16 detector stations with several absorber
layers placed in between. For first few stations, it is pro-
posed to implement high rate gas detectors based on Mi-
cropattern technology. Gas electron multipliers(GEM) [2] S
and thick GEM(THGEM) [3] are two such suitable options (a) A 2-GEM assembly under test in lab.
envisaged for this purpose. GEM is made out 60aum
thick polymer foil coated with a thin layer of metal on both
sides a regular array of holes are chemically pierced which
are a fraction of a millimetre across and apart. On ap- w
plying high voltage AV = 500) across the two conduct-
ing surfaces, a primary electron produces an avalanche of
electrons and ions inside the holes and this signal can be
readout using pads or strips. THGEMs are an augmented 1
version of GEMs where holes are mechanically drilled on 0 20 400 600
thick FR4 plates having thicknes®0 pm or more. The
holes are of larger size (abo@00 pum) and operate at
higher vqltages. Wh_ile GEMs need_ to pe import_ed qnd re- Figure 1: R&D with GEM
quire delicate handling, THGEMSs, inspite of their slightly
inferior position resolution, have an advantage that ttaey c
be manufactured indegenously in India and are more r
bust.

As a first step in the direction of searching for an ap
propriate device for muon detector, we have assembl
and successfully tested a mutli-GEM stack with a dri
mesh and pad readout. A 10 cm x 10 cm GEM foil wa:
stretched using a double layer perspex jigs which on heat-

ing stretched the foil sandwiched between the two layergigure 2: Left: Closeup of a THGEM (10 cm x 10 cm
Two G10 frames cut to size were glued on the either sidgil) fabricated locally. It shows holes of 0.3 mm with a
of the foil thus producing a framed and stretched GEMy.1 mm rim around it. Right : Pulse height spectrum from

mesh ready for testing. Signals have been obtained U$THGEM using Ru-106 source fax \V=1600 V.
ing radioactive sources witir/CO2(70/30) as the gas

mixture. The picture of the detector under test is shown

in Fig. 1(a). The pulse height spectra using Fe55 sourdkell as the pulse height spectrum from Ru-106 correspond-
acquired using an MCA, is shown in Fig. 1(b). Also, weing to aAV’=1600 using the THGEM.

have for the first time, locally fabricated a THGEM element

using conventional PCB technology involving mechanical References

drilling of holes. The hole has a diameter of 0.3 mm whil
the copper rim around it has a diamter of 0.5 mm. a 10 c
x 10 cm G10 based PCB was used to drill such holes at(@l F- Sauli, Nucl. Instrum. Methods A386(1997) 531.

pitch of 1.2 mm. Fig. 2 shows a picture of the THGEM ag43] R. Chechik, A. Breskin, C. Shalem and D. Mormann, Nucl.
Instr. and Meth. A535(2004) 303.
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(b) Pulse height spectrum for Fe55-source

1] Conceptual Design Report for CBM.

*anand@veccal.ernet.in
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Systematic studieson MWPCsfor TR detection at high rates

D. Gonzalez-Dia% A. Andronict, C. Garabatds A. Kalweit!, and F. Uhlig
1GSI, Darmstadt, Germany

In a series of measurements conducted at GSI ([1], [2]
the possibility of using MWPCs based on Xe/Cfor TR
detection at the anticipated CBM fluxes of 100 kHzfcm
was explored. Here, the already existing data are enhanc
by including additional measurements on Ne mixtures, tc
gether with the characteristic 'gain vs voltage’ curvesdor
number of chamber configurations, focusing on the max
mum achievable gain. Furthermore, the theoretical forma
ism of [3] is used in its full extent by resorting to only two
free parameters for each noble gas mixture, according
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V= f/uxearney + (1 — f)/nco, with f being the 1001 [ .
fraction of noble gas and; the mobility of the drifting ion
on gasi (Blanc’s law [4]). Following [3], the functional % 10 20 30 40 50 60 70 8 90 100
dependence of the gain vs rate can be readily obtained a.. fraction of noble gas [3]
Figure 1. Rate capability at 5% drop add = 10* for

2GeMNo sh?  Mr

M = M, exp(—a o C M —b

) a s= 4, h = 3 mm chamber.

where M stands for the detector gain at a given rgté/,  a wide range of primary ionizations, providing at the same
is the gain at zero ratg, the electron chargey, the pri-  time the rate capability required by CBM.

mary ionization s the wire pitch i the gap(; the capacity

per unit length, and the gain is described by an exponenti _ 442,

law such thatog,, M = aV — b. After numerical evalu- § F v e " ]
ation, the transcendental equation 1 can be used for fittir 10 ' Pi””?ﬂ;fﬁ;‘ig' 1% 3
the data for all the mixtures in the spirit of [1], [2], yield- 10"k Magboltz
iNg fixe, far, fne and 3 values fopico, (assuming the ) ﬁ,,g;gj@a
nature of the drifting ion to be uncertain). By defining the Jf ° 2mmdata
gain dropF = 1 — M/M,, the maximum affordable rate ~ '© f —Magbolz
at operating gai/, if a maximum gain drog is allowed 10°F
in the chamber will be given by: 10? - a
3 u ® E
:111[(1—F)AMO}—I)L 2u gln(lfF) @ 10 st
(1-F)M, a? qe.n, sh? 10° S R 3
and it is shown in Fig. 1 for the case wheffe= 5% and 0 o oo 1e0 . 200 2500
M, = 10* under X-ray illumination at an average energy Anode voltage (V)

E = 6.7 keV (approximately 2 times more than mips).  Figure 2: Gain vs voltage curve fer= 2, 3,4 mm cham-
The effect of the finite beam size was evaluated frorers, together with a preliminary Magboltz description as-
measurements at 10 times bigger illumination atéa(6  suming 16% Penning fraction.
cm?) and estimated to be less than a factor 2, nevertheless
a more precise determination will be pursued in the future. With the still on-going measurements we plan to system-
Fig. 1 indicates that operation of the chambekb&t= 10*  atically explore a broad set geometries and gas mixtures
and fluxes up to 100 kHz/chis feasible in Xe mixtures that will be of interest for CBM, providing valuable infor-
and can be pushed higher roughly proportionallyd/,. —mation for making a sound choice of the final detector.
A very fundamgntal |ssue.for operation of MWPCS is References
the maximum achievable gain before photon or ion feed-
back results in self-sustained currents that make impos$l] A. Kalweit, Bachelorarbeit, Darmstadt TU, May 2006.

ble the chamber operation. Feor= 3 ands = 4 mm pitch, [2] C. Garabatos, F. Uhlig, G. Hamar, GSI-report 2006-02-28.

Xe_/COZ based mixtures ‘?0“'0_' be opgrated upto = 10°, [3] G. C. Smith and E. Mathieson, IEEE Trans. Nucl. Sci.
being the maximum gain slightly higher for Ne and Ar' ~ 34(1987)420.

based mixtures (Fig. 2). Operation at gains lower tha

. . . F. Sauli, CERN 77-09, 1977.
M, = 10* ensures therefore a safe margin for dealing wit ] u
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High efficiency TRD for CBM in test beam and simulation

M. Klein-Bosing, J. P Wessels M. Petrig, M. Petrovic?, V. Simior?, and F. Uhlig
nstitut fur Kernphysik, Minster; 2NIPNE, Bucharest3GSI, Darmstadt

The CBM (Compressed Baryonic Matter) experiment isnisidentification probability for pions can be calculated.
designed as a fixed target experiment, in which a TRD shalhis pion efficiency as function of the number of extra-
provide tracking of all charged patrticles, electron idnti polated detector layers also shows good agreement of sim-
cation and discrimination against a large pion backgroundlated and test beam data, see Fig. 1b). In addition, an
In order to fulfill these tasks in the context of high countlectron contamination level 6% of the pion data sample
rates of up to 150 kHz/cfand high particle multiplici- in the test beam could be diagnosed. The pion efficiency of
ties, we constructed TRD prototypes based on a symmehe detector in a pure electron and pion beat4$; for 9
ric arrangement of two MWPCs with a common, centralayers TRD.
pad readout electrode. In this way the anode-cathode gapin the test beam the position resolution of two identi-
is small enough to reach the required speed and to reduca prototypes aligned in a row along the beamline has
space charge effects in a high counting rate environmerteen determined. The measurement of the coordinate of
At the same time a high conversion efficiency of the tranthe avalanche along the wire direction is done by interpo-
sition radiation is obtained due to the duplication of gaating the pulse height recorded on adjacent readout pads.
volume. The intrinsic position resolution of the two prototypes is

