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M-B (Munster-Bucharest)
Prototypes for CBM TRD

Short description of M-B TRD prototypes

Experimental results of an independent analysis

« Rate performance

 Position resolution

 PID

Simulation in CbmRoot

 dE/dx in Geant3
e PID with M-B TRD geometry

« Comparison to test data

Summary and outlook



Detector Setup
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Requirements for TRD
* Pion suppression: ~100

* Position resolution: ~200-300 pm

e At high rates (up to >100 kHz/cm?)
and high multiplicities

Possible Designs

« Radiator + MWPC with pad-
TRD readout

 Electron identification  Radiator + straw tubes
(with RICH, TOF)

« Tracking of all particles
(with STS)

e Combination



MWPC-based Protoypes
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MWPC-based prototypes (M-B TRD)

Two individual MWPCs sharing one double-sided pad plane:
~twice the detection efficiency at same rate capability

a) double-sided| anode  cathode cathode b) Z
: lane lane roundin ]
signal P P /g 9 §§§§
flat cagle —X N 8 o e
\
= — /////@ >anodeHV :
50 mm ’ cathode VN . E § 25mm
grounding Eﬁkg
radiator
3 mm
a) View parallel to b) View perpendicular to
anode plane anode plane 4



Pad plane
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PCB

o HAAE

[__'_;“_5!;.'" Etching the pad structure on a double-sided
| copper covered kapton foil of 25 pm.
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T— Du Du
oxit M-B Da Da MWPC  GEM
erankov ea dS5
TRD \TRD TRD 1 [ Ch k Lead Gl

BN | —

 Beam of pions, protons and
electrons with p = 1 GeV/c,
1.5 GeV/c and 2 GeV/c

e Scintillators:
rate measurement and TOF

» Pb-Glass and Cherenkov:
Particle-1D

e Si-Strips: beam profile

Melanie Klein-Bosing 6
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M-B TRD

Average signal (arb. units)

80

60

40

20

Average Signal
on Three Adjacent Pads

-I 1 | | 1 I | L] 1 I 1 1 1 1 I
1 1
| , , _
I % I
1 1
: é ﬁ : Rates
B : S 65 kHz/cm? |
| LA 138 kHz/cm?
| " v O 160 kHz/cm?
: . ® 236 kHz/cm?
1 1
1 1
' :
1 1
E !':ga
I |
- : Ivvvggggggﬂ&ﬂag_
: : VYVYVVYVy
® Readout :
® .. a®! region |
| .‘1' | L | | I | I | 1 |
0 0.2 04 0.6

« p=1.5GeV/ic
« HV=1700V
« Xe(85%)CO,(15%)

15 Only weak rate dependence

(< 2%)



Position Resolution
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Reconstruction of hit positions in the chambers

A
g I a) 0 measured PRF .

Soer oo Cluster reconstructable via charge
2 ] distribution on adjacent pads

g o0 in y-direction — PRF

g (Pad Response Function)

o
)

Y1 Mathieson

w I L] L L] L I T L T L I
(@)] S
p -
_::U O measured PRF
_ AN ]
o 06 N\, — PRF with
© X :
© Gaussian curve
o
()
>
= 04 [~ —
L
L
[a's
0.2

# Sigma of Gaussian fit: %,
4 0.55 pad units
L L L | L L

e ] GAUSS

L |
-1 0 1
Distance from pad center (pad units)

Ref.: Mathieson et al. NIM A270 1988 602-603 8
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Position Resolution
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Alignment Residuals

Y., ¥, = reconstructed hit positions
in chambers 1 and 2 (M-B TRD)

E | T | g —f1 r 1 1
e 4 7] | _
N 3 - é 1990 i b) HV =1700V Xe(90%)CO,(10%)
>§; >, L 7 i S/N=16.1+0.8 p=2GeV/c
\>/“5 o L Mﬁﬁ%’w—ﬁ"w N
500 _
L L _ c,/V2=163um 1
/R . —
0 2|0 4|o 6IO 80 0_2 B i 0 — jg - 2
Y1 (Mm) Residuals (mm)
Residuals = difference between Position resolution =
reconstructed and fitted value for Width of residual distribution for
Y.y, a large number of tracks

Here: Example run at moderate rates (38 kHz/cm?) 9
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Position resolution (um)

200

190

180

170

160

150

140

L Position Resolution

SUBMITTED TO NUCL. INSTR. METH. A

HV=1700V Xe(90%)CO,(10%) Cuts chosen for
S/N=19.7+0.8 p=2GeV/c constant efficiency

IIII|IIII|IIII|IIII|IIII|IIII
—@—

50 100 150 200 250
Rate (kHz/cm?)

— good position resolution of
<200 pm for rates up to 200 kHz/cm?

