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Preface

In 2006 the CBM project has made important steps towards realisation. This includes
progress in the design and development of simulation software, detector components,
front-end electronics, and concepts for data acquisition.

The continuous improvements of the software framework (CBMroot) and of the event
reconstruction algorithms permitted to optimize the layout of the Silicon Tracking System
(STS). Track reconstruction based on a realistic STS design is now routinely used in the
feasibility studies for open charm measurements, for the identification of hadrons
(including multi-strange hyperons), and for the reconstruction of vector mesons via their
dileptonic decays. The identification of electrons is based now on the realistic response
of the Ring Imaging Cherenkov (RICH) detector using ring recognition algorithms, and
on the analysis of the energy loss signals in the Transition Radiation Detector (TRD).
For muon identification a compact absorber/detector system has been developed with
promising performance. Full track reconstruction is available for particle identification
taking into account the hits in the STS, in the 12 TRD layers, and in the timing Resistive
Plate Chamber (RPC) wall.

Hardware R&D concentrated on the design, construction and test of various prototype
detectors: radiation tolerant Monolithic Active Pixel Sensors, thin double-sided Silicon
Microstrip sensors, TRDs with high rate capability, high-rate timing RPCs, and modules
for the Projectile Spectator Detector. Concerning the development of front-end
electronics we made a big step forward with the first prototype of a self-triggered fast
readout chip for Silicon Strip and GEM detectors which is available now and being
tested. Moreover, building blocks for the front-end electronics of TRD and RPC have
been designed. Last but not least the framework of a future data acquisition system is
under development.

The status of the ongoing CBM activities is documented in this Report. There is also
progress in the development of the collaboration: six groups from Indian universities and
institutes have joined CBM in 2006. They will concentrate on the development of the
muon detection system. Beyond the efforts devoted to the design and construction of
the experimental setup there is ongoing work — mainly by many colleagues from theory -
to write-up the CBM Physics Book. The first draft of the book has been completed and is
being discussed within the theory working groups.

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

February 2007 Peter Senger
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The CBM experiment at FAIR

V. Friese, W.F.J. Muller, P. Senger, GSI Darmstadt

CBM physics and detector setup TOF (RPC)
TRD

The planned Compressed Baryonic Matter (CBM) ex-
periment at FAIR offers unique possibilities to investi- RICH
gate baryonic matter at highest densities in the laboraton
The most promising observables from nucleus-nucleus col STS
lisions in the FAIR energy range are particles contain-
ing charm quarks (D-mesons and charmonium), low-mas
vector mesons decaying into dilepton paifs«{ and ¢
mesons), and hyperond (Z, 2 and their antiparticles). <25
This includes the measurement of (event-by-event) fluc
tuations, correlations, and collective flow of hadrons. A
systematic and comprehensive investigation of these ok
servables, in particular their excitation functions, vpiér- digolgimagnot f
mit to extract information on the equation-of-state of bary ' '
onic matter at high densities, on the location of the phase
boundary between hadronic and partonic matter (includingigure 1: Schematic view of the Compressed Baryonic Mat-
the QCD critical endpoint), and on the restoration of chirater (CBM) experiment planned at FAIR. The setup consists of a
symmetry at high net-baryon densities. high resolution Silicon Tracking System (STS), a Ring Inmagi
Cherenkov detector (RICH), three stations of TransitiodiR#on
The experimental task is to identify hadrons and leptonsetectors (TRD), a time-of-flight (TOF) system made of Resis
in collisions with up to 1000 charged particles at eventyateaive Plate Chambers (RPC) and an Electromagnetic Calagimet
of up to 10 MHz. A particular experimental challenge is théECAL).
identification of D-mesons which is based on the selection
of secondary vertices with high accuracy. The measure- .
ments require a high-speed data acquisition (DAQ) archi-17ack reconstruction and STS development
tecture and an appropriate high-level event-selection con
cept.

target

The feasibility studies were performed within the CBM
software framework which has been developed further. The
A schematic view of the proposed CBM detector concepputines for track and vertex reconstruction have been im-
is shown in figure 1. Inside a large aperture dipole magsroved and used for optimization of the layout of the Sili-
net there is a Silicon Tracking and Vertexing System whickon Tracking System. Track reconstruction efficiencies of
consists of two parts: a Micro-Vertex Detector (MVD, 2above 95% can be obtained with a fast and radiation-hard
silicon pixel layers) and the Silicon Tracking System (STSdetector system which consists either of two Silicon hybrid
several layers of silicon microstrip detectors). The 8itic pixel detector stations together with 4 double-sided Sili-
detector array has to provide the capabilities for track reson Strip detector layers, or of 6 Strip-sensor layers only.
construction, determination of primary and secondary veithe STS can be used as a stand-alone tracker for high-rate
tices, and momentum determination. Electrons from lowmeasurements and for the identification of hyperons. The
mass vector-meson decays will be identified with a Rindylicro-Vertex Detector (MVD) - which is close to the tar-
Imaging Cherenkov (RICH) detector. The TRD detectoget and has limitations in radiation hardness and read-out
will provide charged particle tracking and the identifioati speed - will be installed only for open charm measurements
of high energy electrons and positrons. The ECAL will bavhich requires high-precision vertexing.
used for the identification of electrons and photons. As an Detector R&D concentrates on the design of a prototype
alternative to the RICH detector a muon detection/hadrd®TS which includes double-sided sensors, the low-mass
absorber system is under investigation. If the RICH wilimicro-cables, the read-out chip and the mechanical struc-
be replaced by a muon detector the TRD will be convertetire. First prototype sensors have been designed and are
into a tracking detector for hadron measurements togethieeing fabricated. Moreover, a fast self-triggered read-ou
with the timing RPC. Then the TOF-RPC detector serveship has been developed within EU FP-6 NMI3 for neu-
for two purposes: for background suppression during mudnon applications. It was fabricated and is under tests in
measurements with absorbers, and for hadron identificatiaooperation with CBM, where it will serve as a prototype
with muon absorbers removed. for the CBM-dedicated front-end development and addi-
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tionally for current detector prototyping R&D efforts. The major challenge in the identification of low-mass
vector mesons via their di-electronic decay is to reject the
Hadron identification via TOF physical background of electron-positron pairs from 2alit

decays and gamma conversion. The background rejection
Hadron identification in the CBM experiment is per-strategies are based on electron identification by RICH and
formed using the time-of-flight measurement in the RPGRD, and use an improved track reconstruction method for
detector wall located about 10 m downstream of the targabw momentum particles. The omega meson, for example,
This requires track reconstruction and momentum detegxn pe measured in central Au+Au collisions at 25 AGeV
mination in the Silicon Tracking System, track followingith a signal-to-background ratio of 0.2 and an efficiency
through the TRD stations, and matching of reconstructest 8os. In the mass range of thi1) meson the combinato-
tracks to the hits in the RPCs. The total reconstruction efig background can be dramatically reduced by the require-
ficiency for hadrons (STS-TRD-RPC) is well above 80 %ment of a high transverse momentum of the electrons. For
This result is based on realistic detector |ay0utS and perf%xamp|e’ when requiring electron transverse momenta of
mances. The R&D on prototype timing RPCs concentrates > 1.2 GeV/c for central Au+Au collisions at 15 (25, 35)
on high rate capability, low resistivity material, longrer AGeV, signal-to-background ratios of S/B = 0.8 (1.7, 14.5)
stability and the realization of large arrays with overall e gn( efficiencies of = 0.09 (0.12, 0.14) can be achieved
cellent timing performance. for .J/¢» mesons. TRD R&D is focused on the improve-
ment of the electron identification performance, and on the
D meson identification and vertex detector  development of highly granular and fast gaseous detectors
D mesons will be identified via their hadronic decay int which can stand the high-rate environment of CBM. Proto-

: h dpi dak | der t I%ge gas detectors (based on MWPC and GEM technology)
one ortwo charged pions and a kaon. In order 10 SUPPregs, o hoqn 1y ilt and tested with particle rates of up to 400

the overwhelming combinatorial background of promptl;&Hzlcmfz without deterioration of performance.
emitted pions and kaons one has to determine the D meson

decay vertex with an accuracy of about pth (7(D°) = ith h
123um/c, 7(D*) = 312m/c). This measurement requires Muon measurements with hadron absorbers

an extremely thin and highly granulated pixel detector. We As an alternative approach to the dielectron measure-
are developing a Micro-Vertex Detector (MVD) consistingment we have studied the possibility of detecting vector

of two layers of Monolithic Active Pixel Sensors (MAPS) mesons f, w, ¢, J/¢) via their decay intqu~pt pairs.

with a pixel size between 25x2am* and 40x4Qum? and  The idea is to suppress the hadrons with several iron ab-
a thickness of 10gum. Both vertex resolution and radi- sorper layers located behind the Silicon Tracking System.

ation damage increase with decreasing distance from theorder to match the muons which pass the absorber to the
target. Simulations have been performed in order to 0ptiracks measured by the Silicon tracker (which defines the
mize signal-to-background, efficiency, distance and detegomentum) one has to track all charged particles through
tor lifetime.  According to these studies it is possible tqhe absorber. This is done by highly granulated and fast de-

record3.6 x 10> D mesons inl0'> minimum bias Au+Au  tectors which are located in each gap between the absorber
collisions at 25 AGeV within the lifetime of a MAPS. With |ayers,

a collision rate of 100 kHz the first MAPS station would The simulations are based on track reconstruction a|go_

have to be replaced after 120 days of running. The R&[Rthms taking into account a realistic response of the STS.
on the MVD concentrates on the improvement of radiatiofrhe high track density requires a position resolution in the
hardness and readout speed of the MAPS, and on syst@fgier ofo = 100-300.m for the first muon chambers. The
Integration. studies demonstrate that for example theneson can be
measured in central Au+Au collisions at 15 (25, 35) AGeV
Electron identification with RICH and TRD with a signal-to-background ratio of S/B = 0.4 and with an
Electrons and positrons are identified with the RICH degﬁlClency ofe = 0.01 (0.013, 0.015).J/4 mesons can be

tector and with the TRD. The simulations include track re'—dentlfIEd with a signal-to-background ratio of about 100

. —0. . .
constructionin STS and TRD, ring recognition in the RICI—Flnd an efficiency of = 0.19 for central Au+Au colisions

hoton detector, ring-track matching, and the analysis oaft 25 AGeV. Such a number would be sufficient for the
P » N9 9, YSIS Qentification ofy’ mesons in Au+Au collisions. For the

the energy loss IS|gnaI in the TRD. With information Onlycharmomum experiments the total thickness of the hadron
from RICH the pions can be suppressed by a factor of abouB .
o absorber has to be increased as compared to measurements
500 up to a momentum of about 9 GeV/c. Taking into ac-
count additional information from the TRD the total ionOf low-mass vector mesons.
. ; " P The challenge for the muon chambers and for the track
suppression factor is larger thaf* for momenta above 1

GeV/cin central Au+Au collisions at 25 AGeV. This Valuereconstructlon algorithms is the huge particle densitymf u

will be sufficient to discard misidentified pions from the'© - MG per eventin the first detector layers. Therefore,

combinatorial electron background in vector-meson meg_etector R&D concentrates on the design of fast and highly
surements 9 granulated gaseous detectors based on GEM technology.
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Simulations

Fair Root/CbmRoot Simulation and Analysis framewor k

M. Al-Turany, D. Bertini, M. Dahlinger, V. Friese, |. Koenignd F. Uhlig
GSI, Darmstadt, Germany

I ntroduction

The Virtual Monte Carlo concept allows performing sim-
ulations using Geant3, Geant4 or Fluka without changing
the user code [1]. This concept was used as a base for de-
veloping the CbmRoot framework for the CBM collabo-
ration [2]. In this concept, the same framework is used
for simulation and data analysis. An oracle database with
a build-in versioning management is available and can be
used to efficiently store the detector geometry, materials
and parameters.

As more experiments at the GSI where interested in us-
ing this framework, the framework was revised and the e
base packages of the framework where completely sepa-
rated from the specific CBM implementation. Moreover,
the framework got the new name FAIRROOT. On the Ora-
cle server side, data bases for each experiment are running
on a high availability cluster, new experiments can easily
be added.

The Schematic design of the framework is shown in
Fig.[1].

ROOT

modification to the VMC classes needed for Geane
where also communicated to the ALICE collaboration
at CERN and included in the VMC distribution.

New detector geometry reader

A new geometry reader for the framework was devel-
oped. The input of this reader is in form of TGeoVol-
umes (Root Geometry format). This reader is used by
the PANDA collaboration to read the detector geome-
tries which are converted from Step file format (CAD
system) to Root format.

CMake for configuration

CMake is a cross-platform, open-source make system
[6]. CMake is used to control the software compila-
tion process using simple platform and compiler in-
dependent configuration files. CMake generates na-
tive makefiles and workspaces that can be used in the
compiler environment of user choice. Now CMake
and autoconf/automake are used in parallel.

Subversion
The frame work is now distributed via Subversion.

Summary

Ve
Geometry
Manager
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N
[ Geolnterface J—'[ Run M anager

I0 Manager
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RunTine
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e [ I I D
{Module} [ EVGEN J { Fed ] [MC Stack}
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Figure 1: Schematic design of FairRoot.

New Developments

o Geane Interface:

The Geane package allows the user to calculate
average trajectories of particles and to calculate t

tl

\ A VMC based framework for CBM has been imple-

mented, the first release was in March 2004. The October
2004 release was used to produce and analyze data for the
CBM technical status report[7]. Work on digitizers and full
tracking in CBM and PANDA collaborations is going on.
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transport matrix as well as the propagated error cd/] CBM Collaboration Technical Status Report (GSI, Darm
variance matrix. Geane is a set of routines worked out ~ Stadt. 2005)

by the European Muon Collaboration [3, 4] and it is

integrated to the GEANTS3 system [5]. An interface

for using Geane was developed in collaboration with

the Pavia group from the PANDA collaboration. The
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Event Reconstruction in the CBM Experiment

I. Kisel'2, S. Gorbunov'?, J. Heuser®, V. Lindenstruth', and Iou. Vassiliev?

IKIP, Ruprecht-Karls University, Heidelberg, Germany; 2LIT, Joint Institute for Nuclear Research, Dubna, Russia;
3GSI, Darmstadt, Germany

A track reconstruction procedure [1, 2, 3] has been im-
proved and used for optimization of the layout of the Sili-
con Tracking System. Fig. 1 shows dependency of the ef-
ficiency of track reconstruction versus momentum in STS
with 2 MAPS stations and 10 double-sided strip stations,
which are grouped into pairs with 1 cm internal distance
(geometry with doubled strip stations).
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Figure 1: Efficiency of the Cellular Automaton track finder
in STS with doubled strip stations.
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Figure 2: Momentum resolution for the standard STS ge-
ometry.

Momentum resolution is given in Fig. 2 for the stan-
dard STS geometry showing dominant influence of mul-
tiple scattering.

The track fitting algorithm based on the Kalman filter has
been optimized with respect to the memory access when
calculating the magnetic field. Being relatively smooth the
magnetic field can be locally approximated by polynomials
in planes of each station (see Fig. 3 for comparison of two
alternative field representations) and along particle trajec-
tories. Using such polynomial field representation the algo-
rithm works within the cache thus significantly increasing
the speed.
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Figure 3: The most significant (B,) component of the ac-
tive magnetic field in the middle of the detector system
(z = 50 cm) calculated using the polynomial approxima-
tion (top) and difference between two alternative field rep-
resentations (bottom).

The routines for reconstruction of vertices [4, 5] have
been significantly extended in order to estimate the decayed
particle parameters.
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Track reconstruction in the CBM-STS

O. Rogachevsky and A. Jerusalimov
JINR, Dubna, Russia

The goal of the CBM experiment is the investigation of Figure 1 shows the track finding efficiency as a function
the properties of compressed nuclear matter as producedbihmomentum. We obtain a good efficiency for primary
high-energy heavy-ion collisions. The main interest is thparticles with momenta abowe5 GeV/c and a reasonable
search for in-medium modifications of hadron propertiesfficiency for secondary particles, allowing studies ofgen
and for the phase transition boundary between hadronic atieed decaying particles.
quark-gluon matter at highest baryon densities. The relative momentum resolution obtained from the

In heavy-ion collisions at relativistic energies, a largarack fit is shown in Figure 2 as function of momentum.
number of particles is produced. In central Au+Au coldts value is about 1.6 % roughly independent on momen-
lisions at 25 GeV/n, about 800 tracks are within the actum, thus demonstrating that it is dominated by multiple
ceptance of the Silicon Tracking System (STS) of CBMscattering in the STS detector material. A good resolution
The reconstruction of such events, strongly kinematicallfor the masses of decayed particle is achieved as well.
focussed due to the fixed-target setup, is very challenging.
Several track finding algorithms are currently being devel-
oped to cope with the extreme environment.

In the Laboratory of High Energy (LHE) at JINR Dubna,

a track finding algorithm based on the approximate solution
of motion equation (ASME) for particles [1] has been de-
veloped with special focusing on the finding of secondary
particles. This algorithm was tested for events of central 3
Au+Au collisions at 25 GeV/n. The STS setup used con-
sisted of two MAPS stationg/(= 150 um) atz =10 cm and
20 cm, two hybrid pixel stationsi(= 750 um) atz =30 cm
and 40 cm, and four micro-strip stations£ 400 um, z =

50, 60, 75 and 100 cm). The single-hit efficieny was 99 %
in the first two stations and 100 % in the others. The fake
hit rate in the MAPS stations was 3 %, while the projective T T T
geometry led to a large number (80 %) of fake hits in the 0 05 1 15 2 25 3 35 ;(th//c)s
strip stations. Due to these reasons we have restricted our-

selves to finding tracks with at least four consecutive hits . .
in stations 2 - 6. With this constraint, the algorithm recont 19Ure 2: Relative momentum resolution for all recon-
structs~ 600 tracks per event for physics analyses. structed tracks as function of momentum
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N
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o

N

The algorithm is very fast5(— 8 s per event) and the
results obtained with it are promising. Further developmen
of this algorithm is in progress.
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Figure 1: Track reconstruction efficiency as a function of
momentum for all, primary and secondary patrticles
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Implementation of a Hough Tracker for CBM*

C. Steinle!, A. Kugell, and R. Minner' and the CBM Collaboration
1University of Mannheim, Department of Computer Engineering V, 68131 Mannheim, Germany

Abstract: In this report we describe an adaptation
of the Hough Transform for the tracking of particles
in the CBM STS detector, together with a possible
implementation of the algorithm in hardware using
FPGA:s.

Hough Transform

The Hough transform is a global method for track find-
ing. All STS detector hits have to be transformed into a
parameter space according to the components of the track
momentum p (0, -q/py,, m). This leads to our 3D Hough
transform [1].

The goal of the implementation is to process the track-
ing with maximum speed, e.g. to process one detector hit
per clock cycle. Therefore the complicated calculations of
the Hough transform according to the real detector ge-
ometry and the real magnetic field are implemented with
look-up tables (LUTs). Since the calculation of the LUTs
is done offline, any sufficiently precise algorithm can be
used.

Unfortunately a direct implementation of the 3D Hough
space requires a huge amount of memory. This can be
avoided by the decomposition into several 2D layers,
where the number of parallely computed layers can be
adjusted to the existing hardware resources (see figure 1).

- i
Houghrhistegram

b i
" pask finding /

WPz PPz PyiPz

Figure 1: Hough Tracker algorithm structure

Figure 2 shows the realization of the buffer between the
LUTs. The main elements are a dual-ported RAM (DP-
RAM) and a register for each layer. The task of this unit is
to store the information from the first LUT together with
the information needed for the second LUT (see figure 1).
Further on this data has to be stored in linked lists, while
one list is needed for each layer. To this each entry of a
list must have the ability to be moved to a list afterwards.
Within this context the registers store the DP-RAM ad-
dress of the actual processed entry of the list, while the
DP-RAM stores the information combined with the ad-

* Work supported by EU/FP6 HADRONPHY SICS

dress of the previous entry (link) of the list. So by proc-
essing the Hough entries one has just to modify the regis-
ters with addresses and to update the corresponding list
addresses in the DP-RAM, if an entry has to be moved to
a consecutive list. So the same Hough entry is prevented
to occur more than once in the DP-RAM, even if it is used
in more than one list and accordingly more than one layer.

Preprocessor Dualport-RAM

data  address

P

valic address data_ |

Hit-Coordmates
|

|
|
. I r
prm |
' 1 O BN A T
e = Tndex-Counter| | || Comparaton
u'l AR .L_IJ
1|12
[E] Mus |
|5 -
X = -
) L= [Address-Counter]
' _— £ eas-Counter
| =] | A 1} | ‘
3 | M|
M ' ﬁ_E_ | [PrevadRes |
1 (e B i
l-| Hit-Register “"ri\f' i : L]

| ERY

Prevadi-Reg v
] A

Figure 2: Hardware structure of the buffer

At present the Hough transform is further developed, in
particular the adjustment of a good algorithm to produce
the LUTs. We started with the formulas:

M—100e7_ 2SNy —ycosy

) 2 1
ysiny +zcosy)

9 10000003 2(zsin@—xcosh)

P, B(xsin& + zcos 0)2 @
Important is in Formula 2 the constant B which represents
originally a homogenous magnetic field. Within the soft-
ware framework we use instead of the correct inhomoge-
neous magnetic field an optimal constant factor for B at
each detector plane. Our next step was to use the inhomo-
geneous field directly in the formula. This can be done by
building the average of the integral of the magnetic field
from the target to the actual plane. But surprisingly the
algorithm’s efficiency is decreased. So our next step is to
use the 4™ order Runge-Kutta method to improve the
track model. This should end up in a better efficiency. We
are able to use such a method because both sides of our
transformation are digital and we are using LUTs.
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Global tracking and hadron identification in the CBM experim ent

D. Kresan and V. Friese

GSI, Darmstadt, Germany

The physics programme of the CBM experiment at FAIF _
includes a systematic investigation of hadron production i £
heavy-ion reactions as function of collision energy and sy:
tem size. Of particular interest are event-by-event fluctu:
tions in the particle ratios as well as directed and elliptit
flow. For this purposes, excellent identification of pions
kaons and protons is indispensable. It will also help to re
duce the background for the measurements of open cha
and hyperons detected by their weak-decay topology.
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Hadron identification in CBM will be performed by a
time-of-flight (TOF) wall situated about 10 m downstreant-igure 1: Efficiency of (left) matching a TOF hit with a
of the interaction target. It will consist of RPC chamberdglobal track and (right) total TOF reconstruction efficignc
with pad and/or strip readout. A system time resolution oS function of momentum
80 ps at a maximal rate of 2€Hz/cm? is aimed at.

The feasibility_of the particle _identifica_tic_)n via TOF ing reconstructed rings in the RICH to the global track,
measurementrelies on the matching of a hitin the TOF dgyhich enables electron identification. With these new re-
tector to the momentum measurementin the Silicon Tracky nstryction algorithms, developed in the course of thie las
ing System (STS) of CBM, which is located directly afteryear in the framework of CBMROOT, a complete recon-

the target. Several layers of Transition Radiation DeteGgyction of simulated events is now available, giving path
tors (TRD) fill the space between STS and TOF and alloyy, feasibility studies of physics observables.

extrapolating a track found in the STS towards the TOF
wall. Hadron identification in CBM thus requires track re-
construction in the STS, tracking through the TR detectol = -
(either by track-following from the STS or by standalone = - ===
TRD tracking plus merging with STS tracks), and match 4
ing of a TOF hit to the reconstructed global track. os-JE
In this study, we use a Cellular Automaton method fo B
tracking in the STS (see I. Kisel et al., this report). There o —
construction efficiency for primary tracks in central Au+Au
collision at 25A4GeV is about 96 %. A 3-D track follow- 05
ing method based on a Kalman filter is employed to pro-
long the tracks throughout the TRD system. A TRD traclrigure 2: (Left) reconstructed particle mass from the TOF
reconstruction efficiency of about 94 % is obtained. Theneasurement as function of momentum; (right) mass spec-
global track is then extrapolated towards the TOF wall, angum derived from TOF ap = 3 GeV
the nearest TOF hit is attributed to it. Fig. 1 shows the
efficiency of TOF hit matching (left) and the total TOF ef-  As an example, fig. 2 (left) shows the reconstructed
ficiency (right), including STS and TRD reconstruction efsquared particle mass from the time-of-flight, track length
ficiencies, as a function of momentum. These results weghd momentum, as a function of momentum, for an as-
obtained with a realistic description of the RPC coordinateumed time resolution of 80 ps. The reconstructed mass
resolution, taking into account the single gap response algpectrum ap = 3 GeV is shown on the right side of the
in case of mutiple hits and inclined tracks. figure. With an overall efficiency of 80 % to 90 %, sepa-
The losses in TOF-track matching of about 7 % are dontation of kaons and pions can be achieved up to laboratory
inated by particle decays and double hits in the RPCs. Thgomenta of about 3.5 GeV, while protons can be identified
latter contribution amounts to some 2 % and can be rep to 7 GeV.
duced by resolving double hits in the RPC strip readout.
Optimisation of the RPC pad/strip sizes is ongoing in order
to reduce the number of electronic channels while roughly
keeping the performances.
The global event reconstruction is completed by attach-
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Trackinginthe TRD

A. Lebedev and G. Ososkov
Laboratory of Information Technologies, Joint Institute Nuclear Research, Dubna, Russia

For the problem of tracking in the CBM-TRD system,hits in a TRD layer, the track is refitted using the Kalman
we developed two approaches: Track propagation frofiiter technique [1] and propagated to the next layer.
STS and standalone TRD tracking. Software implementing the proposed algorithms was
implemented into the CBMROOT framework (release
1. In the case of track following from the STS, alreadyJUNO6) and tested for 1,000 central Au+Au collisions at
reconstructed STS tracks are propagated through tB6 AGeV. Three different TRD geometries with 9 layers
RICH detector to the first TRD layer. The informa-(3+3+3), 10 layers (4+3+3) and 12 layers (4+4+4), respec-
tion of the track direction in this layer is used for thetively, were investigated. The first TRD station was located
intialisation of TRD track candidates. The momentunfive meters upstream of the target. The obtained perfor-
magnitude is used to properly take into account mulmances of TRD track finding are summarised in table 1.
tiple scattering when propagating in the TRD system.