The prototypes have been tested in a beam of electrogdyen by the variance of a Gaussian fitted to the distribu-
pions and protons with p=1.5 Ge)Mand they have shown tion of residuals defined as the distance between the posi-
very good discrimination capability of electrons versus pition of the reconstructed clusters in both chambers and a
ons which meets the requirements of CBM [1]. The delinear fit to the alignment. For the measurement of the rate
posited charge spectra have been compared to a simulati@gpendence shown in Fig. 2 a moderate voltage of 1700 V
in CBMRoot considering this new detector geometry.  has been chosen, to prevent instabilities of the chambers at

high rates. For X&0%)C0.(10%) the value of the po-

D e
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§ L a) — Testdata (1.5GeV/c) | € 200¢
510 - Simulation (1.5 GeV/c) 3 T HV =1700V Xe(90%)CO,(10%)
S 1 C 190F  5/N=16.1+04 p=2GeV/c
5 S
g 2 1s0f
Z107E] ¢
; 5 170;7 %
, Sl bt
10 ? C
El 150~
1 1 1 L
0 10 20 30 1407“““““““‘““““‘
Deposited charge (keV) 50 100 150 200 250
Rate (kHz/cm?)
g
> L i . oy . . .
g r b) @ Test data Rohacell radiator) Figure 2: Position resolution as a function of particle
kY] L O Simulation (Rohacell radiator) . .
& rates with HV = 1700 V and» = 2 GeVl, using a
' E Xe(90%)CO,(10%) gas mixture.
o C
r sition resolution at moderate intensity(is51 + 3) um or
'E 3.2% of the pad width. No significant deterioration of the
F position resolution is observed up to average particlesrate
F Rohacell radiator, HV=1800 V of 200 kHz/cn?, where it is still much better than the re-
L A A ST quired200 pm [2].

Number of layers

: : _ References
Figure 1: a) Deposited charge for electrons and pions and .
b) pion efficiency in simulated and test beam data with ~ [1] M. Petrovici et al., Nucl. Instr. Meth. Phys. Re&. 579
electron contamination of the pion data sample. (2007) 961.

[2] M. Klein-Bosing et al., Nucl. Instr. Meth. Phys. Reés585

The measured spectra can be described very well by (2008) 83.
these simulations, see Fig. 1a). With these spectra the
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Development of large dimension straw tube arraysfor high rate capability
coordinate detector application

V. Peshekhondy L. Naumana, K. DavkoV, V. DavkoW, L. Kudin®, J. Marzeé, V. Myalkovskiy*,
D. Seliverstoy, V. Tikhomiro\®, S. Vasilie}, P. WintZ, and K. Zarembh

LJINR Dubna, Russia?FZ Dresden-Rossendorf, Germarnstitut of Nuclear Research, Gatchina, Russia;
4University of Technology, Warszaw, Polandl.ebedev Institut, Moscow, RussidFZ Jilich, Germany

A new development of multiple anode assembly tech- Kapton film ~ 12,5um Al 10pm
nique for straw tube detectors allows to provide the read- \%E Sopm
out of embedded anode wire segments. We assembled up to

10-fold segmented multiple anode drift tubes with a granu-
larity from 1.6 cn? to 10 cn? and investigated a two-layer

d

Figure 1: Cross section of the flat flexible cable.

prototype consisting of 19 straws to check the feasibility 606

of assembling of multiple segment anodes [1]. The straws S50 200 - 1007
are 500 mm long and 4 mm in diameter. The anodes are T T T T
subdivided in two, three or four parts of different length. f123 4 s 6 7 s swk

containing 57 readout channels. The prototype tests con-
firmed on the one hand the functionality of the multifold >
segmented drift tubes and on the other hand the necessity to HY

improve the quality of the detector signal by double sided

readout of each anode wire segment of the straw. A mafrigure 2: Schematical drawing of the straw segmentation
element for multifold straws is a special spacer. The cylindtop) and the readout concept (bottom).

drical spacer unit consists of a plastic tube and a glass cap-
illar to fix the anodes and contact wires (see Fig.1,2,3 in +

[1]). We investigated long and flat cable connector proto- i +
types (Fig.1). The cables provide the high voltage to the
anode wires and connect the anode to the front end elec-
tronics. The flat cables are up to 2 m long, to guarantee that
the FEE could be located outside the active detector area
to minimize its contribution to the radiation thicknesssfTe
prototypes with up to 2m long flat cables and 1.6 m long
segmented straws have been build (Fig.2). For the mea-

surements the signals were generated in a straw tube i re 3: Comparision of measured and simulated anode
irradiation with collimated Gammas-Fe). signal amplitudes in dependence on the signal cable length.

¥V FC FLEXIBLE CABLE g ey
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Fig.3 shows that computer simulation and measurement FRi
of signal transmission of the flat cables are in a good agree- 5 0s]
ment. The decrease of the signal amplitude shows a linear Bl e
2 Q 50cm
dependence on the cable length and amouri%aon. For 2] | g om
the longest cable an increase of the signal rise time from ‘ : : ‘
5ns to 9ns and a cross talk of Zzhave been measured. signal cabe engin e

The radiation thickness of the prototype flat cable has been

estimated and amounts to 8X,. The design of the cable Figure 4: Anode signal amplitude in dependence on the flat
allows to improve this parameter by a factor 2. Fig.4 showgable length for straw segments of different size.

the measurement of the amplitudes in dependence on the

cable length and the straw segment length. This informa-

tion is important because adjacent signal transmissi@s lin References

have the same length, but the length of the correspondilfﬁ K. Davkov et al., Nucl. Instr. and MettA584 (2008) 285.
anode wires can differ. The signal amplitude variation in

dependence on the straw length amounts td%10 This

value is negligible.
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Progress with semi-conductive glass tRPCs

V. Ammosov*, F. Guber?
LIHEP, Protvino, Russia; 2INR, Moscow, Russia

The Time-of-Flight (TOF) system of the CBM ex-

periment is proposed to be based on timing Resistive
Plate Chambers (tRPC), which have become a reliable
and approved tool for timing measurements. The TOF
system should have a time resolution of about 80 ps and a
counting rate capability up to 20 kHz/cm?,
The tRPC used for TOF applications are usually multi-
gap chambers with glass as resistive plates operated in the
saturated avalanche mode. With all the other parameters
of tRPC being fixed, the tRPC rate capability is deter-
mined by the bulk resistivity of glass. The resistivity of
conventional glass (~10% Q cm) results in a rate capabil-
ity of RPC as low as several hundred Hz/cm?, which turns
to be the main drawback of such chambers. Usage of
semi-conductive glass with a resistivity of 10%-10" Q c¢m
is an inspiring way of improving the RPC rate capability,
so that it can meet the CBM TOF requirements. Devel-
opment of semi-conductive glass production to obtain
glass samples with a resistivity in the range 10® — 10*
Ohm-cm for phosphate and silicate compositions was
achieved.

The average resistivity of phosphate glass samples was
about 10° Q cm. For the silicate glass samples 3 batches
of different average resistivity of ~10® Q cm, ~10° Q cm
and ~10™ Q cm were produced. The spread of the resis-
tivity within a single batch of the same glass composition
is in the range of a factor 4. A typical behavior of resis-
tivity as a function of applied voltage is shown in fig.1 for
the silicate glass sample with lowest resistivity.

The bulk resistivity of the silicate glass was measured
as a function of temperature and time. An exponential
decrease of the resistivity was measured at the level of
5% / deg. A few times a decrease of the resistivity within
a few ten minutes was observed, then the behavior be-
came more and more flat.

Intensive R&D work was done for single cell tRPCs as
basic element for the TOF system. It included design of
tRPCs with adaptation of existing read out electronics,
construction of tRPCs with different semi-conductive
glasses, tests of tRPCs with cosmic rays, electron and
hadron beams at IHEP and Rossendorf [1,2]; tests of
tRPCs for long term stability and ageing effects.

A tRPC prototype of a minimal (4 x 0.3 mm gaps) con-
figuration with electrodes made of phosphate glass with a
bulk resistivity of the order of 10° Q cm has been tested
with beam and shown satisfactory behaviour in terms of
efficiency and time resolution (see fig. 2). The rise of rate
from 2.25 to 18 kHz/cm2 leads to allowable degradations
of efficiency (from 98% to 95%) and time resolution
(from 90 ps to 120 ps).

* ammosov@ihep.ru
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Figure 1: Bulk resistivity as a function of applied voltage
for silicate glass sample
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. For four-gap RPC prototypes with silicate glass detec-
tion efficiencies for minimum ionizing particles (elec-
trons) beyond 95% at a constant time resolution of
roughly 100 ps were found at flux densities up to
20 kHz/cm?. Thus, a figure of merit for high rate capabil-
ity of tRPCs defined by the experiment has been met.
FEE development to improve the time resolution is fore-
seen.

A multi cell approach for the tRPC shows large value
of cross talk between pads. It seems that a system of in-
dependent tRPC cells is a feasible solution for the central
part of the CBM TOF detector. Such solution comprises
of an array of separate single cell tRPCs and makes it
possible to keep the cross-talk between neighboring cells
at the least possible level.

