SPONSORED BY THE

m Federal Ministry
of Education

and Research

t0O-less GEM-TPC

*Karl Jonathan Flothner, Benjamin Banto Oberhauser, Florian Brunbauer, Francisco Garcia, Michael W. Heiss, Djunes Janssens, Bernhard Ketzer, Marta Lisowska,
Hans Muller, Eraldo Oliveri, Giorgio Orlandini, Dorothea Pfeiffer, Leszek Ropelewski, Jerome Samarati, Fabio Sauli,
Lucian Scharenberg, Miranda van Stenis, Antonija Utrobicic and Rob Veenhof

RD51 Collaboration Meeting 4-8 December 2023

*karl.jonathan.floethner@cern.ch

-

.\ 1N\
K2 \

v o e
_ - e 4

UNIVERSITAT



https://www.agketzer.hiskp.uni-bonn.de/en/home?set_language=en
https://www.uni-bonn.de/en?set_language=en
https://wolfgang-gentner-stipendien.web.cern.ch/wolfgang-gentner-stipendien/en/index.php
https://home.web.cern.ch
https://ep-rnd.web.cern.ch
https://indico.cern.ch/event/1327482/contributions/5697942/
mailto:karl.jonathan.floethner@cern.ch

Twin GEM-TPC

F. Garcia et al.: https://doi.org/10.1016/j.nima.2017.11.088

The GEM-TPC Layoutand Powering scheme
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Beam Setup
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Control measurements

AFieId scan
- drift velocity behaves identical for both TPCs
- difference below 2%

AY position dependence
- No significant variation
- constant within errors 1

o
w

AX position dependence
- No significant variation
- constant within errors

o
0o

Field can be assumed homogeneous
and identical for both TPCs In first
approximation
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Removing to

Self triggered hits referring to the same absolute zero time O

readout

ASynchronlsed readouts
>0 O Of isvalid for all times

AThe absolute times O can be used to get the relative times O
-> Only possible if absolute times correspond to the same event

>0 0 0 0 0 0 0 0

AWith access to the relative time and the full drift time O It IS
possible to extract a time corresponding to a y-value (three examples)

> v Thd 0O O w

‘ ) e - ‘ : readout
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Removing to

Tracker 3 Y vS tpack-tfront

N
a
o

200

AA correlation can be checked just using the time difference of the TPCs
>w% 0 o0 o0 P o0 o

150

100

ALinear fit gives a conversion function f(trec2-treci)
- 'y position for Twin TPC can be calculated

Tracker 3 Y In strips
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ADifference of Tracker 3 Y and Twin GEM-TPC Y can be plotted
- Sigma can be seen as lower limit for resolution
(convolution of distributions not resembling only sp. res.)

- Coordinates can be clearly correlated with a ,, T )( [

50

Difference Tracker 3 Y & Twin TPC  toack-lirontIn HS

70

Entries 6642
Mean -0.1368
Std Dev 1.089
X2 / ndf 654.5 /374
Constant 48.39 £1.09
Mean —-0.174 £ 0.011
i | sigma  0.6705 +0.0109

Correlation possible without external to 0

30 ‘ I .............................. ............................... ..............................

Twin GEM-TPC could be used as very low Material budget
and stand-alone tracking station

20 _____ ______________________________ _______________________________ ______________________________
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Calculating trun & to

drift_time

] ] ] ] o ] E 60_— """" """ Entries 567

Full drift time trun IS still needed to get y position without outer reference 5 | ,{ e

& 50: { 2 / ndf 13.83/11

AFuII drift time is either known or can be checked using tO reference 40" w0084 000805
= O h O O ﬁ . drift_tme 30 I -
>0£FA/ O O O (O E70 wean oo 1 5
f O/ / C § gtd Dev :_:3: . 20:_ ‘ E

