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LMU telescope setup

List of investigated detectors: Trigger, tracking and readout:

* 3-layer charge sharing MM (pixel-strip » 2 scintillators for coincident triggers

hybrid readout, see next talk) - 4 XY DLC. Bulk MM as trackers

L 5-| h h . MM . | d t;
dyer charge sharing (pixel readout, Readout by APV25

see next talk)

: * Due to high number of channels, rate limited
* 2x 20x20 cm? triple GEM ’
X SUXAU Cm ipie by data transfer/processing speed (max. ~500
* XYUV triple GEM Hz during spill)

* Inverted RICH MM with different crystals  Other Specs:
(not presented here)

* XYUV GEM-MM hybrid (not presented
here)

* Ability to rotate and move detectors in beam

*Gas: Ar: C0,:iC4Hyy 93:5:2 vol%
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LMU telescope setup

Ar:C0,:iC,Hyg <:’

93:5:2 vol%

09.10.25

a B

Scintillators

Trackers
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20x20 triple GEM
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20x20 triple GEM setup

» Segmented in 4 sections each 5x20 cm?
* Only top side of the GEM foil

* Gap of 500 um Cathode
* To investigate segmentation effects 6 mm Ugrise
=>a different orientation setup for each
detector 1
* Local charge-up effects observed in 2 mm > Uerans
tests with Fe-55 Yina
Anode

* If not stated otherwise: Ugyirr = 360V,
Utrans =310V, Ujpq=390V
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20x20 triple GEM hit map

200 ——— - e 730

* Nice beam profile E
S

* Segmentations clearly visible 25

* Different widths depending on 150
direction (overlapping segmentations)

20

* Limited by active area of scintillators and, | 18

trackers

* Coincident hits outside of active area ‘o
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20x20 triple GEM hit map

. . - _x103
* Nice beam profile £ 7|
—_— i
: . = 18
* Segmentations clearly visible 1g
g 12

1ar

* Different widths depending on wof A

direction (overlapping segmentations)

* Limited by active area of scintillators and __

trackers
e Coincident hits outside of active area

* No charge-up effects visible in the per %

event charge distribution
* Only some inefficient strips
o L2

100 150 200
X [mm]
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20x20 triple GEM efficiency

* Efficiency defined as hits within+-1 & |

@ L )

mm of the reference track g 09 + -
E 0.90 - .................................................................................. * ..............................................................................................
* Increase to higher voltages reaching ..t D .o DA
>90% + :
0.80 - ................................................... e i -
* Could get even better at higher 0.75 s e :
voltages 070 F e ST "o GEMIX | _f
.. 5 . hd —s— GEM1Y :
* X-layers more efficient than Y-layers QLB v e GEM2X |77 ';
060 | —e— GEM2Y | ]
0.55 - .................... el et LAt e e LRk e ke e ekttt -
; bl , , , , ]

265 270 275 280 285 290 295

U_GEM [V]
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20x20 triple GEM resolution

» Triple gauss function is used for fittingE 0,058 | + _________________________________________________________________________ I .:

* Using time-corrected centroid [1] S 0,056 bk e GEMIY | ]

= [ s GEM2X ]

CxigS @ I + ________________________ —s— GEM2Y ... ]

* A charge scaled centroid x = Zl,—xlzl 2 0.0%41 :

_ . _ . Lt i 8 0.052 b :

is used to improve signal/noise ratio | # ;

0.050 o T .. O S IR -

* Improving resolutions for higher | ]

Voltages 0.048 - ......................................................................................................................................... -

.At 279Vminimum OfGEMZX 0_045- .................................................................................................................................................................................. -

(Covering a GEM].Y pOint) 0_044_ ............................. .............................. e ..................... + ..................... + ............................ -
265 270 275 280 285 290 295

* 68% resolutions reach ~ 70 um U_GEM [V]

[1] B.Flierl, PhD Thesis: Particle Tracking with Micro-Pattern
Gaseous Detectors; Mar 2018
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20x20 triple GEM resolution

* GEM1Y is the not rotated detector in Eg 46
the same measurement <
g 014 —— GEM1 S
. . . . =
* Degrading resolution for increasing @ —s GEM2Y
m 3 r
angles aS expected 50_12 - .................................................................................................................................................................................... -
Q L |
° . u o E
* Strong improvement compared with T S Al iif i e :
no time correction (~“400 um @ 20°) | |
0.08_ ...................................................................................................................................................................................... -
0_05 - .................................................................................................................................................................................... -
== —— —e— ]
0.04 _ ...................................... ...................................... . .............. -
0 5 10 15 20

angle [degree]
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20x20 triple GEM segmentation effects
I|| IFHlJlﬂ -250

ool T 1l |

=L
(=]