Efficiency, %

2. Inthe standalone case, only TRD information is avai STS to TRD Standalone
able. Here, the problem is more complicated, sin ETRD layers| 9 12 10 9 12 10
the momentum and direction of the particle are Un"Reference 1 940 943 944 | 874 | 944 945

known. In ordferto initiate the search we have to cre=4j; 9371 941|942 780 88,7]| 88.6
ate track candidates and rgughlyesnmate the track ertex 93,7 941|943 848 941|941
ra_me_ters by a_we_ll-organlzed search through all ag "Non-vertex | 92.6] 93,3| 933 62.7| 76.1| 75.8
missible combinations. Ghost 22 |42 [23 128]66 (43
Clone 00 |00 |00 [0,0 |00 |00
e e e Time,sec |23 |37 |32 |10,7|6,1 | 3,8
STS3TRD track finding initalization Standalone track finding initialization
Rt | TR e Table 1: Track-finding efficiencies for different TRD ge-
e — ﬂ‘m TRD layen vaing B ometries. Reference tracks are vertex tracks with>
| Rumge-Kutta method and Kalman filter 1 GeV
[
— —— We find the performance for the STS-TRD track finder
Rt oo b I almost independent of the TRD geometry, with exception

of the ghost rate which is minimal for the 12-layer setup.
The efficiency of the standalone track finder for vertex
tracks in the 10 and 12 layer setups is similar to that ob-
e tained by the STS-TRD track finder, but is considerably

| Check of the cammon hits |

/

et eritkon S YES | Propessonio i lower for off-vertex particles. The ghost rate is higher in
S pumber afeatiimns. 2 next TRD station the standalone approach.
- Summarising these results, we find that the 10 layer
| NO _ (4+3+3) TRD option appears as the optimal solution from
05 the point of view of track finding performance and cost
s e e v considerations. The 9 layer (3x3) setup seems not suitable
N e deletedfom for standalone TRD track finding.
.an —
| References

| Found TRD tracks

[1] R. Fruhwirth, Application of Kalman filtering to trackna
Figure 1: TRD tracking flowchart vertex fitting, Nucl. Instrum. Meth. A 262 (1987) 444

After initialization, the created track candidates are
propagated through the TRD as shown in the track-finding
flow chart in fig. 1. For the track propagation from the
STS, the Runge-Kutta method is used, taking into account
the stray magnetic field. In the field-free region of the TRD
system, a linear extrapolation is employed. After attaghin
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Standalone TRD tracking using the Cellular Automaton Algorithm

A. Bubak, M. Krauze , and W. Zipper
University of Silesia, Katowice, Poland

The extreme interaction rates foressen for the CBM e Efficiency vs Momentum, centr 1000 ev.
periment necessitate a high-speed data acquisition and «
line event selection. For high-level event selection, it i
desirable to employ information from a selected detectc
subsystem only. Reconstruction algorithms operating ¢
such data must be fast, efficient and reliable in order to 8
low trigger decisions on e. g.idkignatures. r

In this report, we describe a procedure for standalor
track reconstruction in the CBM-TRD which is based or F
the Cellular Automaton method. The considered TRD de
tector is composed of three stations, each of them consi. 4,
ing of four layers. Each layer provides coordinates in 3
two-dimensional space, either the X-Z or the Y-Z plane
in an alternating way. It is assumed that every TRD plan 5,
has an ideal detection efficiency, i. e. every charged par z
cle that crosses an active volume generates a signal. T
registered and d|g|t|Zed Signal is called a hit. Every hi ot b b Lo b o Lo Lo Lo
owns information about its spatial coordinates and ener o 1 2 3 45 ?Aomzmu?n [Ggewcl]o
deposited by the particle. In a typical heavy-ion collision

the TRD detectors register about 700 hits in each sensitive . - .
plane. Figure 1: Track reconstruction efficiency as function of

The track reconstruction procedure is splitted into fiyghomentum in central Au+Au collisions at 28GeV

parts. First. the data from two adjoining detector layees ar
combined to create a point in 3-D space. Combining tweesting environment the particles produced from central
space points from two adjacent layer pairs, a segment gu+Au collision at 25AGeV were taken. On average,
created. Every segment contains the information from a50 tracks per event were reconstructed. The efficiency
four layers of a single detector station. of correctly reconstructed tracks is about 86% and 91% for
After the simultaneous creation of segments for all thregarticles with momentum below and above 1 GeVic, re-
TRD stations, the Cellular Automaton merges the segmendpectively. Fig. 1 shows the efficiency as function of mo-
to tracks. To every created segment a number is attachgéntum. The average processing time per event is about
signifying the number of other segements it is connectefl2 seconds on a standard PC with 2 multithread, 3 GHz
to. For instance, if a segment is connected to a set of tWrocessors and 1 GB RAM.
other ones from neighbouring stations, it has the value of
2 assigned, meaning it is the starting segment of a long
track candidate, composed of three segments. For every
long track candidate, thg? value is calculated, which is a
criterion of competition between tracks. In the next step th
tracks are sorted in accordance with risipgvalue. The
first track from the top of the stack (with lowegt) is clas-
sified automatically as a "track candidate”. After that, all
hits attached to this track are marked as "used” and do not
participate in further processing. If any of the next tracks
in the stack uses one or more hits marked as "used”, it is
classified as "fake track”. When all tracks candidates are
processed, the procedure described above is repeated with
less restrictive conditions and after exclusion of the &its
ready used.
In the present shape the described algorithm gives
promising results with regard to speed and efficiency. As
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Ring recognition in the RICH detector of CBM

S. Lebedev!, A. Ayriyan', C. Hohne?, and G. Ososkov'!
ILIT JINR, Dubna Russia; 2Gesellschaft fiir Schwerionenforschung mbH, Darmstadt, Germany

Two algorithms for ring finding in RICH were devel-
oped: the first is based on information obtained by propa-
gating tracks from the STS detector, and the second which
is a standalone approach is based on the Hough Transform
(HT) [1] combined with preliminary area clustering to de-
crease combinatorics.

Both ring-finders are working with good efficiency, how-
ever, there is a considerable number of fake rings present
after ring finding. Routines have to be developed to re-
ject them. A typical fake ring is formed by stealing” hits
from neighboring rings which seriously disturbs ring pa-
rameters. Our strategy was to develop cuts for a set of pa-
rameters which could be used to reject fake rings without a
drop of the ring finding efficiency. Two approaches of fake
ring rejection were developed: 2D cuts and a method based
on an artificial neural network (ANN). 7 ring parameters
were used for the fake rejection which were found to be es-
sential: the number of hits in a narrow corridor around the
ring; the number of hits in the ring; the distance between
closest track projection and ring center; the biggest angle
between neighboring hits; the x? - criterion, and the radial
position of the ring on the photodetector plane.

Ring Track mate. ring-irack distanca. Allfings_|
= MNof Entries
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=
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b
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Figure 1: a) Ring finding efficiency for electrons in depen-
dence on pt and rapidity (HT ring finder and ANN fake
rejection), b) Distances between ring center and the closest
track.

A table summarizing the efficiencies is presented below.

HT HT+ HT+
2D cuts ANN cut
Electrons, % 95.36 91.39 91.34
Fakes/event 15.41 2.59 091
Clones/event 7.07 2.23 1.24

Table 1: Efficiency of ring finding for electrons, number of
fakes and clone rings per event.

10

HT+ANN for fake rejection showed very good results
in terms of ring finding efficiency and fake and clone ring
rates. As next step towards particle identification, robust
algorithms for ring fitting of measured points were stud-
ied and optimized. We compared the currently used Craw-
ford method [5] with methods known as COP (Chernov-
Ososkov-Pratt) [2] and TAU (Taubin) [3]. To satisfy the
robustness requirement we used both, the optimal and the
Tukey’s weight functions [4]. Testing algorithms on large
statistics showed that the best performance was reached
with the TAU method (see Fig.2).

B
AT L

= wow T a0 {50 w0 2
a) radial position, crm

b) raiapu\tn,cm
Figure 2: The chi-squared criterion 2 vs radial position on
the photodetector plane. a) simple method b) TAU method

All results presented above were extracted for central
Au+Au collisions at 25 AGeV with additionally added 5e™
and 5e~ at the main vertex in order to enhance electron
statistics over the full phase space. The described meth-
ods were used in the event reconstruction chain for electron
identification in RICH and proved a very good performance
[6]. Next their optimization is planned as well as a further
extension of ring fitting to ellipse fitting algorithms.
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Application of the w” test for ./ /1 detection in the CBM experiment

E.P. Akishina!, T.P. Akishina', V.V. Ivanov!, A.I. Maevskaya?, O.Yu. Denisova!
ILIT JINR, Dubna, Russia,?INR, Troitsk,Russia

The measurement of charmonium is one of the key goals
of the CBM experiment. To detect J/1 meson in its di-
electron decay channel, the main task is the separation of
electrons and pions. We present the electron/pion identifi-
cation using energy losses in n = 12 layers of the CBM
TRD detector applying the w” test.

The test criteria that check the correspondence of pre-
assigned hypothesis (the null-hypothesis Hy) against all
possible alternative hypotheses are called the goodness-of-
fit criteria [1]. The most efficient criteria are based on a
comparison of the distribution function F'(z) correspond-
ing to the null-hypothesis H with the empirical distribu-
tion function Sy, (z) [2]:

0, if z<ua;

Sn(x) =14 i/n, if x;<x<wzip1, i=1,...,n—1L
1, if =z, <=z,

(D

Here 1 < 29 < ... < x, is the ordered sample (varia-
tional series) of the size n constructed on the basis of ob-
servations of the variable x.

The testing statistics is a measure of “distance” between
the theoretical F'(z) and empirical S,, () distribution func-
tions. In [2] a new class of non-parametric statistics

o0

Wk = b2 / [Sn(x) — F(a)]* f(x)de

—0o0

(@)

has been proposed: f(z) is the density function corre-
sponding to Hy.

The distributions of energy losses by pions have a Lan-
dau distribution form, and it is resonable to use this distri-
bution as H. First, we transfom the initial measurements
to the set of a new variable \ (see details in [3]):

AE; — AE!
N\ = % —0.225,
i

where AFE; is the energy loss in the i-th absorber of
the TRD, AEfnp — the most probable energy loss, & =
ﬁ FWHM of distribution of energy losses of pions in the
i-th absorber [3], n — the number of layers in the TRD. In
order to determine the value AE,E,LP and the value FWHM,
the indicated distributions were approximated by the log-
normal distribution.

The sample of obtained values \;, ¢ = 1,...,n was or-
dered due to values (\;, j = 1,...,n) and then used for
wk calculation. The values of the Landau distribution func-
tion were calculated with the help of the DSTLAN function
(from the CERNLIB library).

From Monte-Carlo simulation we exactly know which
particle we deal with, and one can choose for combinato-

i=12...0, (3

i
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rial background only “real” electrons. For a good signal-to-
background ratio, the electron identification purity is a cru-
cial factor. The reconstructed track participates in a com-
binatorial background if it satisfies the following criteria:
a) track vertex is inside the target; b) p; is more than 1.2
GeV/c; ¢) RICH identifies track as electron: the ring radius
is 5.9 to 7 cm; d) full energy loss in all TRD layers is larger
than 70 keV.

Figure 1 shows the dielectron invariant mass spectra for
background (top histogram) and J/+ (bottom peak) after
the above described (“abcd”) cuts.

L \J\ 1 1 1
3 3.8

28 3.2 34 3.6

ol

Figure 1: Dielectron invariant mass spectra for background (top
histogram) and J /1) (bottom peak) after application cuts “abed”

Q[T T T T T I T T

I
3.4

NC

3.2 3.6 3.8 4

m,,, ( GeV/c?)

Figure 2: Invariant mass spectrum for particles identified as elec-
trons by RICH and TRD for .J/1) and corresponding amount of
central background events after “abcd” and wdy > 11 cuts

Figure 2 presents an invariant mass spectrum for parti-
cles identified as electrons by RICH and TRD for .J /1) and
corresponding amount of central background events after
“abcd” and wdy > 11 cuts: see Maevskaya et al., “J /1)
detection via electron-positron decay in CBM”, this report.
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Electron/pion identification in the CBM TRD using a multilay er perceptron

E.P. Akishind, T.P. Akishind, V.V. lvanov!, A.l. Maevskaya, O.A. Afanas'ev-3,
ILIT JINR, Dubna, RussigINR, Troitsk, Russia’Kostroma State University, Kostroma, Russia

The measurement of charmonium is one of the key goals of
the CBM experiment: see Maevskaya et all/{) detection via
electron-positron decay in CBM?”, this report. To detd¢t) me- * oM R
son in this decay channel, the main task is the separatioleof e ool
trons and pions. Here we present the electron/pion idestiidic

! T =TB00000

using energy losses im = 12 layers of the CBM TRD detector " »( !
applying a multilayer perceptron (MLP). oa ff
A three-layered perceptron from the package JETNET3 [1] has .
been used for particle identification. The network includeid- TmmmLTTE e

put neurons (according to the number of the TRD layers), 85 neFigure 2: The efficiency of pion/electron identification by the
rons in the hidden layer and one output neuron. It was assum&tLP for original (bottom curve) and transformed (top curve)
that for pion evenfsthe output signal has to be equal to -1, andsamples
for electron events — +1. To estimate the efficiency of the MLP
training, we assumed that the network correctly recognihed flz) =
sample given to the input, if the absolute error between titeut V2rox
signal and the target value did not exceed 0.05. An algorithm ) . ) ) )
the backward error propagation has been used for the emor fu Whereo is the dispersiory, is a mean value, and is a normal-
tional minimization at the stage of MLP training [2]. izing factor [4]. The sample of obtained valugs i = 1,...,n
was ordered due to values, j = 1, ..., n) and for each of them

= were calculated the values of Landau distribution functidn)
sdos with the help of the DSTLAN function (CERNLIBG110 [5]),
which were used to form the input pattern for the network.

In this case the reliable level of pion/electron identificatby
BT the network is reached after 10-20 training epoches in tiomdi

) of practical absence of fluctuations against the trend, amgl v

quickly the needed level of pions suppression under theittond
of a minimal loss of electrons is reached (see the behavidheo
top curve in Fig. 2).
Gowe for piens in A1 At the stage of the MLP testing the event type was determined
by the value of the output signgt when it does not exceed the
preassigned thresholg, then the event was assumed to belong
to pion, in the opposite case — to electron.

Table 1 shows the results of comparison of the given methods

Initially the events were formed using the set of energydsss MLP andw? (see E.P. Akishina et al., “Application of the test
AF;, i = 1,...,n corresponding to passage of pions or electronfor .J/+ detection in the CBM experiment”, this report):is part
through the TRD (Fig. 1). Although the distribution of engrg of lost electronsg is the fraction of pions identified as electrons,
losses by electrons, significantly differs from the chazaof the  pion suppression factor equals to 180/
distribution of energy losses by pions, for such a choicenef i
put data the training process was going on very slow (seernott

1 2
exp™ 202 117 (2)

Figure 1:Distributions of energy losses (including transition ra-
diation) by electrons (top plot) and energy losses by pibo#¢m
plot) in the first absorber of the TRD

Table 1: Comparison of the given methods MLP arfd

curve in Flg 2). There were Iarge_ _fluctuations (against thed) method | . a,% | B, % | suppression of piond
of the efficiency of events recognition by the network. MLP 0841 92 | 06 167
In this connection, the sets of a new variableere formed on . : : :
; - ) Wy 11.0 | 11.0| 0.78 128

the basis of the original samples:

AE; — AE}, .

o= 22T 28w g 905 i=1,2,.0 (1) References
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1As event we define a data sample of the sizmmposed from energy
losses of pion or electron detected by the TRD.
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Electron identification with RICH and TRD in CBM

C. Hohne', S. Das', S. Lebedev?, A. Ayriyan?, P. Stolpovsky?, G. Ososkov?, and V. Ivanov?
1GSI, Darmstadt, Germany; 2JINR-LIT, Dubna, Russia; *IHEP Protvino, Russia

The observation of low-mass dilepton pairs and char-
monium in the CBM experiment is one of the key mea-
surements for the study of compressed baryonic matter in
heavy ion collisions. The standard setup of CBM [1] fore-
sees the measurement of electrons using particle identifica-
tion with a ring imaging Cherenkov (RICH) detector and
transition radiation detectors (TRD). In order to study the
performance of the proposed setup with respect to electron
identification and pion suppression capabilities, event re-
construction and particle identification routines have been
developed. In this report first results on the performance
of the CBM detector concerning electron identification in-
cluding complete event reconstruction will be presented.

The simulations were performed for central Au+Au col-
lisions at 25 AGeV beam energy generated by UrQMD [2].
These events were tracked through the CBM detector us-
ing GEANT, however, the transition radiation in the TRD
was approximated by an external model still to be be im-
proved. The event reconstruction starts with tracking in the
STS, requiring a minimum of 4 STS hits. The tracks are
then extrapolated to the RICH photodetector plane, to the
TRD and with track following methods further on to TOF.
Rings are found using ring reconstruction algorithms [3].
Ring-track as well as TOF hit-track matching were applied
choosing pairs having the closest distance. This way fully
reconstructed events with information on RICH, TRD, and
TOF signals for each track are available.

For ring reconstruction in the RICH detector the most
crucial parameter is the quantum efficiency of the pho-
todetector, here existing MAPMTs from Hamamatsu were
implemented (H8500-03) yielding about 21 hits per elec-
tron ring. Ring finding efficiencies are larger than 90% for
midrapidity tracks and fall towards higher momenta [3].
High momentum tracks are located in the central region
of the RICH detector where also high ring densities exist.
This leads to dropping ring finding efficiencies and increas-
ing rates of fake rings. The most central part is therefore
excluded reducing only slightly the geometrical acceptance
for rapidities larger than 4. In order to further reject fake
rings a set of ring quality cuts was developed reducing ring
finding efficiencies by ~5% [3]. A more severe reduction
of the electron identification efficiency is the requirement
of a maximum distance between ring and track. The cut is
currently placed at 1 cm which has to be compared to a ring
radius of 6.17+0.14 cm for electron rings. This selection
rejects >5% of good matches (depending on momentum),
however, is important to reduce wrong ring-track matches,
e.g. of a primary vertex pion track and an electron ring from
a secondary electron for which no track could be recon-
structed. Indeed, these wrong matches are the major source
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of electron misidentification for tracks with p < 8 GeV/c.
Electrons are then selected choosing a range of radii of
(R) £ 30, with (R) = 6.17 cm and o = 0.14 cm. Pions
leak into this band and will be identified as electrons only
from 8-10 GeV/c on. Figure 1 shows the resulting pion sup-
pression defined as —- Ii{‘i%nglif;‘ég;i;’nce. Up to momenta
of about 8 GeV/c the suppression factor lies between 500-
1000 and pion misidentification is solely due to ring-track
mismatches. From 8 GeV/c on pions leaking into the ra-
dius cut become dominant and lead to a continuous rise of
the misidentification probability. Further sources of par-
ticle misidentification are mismatches of proton tracks to
electron rings which can be fully eliminated using TOF in-
formation.

-

_._._._._.
> 8 § 8§ § a9
& IS & [ EN
OALUMLU*_LUJM'_LMLU*_AM'_LUJM TTTTTm)
o

— RICH
— RICH & TRD
e T

e +f*ﬁ“ﬁ#+*+g+*+mﬁ*%ﬁﬁ}[ﬁ ﬁ Wﬁ T }L

pion suppression factor

HWq i }L

N[ A

p [GeV/c]
Figure 1: Pion suppression for electrons identified in RICH
and in RICH & TRD for central Au+Au collisions at 25
AGeV.
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Pions can be further rejected using energy loss informa-
tion from the TRD. As first step a cut of 70 keV is placed
on the summed energy loss in the 12 TRD layers reject-
ing already 90% of the remaining pions. For the final pion
rejection shown in figure 1 electron/pion separation is im-
proved using a statistical analysis of the energy loss spectra
in each layer [4]. The combined pion suppression in RICH
and TRD reaches values larger than 10 for p > 1 GeV/c.
In future, these simulations will be improved taking into
account the detector responses in more detail.
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Feasibility of hyperon detection in the CBM experiment

E. Kryshert and V. Friesé
1SPbSPU, St. Petershurg, Russt&S|, Darmstadt, Germany

The measurement of hyperons will enable the CBM Particle A+¥ | = Q-
experiment to characterise the strangeness content of the | Yield/event 366 | 0.983) 0022
fireball created in high-energy nucleus-nucleus reactions | Statistics | 10 10° | 4.5-10

om, MeV/c 1.34 1.87 2.04

one of the key observables to access the collision dynam-
ics. CBM aims at multi-differential measurements (spectra
flow) as funct.ion of cqllision energy and system size, yvhich Cutefficiency | 59.4% | 32.2%| 15.4%
is a challenging tasl§ in particular for the rdeeclose to its Total efficiency | 10.6% | 2.1% 10%
elementary production threshold. S/B ratio 30.2 12.8 25
Hyperon detection is performed in the tracking system Significance 591 42 32.4
of CBM (STS) exploiting the topology of weak decays into
charged hadrons. The feasibility studies are based ontrafd@ble 1: Results on hyperon reconstruction in central
port through the field and detector geometry, simulatioAu+Au collisions at 254GeV. The hyperon multiplicities
of the anticipated detector response and reconstructionwere taken from the UrQMD model.
tracks and secondary vertices in the STS, all inside the soft
ware framework CBMROOT.

Acceptance 28.5% | 16.3% | 14.6%
Rec. efficiency | 62.5% | 40.6% | 46.2%

) . . . Lately, it has been proposed that the CBM experiment

Details about simulation and analysis can be foun . o

in T11. The feasibility of hvberon measurements was stu could in addition be operated at SIS-100 for beam ener-
[1]. y yp gies between 2 and 18GeV. Thus, the study has been ex-

ied for central Au+Au collisions at 23GeV using an im- - .

roved STS lavout without MAPS stations. new di itisa:cended towards smaller collision energies. Here, the mea-
P Y » New dig surement becomes tedious because of the extremely low
tion scheme and an advanced secondary track finding alqo-

. - . ! . eron multiplicities (about0~3 for Q7). Results, ob-
rithm. In addition, the analysis was refined with respect t?a};ged for cenfral Au+£u collisions atﬁ(;ev are shown
that presented in [1]. The main cut parameters to suppress, '

the combinatorial background of uncorrelated pions and table 2.

kaons are the track impact parameter in the target plane, [ Particle A+ X0 = [
the distance of closest approach of the track pair, the im- | Yield/event 12.8 0118 [ 721077
pact parameter of the reonstructed mother track, and the | Statistics 10° 9.4-10° | 1.4-108
position of the fitted decay vertex along the beam axis. om, MeVic? 131 221 1.96

Acceptance 25.1% 13.6% 13.9%
Rec. efficiency | 73.4% 53.5% 64.9%

; t‘ 2505 ﬂ Cut efficiency 40.1% 35.1% 21.7%

= it N i Total efficiency | 7.4% | 2.6% | 2.0%

: | s /\ S/B ratio 65 17.8 4.3

ER i s 0 A Significance 294 49.3 39

2 £ £ 100]

= f/ l\ S j\ 1 Table 2: Results on hyperon reconstruction in central
] P WAttt Au+Au collisions at 6AGeV. The hyperon multiplicities
el L e Lol ) were taken from the UrQMD model.

M,, [GeV/c?] M,, [GeV/c?]

Much higher cut efficiencies could be obtained with
MAPS detectors installed, which provide significant im-
provement in the precision of track extrapolation and sec-
ondary vertex fitting. Besides, a measurement oS fzend
Q at sub-threshold energies can be improved significantly,
rovided the charged daughter particles can be identified
P/ means of the CBM-TOF detector.

Figure 1: Invariant mass signals for (leE) — A7~ and
(right) Q= — AK~ for central Au+Au collisions at 25
AGeV after acceptance and topological cuts

The invariant-mass signals f&— and)~ obtained af-
ter all topological cuts are shown in figure 1. The signal t
background ratio is reduced compared to the previous ana
ysis [1] due to more realistic setup. Table 1 shows the ob-
tained results, including geometrical acceptance, efficie References
cies and signal-to-background ratio foy=~ andQ2~ after [1] E. Kryshen and Y. Berdnikov, CBM-PHYS-note-2005-002,
track reconstruction and all toplogical cuts. http://www.gsi.de/documents/DOC-2005-Aug-35.html
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Open charm measurement in the CBM experiment

I. VassilieV, S. Gorbuno¥?, and I. Kisef3

1GSlI, Darmstadt, Germany’KIP, Ruprecht-Karls University, Heidelberg, Germari;IT, Joint Institute for Nuclear
Research, Dubna, Russia

One of the major experimental challenges of the CBM
experiment is to trigger on the displaced vertex of the D-
meson hadronic decay in the environment of a heavy-ion
collision. This task requires fast and efficient track recon
struction algorithms and high resolution secondary vertex
determination. Particular difficulties in recognizing tis-
placed vertex of the rare D meson decays are caused by
weak K2 and hyperon decays which produce displaced
vertices close to the target (the mean life time of 2
mesons iscr = 122.9 um), very low multiplicity and
branching ratio of theD meson production5(8 - 1079)
for the central Au+Au collision at 25GeV, and multiple M, (GeV/c?)
scattering in the beam pipe and detectors.

