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* Applications
* The VMM3a/SRS

* The RD51/DRD1 telescope
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- Test-beam

* The new AMBER triple GEM 7

* |ntroduction and motivation

RADIOACTIVE SOURCE

AcTIVITY / DATE A A4 6& {94/0,’//!)
RP xﬁ 5 l'o

* Results with the VMM3a/SRS
°* The Twin GEM-TPC
* Standalone tracking station

* Standalone tracking telescope



Applications overview

* |Laboratory measurements
* General detector tests and debugging

* X-Ray studies
-> up to 2MHz interaction rate

* Beam measurements

* Detector characterization
-> Statistics of 100k per spill for Muons
-> High-rate studies with up to 1 MHz Pion rate
-> Track time resolution below 2 ns

* Usage in small experiments
-> NIM-pulse injection for synchronization
-> Distribution of the system (20+ meter)
-> Triggered mode
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The VMM3a/SRS

Documentation: https://vmm-srs.docs.cern.ch/

HDMI
(Stage D)

MPGD detectors

RD51 VMM Hybrids

Clock and Trigger

FanOL}t (CTF)

Ethernet

(stage F)

(Stage A to C)
Digital VMM Front End
Adapter (DVMM) Concentrator
(stage E-1) (FEC) (stage E-2)
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Network switch
(stage G-1)

Readout stage

Maximum rate

(stage G-2)

/ Unit Quantity (Mhits/s)
® Rate po chanel 6
© 121;?: ;?;GHDMI-SerDes 17.7
®) Eclftgi;er Hybrid 17.7
(E) E;?;Aeragiﬁiif card 142.2
o e T e
DAQ Computer

https://doi.org/10.1016/;.nima.2022.166548
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The RD51 VMM hybrid

®* The VMM3a ASIC developed by BNL for ATLAS NSW
- 64 Input channels each

- Self-triggered readout (3.6 Mhits/s for individual ch.)

- Sensitive to either pos. or neg. polarity aneloge e ‘VMZ”?H 100 way HRS comnector FX10%
- Neighbouring logic s Ry L Bty 7
- Adjustable gain, 0.5 mV/fC to 16 mV/fC revondary ok [ iR . e
- Adjustable peaking time, 25 ns to 200 ns -y : 252 158 input AC and spark
" J4 AUX power = protection network:
- Inp Jt_ capacn_ance from fgw PFuptolnF | T\ -  Pr——
- Cooling required, 1W/chip power consumption  EEEEEEE - el 1=k Detector GO resistors
: : : wi : 4 N I B e 128x 1
- Time and amplitude of each triggered channel and 12C (new) A couning canacitons
ot = pling cap
U1 Spartan FPGA 7 [[—pm JHERETN"S i Sl 128%4700F)
- - Bk g, 8 § U2 ch. 0-63 =
* The RD51 VMM Hybrid designed for the SRS VIV © $OSOCRI " - TR o235 6resener
- Individual spark protection on each input channel defeautmasteriink SET-N 7 7 0 " For geographicalposition
- Programmable analogue monitoring output 3 analogue signal (VMML) { below globtop ) channel 0 (4* left side pin from bottom, pin 7)
- Power over HDMI or external via AU X pOWGf https://drive.qgoogle.com/drive/u/O/folders/1e0sFGAI4nTdauhlO-tgycOtn 7mPvzL Ol

(min. 1.5V (VMMSs) and 2.8V (FPGA, flash))
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Telescope setup example

Muon/Pion beam — H4 beamline in EHN1 — DRD1 test-beam April 2024

T1 DUT 1 T2 DUT 2
® Position reference from three trackers
- COMPASS-like Triple-GEM

Scintillators

~ 1ns

< 100um

E BB EEEEENER
E BB EEEEENER

®* Time reference from scintillator coincidence =

®* NIM-Pulse injection possible through NIP
® Space for 2-3 DUTs within the telescope
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DUT = Detector/Device Under Test




The RD51 VMM3a/SRS telescope

Thesis L. Scharenberg

* Coincidence of three scintillators
- time reference In the order of 1ns

* Three triple GEM tracking detectors
- time resolution below 10ns
- reference track uncertainty below 100um
(depending on position In telescope)
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Q* Residuals
N s L — Fit | N = (17701 + 29) Entries
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https://cds.cern.ch/record/2860765/files/CERN-THESIS-2022-360.pdf