This work was supported partially by INTAS 06-
1000012-8810 project.
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System studies for the CBM-TOF detector at FAIR

A. Blancd, P. CabaneldsM. Cioband? I. Deppnet, P. Fonté®, J. A. GarzoR, D.
Gonzalez-DiaZ, N. Herrmanf, K. D. Hildenbrand, T. | Kang*®, M. Ki$>’, P. Koczo#, Y. Leifels®,
K. Piasecki®, A. Reichet, M. S. Ry#®, A. Schittauf, N. Zernezki#, and the CBM Collaboration

1LIP, Coimbra, Portugal?USC, Santiago, SpairtGS|, Darmstadt, Germany*Universitit Heidelberg, Germany;
5ISEC, Coimbra, Portugal®Korea University, Seoul, South KoredRBI, Zagreb, Croatia®Warsaw University, Poland

The CBM ToF wall will consist 0f60.000 independent 2.5 mm) could be achieved, with system-time resolutions
cells featuring a ToF resolution of,,,. < 80 ps over 150 well below the design goal (Fig. 1).
m? [1]. For this purpose, the Multi-gap Resistive Plate One HADES sextant, comprising 200 shielded strips (2-
Chamber (MRPC) technology is ideally suited in terms o6 x 15-60 c¢cm) has been also tested successfully in 2007
timing performances, granularity and cost. The specifif3]. As shown in Fig 2, the fraction of cross-talk events
CBM environment defines 2 differentiated regions both iis at a level of 2% for the large majority of strips (the no-
terms of rate and occupancy: for instance, existing layoutable exception likely suffers from cross-talk at the FEE).
based on pad readout (ALICE-like) could be efficientlyurthermore, the inset shows the combined time resolution
used in the more critical inner region while strip readoudf tracks crossing two overlapping strips when a simulta-
(FOPI or HADES -like) would be a natural choice for theneous (disturbing) hit is present in any neighbour. Within
periphery, where a large area needs to be covered at malde usuatt5 ps experimental uncertainty, no sizeable dete-
erate occupancies/rates. In any case, none of the existingration is observed in such a case.
technologies can cope with the maximum expected rates

(20 kHz/cn?) and a substantial effort in material researchis ~ _ 01 Somai0ops . SgmaSeps ]| |
being carried out [1]. For the region at more moderate rates, 3 S| 1osiz=raps f\ genz-esps | |
that actually amounts for 75 % of the wall, either FOPI o~ § *%[§ ’ W]
HADES designs can cope with the anticipated rates. Both 2 %'
systems emphasize, nevertheless, different criticalcaspe s 006711 | T
as shown in this report, while the former features a high % ol ' a0 |
azimuthal resolution, the later focuses on minimizingrinte £ 004 __Time difference (ps) |17
strip cross-talk aiming at a reduced system occupancy. = T, E 5 m
B 0.02 S S B
T 1800F PR T s ° s v = o B E
E ; 2500 7| | Gonstant 1584, Average multiplicity;=1.96 | i
> 1600 2000 tes asziE0t 20 22 2w 2 28 30
1400 [-1500 [ i . i
1000 Figure 2: HADES crosstalk performance for different rows
1200 o F of strips at different polar angles.
1000 - 05 005 1 ; :
. Time of Flight {ns) As a summary, during 2007 HADES and FOPI carried
800 out successful system measurements, showing time reso-
600 |- lutions within CBM requirements and bringing important
; data on heavy ion environments. Such data is being an-
oo alyzed and is a necessary input for design optimization.
200 |- Even if for CBM the position resolution is not a critical
0 Lo TR . issue, a multi-strip configuration will largely simplify ¢h
2 415 4 45 0 05 1 overall mechanics provided cross-talk can be kept at mod-

A0(%) erate levels. Therefore, based on the expertise accurdulate
Figure 1: FOPI'sA distribution, yieldingoa, < 0.15° so far, we plan to systematically investigate differenttinul

trip anode structures, focusing on minimizing and under-
for matched tracks between CDC and the new ToF-barreEtanding strip coupling and charge sharing.

The new FOPI ToF-barrel, covering 52mwith 2400
individual strips, has been commissioned in a first heavy
ion production run in 2007 [2]. Combining a Multi- [1] D. Gonzalez-Diaz et al, GSI annual report 2007.
strip MRPC (MMRPC) technology with a custom designeq] M. Kis et al, GSI annual report 2008.
electronics (4800 ch) based on MMIC high bandwidt

Lo . : 3] A.Blanco et al, GSI annual report 2008.
preamplifiers and a custom designed TAC-ASIC chip [2;[, ] vatrep
a very high azimuthal resolution ofag < 0.15° (005 <
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RPC performancetests at the electron linac ELBE

F. Dohrmanh, R. Kotte', L. Nauman#, D. Stach, J. Wustenfeld, F. Gubef, A. lvashkir?, V.
AmmosoV, and A. Semak

Lnstitut fur Strahlenphysik, Forschungszentrum Dresden-Rossetesden, Germany?Institute for Nuclear
Research, Moscow, Russiélnstitute for High Energy Physics, Protvino, Russia

Resistive plate chambers (RPCs) are considered to béthem is Permastat 100, a special kind of polypropylene
well suited for large area time-of-flight (TOF) arrays aswith a volume resistivity ofl.5 - 10'* Q2 cm, produced by
planned for the CBM experiment at FAIR. The possibilityRTP Company, MN, USA. Though the resistivity would
of testing the performance of RPCs at the radiation soureeeet the requirements of a high-rate RPC for CBM-TOF,
ELBE has been shown with prototype detectors equippéte results are not encouraging:
with standard float-glass electrodes owing bulk resisitivi )
ties of aboutl 0  cm [1]. . Alre_ady at low detector load, _apout 30% hlgher po-

Besides investigations of the rate capabilities of RPC de-  t€ntial voltage than used for similar RPCs with float-
tectors made of phosphate glass electrodes with a volume 912SS plates was necessary to get efficiencies of 95 %.
resistivity of aboutl01% 2 cm [2], also detectors have been  (Note that a naive estimate would yield an apparent
built and successively tested using silicate glass witlsres field strength in the gas gaps above 130 kv/cm!)
itivities of 108 — 10° © cm [3]. It should be stressed thatwe ® EVen at that high potential, the amplitudes did not
have measured the volume resistivities of the resp. mate- €ach those values found for float-glass RPCs.
rials ourselves. Both types of four-gap prototype detactor ® A rapid drop of amplitude, efficiency and time res-
delivered promising results, i.e. efficiencies above 95%  °lution, with increasing detector load was observed,
and time resolutions of about 100 ps up to flux densities of ~already at rates as low as 100 Hzfcm

20kHz/cn? (cf. fig. 1), thus meeting the requirements of The corresponding detector current was surprisingly
CBM-TOF. low. The maximum current of 20 nA, drawn at rates

of 200 Hz/cn?, would cause a potential across each
11 resistivity plate of a few volts only, hence not distub-
ing the gap fields.

o
© =
T
-
-
-
-
-

There exists a report [4] on successful operation of
RPCs equipped with a commercially available plastics
(ENSITAL®'SD) with resistivities ranging from 08 to
102 cm (according to specification by the manufac-
turer). However, the authors of [4] observed also serious
drawbacks of the material like a severe increase of the re-
" o~ sistivity with transferred charge. For Permastat 100, we di
rate / (kHz/cm?) not find significant changes of the volume resisitive with
time or introduced charge. Nevertheless, it is assumed that
* these materials have an ionic type of conductivity. The ions

efficiency
o o o o
v o N ®
T T : T
-

o
kY

150

cannot leave the bulk of the material and transit into the
conductive electrodes. Thus, very quickly a space-charge
| layer builts up and reduces the gap field [5].
+ The material R&D w.r.t. RPCs suitable for FAIR ex-
+ + + + + periments will be continued, concentrating on low-regesti
glasses and ceramics.

time resolution o,/ ps
]
o
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Figure 1: Efficiency (top panel) and time resolution (bot-  Nucl. Instr. Meth A 572 (2006) 676.

tom panel) as a function of flux density for a RPC detectgp; o akindinov et al., Nucl. Instr. MethA 572 (2007) 676.
with low-resistivity silicate glass [3].
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Furthermore, in FZ Dresden-Rossendorf 4-gap RPd8l L. Lopes, R. Ferreira-Marques, P. Fonte, A. Perreira, V.
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Study of photomultiplier stability for ECAL

V.V.Brekhovskikh, V.A.Dyatchenko, V.G.Lapshin, M.V.Medsky, and V.I.Rykalin
IHEP, Protvino, Russia

The CBM experiment will work with a very high inter- tion of FEU MA and FEU KS from dynodes with focus-
action rate, up ta0” s—!, at which photomultipliers (PMT) ing (FEU 115, FEU 115M10, FEU 85, R7899-20) is es-
of the ECAL detector, especially in its very central regionsentially another type of support structure for the dynodes
will experience a high anode current. This operation modehich does not permit secondary emission electrons to fly
can affect the amplification factor of PMT’s and can lead tdo dielectric plates of the support and to charge them. In the
non-equipotentiality of the photocathode. i.e. to indtabi case of industrial PMT’s the charge from these electrons
ity of PMT. Therefore, only PMT’s which are stable undercan change the electric field inside the dynode gaps and
such conditions can be accepted as ECAL photodetectortherefore change PMT amplification. This results in the