To study the feasibility of open charm mesons measurgsigure 1: TheD?+D° and combinatorial background in-

ment in the CBM experimeritd* central Au+Au UrQMD  variant mass spectrum. The estimated spectrum corre-
events at 254GeV have been simulatedK~ and 7+ sponds tal0'2 central events.

pairs fromD° decays have been added to each event in or-

der to simulate a signal in the environment of background

hadrons. A realistic STS geometry with 2 MAPS, one hyand 7" using the primary vertex as the production point.
brid and 4 double-sided strip detectors has been used. Thee accuracy of the life time is 9,8m/c, only 8% of the
first MAPS detector have been placed at 10 cm downstreah@minal value 122.@m/c, showing that the reconstructed
the target in order to reduce radiation damage. The prP?° particles are well separated from the primary vertex.
mary vertex was reconstructed with high accuracy (Biv Figure 2 gives the life time distribution of al)? in the de-

in z direction, 1.0pxm in z andy) from about 450 tracks tector acceptance before applying reconstruction cuts wit
fitted in the STS with a non-homogeneous magnetic fielthe fitted mean value of 2.8 + 2.0) zm.

by the Kalman filter procedure [1]. The resolution in the z

distribution of the secondary vertex of 24n as achieved

oy

30000 S/B,, =4.4

Eff = 3.25%

20000

Entries/ 4 (MeV/c?)

10000

o
H;
o
._‘4
[ed]

2 22 24

by the fitting procedure is sufficient to separate detached ? I No  3431er041 612

secondary vertices from the primary vertex. % 102; i 1228+ 2.0
Because of originating from a displaced decay vertex, E g

the D° meson daughter tracks have a non-vanishing im- & i

pact parameter at the target plane. Since the majority of the 10

primary tracks have very small impact parameter, a signif- F H

icant part of the combinatorial background can be rejected L

using a cut on theig? distance to the primary vertex. The 1F ‘

combinatorial background is suppressed as well byzthe 0 200 200 400

vertex cut to select detached vertices, the requirement for Distribution of D’ Life Time (cv,,_ ) [um]

the D meson momentum to point to the primary vertex,

thep,-cut and the vertex? cut for good quality secondary

vertices. After applying all cuts thB° reconstruction effi-

ciency is 3.25% . The shape of the background in the signal

IM region has been estimated using the event mixing tech-

nique. The resulting background pli and D° signal References

spectrum is shown in Figure 1. The signal to backgrounfd] S. Gorbunov, I. Kisel and louri Vassiliev, Analysis B’ Me-

ratio is about 4.4 . son Detection in Au+Au Collisions at 28GeV, CBM-PHYS-
A novel algorithm has been developed to reconstruct the note-2005-001, June 2005.

DV’s life time and the decay length together with their cor-

responding errors. The algorithm first finds the primary

vertex using all reconstructed tracks, and thenZifeme-

son is reconstructed from its two daughter particl€s

Figure 2: Distribution of theD® meson life time.
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Full reconstruction of low-mass electron pairsin CBM

T. Galatyuk, S. Das, and C.dHne
GSI, Darmstadt, Germany

The reconstruction of low-mass vector mesgns., ) > 1000 can be reached when including a cut on ToF infor-
emitted out of the hot and dense phase of relativistic heavgation and a cut on the summed energy loss in 12 TRD
ion collisions is one of the experimental goals of the CBMayers for tracks with momenta above 1.5 GeV [1].
experiment. The status of simulations of an electron pair The strategy of background rejection described in [2]
measurement will be summarized in this report. was applied. Invariant mass spectra of dielectron pairs in-

Dominant background sources are random combinatiofuding full event reconstruction and electron identificat
of e~ and et from #0-Dalitz decay andy conversion, after applying all cuts are shown in Figure 2. The S/B ra-
the latter mostly in the target and to a smaller extent in
the tracking stations, the beam pipe and the magnet yoke.
In order to minimize electrons from conversions a single
25 um gold target was assumed. A characteristic feature
of conversion and’-Dalitz decays is the moderate decay
momentum and small opening angle of the electron pair. A
special challenge of the current concept is the fact that ele
tron identification is not provided in front of the magnetic
field. To increase the acceptance for low momentum parti-
cles the magnetic field was reducedBg,,, = 0.7 T and
the size of Silicon Tracking Stations 1 to 6 was increased.

100 02 04 06 08 1 12 T4 16 18

g ; H.;zjﬂf.j_._h.:i.f.: M. (GeVic?)
3 r RAYS
§ 8o e Figure 2: Di-electron invariant mass spectra far + Au
5 B e collisions at a beam energy of 25 AGeV, zero impact pa-
§ T . A~ rameter. Black area: unlikesign combinationsedf and
s [ e, grey: combinatorial background. Red?, dark blue:
2 40 n, yellow: w-Dalitz, magentaw, green:¢, violet: p°. The
§ r simulated data sample is equal to 10 second of beam time.
201 A
L e tio in a+1.4 o, range around the vector meson peak is
| I I T R T B 0.2 for thew meson with a signal efficiency of 8%. An op-
0 01 02 03 04 05 06 07

p (GeVic) timization of the cuts will further reject background. A re-
alistic concept how to suppress the magnetic field between
Figure 1: Track reconstruction efficiency as a function othe target and first Micro-Vertex Detector has to be worked
momentum. Triangle: standard tracking algorithm, circle®ut. The excellent two hit resolution in the MAPS detector
improved tracking on low momentum tracks. (< 100[,Lm) giVeS then a chance to rejeCt close pairs. There-
jection power of conversion pairs can even be improved by
Considerable effort went into the problem of tracking inusing energy loss information in the first MVD. The pion
the STS for low momentum tracks because a large fractigiippression factor will still increase considerably after
of soft tracks suffers significantly from multiple scattegi  Plying the statistical analysis of the energy loss spectra i
in the detector material. The track reconstruction efficen TRD [3].
is 90 % integrated over all momenta (see Figure 1). The
reduction of the magnetic field to 70 % of its nominal value References
results_ Ina momentum resolution St.'”.we” below 2 %. [1] C. Hohne et al.Electron identification with RICH and TRD
An important requirement for efficient background re- in CBM, this report.
jection is high efficiency and high purity of identified elec-[Z] T.Galatyuk et al
trons. The electron identification includes the full CBM QCD-CBM-OG v
detector setup, ring recognition algorithms and ringkrac '

matching algorithms. The pion suppression using onlg;] ItEIOFr: Qﬁﬁ:'gg&t::('Agﬁrl:]c:“tﬁ?s?;thg;;" testfor.J/y detec-
RICH information is about 500. A suppression factor of P n port.

see GSI| Scientific Report 2005/FAIR-

16



CBM Progress Report 2006

Simulations

Fast simulation of low-mass electron pair measurements with CBM

P. Staszel, R. Karabowicz, Z. Majka

Jagiellonian University, Poland

Investigation of the invariant mass spectrum of short
lived neutral vector mesons (p, w, ¢) via detection of their
electron-positron pairs is one of the major issue of the CBM
physics. Besides of the electron-positron pairs that orig-
inate from the meson decays, there is a large number of
electrons and positrons from 7°-Dalitz decays and the ~y
conversions in the target and the detector material budged.
In addition, the charged pions misidentified as electrons
contribute to the background.

Our study focus on Au+Au central reactions at 25 AGeV.
The physics input was generated by the UrQMD event gen-
erator that accounts for the general event characteristics in
terms of hadron production, and by PLUTO event gener-
ator that provides leptonic (et e~ pairs) and semi-leptonic
decays of light vector mesons. The assumed multiplicities
of mesonic “cocktail” together with the considered decay
channels and their branching ratios can be found in [1].
The CBM analysis framework with embedded GEANT3
package [2] was used to transport primary particles through
the CBM experimental set up geometry. The assumed STS
geometry consists of enlarged first 6 STS stations to max-
imize the geometrical acceptance for low momentum par-
ticles. The magnetic field was set to 70% of its maximum
value and the target thickness was set to 25um. The recon-
structed electrons are defined as these that passed through
each of the 8 STS stations (tracking) and hit both RICH

and TRD detector (high efficiency and purity of particle
identification). The unlike sign pair invariant mass spec-
trum for the measured electrons is shown in Fig. 1 for un-
correlated (background, 10° events) and correlated (signal,
16 x 108 events) components by the solid line and the solid
dots, respectively. It is seen that except of low mass re-
gion (gamma conversion and 7°-Dalitz) the combinatorial
background exceeds signal by large factor that depends on
invariant mass. In the range between 0.2 GeV and 0.6 GeV,
specially interesting regarding the CBM physics, the signal
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Figure 1: Combinatorial invariant mass spectrum for the
measured electrons for uncorrelated pairs (background)

and for correlated pairs (signal).
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to background ratio is on the level of 3 x 1073,
der to suppress the combinatorial background, the follow-
ing cuts have been applied: (a) cut on the invariant mass
(M;n, < 16MeV) of the partially reconstructed unlike
sign pairs (partially means that one track forming the pair is
not identified), (b) cut on the invariant mass of fully recon-
structed unlike sign pairs (M, < 55MeV’) and (c) cut on
the particle transverse momentum (pr < 0.3GeV).
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Figure 2: The combinatorial invariant mass spectrum of
accepted tracks that survived all cuts. Realistic momen-
tum resolution, track reconstruction efficiency and the pion
suppression factor have been assumed.

The analysis is based on the Monte Carlo tracks and does

not take into account the realistic performance of the detec-
tion system as well as the reconstruction ability of the ex-
isting reconstruction software. To obtain the more realistic
results we took the momentum resolution, track reconstruc-
tion efficiency and the pion suppression factor determined
from data digitization and reconstruction CBM procedures
[3, 4]. The combinatorial invariant mass spectrum of ac-
cepted tracks that survived all cuts, together with the signal
and background components are plotted in Fig. 2 as black
symbols, red symbols and by the solid line, respectively.

The obtained result is very promising showing that the
concept of the CBM detector geometry is well suited for
the di-electron measurement in the low mass regime. This
analysis, however, does not include realistic particle iden-
tification efficiency. This effect will be considered in the
forthcoming studies.
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J/1) detection via electron-positron decay in CBM

A. Maevskaya!, V. Ivanov!, and C. Hohne?

Hnstitut for Nuclear Research, Moscow, Russia; 2GSI, Darmstadt, Germany

The measurement of charmonium production is one of
the central aims of the CBM experiment. In order to study
the feasibility of a charmonium measurement in the dielec-
tron decay channel detailed simulations including for the
first time full event reconstruction and particle identifica-
tion have been performed and will be reported here. The
major challenge is an efficient background suppression in
order to detect the rarely produced J/i) mesons as well as a
high purity of identified electrons.

The simulations were performed with an implementa-
tion of the CBM detector layout as described in [1]. Decay
electrons from J/i) mesons were mixed into central Au+Au
collisions generated by UrQMD [2]. Table 1 summarizes
the multiplicities for J/1) mesons at the different energies
as they were taken from the HSD model [3]. The simulated

Table 1: Characteristic numbers for J/1) production and re-
construction in CBM.

beam (J/v)lcentral | efficiency [%] | S/B
energy Au+Au coll.

15 AGeV | 2.44.107 9 0.8

25 AGeV | 1.92-107° 12 1.7

35 AGeV | 5.49-10~° 14 145

events were then reconstructed using tracking algorithms in
the STS requiring at least 4 STS stations to be crossed by
the tracks, and track extrapolation towards the TRD. STS-
TRD track matching, however, is still ideal in this simu-
lation. Ring reconstruction algorithms were applied and
ring-track matching was done selecting pairs with the clos-
est distance.

Electron identification in the RICH detector was per-
formed as described in more detail in [4]: The central part
of the RICH detector was excluded as here highest track
and ring densities lead to a number of fake rings as well as
wrong ring-track matches, ring quality selection cuts were
applied, a maximum distance of 1 cm was allowed for the
ring-track matching, and finally electrons were selected re-
quiring a ring radius between 5.9 cm and 7 cm. In the
TRD electrons were identified by first selecting those tracks
having an energy loss of more than 70 keV summing all
TRD stations (12 layers). Furthermore, electron/pion sepa-
ration is improved using a statistical analysis of the energy
loss spectra in each layer [5]. A combined RICH & TRD
pion suppression factor of more than 10 can be achieved
for tracks with momenta larger than 1 GeV/c as has been
shown in [4].

Figure 1(left) shows the invariant mass spectrum ex-
tracted after event reconstruction and electron identifica-
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Figure 1: Invariant mass spectrum and y — p; distribution
of reconstructed J/1) mesons in central Au+Au collisions at
25 AGeV beam energy.

tion as described above. In order to suppress the physi-
cal background, a cut on transverse momentum is applied
(p+ > 1.2 GeV/c) on each track which shows only negligi-
ble effect on the J/1) signal due to the high momenta of the
decay electrons. The most crucial factor for a good signal-
to-background ratio is the purity of the electron identifica-
tion. Earlier simulations have shown that a factor 104 pion
suppression is needed which is nicely fulfilled by this simu-
lation. Reconstruction efficiencies including electron iden-
tification and geometrical acceptance of the CBM detector
are given in table 1 for the different energies. Signal-to-
background ratios (S/B) are given as well. Figure 1(right)
illustrates that with the event reconstruction and electron
identification introduced above a wide phase space cover-
age of J/1» mesons is ensured covering in particular also
midrapidity (yo =2 for 25 AGeV beam energy).
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Vector meson detection via ;™ 1~ decays in CBM

A. Kiseleva!, R. Dzhigadlo?, S. Gorbunov?, I. Kisel®, and I. Vassiliev!

!GSI, Darmstadt, Germany; 2University, Kiev, Ukraine; *University, Heidelberg, Germany

As an alternative approach to the dielectron measure-
ment we have investigated the possibility to detect vector
mesons (p, w, ¢, J/1) via their decay into pu+u~ pairs.
The muon detection system is located downstream the STS.
The actual design of the muon system consists of 5 hadron
absorber layers made of iron of variable thickness, and of
15 detector layers with 100 pm position resolution. The
first absorber is positioned inside of the magnet direct be-
hind last STS, three sensitive layers are located in each gap
between two absorbers, and three detectors are located be-
hind the last absorber. For the muon simulation we take in
to account not only STS and the muon system, but also two
stations of the Transition Radiation Detectors (TRD) and
the time-of-flight (TOF) system with 80 ps time resolution.

The vector meson decays were simulated with the
PLUTO generator assuming a thermal source with a tem-
perature of 130 MeV. The multiplicity of low-mass vec-
tor mesons and 7 for central Au + Au collisions at 15, 25
and 35 AGeV beam energies is taken from the HSD trans-
port code [1]. The background was calculated with the
UrQMD event generator. All signals and background are
transported through the detector setup using the transport
code GEANT3 within the cbmroot simulation framework.
The L1 tracking procedure [2] has been used for the track
finding at STS and muon system, and for momentum re-
construction at STS. The time information from the TOF
detector was used for suppression of punch-through pro-
tons and kaons.

10°

GE
Sp 35 AGeV

25 AGeV

counts/(event x 10 MeV/c?)

0.2 0.4 0.6 0.8

1 1.2
m,,, (GeV/c?)

Figure 1: Dimuon invariant mass spectra for different beam
energies. Black lines - only background includes, peaks
of different colors - the spectra include the combinatorial
background and signals (p, w, ¢, n and N paritz)-

Figure 1 shows the dimuon invariant mass spectra for
central Au + Awu collisions at different beam energies. As
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Simulations
beam energy (AGeV) 15 25 35
S/B ratio 04 0.4 04
efficiency (%) 1.0 1.3 1.5

Table 1: Signal-to-background ratio and efficiency for w
detection in central Au + Auw collisions at different beam
energies.

signals the p, w, ¢, 7 and Npgi;t, were included. The
signal-to-background ratio (calculated in a £20 window
around the signal peak) and the efficiency for w meson de-
tection is listed in table 1 for different beam energies.

For the J/1) simulations 1 m of iron was added. Fig-
ure 2 shows the dimuon invariant mass spectrum in the
region of the J/1) peak for central Au + Aw collisions at
25 AGeV. The grey spectrum is invariant mass distribution
after the tracking procedure without any cuts. The signal-
to-background ratio is 44 and the efficiency is 20%. The
red spectrum represents the invariant mass distribution after
cuts on transverse momentum (p; > 1 GeV/c) and opening
angle (> 12°).

10°

B

©

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

25

3 35
my,, (GeV/c?)

Figure 2: Dimuon invariant mass spectrum in the region of
the J/1) peak for central Au + Awu collisions at 25 AGeV:
grey - without cuts and red - after cuts (see text).

The simulation results demonstrate the feasibility of
dimuon measurements using hadron absorbers in Au + Au
collisions at FAIR beam energies. The next step will be the
realistic design of the muon detector layout.
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Study of J/¥ measurementswith distant muon detector arms

K. Piasecki, B. Sikora, K. Wisniewski, Warsaw Universitg|&nd

One of the possible positions of a detector dedicated fareviously chosen geometng£25 m? and R=1.8), S/B
the measurement ofidimesons in the dimuon decay chan+eaches only 0.3.
nel, is behind the basic CBM setup (STS, RICH, TRD In order to increase th8/ B ratio, an improvedkink”
and ECAL) [1]. The far location of the detector impliesfilter [2] was applied. It aims at filtering out muons from
large dimensions (and costs) and asks for optimizing its ge- — u + v decays, using the hit positions in STS and
ometry, aiming at largest reasonable reduction of detectdRD detectors. The kink at the decay vertex adds to the
area. As criteria were used the Significance (defined as accumulated declination from the initial direction caused
Sy = Sz‘gnal/ﬂSignal + Background) ) and the sig- by multiple scattering. The filter follows the track and re-
nal to background ratio in a 100 MeV wide invariant masgects trajectories missing the windows extrapolated from
window centered at ), . the corrected hit positions. A 250 mm position resolution
Charged muons originating from decaysof mesons of TRD’s was assumed. By following correlations obtained
are the main source of background. As a first approximana simulation, one can extrapolate more effectively the par
tion, it is assumed that a thick absorber placed in front dicle hit positions to next detectors, which makes the decay
the muon detector filters out 100% of pions and the remaimvents more distinguishable from the “noise” produced by
ing background is due to muons fram— u + v decays.  multiple scattering. For the selected optimum detector ge-
As the muons from 3/ decays (ignal’) are emitted ometry (6=25 m?, R=1.8,9=12.5, $=90°), S/ B reaches
into opposite hemispheres, the detector is designed in fof@9, without deteriorating thg, significance. Further work
of two symmetrically positioned (relatively to the beaminvolves placing the detector closer to the target in order t
axis) arms, i.e. planar areas of rectangular shape, each tdecrease the background of decay muons.
gent to the sphere of radius 15 m, centered at the targ -
The center of each arm is initially fixed @t=12.5°, the 10 10
maximum emission angle of signal muons. This choic
was confirmed by further fine tuning. The geometry i —
parametrized by - azimuthal rotation angle of the set of E,
arms, - polar angle of the centre of each arRrY/X -
aspect ratio§=2-XY [m?] - total area of the muon detector
(XY - dimensions of arms). 1% resolution of the momen ‘ 10
tum reconstruction in the STS is assumed. Theyl GeV 05 0 5 10 05 0 5 10
cut is applied to all particles. The values of presented sig X [m] X [m]

nificance are obtained for 1 week of beam with with inten” 19Ure 1: Hit patterns of A) signal and B) background

sity 10° s~! on a target of 1% interaction probability. muon pairs projected to the plareto the beam axis.

Fig. 1 shows the positions of hits of signal and back
ground muon pairs in the detector, projected onto the plar 1501
perpendicular to the beam axis. The latter pattern is high
asymmetric with wings extending horizontally. This sug-s 1007 &
gests avoiding the horizontal positioning of arms. & ‘

Indeed, as seen in Fig. 2a, the valuesSefas function
of » and R (here for a fixed are&=40 n?), show inde- o]
pendently ofR a clear preference fa=90°, with a gain of
factor 2 in comparison witlp=0°. The dependence o£LS R=YIX R=YIX
significance ors andR (see Fig. 2b) exhibits a steep rise
in the region of $25 n? and a flat hump at highes. It
demonstrates that with size reduce@%an?, 85% of max-
imum significance is kept. Furtherma$g(R) has a broad
maximum atR = 1.8. For such an optimum geometry, the
Jhp detec_ti(_)n effi(_:iency turns_s ou_t to be 4.9%._ References

The efflqlency is also studied in terms of Signal to Bapk- [1] CBM - Techn. Stat. Rep., GSI, Darmstadt , 2005, p.16
ground ratio §/B). For9¥=12.5, due to the larger exposi-
tion to background muons ti&/Bcalculated as a function
of SandR drops with increasing detector area. For the

-5

Figure 2: Significanc&, of the J{) signal as a function of
a) (¢, R) for fixed areaS=40 n¥, and b) G, R) for fixed
¢=90°. In both cases the polar angle is fixed)atl 2.5.

[2] K.Piasecki, B.Sikora, K.Wisniewski, CBM Coll. Meet.91
22 Sep. 2006
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M easurement of pion interaction in a lead absor ber

S. Chattopadhyay
Variable Energy Cyclotron Centre, 1/AF Bidhan Nagar, Ktgkdndia

In order to perform realistic simulations for muon detec-
tion in CBM, it is mandatory that the pion interaction in the
absorbers is modelled correctly. A too narrow interaction
profile in the simulations will result in underestimatingth
hit density in the muon chambers. In CBM, GEANT3.21is
currently being used for the simulation of the interactiobn o
muons and hadrons throughout the absorber setup. To va
idate these simulations, we have performed a measureme
of the interaction profile of pions in a lead absorber using
a pion beam at CERN-PS, and compared the results with
those obtained by a simulation with CBMROOT/GEANTS3.

A high-granularity gas proportional chamber, consisting
of cells of 0.23 cm?, has been exposed to a 6 GeV pion
beam with and without a lead layer in front of the detec-
tor. These two configurations provide the comparison of
interacting and non-interacting pions. Due to constraintg
of the experimental setup, the thickness of the lead laye
was limited to 3X,. The test aimed at a comparison of the

number of fired cells after the conversion of pions and their
comparison with the results obtained from GEANT.

Simulations
| NHiTpre2RingPb h2
E_ Entries 5000
al Mean  2.407
10° L RMS 2713
10%h LT i =
10K i
1k -
E Hﬂ.k L
0 2 4 6 8 10 12 14 16 18 20

Flg 1 shows the energy deposition spectrum, f|g 2 th@ed) and without (b|ue) converter

spectrum of the number of fired cells with and without the
lead converter. Without converter, the energy spectrum cor

Figure 2: Spectrum of the number of affected cells with
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responds to the MIP spectrum, and mostly single cells are
affected. The pion interaction in the converter is clearly
seen in an increase in the number of fired cells and in an
increase in the tail of the enrgy deposition spectrum.

The corresponding analysis within GEANT3 was per-
formed with exactly the same detector geometry imple-
mented. As a final comparison, we have calculated the
increase in the fraction of events above a certain energy
threshold and above a threshold on the number of active
cells for both experiment and simulation. Events above
these threshold are considered to have interacted in the con
verter. It is found that the fraction of events signalling an
interaction is 1.4 - 1.8 times higher in the experimentahdat
than in the simulation. It can therefore be concluded that
the number of interacting pions in the simulation must be
increased by a factor of about two in order to obtain realis-
tic results.

Figure 1: Energy deposition spectrum for pions with (red)
and without (blue) converter expressed in terms of total
ADC in the cluster. The spike in the spectrum is due to
saturation in the read-out.
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Feasibility studies for a muon detection system

Subhasis Chattopadhyay for the Indian CBM Muon Collaboration
Variable Energy Cyclotron Centre, Kolkata, India

The Indian CBM Muon Collaboration consists of the following Institutions:

Variable Energy Cyclotron Centre, Kolkata; Saha Institute of Nuclear Physics, Kolkata; Institute of Physics, Bhu-
baneswar; Bhabha Atomic Research Centre, Mumbai; Panjab University Chandigarh; University of Rajasthan, Jaipur;
Aligarh Muslim University, Aligaarh; University of Calcutta, Kolkata; Banaras Hindu University, Varanasi; Indian In-
stitute of Technology, Kharagpur; Kasmir University, Srinagar; Jammu University, Jammu

For CBM experiment Indian scientists propose to design
and build muon stations for the measurement of vector
mesons. India is involved along with collaborators at GSI
and at other places in simulating the responses of muons
in CBM. Simulations codes are installed and operational
at VECC-Kolkata. Different types of geometries have
been tried to optimize the performance. A version with
absorber combination of W (tungsten) at the beginning
and iron at the end of the chain of muon stations shows
good performance. Currently we are trying to optimize
the response of J/¥ and ¥’ in CBM muon stations.

Fig. 1 shows some of the absorber-chamber design op-
tions tried in the simulation studies. One of the main as-
pects being investigated is the hit density at different
chambers as this is an important parameter for the design
of the chambers. Their number varies between 13-16.