The PBX and the distributed system

PBX Documentation from H. Muller
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~ 1ns

< 100pum
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~ 13m ~1m ~1m

* External power enables usage of up to 30m HDMI cables Py
(20m tested in beam — 30m tested in lab) .?' T B iy ‘ \4 N

* The PBX was designed to supply 8 VMM-hybrids and can
be powered via a 40W USB-C charger
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P2b-3 P2a-3

SND-P2
’in GND
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https://drive.google.com/file/d/1ggBwBNyY4MDo5vUQ8utmmVvHQmk0UJKa

R&D studies on the new AMBER
triple GEM using the VMM3a/SRS



AMBER — phase-1: PRM

https://cds.cern.ch/record/2676885/files/SPSC-P-360.pdf

* Precise measurement of the Proton radius

* Based on Muon-Proton elastic scattering

* Active high-pressure hydrogen target

* Recoll Proton can‘t be used as trigger

* Trigger-less tracking system required
-> VMM3a as one candidate for GEM-system

General conditions for Phase-1
Physics Beam Beam | Trigger | Beam Hardware
Programme Goals Energy | Intensity | Rate | Type | Target additions
[GeV] | [s']1 | [kHz]
muon-proton Precision high- active TPC,
elastic proton-radius 100 4.10° 100 u” | pressure SciFi trigger,
scattering measurement H2 silicon tracking
Drell-Yan Pion PDFs 190 7-10’ 50 n* C/W | target modification
Input for Dark | p production | 20-280 | 5 - 10° 25 p LH2, liquid helium
Matter Search | cross section LLHe target, RICH?
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PRM-SI104
PRM-FI03

1 High-pressure hydrogen time-projection chamber [___] Helium/vacuum beam pipe

2022-2024 PRM SETUP

Beam setting | TPC pressure setting Duration Purpose

4", 100GeV | 20bars 92 days 2.5 < 07/(10°GeV?) < 40.0
i, 100 GeV 4 bars 67 days 1.0 < Q?/(107°GeV?) < 8.0
u o, 100 GeV 4 bars 67 days control of charge dependence
u, 60GeV 4 bars 34 days control of energy dependence
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G4G (AMBER): Triple GEM

~40kHz Muons

* Equipped with VMM3a on one guadrant

* Prepared and optimized in the laboratory

* Successful operation after installation in beam area

pos0:(392-pos1) {det == 7 && size0 > 2 && size1 > 2}
ProfileOrient
- 1 . Entries 194105
\’ | i = / | e A 1r 3 O . A B Meanx  206.6
. , - » e : 1 A \ean y 165
post:pos{) {det ==4 == o e : SRR <1 Dev x  77.33
L e B stiDevy 99086

Enties 139857
" 250F
Mean x 116.7

Meany 1154 .y d § 1158

StdDevx 5768 . g P 57.78

i R - AT ¥ "
= 68.76 d ey 5 d, . ey - —30

50 100 150 200 250 300 350 400

L 0 e S T i e e e s s e 'l
0 50 100 150 20 250 % 50 100 150 200 %0 0 0
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GA4G (AMBER): EfflClency

~40kHz Muons 2 fC threshold

=
=

efficiency

* Efficiency scans performed for various thresholds » — T S
(1.5fC to 10fC) | S oS L SRS N—

” S— S S—
* Good general response and stable operation I Y 5 R
IS AN R

® Further test_beam data analySIS OngOIng 20 ...... .......................

10 | ...... .......................

adcDist
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4G (AMBER): Gain Hotspot

~kHz >°Fe

- - Sharnnge
* Higher local detector gain observed for all -a .
1800 E— Me:any 563.7
detectors o} <P
3
. 1200 _:_— i
* Effect shows very long time constant oo '
£00 |~
i 3
" " 400 _:_—
* VMM3a/SRS helps to investigate the problem i
— ". o .
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R&D Studies the VMM3a as
Front-End Electronics for TPCs



The Twin GEM-TPC

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

The GEM-TPC Layoutand Powering scheme

y

.