60__ ] i |

: _— . . - . 10~ * -

Atfull gives broad distribution with clear peak at 11.85 pus 50 g : JJ \m :
- drift velocity differs by ~4% from previous measurement 40~ - s iz 125 B B35 14
305_ _ time in us

AKnowing trun tO can be calculated 20, : e s
‘ 57 0 : e

>0 EO / / - | . | A A e . )éonstant 37.32 = 2.69
% 215 -10 -5 0 5 10 15 Mean  1.007 - 257

time in MS igma 42.64 + 1.98

ATime difference to tracker gives first estimate for time resolution

> 0 ¢ &, T 0 £0j, Tp¢

T
—200 —100 0 100 200 300
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Beam Profile

Coincidence with telescope

0
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150GeV/c Muon Beam T H4 Beamline in EHN2 i RD51 test-beam §1 Og 109
£ 90— —90
é 80— — 80
. . . & 70— —170
Showcase without external information > of .
502— 50
A Beam profile can be reconstructed 40— 40
30— 30
A Only data from Front- and Back-TPC - -
. . 00 20 20 s0 80 100 120 140 160 180 200 ©
A Matching done with Front-TPC as reference X Position in mm

(does not work well without noise-cuts) Standalone Twin GEM-TPC o

= — ]
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g.cj 70 —70
A Cluster-size >2 & <10 602 60
50; 50
A 40 = 40
Cluster adc value >800 20F "
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Tracking with Mean of Clusters

150GeV/c Muon Beam i H4 Beamline in EHN2 T RD51 test-beam i H5V3 orientation

X-Residuals £ Y-Residuals
= S A 400
600 %27 ndf 174.2/142 c _ y° / ndf 192.6 /144
— Amplitude1 530.4 £ 6.1 — - Amplitude1 228.2+ 8.0
- Mean1 102.9+1.9 9 350— Mean1 256.1+ 5.6
i Sigma 1959420 ? - Sigma1 209.3 + 7.3
00— Amplitude2 14034219 | o - Amplitude? 134.9 + 8.1
i Mean2 192.7 £ 25.6 300— Mean2 391.6+7.5
| Sigmaz2 653.4 + 48.8 B Sigmaz2 476.9 + 8.5
400~ 2501
3001 2001
i 150
200 -
| | | | —
i | | | | 100~
— | | | | B
100~ B N - N
i | | | | S0
_ | | | | -
' N amatioa ég' [ I R | [ ”-;—u—&:bk-aj-n—‘ lo L _hn I | l l = [ | | [ | | N I | [ | | 1 1 |
—‘POOO -50 0 500 1000 1500 2000 | N | ' —‘POOO -500 0 500 1000 1500 2000
residual in X plane in um mean postion of Front and Back residual in Y plane in um

A Only gives one point per track and no information about the angle

A Could be still Interesting as low material budget tracker but does not cover full potential
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Detector Response nominal Orientation

150GeV/c Muon Beam i H4 Beamline in EHN2 i RD51 test-beam
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Detector Response H5V3 Orientation

150GeV/c Muon Beam i H4 Beamline in EHN2 T RD51 test-beam
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Clustersize distribution
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adc distribution in adc channels

Higher mean and broader
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Back
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1600— l
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Tracking within TPC

Mean Tracking
applicable

TOP VIEW

SIDE VIEW

Access to horizontal
angle with dependence
on strips

reconstruction

of the track
Widening in number of strips (entry/exit known)
_— _—— With Vdrift
Access to vertical known, t, may
é to out not be required

angle with dependence
on time

Widening in time of strips (entry/exit known)
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Horizontal Tilt Calculation

150GeV/c Muon Beam i H4 Beamline in EHN2 i RD51 test-beam T H5V3 orientation

A Calculating event based

A Calculate angle for individual events

X
A Mean of distribution resembles tilt of

Twin GEM-TPC setup
A Calculating based on average position shift

A Xeront | Xgack diStribution needed for
nominal and tilted orientation

A Angle can be calculated with corrected shift

A The horizontal tilt 4.74(15)° Is observed
(fits with setting of 5°)