Clusters get wrongly reconstructed to
the sides of the segmentation gaps
Has local effect on the residuals

Residual [mm]

Effect overlapping with end of APVs o
Variance in actual shape and effect on 02 150
residuals 0.0 j

6 100

0.2
0.4
0.6

11IIlIII II“II Ihl 1I HIII 0

T 42 43 44 45 46 47 48 49 50 51 52
50 Position [mr|15]2 Position [mm]
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XYUV triple GEM

RESULTS OBTAINED BY DANIEL GREWE [2]

[2] Master-Thesis: https://www.etp.physik.uni-muenchen.de/
publications/theses/download/master_dgrewe.pdf
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XYUV triple GEM setup
* Last GEM foil is segmented into strips

with pitch of 470 um on either side Ar:CO, iC,Hy,
* HV and readout connected via

custom adapter boards also reducing::. OO O D I geounm

noise I” 2.5 mm

. 00O ® @

~ 3.5 mm

~ 5.6 mm

* Anode with strips in UV directions

X readout strips

* GEM voltages decrease by 5V per GEM
from top to bottom (i.e. 300-295-290)
Y readout strips I ~14 mm

* If not stated otherwise: Ugy ;¢ = 350V, WW{WEQ%‘&%B@
U;q=390V, U2 =(350,500) V

trans™—

60 um
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XYUV triple GEM 2D hit maps

v

ool L AR
ou - . .. . g - % 18

Y [mm]
counts
counts

5 )
: . e .--.ﬂfg : :
P . g i | R 3 o gl 3 S |G H
L0 ) st T, M R 2 s B e 73 5 = ST PR A Prieans o) ra—— g o bopegoge g ™ fooge g g g g Fope gy

10 20 30 40 50 60 70 80 90 100 0 20 40 60 80 100 120 140
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o N A O
o N A O
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XYUV triple GEM cluster charge

* Mean cluster charge increases rather 2, F g4 YR
linear due to saturation of the APV25 3 [ |ev © g -
85000:_..;;?” g: ........................................................................... ; .................. S — =

* Charges measured by the GEM foil T E XU 200 Y e .
d b | h d —4500 :_ Py age [~ @"ﬂ .................................... A _:
readout are comparable to theanode g™k 3y 7. Ao ® -
readout E“UOU ;_exz::: 200 0 ........... ‘ : .................. g .............................................................................. _;
* X layer (top of GEM) is dominant for ;:35005— .............................. O § ..... B T T — =
mOSt VOItages %3000 E_ ...... o .................. a e ‘_ ................................................................................................................ _E

* Slight increase for inclined tracks due  §,gq _81 =
to longer effective drift gap e [ g Y -
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XYUV triple GEM cluster charge

- Cluster charges show strong
fluctuations along the position in X
direction (top of GEM)

counts

* This is also observed in the other
layers but weaker

cnarge |aac counts|

* Has a negative effect on resolution
* Strip at x=50 mm has a malfunction

* Apart from malfunctioning strips, the
inhomogeneity might result from e '
problems of the adapter boards or 10 20 30 40 50 60 70 80 90
imperfections in the GEM foils X [mm]
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XYUV triple GEM efﬂuency

* All layers can achieve efficiencies (+-3 & )RR N AR B A IR
mm) >94% .g 0_98:_ ................................. ....................................... ....................................... ....................................... ................................ _:
. ' ] = 0.96 :_A ................. A .................. A A .................. A ............ A A .............................. _:

° The malfunctioning stripatx=50 mm © 't & g -
reSUItS in a |OSS Of efficiency Of ~2% for 094 :_9 ............... ‘ .................................. .................... . .... ........................... g et _:
a” |ayers 0.92 ;_ .............................. ....................................... ....................................... ..................................... ............................... _;
.Xandeosition Ofthe anode are 095_ ................................. ........................................................................................................................................................ _E
reconstructed from the U and V 0.8 -
readout Iayer 0.86 :_.-A-Xﬁnnde L R T T T =
- -.-YAnude 0° :