[ ] Detector

[ C-absorber
[ Fe-absorber
[ | W-absorber

Fig. 1: Various detector-absorber combinations studied at
VECC. Detector thickness = 1 cm. Top 2 figs correspond
to following combinations,

(&) W5+Fel0+Fe20+Fe30+C120

(b) (C75+W6)+C60+C70+(C80+W6) e.g. Fel0 means
10cm thick Iron absorber
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Fig. 2 shows the maximum hit density for different com-
binations  shown above. Much_3st_ geo  and
much_CW_V65.geo corresponds to configurations (a)
and (b) respectively in fig.1. Much_CWFe04.geo repre-
sents another configuration where carbon is reduced and
some more Fe is added in the middle.

results with much_3st.geo
results with much_CW_V65.geo
results with much_CWFe04.geo

Max. Hit Density (Hits/cm”2/event)

O°

L Il -y 1 L Il 1
8 10 12 14 16
Muon station Number

Fig. 2: Maximum hit densities at successive muon stations
in different absorber-detector combinations.

We have made detailed studies on the design options
available for the muon stations. According to the studies
made so far, GEM-based gas detectors at first few stations
and MWPC/Micromegas as other stations will satisfy the
criteria for desired resolution and rate. Having good ex-
pertise in gas detector development, Indian collaborators
are hopeful of building the chambers.

At VECC and at BHU, we have started testing small
GEM-based chambers with radioactive sources. Readout
being used is based on GASSIPLEX used in PMD of
STAR experiment and in HMPID of ALICE experiment.
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Muon detector simulations and choice of the RICH mirror shape *

V. Baublis, A. Khanzadeev, B. Komkov, V. Nikulin, V. Samson@x, Tarasenkova, and E. Vznuzdaev
PNPI, Gatchina, Russia

The PNPI team in 2006 participated in the CBM experipretty high signal to background ratio. For the minimum
ment in 3 main directions: the studies of the muon systetias events the achieved values of the efficiency and signal-
absorber layout, estimations for the feasibility of modermo-background ratio are quite close to the results of the GSI
tracking detectors for both MuCh designs and developmetgam (see Figure 1). For the case of central events the per-
of the mirror-adjusting mechanics for RICH. formance of the muon system is obviously degrades due

1. The CBM muon identification system (MuCh) is sup-to high hit density in tracking stations. Additional inef-
posed to be a set of absorbers interlaced with the trackeiency is inherent to the cone method;the resulting effi-
ing chambers. The GSI team works on the design optéiency drops to the level of /B ~ 4 x 102,
mized for the track-following Kalman filter procedure: a
set of absorbers with subsequently increasing thickness. [Graph||n™ o] iiéii“fégiL

pl -0.02487+0.1693 | | pL -0.02487 + 0.1693

This design offers an optimal performance, but requires b2 ooooisst0002222 || b2 ooo0iess 000202
the expensive high resolution tracking detectors detsctor 2r '\ e p
that can work in very high hit density environment (up to L &

~ 1 hit per cm?). Somewhat different design is pro-
posed by the members of the PNPI team. An ideal absorber - N @fg
should catch all hadrons, keeping the muons intact. The i \ é,\‘f%
absorption power of the media is characterized by the “In- 8

teraction Length” (hereaftet;) - a mean distance between I 7€\\|
the hadron interaction, while the influence of the Coulomb 06-
interaction is reflected by the valu&,. In “classical” ap- r /
proach (NA50, NA60, ALICE...) the light-A absorbers (for 3 Y,

o
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2
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example, made of carbon) are chosen because they offer ~ %4[
the smallest value oK, for given \;: in other words they r 2
offer the smallest multiple scattering for given nuclear ab 0.2
sorption. i v 1

The proposed MuCh layout consists of the 145 cm thick Lo b b b b 1
carbon absorber3(86);) followed by 60 cm thick iron 20 %0 a0 00 2
(3.58\1). The total absorption length is the same as for :

the GSI option; at this thickness the ratio of the absorp-, ) . . .
tion powers for muons (due to the Coulomb scattering) anggure 1: The signal-to-background ratio (blue line) and

hadrons (due to hadron showers) reaches a plateau. pie selection efficiency (red curve) as a function of the

ing a thick carbon layer before iron one gives a possibilit;?umber of 15 cm thick iron absorbers for the minimum bias

to reduce the hit density of secondary tracks in coordinaf/ents-
detectors. Thus the influence of the neighboring tracks is

m|n|r:n|zed.| hick ; b di | has b osition-sensitive detectors (micromegas, GEM, even the
The total thickness of carbon and iron layers has begn,,qqe pad chambers in peripheral zone) could be used in

fixed, but the gu_lrpr?er cI)EfArlil)_rI} Iagers(?nCénMUmbefr of deteGsase of MuCh. Even for the hottest zones with hit density
tors was varied. The G 3-based CBMroot frameworkys 51,141 ;2 the gas detectors could be built. However,

v-OKT04 was used for track transport through the OIEteCtOt"he significant angular distribution implies the limitation

The background and the signal (decay muons from_ ‘]./Plﬂe spatial resolution of the detectors: according to ot es
and LMVM) tracks for 25 GeV Au+Au central and mini-

bi imulated with 4Pl mations one will not be able to achieve the resolution better
mum bias events were simu ated with UrQMD and P Uhan 0.25 mm, most likely the best resolution will be of or-
generators respectively. The so-called cone method h&érw 0.3 mm

been used for the track-finding: each STS track was con-5 1.4 designer team presented a conception of the de-

s[der_ed_ as a muon one prov_lded there is as _m'“'m“m_°'%f‘gn for RICH mirrors adjustment and fixation mechanics.
hit within the multiple scattering cone around its extensio 1, ,ototynes were aso built: the first uses the mirror fix-
In each tracking station. ation at its center, in the second the mirror is fixed at 3

The analysis demonstrated that the proposed layout ghints in its peripheral zone. The analysis of high predisio
absorbers (with thick first carbon layer) allows to reach §,aasurements prove the design.

2. It has been demonstrated that the existing modern

*Work supported in part by INTAS grant 06-1000012-8781
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HERA-B Dipole Magnet simulations for CBM

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

As a result of the discussions at the Muon Workshop[1]z=
and the Simulation Meeting in October 2006, the dipole
magnet with a large gap from HERA-B experiment at
DESY was proposed for muon measurements at CBM. Thi
model of the magnet from HERA-B usable for "cbmroot”
("fairroot”) framework [2] was created by LIT JINR group
on the basis of the available technical drawing of the mag|
net.

Figure 3: B,(x,y,z=0) for implemented field map "Field-
Hera” (left) and corresponding picture from HERA-B
(right).

geometry ("stsstandard.geo”). Figure 3 shows a satisfac-
tory agreement of the field map "FieldHera” implemented
for cbmroot with the available picture from HERA-B.

Figure 1. HERA-B magnet view (left) and its model for

TOSCA (right) "FieldHera” (1.803 Tm)

Magnet center Last STS Integral
27cm 100cm 0.668
27cm 182cm 1.005
"FieldHeraP” (1.915 Tm)

Magnet center Last STS Integral
50cm 100cm 0.681
77cm 154cm 1.006

Table 1: Field Integral [Tm] from the target to the last STS
detector of "Hera” and "HeraP” field maps for different
magnet center and last STS detector positions

To achieve the required angular acceptance of 25 degrees
it is necessary to locate the center of magnet not further
- than in 27 cm from the target, thus understating the field
integral. In order to increase aperture, we developed a mod-
ified model of the magnet (geometry "magredrap.geo”
and field map "FieldHeraP"), in which the size of the mag-
net along y axis was increased by 60cm . Certainly, this
L will require changes in the walls of the magnet by means

The magnetic field map.for the recrea_ted mOd?' of ,tth the growth with the pieces of iron with a height of 60 cm.
magnet was calculated using TOSCA. Figure 1 (right img,; then, the magnet can be placed on the distance to 90 cm

a}ge) shows the magngt geometry used for thgse calcuh';\ém the target without loss of the angular acceptance of the
tions and the magnet view from HERA-B experiment (Iefi,q(5jation. The field integrals are shown in Table 1.
picture). The same geometry was also implemented using

a subset of GEANT geometry primitives that is compatible
with cbmroot framework software ("magnbera.geo”).
Figure 2 shows the perspective views of the magnet takgri http://www.gsi.de/documents/FOLDER-116110008#tm|
from GEANT transported data simulated under cbmroot tq»z] http://cbmroot.gsi.de/

gether with STS detectors with a standard variant of their

g, 7220cm -27cm g 230cm

Figure 2: The magnet ("magnéera.geo”) and STS detec-
tors under cbmroot.

References
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HADES@SIS100

A.Kugler', J.A.Garzon®, M.Golubeva?, D.Gonzalez-Diaz*, F.Guber?, R.Holzmann®*, P.Tlusty*

"Nuclear Physics Institute, Czech Academy of Sciences, 25068 Rez, Czech.Republic; 2Institute for Nuclear Research,
Russian Academy of Science, Moscow, 117259 Moscow, Russia; Departamento de Fisica de Particulas, University of
Santiago de Compostela, 15706 Santiago de Compostela, Spain; “Gesellschaft fiir Schwerionenforschung (GSI), 64291
Darmstadt, Germany

While the CBM experiment at FAIR will be designed to
study heavy-ion collisions above about 10 AGeV, the
energy range from 2 — 10 AGeV, accessible also with the
future accelerator facility, can be covered by an upgrade
of the existing HADES setup. Therefore we carried out
simulations of dilepton production in heavy-ion collisions
at bombarding energies of about 8 AGeV as seen by the
HADES detector, for details see [1].

The TOFINO subsystem of HADES, covering the azi-

muthal angles of 180 < 6 < 450 has a granularity equal to
4x6 modules only. We used the UrQMD code [2] to simu-
late the production of charged hadrons in the collision,
resulting in a mean multiplicity of charged hadrons de-
tected in the TOFINO acceptance as large as 80x6 for the
most extreme conditions. Consequently, the TOFINO has
to be replaced by a new subsystem with a much higher
granularity. Such a subsystem based on RPC detector
rods with widths in the range of 2-5 cm and different
lengths is currently under construction. The resulting had-
ron occupancies of one rod for C+C@2AGeV increase by
a factor of 16 when going to Au+Au@2AGeV (b=0-4 fm)
and by an additional factor of 2 when going to
Au+Au@8AGeV.

Finally, we simulated the full “dilepton cocktail”. All
meson sources were generated simultaneously with the
proper weights per event using the PLUTO code (version
4_08), with realistic models of resonance production, as
well as of the hadronic and electromagnetic decays. For
® and ¢ mesons, both Dalitz and direct decays were gen-
erated. To include into the simulation the HADES geome-
try, the generated events were filtered with acceptance
matrices that take into account the momenta, azimuthal
and polar angles of the leptons. The analysis of the gen-
erated events was performed with a smearing of the lep-
ton momenta to take into account the detector resolution
and with rejection of the closed pairs (a cut in opening
angle of 9° was applied to the lepton pairs). To be more
specific, for beam energies of 1-2 AGeV, the meson pro-
duction probabilities for n° and 1 were calculated accord-
ing to C+C and Ca+Ca TAPS experimental data [3], and
the probabilities for o and ¢ were obtained from an my-
scaling ansatz. For a beam energy of 8 AGeV the produc-
tion probabilities of n° per participant were derived from
the experimental data published in [4]. To get values for
other mesons is not easy, because there are no experimen-
tal data for this energy. Therefore, the ratios for n, ® and
¢ mesons were obtained from a thermal model [5].
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The resulting spectra for Au+Au collisions with b=0-8
fm (228 participants) are given in Fig. 1 and they corre-
spond to 3.2 10’ collisions at 8AGeV, respectively.

Y
g

=3
d

=
d

Q197

08 1 12 14
Mle+e-) [Gev/c?l

Figure 1: Simulated invariant-mass distribution of dilepton
pairs per collision detected by HADES for Au+Au at 8
AGeV Fully simulated cocktail (black line) and combinato-
rial background (red line), as well as various cocktail com-

ponents are shown.

To conclude, our simulations demonstrate that, in princi-
ple, HADES in its current configuration and after re-
placement of the TOFINO by a high granularity RPC wall
is able to detect dileptons using beams up to an energy of
8 AGeV, which will become available at the new FAIR
facility.

This work has been supported by GA AS CR
IAA1048304 (Czech Republic), BMBF (Germany),
MCYT FPA2000-2041-C02-02 and XUGA
PGIDT02PXIC20605PN (Spain), INTAS-03-51-3208.
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Dielectron Detection Capabilities of HADES for Beam Ener gies accessible at
FAIR

B. Banniet, F. Dohrmanh, E. Grossé?, B. Kampfet, R. Kotte}, L. Naumann, and J. Wistenfeld
1FZD, Dresden;2TU Dresden

For the FAIR project considerable updates of existing ac
celerator facilities at the GSI Darmstadt are projectece Tt
available beam energies of the new SIS100 and SIS300 ¢ >
celerators will be in the range of 2GeV to 45 AGeV.
Experiments with both elementary probes as well as heav
ions at beam energies 3.5 AGeV have been performed
with the HADES detector at SIS18. The possible dielec
tron detection capabilities of HADES at the new facilities
focusing on Carbon—Carbon collisions at beam energies
8 — 25 AGeV were studied. Simulations were carried ou
using an event generator based on the state of the art r
ativistic transport code UrQMDv1.3p1 [1] together with a
generic interface for additional decays simulated with th
PLUTO phase space generator on top of UrQMD. In partic—
ular, this is used for implanting dielectron decay channe
into UrQMD events. The dielectron sources considered a
70, n, AT, w, p° and$. A considerable source of back-
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ground is photon conversion— e*e™. Importantsources
of photons are the decays of andn mesons, therefore
these decays have been processed independently of ot
sources to allow for a correct event structure. Based ¢
this event generator dielectron spectra fod8eV and25
AGeV are shown in Fig. 1 taking into account only the ge
ometrical acceptance of the HADES detector as it is cu
rently installed. Tracking of particles through the magmet
field has not been included in these studies.

For both energies a peak in thew mass region is vis-
ible, although the background situation at the higher e
ergy deteriorates considerably. While the combinatori
background was found to be an important source of diele
trons, in our simulation distributions of like-sign pairavg

counts per week [(32MeV)

Fig. 1: Invariant mass spectra for central Carbon-Carbon
collisions at beam energies of 8GeV (upper panel) and
n’2_5 AGeV (lower panel) after one week of beamtime. Pairs
&re created from ak™ ande~ emitted into the geomet-
ical HADES acceptance with momenta > 50 MeV.
eptons from pairs with opening angles smaller th&n 9

a good description of the combinatorial background. Tha'® excluded. Particle momenta have peen convolved with
yield of true pairs froms — e*+e— decays was found to a momentum dependent error following the procedure

be above the combinatorial background in the respectigivelp n [5(]1' I?etalljls Iokn h(.)W to SrL: béract cpmb|.nat; rial
invariant pair mass region. The like-sign method allow ackground using the like-sign method are given in [2].

subtraction of the combinatorial background from spectrReferences

and the yield of true pairs fromp® — eTe™ is larger than  [1] http://www.th.physik.uni-frankfurt.de/urgmd

the fluctuations of the combinatorial background. The [2] B. Bannier, Diploma Thesis, Technische Universitaesien,
meson yield found was too low compared to the expectesep. 2006

p° yield in the respective invariant mass region to allow re[3] T. Galatyuk and J. Stroth, CBM-PHYS-note-2006-001,
liable studies. In summary, the simulations indicate that @ternal report, GSI Darmstadt 2006

determination of the yield of true pairs from particle de{4] A. Kugler, Talk at CBM meeting, GSI Darmstadt 2004; Proc.
cays in thep — w mass region after one week of beam time\ucl. Phys. Winter meeting, Bormio 2006

seems feasible. Further investigations have to consider t[5] R. Holzmann, HAFT: Hades Acceptance Filter for Theajst
HADES acceptance (possibly with modified hardware Sénternal report, GSI Darmstadt 2006,

tups); tracking of the particles through the magnetic fieldttp://hades-wiki.gsi.de/cgi-bin/view/SimAna/Hades@ptanceFilter
and the detector material should be taken into account. This

study [2] has to be seen in line with other studies [3,4] on

this subject.
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Results on timing properties of SCCVD diamond detectorsfor MIPs

M. Petrovici, M. Petris, G. Caragheorgheopol, V. SimionMbisa
National Institute for Physics and Nuclear Engineeringglidarest, Romania
E. Berdermann, M. Ciobanu, A. Martemiyanov, M. Pomorski
Gesellschaft fur Schwerionenforschung, Darmstadt, @agm

First encouraging results on timing performance of di- g

g 160

Yi

amond detectors for MIPs were obtained using policrys “m
tal diamond detectors (PC) [1]. The timing properties of ,
two single crystal diamond detectors (SCCVD-DD)with a
thickness of 30Qum and 500um using a®°Sr source and
an applied electric field of 1 V/um are presented in this ™
report. The diamonds were placed in the collimated bear =
of beta particles, the reference signal being delivered by
NE102 plastic scintillator.
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In the first measurements the signals delivered by tHdgure 2: The time of flight spectra after walk correction:
SCCVD-DD were amplified by fast amplifiers developed®) 300um and b)50Q:m SCCVD-DD

for multistrip multigap resistive plate counters (MSM-

GRPC) [2] and a FTA810L amplifier. The amplified sig-time. The rest of the experimental setup was the same. The
nals of the SCCVD-DD and the signal of the plastic scinresults are presented in Fig.3.

tillator coupled with a phototube were split and processed The time resolution obtained using the SCCVD-DD of

for charge and timing information.

300 pzm thickness and a CSA with 0.7 ns rise time is 374

The start signals were delivered by the overlap coincips, while for SCCVD-DD of 50Q:m thickness a time res-
dence between the signals of the diamond detector and thieition of 1.14 ns is obtained.

plastic scintillator. Fig.1 shows the charge distribuisdor

the 300um thickness diamond detector (Fig.1a) and for theZ™" o S b
plastic scintillator (Fig.1b). | ) oo )
5000 T000
a=374ps
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» Figure 3: Time of flight spectra using charge sensitive
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Figure 1: Charge distribution for: a) 3Q6m diamond de-

aistribu Based on the results presented in this report one could
tector and b) plastic scintillator

conclude that better results were obtained using the thinne

The obtained time of f||ght Spectrum after walk Correc.detector for the same FEE used for the amplification of the
tion can be followed in Fig 2a. Subtracting the contribuSignals delivered by the SCCVD-DD. Better performance
tion of the plastic scintillator of 125 ps, measured betweel) terms of time resolution gives the fast FEE electronics
two identical plastic scintillators coupled to identicdigp ~ developed for MSMGRPC. Detailed efficiency studies and
totubes, a time resolution of 147 ps is obtained. in-beam tests are in progress.

The time of flight spectrum obtained using the SCCVD- References
DD of 500 um thickness and the same experimental setugi] M. Petrovici, E. Berdermann, M. Petris, G. Caragheo-
is shown in Fig.2b. The time resolution under this condi-  rgheopol, D. Moisa, NIPNE Scientific Report, 2001, p. 43
tion, after subtracting the contribution of the referenee d 5] m. ciobanu, A. Schittauf, E. Cordier, N. Herrmann, K.D.
tector, was 214ps. In the second part of the measurements Hijidenbrand, Y.J. Kim, Y. Leifels, M. Marquardt, M.Kis,
the signals delivered by the SCCVD-DD were amplified  p.Koczon, M. Petrovici, J. Weinert, X. Zhang, will be pub-
by a charge sensitive preamplifier (CSA) with a 0.7 nsrise  lished
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Achievements of CM OS Pixel Sensorsfor the CBM Micro-Vertex Detector

S.Amar-Youcef!, A.Besson?, G.Claus?, M.Deveaux'?2, A.DorokhovZ, W.Dulinski?, S.Heini?,
A.Himmi?, K.Jaaskelainen2, Ch.Miintz!, F.Rami?, J.Stroth?, I.Valin2, and M.Winter?
1J.W.Goethe Universitit, Frankfurt; 2IPHC and Université L.Pasteur, Strasbourg; 3GSI, Darmstadt

It was already established that CMOS sensors provide
the single point resolution and reduced material budget re-
quired for the ambitionned MVD vertexing performances.
Achieving these performances in the CBM running con-
ditions is however challenging, especially because of the
required radiation tolerance and read-out speed. Important
steps addressing these issues were made in 2006. More-
over, a new generation of real size sensors was fabricated,
to be used for thinning and system integration studies [1].

Fast read-out architecture

The fast read-out architecture developped for the CBM
MVD extrapolates from the MIMOSA-8 prototype, de-
signed for the ILC vertex detector. The sensor includes
correlated double sampling micro-circuits and discrimina-
tors, and delivers discriminated binary signals [2]. Its
single point resolution was evaluated in Summer 2006 at
the CERN-SPS. A resolution of < 7 um was found, i.e.
slightly better than the intrinsic resolution (~ 7.2 pm) re-
flecting the pixel pitch (25 pm). This result indicates that
integrated ADCs may not be mandatory to get a single
point resolution as small as ~ 5 um, provided the pixel
pitch is kept small enough (typically < 18 um). This per-
spective coincides with the need for a small pitch in order
to enhance the sensor tolerance to bulk damage, by reduc-
ing the distance the signal charges have to cross in order to
reach a sensing diode.

MIMOSA-8 was manufactured in TSMC 0.25 technol-
ogy, which features a < 7 wm thick epitaxial layer. The
chip was translated in 2006 into the AMS 0.35 OPTO tech-
nology (MIMOSA-16), where the layer is ~ 11 um thick.
Besides a larger signal amplitude, MIMOSA-16 also in-
cludes other improvements: enhanced tolerance to ionising
radiation (MIMOSA-15 pixel architecture [2]), as well as
pixels incorporating high gain amplification micro-circuits.

Since it is not yet clear whether integrating an ADC at
the end of each column may be avoided, various ADC ar-
chitectures are being developed, in synergy with the ILC re-
quirements. The first ADC prototypes (5-bit Wilkinson and
4-bit successive-approximation ) designed at IPHC were
submitted to fabrication in Autumn 2006. Prominent de-
sign challenges include compactness, aspect ratio, signal
processing speed and power dissipation.

Radiation tolerance

Radiation tolerance studies started with MIMOSA-15 in
2005 [2] were complemented in 2006 with ~ 5 GeV/c e ~
beam tests at DESY.
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A sensor exposed to an integrated dose of ~ 1 MRad
(obtained with a 10 keV X-Ray source) was observed to
still exhibit a S/N ratio of 19 (it was 27 before irradiation),
and a detection efficiency of ~ 99.9 % at a coolant tem-
perature of -20°C (180 ps integration time). These perfor-
mances validate the pixel architecture implemented against
parasitic leakage current generated by ionising radiation.

MIMOSA-15 chips irradiated with 1 MeV neutrons
were studied on the same beam. A sensor exposed
to ~ 2:10'2n,,/cm? still exhibited a detection efficiency
above 99 % at a coolant temperature of -20°C. For a flu-
ence of ~ 6-10'2n,,/cm?, the detection efficiency dropped
to ~80%. Given the available room from improve-
ment, these results indicate that fluences > 10%3n.,/cm?
per MVD layer are likely to be tolerable.

Improvements include pixel design optimisation and fab-
rication process choices which reduce the diffusion path of
the signal electrons before reaching a sensing diode. Ef-
forts were made in 2006 towards this goal, on the one hand
by designing pixels featuring L-shaped sensing diodes and
on the other hand by fabricating a sensor in a BICMOS
process featuring an epitaxial layer with a relatively high
resistivity expected to allow for substantial depletion.

New generation of real size sensors

The most attractive fabrication technology characterised
so far is the AMS-0.35 OPTO process. Excellent tracking
performances were obtained with 5 consecutive small pro-
totypes fabricated in this technology since late 2003, which
was chosen for the sensors currently developed for short
term tracking applications (STAR HFT, EUDET beam tele-
scope). The latter triggered an engineering run in 2006,
which was used to produce simultaneously a real size,
multi-purpose sensor, intended to equip a first generation
MVD demonstrator. The sensor, which features 256x256
pixels of 30 um pitch, is read out in < 1 ms. It was fabri-
cated in 2 different versions, one where the epitaxial layer
is ~ 11 um thick (default value) and one where it is ex-
pected to be = 16 pm (new commercial option). The engi-
neering run was also motivated by the possibility to study
the fabrication yield and to have a stock of real size sensors
available for thinning and system integration studies.

References

[1] M.Winter, “Status of CMOS sensor R&D”, talk presented at
the CBM collaboration meeting, Sept. 2005, GSI/Darmstadt;

[2] 2005 GSI Annual Report and references therein.
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L ayout studies of the CBM Silicon Tracking System

J. M. Heuset, R. Karabowicz, and E. Krysheh

1GSI, Darmstadt, GermanySt. Petersburg State Polytechnic University, Russia
The Silicon Tracking System (STS) is the central Performance Studies
detector of the CBM experiment. It serves for track and
momentum measurement of all charged particles produc
in nuclear reactions at the target. Au+Au collisions a
FAIR energies generate up to 1000 charged particles who8

tracks have to be efficiently reconstructed with about 1‘%6Cted from a real detector. -
momentum resolution [1]. This task requires a low-maskion. a specific detector structure was projected onto the

o : . . volumes. The hybrid pixel stations were segmented into
silicon tracking detector system of high granularity. WeF_?0 ¢ 50 um? ixgls TEe micro-stri stationsgwere made
are studying the I'ayout of tracking statiqns made from t.hif om doulé)le-sri)ded éensors segmeneed into strips gfrG0
micro-strip and pixel detectors, and their arrangement Inrétch with a 15 degree stereo angle between front aﬁd back
dipole magnetic field of 1 Tm bending power. . .