It is necessary to distinguish between long-time ancate-effect which is a characteristic feature for the major
short-term stability of photomultipliers. While the long- ity of industrial types of photomultipliers. We don’t know
time stability can be controlled with the help of a LEDprecisely why PMT R7899-20 has such a small value of in-
monitoring system, itis impossible to do so in case of shorstability, but the new type of support of the dynodes per-
term stability. The rate-effect (a dependence of amplificanits to obtain at least the same value of instability and
tion on the mean value of the PMT anode current) is thpossibly less. PMT’s FEU MA and FEU KS have side-on
main and likely the most unpleasant source of the shomphotocathodes with sizes arouh@ x 200 mm? and dyn-
term instability. To understand the causes of short-term irodes with a length of 200 mm and therefore cannot be used
stability we have studied for different types of PMT's thein calorimeter modules. We have designed another PMT
dependence of amplification on the mean anode current (REU RDS) with a head-on photocathode and a tube di-
a range up to 1A and an amplification of arount0®.  ameter of 30 mm and the new type of the dynode support.
A Booster power supply for the last 3 dynodes was used fastability of the first samples of these PMT is around 2%
keep the distribution of potentials at the last dynodes. Twand we hope to decrease this value. In addition, we plan
measurements of the PMT signal have been performed. o design a two-channel PMT with a diameter of 30 mm
one measurement, the PMT amplitude was induced by and a small value of cross talk between the channels. Pro-
LED pulses superimposed over a constant light emitted dptypes of such a PMT were designed earlier jointly with
another LED. The reference measurement included onhoscow Electrolamp Plant on the base of the PMT FEU
LED pulses, the relevant amplitude wdg. The measured 115. Such a PMT is intended for two-section modules of
mean values of relative short-term instability; — Ay)/Ao  electromagnetic calorimeters.
in the range of) — 10 A are shown in Table 1. The long-term stability was measured for two PMT’s,

R7899-20 and FEU RDS. The light source used for these
| Type of PMT \ Type of dynodes\ Relative instability| studies was based on a yttrium alimunate crystal, excited

FEU 110 | massive CuAlMg +25 % by a radiative sourcéi! Am. This light source is much
FEU 139 massive CuAIMg 125 % more stable than a LED. The measured long-time stability
FEU 84 massive AlMg 3% of R7899-20 and FEU RDS are shown on Fig.1
FEU 115M10| massive CuBe —-12%
FEU 115M10 evaporated —-10% 1
FEU 85 evaporated <10% g
FEU MA evaporated —1.8% H
FEUKS evaporated —13% £
R7899-20 evaporated —-1.5%
0.8 q
Table 1: Relative short-term instability for different fbe R7899-2
multipliers. o7r 1

0.6

Photomultipliers FEU 110, FEU 139, FEU 84, FEU
115M10 are Russian industrial devices, Hamamatsu 0s ‘ ‘ ‘ ‘ ‘
R7899-20 is a type of PMT which is used in LHCb electro- cooor R R
magnetic and hadron calorimeters. FEU MA and FEU KS
are experimental PMT’s designed and produced at IHERjgure 1: Dependences of output signal amplitude v.s time
Protvino. The basic difference in the dynode construgor PMT R7899-20 (squares) and FEU RDS (bullets).

*Vladimir.Rykalin@ihep.ru
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Development of Projectile Spectator Detector

M.Golubeva, F.Gubet, A.lvashkirt, A.Kurepint, A.Maevskay4, V.Marin!, A.Sadovsky, and
K.Shileev

1INR RAS, Moscow, Russia

The Projectile Spectator Detector (PSD) at CBM hasrgy. A fit results in a stochastic term of about 55% and
a spectrum of the experimental tasks such as precise deeonstant term of 3.6%. The calorimeter prototype with
termination of the centrality of nuclear collisions and the80x30 cn? front size is too small for full containment of the
number of participants, reconstraction of the reactiong@la entire hadron shower and a non-negligible lateral shower
and the beam intensity monitor by detecting the EMD neueakage might be expected. MC simulation confirms that
trons. The experimental extraction of event-by-event fluabout 16% of the hadron shower escapes from the PSD su-
tuations requires a very precise control over the fluctaatio permodule. The influence of shower leakage on energy res-
caused by the variation of the number of interacting nucleslution was considered in [2], where a third term together
ons due to event-by-event changes in the collision geomwith stochastic and constant ones in the parameterization o
etry. Main requirements to the PSD are excellent energgsolution is added. The fit of the experimental points with
resolution (about0%/+/E(GeV)), good transverse uni- three terms (Fig.2) results in a stochastic term of 53.5% and
formity of this resolution and fine granularity. These paa constant term of 1. 9% at a flxed leakage term of 16%.
rameters as well as the linearity in a wide range of detecte . e
energies (10-10000 GeV) are critical in the appropriate d¢
scription and subsequent correction of the physical paral
eters to the detector response. A full compensating mod
lar lead/scintillator hadron calorimeter meets the abeve r
quirements. The calorimeter includes a 12x9 array of ind
vidual modules placed at a distance of about 15 m dow
stream from the target. A single module with dimensions g
10x10x120 cm consists of 60 lead/scintillator layers with |
16 mm and 4 mm thickness, respectively. Light readod
is provided by WLS-fibers embedded in round grooves i
the scintillator plates, ensuring a high efficiency and un
formity of light collection over the scintillator tile with
a very few percent. WLS-fibers from each 6 consecutive )
scintillator tiles are collected together and viewed byra si Figure 1: PSD supermodule at CERN beam test.
gle photodetector at the end of the module. The longitudi-
nal segmentation in 10 sections ensures the uniformity
light collection along the module as well as the rejectior § 3 022
of secondary patrticles from interaction in the target. Th 2 o2
use of micropixel avalanche photodiodes, MAPDs, seen S 0.18
to be an optimum choice due to their remarkable propertie % 0.16
of high internal gain, compactness, low cost, and immtL @ o.14
nity to the nuclear counter effect. 10 MAPDs per mod- o2
ule are placed at the rear side of the module together wi 01
the front-end-electronics. As a photodetector for the PSI 4
MAPDs with an active area of 3x3 nfhand a pixel density T OB F I R YT B T o
10%/mm? were selected [1]. E (GeV)

During 2007 9 PSD modules were assembled at INR,
Moscow. In September 2007 a first beam test of the PSDFigure 2: The energy resolution of PSD supermodule.
supermodule prototype was performed in a hadron beam at
SPS, CERN, see Fig.1. Longitudinal segmentation of the calorimeters provides a
LHnlque opportunity to develop an off-line compensating al-
ﬂorlthm which is a challenging task for an essential im-
ovement of the PSD performance.

S—

= —= + 0.037

o(E) _ 0.55
E \E

—

+ 0.019

I E E NE
(leakage 16%)

During the beam test the calibration of each reado
channel was done with a muon beam. To obtain the fu
set of the calibration coefficients a muon beam scan w&
e s vt s e ot Refrences
5 energies: 20, 30, 40, 80 and 158 GeV. Fig.2 presents thLel] Z. Sadygov, '\:IMA%? (2006) 70-73.
dependence of the obtained energy resolution on beam elgl D-Acostaetal., NIMA308 (1991) 481-508.
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CBM-XYTER: towards high count rate, data driven detector readout
electronics for CBM and other FAIR experiments

C. J. Schmidt' and the CBM collaboration
!GSI, Darmstadt, Germany

Technological Challenge

CBM projects a large area multi station Silicon track-
ing station (STS) as one of its core detector systems. Due
to the very high hit rates that these detectors will experi-
ence at CBM, no trigger information will be available in
time to tag events of interest. In particular, the complex
analysis needed to generate a trigger on the open Charm
channel does not appear feasible within a latency of just
a few microseconds. Further, multi event confluence in
time must be considered typical rather than exceptional
and event generation may not be assumed synchronous to
any global pace giving clock. This harsh environment not
only poses tough demands on front-end detector and read-
out technology in terms of radiation hardness but also sets
the stage to a novel, purely data driven readout architecture
currently under development through the EU-FP6 project
DETNI ! and further pushed by the GSI detector labora-
tory for applications in various FAIR experiments.

