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\)‘bei minimum bias Au+Au collisions at 25 GeV
\;(\G (from HSD and thermal model)
Mo
K X D
oy 5 107
\‘\6e ‘LQ\’L = 101 ¢
S 0_\“ S *"
2 101 — SPS: Pb+Pb 30A GeV
2 107 — STAR: Au+Au \s,,=7.7 GeV
]
= 10°
= 104 | |
=
= 10 motivating CBM's ‘ 1 & .L9% N
-6
:::: experimental / 'S B
- requirements in
:g-s: precision and rates
oLt LI LTI 1| @
100 mtr-p K+K- A p A E Q E+Q+p © D+ D- DYDY Jiy g
{dileptons) (hadronic decay) (dilegsins)
« Almost all of them decay into « Very fast and efficient e/mr

mt and/or et » separation required
« Fair delivers a very high event « Capable for high particle

rate (up to 10 MHz) densities
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 Electron ID setup
 Efficient electron/pion separation and tracking

« Muon detection setup
« TRD contributes to tracking between MUCH and TOF

« StartUp-Version of CBM at SIS100 includes a TRD station for track
matching to TOF

Muon detection system

MVD+STS

SIS300 Muon Setup SIS300 Eleaon Setup
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 Current design for SIS300:
» Covered detector area: 585 m?
* Nb. Read out channels: 750.000
« 10 Layers in 3 Stations

« First 2 Stations subdivided in
inner / outer part

Station 1

« Performance:

« Track density ~600 charged particles
in £25° at 10 MHz (required) ECAL

* pi-as-e — misidentification < 1%

Station 2
R |

for e* with p > 1.5 GeV/c (required) MVD+STS

« Typical position resolution in the TRD
of ~250 um sufficient for track
matching and reconstruction
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Next generation data read out, large scale prototypes, simulation of gas gain and
mechanical detector parameters
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LEF) TRD with or without drift region SRR

Anode wires Readout Pads

Symmetric Detector design without
a dedicated drift region: Pion

— |

« MWPC only with amplification
region = only one wire plane

« Fast signal generation

Electron
—
« Entrance window of detector =
made out of Kapton foil -
TR-Photon |

-> This design is followed by the
group in Frankfurt

Radiator

AY MWPC
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Detector design with drift region:

. « MWPC with dedicated drift and
o amplification region = Requires two
wire planes

* Intrinsic signal generation is factor 2
slower due to dedicated drift region

cathode
wires

drift
region

 Decouples detector granularity from
the remaining parts = gain flexibility

:]. in detector construction

b

primary || ||[ll{it+r
clusters [+

entrance
window",

|, » Detectors of this type have been built

[ / f 11 for the ALICE TRD
Radiator |7
/

R sl B - This design is followed by the
team in Munster
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« Based on results of previous test beam times and A-A (1:1) PR
simulations three prototypes have been built: ﬁ Y
i 1 ﬂﬁ

0.0

« Dimensions of active gas volume:
150 mm x 150 mm x [8; 10; 12] mm

° FFM 4+4 mm
 FFM 5+5 mm
* FFM 6+6 mm

| 5.0

50

N

e I 7

* Frame material: Aluminum "

« Entrance window: 20 pm Mylar foil (aluminized) ol | [

* Anode wires: 20 pum tungsten wire gold plated N
2.5 mm spacing / t

- Pad size: 5 mm * 50 mm SenEE
(not optimized to applied :
geometry)

15.0

16,0

06.09.2012 A. Arend - Goethe-Universitat Frankfurt - FAIRNESS 2012 10
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a) Fiber Radiator
— Sandwich Radiator out of Rohacell and
fiber mats:
» 25 pum aluminized Mylar foil
» 8 mm Rohacell
» 40 mm Polypropylene fibers
—  Built following ALICE TRD Radiator layout
—  Well understood and measured

— Provides mechanical stability

b) Foam Radiator
— Polyethylene Foam (commercial packing
material)
» Bubble size of ~0,7mm