? HV1

s Ar/CO2 :
= 8
= Field Cage i 70/30 %
3 100 mm { é
S (Drift field V/cm) %
: ,
3 2
% GEM‘ID--q}bI----------- LT HV2
- 2 mm i Transfer 1 _M:H’ ‘
Q%) GEMZ--wﬁ,@pﬁ----------- :; g
s 2 mm h i,;,'}' Transfer 2 | =
S GEM3 = = n”__;‘%:'q Eemsmemmsms : Pickjup signal
g 2 mm i\ Inductlon j_ g

] 1 ol

I-[>— Readout Electronics

L x  Horizontal plane (X-axis) = position by the Strip plane
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Extract tO with known full drift time

25

20

15

III|IIII|IIII|IIII|IIII|IIII
]
[
——— ]

i
_II|_||I_|| II|IIII|II

x? / ndf 57.24 / 51
Constant 24.36 + 1.62
Mean -71.18 £ 1.04
Sigma 20.19 £ 0.94

L. o

—%00 -150 -100

-50 0

50 100

time difference TWIN GEM-TPC and T3 in ns


https://mpgd2024.aconf.org/presentation/32.html

Control measurements

®* Field scan
- drift velocity behaves identical for both TPCs
- difference below 2%

® Y position dependence
- No significant variation
- constant within errors 1

O
w0

®* X position dependence
- No significant variation
- constant within errors

O
0o

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

Drift velocity in cmn/us

0.4
150 200
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The Twin GEM-TPC: Removing t;,

Tracker 3 Y vs trpcz-tTrc Difference Tracker 3 Y & Twin TPCY
70|

N , , , , | Entries 6642
E— 2513_— | y XX (tZ — tl ~+ tfuu)/Z X t2 — tl L l Mean —-0.1368
- T Iy | 60 || std Dev 1.089
» | ¥ - x2 / ndf 654.5 / 374
.E EDD.— | 50 11 Constant 48.39 £ 1.09
| '\l | Mean -0.174 £ 0.011
> i | ‘ﬁ LH Sigma  0.6705 +0.0109
| |
E 30~
O 'H:]'l:}_— L
o 20
— N
>0 10
L0 | ] L | T T P T | | | L -
—-10000 5000 0 5000 10000 15000 20000 E—IE
trec2-ttect IN Ps Tracker 3 Y - f(ttrc2-ttPc1) In mm

* Time differences show clear correlation with coordinate from reference tracking detector

* Position can be extracted with fit to calculate the residual

Application of the VMM3a/SRS — MPGD24 - K. J. Flothner 7



Beam Profile

Coincidence with telescope

. 100 = 100
150GeV/c Muon Beam — H4 Beamline in EHNZ — RD51 test-beam E £

£ 90— —90

;% 80— — 80

. . . & 70— — 70

Showcase without external information > oF .,
502— 50

* Beam profile can be reconstructed 40 40
30— 30

* Only data from Front- and Back-TPC . .

. . 00 20 40 60 80 100 120 140 160 180 200 ©

* Matching done with Front-TPC as reference X Position in mm
(does not work well without noise-cuts) Standalone Twin GEM-TPC

£100 —100

_ E 90 - —190

* Cuts before matching S0 e
§ 70 —70

* Cluster-size >2 & <10 50 60

50 — 50

40 40

* Cluster adc value >800 = 0
205 20

10~ 10

00_ 20 40 60 80 100 120 140 160 180 200 0

1¢& X Position in mm
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Tracking with Mean of Clusters

150GeV/c Muon Beam — H4 Beamline in EHNZ2 — RD51 test-beam — H5V3 orientation

" G) 1
X-Residuals S Y-Residuals
= S A 400
600— . Q - ;
i 227 ndf 174.2/ 142 = - 27 ndf 192.6 / 144
. Amplitude1 530.4 + 6.1 — - Amplitude1 228.2+8.0
- Mean 102.9+1.9 g 350— Mean1 256.1+ 5.6
- Sigmaf 1959+20 | 9 - Sigma 2093 7.3
o500 Amplitude2  14.03+219 | o - Amplitude?2 134.9 + 8.1
i Mean2 192.7 +25.6 300 Mean?2 391.6+75
- Sigma2 653.4 £ 48.8 B Sigma2 476.9 + 8.5
400} 2501
3001 200}
- 150
2001~ -
| | | | —
i | | | | 100~
- | | | | -
100 B I -
i | | | | S0
_ | | | | -
_._.--"-'—' T [ 1 1 | - ”ﬂ—u—ﬁblaaj_n—‘ lo L _hn : | | | e || | [ | | I I | [ | I