Figure 1: The n-XYTER chip

The XYTER Architecture

n-XYTER is a 128 channel integrated mixed signal
front-end ASIC [1, 2]. Every channel is equipped with
charge sensitive pre-amplifier and shaper circuitry to asyn-
chronously capture incoming signals of either preset polar-
ity. For every channel, both, analogue pulse height and
a digital time stamp are stored in a short fifo, where it
will remain until read out. Data is read out of the fifos
through a token ring structure, that un-prejudicedly reads
out whichever channel has data and skips non-hit channels.
The chip is designed to be able to pump out data elements
at an average rate of 32 MHz.
The n-XYTER realization shows noise figures of 850 ENC
on the fast channel (30 ns peaking time) at 30pF input
capacitance, which is perfectly suited for MIP detection
at standard silicon thickness. The higher resolution slow

IDETNI is a JRA of NMI-3 focussed upon neutron detector develop-
ment, targeting thermal neutron scattering applications

channel with a peaking time of 140ns shows noise figures
of about 600 ENC at 30pF input capacitance.

Project Outline

Such asynchronous, non triggered, high rates and self
sparcifying front-end is the option of choice to cope
with the projected challenges for CBM. The development
efforts go along a two tier project structure, reflecting and
supporting system development needs on different time
scales:

e Tier one addresses the imminent need for readout
electronics as well as a DAQ system for detector pro-
totyping work towards the elaboration of the technical
design reports for various FAIR experiments and
their subsystems, such as CBM STS and CBM Muon
chambers (MUCH) but also the PANDA Multi Vertex
Detector (MVD) or the PANDA Central Tracker (in
its realization as a GEM based TPC).

Here the existing n-XYTER ASIC will be integrated
into a complete, generic DAQ chain that will serve as
supporting infrastructure for the detector prototypes.
To this end, CBM and GSI closely cooperate with
DETNI. GSI engaged in extensively evaluating the
first 128 channel prototype n-XYTER at the GSI
detector laboratory. Currently, a second submission
of the n-XYTER as an engineering run is in prepa-
ration and will provide the number of chips needed
for extensive detector as well as detector-system

prototyping.

e As a tier two development thread on a longer time
scale and as a development target for the technical de-
sign report in its own, the dedicated CBM-XYTER
engineering work was started in 2007. Here, a sec-
ond evolutional iteration of the n-XYTER architec-
ture will be realized addresses the particular needs for
FAIR applications. These are among others the ra-
diation hardness (= 10 MRad), power minimization,
noise criteriy, the on chip integration depth, timing as
well as energy resolution, dynamic range and finally
also variable bandwidth or daisy-chaining data trans-
fer strategies.

References

[1] NIM A, 568 (2006) 301-308
[2] CBM-Progress Report 2006 p. 49
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Front End Electronic Building Blocks for CBM

T. Armbrustet, P. Fischet!, C. Kreidl, and I. Perg!
lUniversity of Heidelberg, Germany

Abstract bandwidth, so that the measured noise for a wide range of

The project aims mainly at the development, in collabotonditions can be compared to simulations. All bias cur-

ration with other groups, of a self-triggered multi channe ents are generated on chip with high resolution DACs. A

. S ? . SB based compact test setup and a software test environ-
charge amplifier chip with integrated time stamping CaP&ent have been prepared for testing, which has just started
bility. This CBMXYTER chip will be used in the CBM sil- brep 9 J '

. L This design, in conjunction with measurements from other
icon tracker and possibly in other detector subsystems as . ) . . .

well groups, will help to find an optimized input stage (trading

' power, speed and noise) once the detector parameters are

. frozen.
Introduction

The CBM FEE development is concentrating on a self-
triggered multi channel charge amplifier with integrated
time stamping which is targeted mainly for the silicon
tracker, but which could be used as well for other CBM de-
tector subsystems, like for instance the muon detector. Low
power operation is crucial for strip readout chips, as ysual
to keep the amount of material small which is required to
bring power in and heat out. Due to the simpler shape
of signal pulses from a semiconductor detector (as com-
pared to gaseous detectors with significant ion tails), the
previously planned power hungry immediate digitization
has been abandoned and a simpler peak sensing scheme
is pursued. Signals without significant ion tails can be pro-
cessed as well. The anticipated timing resolution is in the
range oflns. A very similar chip, theNXYTER, which
has been developed for neutron detection with double sided
detectors, is taken as a guideline. Its power dissipation is Figure 1: Layout of the Charge Amplifier Test Chip
much too high, however, and the35 ym technology used
is not expected to have sufficient radiation tolerance. A
new design in the UM@.18 pm technology with lower Design Flow for Radiation Tolerance
power and a CBM compatible readout is therefore devel- o . . ,
oped. The partitioning of the various building blocks has The’ mod|f|cat|0ns to the device gxtractlon tool "AS-
been organized in 2007. Our group in Heidelberg (formerly YRA required to correctly recognize enclosed NMOS

Mannheim) takes care of overall integration and simulatioHat€S Of various types and geometries, as they are required

and will also contribute building blocks like charge injec-° radiation hard design, have been implemented and op-

tion circuitry, slow control and readout. A prototype 0ftlmized. A library containing the most impor_tant digital
a charge sensitive preamplifier with various input devic@e”§ has beer_1 layed out and the views reql!',“?d for_ auto-
geometries has been submitted. Some other small blodiatic synthesis have been generated. The initial design has
have been designed. As a part of BMXYTER project been optimized for better manual and automated routing.

the group is providing assistance to the collaboration for )
radiation tolerant design. CBMXYTER Design Flow, Others

. ) We have started to set up a simulation environment for
Charge Amplifier Test Chip the CBMXYTER chip. Verilog-AMS descriptions of all

A test chip (fig. 1) with several charge amplifiers injec_ceIIs will be used to check the correct interfacing between

tion circuitry and a circuit to achieve absolute calibratio blocks. The initial distribution of building blocks among

of the injected charge has been designed and submittéﬁ? participating groups, first thoughts on global floor plan

o - - o . ning and power distribution, pinout and control have been
The amplifiers have different transistor sizing and vagabl - . .
presented. A possible bump connection of the chip (replac-

* peter.fischer@ziti.uni-heidelberg.de ing wire bonding) is being studied.
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Low Power Pipelined ADC IP-blocks

E. Atkin!, Yu. Bocharov', A. Gumenyuk', D. Osipov!, A. Polyakov', A. Simakov!, M. Simakov', V.
Shunkov!, and A. Voronin?
I'MEPhI, Moscow, Russia; 2SINP MSU, Moscow, Russia

Two variants of low power 20 MSPS pipelined ADC
have been designed for CBM STS. Prototype blocks of
the first version of ADC have been tested. Tests for ra-
diation hardness demonstrated the advantage of ELT
MOS devices over the conventional NMOS transistors.

In 2007 our team focused on the design of analog and
mixed signal IP-blocks for the STS readout chip, includ-
ing ADC design and prototyping, as well as the radiation
tolerant devices design and testing.

A 7-bit 20 MSPS pipelined ADC has been designed us-
ing UMC mixed signal 0.18 ym CMOS 1P6M technol-
ogy with metal-insulator-metal (MIM) capacitors. ADC
is based on the well known pipelined 1.5-bit per stage ar-
chitecture. It consists of a wideband sample-hold amplifier
(SHA), a low noise 1.5-bit input stage, five identical 1.5-bit
intermediate stages and a 2-bit flash ADC for the least bits.
The differential switched capacitor architecture is used.

The precision analog switches were designed using a
bootstrapping technique. The sub-ADC and MDAC, con-
tained in a pipeline stage, are based on fully differential
operational amplifiers with a common-mode switched ca-
pacitors feedback.

All amplifiers have p-channel MOSFET transistors in the
input stages to provide a common-mode input range from
the ground level up to 1V. They have the following param-
eters: differential gain 62 dB, bandwidth 190 MHz, current
consumption 780 pA.

Front-end SHA uses a charge redistribution architecture
and provides also a single-ended to differential signal con-
version. The micropower bandgap voltage reference is
based on a Brokaw cell followed by buffer stages. An in-
ternal synch generator provides a multiphase clock from a
sine input and low jitter pulse input. The ADC also in-
corporates a pipelined error correction circuitry, based on
an original successive carry fast adder, output registers and
buffers. Chip area is 0.4 mm? (Fig. 2).

ADC has been simulated on the component level with
post-layout extracted parameters. Modeling has demon-
strated a full functionality at sampling frequencies up to
20 MHz, as well as a high linearity and a lack of missing
codes. ADC featured a power dissipation of 26 mW at a
1.8 V supply, at 20 MSPS in an active mode. The test chips
of ADC main blocks were fabricated at the UMC facility.
The static and dynamic parameters of OpAmp and SHA
circuits were measured using an especially developed test
board and confirmed the simulation results.

An updated version of ADC had a resolution of 9 bit
and a power consumption of 10 mW. It has the following
features:

Figure 1: Pipelined ADC layout.
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Figure 2: I-V curves of the irradiated (3 Mrad) strip tran-
sistor and ELT.

e optimized circuitry with shared opamps and compara-
tors in adjacent stages;

e conversion latency reduced to 6 CLK;

e area reduced by capacitors scaling;

e supply current reduced by using the dynamic com-
parators;

e dc accuracy increased by OpAmps offset compensa-
tion in the first three stages.

Table. Summary of both ADC versions.