» Thickness chosen to achieve ~350
transitions (= 25cm)

— Cheap and easy to handle
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c) Foil Radiator

— Regular radiator:

» 20 um Polypropylene foil

» 0.5 mm aluminum frame as
spacing between foils

» Radiators with 0.3/0.4/0.6/
0.7 mm spacing ready for
testing

»  Constructed in stacks of 50
foils each

» Up to 7 stacks (350 foils) used

— Best performance of all tested
radiators (>200 foils)

— Construction of large scale
radiators challenging (bending
of foil, very sensitive to
variations)
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« Readout during beamtime:

Spadic 0.3 (Self-

triggered Pulse Amplification
and Digitization aslC) with
SUSIBO connector board

 Developed in Heidelberg /
Mannheim

« 8 Channels with 45 Timebins,
1 Timebin = 40ns

« 8 Bit (255) current ADC with
25 MSamples/s

4

\;ss i J =

l‘ )

~

A
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e October 2011 at CERN PS

 Mixed electron / pion beam of
2—-10 GeV/c

« Together with RICH, RPC, and
TRD groups from Munster,
Dubna and Bucharest

TRD
RICH NIPNE IKP IKF JNR RPC
——1 Cherenkov 1 (H Cherenkov 2 —I-I— ~I—I—I—I—I—I—I—I—I—I—H—.—I~ Pb-glas ﬂ
Beam Hodoscope Scintillator 2

Scintillator 1
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LI2¥) Signal Extraction and Noise Cancellation EREM
Q 250_4-"' ""I""f""l""l""l'"'I""\"”: (8] 50_”" LR L LN IR UL L LR L
: < 12 . ]

* Readout via SPADIC rev 0.3 o N E

8 Channels = 8 pads read out o

100F i

- Noise cancellation _

. Use offspill events to subtract trigger SR S

correlated down shift of baseline

« Use correlation matrix to get rid of
correlated noise

O 250 TTrrrrrT T

o L ]

< C -

: : : : 200 — =

* Integral of hit region (time bins n 5
10 — 44) for all signal channels 150 :
defined as g, e E
*  Minimum intensity per channel = 100 - | .
* No events with hits in border pad S0 ]
B ]

0F m

0IIII5IIII10IIII15IIII20IIII25IIII30IIII35IIII40III;5
Timebin
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« Same Radiator used for different detector types

« Comparison of results only less significant due to different analysis
frameworks

 Different cut values on cluster determination

Results Frankfurt Results Miinster
(Prototype without drift) (Prototype with drift)
.ﬂ 1%- T -|---|---|---|---|---|-'§g15"'|"'|"'|"'|"'|"'|"'|'§
= ; MWPC with 4+4mm geometry 13 F o™ MS444/10 with fiber radiator -
° 10_1 L~ Ymﬂl‘ :?re radl:ftlor . | R 10-1E_ -
E including overflow signals 3 @ = 3
g Pion signal E T C 3
- ectron signal E.0-
l'ﬂ, 102 ; Elect gnal Eg '26102 _§
© X ] .
1 -3 10-3
E L E E
O [ . .
2 10t F g o
s ijii
10° " 10°
10'6 I L L I L L L I L L L I L L L L 11l I L L H'ii 10-6 [ [ [ I Il [ [ I [ 3 3 I » » [l I [l
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000
q (a.u.) Deposited charge [a.u.]
tot
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7)) F 1 r 1 r 1 m
H B . " . ]
g FEM 4+4mm with + Likelihood pion -
8 1 fiber radiator » Likelihood electron | —
e ; ]
O X _
N ale _
s 10°E :
£ - -
L i "
o - e
S [ E
107 = —
I - L I vt chemastiass sirenent]
0 0.2 04 0.6 0.8 1
L= PPeP with L _
CARE. 9 Layer of 4mm+4mm MWPC with
N N . . .
fiber radiator - pi-as-e —
1_[ (Qrocle) 1_[ P(q ot ) misidentification of ~4.3% at 90%
i=1 i=1 electron identification