—-1000 -50 0 500 1'~000 1500 2000 N | l —'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

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

* Could be still interesting as low material budget tracker station but does not cover full potential

Application of the VMM3a/SRS — MPGD24 - K. J. Flothner 19



Horizontal Tilt Calculation

150GeV/c Muon Beam — H4 Beamline in EHNZ2 — RD51 test-beam — H5V3 orientation

* Calculating event based

* Calculate angle for individual events

X
* Mean of distribution resembles tilt of

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

® Xeont — Xgack diStribution needed for

24869
—6.485
0.803

V)
o )
e ——
C | S T | ~=1
mI . D el —
QY Y ____ (-—
8 TN R -
= ———
o = -
| 1
D —
> distance front-back
Nominal Position
Entries
1600 Mean
. Sh |ft Std Dev
ront-back
1200

nominal and tilted orientation

* Angle can be calculated with corrected shift

* The horizontal tilt 4.74(15)° is observed
(fits with setting of 5°)
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1000
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200

e L e

distance in strips

From individual Events

Horizontal-Tilt

2500 - Entries 10000
i / \ Mean 4.74
~ Std Dev 0.151
2000‘_ ¥2 / 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 | | [ | | | | | L | | | Ikl‘ﬁ.\ ! T | |
4 42 44 46 4.8 5 52 54

1800

1600

1400

1200

1000

800

600

400

200

angle in deg

Horizontal 5° and Vertical 3°

Entries 35998
18.37

B Mean

B Std Dev  0.9166
B ‘Ji .

L L ol --"r‘ Co e sy Loy

0 12 14 16 18 20 22 24

distance in strips




Vertical-Tilt-Tracking

¥2 / ndf 180/ 31

300—

Vertical Tilt Calculatlon

Constant 2926 £ 7.1
Mean -0.01192 + 0.00074
Sigma 0.03746 + 0.00057

150GeV/c Muon Beam — H4 Beamline in EHNZ2 — RD51 test-beam — H5V3 orientation 200—

! /
tr—C1+lrun

: L 1505
«+ vdrift = y used to 't ‘3” :, 100
calculate y position S— I

I IH II'IIT |III|III |'| | H

V4 Single event 1111 —%5—04—03—02 010 010203 04 05

angle in deg

* Vertical tilt of telescope:

11.9(8) mdeg Oedges &

o

Y position in cm

* Three angles per track:
(should be identical)

e Back TPC s
3.4

* Full Twin GEM-TPC

&

I | I I | I I | | I I I ‘ I I ‘ I | | I | I ‘ ] 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 — H4 Beamline in EHNZ2 — RD51 test-beam — H5V3 orientation

Drift Velocity 0.9616 cm/us Drift Velocity 0.9616 cm/us
18001 - ‘ Edges removed 1800: ) - ‘

- 2 / ndf 711.8 /82 - x? / ndf 608.3 /93
1600 / \ Constant  618.4 £6.9 1 600: \ 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 _ . X2 / ndf 235.6 / 79 1200:_ E_) x2 / ndf 411.2 /97

i A | Constant 655 + 6.9 - —| Constant  469.7 +5.0

- 1000}

1 000: | Mean 3.327 + 0.007 B —5 Mean 3.94 + 0.01
800 < | Sigma  0.8789 +0.0056 800 S| sigma  1.195+0.008
- an ¥2 / ndf 381.9 /33 B - x2 / ndf 276.3/ 36
600 c | . 600 =
- E onstant 1699 +17.1 - =| Constant 1633+ 16.3
400 | Mean 3.52+0.00 4001 — | Mean 3.564 + 0.003
B = | Sigma  0.3375 +0.0019 : T | Sigma  0.3534 +0.0019
2001 L 200
O: e Lo b by 012%—*': A 1 | _ b L1
0 S 6 7 8 9 10 o 1 2 3 4 5 o6 /7 8 9 10
angle in deg angle in deg
* Removing edges results in broader distributions and increased discrepancy between Front- and Back-TPC
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Vertical Tilt Calculation