10
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Energy Deposit in Test Beam

dE/dx for pions and electrons

—
<
|

Normalized counts
=]
%]

—
=
[ 5]

10

p=1GeV/c

_

0 2000

4000 6000 8000
Energy deposit (arb. units)

Normalized counts

—
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—
=1
o~ ]

—
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[ 5]

10

p=1.5GeV/c

2000

4000 6000 8000
Energy deposit (arb. units)

11
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Normalized counts

—
<

Energy Deposit in Test Beam

dE/dx for pions and electrons

N DL R BN A L

=~ single-sided prototype *:
1 1 1 I 1 1 I 1 1 I 1

0 2000 4000 6000 8000

Energy deposit (arb. units)

Normalized counts

—
<

—
<
=]

10° |

ou

ble-sided prototype =
(M-B TRD) -

]

0

2000

4000 6000 8000

Energy deposit (arb. units)

— Better electron identification due to

higher TR conversion probability

12
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ldea: Comparison of the shape of energy loss
spectra in the test-beam data and simulation

Simulation: CbmRoot (Geant3)

CbmHitProducerldeal.cxx Creating TRD hits using MC information
CbmHitProducerQa.cxx Performance of TRD Hit Producer
CbmHitProducerLike.cxx PID with likelihood method

Here: independent calculation of PID for a better comparison to test
beam data

13
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Geometry
New file [trd_standard MB.geo]

a) 3 stations with b) each 4 layers

c) Layer: b) trd1
 radiator

« gas volume (Xe, CO,(15%))

* pad plane (kapton),

« window (mylar),

 electronics (gold and copper)

e Pad plane in front of gas volume c) trd11

TR calculation: pad plane in the center
of gas volume

Westfalische i n S i m u Iati O n a) trd oo}~

trd1 trd2 trd3
SOIOO 72I50 95IOO
trd11 [ trd12 | trd14 | trd13
| e |
240
trd11 trd12 trd13 trd14
(0,0)
-9‘0 —3‘0 3‘0 9‘0
| e |
60
radiator 2|l TRDgas |s|S
© =|'c
o g|o
-c )
S ]
Q00 )
715:.5 -0.987 S.Ol26 11?05 11I.01
29 0.026 12 005 0.07
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L Simulation in CbmRoot
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Particle simulation

* Box generator: electrons and pions with fixed momenta

distributed uniformly in cos(6) and ¢ window,
1cm in front of Layer1.

* Simulation of prototypes: readout of dE/dx+TR for e and 1tbehind
first layer TRD

* Radiator: routine with foil stack parameter [CbmTrdRadiator.cxx]
by F.Uhlig

— TR production and absorption

« Radiator parameters: nFoils, FoilThick, GapThick

15
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Energy deposit Simulation parameter set to match
the test data:

« p=1.5GeV/c

same event numbers
TRDgas =12 mm
Radiator: 50 foils

§ e: good agreement

TC distributions
Energy deposit (keV) don't fit

Test Data (1.5 GeV/c)

—— Simulation (1.5 GeV/c)

Normalized counts
[ ]

16



e Simulation in CbmRoot

=
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Energy deposit

2 1 Simulation parameter set to match
Test Data (1.5 GeV/c) .

§ o : the test data:

S —— Simulation (1.5 GeV/c) 3

g « p=1.5GeV/c

S

£ * same number of events

o 10

Z

e TRDgas =12 mm
* Radiator: 50 foils

10

: 1« pions with 5% electron
i . contamination

0 10 20 30
Energy deposit (keV)

17



(EEEEE Determination of Pion Efficiency
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Likelihood (LQ) method

» dE/dx-distribution as likelihood distribution: 5 73

e and Tthaving probability P(E) to deposit a certain ’
energy in a chamber. A SO W

0 2000 4000 6000 8000
Energy deposit (arb. units)

* Creating random values E¢ und E™ corresponding to energy
distributions — information on identification probability.

 Relative likelihood to be an electron:

P_(E®) ,
L.= S —, Wwith O<L_<1
P(E")+P, (E")

» Relative likelihood, that a pion is identified as electron:

P.(E") ,
L.=1—-L_= , with O<L_<1
P.(E")+P_(E™)

18



“HE Determination of Pion Efficiency
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Likelihood distribution

(Likelihood to be identified as electron)

Counts

Limit for 90% electron

b - U] efficiency
0 0.5 1
Likelihood

— Determination of pion efficiency and extrapolation
for more detector layers

19
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Pion misidentification probability (%)

15ter

i Pion Efficiency

Pion misidentification probability

at 90% electron efficiency

p=1.5 GeV/c
. Test data (Rohacell radiator) HV=1800V
O Simulation (Rohacell radiator) HV=1800V

10
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-1 111
107 1 2 3 4 5 6 7 8 9
Number of layers

10

— Pion efficiency

(= 1/pion suppression) in the
desired region of 1/100 for 9
detector layers

— Very good agreement of
simulated and test beam data

See also Mariana's talk 20
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Pion Efficiency