%))
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Rl I e e | =]
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T R — | P -
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Nominal Position
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1600_— Mean
1400:_ Sh |ft Std Dev
- ront-back
1200
1000 —
800
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400}
200
0:I|IIJJ_I.-IJ_.-.J.| |||||| LJ.—.II|III
14 12 -10 -8 -6 -4 -2 0

24869
—6.485
0.803

distance in strips

From individual Events

Horizontal-Tilt

2500 - Entries 10000
i / \ Mean 4.74
~ Std Dev 0.151

2000‘_ x2 / ndf 46.85/12
— Constant 2482 + 31.9
i Mean 473 +0.00
- Sigma 0.1537 £0.0012

1 500_—

1000 / \

500/~ / \\
i / N
0 _ — ] IZF"/I | | [ | | | | | | | | | | Iklﬂ\ ! T | |
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angle in deg
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Vertical-Tilt-Tracking

x2 / ndf 180/ 31
Constant 2926 7.1

300—

Sigma 0.03746 £ 0.00057

Vertical Tilt Calculatlon

150GeV/c Muon Beam i H4 Beamline in EHN2 i RD51 test-beam T H5V3 orientation 200—

., ) h . 150
E Z U QQQO (JL)USGd tO t L | frh““w-‘lhiii ff 100
calculate y position bt [ e

> I I|_| II'IIT |IIII|III |'| | H

/ Single event 1111 —%5—04—03—02 201 0 0102 03 04 05

angle in deg

A Vertical tilt of telescope:
-11.9(8) mdeg

Oedges e

°

Y position in cm

AThree angles per track:
(should be identical)

ABack TPC T
3.4

A Eull Twin GEM-TPC

I | I 1 I I l | l I I l I I I ‘ I | | I | I I 1 I | I
-8 —6 —4 —2 0 2 4 6 8
Z position in cm
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Vertical Tilt Calculation

150GeV/c Muon Beam i H4 Beamline in EHN2 i RD51 test-beam T H5V3 orientation

Drift Velocity 0.9616 cm/us Drift Velocity 0.9616 cm/us
1800 ‘ Edges removed 1800 - ‘
- o e —————— B
- x2 / ndf 711.8/82 18000 x? / ndf 608.3 /93
1600 / \ Constant ~ 618.4 £6.9 - Constant  519.6 +5.8
140 0:_ ' Mean 3.032 + 0.009 1400 Mean  3.392+0.010
- Sigma  0.9004 + 0.0066 - Sigma  1.074 £0.008
1200:— O x2 / ndf 235.6 /79 1200:_ 8 x2 / ndf 411.2/97
10 00:_ O | Constant 655 £ 6.9 1000/ : Constant  469.7 +5.0
_ v Mean 3.327 £ 0.007 I S| Mean 394 + 0.01
8001 @ | Sigma  0.8789 +0.0056 800} Bl sigma  1.195 +0.008
- m ¥2 / ndf 381.9/ 33 B —| x?/ndf 276.3 / 36
600 C | & 600 S
- = onstant 1699 £ 17.1 - = Constant 1633 + 16.3
400 — | Mean 3.52+0.00 400 — | Mean 3.564 + 0.003
- = | Sigma  0.3375+0.0019 : T | Sigma  0.3534 +0.0019
200 LL 200—
O: e Lo b by O_}-th%‘—“': A | = b L1
0 5 6 7 8 9 10 o 1. 2 3 4 5 o6 7 8 9 10
angle in deg angle in deg

A Removing edges results in broader distributions and increased discrepence between Front- and Back-TPC
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Vertical Tilt Calculation