P gnetich ng pow side. Central 25 GeV/nucleon Au+Au collisions from the
URQMD generator were transported through the detec-
tor and reconstructed with a cellular automaton for track
finding and a Kalman filter for track fitting [1]. Recon-

. N struction efficiencies of about 97% (92%) for primary (all)

_The STS concept, _schemancally shown in Fig. 1, COMyacks exceeding 1 GeV/c momentum, and a momentum
prises 6 detector s_tatlons for the track r_nea_surement. Tvygsolution between 1% and 2% depending on the detec-
stations may consist of LHC-type hybrid pixel OIGtEECtorstor thickness (assessed in a parameter study, see Table 1)

Tho;e are relatively thick and prgsumaply require aCtVGemonstrate the feasibility of the track measurement with
cooling in the aperture, but contribute with unamblgUOUﬁ,Ie proposed detector concept

space points to the track finding where the track densi-
ties are high. For the remaining four stations, low-mas

dWe implemented the detector stations in the simu-

ation framework CBMROOT as discs of silicon, with

ethickness equivalent to the total average material ex-
During the hit digitiza-

Detector Concept

. X X thin standard thick thick-2 thick-3
micro-strip detectors are considered to perform the traC"MAPS [umSi] 2x150  2x150 2x150  2x150 _ 2x150
point measurement. The projective coordinate measur Hybrid [pmSi]  2x200 2x750  2x800 ZXiOOO ZXiZOO

. I . Strips [pm Si]  4x200 4x400 4x800 4x1000 4x1600

ment o_f the sensors leads to a significant fraction o_f CON— o Lm s 1500 3200 5100 300 5900
binatorial or fake hits, a challenge to the reconstructien a totat  [% Xo] 1.6 3.6 55 6.7 10.6
[%] 0.83 1.21 1.47 1.61 2.02

gorithms. However, the application of micro-strip sensor_2p/p
may lead to particularly low-mass stations if their power-
consuming readout electronics can be placed outside of table 1: Momentum resolutionp/p as a function of the
STS aperture, a current R&D effort reported in [2] and [3]effective detector thickness.

For high-resolution vertex measurements, e.g. open charm
detection, the STS is supported with a Micro-Vertex
Detector (MVD) consisting of two very thin and fine-pitch
MAPS pixel detector stations close to the target.

Layout Iterations

Current performance studies investigate the effects of
different strip lengths and stereo angles on the track recon

R [om] struction. We also study detector configurations where e.g
== STS = )50 o , I o
50T MvVD STRIPS.~ 23 the hybrid pixel stations are replaced with pairs of micro-
) Joeaal strip stations slightly rotated against each other. Nesgist
254 HYBRID.-"j will focus on more complex and realistic implementations
of the STS. This includes detailed geometrical models of
b MA]? - [ T O S 2.50 . X . .
A 0 .]} the tracking stations, built from sensor wafers arrangtml in
target-L_ | |14 modular structures and mounted on mechanical supports.
vacuum - -
T References
ery, loy,
thyy, O‘kjb S & [1] 1. Kisel et al., Event Reconstruction in the CBM Experiment,
asg s this report
6 2'5 5‘0 7‘5 160 z [em] [2] J.M.Heuser et al., GSI document DOC-2006-Dec-19

[3] J. M. Heuser et alDevelopment of Microstrip Sensorsfor the

Figure 1: Schematics of the STS + MVD detector systems. CBM Silicon Tracking System, this report
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Development of Microstrip Sensorsfor the CBM Silicon Tracking System

J. M. Heuser and Chr. J. Schmidt, GSI, Darmstadt, Germany

We have designed the first prototype of a silicon Sensor Design
micro-strip sensor that can serve as a building block of

detector modules for CBM's Silicon Tracking System. We focused on a sensor compatible with this detector

module structure. The design, shown in Fig. 2, addresses in
particular connectivity issues. We intend to employ double

. . sided sensors with one strip orientation along the module’s
Tracking Stations long axis, and a “stereo” direction on the second side. We

strived to accomplish that both sensor sides can be con-

The tracking stations are planar arrangements @fcted both at the top and the bottom edge. On the stereo
micro-strip sensors, grouped into several modules of eithgjge, this requires interconnections on a second metal laye
the same or different length, that cover at given positiongetween the strips of the two corner regions. This layout
downstream of the target the fiducial area approximatelyj|| enable us to chain several sensors, thus forming long
between 2.5 and 25 degrees polar angle. Figure 1 visualrip sectors for the outer regions of the tracking stations

izes this station concept with a vertical orientation of they staggered arrangement of the contact pads was applied
modules and the long direction of the strips perpendiCuyiowing a wire-bonding scheme that conserves the corre-
lar to the bending plane of the magnet for best momenation of neighbouring channels through the chain up to the

tum measurement. The first and smallest station may bgadout electronics. Small stereo angles are preferred as

as close as 30 cm to the target. The last and largest s{favoidable dead area on the sensor sides is kept small.
tion will be in about one meter distance from the target.

One of the key requirements of the Silicon Tracking Sys- | i Lo [ e
tem is a low-mass design to achieve momentum measure- < 7 M
ment with about 1% resolution. Silicon micro-strip detec-

tors are compatible with a low-mass design as the sensors
themselves are thin. With an appropriate module struc-
ture, active readout electronics with its cooling require-
ments and material involved may be avoided in the aper-
ture. The strongly inhomogeneous track density profile sensor ffont side () sensor back side (1)

makes a sectorized module structure necessary. Closeﬁ%ure 2. (Left) Schematics of the sensor's stereo side.

the_ beam line, a "?Od“'e m_ust COmprise sensors with Shiﬂight) Chained sensors and their interconnections.
strips. Longer strips, realized either on single wafers o

by chaining two or more sensors, can be employed in the

rggions furgt;her outside. Those different “sect(r))rs’)’/must be Detector R&D

read out individually. This may be realized by routing the The first sensors, to be produced in 2007 [1], will have

strips’ analog signals from every sector through thin flag thickness of 200-300m, are double-sided with>21024

multi-line cables to front-end electronics at the perigher AC-coupled strips of 5um pitch and feature a *5tereo

of the stations. angle between front and back side. They will be utilized
for the construction of a prototype detector module: an
assembly of chained sensors, readout electronics [2] and

Vi SR
I U ARt

“ [} m o oo -vem  Stalon S mechanical support. Forthcoming prototypes will address
S0 radiation hardness, the minimization of inactive area near
wl | to O the edges, and will touch e.g. the biasing technique and
— |l o ey the layout of the guard rings structure. The development
sensors ATLLLH LN of readout cables, made from fine-pitch aluminum traces
ol g-" mim -"-a - on polyimide material for minimum material budget, is a
- o AT © @ particular important task. The capacitance of sensor and
1x Jﬁ guinjaiigy ﬁL cable at the input of the front-end electronics must be small
N 7—\_“ | By enough to achieve a sufficiently large signal-to-noiserati
w1 References

Figure 1: Silicon micro-strip sensors arranged into modd] CiS Institut fur Mikrosensorik gGmbH, Erfurt, Germany
ules of different lengths building up a tracking station. 2] chr.J. Schmidt et al., this report
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Silicon Microstrip Sensor Prototypes for CBM

M. Merkin, D.Karmanov, N.Baranova
Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University

N.Egorov, S.Golubkov, A.Sidorov
Research Institute of Material Science and Technology, Zelenograd, Moscow

We have started to explore the design and the production
of double-sided microstrip sensors for CBM's Silicon
Tracking System, with focus on thin detectors and
radiation tolerant design features.

Double-sided strip sensors: Thin, radiation hard

Silicon sensors are essentially not commercial products.
Custom geometries and a variety of special requirements
have to be taken into account for a given application.

For the CBM experiment, the challenge is to establish
reliable technologies for the processing of both sides of
thin silicon wafers. The goal is to manufacture low-mass
double-sided sensors with long, fine-pitch charge
collecting strips, laid out in a radiation tolerant design.
There is very limited experience in the world on the
production of double-sided radiation tolerant sensors.

R&D steps

For this project, High Reflectivity Wafers (HIREF®)
from Wacker-Siltronic have been used. The planned R&D
steps are:

(1) Sensor design and mask production:

a. Single-sided test detectors with 50 pm strip pitch
and DC or AC readout.

b. Double-sided sensors with 50 pum strip pitch and
15° stereo angle between front-and back sides.
Strips poly-silicon biased, AC-coupled readout.

Production of 250 um sensors.

Optimization of the sensor design.

Technology optimization of the production process.

Production of 200 um sensors.

Detailed tests of the produced sensors.

(2)
3)
(4)
(®)
(6)

First results from single-sided sensors

Two batches of test wafers have been processed in steps
(1a) and (2) to qualify the 250 um wafer material for the
forthcoming production: One batch of sensors with 2 cm
long single-sided DC strips of 50 um pitch on 2 x 4 cm?
area, and one batch with single-sided AC-coupled strips
of the same design. Measurements with the DC strip

Sensor #4041

A

1000 7

o 50

Leakage current, nA
g

100 150 200 250 300 350

Bias voltage, V

Figure 1: Current-voltage characteristics of a single-sided
microstrip sensor on a HIREF® silicon wafer.

sensors are shown in Fig.l. The IV-characteristics
indicates good wafer material, with full depletion at around
100 V and high-voltage breakdown beyond 500 V. The
leakage current for the given resistivity of 3 kOhm and the
given thickness of 250 um is reasonable: about 5 nA/strip.
We can therefore proceed with the R&D steps as planned.

Design and production of double-sided sensor

The study of double-sided strip sensors matching the CBM
specifications is in the center of our project. The design of
a prototype sensor was recently completed (step 1b).
Figures 2 and 3 show the corner regions of the N-side, and
P-side. The stereo angle of the P-strips with respect to the
N-strips is clearly seen, as well as the small DC probe pads
and the double-row of larger AC readout pads. The design
takes into account several features to enhance the radiation
tolerance of the detector: Poly-silicon bias resistors on both
the P and the N sides, P-stop implants between the strips
on the N-side, and a multi-guard ring structure. The
production masks have been fabricated. The complete set
consists of 17 masks: 7 for the P-side, 9 for the N-side, and
one additional mask for fiducial marks.

After full characterization of the test sensors, the
production of double-sided microstrip sensor prototypes
will be started with 250 um wafers or thinner.

|

|

|

r

Figure 2: N-side design.

TULLLAL

Figure 3: P-side design.
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Prototype of the small diameter PMT for the RICH photo-detector plane

V.BrekhovskikHh, V.Dyatchenko, V.Lapshirt, M.Medynsky, V.Rykalin*, and S.Sadovsky
* Institute for High Energy Physics, Protvino, 142281 Russia

The prototype of small diameter PMT FEU-Hive wascan see, that FEU-Hive is the sufficiently fast phototube to
produced in IHEP (Protvino) as the main option of thebe effectively used in the RICH photodetector plane for the
RICH UV photo-detector. This is a special small diam-expected event rate.
eter photo-multiplier tube on the base of a resistive dis- The first data on operation of PMT-Hive with a WLS
tributed dynode system with electrostatic focusing, bialfilm on the photocathode window were obtained in a wide
kaline photo-cathode and tube with a glass window. Thspectral region of Cherenkov irradiation excited b$’ &r
external diameter of the PMT FEU-Hive prototype is equaladioactive source in a MgFcrystal of 5 mm thickness.
to 7.5 mm and the tube length is of the order of 100 mm.

In total it was produced and studied more than 20 photo- T%L_,_ﬁ,f_l_,_,_ﬂ_,___,_,___,___,___,__,_,_,_

tubes. One of the fully assemled PMT FEU-Hive is shown ¥ : :

in Fig.1. 11{l ’_f By Iy‘-ﬁ_'\*#&wmmw-r-wﬂ-;:
E : 1 E¥ Limit

Wwooe 062
[

Figure 2: The typical single-photoelectron signals of PMT-
Hive.

The edge of 90% transmission of this crystal corresponds
to 130 nm and therefore crystal irradiation can simulate
Cherenkov light in the CBM RICH detector. The WLS
The phototubes were tested with the LED source afim based on a 1&m teflon film with 20.m layer of crys-

the special testbench. The basic measured parametersdfine paratherphenyl on the upper surface was designed
the best produced FEU-Hive phototube are given in Tagt IHEP with a special technology. The first results for the
ble 1. As for PMT timing pulse shape, the typical singleefficiency of WLS films, i.e. the average ratio signals from
PMT-Hive with WLS films and without it, is equal to 1.85.

Figure 1: One of the PMT-Hive phototubes.

Table 1: Parameters of the best PMT FEU-Hive.

External PMT diameter 7.8 mm The WLS efficiency measurements were perform in an at-
Photo-cathode diameter 6.5 mm mosphere of technical nitrogen. But definitly the efficiency
PMT length 100 mm of WLS films should be better in the cases of high purity
Photo-cathode: ¥CsSb

Quantum efficiency, 410 nm 14 %

Nominal HV 1.5kV
Amplification 5x10
Capacitance 10 pF
Power dissipation 0.25 mwW
Dynamical charge range 3.0pC
Noise current 5000 e/sec

nitrogen or other gases transparent in the region of vacuum
ultraviolet.

Thus, practically all measured characteristics of the
FEU-Hive phototube correspond to the design goals of the
CBM RICH photodector except for photo-cathode quan-
tum efficiency. An increase of the quantum efficiency to
the desired value, dicussed in CBM TSR, could be achieved
with tuning of the mass production technology of the PMT
FEU-HIVE having in mind the already obtained 24.4%
photo-cathode for one of the produced phototubes.

photoelectron signals of FEU-Hive is shown in Fig2. One
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Test of Transition Radiation Detectorsfor high rate environments

C. Garabatds D. Gonzalez-Diaz A.Kalweit?, F. Uhligt, and the CBM Collaboration
1GSI, Darmstadt, GermanyTU Darmstadt, Darmstadt, Germany

M otivation properties.

For the planned Compressed Baryonic Matter (CBM) fe'coz?o'zol

experiment prototypes of Transition Radiation Detectors

(TRD) were developed and tested. The TRD will be used ﬁ—‘—hw\b\%\

c
£ [
o

for particle tracking and identification of high energy elec 1w
trons and positrons for ¥/reconstruction.

Due to the fixed target geometry of the CBM experi-

ment (see . Friese et al.,this report) particle rates of 100 -
kHz/cm? are expected for the innermost part of the first
TRD station. At this rates a reduction of the effective gas gaindrop 19, 2%, - 5%, 10%
gain of the TRD may appear due to build up of charge in N L L S

the counting gas. Since the electron id is based on the sig- 10 h Rate (Hzom,

nal amplitude, it is important for the TRD that the gain

stays constant up to the highest expected particle rates. Wgyre 1: Gain as a function of the rate for measurements
present here results on this issue. The tested prototypes gf gifferent initial gains.

very thin MWPC with an anode-cathode distance of only

ffffffffff' /

3mm and a anode-wire pitch of 2mm with pad readout. ‘g jzzé ¥ v : o gz:: S:ZS
This design is a compromise between the requirement of T ,oF
fast signals on the one hand and the necessity to absork g asof-
transition radiation photons on the other hand. & a00F- v
250~ 3
%up 200; A " ¥
The measurements are performed using a X-ray tube to ~ **F &
produce photons of an energy of 8keV which is calibrated F * ve
using a® Fe source. The produced X-ray beam is colli- L
0 65 70 75 80 85 90 95 100

of
or

mated and attenuated with different sets of aluminum or
nickel foils before entering the prototype. The size of the

beam spot on the detector was measured to be @:756 g, e 2: Rates at a gain drop of 2% and 5% and an initial

fraction of xenon (%)

using a Polaroid film. The gas gain is defined as gain of 5000.
N,- I .
G = final (1) Since the space-charge effect depends on the total charge
N Ne-  +g--R in the chamber, the gain drop depends on both the initial

. o T ain and the rate. The dotted lines in Fig. 1 show constant
where R is the absorbed photon rate in the detector, | tlgeain drops as a function of the rate

measured current and Ne the number of primary electroris
produced by the X-ray photon. This number is taken frorﬂ]
measured data [1].

The energy loss of a traversing particle is smaller than
e energy loss of a X-ray photon. Since in the CBM ex-
periment the majority of particles passing the TRD will be
minimum ionizing one has to calculate the rate of minimum
ionizing particles which will produce the same energy loss
Figure 1 shows the measured gain as a function of ththan the X-ray photons in the test. This rates are shown in
rate for a Xe-CQ mixture at different initial gains. The fig. 2 for different gas mixtures at an initial gain of 5000.
gain decreases with increasing rate due to the space-charge
effect, which results in the screening of the electric field References
near the anode wire thus affecting the gain. The solid lin
are a fit to the data using Mathieson’s formula [2]

Results

ﬁ] F. Sauli, “Principles of operation of multiwire propaal
and drift chambers”, CERN 77-09 (1977) (Yellow report)

_ [2] E. Mathieson and G.C. Smith, Nucl. Instrum. Meth. A316
In(G/Go)/G = KR 2) (1992) 246
whereGj is the gain at zero rate and K is a constant
which takes into account the chamber geometry and the gas
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Resear ch and Development of fast TRD readout chambers

A. Andronic? V. Babkin', S. Chernenko!, C. Garabatos?, V. Golovatyuk®, S. Razin', F. Uhlig?,

H. K. Soltveit?, Yu. Zanevsky®, V. Zryuev*
1JINR Dubna, 2GSI Darmstadt, 3University of Heidelberg

We present the results of R&D obtained at the JINR for
fast Transition Radiation Detector (TRD) prototypes.
Severa MWPC and GEM detectors with sensitive area
10 x 10 cm? were constructed and tested in a laboratory
conditions and on the beam [1-3] to study a rate
capability, position resolution and operationa stability.
The measurements were performed at GSI with secondary
proton beams with momenta of 1,5 - 2,0 GeV/c. The rate
was chosen by varying the extraction time of the primary
beam from 1,5 to 10 seconds. To reach with the rate of
up to ~ 400 kHz/cm? we chose as detectors the multiwire
proportional chambers (MWPC) of 6 mm thickness, with
anode wires of 20 um diameter and the pitch of 2 mm.
For an efficient absorption of TR, the counting gasis Xe-
COz2 [85-15]. The signals are readout on 2 raw from 16
pads of 5x20 mm? and amplified with a 16-channel ASIC
preamplifier/shaper (designed in 0.35 pm CMOS
technology) [4]. and sampled with a 25 MHz ADC (8 hit,
nonlinear). Two identical chambers were tested with a
different anode potential to compare the rate capability
with differing gas amplification factor.

MWPC 6(Dubna), Xe/CO2(85/15), 1750 V, {ast080(81.83,85).Imd
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Fig 1. Rate dependence of the average signa for the
MWPC (upper panel) and 3 stage GEM

(lower panel)

From Fig.1 one can see that the MWPC with anode
potential +1900 v shows practicaly no degradation of the
signal amplitudes up to ~360 kHz/cm?. The amplification
factor of MWPC was < 10”. Taking into account the high
gpatial resolution (< 200 um) [5], high rate capability, and
operational stability there is a good reason to believe that
this detector meets all parameters needed for TRD CBM.
3-stage GEM with drift gap of 3 mm, 3 mm
induction gap and 2 mm pitch of PCB readout plane was
used during this test as a reference detector [1]. No
degradation of amplitudes was obtained with this GEM
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detector up to ~450 kHz/cm?. Another 2 stage GEM
detector was constructed and tested at the JNR in a
laboratory condition with Fe-55 source. It has one
dimension readout board with the strips of 0,6 mm pitch
and 10 cm length. The drift gap was 10 mm and 2 mm
induction gap. The detector has operated with gas mixture
of 85%Ar + 15%C0O2. The amplification factor of the
detector was about 3 x 10°. The signal was readout to
DAQ from the drips via the same 16-channels
preamplifier/shaper [4] and ADC. During the test with 80
pum slit collimator a spatial resolution of 110 um was
obtained (fig.2), the distribution of fired strips number is
shownin fig.2 aswell.

2500 4

0 ]

1 2 H 4 5 5 7
strips.

Y=YO+A*EXP(-0.5*((x-XC)W )"2)

s Chir2/DoF = 86.00766
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Fig.2. Distribution of fired strip numbers (upper panel)
and spatial resolution (lower panel) of 2 stage
GEM detector.
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Electron/pion identification with fast TRD prototypes

A. Andronict, H. Appelshausér V. Babkir?, P. Braun-Munzingéy V. Catanescl) S. Chernenkd
C. Garabatds S. GolovatyuR, M. Harti¢?, J. Hehnet, A. Herghelegid, M. Kalisky?, M.
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Petrovict, A. Radd, C.J. Schmidt V. Simiort, R.S. Simo#, |. Rusanof, H.K. Soltveif, J.
Stachdl, F. Uhligt, J.P. WessetsA. Wilk®, Yu. Zanevsky, and V. Zryuev
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We report results obtained in beam tests of fast Transi-R, produced only by very fast particleg -1000), is pro-
tion Radiation Detector (TRD) prototypes. Such a TRDduced at this momentum only by electrons [3] and leads to
envisaged for electron/pion identification, is part of the significant increase of the signal, which is essential for
setup of the CBM detector at FAIR [1]. To cope with theimproving the electron/pion separation.
envisaged rates of up to 100 kHz/¢mve have chosen as
detectors multi-wire proportional chambers (MWPCs) of 6:\ R R
mm thickness, with anode wires of 20n diameter with > PR
a pitch of 2 and 3 mm. Transition radiation (TR) is pro- £ .
duced in radiators composed of polypropylene foils of 205 10
pm thickness ;), regularly spaced by a distanaé ) of
either 200 or 50Q:m, with the number of foilsV; of 220
or 120, respectively. For an efficient absorption of TR, the 19 2
counting gas is Xe-C@[85-15]. The signals are readouton
pads of 8<15 mn? and amplified with a 16-channel ASIC
preamplifier/shaper especially designed in .85CMOS 3
technology. The signals are sampled with a 25 MHz ADC ~ 1°
(8 bit, nonlinear). The measurements are performed at GSI
with secondary beams with momenta of 1 and 1.5 GeV/c.

Two segmented scintillator detectors are used for beam def- 15
inition and for rate and time-of-flight measurements. Elec-

trons are identified with respect to hadrons using a Pb-glass
calorimeter and an air-filled Cherenkov detector. The beam
profile is monitored using two Si-strip detectors. The MBS

data acquisition system [2] is used. Figure 2: Measured charge spectra for pions and electrons
of 1.5 GeV/c. The lines denote simulations.

p=1.5 GeV/c O pions

Yie

Xe-CO, (85-15)
—— Simulations(20/500/120) E

5 10 15 20 25 30
Energy deposit (keV)

©

/\1607\\\\‘HH‘HH‘HH‘HH‘H\\‘HH‘HH‘HH‘\HL
> = B . L
E 1o0b - ® electrons = In Fig. 2 we show the spectra of energy deposited in
T 100 ® pions E our detector for pions and electrons of 1.5 GeV/c. The
S e, no TR ] andau spectrum corresponding to the ionization ener
5 ] Land pect ponding to th t ay
3 100 - E loss (dE/dX) is, in case of electrons, complemented by the
2 80 s 2mm - TR contribution, clearly visible in the spectrum around 10
S b - 20/500/120 - keV. The absolute energy calibration has been done using
< ; e & E the pion spectra with respect to simulations [4], shown in
40 - o ] Fig. 2. These simulations reproduce very well the spectral
20 !' '.;;:;Fj;t,:! — shape for pions, but are describing the TR part only approx-
0 E\-ﬂ-?-n—n-" L {”T"r*fﬁg imately. The measured TR appears to be softer than in the
0 01 02 03 04 05 0.6 0.7 08 09 1 simulations.

The spectra measured with one layer (Fig. 2) allow us to
simulate the electron identification capability of a TRD as
a function of the number of layers. The results are shown

Figure 1: Average signals for pions and electrons.  in Fig. 3 for two momenta and for two radiators (character-
ized byd, /d2/Ny). An improvementin the /m separation

An example of average signals is shown in Fig. 1 fors seen at 1.5 GeV/c compared to 1 GeV/c due to the strong
the momentum of 1.5 GeV/c. The long tails are due tincrease of the TR yield for electrons [3], which overcomes
the slow-moving Xe ions created in the gas avalanche. Thiee relativistic rise of dE/dx of pions [4]. For higher mo-

Time (us)
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Figure 3: Extrapolated electron/pion identification perfo L 70? Pt H *
mance as a function of the number of layers. 65 =
menta thee/w separation gradually degrades (a factor of 55% H] f
4 worse pion rejection is expected for 10 GeV/c [5]) due & |! E
to the saturation of the TR yield beyond 2 GeV/c [3] and Fon ® 2mm (20/500/120) 1
the pion dE/dx relativistic rise [4]. As seen in Fig. 3, the 451 ® 3mm (20/200/220)
rejection power (expressed afficiency at 90% electron 40 ] T . d
efficiency) is comparable for the two radiators for p=1.5 10 10 5
GeV/c and this is expected to be true also for higher mo- Rate (kHz/cm®)

menta. The radiator with large¥; is expected to produce Figure 5: Rate dependence of the electron separation with
a larger TR yield, but it appears that its smaller foil gapespect to hadrons as measured with one layer.
(d2=200pm) leads to a smaller TR yield per foil compared

to the radiator withi,=500m. This makes the latter op- influenced by rate, but a degradation occurs beyond 100

tion a more suited choice, both because a lighter radiator |]$_| P L )
refered in a tracking TRD (as envisaged in CBM [1]) an z/cnr. Extrapolated to 10 layers this implies a reduc-
P ion of the hadron rejection by a factor of about 3 at our

because of easier manufacturing and less sensitivity to f(Highest rates. The trend is similar for the detectors with

gap nonuniformities. T
In Fia. 4 h le of the d d rianode wire pitch of 2 and 3 mm.
n Fig. 4 we show an example of the dependence on the ry,;q \yqrk s partially funded by the EU Integrated In-

measured energy deposit spectra for hadrons and electrong,yre Initiative Project HADRON PHYSICS under

for different local rate values. From these results we coulg | ..ot No. RII3-CT-2004-506078. We acknowledge the
conclude that the effect of high rates appears as pile-up, rWeIp from G. Augustinski, M. Ciobanu, N. Kurz and Y.
perfectly rejected through our segmented scintillatoedet Leifels ' '

tors, rather than producing a reduction of the signal, ex-
pected if space charge was present.