06.09.2012 A. Arend - Goethe-Universitat Frankfurt - FAIRNESS 2012 20
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102

-
o

dent. [o/o]

u ~
N

Including Overflow-Signal
FFM006 (4mm+4mm MWPC) +

No Radiator
Fibre Radiator

Foam Radiator

1-aS-e - misli

150 Foils Stack Radiator

—
<
-
| IIIIIIII
4 » H @

P

200 Foils Stack Radiator

250 Foils Stack Radiator
300 Foils Stack Radiator
350 Foils Stack Radiator
0 3 Layers Fibre Radiator, different MWPCs

'3 ] ] I ] 1 1 I ] ] ] I 1 ] ] I ] ] 1 I ]
10 2 4 6 8 10
Nb of Layers

1 IIIIII|
-
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%

i
5= =k g
55 3 L 17 © e ooz
=
0 TR
= | ey
§; o 10 .

o B S @PPaoos0Ls)
22 ¢ ] ®ppazosozo)
= =
= = R
> = 2 N
o = ]
gs SO

2 1 omesroamara

—’ i

10° GpFoam

Extrapolating to

102 .
| o Msasano G- Msaam 10 detector Layers
B : [P : \
108 RN T .
"“raqg!ﬂr 8 € O & F  Grug G Sag H He, o)

Naming scheme “MS336/10”:
« Pad plane <3mm> anode wires <3mm> cathode wires <6mm> entrance window
« 10 - Prototype manufactured 2010
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= L L L L L e L B
X, 107 F E
- - ]
- B -
9 - . 3
) _ _ M ]
£ 1 _ =

' E Including Overflow-Signals ] @ E
3 » [~ | —=— FFM 4+4mm + Fibre Radiator 7]
tlﬂ 1 0 E_ MS 336 + Fibre Radiator i _E

*— = []  MS 444 + Fibre Radiator -
n- 1 0_2 :_ FFM 4+4mm + Foam Radiator _:
E MS 336 + Foam Radiator E
B (O MS 336 + Foam++ Radiator ]
'3 [ L I [ L L I L L L I [ L L I L L [ I L 1 1 I 1

10 2 4 6 8 10 12
Nb of Layers

« Reminder: present analysis uses different cuts for input spectra
->small differentness are enhanced due to the extrapolation

« MS444 + Foam radiator is expected to be better than FFM 4+4mm
 No obvious preferences - still work in progress!
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[od
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T T T T
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T T T T T T T T T
FFM 5+5mm (Plastic):
K3=0.341 W=5.001 par=4.571 h=4.999 - y3/NDF=401.632

10

5 1.5
Relativ reconstructed position to maximum Pad [Pad]

FFM 6+6mm:
K3=0.143 W=5.001 par=4.424 h=5.999 - y*/NDF=155.489

L — | B T T T 10

P R NN S TR SR SN TR T SRR P N R S S T T T
-1 0.5 a 0.5 1 1.5
Relativ reconstructed position to maximum Pad [Pad]

5

« Fit of PRF: small variations of geometrical parameters allowed

* Fixed to three pad clusters

« Pad size (5mmx50mm) need to be optimized for next prototypes
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* Integral of hit region per channel -

pulse height Q 20T

< C ]

200 .