° Differences between Iayers most Iikely 084:__'_YGEM 00 ............................................................................................................................................. _:
due to inhomogeneou s gain over the 0.82F © Xggyy 0F [ —

active area (see previous slide) | e '2<j3' L .3(.;0. - .3(i). S
5 5 5

Usem [V]
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XYUV triple GEM resolution

* Using time-corrected centroid [1] g I | ' s ! ﬁx!mg 7 -
: T i & D d ¢é O Yaose 0° | 7
° Resolutlons Of < 80 Hm Can be §0'14__ ....................... , ....................................... ...................... -V—YGEM 0° __
achieved, going below 65 um for some ° - g;ﬁﬂ 3;;, -
Iayers 0.12f = , ....................................... ...................... :iMmE ‘22%1 —_
* For inclined tracks resolutions of ~140 N o -
IJ.m are reached 01__ ................................. ,,. ....................................... , ............ m ..................... , ................................ —
* Loss of resolution due to saturation at 008 . ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, , ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N
high GEM voltages (especially for - 9 i i ,J y )
Xcgu) R 2 2 2 2 :
0061,y o P B B —

* Weighted resolutions ~85 um 285 290 295 300 305 310

[1] B.Flierl, PhD Thesis: Particle Tracking with Micro-Pattern UGEM [V]
Gaseous Detectors; Mar 2018
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Backup
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Charge [ADC Counts]

6000

5000

4000

3000 §

2000

1000

20x20 triple GEM ch

rge [ADC Colu-nt's]

* Only inefficient strips visible 200
E
* No charge-up over time g
150
100
L il e '
I 50
. . . . . . . . ol :
0 500 1000 1500 2000 2500 3000 3500 Ti 4{)(}0 0 50
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20x20 triple GEM cluster charge

* Exponential rise with increasing GEM £ | ' | -
=4500 AR s R
Voltage 8 [ —a— GEM1X
Q4000 f —a— GEM1Y e = SHUT ]
. n L i
* No strong difference between layers  Sggpof.....| = SEM&X RO 5
- i —ea— GEM2Y ]
or detectors N e '
(1] =
E’zsnﬂ e o e et e ee et oot et aee e ee et oo eeeEe e eeeate e eeeate oo eenee oo eee e oo eeeate e e eenae e e eee e eaenen s
£ +
2000 _ .................................................................................. i .............................................................................................
1500 _ ................................................... et e et
. *
1000 - .................... ;=; ...........................................................................................................................................................
500 _ ......................................................................................................................................................................................
Y65 270 275 280 285 290 295

U_GEM [V]
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Fitting methods

Double gaussian fit

Does not reach peak

Not good fitting at +-0.2

Chi2/Ndf = 44

09.10.25

h_ResidualChargeScaledTimeCorrected_ GEM1X

35000

30000

25000

20000

15000

10000

5000

h_ResidualChargeScaledTimaCorracted  GEM1X_copy

Entries 305958
Mean ~0.007629
Std Dev 0.179
¥2 £ nd 3252 / 74
Prob 0
po 999.7 +13.4
o1 0.0201 +0.0024
p2 0.4346 +0.0037
p3 3.157e+04 % 8.871e+01
p4 ~0.01385 +0.00017
po 0.07581 + 0.00017
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Fitting methods

-1 -0.8 06 -04 -

. TripIe ga ussian fit h_ResidualChargeScaledTimeCorrected_GEM1X
h_FResidualChargeScaled TimeCorrected GEM1X_copy
. . 35000 — Entries 305958
* Fits peak nicely - Mean 0007620
Z Std Dev 0.179
30000 — 2
. . B 32 nd 2025/ T
* Tails are fit well - Prob 1.1526-28
- no 2.805e+04 + 2.321e+02
25000 —
. _ — p -0.01449 + 0.00022
° ChIZ/Ndf - 41 Z p2 0.06467 + 0.00043
50000 — n3 519 +14.0
- p4 0.06927 +0.00617
- p5 0.6313 +0.0126
15000 — pE 4885 + 2448
— p? ~0.009685 + 0.000862
C n8 0.1404 +0.0026
10000 —
5000 —
D L l l l I 1 1 1 ! I i I 1 | 1 1 | 1 1 1 | 1 1 | : I I t ! i i 5$==|=_

2 0 0.2 0.4 0.6 0.8 1
Residual [mm)]
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20x20 triple GEM resolution