ADC-I | ADC-II
Resolution 7b 9b
Sample rate 20 MSps
Input voltage range | 1 Vpp differential
Supply voltage 1.8V
Total power 26 mW | 10 mW

In order to study the radiation hardness of the UMC
0.18 pm process several test transistor structures (Fig. 2)
have been irradiated and evaluated. ELT devices demon-
strated a 3 Mrad total dose tolerance in comparison with the
conventional strip transistors, which demonstrated a larger
leakage current at the same conditions.
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Perfomance tests with the PADI-ASIC chip for the CBM-ToF-wall

M.Ciobanu+?, M.Ki&"4, A.Schittauf, I.Deppnet, N.HerrmanA, K.D.Hildenbrand, T.I Kang"3,
P.Koczon, Y.Leifelst, M.Marquardt, A.Reichf, M.S.Ryu?, K.Piasecki, J.Weinert, and
N.Zernezk}?

1GSI, Darmstadt, Germany,Universitit Heidelberg, Germany?Korea University, Seoul, South Kore4Rudjer
Boskovic Institut, Zagreb , Croatia

We started to investigate the new ASIC based pream- To determine the timing performance of PADI we used a
plifier and discriminator chip (PADI 3 channels) for thepulser with a small timing jitter to generate an input signal
CBM-ToF project in an experimental enviroment. To tesand measured with an active probe and a digital oscillo-
the experimental performance for this first iteration of thescope (3.5 GHz, 20 MS) at the output stage of PADI. These
chip we used a 4 pixel Diamond detector in a direct beammeasurements are shown in Fig. 2 as a function of the pri-
test. The main goal of this test-experiment was to verify thenarary signal size and the discriminator threshold. This
channel-to-channel variations for high rates and the Istabfirst timing measurement confirm that PADI can reach a
ity of the chip, before submitting the next iteration. Fortime resolution blows; <20 ps for signals above @ 50
this purpose we designed a new PCB for the PADI chifC.
and connected 3 out of 4 pixels of the Diamond detector. As a last step we will use PADI with an existing MRPC
The experiment took place at the SIS accelerator at GSI u®- test his timing performance. In parallel we will finish
ing a Carbon beam of 356 AMeV with a 2 s spill structuresimulations and layout for the next iteration of PADI (4
and 1.5 x 10® particles. By comparing the time depen-channels). Due to the very successful performance during
dence within spill and the integral rate for the 3 channelall laboratory and experimental test we will submit the sec-
of PADI, we found an excellent uniformity within 0.02 % ond iteration of PADI in 2008.
for all channels. With an independent measurement, us-We would like to thank M.Rebisz and B.Voss from the
ing an ionisation chamber, we monitored the carbon beaSI detector laboratory for their support and the possbili

position and intensity. to use the diamond detector during the beam time.
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Figure 1: Correlation between the 3 pixels of the diamon Uinp [mV]

detector, which are read out by PADI, and the total inte-
grated yield of the primary Carbon beam, measured withigure 2: This figure shows the measured timing perfor-

an ionisation chamber. mance of PADI, as a function of the input signal and dis-

criminator threshold.
By correlating the intensity measurements of both

detectors, we saw a linear relation between the ionisation

chamber and all 3 diamond pixels (see Fig. 1), which References
indicates an excellent stability and linearity of the PADI ) ]
chip up to high rates (75 MHz). [1] M.Ciobanu et.al.,IEEE Trans. on Nucl. Sci. 54 (2007) 1201
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Development of High Resolution TDC ASICsfor CBM-ToF

H. Deppé and H. Flemming
1GSI, Darmstadt, Germany

Introduction After a first DLL testchip submitted already in 2005 a
The ASIC desi £ GSI h | d second chip calle®ANTE was submitted in 2007. Based
eh f esign .grOlljF;.o. as e\(/:a uz;ttz: ftwo I?pén the promising results of the first DLL chipANTE
pcrngCTeE dor an op?hmaf_ itting new TDC A Il or teyas designed to increase the timing resolution by using
o etecto_r. e firstone Is a new imp ement"J‘t'ori‘nverting delay cells with a delay of 50 ps in comparison
ofaT|mg to Amplitude Converter (TAC) core developed "f‘{o 100 ps delay cells in the first chip. For the design of
GS.' (4 'S ? cu[renkt g'\ﬂos te[():[llrjology. The othfgr ON€ 1jnis DLL structure the different charge carrier mobilities
E.sm.g af egy ocke d_o‘?r_’ ( . ) tlg get ive% 'Ee E:_?gof pmos and nmos transistors had to be compensated very
Inning for direct t|mfe Igitisation. =ven t oug the carefully to prevent an odd even structure of the bin sizes.
core based TDC achieves a better time resolution, the D|+ais was very successful which is reflected in good DNL
q

based approach fits better in other requirements so in e d INL values belowi 0.5 LSB (DNL) and+ 0.75 LSB
of 2007 it was decided to use a DLL based TDC for CBM'(INL) vl ' (DNL) '

ToF.

The time resolution of thBANTE chip in comparison to

Table 1: Requirements for the ToF readout electronics the first DLL chip is plotted in Fig. 2. The correlated time
Requirements resolution ofoyc,, = 28.67 ps leads to an uncorrelated
time resolution (for digitizationx 25 ps time resolution for thédANTE chip of

event driven architecture
event rate per channel 50 kHz oo — LU 9097 ps )
time over threshold measurement for walk compensation 1k V2 2Ch “hp
~ 65 000 channels

DLL Time Resolution
3.5e+06 T T T T T T T T T 450000

DLL with Bin Size = 97.7 ps
m =-20.56 ps +/- 0.26 ps

A Delay Locked Loop based TDC dor0e - / o = asibime v 020 e

250406 [ HE DLL with Bin Size = 48.8 ps
: v/ m=21.90ps +-0.74ps | | 300000
H o = 28.67 ps +/- 1.77 ps

~ 400000

4 350000

The principle of a Delay Locked Loop based TDC
(Fig. 1) is well known and successfully implemented in
many experiments. In a regulated delay line a set of clock
signals with constant phase shifts is generated. These$
clock signals are used to clock a hit register to sample the * 1|
input signal. This way an image of the input signal time ; ,
structure is latched in the hit register. One can get the ™[ { 50000

2e+06 - : B 4 250000

[1] (Bin Size: 48.8 ps)

1.5e+06 200000

Events [1] (Bin Size: 97.7 ps)

- 150000

100000

digital timing information by encoding this image. This SV S, SUUSR RS RS [
. . . -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 03 0.4 05
architecture is called clock driven. Detiat s

Figure 2: Time Resolution of DLL based TDCs

During 2008 it is planed to design a first prototype of a
complete DLL based TDC chip. The aim is to get a multi
channel TDC with at least four channels with time over
threshold measurement capability and a double hit resolu-
tion below 3.5 ns. For readout a simple daq interface with
serial communication will be implemented.

Encoder

References

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Time to Digital Converter:

[1] K. Koch et.al.: A New Multi Channel Front-End Board for
Readout TOF Experiments with Excellent Timing Resolution, GSI
Scientific Report 2004, p. 339

Figure 1: Block diagram of a DLL based TDC
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Development of the Read Out Controller for the nXYTER Front End Board

N. Abel!, N. Schroer!, B. Stopfkuchen', M. Block!, and U. Kebschull'
IKIP, Heidelberg, Germany

Introduction

In 2007 our contribution focused the FEE (Front End
Electronic), consisting of the nXYTER, an ADC (Analog
Digital Converter) and the ROC (Read Out Controller).
The nXYTER is recieving analogue data directly from
the sensors and detects the value and the exact time of a
signal peak. It provides the time stamp digitally and the
peak value analog. For further processing the analog data
has to be converted by an ADC into digital data. Since
the conversion needs time, the correlation between time
stamp and signal value is lost. The correlation needs to be
recombined. This, the transfer of the measured data and
the controlling of the functional behavior of the nXYTER
and the ADC is done by the ROC Board we developed.

Detector Front-End Read-Out
Board Controller
FEB ROC

Tag data

XYTER

ADC data

AbC

control

clock

A A

FPGA

(o ]

Figure 1: The FEE with ROC Version 1.0

Data Synchronisation

One major task of the ROC is the preparation of clock
signals for the nXYTER and the ADC with well defined
frequencies and phase relations to each other. This is a very
sensitive point, since the ADC converts the data exactly
at the rising edge of its clock and the time slot for the
conversion is just about 3 ns. At the moment it is possible
to change the delay at runtime from O ns to 31 ns (full clock
cycle is 32 ns) in steps of 1 ns manually. In future we want
to implement an auto calibration beeing able to determine
the right delay automatically. After the conversion the ROC
recombines the timestamp and the digitalized peak value.