150GeV/c Muon Beam — H4 Beamline in EHNZ2 — RD51 test-beam — H5V3 orientation

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

x? / ndf 237 /78
Constant 7094 +£7.5
Mean 3.067 £ 0.007

Sigma 0.8116 £ 0.0052

Q0
(-
Cfl [ 1]
Full Twin Back TPC

x? / ndf 33.98/12
Constant 1933 £ 38.9
Mean 0.05421+0.01278
Sigma 0.2653 + 0.0059

III|IIII|IIII|IIII _I|III

o 1 2 3 4 5 6

/7 8 9 10
angle in deg

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 + 171
Mean 3.52 +£0.00

Sigma 0.3375 1+ 0.0019

2 3 4 5 6

* Can correct the alignment between Front/Back but distributions are slightly wider

Application of the VMM3a/SRS — MPGD24 - K. J. Flothner
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Vertical Tilt Calculation

150GeV/c Muon Beam — H4 Beamline in EHNZ2 — RD51 test-beam — H5V3 orientation

Drift Velocity 0.8865 cm/us Drift Velocity 0.8865 cm/us
2000 ‘ '284.7”3 t_O OffS et 2000 ‘

% ¥2 / ndf 711.5/76 - l %2/ ndf 710.9/76
1800 Constant 668.7 + 7.5 t O Offset Distribution 1800 [ Constant 668.9 + 7.5
1600 E Mean 2.797 £ 0.008 _ . ttf)-compariso::1761 1 600:— Mean 2.797 £ 0.008

al Sigma  0.8328 + 0.0061 . MZQ:S 284.5 - | Slgma  0.8326 £ 0.0061

— ' 1200— ' L '
1400, Qlerma  zrm | M et 0 T [ga
1200 : Constant 709.4 +7.5 1000 Constant 1253 + 126 1200— : Constant 709.4 £7.5

— O - Mean 284.7 £ 0.4 — &)

’ 000:_ 8 Mean 3.067 £ 0.007 5 Sigma 4145 + 0.9 1 000:_ ch Mean 3.067 + 0.007
B Sigma  0.8116 + 0.0052 800¢ - Sigma  0.8116 + 0.0052
800:_ _ x* / ndf 33.98 /12 600:— 800:_ x? / ndf 336.7 /25
600 % Constant 1935 +£38.9 I 600 g Constant 1860 + 18.6
: —| Mean  0.05421+0.01278 400 - = | Mean 2.094 +£0.003
400 S| sigma 0.2653 + 0.0059 : 400 S | Sigma  0.3092 +0.0017

E L 2001 n L

200 i 200—
0: [ ‘ | | | | | | | | | | [ ‘ S | | | | | | | | | | | | [ _gadl_l1|ol(l)l |(|) l |1|(!_)(|) 2|(!_)(|)| ls(!.)(l)l |4|.00 |5|(!J(l)l lé(!.)(l)l |7|00 0: [ | | | [ 1] 1 [ 1 1 ‘ | 1 | ‘ o | | | 1 | | | 111 ‘ I
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 o6 7 8 9 10

, time difference in ns :
angle in deg angle in deg

* Back/Front distributions show no change as expected
* Can correct the alignment between Front/Back

» 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) 24 Application of the VMM3a/SRS — MPGD24 - K. J. Flsthner



Summary and Outlook -

* The VMM3a/SRS Is a versatile trigger-less system for full- scale W N\ RN YA e
prototypes and small tracking systems (up to ~20m-40m) l T e (| e )

* The new AMBER triple GEM tracker
> Successful operation with VMM3a/SRS

> Performance can be optimized (Improve Noise)
> Detector nonuniformities under investigation

* The TWIN GEM-TPC Iin combination with the VMM3a/SRS
> Standalone operaion without external tO possible

> Good detector response and resolutions
of 0 < 200um nxand o <500um Iny

> 3D tracking works but should be done with 2D readout

Application of the VMM3a/SRS — MPGD24 - K. J. Flothner 20
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volution of the telescope |

July 2021

12 . | | 200
Beam Spill
N 10 Ny ~—— Beam Extraction | 150
= st NG
- .
g oF ~_ 100
g 4t N \
= N 50
Mool \
0 ! 1 1 | D 0
0 1 2 3 4 5 6
Time (s)

(a) — Measured SPS spill structure.