« Position derived by Gauss fit of ok
maximum channel £ one channel in x :
pulse height distribution 100F 4
50

* Interpolate between first and third oF :
detector = distance to measured 0 5 10 15 20 25 30 35 40 4

Position in second detector

06.09.2012 A. Arend - Goethe-Universitat Frankfurt - FAIRNESS 2012 25
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1800

1400

Pulse height

e

I TN N P S FYR ATRY AUy SANi STRAAT,

1000

800

600

400

200

L L L R R L L LR s

700

600

500

400

300

200

100

*  Only maximum + neighboring channels

PO T T I
0 1

P T
2

I B
3

P
4

i BT
5

PR e
6

i
7

Channel (Pad)

to clean up signal

\

_/

MWPC 3 @ 44.3 cm

MWPC 2 @ 22.5cm

MWPC 1 @ O0cm

uol9alIp weayg

dX

>
Position [Pads]

« dX =distance of interpolated to
reconstructed position
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* Only basic “tracking”, no alignment,
no external reference

_.22000__'"I"'I"'I'"I"'I"'I"'I"'I"'I"'__

« Offset due to misalignment between S 18005— —
used detectors, outliers may be 16005_ _
double hits (to be understood) 400k E

| o | 1200F- | -

« Width of distribution is folded with - } -
position resolution of all 3 MWPCs 1000F | E
(2x 5mm 1x 4mm) 800F- } E
600F | =

« Correction assumes same position 400 ’ | —
resolution for all used detectors 200k .. E

0:| ] ] ] |||||LH"|‘-'|'"I‘1|||L_A||| ] |:

» . 08 -06 -04 02 0 02 04 06 08
» Position resolution for 5+5mm dX [Pads]

MWPC with fiber radiator is 291,8um
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LL2F) Position Resolution NIRRT
et
‘{)‘\9 6(\‘5\
\)\\6 \‘,"\‘\\
S e
?“GO\O\‘!Q At least 3 space points in 4 TRDs are required to perform tracking:
\?‘ 1) Compensation of average chamber misalignment (recursive)

-minimize average distance of hit to fitted track for each chamber
by rotation around y-axis and displacement along x-axis
-refit tracks with iterated chamber position (x,y)

2) Width of residual distribution is then interpreted as
position resolution
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S
\&9®\,¢\‘“ . : .
@ee \;Qe  Results for position resolution in order of 0.25mm
@ e using all 8 (MS + FRA) detectors in beam
Anode Voltage Drift Voltage

(S MR B L B IR B LR I i S LA B BRI BN T3

Boasf- = 5o asf- =

5 o 3 5 E -

5 0.4 = g 0.4F =

pas E Bast 3

E 0.32_ Design goal - _i E 0.32_ , _B-___:_:_‘:_'_—_*—-_—-—-v—-a.__________‘_ Design goal _i

0.2f S 0.2F \ ~

- : y = 3GeV: 3

015 4 1 015 4 Ms33610 Anode: 1750H E

0 —4+— = 0qF. —%—— MS33/11 Anode: 1750 E 3

= MS444/10 Drift: 400V F 3 = MS444/10 Anode: 1950 F E

0.05F ===y == MS444/11 Drift: 400V I{p) -—; 0.05;—- - = =4 == MS444/11 Anode: 1950 Ii{p) —;

07601750 7800 1850 1900 1950 2000 . OS 00— ""200 300 400 500 600

Anode voltage [V] Drift voltage [V]
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1) Introduction

2) Small prototypes and their results
Detector concept, prototype design, beamtime at CERN 2011, results for
electron/pion separation and position resolution

3) New developments
Next generation data read out, large scale prototypes, simulation of gas gain and
mechanical detector parameters

4) Upcoming beamtimes, summary and outlook
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New Front End Electronic
SPADIC 1.0;

- 2logical groups of 16 Channels hw iy e
- 32 Channels read out in parallel =iz Ve =
g?MS“PAmc

22 ' SeNtriggered Pulse Ampliication and Dighization asiC H

» First free streaming data readout
device for the CBM TRD

SPA DIC

* Read out chain (integration into
CBMnet) and software under
development
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 Large scale prototypes have a dimension of 600mm x 600mm (Size of
detector in the inner part) built with and without dedicated drift region