Linux

The nXYTER and the ADC have user settable
parameters which can be changed using serial busses.
Using our ROC, one can access these busses over Ethernet.
For this Linux is running on the ROC making it possible
to use all operating system standard functions. Special
modules make it possible to control the nXYTER and the
ADC registers like files. Hence, one can use ordinary scipt
files for slow control. Linux is beeing loaded automatically
by a boot loader from a connected SD card. The content
of the SD card can be changed at runtime. Hence, the
software functionality of the ROC can be changed or
updated remotely. In future we want to use the possibility
of reading back the configuration of an FPGA to perform
a so called fast boot” making it possible to leap the boot
process at startup. [2]

Radiation Tolerance

Most of the functionality of the ROC is realized in a
Virtex4 FX20. Former measurements with FPGAs in a
test beam showed that the configuration of the FPGA can
change due to the beam. Hence, we developed a method
to undo these unwanted changes: a radiation hard Actel
CPLD takes the original bit file stored in flash memorys and
refreshes the configuration of the FPGA permanently. In
future we want to be able to change the bit file over network
making it possible to change or update the hardware
functionality of the ROC remotely.

MGTs

In our first test setup the FEE Board transmits the
measured data via Ethernet. At the next step, we
will replace this Ethernet transmission by an optical
transmission using SFPs and MGTs. Furthermore, the
central FPGA clock will be recovered from the optical
input signals. Our tests showed that we are able to recover
the clock with a jitter of less than 100 ps. [1]

References

[1] N. Schroer, “Clock Distribution / Synchronization for the
Readout-Chain of the CBM experiment at GSI Darmstadt
using Xilinx FPGAs”, KIP Heidelberg 2007

[2] B. Stopfkuchen, “Workflow zur automatisierten Konfigura-
tion und Generierung eines Linux-Systems fiir eingebettete
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A Readout System for the CBM-MVD Demonstrator*

C. Schrader®, S. Amar-Youcef', N. Bialas', M. Deveaux', D. Doering", J. Heuser?,
. Frohlich!, J. Michel!, C. Miintz%, S. Schreiber, J. Stroth, T. Tischler, B. Wiedemann®

Y|KF, University Frankfurt, Germany, 2GSI, Darmstadt, Germany

A micro-vertex detector for track reconstruction,
consisting of two layers of monolithic active pixel
sensors (MAPS [1]) is planned for the CBM
experiment. Here, the readout of the MAPS
detector stations, which will deliver a raw data rate
of up to ~100 Gbit/s/cm? [2], is challenging.

To study the electronic and mechanical
integration of these sensors into a detector system, a
so-called “demonstrator” is being constructed at the
IKF Technology Lab.

The sensor planned to be wused in the
demonstrator (MIMOTEL, with 4 matrices of
64 x 256 pixel array, 30 um pixel pitches and a
readout speed of ~1 ms/frame) delivers a data rate
up to 100 MB/s, which places high demands on the
readout electronics. A fast readout add-on board for
the TRBv2 [2] standard was developed with on-
board functionality for data reduction in order to
replace an existing USB board as provided by
IPHC, Strasbourg.

| analog front—endl I digital front-end |

LVDS
driver/receiver

Gy | 6x SDRAM
4XADG Virtex4
v
TRBv2
connector

Figure 1: Components of the MAPS readout board.

The new board comprises 4 analog input signal
channels which receive the analog signals from the
4 matrices of each MAPS chip via an RJ45
connector. A differential-to-differential amplifier
helps to balance the input for the differential ADCs,
so that the 4 ADCs provide maximum performance.
The ADCs with sampling frequences of up to
50 MHz, convert the analog signals to 12-bit digital
signals. The digital front-end with low voltage
differential drivers and receivers (LVDS) is mainly
used to control the sensor.

The data is further processed online using a
VIRTEX IV LX40 FPGA with internal FIFO and

54

512 MB external SDRAM organized in 6 memory
banks.

To process the MAPS data on-line the system has
to work with pipelined algorithms for correlated
double sampling (CDS) and hit discrimination until
the identified hits are transmitted externally via the
optical link (2Gbit/s) of the TRBv2. Since the data
is continuously delivered by every MIMOTEL chip
the algorithms have to work in real-time.

The interface between the TRBv2 board and the
add-on board is established with two high-speed
LVDS connectors (15Gbit/s), which also provide
power for the add-on board (+5V, 10A), converted
on the add-on board to supply the voltages for the
individual units (between +12V). The digital and
analog components have separate power supplies
and ground planes to reduce electrical cross talk.

Figure 2: Layout of the MAPS add-on prototype
board.

The schematics and the layouts of the 12 layer
board were designed in collaboration with the
electronic workshop of IKF, using the design
software Altium®©. The board was submitted for
production and will be assembled and tested. In
parallel to the hardware developments, data
acquisition algorithms for the FPGA (including
CDS, bit reduction and hit finding) were developed
and successfully simulated in VHDL.

REFERENCES
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Abstract: The Active Buffer Board (ABB) was re-
designed and equipped with a larger FPGA, Virtex-
4FX60. A test infrastructure, based on the embedded
PowerPC processor, was developed and applied to ver-
ify memory controllers and high-speed serial links. A
protoype integration into a PCle based DAQ system
was started, employing partial reconfiguration, inter-
rupt handling and dual-channel DMA.

ABB hardware

In order to test the re-designed ABB cards and to test
memory and interconnection modules a number of IP-cores
have been developed.

Test Infrastructure

The infrastructure module is based on the embedded
PowerPC processor in the Virtex-4 FPGA. Specialised IP-
cores to access the serial links and memory interface via
the processor bus (PLB) enable to build a complete system
using the XILINX EDK software, together with the default
modules, like timer and UART.

Serial Link (MGT) Test

This module consists of a pseudo random number gen-
erator to generate the bits pattern and the corresponding
comparison logic for the error rate statistics. Test pat-
terns and run paramters are software programmable via the
PLB interface, which attaches to the infrastructure mod-
ule. MGT paramters can be controlled likewise, using the
MGT ICAP interface. The serial links have been success-
fully tested with data-rates of 5 Gbps over coaxial cable
and PCB traces. 2.5 Gbps have been tested with optical
transceiver modules and differential flat cables. Multiple
MGTs can be tested simultaneously.

Memory Controller

High-speed dual-ported memory controller are required
for a data-acquisition purpose of the ABB. With today’s
high capacity SRAMs and DRAM:s this can become a non-
trivial task, due to the asymetric read/write behaviour of
DDR-2 SRAMs and the inherent complexity of dynamic
memory (page structure, refresh, precharge times etc.).
The ABB memory controller provides independent, FIFO
buffered fast read and write paths with data transfer on
every clock edge. In addition, a PLB interface is avail-
able to exercise the memory under software control. Mem-

* wgao @rumms.uni-mannheim.de

ory interfaces are available for DDR-2 SRAM and DDR-
1 DRAM. DDR-2 DRAM has been tested as well but be-
comes very inefficient on random access.

PCIe DMA Project
PCI Express DMA Engine Improvement

Two DMA channels, upstream and downstream, are built
to transfer data between the Active Buffer Board and the
host through the PCI Express bus. External memory is cur-
rently emulated using internal block RAM (BRAM). FI-
FOs are used to emulate external I/O to/from DCB/BNet
via MGTs. The two channels can run simultaneously. The
maximum transfer per DMA command size is 4GB. DMA
descriptors for scatter-gather DMA reside in host memory.
The DMA DONE status is acknowledged through interrupt
messages. The driver and the test programs have been well
improved and modified both in Mannheim and GSI target-
ing Intel and AMD machines. For large transfersize, we
achieve around 700MB/s downstream (to peripheral) and
800 MB/s upstream (to host) with a 4-lane PCle interface.

Fartial Reconfiguration Experiment

In order to resolve licensing issues an attempt was made
to employ the partial reconfiguration technique to combine
developments from different project partners (PCle core
and user logic respectively) into a single FPGA device. Un-
fortuately the XILINX software tools are not fully mature
in this respect and several work-arounds have been necces-
sary. A stable design, however only with 1 PCle lane, was
successfully generated finally.

PCI Express Interrupt Generator

A programmable interrupt generator was developed and
used to measure the latency of the driver and the system.
Basic tests show that the system we are using can stand an
interrupts arrival rate of 60 000 Hz.
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DABC design

The DABC [1] addresses requirements of FAIR experi-
ments like CBM [2] for detector and data acquisition test
beds as well as the need for a general purpose DAQ back-
bone for experiments in production. The backbone is able
to handle any kind of front-end systems and provides event
building over fast networks using commodity hard- and
software. Especially a mixture of commonly used MBS
(daq.gsi.de) based front-ends and others will be needed.
Event building based on time stamped data streams gets
more common and must be supported.