Electron contamination in pion data sample

needed to describe test data

p=1.5GeV/c

O Simulation (Rohacell radiator) HV=1800V 20% Elecs in Pions
o 2
L 10° E N . _ . .
= — Simulation (Rohacell radiator) HV=1800V 10% Elecs in Pions
> - N ' -
= | - O Simulation (Rohacell radiator) HV=1800V 5% Elecs in Pions
—% — O Simulation (Rohacell radiator) HV=1800V No Elecs in Pions
% . Test data (Rohacell radiator) HV=1800V
=
ot -
C
.2
e
c 10—
(@] —
= —
= -
c -
) L
S
] ~
c -
2
[a W

caaa b v b s b g b b b b b aa

Number of layers

Cherenkov energy

200

150

100

50

o

1500

Pb energy

— Cuts in Pb-glass and
Cherenkov detectors
(test beam data)

21
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Pion Efficiency

Electron contamination in pion data sample
needed to describe test data

p=1.5GeV/c

O

-_—
o
N

—_
o

Pion misidentification probability (Po

Simulation (Rohacell radiator) HV=1800V 20% Elecs in Pions
Simulation (Rohacell radiator) HV=1800V 10% Elecs in Pions

Simulation (Rohacell radiator) HV=1800V 5% Elecs in Pions

O Simulation (Rohacell radiator) HV=1800V No Elecs in Pions S
—
. Test data (Rohacell radiator) HV=1800V OC)
o 200
>
@]
X
c
v 150
(]
e
|9
100
50

0

1 2 3 4 5

6

7 8 9 10
Number of layers

Ttwith 5% e

o

1500

Pb energy

— Cuts in Pb-glass and
Cherenkov detectors
(test beam data)

22
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Pion Efficiency

Electron contamination in pion data sample

needed to describe test data

p=1.5GeV/c

O

-_—
o
N

—_
o

Pion misidentification probability (Po

Simulation (Rohacell radiator) HV=1800V 20% Elecs in Pions
Simulation (Rohacell radiator) HV=1800V 10% Elecs in Pions
Simulation (Rohacell radiator) HV=1800V 5% Elecs in Pions

Simulation (Rohacell radiator) HV=1800V No Elecs in Pions

Test data (Rohacell radiator) HV=1800V

0

1 2 3 4 5

6

7 8 9 10
Number of layers

Cherenkov energy

N
o
(=]

150

100

Ttwith 10% e

o

1500

Pb energy

— Cuts in Pb-glass and
Cherenkov detectors
(test beam data)

23
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Pion Efficiency

Electron contamination in pion data sample

needed to describe test data

p=1.5GeV/c

5 O Simulation (Rohacell radiator) HV=1800V 20% Elecs in Pions
L 10° E N . _ I
= — Simulation (Rohacell radiator) HV=1800V 10% Elecs in Pions
> - N ' -
= | - O Simulation (Rohacell radiator) HV=1800V 5% Elecs in Pions
—‘% — O Simulation (Rohacell radiator) HV=1800V No Elecs in Pions
'8 . Test data (Rohacell radiator) HV=1800V
S
ot -
C
.2
e
c 10—
(@] —
E —
= -
c -
) L
S
] ~
c -
2
[a W

caaa b v b s b g b b b b b aa

Number of layers

Cherenkov energy

200

150

100

Ttwith 20% e

o

1500

Pb energy

— Cuts in Pb-glass and
Cherenkov detectors
(test beam data)
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Simulation without electron contamination

102
O Simulation (Rohacell radiator, HV=1800 V, p=1.5 GeV/c)
No electron contamination

10

Pion suppression factor

Is significantly better
than 100 for 9 TRD layers

Pion misidentification probability (%)

0 1 2 3 4 5 6 7 8 9 10
Number of layers

25
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M-B TRD prototypes constructed and tested

* Pion suppression factor is significantly better than 100

for 9 TRD layers (dependence on radiator)
MARIANA'S TALK, PUBLISHED IN NIM A 579/3 961-966 (2007)

* Position resolution at high rates better than 200 um
SUBMITTED TO NUCL. INSTR. METH. A

« Simulated energy deposit spectra describing well measured energy
deposit

* Pion supression factors described well in simulation

Outlook

 Development of real size prototypes for large detector areas

« Dilepton reconstruction analysis with M-B TRD geometry

26
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Setup of prototypes

28
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Readout of 8 pads/row

Wire directiony
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GEEEEE . Bestimmung der Ortsauflosung
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PRF mit Gaul3-Fit

; ~ Cluster rekonstruierbar durch
B Ladungsverteilung entlang
§ o4 benachbarter Pads in y-Richtung

— Pad Response Function

e
Mo

0

Distance from pad centre (pad units)

Bestimmung des Displacement x

(Abstand zwischen Hit-Position und Zentrum des
Pads mit maximaler Ladung) 1 [ ( w o’ O ) (W - Qm)]
w,|— +Ww,

X= +—1In +—1In
W, +Ww, 2 W Q,_, 2 W Q;

Rekonstruktion der Hit-Positionen in den Kammern

P1 = 5 mm-(iPadMax,+0.5)+ x, P2 = 5 mm-(iPadMax,+0.5)+ x, 30
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Energy deposit

Parameters for best matching of test data:

e Particle momenta

 (Gas volume

e Radiator

* Position and material of pad plane

Same binning and scaling for simulation and test beam data

e Most probable value of Landau fit to pions dEdx

31