 Modular construction of prototypes

* Body: Frame + Honeycomb, pad plane,
distance ledges for wires
« Cab: Entrance window (aluminized Mylar foil) +

optional support structure

« Pad planeis designed to provide different sizes of readout pads

« Stretching of foil for entrance window done by thermal method:
« Method developed for GEM - Foils delivers very good results

06.09.2012 A. Arend - Goethe-Universitat Frankfurt - FAIRNESS 2012 32
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SHY-Stecker Wabenstrucktur

AuW-Draht

Folienrahmen Aufnahme

Mylarfolie

Folienrahmen

B <
Rohacell
B B
Backplanrahmen
Material: Goethe Universitdt Frankfurt Main
Anzahl: X IﬂK}@Eﬁ DINA3.dwg
A o — A
DINA3 1
A3
- | . : - % Thatez n.a-ug;. Db | W | , | | .
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po)

3 | 2 | 1
:5)
- F(2:1)
K SHV-Anschluss
[
= ? % D
E Alu-Rahmen
= ____ M3-Gewinde
:__; i E 0-Ring_Ausfrafung
= FRA
= ——
= u :
= Drahtabstandsleiste
= _Lrant
% [*—___ Pladine(FR4) mit Pads
i-.
&
Wabenstrucktur

Werner Amend
Tel.: 069-798L7039

eMail:
amend@ikf.uni-frankfurt.de
Material: m Goethe Universitat Frankfurt Main
Anzahl: st ﬁierml:l}‘g::ﬁ Backpanel-4-ges.dwg
X Datun Mame
Bmactm W.Amend
p— CBM-TRD 590x590 Backpanel |a
Mo
Gasdurchfithrung 1
Backpanel-4-ges
[E]
bt rtarrzen Dnbm | Home T

g T 5 T T AF, 3 T 7 T T
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* |dea based on thermal
stretching procedure for GEM
foils (Michael Staib, et al
(RD51-Note- 2011-004))

 Foil is fixed in aluminum frame

 Frame is warmed up with
heating spirals

« = aluminum frame expands
- - foil gets stretched

06.09.2012 A. Arend - Goethe-Universitat Frankfurt - FAIRNESS 2012 35
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« Unstretched 60 x 60cm foil at « Stretched foil at ~55°C after
room temperature. 1h of heating.
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Next Steps:
L&) Foil based Entrance Window

-
7

i

A i

W
)
X

A

P A A I
5 =
Il i 77 7 7 7 777

I F 77777

7
Al L LT 77 7

- Requires a sophisticated gas system in
complete experimental setup

... or an enforced entrance window to minimize
bulging of the foil

06.09.2012 A. Arend - Goethe-Universitat Frankfurt - FAIRNESS 2012
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Simulation of entrance
window deformation and
mechanical stress of
MWPC body using
ABAQUS software
framework

Foil stretched at 60°C

Overpressure =
deformation (very
preliminary):

Imbar - 10.57mm
0.5mbar - 6.05mm
O.1lmbar =2 0.77mm
0.0lmbar = 0.0076mm

37
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 Simulation of entrance
window deformation and
mechanical stress of
MWPC body using
ABAQUS software
framework

T2 77
LA T
777
7
7

i 3

* Foil stretched at 60°C

L
FPF7I77T T

T

y

\
N
Iy}

 QOverpressure =
deformation (very
preliminary):

Imbar = 10.57mm
0.5mbar - 6.05mm
- Requires a sophisticated gas system in O.lmbar > 0.77mm
complete experimental setup 0.0lmbar > 0.0076mm
... or an enforced entrance window to minimize
bulging of the foil
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L) Foil based Entrance Window SRS

 Simulation of entrance
window deformation and
mechanical stress of
MWPC body using
ABAQUS software
framework

* Foil stretched at 60°C

 QOverpressure =
deformation (very
preliminary):

Imbar = 10.57mm
0.5mbar = 6.05mm
- Requires a sophisticated gas system in O.lmbar > 0.77mm
complete experimental setup 0.0lmbar > 0.0076mm
... or an enforced entrance window to minimize
bulging of the foil
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L) Foil based Entrance Window SRS