The DABC software written in C++ runs on standard

Linux PCs. A schematic view is shown in Figure 1. Ar-
bitray front-end systems (FES) can be connected to stan-
dard Linux PCs (by hardware or network). Application
plug-ins for handling the front-ends must be written by the
application programmers. More plug-ins may process the
data streams. To combine two data input streams on one
PC a specific plug-in knowing the data formats is needed.
Senders/receivers provided by DABC do the event building
over networks like Ethernet or InfiniBand. Behind the re-
ceivers the event processing is done by other plug-ins.
The DABC core design has been revised for a better sepa-
ration from the XDAQ environment [3]. This environment
could now be easily replaced by other libraries providing
state machines, task controls, and setup/configure mecha-
nisms. The plug-in APIs also have been redesigned to be
optimal for general purpose data acquisition applications.

FES [P Je—] FES
(R o[R] Pl res

DABC PC Gigahit Ethernet
InfiniBand
FES —p{P | g8 'Sl{P ¢ FES
ﬂ P Analysis

FES (P |
R

Figure 1: Front-end systems (FES) connected to DABC by
application plug-ins (P). Data flow from senders (S) over
event building network to receivers (R).

MBS integration

The general purpose DAQ system MBS had to be up-
graded to connect MBS front-end systems via TCP to
DABC nodes for event building. A new list mode data file
format allowing for large files (> 2 GB) and direct event

access has been designed and an API library implemented.
DIM servers (dim.web.cern.ch) running on the MBS nodes
provide control and monitoring by the DABC standard Java
GUL In DABC, MBS plug-ins have been implemented.

Controls and Monitoring

The standard control access to DABC is via DIM. Pa-
rameters and commands can be specified in the application
plug-ins. A naming convention provides the locations. A
generic Java GUI displays all parameters and commands
provided by the DIM servers. Special parameters like rates,
status, and histograms are visualized as shown in Figure 2.

4 DAEC Controls

; B =4 mper B

% RateMeters
Columns

Figure 2: Rate meters, status displays and histograms.

Status and outlook

The new plug-in API description will be published soon.
The modifications due to the design review have to be im-
plemented. The MBS plug-ins will be adjusted. The MBS
control by DABC GUI must be completed (support for all
MBS commands, running standard MBS without DABC).
In 2008 DABC will be ready for the test beds as well as
for the event building of MBS based DAQ systems. Latest
news on wiki.gsi.de/DABC
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Event building performance

High performance DAQ systems are required by the next
generation experiments at FAIR like CBM [1] [2]. After
combining data from several input channels in the front-
end systems the event building is done through standard
networks. A bidirectional data rate per node of 1 GByte/s
is needed. Several hundred nodes might be necessary to
achieve the required total bandwidth. One of the fastest
network available today is InfiniBand (IB). Therefore we
started, after detailed simulations, investigations in IB per-
formance for event building. First measurement have been
done at GSI on a small IB cluster with four nodes [3]. All
available software packages for IB have been evaluated. Fi-
nally, we selected the verbs API of the OpenFabrics Al-
liance [4]. We measured a single data rate per node of 950
MByte/s in all to all scheme.

Performance scaling

The open question how this scales to over hundred
nodes could not be answered at GSI. Therefore we estab-
lished cooperations with the Forschungszentrum Karlsruhe
(FKZ, http://www.campusgrid.de) and the University of
Mainz (UM, http://www.zdv.uni-mainz.de/3401.php). In
Karsruhe, 23 machines were available, in Mainz 110, all
double dual-core Opterons. Karlsruhe has IB switches
from QLogic, Mainz from Flextronics. Measurements have
been performed with stand alone test programs emulating
event building traffic. All nodes work as data sources and
data collectors. In round robin mode senders distribute
buffers circular to the receivers without synchronization.
In synchronized mode the senders follow a time schedule
trying to avoid congestions at the receivers. Figure 1 shows
the results.
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Figure 1: Normalized single data rates.

To see the scaling effects, the transfer rates have been
normalized to the ones for 5 nodes (FZK) and 10 nodes
(UM), respectively. All shown measurements are done with
the round robin scheme, FZK 23 and UM 72 also with
the synchronization scheme. Below 16K packet size the
synchronized mode is rather worse the round robin. With
larger packets synchronization gives significant better re-
sults. Synchronizing the 23 FZK nodes and the 72 UM
nodes gives about 700 MBytes/s. With 110 nodes and
packet sizes above 16K the single data rate per node is 500
MByte/s. This is about 50% of the rate measured at the four
nodes at GSI. With high number of nodes synchronization
gets much more complicated because the switch topology
must be taken into account. This works up to 72 nodes, but
gets more difficult up to now for 110 nodes. Besides that
the 50% are surprisingly good!

Event building with DABC

Network event building tests have also performed in a
more realistic environment, the data acquisition backbone
core DABC [5][6]. On the four GSI machines four threads
on each machine generate data wich are combined in an-
other thread, sent over IB to the other nodes for event build-
ing. With packet sizes above 32K the single data rate per
node is more than 800 MBytes/s.

Summary

More detailed studies are necessary to optimize the traf-
fic on large clusters, because the switch topology becomes
the critical issue. The data rate achieved up to now with
more than hundred nodes is at least 50% of what is required
in some years from now. The concept of network event
building with very high data rates seems to be feasable.
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e A. Akindinov et al.
RPC with low-resistive phosphate glass electrodes as a candidate for the CBM TOF
Nucl. Instr. Meth. Phys. Res. A 572 (2007) 676

e D. Senger
Strange particles and neutron stars - experiments at GSI
Int. J. Mod. Phys. E 16 (2007) 1135

e C.Hohne
The CBM experiment at FAIR exploring the QCD phase diagram at high net baryon densities
Int. J. Mod. Phys. E 16 (2007) 2419

e A.Laszl6, Z. Fodor and G. Vesztergombi
New results and perspectives on R44 measurements below 20 GeV CM-energy at fixed target machines
Int. J. Mod. Phys. E 16 (2007) 2516

e V. Ammosov et al.
Performance of RPC with low-resistive silicate glass electrodes exposed to an intense continuous electron
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Nucl. Instr. Meth. Phys. Res. A 576 (2007) 331

e M. Petrovici et al.
A high-efficiency Transition Radiation Detector for high-counting-rate environments
Nucl. Instr. Meth. Phys. Res. A 579 (2007) 961

e M. Petris et al.
High counting rate transition radiation detector
Nucl. Instr. Meth. Phys. Res. A 581 (2007) 406

e J. M. Heuser
Development of a silicon tracking and vertex detection system for the CBM experiment at FAIR
Nucl. Instr. Meth. Phys. Res. A 582 (2007) 910

e M. Deveaux et al.
Charge collection properties of Monolithic Active Pixel Sensors (MAPS) irradiated with non-ionising
radiation
Nucl. Instr. Meth. Phys. Res. A 583 (2007) 134

In press

e J. Adamczewski et al.
Data acquisition backbone core DABC
to appear in J. Phys. Conf. Ser.

e V. Friese
The CBM Experiment at FAIR
to appear in PoS

e S. Gorbunov et al.
Fast SIMDized Kalman filter based track fit
to appear in Comp. Phys. Comm.

e |J. M. Heuser
The Compressed Baryonic Matter experiment at FAIR
to appear in J. Phys. G.

o C. Hohne et al.
Development of a RICH detector for electron identification in CBM
to appear in Nucl. Instr. Meth. Phys. Res. A
e M. Klein-Bosing et al.
Position resolution of a high efficiency transition radiation detector for high counting rate environments
to appear in Nucl. Instr. Meth. Phys. Res. A
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o K. Davkov et al.
Development of segmented straws for very high-rate capability coordinate detector
to appear in Nucl. Instr. Meth. Phys. Res. A

CBM Notes 2007

Public notes

e S. Gorbunov et al.
Fast SIMDized Kalman Filter based track fit
CBM-SOFT-note-2007-001

o P. Akishin et al.
Methods for event reconstruction in the CBM experiment
CBM-SOFT-note-2007-002

e S. Gorbunov and I. Kisel
Reconstruction of decayed particles based on the Kalman Filter
CBM-SOFT-note-2007-003

e A.B. Kurepin et al.,

Charmonium detection in the CBM experiment
CBM-PHYS-note-2007-001

Internal notes

e V. Ammosov and E. Fuber
Development of the high rate multigap RPC prototype for the central part of the CBM TOF detector. Final
report
CBM-TOF-note-internal-2007-001

CBM Meetings, Workshops, Conferences

e What do we learn from dilepton measurements in heavy-ion collisions?
Forum, GSI Darmstadt, 27 February 2007

e 9" CBM Collaboration Meeting
GSI Darmstadt, 28 February - 2 March 2007

e Silicon Detector Systems for the CBM Experiment
Workshop, GSI Darmstadt, 18 - 20 April 2007

e Critical Point and Onset of Deconfinement (CPOD07)
International workshop, GSI Darmstadt, 9 - 13 July 2007

e 274 CBM Indian Collaboration Meeting
VECC Colcata, 30 - 31 July 2007

e The Physics of Compressed Baryonic Matter
Symposium, Dresden, 25 September 2007

e 10" CBM Collaboration Meeting
Dresden, 26 - 28 September 2007
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