In Fig. 5 we present the rate dependence of the electron
identification with respect to hadrons as measured with orig] A. Andronic, Nucl. Instrum. Meth. A563 (2006) 349.
layer at the momentum of 1.5 GeV/c. While the study2] H.G. Essel, N. Kurz, IEEE Trans. Nucl. Sci. 47 (2000) 337.
of e/ﬂr;zsepara_“on could only be done at low rates (1931 A Andronic et al., Nucl. Instrum. Meth. AS58 (2006) 516.
kHz/crr), the high rates are achieved with a positive bea”LA; A. Andronic et al., Nucl. Instrum. Meth. A519 (2004) 508.
In this case, the beam content is dominated by the proto R Bailhache. C. Li Nucl. | Meth. A563
and, due to their larger energy loss, the electron separatig] - Bailhache, ‘C. Lippmann, Nucl. Instrum. Meth.
oo o (2006) 310.
is in this case clearly worse. The separation is not much
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High efficiency Transition Radiation Detectorsfor high counting rate
environments

M. Petrovici!, M. Petris', I. Berceanu!, V. Simion!, D. Moisa!, A. Radu', D. Bartos!, V. Cétanescu®,
A. Herghelegiu!, C. Magureanu!, M. Hoppe?, A. Wilk?, J.P. Wessels?, A. Andronic3, C. Garabatos?,
R. Simon?, F. Uhlig?

I'NIPNE-Bucharest, 2University of Miinster, 3GSI-Darmstadt

One of the options currently considered for lepton identi-
fication with the CBM experiment [1] for FAIR is a shell of
multiple layers of Transition Radiation Detectors (TRD).

Being a heavy-ion fixed target experiment in the energy
range of 5-35 A-GeV the goal of CBM is to look for rare
probes using the unique performance of FAIR in terms of
high intensity heavy ion beams. This requires a high granu-
larity TRD with good performance specifically engineered
for a high counting rate environment. In this context, the
optimization of the e/ rejection factor relative to the num-
ber of layers and electronic read-out channels is a challeng-
ing requirement. Various prototypes [2] based on Multi-
wire Proportional Chambers (MWPC) were designed, built
and tested. Up to intensities of 100 kHz/cm?2, no major
deterioration of their performance in terms of pulse height
and position resolution has been observed.

However, this performance was reached at the expense
of a low conversion efficiency for transition radiation in
such a single layer MWPC based TRD. In order to cir-
cumvent this aspect, we designed and built several variants
of a new prototype of TRD based on a double sided pad
read-out electrode[3] with gas volumes on either side. Ne-
glecting about 15% absorption in the central electrode, the
double sided configuration is equivalent to a detector of 12
mm gas thickness, preserving the time response of the one
of half the thickness [4].

B rohocell U = 1800V
B rohacell U = 1700V

® foils U= 1700V

-m

pion misidintefication prob.
-

7 8
TRD layer

Figure 1: Pion efficiency at 90% electron efficiency at 1.5
GeV/c momentum as a function of number of layers

The prototype was tested in-beam at the SIS. The pion
rejection factor was extracted using the likelihood on in-
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tegrated energy deposit [5]. The pion efficiency at 90%
electron efficiency at 1.5 GeV/c momentum as a function
of number of layers for a Rohacell radiator is depicted
in Fig. 1. The obtained pion efficiency for 6 layers is
3.32% for an anode voltage of 1800 V. For one run we
used a polypropylene foil stack (120 foils, 20 um thick-
ness, 500 pm spacing) as radiator. For an anode voltage of
1700 V the obtained pion efficiency is (1.1%). The pion ef-
ficiency using Rohacell radiator at the same anode voltage
is 5.43%, i.e. the regular foil radiator improves the pion
rejection by almost a factor of five. If this improvement
factor is applied to the measurement obtained at 1800 V
anode voltage, a final pion efficiency of 0.67% is obtained
for a 6 layer stack with a regular foil radiator.

Fig. 2 shows the pulse height distributions of pions and
electrons, respectively for 26-103, 65-10%, 110-10° and
220-102 particles/(s-cm?) counting rate.
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Figure 2: Pulse height distributions for a) protons and pions
and b) electrons as a function of rate

L ]

Within experimental errors we conclude that these detec-
tors preserve their pion efficiency performance up to count-
ing rates of ~200-103 particles/(s-cm?).

Given the performance in terms of counting rate and pion
efficiency this new principle of TRD commends itself as a
viable solution for high counting rate environments. For
a given pion efficiency and granularity it provides an opti-
mum material budget at a reduced number of readout chan-
nels.
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Development of straw tubesfor high rate capability application *

K. DavkoV!, V. DavkoV, J. Marzeé, V. Myalkovskiy!, L. Nauman#, V. Peshekhondy
A. SavenkoV, D. Seliverstof, V. Tikhomiro?, K. Viryasov, P. WintZ, K. Zarembd, and . Zhukov

LJINR Dubna, Russia?University of Technology, Warszaw, PolangéEZ Dresden-Rossendorf, Germarfinstitut of
Nuclear Research, Gatchina, Russihebedev Institut, Moscow, RussidFZ Jilich, Germany

The construction of a large size straw tube particle trackhrough a resistor of 1 K. A gas mixture of Ar/CQ
ing detector for the Compressed Baryonic Matter Experi70/30) at atmospheric pressure has been supplied through
ment at FAIR is under consideration [1]. Drift chamberghe two end-plugs of each straw. Collimated Gammas
on the basis of thin-walled drift tubes (straws) have beeft°Fe) irradiated the straws along the anodes with a width
widely used as tracking detectors in high rate environmentd§ 1 mm perpendicular to the wires. Fig.2 shows the an-
[2,3,4]. Inthe inner part of the first CBM tracker station theode signal amplitude distribution in a threefold subdidde
expected hit density of charged patrticles for central Au+Awire. The collimator was moved along the straw. The in-
collisions at 25 AGeV amounts to 0.05/émTo guaran- formation from the inner sector is read out over the contact
tee a sufficient efficiency of the tracking system, the occuwire fed through the spacer supporting the capillary tube
pancy of a single drift tube element should be below fivand the hole in the straw wall. To compare the signals go-
percent and the active detector cross-section yields?1 cring through the straw wall and the end plug, the readout of
for the expected hit density. To realise small area drift dahe right anode has a double-sided layout.
tectors long straw tubes with subdivided anodes of differ-

ent length have been developed. The readout of a sectic a mv e ooy [emd e pmbaeeferd]
should be independent of each other. Consequently it i \ I ’

possible to reduce the active cross-section of a straw tub 40

to few cn?. The low-mass inner straw elements and the \ ’ [

technology of the multi-anode straw assembly have bee 5 U U

devised and checked. A prototype of 19 straws with 57 U

readout channels has been manufactured. The straws ¢ H

500 mm long and 4 mm in diameter. The anodes are subd 0 100 200 300 400 L mm

vided in two, three or four parts of different length. Fig. 1

shows a straw tube layout with four anode segments. ) ) o )
Figure 2: Amplitude distribution of the anode signals (A)

along the threefold subdivided straw of 500 mm length (L).

@ @ The result shows, that detector inefficiencies are only ev-
— — ident in small regions of 7.2 mm length around the spacer
glass joint @ units. The straws work stably, no discharges were ob-
@ ~ — served between any construction elements placed inside
\ % the straws. The radiation length of the spacer amounts to

— \ 0.4%. For minimum ionizing particles the rate capability

straw spacer unit amounts up to 4.5 MHz/cin single straws of 4 mm in
HV bus diameter with a gain of 510 [5].
Figure 1: Schematical drawing of the straw tube design References
with four anodes. [1] CBM Experiment, Techn. Status Report, GSI Darmstadt
(2005)

Different readouts have been tested. The front-end rea@y v, Arai et al., NIM A381 (1996) 355
out of the outer anodes has been provided close to the erlngi]- ATLAS Inner Tracker Design Report, CERN/LHCC/97-16
plugs. For the inner sectors cables of 15cm length con-
nect the anode wires with the front-end electronics. In thél V-Bytchkov etal., Particles a. Nuclei, Letters N.2 (2002) 75
threefold segmented anode the single glas joint has been f&- I. Zhukov et al., JINR Preprint P13-2005-126
moved to investigate the double-sided readout. The current
sensitive preamplifiers with an input impedance of 800
are connected to the anodes by a capacitive coupling of
200 pF. Each anode has been supplied with high voltage

*Work supported by INTAS 03-54-5119
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Progressin the CBM-TOF wall, R& D and simulation*
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The CBM-TOF group aims at providing highlk sepa- electrons at the ELBE LINAC [2, 3] and with sources
ration (more than 2= in the reconstructed mass) in Au+Au[4]. Among the more promising candidates for the resis-
central collisions at 25 GeV/A, with a coverage of mid-tive plates of high rate tRPCs, semi-conductive glasses [2]
rapidity by at least 1 unitiny and 1 GeV in.pThese Pld and ceramics [4] must be mentioned, whereas the possi-
capabilities are needed for probing the QGP phase, throubHity of using warm thin glass deserves also consideration
the study of such fundamental observables as the dynarfB]. A compilation of results is shown in Figure 1, together
cal fluctuations of the kaon yield, kaon flow, hyperon prowith the dependence on rateobtained in [6]:
duction close to threshold and open charm. €0

Based on simulation, it was shown that the mentioned c=1iAc B 1~ oo(1+C®) @
requirements can be satisfied by a tRPC (timing ReSiSti‘(ﬁhereg
Plate Chamber) wall placed at 10 m distance from the tar- o
get with 25-30 coverage ird (~150 n?), featuring a time
resolution of 80 ps and an occupancy per cell below 5% (
60.000 cells). In order to cope with the high beam lumino
ity, the tRPC must handle rates up to 20 kHz#¢mhile the
FEE must process the very fast GHz signals from the tRP.
at an interaction rate up to 10 MHz.

The CBM spectrometer benefits from the excellent ove
all Pld capabilities of the TOF wall: for example, thée
separation in time of flight is 3-for p=1.1 GeV, that pro-
vides extrar suppression (apart from that of RICH and

0., A, B, C are obtained from the fit to data.
The current theoretical and experimental understanding
of the detector has been used to better model the detector
geometry and its response. Starting from the simulation of
She gap response, a realistic description of the positieorre
lution, inclined tracks and multiple hits have been prodide

r the first time. The studies performed after full tracking
through CBM confirm the statements of paragraph 2 (see
D. Kresan et al., this report) and open the path to a detailed
comparison between pad and strip technologies that are
currently existing for the tRPC readout. A first approach to

A ) the final mechanical structure has also been accomplished,

TRD detectors) in view of di-electron spectroscopy.

L where the distribution of the wall in towers looks by now
Current R&D activities [1, 2, 3, 4, 5] focus on the devel-

. o S - the more suited solution, providing a high flexibility and a
opment Of. hlgh.ratle capability tRPCs, aiming at eXtend'ngomfortable distribution of the weight (Figure 2).
their working principle from few hundreds of Hz/érap to
the required rate of 20 kHz/cinfor CBM usage. But also
improvements on the description of the timing properties of
the detector at high rates have been recently accomplished
[6]. As a consequence of the latter, the idea that the deteri-
oration of tRPC performances at high rates is mainly driven
by the DC column resistivityd (resistivity times the resis-
tive plate thickness per gap) is now more sound.

Figure 2: Front view of the TOF wall, divided into towers.

Details on the FEE, mostly focused on ASIC design, can
be found in M. Ciobanu et al., in this report.
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Ceramic high-rate timing RPCs

L. Lopes, R. Ferreira Marques’, P. Fonté3, L. Hennetiet, A. Pereird and A.M. Sousa Correta
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Timing resistive plate chambers [1] are planar gaseous 120
detectors made with a combination of metallic and resistive 100 o
electrodes, which deliver a time resolution around 50 ps o @ > i Voo
sigma ¢) and efficiency up to 99% for MIPs. This is cur- ey B ©
rently the only practical technology envisaged for the CBM § 60 > 27251
TOF Wall. 2 B> 2750
The counting rate capability of these detectors is mainly o 405 & 27757
; S : £ v 2800
determined by the resistivity of the electrodes, which are F ool % 28501
typically made of glass with volume resistivity between O 3000
10'2 and 103 Q-cm. This limits the maximum counting % 20 20 60 30
rate to around 2 kHz/ct[2], which is insuficient for the Counting Rate (kHz/cm?)
central regions of CBM. Figure 2:Time resolution as a function of the counting rate. Within the

; f tatistical fluctuations of the measurement, the time ressiugmains
Here we report on the use of a ceramic commercial mi(iassentially unchanged, around 90gsetween 1 and 75 kHz/cn The

terial with a measured resistivity of 102-cm and free applied voltage was adjusted as the counting rate increiasertier to
from charge depletion effects [3]. The results establigh thcompensate for voltage change across the ceramic.

practical feasibility of accurate timing measurementswit

RPCs at rates up to 75 kHz/émlargelly suficient for apli- The counting rate density as a function of the X-ray tube
cation in CBM - while keeping a time resolution belowcurrent for a set of applied voltages is shown in Fig. 1 a).
100 pso for 511 keV gamma rays. Full details may beFor each voltage the data is well described by a quadratic

found in [41. polynomial. The relative sensitivity drop that may be at-
400 : : : tributed to the increasing counting rate (Fig. 1 b)) is es-
<« 3500 AT My timated by normalizing the data points to the linear part

2s00v| Of the fitting polynomial (the “incident” counting rate, als
2550V represented in a)). A linear fit to the set of the normal-
2600 V . . . e
2es0v| 1zed points shows a slope of 9% relative sensitivity drop
2700V|  per 100 kHz/cr.

§;§8§ Time resolution results are shown in Fig. 2. Within the
2850V | statistical fluctuations of the measurement (vertical apre
soeov|  of the points), the time resolution remains essentially un-
o 3000v| changed around 90 ps between 1 and 75 kHz/¢m Be-
yond this point the measurement becomes impossible ow-

ing to the predominance of random coincidences (see [5]).
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3000 V It should be noted that the performance of timing RPCs
ggggx in particle beams and with 511 keV photons has been com-
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28s50v| pared and it was found that with photons the resolution is
g;‘ggx systematically worse.

2700 V This work was supported by the EU FP6 program via the
contract RII3-CT-2003-506078 and by FCT and FEDER

under project POCI/FP/63411/2005.
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Figure 1: a) Counting rate density as a function of the X-ray tube[3] AL-940CD charge-dissipative ceramics, Morgan Ceramics.

current for a set of applied voltages. A fitting quadraticypoimial repro- [4] Nucl. Phys. B - Proc. Sup., 158 (2006) 66-70, CBM-TOF-
duces well the data (one example shown). b) The data pointsoaneal- note.-2006-.001 ‘ v '

ized to the linear part of the fitting polynomial (the “incidécounting .
rate, also represented in a)), yielding the drop in relagiffiiency that (2] Nucl- Instr. and  Meth, in press
may be attributed to the counting rate. A general linear fihesse points (http://dx.doi.org/10.1016/j.nima.2006.10.245).

shows a slope of 9% relative efficiency drop per 100 kHZ/cm
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Testing the Performance of Timing MRPC Detectorsat EL BE

F. Dohrmann, R. Kotte, L. Naumann, D. Stach, J. Wistenfeld
Institut fur Strahlenphysik, Forschungszentrum DresBessendorf

Multigap Resistive Plate Chambers (MRPCs) are potemands of the CBM experiment planned at FAIR. These re-
tially suited for cost-efficient large-area time-of-flight-  sults will be published soon [9].

rays needed for the identification of minimum ionizing par-

ticles (MIPs) in large-scale heavy-ion experiments [1-7]. References

Since the specific energy loss of 10-40MeV electrons |
quite similar to that of MIPs, a test setup is installed a
the radiation source ELBE in Rossendorf where scatterdd P. Fonte etal., Nucl. Instr. Meth. A 449 (2000) 295
electrons are used to mimic the behaviour of MIPs withiffig] A. Blanco et al., Nucl. Instr. Meth. A 485 (2002) 328
RPC deteCtor.S' Furthermore, the hlgh. prec!S|on of the a 4-] M. Petrovici et al., Nucl. Instr. Meth. A 487 (2002) 337
celerator RF signal allows for a well defined time reference.
Therefore, no high-resolution start counter requiringan a [5] M. Petrovici et al., Nucl. Instr. Meth. A 508 (2003) 75

ditional pulse-height correction (time slewing) is ne@gs (6] A. Schiittauf, Nucl. Instr. Meth. A 533 (2004) 65

Electrons from ELBE are scattered (quasi) elastically off .
thin (18um) Al target. Passive (Pb shielding) and activef‘?] A. Schuttauf, Nucl. Phys. B (Proc. S.) 158 (2006) 52

collimation (various scintillation counters) defines a §mal8] R Kotte etal., Nucl. Instr. Meth. A 564 (2006) 155

solid angle and hence sufficient background suppressiqn;} v. Ammosov et al., to be published in Nucl. Instr. Meth. A
The test detector is positioned 2 m away from the target at
scattering angle of 45 degrees. For the layout of the exper- .
imental setup, see ref. [8]. 107g
Here, we present results obtained with a 20 cm long proto-10
type of a symmetric Multistrip MRPC (central anode with 10
16 strips of 2.5mm pitch, six gas gaps of 268, eight 1k
float-glass plates of 1 mm) developed for the FOPI exper-

] P. Fonte et al., Nucl. Instr. Meth. A 443 (2000) 201

= 89 ps
| 1 &
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iment at SIS/GSI [4-7]. Moreover, we tested two identi- fime RF. 103 ime (Sl+sji/2'i':/'w
cal six-gap MRPCs (called IKH-MRPC), with four readout 2000 - ne slewing correction of :
strips of 1 cm pitch and 7 cm length using the same float ggq [ . v

glass of high resistivity of- 10!22cm. The IKH-MRPCs e Ve s K

were built in the detector workshop of the Institute of Radi- °*° 1 ‘ P L

1 1 L L L P
0 2000 4000 1960 1980 2000

ation Physics. The detectors were irradiated with 34 MeV RPC mean time vs. ampl.  mean time (r1+r2)/2-R F.

electrons. The corresponding results are published rigcent

[8] 2000 [ time slewing corrected E
. f i
The counters are operated with a gas mixture of 85%qq) | e 107k
CaHaF, +10% SF +5% iso-GHig at a flow of 1.8 Ih. C i |

75 ps

Typical results of time resolution measurements are sum**° [

marized in figs.1-4. Reproducibility is achieved within
+10ps. Note that the given resolution values are corrected
for the finite resolution of the time-to-digital-converter

(TDC, he_re: CAEN V1290N) but not for_ any jitter of quantities of the FOPI-MRPC prototype (full lines:
the RF signal and the front-end electronics (FEE, here(:;‘aussian fits, TDC time slope 24.5ps/ch). Upper left
GSlI dgvelopme_nt precursorwith_4 channels, single-end%nel: The 13MHz time reference signal of ELBE
50 €2 input, gain< 250, bandwidth~ 1GHz, thresh- fed into two TDC channels (self-coincidence). For
old < _100 mV [6, 7]). L . . the resolution values given in the right side panels this
The high-rate capability of MRPCs can be decisively im-rp - conripution s quadratically subtracted.  Upper
proved by using low-resistivity glass. Thus, two four-gapﬂ-ght: Mean timing(tie s +t,:gn:)/2 Of @ 2x2crd (5mm
MRPCs (called INR-MRPC) equipped with silicate glassyjcy) scintiflator read out on wo sides by XP2020
plates showing a bulk resistivity of less thaﬂl?Qcm hoto tubes. Middle (lower) left: Dependence of a
have been assembled at the Institute for High-Enerdy, ... moan timing of a RPC strip on integrated charge

Physics and the Institute for Nuclear Research, MOSCOWatore (after) time slewing correction. The correspond-
and successively tested at ELBE. Time resolutions of abo g right panels show the projections onto the time

100 ps and efficiencies larger than 95% were obtained fis ~ The RPC potential voltage was set to 8.2kV
rate densities up to 20 kHz/éncf. fig. 5) meeting the de- and the corresponding rate was limited to 50 HZ/cm

1 E

1 1 P [ I Nt P
0 2000 4000 1960 1980 2000
RPC corr. time vs. ampl. corr. time (r1+r2)/2-R.F.

Fig.1 The time resolution,o;, of different measured
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field strength E/(kV/cm) effect due to signal degradation as result of the high glass
110 95 100 105 110 115 resistivity is visible.
[T I I I I
105:* X2/ ndf 3211 / 24
I o0 Constant 243.8
S r 10 3 Mean 1744.
;H 100 F + E Sigma 3.125
c 950 10 ¢
2 — E
S oof L
© [ E AT I A SR W AP I IO B
8 85} * 1730 1735 Z.L74O 1745 1750 1755 1760 1765 1770
5 | e 1KHz/cm? * corr. time (r1+r2+r3+r4)/4 - R.F.
c 80F 2 F x2/ndf 4449 | 37
— t © 300 Hz/cm 10 2 ; Constant 188.3
5 s0Haen | -
Lol v b b v ] L
70 72 74 76 78 8 82 84 86 10
potential voltage -U/kV i 932 = 66 ps H
1 k
FIgZ The time resolution vs. potentlal VOIl‘age applled to 290 21!;5 350 3(‘)5 3:‘|_0 315 3£0 32‘5 3;‘30 3:‘),5 340
the FOPI-MRPC (bottom axis). The apparent field strength corr. time (r1+r2)/2 - (r3+r4)/2

being the ratio of potential voltage over sum of gas gap

sizes per detector half is provided as top axis. The varioggq 4 ypper panel: The mean timing w.r.t. the accelerator
symbols indicate measurements taken at different COURIE o four (time slewing corrected) signals from two strips
rates. of two identical IKH-MRPs. For the given resolution a
34 ps contribution of the TDC resolution is quadratically
subtracted. Lower panel: The time resolution of the
difference between the mean timing of two strips from
different MRPCs.
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Fig.3 Upper panel: The time resolution vs. count rate 1 10
of the FOPI-MRPC (full symbols) and of one of the rate / (kHz/cm?)

IKH-MRPCs (open symbols). The apparent field strength_. - . .
was 110kV/cm. lower panel: The count rate vs. primar ig.5 Efficiency (upper panel) and time resolution (lower

e beam current of the FOPI-MRPC. A clear saturatio anel) as a function of rate density for the INR-MRPC with
' ow-resistivity silicate glass.
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High Counting Rate Position Sensitive Resistive Plate Counters

M. Petrovici, M. Petrig, V. Simion, D. Moisa, D. Bartos, @atanescu
National Institute for Physics and Nuclear Engineeringglidarest, Romania
N. Herrmann
Physikalisches Institut der Universitat, Heidelbergri@Gany
M. Ciobanu, K.D. Hildenbrand, A. Schuttauf
Gesellschaft fur Schwerionenforschung, Darmstadt, @aym

It is by now unanimously accepted that a high countinghe corresponding strips on the two sides being connected
rate RPC could be obtained by decreasing the gap thicknegegether.
and the resistivity of the glass electrodes. Decreasing the

gap thickness requires an increased number of gaps, con- %m
sequently a larger amount of material while a decrease of s_—f‘: -
the resitivity by increasing the glass temperature imgies i
series of technical incoveninces for a large area subdetec- £ 920
tors based on these type of counters. Obviously for a given = o0

number of gaps, their size and glass electrode thickness,
the best alternative is to use lower resistivity glass elec-
trodes. An other aspect which is worth to be considered
for future applications of position sensitive RPCs is to re-
place the single ended readout structure with a differentia
readout. Results of preliminary tests usfi@o source of

a position sensitive RPC based on Pestov glass and the first e
differential readout prototype, ready to be tested in the ne

future, are presented in this report. Figure 2: 1..,-amplitude correlation

The signals, are feed through lateral flanges of a rectan-
gular, thin Al container. The inner structure is fixed on a
special plexiglass plate which alignes the structureixelat
to the container. The results reported here have been ob-
tained using a high voltage of 3.1 kV for each gap and a
flow of standard gas mixture (85&, Fy Ho, 10% Sk and
5% CyH;, (isobutane)) at normal pressure. Fig.1 shows
the experimental configuration.