150GeV/c Muon Beam i H4 Beamline in EHN2 i RD51 test-beam T H5V3 orientation

A Can correct the alignment betwee

Drift Velocity 0.8865 cm/us

Adjusted drift velocity

x? / ndf 711.5/76
Constant 668.7 £+ 7.5
Mean 2.797 £ 0.008

Sigma  0.8328 + 0.0061

¥2 / ndf 237 /78
@)
(.| Constant 7094 +7.5
» M 7+ 7
¢ ean 3.067 £ 0.00
2| Sigma  0.8116 + 0.0052
m |

¥2 / ndf 33.98 /12
§ Constant 1933 + 38.9
— | Mean 0.05421+ 0.01278
% Sigma 0.2653 + 0.0059
LL

III|IIII|IIII|IIII _I|IIII|IIII|IIII|IIII
2 3 4 6 / 8 9 10
angle in deg

16

Drift Velocity 0.9616 cm/us

1800
1600
1400
1200
1000
800
600
400

200

DD

Full Twin Back TPC

x? / ndf 711.8/82
Constant 618.4 £+ 6.9
Mean 3.032 + 0.009

Sigma  0.9004 + 0.0066

x? / ndf 2356/79
Constant 655+ 6.9
Mean 3.327 + 0.007

Sigma  0.8789 + 0.0056

x2 / ndf 381.9/33
Constant 1699 +17.1
Mean 3.52 +£0.00

Sigma  0.3375+0.0019

2 3 4 5 6

n Front/Back but distributions are slightly wider
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Vertical Tilt Calculation

150GeV/c Muon Beam i H4 Beamline in EHN2 i RD51 test-beam T H5V3 orientation

Drift Velocity 0.8865 cm/us

2000
% x? / ndf 711.5/76
1800 Constant 668.7 + 7.5
1600 E Mean 2.797 £ 0.008
ul Sigma  0.8328 + 0.0061
1 400:_ E)_ x?/ ndf 237 /78
1200+ : Constant 709.4 +7.5
- 2 | Mean 3.067 + 0.007
1000 ml
B Sigma  0.8116 +0.0052
800 _ %2 / ndf 33.98/ 12
600:— % Constant 1933 +38.9
B | Mean 0.05421+ 0.01278
400 - S| Sigma 02653+ 0.0058
2001
0 : L 11 ‘ L1 | L1 11 | [ . ‘ o | | L1 | L1 | [ .
0 1 2 3 4 5 6 / 8 _9 10
angle in deg

-284.7/ns t_0 Offset

t 0 Offset Distribution

1200
1000
800
600
400

2001

t0-comparison

Entries
Mean
Std Dev
x2 / ndf
Constant
Mean
Sigma

14761

284.5

42.56

286.1 /41
1253 + 12.6
284.7 £ 0.4
41.45 +£0.23

0

00-100 O 100 200 300 400 500 600 700

time difference in ns

A Back/Front distributions show no change as expected

A Can correct the alignment between Front/Back

U The offset needs to be corrected and drift velocity adjusted for better agreement of the three slopes

(Eventually different drift velocities for Back and Front) 17

Drift Velocity 0.8865 cm/us

2000
1800
1600
1400
1200
1000
800
600
400
200

C.')O

l x?/ ndf 710.9/76
/ Constant 668.9+7.5
\ Mean 2.797 £ 0.008
! Sigma  0.8326 + 0.0061
B_) %%/ ndf 23I8f78
: Constant 709.4+7.5
2 | Mean 3.067 +0.007
= Sigma  0.8116 + 0.0052
x2 / ndf 336.|7 / 25
g Constant 1860 + 18.6
— | Mean 2.094 + 0.003
E Sigma  0.3092 +0.0017
NI EREN. SR A b b b b
2 3 4 5 6 7 8 9 10
angle in deg
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AThe drift velocity has been checked for
different fields and positions

Field can be assumed homogeneous
and identical for both TPCs In first
approximation

AGood detector response and resolutions
of, ¢ mmArdxand, v mTHANnYy

A3D tracking works but needs to be
optimized
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