 Simulation of entrance
window deformation and
mechanical stress of
MWPC body using
ABAQUS software
framework

* Foil stretched at 60°C

 QOverpressure =
deformation (very
preliminary):

Imbar = 10.57mm
0.5mbar = 6.05mm
- Requires a sophisticated gas system in O.lmbar > 0.77mm
complete experimental setup 0.0lmbar > 0.0076mm
... or an enforced entrance window to minimize
bulging of the foil
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« Variation of detector geometry according to the deformation of entrance
window simulated with GARFIELD

« Design goal is less than £10% gain variation = 200um deformation of
entrance window

« According to simulation

— 1.4J n L | L I | L L | I L L] L L I n | L L I L L | n I | L L |

sl F
200|J.m 9 ~100ubar “E’ 'E' L Relative gain with Xe(80%)/CO,(20%) for
'E 'E 1 3 . 4+4mm MWPC 1820V, Gain(0)=1003
Over p reSS U re o (D : | ] 5+5mm MWPC 2090V, Gain(0)=1047
. Comparable modern : B6+6mm MWPC 2350V, Gain(0)=1029
1.2
gas systems achieve up o
to 10pbar stability in 11
overpressure for small -
volumes (e.g. HERMES i3
TRD) and up to 100ubar 09 3
for large volumes (e.g. -
ALICE TPC) 0.8
OT:I....I....I....I....I....I....
300 -200  -100 0 100 200 300

d [um]
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LEE) Drift Time Simulations SRR

Drift times [us] for 4+4mm MWPC 1800V Xe(80%)/CO2(20%)

« Simulation of drift time for
electrons generated in the
amplification region

4

g
o

 Large scale prototypes with
4+4mm and 5+5mm geometry
with XeCO, 80:20

[

FFM 4+4 mm

-> maximal ~ 0.15pus drift Sz er o e e s

(6 . 6 M H Z) Drift times [us] for 5+5mm MWPC 2220V Xe(80%)/C02(20%)

 Defines maximal spread in time
for signals from same event
(jitter) = important information
for development for front end
electronic and reconstruction
software

FFM 5+5 mm
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L) Geometry-Integration into Simulations SRS

« Current status of complete detector
geometry have to be implemented
into simulation and analysis
framework (CBMroot)

* Only basic construct of detector
modules for the inner and outer part
with simple support frame created
using CAD2root converter tool, no
infrastructure, no supply, no
cooling...

* Realistic detector and electronic
response to be implemented
(“Digitizer”)

* First simulations to be done...
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1) Introduction

2) Small prototypes and their results
Detector concept, prototype design, beamtime at CERN 2011, results for
electron/pion separation and position resolution

3) New developments
Next generation data read out, large scale prototypes, simulation of gas gain and
mechanical detector parameters

4) Upcoming beamtimes, summary and outlook
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L) Upcoming Beamtimes Dok o i

Two in beam tests currently scheduled:

1) At GSI:

« At GSlin the FOPI cave

« Beam of secondary particles with very high intensity
« High rate capability tests for 60x60 cm prototypes

« Scheduled for 15. —19. Oct 2012

2) At CERN T9:

« At CERN PSin the T9 experimental area

« Mixed beam of Electrons and Pions up to 10GeV/c

« Verification of results from small prototypes with real size prtotypes
« Scheduled for 25. Oct 2012 — 12. Nov 2012
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L) Summary & Outlook ONIVERSITAT

« Small prototypes with and without additional drift region have proven to
fulfill requirements in Electron/Pion separation and position resolution
=> no obvious preferences

 Large scale prototypes will verify these results in upcoming beamtimes.

 New generation of read out electronics is about to be implemented and
tested.

« Complete detector setup (Number of stations, Radiator, ...) and
requirements for infrastructure and supply have to be evaluated.

 Technical design report mid 2014!
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