The signals delivered by the detector have been ampli-
fied by broad band fast amplifiers developed for similar
RPCs based on comercial float glass used for FOPI TOF
barrel [2]. CF4000 constant fractions have been used for
timing. Time spectra have been obtained frgm~ coin-
cidence using®Co source, between the two ends of a mid-
dle stripe and a plastic scintillator (NE102) of cylinddica
Figure 1: Experimental configuration used for radioactivgeometry ¢ = 25 mm and h=20 mm) coupled to a pho-
source tests tomultiplier. The RPC amplitude st (tsum=12(te s +

t.igne)) COrrelation is presented in Fig. 2.

A prototype of two times double-gap RPC in which A profile histogram of §,,, as a function of left-right
the resistive electrodes are produced from Pestov glasstohe difference can be followed in Fig.3.
~10'% Q.cm resitivity and the read-out of the induced fast With a 3cm cut in the position in the region where the
signals done via stripe line intermediate electrode, the-co radioactive source was positioned, the time spectrum pre-
sponding strips on the two sides being connected togethsgnted in Fig.4 is obtained.

[1], was designed and built. The gaps between these elec-A Gaussian fit givesr=3 channels ( one TDC2228A
trodes of 30Qum are realized by spacers made from fishinghannel corresponds to 42 psec). Subtracting quadraticall
rod of such thickness. The read-out electrode, sandwich#tk contribution of the plastic scintillator measured ip-se
by the two symmetric halves has 16 readout strip lines carate runs using 2 identical scintillators and phototubes,
each side with a pitch of 2.54 mm and a width of 1.1 mmg <50 ps is obtained.
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Figure 4: t,,, spectrum for a 3cm cut on the position in
the region where the radioactive source was positioned

The results of these tests show that the counter has the
requested performance in terms of time resolution. Studies
of the counting rate performance will be done in the near
future using MIPs at GSI Darmstadt.

A second prototype in which the cathode electrodes have
identical strip line structure as the central electrode rgas
alized and can be operated in a differential mode. A photo
of the inner structure, housing box and flanges is presented
in Fig.5.

Figure 5: Inner structure, housing box and flanges of the
diffrential, strip readout RPC prototype

The prototype was assembled, tested for tightness, intro-
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duced in the gas flow and is presently ready for tests using
the%°Co source.
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Prototype of the fine-sampling electromagnetic calorimeter

G.Britvich, S.Chernichenko, Yu.Kharlov, V.Mochalov, P.Semenov, A.Soldatov, A.Soukhikh,
M.Ukhanov, and V.Vasilchenko

Institute for High Energy Physics, Protvino, 142281 Russia

The electromagnetic calorimeter modules with fine sam-
pling were constructed in IHEP. The module design were
based on the electromagnetic calorimeter for the KOPIO
experiment, with additional modification to the energy
range of the CBM experiment. The modules were as-
sembled from 380 alternating layers of lead and scintil-
lator plates. Lead plates were doped by 3% of antomony
to improve their rigidity. Scintillator plates were made of
polysterene doped by 1.5% of paraterphenile. Scintillator
was manufactured at the scintillator workshop of IHEP by
the molding technology. Scintillation light was collected
by the wave-length shifting fibers BCF-91A of diameter
1.2 mm. The fibers penetrated the modules in the longitu-
dinal direction with the step of 9.3 mm forming the grid of
12 x 12 fibers per module. The physical properties of the
modules are presented in the Table 1.

lead plate thickness 0.275 pm

scintillator plate thickness 1.5 mm

number of layers 380

effective radiation length, Xy 34 mm

total radiation length 20Xy

effective Moliere radius 59 mm

module size 110 x 110 x 675 mm?
module weight 18 kg

Table 1: Physical properties of the module.

The matrix of 3 x 3 modules was manufactures and stud-
ied during the test beam run in December 2006. The scin-
tillation light collected and re-emitted by the optical fibers
was detected by the photomultipliers R5800 from Hama-
matsu. The signal amplitude was measured by the 16-bit
QDC. The matrix of modules was placed on the (x,y)-
moving table controlled by a computer. The modules were
exposed to a secondary beam of the beam line 2-B of the
U70 accelerator in IHEP, Protvino. The beam had a mixed
content of negative particles, mainly ¢ =, 7~ and e~ at mo-
menta from 1 to 19 GeV/c. The electron component of
the beam was used for the energy resolution measurements.
The beam line 2-B (Fig.1) provided a beam particle tagging
with a magnet spectrometer contained 4 drift chambers DC1
— DC4 and the dipole magnet M with a fixed bending angle
of 55 mrad.

The modules were calibrated via exposing them to a 19-
GeV/c beam. The best relative calibration coefficients were
found by equalizing minimum ionizing particle (MIP) sig-
nals, while the absolute calibration was obtained by setting
the total measured energy in the 3 x 3 matrix to 19 GeV. The
measured energy spectrum in the ECAL prototype from the
19-GeV/c beam is illustrated by Fig.2 (left plot), the blow-

ECAL M
E Diﬁ4 DCDB W DC2 bCL
- 7222222

Figure 1: Experimental setup for ECAL modules studies.

up of the low energy range is shown on the right plot of this
figure, where a clear MIP signal is seen.

1000 2500F
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400 1000F
200 500
% 10000 20000 %200 400 600 800 100C
E, MeV E, MeV

Figure 2: Measured energy from the 19-GeV/c beam.

After calibration, the ECAL prototype was exposed to
beams at momenta 1, 2, 3.5, 5, 7, 10, 14 and 19 GeV/c,
and the obtained energy resolutions at these energies are
shown in Fig.3. The energy resolution of the fine-sampling

o
o
B
[$2]
TTT

0.025F

0.02F #

0.015} g b &

0.01F

0.005F

Go’wuzuw4uw6wu L

8 10 12 14 16 18 20
E, GeV

Figure 3: Measured energy resolution.
calorimeter prototype is found to be extremely high com-
pared to conventional sampling calorimeters, and, there-

fore, can be used for precise spectroscopy measurements
of the neutral mesons and the photons.
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Simulation studies of calorimeter system. Preshower prototype. *

S. Belogurov!, A. Golutvin'!, Y. Kharlov?, S. Kiselev', D. Konstantinov?, 1. Korolko!, V. Maiatski',
K. Mikhailov!, P. Polozov', M. Prokudin', G. Sharkov!, and A. Stavinskiy'
'ITEP Moscow; 2IHEP Protvino

Calorimeter software package in CBMROOT

A detailed simulation of a sampling calorimeter was de-
veloped within the standard CBM framework CBMROOT.
To perform a detailed optimization of the calorimeter gran-
ularity the whole detector volume was divided in small 1x 1
cm? stacks. This procedure allowed us to built a calorime-
ter with arbitrary transverse granularity at the hit producing
stage with a single set of simulated with GEANT (FLUKA)
events.

Standard algorithms for photon (electron) reconstruction
were developed, tuned and tested. First of all we build sim-
ple 3 x 3 clusters around all hot calorimeter cells. On a
next step we sum the energy depositions in the four hottest
cluster cells applying a special energy and polar angle de-
pendent calibration procedure to determine the momen-
tum of incident particles. Finally we reconstruct the cen-
tre of gravity using the tabulated dependence of cluster
asymmetry (in X and Y') as a function of M Ciyen par-
ticle impact point. Energy asymmetry was determined as
AX = (EL_ER)/ETot and Ay = (EU_ED)/ETot~ Al-
gorithms for energy and impact point reconstruction were
tuned for all possible calorimeter cell sizes.

Single-particle response

Using the software package described above we have
studied the calorimeter response for single photons. The
ECAL geometry from the CBM Technical Status Report
was taken as a basic option for these simulations: sampling
of the modules was 140 layers of 1 mm lead and 1 mm scin-
tillator, the cell sizes were 3x 3 cm?, 6x6 cm?, 12x 12 cm?.
The stochastic term of the energy resolution was found to
be 69 + 2 MeV.

Figure 1: Spatial resolution in the CBMROOT simulation.

*Work supported by Federal agency of Russia for atomic energy, Fed-
eral agency of Russia for science and innovations and the Russian Foun-
dation for Basic Research (grants 05-02-08096 and 06-08-01555) and by
INTAS-05-111-4475, INTAS-05-111-5257, INTAS-03-54-6272.

The precision of impact point reconstruction was deter-
mined with the algorithm described in previous section. As
a crosscheck we have developed a second algorithm which
reconstructs the photon impact point coordinate through
the first moment xyec = Y. x;w;/ Y w; where the sum is
calculated over all cluster cells, x; is the coordinate of the
cell 7, and w; is the weight depending on the cell energy
E; and defined as w; = max [0, wg + log(E;/Etot)]- The
value of wy is obtained empirically to minimize the spatial
resolution. Spatial resolution for different incident angles
of incoming photons calculated for outer (12 x 12 cm?, type
1) and inner (3 x 3 cm?, type 4) cells is shown in Fig.1.

For inclined tracks the reconstructed position obtained
with this procedure is systematically shifted. This shift,
expressed as a difference between reconstructed coordinate
Zrec and M Cly¢n coordinate, is proportional to the sinus of
the incidence angle 0: z..c — 2o = teg Sin 0. The slope tog
is energy-dependent and can be interpreted as an effective
shower depth in the calorimeter.

Energy reconstruction for different cells

The intrinsic energy resolution of the sampling calorime-
ter at CBM is considerably degraded by energy contribu-
tions from neighbor tracks. This effect depends obviously
on calorimeter cell size. We performed a detailed study of
photon reconstruction quality for all possible granularities
of CBM calorimeter system.

Xt Indf 67.01/46
Constant 1488+ 86
Mean 1.002:+0.001
Sigma__ 0.0762:+ 0.0006

1 1 1 1
12 14 16 18
ErecofEy

C 1 L
06 08 1
e

Figure 2: Reconstruction quality for 12 x 12 cm? cells.

Using the standard procedure we have reconstructed
the energy of incoming photons and plotted the ratio
Ereco/ Enrc, which in ideal case should be a gaussian dis-
tribution with mean value 1.0. Energy contributions from
neighbors result in a considerable right tail. The qual-
ity of v reconstruction was defined as percentage of pho-
tons with E,.cc./ Enre ratio lying within =20 around unity.
Fig.2 demonstrates the reconstruction quality for low en-
ergy (1 — 2 GeV/c?) photons hitting the outer region of
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CBM calorimeter consisting of 12 x 12 cm? cells. Re-
construction quality degrades for larger cells, varying from
71% for 8 x 8 cm? cells to 49% 12 x 12 cm? cells.

Direct photons and their correlations

Measurement of photons (and reconstruction of 7% and
1 mesons) with ECAL is important for realization of the
CBM research program. Direct photons (i.e. not orig-
inating from decays) can be subdivided in prompt ones
from initial hard processes with large p;, photons from
initial quark-gluon stage and from later hadronic interac-
tions. Existing transport generators do not include direct
photons [1]. Cross section for the main hadronic source
(reactions mp — 7y and 7 — py) has been prepared by
the ECAL group and implemented into the HSD transport
code. Our estimations [1] have shown that with expected
hight-intensity ion beams (10°/s) the rate of prompt pho-
tons with p; > 2GeV/c would be ~ 100/s for central
Au — Au collisions at 25AGeV.

The momentum correlations of photons provide unique
information on the reaction mechanism which is hardly ac-
cessible by all other means. The correlation strength pa-
rameter helps to determine the direct photon yield. The
two-photon correlation function shown in Fig.3 was calcu-
lated with the source size parameter o = 5fm and differ-
ent direct photon yields d = N(yp)/N(7%). The direct
photons were generated according to the thermal-like mo-
mentum distribution dN/dp ~ (p?/E)exp (—E/Tp) and
mixed with 105 UrQMD events (Au + Au at 25AGeV).
The two photon correlation function is a combination of the
direct photon correlations (R = 1+ XA exp (—Q%,,r3)) and
residual correlations between photons from 7° decays. For
large values of direct photon fraction d one could observe a
clear peak at small Q;,,,. The height of this peak depends
quadratically on parameter d. The height of the correlation
function in (%/rg — my,) region of Q;,, depends on pa-
rameter d linearly and could be considered as an additional
source of information on direct photon fraction.
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Figure 3: Two photon correlation function

Detector Developments

Prototype of Preshower detector

Following the experience of ALICE TOF group [2] we
have built and tested the prototype of CBM preshower
detector based on scintillator-fiber system. Light regis-
tration was performed with Avalanche Photo-Diodes with
Metal-Resistance-Semiconductor structure (MRS APDs)
operated in the Geiger mode. These detectors were in-
vented, designed and are currently produced in Moscow at
Center of Perspective Technologies and Apparatus (CPTA)
[3]. With moderate bias voltage of 50-60 V these detec-
tors demonstrate intrinsic gain of up to 105. MRS APDs
do not require special housing or fragile light transport-
ing system and can be mounted directly inside scintillat-
ing plates, simplifying the construction of large detectors.
Size of scintillating plates was set equal to 104 x 104 x 5

200r

M Pedestal
[]signal

00 100 200 300 400 500 600
ADC counts

Figure 4: Amplitude spectrum from Preshower prototype.

mm? as dictated by ITEP beam test facility. Light col-
lection inside plastic plate is performed by Kuraray Y11
wavelength-shifting (WLS) optical fiber (Imm in diame-
ter) which was packed in narrow circular groove engraved
on the plastic surface. One end of fiber piece is covered
with reflecting foil, while the other is pressed to the sensi-
tive surface of MRS APD. MRS APD signal amplification
and control of bias voltage was done with special front-end
electronic card. A typical amplitude distribution from min-
imum ionizing particles obtained during prototype beam
tests is presented in Fig.4. A clear gap separates the trigger
events from pedestals (particles missed the detector). An
average light yield measured with 60 detectors equals 9-12
electrons/MIP. Increasing the thickness of scintillating tiles
and filling fiber grooves with optical glue we would be able
to increase the overall light output by factor 2.
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High resolution Projectile Spectator Detector

F. Gubet, A. Ivashkin, A. Kurepin', A. Maevskaya, V. Katchano¥
LINR-Moscow,2IHEP-Protvino

The Projectile Spectator Detector (PSD) is meant to In August, 2006 first beam test of PSD module prototype
measure the number of non-interacting nucleons fromaas performed in hadron beam at SPS, CERN. During the
projectile nucleus in nucleus-nucleus collisions. This debeam test the calibration of each readout channel was done
tector will be used at the CBM for the measurement oWvith the muon beam. After the calibration, the energy de-
the collision centrality and for the study of event-by-elvenposition from the pions in each section was measured that
fluctuations to exclude the fluctuations of the number ofeflects the longitudinal profile of the hadron shower. Fig. 1
participants. The PSD must have excellent energy respresents the energy spectra in different sections of the PSD
lution and transverse uniformity of this resolution. Thesenodule. As seen, the shapes of the energy distributions are
requirements determined the choice of PSD as a full conm good agreement with the MC predictions.
pensating modular lead-scintillator calorimeter. Aceord Fig. 2 shows the total deposited energy in the PSD mod-
ing to the experimental situation [1], [2], the expected endle for a few beam energies. Here, the energy depositions
ergy resolution can reack0%/+/E(GeV) with the con- in all sections were summed up with the appropriate nor-
stant term around zero. Calorimeter includes 12x9 arrapalization coefficients obtained from the calibration with
of the individual modules. The single module with frontmuon beam. During the test the beam profile at the face of
size 10x10 crh consists of 60 lead/scintillator layers with module had a definite spread that can be responsible for the
the sampling ratio providing the compensating conditioslightly wider experimental distributions. The beam test
[3]. The readout scheme of PSD module ensures the loreveals the reliable performance of the readout. To check
gitudinal segmentation, good efficiency and uniformity othe experimental energy resulution as the most crutical pa-
light collection. The light from WLS-fibers embedded inrameter of the calorimeter, the array of 9 modules is under
the round grooves in scintillator plates is readout by mieonstruction now to be tested at hadron beam next year.
cropixel avalanche photodiodes, MAPDs coupled to th~
end of WLS-fiber. MAPDs [4] are avalanche photodiode:
working in limited Geiger mode with the internal gain up
to 10 and have no nuclear counting effect due to the pixe
structure. The light from each 6 scintillator tiles is cotied
to one MAPD with active area 3x3 nthand pixel density :
10*/mm?. Such scheme provides independent signal rea s :
out from 10 longitudinal sections of a single module.
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Towards high count rate, data driven Silicon strip readout electronicsfor CBM
and other FAIR experiments’

C. J. Schmidt?, K. Sohvag-3, G. Modzetf, H. K. Soltvei, and S. [bchnet
1GSI, barmstadt, Germany’Phys. Inst., Heidelberg, German$tnst. of Phys. and Techn., Bergen, Norway;

Introduction one for pulse height analysis. A discriminator on the fast

CBM proiects a | lti station Sili tracki channel will reset a peak detector on the slow channel in
Projects a farge area muili station stiicon trac InEﬁme that the signal height may be detected. Simultane-

S‘aﬂof‘ (STS). as one of its core detector systems. It wi usly it will trigger latching a time stamp with 1ns res-
experience hit rates in the order of the ones targeted f8iution that is used to tag the data. This asynchronous

LHC S.'“C(.)n tracking systems. System- as well as phys'(.:sdperation of the front-end together with the discriminator
latencies impede the employment of complex tracking t”gt'riggered data capture is termed in short as purely data

gers like the one for open charm in a typical L1 trigger. NOdriven front-end. For every channel, both, analogue pulse

trigger information will be available in time to tag eventsheight and the digital time stamp, are then stored in FIFOs
of interest. Further, multi-event confluence in time must bﬁ/here they will remain until readout Data is read out of,

considered typical rather than exceptional. This harshk eV ose FIFOs through a token ring structure, which will un-
ronment not only poses tough demands on front-end det rejudicedly read out whichever channel has data and skip

tor and readout technology in terms of radiation hardne bn-hit channels. The chip is designed to be able to pump

but also sets the stage to a novel, purely data driven read UL 4ata elements even at an average input rate 82

arch'tetcsg_?Nﬁlf;reml){_ un&er de\I/eIoptment 'nttth? EU-FF here momentary rates may statistically be fluctuating to
projec argeting thermalneutron scatlenng appi-e, o, higher values. Each data element consists of a time

&¥amp at 1ns resolution and an analogue pulse height to be
and self sparsifying front-end readout architecture gast | b guep 9

Silicon as a microchip is the current choice to cope with thdlgltlzed off chip.

projected challenges. CBM and GSI closely cooperate wi he n-XYTER realization shows noise figures of between
" . . 1 EN hef h (1 king time;
DETNI and engaged in evaluating the first DETNI proto- 0:and 1000 ENC on the fast channel (18 ns peaking time

type microchip n-XYTER at the GSI detector lab. Thes depending upon polarity) at 30pF input capacitance, which

fs perfectly suited for MIP detection at standard Sili
studies on the 128 channel chip will then allow the dex.For oo Y. SUed Tor etection at standarc Sflicon

velopment of an adapted, radiation hard, dedicated CB hickness. The higher resolution slow channel with a peak-
XYTER chip for the CBM Silicon Tracker System. TheI g time of 14@is shows noise figures of about 600 ENC

good adaptation to Silicon strip detectors together with thalt 30pF input capacitance. The comparatively high capac-

T . itance targeted is at the expense of power. For the neutron
non-specialized readout has generated great interest th% 9 P P

. . o2 . plication a non-issue, power is an important specifinatio
sever'aI. major .FAlR pro'jects that seein this architecture for a CBM version of the chip. A design to handle large ca-
promising choice to satisfy their particular needs. pacitance specifications can either be used to handle longer

strip detectors, otherwise it could be invested in long con-
necting wires from silicon to front-end allowing to remove
necessary cooling infrastructure from within the detector

Towardsthe CBM-XYTER

The n-XYTER is currently under careful investigation at
the GSI detector lab. No flaws could be revealed so far.
With the slow control operative, the architecture can now

Figure 1: The n-XYTER chip be explored in depth. After the current tests on isolated
functionality, the chip will then be operated with an intel-
ligent, more complex FPGA-based readout board. It will

Data Driven Chip Architecture then finally be used to set up a Silicon strip detector test
system. The analogue and digital tests as well as the de-
The n-XYTER is a 128 channel front-end mixed-signatector system tests will be employed to formulate modifi-

ASIC design. Each channel consists of a preamplifier anghtions that address the specific needs of CBM.
two parallel pulse shapers, a fast one for timing and a slow

*Work supported by EU-FP6 HADRONPHYSICS (see Annex) and References
EU-FP6 NMI3 DETNI

IDETNI is a JRA of NMI-3 focussed upon neutron det. development[1] NIM A, 568 (2006), 301-308
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Development of a test system for n-XYTER ASICs

A. Czermak, P. Kusmiersk¥
Hnstitute of Nuclear Physics (IFJ), PAN, Krakow, PolaRdagiellonian University, Krakow, Poland

We report on the progress at IFJ PAN with a readout sys- S
tem for comprehensive tests of the n-XYTER ASIC. The -
chip, developed by the DETNI Consortium and discussed
in [1], will be used for prototype detector developments in P
the CBM experiment.
The SUCIMA DAQ board test system =

The test system, which is based on the existing SUCIMA
Imager Module [2], has been adapted to operate the chig, o 5. Trigger efficiencies (in arbitrary units) of all

and allows to perform a variety of laboratory measuremen]\ﬁGCROC channels for different test pulses, as a function

with the ASIC, eventually being connected to silicon de-of the adjusted threshold (in Volt).

tectors. A dedicated n-XYTER interface board has been

designed that matches geometrically and electrically the - : s
SUCIMA data acquisition module. The SUCIMA board 7N eyl
is shown in Fig. 1 mounted on top of an ASIC interface T e see
board carrying the 32-channel version of the 128-channel =" \
n-XYTER chip, called MSGCROC. g \

0000 N

0025

150n 2000 250n  A00n  350n 4000 450n 5000

Time [s]

Figure 3: Pulse waveforms at the output of the slow shaper.

analogue parameters, i.e. gain, noise and also match-
ing of these parameters are in agreement with the de-
sign specifications. The critical digital circuits respituhes

for data de-randomization and zero-suppressing token ring
based readout have been tested at a lower clock frequency
(64 MHz) than the nominal one (256 MHz). However,

) there are no indications that the ASIC should not perform
Figure 1. SUCIMA DAQ module on MSGCROC board. ¢orrectly at higher clock frequencies.

) . Preparationsfor n-XYTER chip tests
First results from the M SGCROC chip
In the near future, we will extend the test system to

We have developed the VHDL programs for the basigperate the 128-channel n-XYTER ASIC: Several inter-
FPGA logic on the DAQ board as well as the softwargace poards have already been produced together with GSI.
DETNI, the software has already been used for initial testsomponents and will perform some initial tests. The boards
of the MSGCROC chip, including data storage, perforyjj then be sent to GSI for mounting the n-XYTER chips.
mance analysis and documentation of the test results. Alith the interface boards completed, both the n-XYTER
measurements have been performed at nominal 3.3 V SWsigners and the SUCIMA DAQ team will work together
ply and nominal bias currents controlled by internal digita on complete tests of the system and of the ASICs. Finally,
to-analog converters. The internal bias reference cusrentyo or three SUCIMA DAQ board based test systems will
discrimination threshold voltage and various test modes e available to interested CBM collaboration institutes, t

the ASIC are set via the SUCIMA board and tRE€lin-  explore the n-XYTER chip and its possible applications.
terface. Test results for trigger efficiency versus thrégdsho

for different input charges are presented in Fig. 2, andgpuls
waveforms recorded at the output of the slow shaper (with
gain setto 1) in Fig. 3. [1] Chr.J. Schmidt et al., this report

The tests performed on the MSGCROC demonstrate cor2] A. Czermak et al., Proc. 8th ICATPP, Villa Olmo, Como,
rect functionality of all building blocks of the ASIC. The Italy, 6-10 October 2003.
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Front End Electronic Building Blocks for CBM

T. Armbrustet, M. Brudet, P. Fischer?, F. Gieseh, V. Lindenstrutti?, D. Muthers, 1. Peri?,
D. Pietror?, R. Tielert3, and S. TontisiriA
LUniversity of Mannheim, Germany?University of Heidelberg, GermanyUniversity of Kaiserlautern, Germany

Abstract LC-VCO with a small loop bandwidth. The two test chips

. . ._operate at up to 2 Gb/s without the need for an external

The CBM detectors require novel electronics for sig- lock and hio | hile dissi

nal conditioning and data readout. A prototyping prograrrqe@rence clock an Oﬁ'(.: b loop componer?.t whie isst-
) ating160 mW. They deliver an output clock jitter of only

has therefore been started to generate useful chip buildi . : -
blocks in the UMC0.18 um target technology. Examples ?fi osu(tlé)rgf)(;lo\évllt;;tt?a? iQpGUIt)Sl(SJH?Sta jitter o450 ps (pp),

of submitted structures are a fast ADC, clock/data recov-

ery circuits, a content gddres_sable memory, charge SenSi'Charge Amplifier Prototypes (Armbruster, Pietron,
tive preamplifiers for micro strip detectors, a DAC and ra1 indenstruth, Peric, Fischer) Low noise charge ampli-

diation hard circuits. fiers are a central element for readout of silicon strip detec-

tors and also for a possible backside readout of DEPFET

Introduction sensors. Two designs have been worked out: The DEPFET

. . backside readout (Pietron) evaluates different transistor

CBM cannot use most of the Front End Electronics C'rl'ayouts and their impact on noise and includes a synthe-
ticle physics experiments for two main reasons: The eveaglrZed digital block for time stamping. The CBM-XYTER

. A st chip (Armbruster) focusses on the comparison of simu-

at FAIR do not occur at well defined time intervals, an ated vs. measured noise for various bandwidths and device

there will be no fast trigger to discard a large fraction of th%i es so that an optimal design (noise / power / speed) will
data. All channels must therefore operate in a self-trigger possible when detector parameters become known
mode. Time stamps must be added to all events. The data '

volume is very high due to a lack of the trigger. Various cqntent Addressable Memory Prototype (Giesen,

building blocks which will very likely be part of future de- pischer) A content addressable memory is required for
signs have been designed and submitted in the chosen basgzient address translation in the planned network com-
line technology, the UM®.18 yum CMOS process. munication system. The design has 512 entrieg gf18
bit. It uses a pipelined, low power architecture. The bi-
Design Overview nary and ternary CAM cells have been measured to operate

. . . . correctly at up t300 MHz while consumingt0 — 80 mA
The most interesting designs are very briefly descnbe@epending on the hit/miss pattern).

here. For more information, please contact the authors.