'E' 0.1 50 L e e e e . A S = IEI
£ ] E [ :
= —e— GEM1X | & —e— GEM1X
_________ n n.ngn | e
§ 0145 —e— GEM1Y ] & ; + —e— GEM1Y ]
2 0140} —eocEMx | 13 . GEM2X
Q - L o L ]
g - GEME\( ] $ 0.085 _ .................................................................................................. —— GEMEY ............. ._
E 0.135 e - ﬁ +
5 0430 b ] ©0.080
@ [ ]
| " | |
0.125 v s P . [
. | 0.075]

0.120 + ............................... . [
0.115 - .................................................................................. Eif ............................................................................................. - 0.070 I
0.110 o e L ] 0.065 _ .............................. S S ]
265 270 275 280 285 290 295 265 270 275 280 285 290 295
U_GEM [V] U_GEM [V]
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Change in reconstruction

* Centroid: x = M
21 q;
* Charge scaled centroid: x = Zzll.—x;?
i A

* Increases signal to noise ratio

wn

1
N

* Since the detectors were noisy this
should increase the resolution

o_n”
S

* Optimal value of “s” has to be

determined

signal

noise
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Charge scale centroid

Same behavior with triple
gaussian fit

GEM2X GEM2Y

resolution [mm]
= =
>
I I

|—.—|
I—.—l
|—.—|
|—.—|
|—.—|
|—.—|
|—.—|
|—.—|
|—.—|
|—.—|
——
——
—
—
—
—
——
resolution [mm]
=
]
=
I
——

_”:”?+*++++++++++
0.14— —e— COIe D.1B:— {' + + +
0.12 —— tail 0.14- —e—COre
= —«— weighted L e tail
0.10 t P —+— weighted

'I'+ - t
- ¢ 0.10- ¢
oosE- UL LI LN N : LI N A AP

0.08|—*

0.06f— = . .
B "i-----.------ 0.06f * 0 e 8 s e e e e e s s s

_||||||||||||||||||||||||||||||I|| oS IS N T [N TN TR NN TR T S TN SN S U AT TN S S [ SN S N T N S

1.0 1.5 2.0 25 3.0 3.5 '4.0' 1.0 1.5 2.0 2.5 3.0 3.5 4.0
scale factor scale factor




GEM segmentation effects (GEI\/IlX)

= - — 1.0
7 250 E
o [ Eu.a I 1'
. 7 |
200 & 0.6
0.4
150 - 0.2
0.0
100 | -0.2
| One gap, small o4
ol peaks, small shift
L . . —0.6 I I.
| in residual I II T 1 FI
| 08 | ‘
e g i IR
48 49 50 a1 52 53 54 55 1 0 'I I
Position [mm] a8 49 52 53 54 55

Position [mm)]
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GEM segmentation effects (GEM1Y)

5 3s0f 'E
] o
2 | 2 gaps, no peaks, 5 0.
300 e i .-
| no shift in residual |go.
250 | 0.4
200 [ 0.2
: 0.0
150 |
0.2
100 | 0.4
50 0.6 |
|
—03
NI . d . lllu
a4 46 48 50 52 10 1 HL . .
Position [mm] “43 45 46 47 48 49 50 51 52 53

Position [mm]
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GEM segmentation effects (GEM2X)

9 -E-1.0
| o T
s RN |' y .|"..|" s
2 gaps, small peaks, 3 I " I I “
ey . . 3 0.6
shift in residual | < 11 ]
400 0.4 | {200
. 0.2 I I I
300
0.0 I“ I I
I I I
2uu: -0.2 100
-0.4
100 | I I
—0.6 I 50
l\ | 4,3 111 III
o . . . . 11 III" h
44 46 48 50 _5_2 1.0 I 0
Position [mm] 43 44 45 48 49 51 52 53

Position [mm]
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GEM segmentation effects (GEI\/IZY)

42 44 46 48 50 52 1 0
Paosition [mm] a2 45

g o LN I H * 50
E = 0.8 | | | |
° ERed 1 111 |
! §0.6 | | r || 1000
[ 0.4
400
| 02 150
02 100
! One gap, peaks, 04 .
shift in residual 06 ™
b ‘"'3 |I “I |+|| I|II H 1
' ' | ' ' || I || i 1 |
48

49 51 52
Posmon [mm]
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XYUV triple GEM results

. _"YGEM 00 | ....................................... ....................................... ................................

& Xeey O !
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