Radiation Hard Standard Cells (Bruder, Fischer)
Pipeline-ADC (Muthers, Tielert) The new iteration The modifications to the device extraction tool 'ASSURA
of the pipeline ADC family from Kaiserslautern features gequired to correctly recognize enclosed NMOS gates, as
high degree of flexibility in resolution, sampling rate ancthey are required for radiation hard design, have been im-
power dissipation. The chip has a serialized LVDS outplemented. Several normal and enclosed transistor test
put and improved jitter performance. It is configurablestryctures has been used for technology evaluation and for
betweenl10 — 12 bits and offers a sampling rate of up togc-modelling. A library containing the 14 most impor-
100 MS/s. The measured power consumptiopdismW at  tant digital cells has been layed out and the views required
12 bit when running at 50 MS/s. for automatic synthesis have been generated. Some simple
digital designs haven been synthesized and routed automat-
Clock-Data Recovery (Tontisirin, Tielert) A clock jcally using this library. All designs are functional. This

and data recovery (CDR) circuit is required to provide glemonstrates that all tools for radiation hard chip design
low jitter clock from the serial control data stream for thegre now established.

ADC and for time stamping. A 2-loop topology consisting

of a clock data recovery and a clock jitter filter is used. The 12 Bit Current Mode DAC, 10 Pads (Fischer) Some

main CDR loop has an 1/4-rate phase frequency detectbasic building blocks, like a 12 bit current mode DAC

with wide frequency capture range and an intrinsic 1-to-4LSB=62nA, layout size160 x 200 ym?) and simple 10

data de-multiplexing. The clock jitter filter uses a low jitterpads have been provided to the collaboration. The designs
+ peter fischer @G umimannheim.de use separat_e sqpplies for a_nalog and digital parts_ and triple
Tti@kib_uni-heidélberg.de ’ Wel_ls for s_hleld_mg. All de5|gns_ _have been submitted and
t tielert@rhrk.uni-kl.de their functionality has been verified successfully.
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Development of building blocks for data driven architecture
for the CBM microstrip detectors

Eduard Atkin, Yuri Bocharov, Igor llyushchenko,
Alexander Klyuev, Alexey Silaev, Andrey Simakov, Alexander Smirnov
Department of Electronics, MEPhI

Alexander Voronin, Victor Ejov, Andrey Fedenko
SINP MSU

Derandomiser architecture building blocks
The analog derandomising architecture is
expected to be a key one for CBM STS. For it therefore
in 2006 there were designed and manufactured in the
April 2006 run the several prototype blocks. Analog
derandomizer block (4->2), the main idea of which
was to develop a 4 channel fast analog FEE capable to
process nanosecond signals deadtime-free by a fast
cross-point switch and two output peak detectors.

ADC building blocks have been designed to
study a set associative multiplex architecture. The
technique is based upon a spatial locality of adjacent
ionized strips. Among those there were: Op amp (fully
differential folded cascode OTA with switch capacitor
feedback) with: gain — 75 dB, unity GB - 145 MHz,
SR - 160 V/ps, settling time — 1 ns, supply — 0,5 mA ;
Sample-hold circuit, based on the OTA; Multiphase
generator; Test radiation tolerant MOS structures.

A multipurpose test station for chips has been
developed and used for lab tests.

Fig.1 The derandomiser chip layout and the Test board
with derandomiser chip

Fig.2 Response of the comparators and cross-point
switch
The integrated charge sensitive amplifier
In the frames of the R&D work there has been
developed and tested an integrated circuit of CSA as a
critical block of front-end electronics, responsible for
accurate matching of strip sensors of different pitch

geometry (range of capacitances is up to 100pF) with
read-out chain.

The charge-sensitive preamplifier schematics
is based on a classical folded cascode architecture with
an additional nonlinear feedback network. This
solution allows to combine the well-known advantages
of the charge preamplifier configuration in terms of
gain stability with the possibility of detector leakage
current compensation.

Specifications:
—  Dynamic range of a few MIPs;
— Small signal — 7000 electrons per MIP;
—  Detector (sensor) capacitance in the range 30-
100 pF;
— Max capacitive load — 100 fF (on-chip load);
— Min load resistor — 10 kOhm;
—  Low power consumption of about 1
mW/channel,
— Rise time (CSA output) — 10-200 ns;
—  Signal-to-noise ratio better than 10 for 1 MIP;
—  Number of channels - 8;
—  Detector coupling:
a) AC — capacitor is on the detector or
b) DC — CSA built-in leakage current
compensation

It should be possible to read-out Si-strip

signals in both AC- and DC- coupling modes

without saturation. CSA should withstand a

maximum sensor leakage (dark) current as

high as 1 pA;

—  Supply voltages — not more than +3.3V
(+1.8V typ.);

— Minimal package height or caseless;

—  Minimal number of external components.

P

Fig.3 The CSA chip layout and the Test board with
CSA chip

[ —mEE
Fig.4 Response of the CSA
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An ASIC based fast Preamplifier-Discriminator (PADI) for MR PCs*

M.Cioband?, A.Schittauf, E.Cordief, N.HerrmanA, K.D.Hildenbrand, Y.J.Kim!, M.Ki&%,
P.Koczon, Y.Leifels!, X.LopeZ, M.Marquardt, J.Weinert, and X.Zhang

1GSI, Darmstadt, GermanyUniversitat Heidelberg, Germany

The use of conventional integrated circuits to proced8CB for the PADI-chip which is directly connected to our
primary RPC signals has reached its limit with design§OPI-digitizer TACQUILAS3 [2].
like FOPI's 16 channel FEES5 [3]. To further reduce the
price and power consumption per channel the natural way
is a custom ASIC design. For this purpose the NINO
architecture [1] used in the ALICE-ToF with its full
differential structure offers a very attractive startingjri
for a new Preamplifier-Discriminator design. R ey
o, =1164p5
s;w=8.23ps

2000 -

1000 |-

Numbers

500

ADC-Channal

Figure 2: First timing measurement of the PADI-chip to-
gether with the TACQUILA-card. A time-resolution <
10 ps has been reached for a single channel.

The combined setup (PADI-TACQUILAS3) has a timing
Figure 1: Asic Layout of the PADI Ch|p with 3 channels performance Ot)’t <10 ps for pu|ser Signa|s above 20 mV
(see Fig 2.). In the following measurements we will map

Taking into account the existing ideas of time meaeut the overall time resolution as a function of the ampli-
surements with fast gas detectors with up to 10000@ide. We will also compare time-over-threshold (ToT) to
channels within the CBM-detector at the FAIR-facilitythe direct charge measurement, to learn whether the ToT
of GSI, we started to investigate, within the Europeameasurementis applicable for the walk correction.
project JRA-12, the development a new 4 channel PADI-
ASIC in CMOS 0.18um technology. This chip has References
the following key parameters: fully differential, 50
input impedance, LVDS compatible output, preamplifief] Ewg:mggr Mpléagc\)/r\;illIia'r?{gé'\r/llgieg:ﬁ;?iv’ E.Usenko,
gain G > 200, preamplifier bandwidtlBW > 400 : P :
MHz, peaking timetp < 1ns, noise related to input 2‘;& Ilrg'_fgg Methods A, Vol. 533, Issues 1-2, 1 November
on < 25uVRMS, comparator gairG > 200, a DC '
feedback loop for offset and threshold stabilization and &l K-Koch, H.Hardel, R.Schulze, E.Badura and J.Hoffmann
threshold range related to the input®i/z;,, ~0.5-20 mV. |EEE Transactions on Nuclear Science, Vol. 52, No. 3, June

2005, 745-747

Based on these characteristics we designed a first versigh M.Ciobanu “*, A.Schittauf, E.Cordief, N.Herrmanf,
of the PADI-Chip (Fig. 1), with 3 channels in its first pro- ~ K-.D.Hildenbrand,Y.J.Kim*, Y.Leifels®, M.Kis®,
totype. With the first delivered samples we have performed ?‘@%‘?ﬁgg'x Z)é;‘r?g?ezl » MMarquardt, M.Petrovicf,
tests to check the basic functionality (connections, gadia Sl:jb to IEE’E ‘Trarm ctions on Nuclear Science 2007
infoutputs of time and charge, thresholds). From these el- )
ementary tests we conclude that all channels are fully op-
erational. Due to this very positive result we designed a

*work supported by JRA12 of EU/FP6 Hadronphysics (see annex)
INTAS Ref.Nr. 03-54-3891 and German BMBF contract 06 HD190I
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PCI Express DMA Engine Design*

W. Gao', A. Kugel*, R. Manner* and G. Marcus®
1 . .
Mannheim University, Germany

Abstract

DMA function is essential for the Active Buffer data
transmission in CBM project. A DMA engine is devel-
oped on the PCI Express transaction layer and FPGA
verification has been successfully done.

DMA Structure

The Active Buffer in the CBM experiment requires ef-
ficient data transmission between the host computer and
the network. PCI Express is a good candidate for such
applications [1]. For FPGA implementations, Xilinx Co.
provides a logic core for the data link layer as well as the
physical layer. [2] Accordingly a transaction layer DMA
engine, 4 lanes, has been developed and well verified.

Virtual channel is the central idea to build such a DMA
engine. In our design we use three channels (Figure 1),
MRd, upstream DMA and downstream DMA. Although
PCI Express has 15 types of TLPs, our design processes
only 4 of them, MRd, MW, CpID and Cpl. This sub-set
of TLPs is the minimum requirement to do DMA as well
as programmed I/O (P10) transactions.

RX|:,'>|

Rx Resolution |

———=>{cpiD J[ Mmwr J[ MRd |}

1
1
Tag Memory
RAM (| IBRAM+Registers+FIFOs
K down — up
DMA

| Ch_MRd

Tx
MRd_dsp
IS MRd_dsd
i MWr_usp |
g MRd _usd}
<
'_

(cpiD ]

Figure 1: Block diagram of the top module.

There are 3 types of memories in this design, RAM

* Work supported by EU, FP6 HADRONPHYSICS.
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(16kB), two FIFOs (each 32 DW in depth) and necessary
registers. The two DMA channels can run parallel, which
comes also out of the point-to-point advantage of PCI
Express. Data in RAM and FIFOs can be accessed by
DMA engine.

Concerning the property of PCI Express, reading opera-
tions are done in non-posted requests, identified by num-
bered tags (8 bits). So another block RAM is used for
storage of tags information.

Incoming TLPs are directed into corresponding chan-
nels at the Rx port. At the Tx port, the output requests of
different channels are arbitrated upon LRSF (least-
recently-served-first) policy to obtain fairness and to
avoid starvation.

DMA operation is managed in form of descriptors,
which are a set of registers accessible to the upper-level
applications. A DMA transfer is initiated by loading cor-
rect values into the necessary registers (source address,
destination address, length, next descriptor address), and
then, by writing a start command to the control register.
Also, Busy/Done state is readable from registers in the
DMA process.

Functional Verification

Fundamental system test with software has been done
and expected functions are proved correct. Before the
performance tests, strict simulation on the transaction
layer has been done to find hidden bugs.

To do DMA simulation, a set of parameters are ran-
domly chosen for every DMA transaction, including the
address pair (host address and endpoint address), the byte
count and the address for the next descriptor resident in
the simulated host memory. Then, a downstream DMA is
started; meanwhile the requested CplD TLPs are fed into
the Rx port. After downstream DMA simulation is done,
an upstream DMA of the mirrored set of parameters
(source address and destination address exchanged) is
started; meanwhile the outgoing MWr TLPs are checked
at the Tx port and any error will be reported.

To do PIO simulation, an MWr TLP of random length
is sent into the Rx port to a random address of the end-
point memory space, and then, an MRd TLP requesting
the same combination of data (endpoint address and
length) is sent. Afterwards, checking is done at the Tx
port for CpID/Cpl TLP. If the outgoing data do not agree
with the incoming ones, error is asserted.

These simulations continue running with the flow con-
trol signals also randomly given.

References

[1] PCI Express Base Specification. Rev. 1.0a
[2] Xilinx Co. LogiCORE™ PCIl Express v3.3 User
Guide. UG185. September 21, 2006
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Developmentsfor a future DAQ framework DABC

J. Adamczewskj H.G. Essél, N. KurZ', and S. LineV
1GSI, Darmstadt, Germany

Requirements and concept readout boards, XDAQ provides tdardware Access Li-

e . _brary package §]. This defines base classes for user-space
The Data Acquisition BackboneCore DABC will pro ommunication with boards on a bus (e.g. PCI or VME).

vide a general software framework for DAQ tasks ove . . o
the next years. It serves as test bed for FAIR detect es'sr:sl?(;?eamesngéLilgf‘Sgréeé?.ning;/ ItT’]eeldl\e/lr;_t:]frlﬁ':e'm
tests, readout components tests, data flow investigatio 9 : IV :

. T - GA group.
(switched event building) and DAQ controls. Specifically, The new HAL classes were tested with the available

th.e system mqst be ab!e to haqdle the large data bang_SI PCIGTB2 board. It was possible to access the
width of experiments with self-triggered front-end elec-

tronics like CBM [1]. Additionally, it is necessary to in- bogrd fr(cjam ?n.}(DAQApﬁgzglGoq_Bsze.ttmg ulp registers
tegrate the current GSI standard data acquisition syste rllh reah '?}g writing hon td hat th 'ntem? merlnoryf.
MBS [2]. The huge installed MBS equipment cannot be re- thoug t e tests showed that the ger?era HAL mtgr ace
placed. Instead, MBS driven front-end components (read- not sgffmlenht fo? a.l" casi:as, (e'%l DMA’ e>|<act o tm_nn_g),
out) should be attachable as data sources to the new frar'?eet-urne outthat it Is well possible to Implement missing

work. The DABC replaces the MBS event building func- atures as methods of the spectiardwareDevicelass.

tionality. Control System
++
The XDAQ C++ software framework3] developed for DAQ offers a http server on each node to exchange

the CMS experiment at CERN was chosen as base for tcgntrol messages and monitoring data via SOAP protocol
first implementation of DABC. It features: We develo edga simple rototg e of a control IOGUI as.
Task management: One node may contain seveddDAQ P pie p yp

Crecuvesprocesses): executvanay conaroAQ A SPIERLON. Honere eve bt o nenloc
Applicationsas threads. Each application may create addi- €d P eat . S
An improved approach for monitoring consists in a

tional threadsworkloops. . “publisher-subscriber’-model, where each GUI registers t
Data transfer management: Peer TransporandMessen- . . . .

. be updated automatically if a variable changes in the mon-
gerinterfaces. itored application. DIM §] is a well established protocol
Hardwareintegration: Hardware Access Library lib fpp h ' We developed adapt P I i
Control support: state machines; process variabigos- lorary for such a usage. Ve developed adapter classes to
paces message and error loggers; web server for éach runa DIM server in the XDAstecutl\_/eXDAQ |r_1f_ospace
ecutive variables are e_xported as DIM services. Aqldltlonally, the

XDAQ application state machine can be switched by DIM
. . commands. The DIM server provides control access from
Evaluation and testing any other DIM interfaced packages, like the Labview-DIM
The developments so far concentrated on performanéeerface of the GSI CS-frameworlg][for a test control
and functionality evaluations. GUI, or the EPICS DIM gateway currently under develop-
ment at GSI (http://wiki.gsi.de/Epics).
Datatransport
Data transport on a fast switched network has been inves- References
tigated on a small InfiniBand (IB) linux cluster installed . .,
at GSI in 2005. An XDAQPeer Transporover IB was [1] “CBM technical status report”, GSI, January 2005, pp.235
implemented based on the uDAPL library to check thé2] H.G. Essel and N. Kurz, “Multi Branch System homepage”,
performance of IB data transfer with the XDAQ 120  hitp://daq.gsi.de
messaging mechanism. For package sizes 15 kByte [3] J. Gutleber and L. Orsini, “XDAQ framework”,
the bandwidthB saturated at- 905 MByte/s to be com- http://xdaqwiki.cern.ch/index.php/MaiRage
pared with955 MByte/s for measurements with direct (4] c. Gaspar, “Distribution Information Management system
uDAPL. However, the rise of thé3(P) curve for small DIM”, http://dim.web.cern.ch/dim/
packages was less steep for the XDAQ transport, sin(fbe] D. Beck and H.Brand, “The CS framework”,

this is ruled by the minimum transfer time,.,, (“latency” https:/sourceforge.net/projects/cs-framework/

overhead of the framework), frorb%)p_,o = L

Depending on the benchmark set up, XDAQ showed values

Tmin =~ 10...30 us, well exceeding the plain uDAPL

latency of7,,;, >~ 4 us.

Har dware access lthanks to G. Marcus, H. Singpiel, and A. Kugel, TechniscHerin
As general software interface to attach DAQ hardware likenatik V, Universat Mannheim
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Infiniband cluster for Future DAQ
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1GSI, Darmstadt, Germany

Network requirements Benchmarking

The data acquisition for future experiments at FAIR A special test appli_cation was_written to evalu_ate Infini-
requires a fast and relatively large network for evenpand performance with all mentioned APIs. This test ap-

data transport from front-end electronics to the compufglication Is capable to generate different kinds of traffic
ing nodes where further event analysis can be performe@?ttems over InfiniBand. A time synch_ronlzatlon between
The CBM experiment, for example, produces about 1 TB/godes was implemented to perfor.m time schedgle_d data
of raw data rate, which should be switched in such eve't'rtansfers. Mostly the all-to-all traffic pattern was invest
building network (B-Net). This requires to build a Sys_gated, where each node transfers data to all other nodes
tem with ~1000 nodes, each connected to a network Witﬁccprding the round-robin schedule. The erende_ncy of
1 GBJs link performance. achieved data rates per node from packet size for different

. . APIs is presented in table
Currently we are evaluating InfiniBand (IB) as probable P

candidate for B-Netin our first prototype of a Data Acquisif g ffer 1K 2K 16K | 64K | 256K
tion Backbone DABC (see in this report). A small test clusr,o s 364 | 809 | 940 | 953 | 957
ter of 4 nodes was installed at GSI in November 2005. Ea"i!UDAPL 494 | 723 | 837 | 875 | 882
node of that cluster is equipped with a Mellanox MHES18- MPI 357 1616 | 750 | 885 | 897

XT InfiniBand Host Channel Adapter (HCA). The nominal

All APIs provide good performance and reach 90p.8/
InfiniBand software for big packet sizes. Whileerbs has less API overhead, it
reaches such data rate already at 8K buffer size.

All software required to configure and operate Infini- Separately IB multicast was testederbs achieves 625
Band networks is collected in the OpenFabric EnterprisB/us data rate with less than 0,01% packets Ib?] only
Distribution OFED (former OpenlIB), developed by the350 Bjus, but this includes handshaking and retry when
OpenFabrics Alliancel]. There are also software pack- packets are lost.
ages from hardware vendors (for instance IBGold from Using a B-Net scheduled traffic pattern one achieves
Mellanox), but mostly they contain the same componentsvent building all-to-all traffic of 750 Bés plus simul-
as the OFED package. Several user-level APIs were invegmeous transport multicast traffic from scheduler of 50

tigated and tested. B/us/node, and status traffic of 20/B/node.
The low levelverbs API, included in the OFED pack-
age aslibibverbs library, provides direct access to In- Future tests and developments

finiBand HCA functionality from user space (so-called i . )
kernel bypass). It's most important functionality: non- Our first tests show, that InfiniBand provides data rates

blocking zero-copy data transfer, remote direct memory a@S réquired for an event building network in future FAIR

cess (RDMA) and unreliable hardware multicast. Unfortu_(_axperiments. All investigated APIs potentially can be used

nately, theverbs API is not well documented. in further developments of DAQ systems.

. Because all our tests were performed on a small 4-nodes
The user-levetlirect access API (UuDAPL) developed P

. S cluster, we cannot prove the scalability of our B-Net ap-
py th? DAT coIIaborgtNe 4 was |n.sp.|req. by ”.3 func- proach for systems with more than 100 nodes. There-
tionality. Therefore it has many similarities witherbs

APl Si DAPL " icati fore further tests are planned in cooperation with the
» >ihce ub’ Uses a peer-to-peer communica 'O.r\:orschungszentrum Karlsruhe, where several 32-nodes In-
paradigm, multicast is not supported. There are several IMiBand clusters are available

plementations of this APIs from different vendors, which
are mostly compatible with each other.

Message passing interface (MPljs widely used in the
field of parallel computing. It defines an API for fast ex-[1] OpenFabrics Alliance websitéftp://www.openfabrics.org
change of data between computing nodes. The MPI ovgf] DAT Collaborative websitehttp:/www.datcollaborative.org
InfiniBand Project - MVAPICH B] provides hon-t_;locklng 3] MPI over InfiniBand Project website,
zero-copy data transfer, and in latest versions it even sup- http://nowlab.cse.ohio-state.edu/projects/mpi-iba/
ports hardware IB multicast.

References
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Workshops and Meetings 2006

e Muon Detection in the CBM Experiment, GSI, October 16-17, 2006

e 8™ Collaboration Meeting, Strasbourg, September 20-22, 2006

e Symposium on the Physics of High Baryon Density, Strasbourg, September 19, 2006
The Physics of High Baryon Density, held at ECT* Trento, 29 May - 2 June, 2006

e CBM Tracking Workshop, GSI, May 15 - 19, 2006

CBM RICH Workshop, GSI, March 6-7, 2006

7th Collaboration Meeting, GSI, February 28 - March 3, 2006

CBM related publications 2006

o P. Senger, Compressed Baryonic Matter - Experiments at GSI and at FAIR, Proceedings of Helmholtz
Summerschool on "Dense Matter In Heavy Ion Collisions and Astrophysics, August 2006, Dubna.

e D Senger, The Compressed Baryonic Matter Experiment at FAIR, Proceedings of "Workshop Critical Point
and the Onset of Deconfinement", Florence, July 3-6 2006.

o P. Senger, Strange particles and neutron stars - Experiments at GSI, Proceedings of "International Sympo-
sium on Heavy-lon Physics", April 2-6, 2006, Frankfurt.

e J. Heuser et al., Development of a Silicon Tracking and Vertex detection System for the CBM Experiment
at FAIR, Proceedings of the 15th International Workshop on Vertex Detectors (Vertex06), 25-29 September
2006, Perugia, Italy, to be published in Nucl. Instr. and Meth. A.

e C. Hohne, F. Rami, and P. Staszel, The Compressed Baryonic Matter experiment at FAIR, Nucl. Phys.
News 16, 19 (2006).

e H. Essel, FutureDAQ for FAIR: On-line Event Selection, Proceedings of Computing in High Energy and
Nuclear Physics, 13-17 February 2006, T.L.ER. Mumbai, India, to be published.

e V. Friese, Strangeness and Charm in the CBM Experiment, Proceedings of Strangeness in Quark Matter
2006, Los Angeles, March 31, 2006, to be published in J. Phys. G.

e A Kugler et al, "HADES@SIS100", Proceedings of XLIV International winter meeting on Nuclear Physics,
Bormio 2006, Vol.125,p.282

o H.K. Soltveit, Preamplifier-shaper prototype for the Fast Transition Radiation Detector of the Compressed
Baryonic Matter (CBM) experiment at FAIR, Proceedings of the 12th Workshop on Electronics for LHC
and future Experiments, 25-29 September, 2006, Valencia, Spain

o R. Kotte et al., Testing timing RPC detectors at the Rossendorf electron linac ELBE, NIM A564 (2006) 155
I. Kisel, Event reconstruction in the CBM experiment, NIM A566 (2006) 85

A. Andronic, The TRD of the CBM experiment, NIM A563 (2006) 349

V. Friese, The CBM experiment at GSI / FAIR, Nucl. Phys. A 774 (2006) 377

J. Heuser et al., Requirements for the Silicon Tracking System of CBM, NIM A 568 (2006) 258

H. Essel, FutureDAQ for CBM: On-line Event Selection, IEEE Trans. Nucl. Sci., vol. 53, no. 3, pp. 677-681
S. Gorbunov and I. Kisel, Elastic net for standalone RICH ring Finding, NIM A559 (2006) 139

CBM Notes 2006

e S. Gorbunov, I. Kisel, Secondary Vertex Fit Based on the Kalman Filter, SOFT-note-2006-002
o L. Lopes et al., Ceramic high-rate timing RPCs, TOF-note-2006-001
o T. Galatyuk, J. Stroth, Strategies for Electron Pair Reconstruction in CBM PHYS-note-2006-001

o E Guber et al., Very Forward Hadron Calorimeter for the CBM Experiment - Projectile Spectator Detector
(PSD), PSD-note-2006-001

e S. Gorbunov, I. Kisel, Primary Vertex Fit Based on the Kalman Filter, SOFT-note-2006-001
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