SPS-PAGEL Current user: HIRADMTZ2
SC 15512 (41BP, 49

I/E11 MUL
14
4
1
0.0 0

0.9 E10 0.0 E1Q

(b) — Screenshot of the SPS status monitor (SPS Page 1).
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Total Particle Count (10%)
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=
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2 =1
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GroUding, Firmware and

o First Tests High Rate Software improved with other DAQs and NAG1 (SHINE)

October 2021

May 2022

Total Effective Detector Gain (10°)
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P B e - R AR
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3700 3800 3900 4000 4100
Divider Voltage at Cathode (V)

Total Effective Detector Gain (10°)
10 20

15mV = 1.5fC
10* Electrons

—+— Both Planes
—=— x-Plane
y-Plane

30mV = 3.0fC
2 % 10" Electrons

—— Both Planes
x-Plane
y-Plane

55mV = 5.5fC
3.4 x 10* Electrons

—+— Both Planes
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10* Electrons
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(a) — Spatial resolution in the x-plane.
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https://cds.cern.ch/record/2860765/files/CERN-THESIS-2022-360.pdf
https://cds.cern.ch/record/2860765/files/CERN-THESIS-2022-360.pdf
https://cds.cern.ch/record/2860765/files/CERN-THESIS-2022-360.pdf
https://cds.cern.ch/record/2860765/files/CERN-THESIS-2022-360.pdf

Synchronization of DAQ systems

Thesis L. Scharenberg

* The RD51 VMM3a telescope was used in the NA61/SHINE experiment for
proton-beam tracking 0 — 2L —sSeill2 Spill 3
- NAG61 runs with trigger and event ID
- VMM3a/SRS runs self-triggered

—
“n
|
|

Event Identifier (10°)
=
|
|

&)
|

* NIM Pattern Injector was designed by H. Muller Secoded event IDs
- NA61 could send 32-bit event IDs 0 . , . .
(32 individual lines with NIM pulses) T T
- knowing the mapping on the hybrid one can decode the event IDs

DWC x-Position (mm)

Data kindly provided by Brant Rumberger

DWC y-Position (mm)

28

""é" 40 | | I 200 o ’é‘“ 40 | | | 200 4

£ Correlation in X I = £ Correlation in Y I =
= S s o S
3 20 =4[5 150 2 3 20 4[5 150 2
= X = X
o - ) -
A~ 0 114100 R A 0 -1 100 R
3 E = a
= L _ ~ B L _ >
B —20 50 9 B —20 50 §
I e ' ke
= E g 2

—40 =20 O 20 40 —40 -20 O 20 40



https://cds.cern.ch/record/2860765/files/CERN-THESIS-2022-360.pdf

Evolution of the telescope |

Correlation in X

Beam
telescope

20 m.MI cables,

13 m distance between

hits pos0 hits posl hits adc1 .
n ' \ satellite.anel telescope
3 ' Time Difference
Tk ok e T B e T o o o do B sk { \
clusters pos0 clusters pos1 clusters adcO clusters adcl . J
o Event matching between R f
trackmg . B satellite and telescope tracker '
station ~ (without time calibration) ,!
- ' - ~ 0 A
-400 -300 -200 -100 O

Time difference / ns

Self contalned system

5 DUTs incl. pad-R/O and optimized monitoring Improved Powering (PBX) Distributed System
vt October 2022 _ApmM2023 ______ July/August 2023 Apm2024 August 2023 ApriT 2024

Resistive-plane thin mesh Micromegas

One curiosity is if this mesh design allows us to push till higher gain before instabilities occur and how

Ifin the transparency curve looks like.
Gan curves TrATAN Wy T At Ty
1.10*
. 10 g,
sw10t ¥ ok
/ “

e

™~

ESectve gan [1)
.

o4

* NCO; 97 o2

« ACO, BT
* NICO; 70 * ACO, 700
00
60 o0 o 20 an L] &0 1000

Catnode voltage V]

Small-pad resistive Micromegas

To help with the high multiplicity runs for the XYU-GEM, VMM3a equipped pad layout of this geometry
allows benchmark the resclving of the ambiguities with the XYU readout.

Cathode
&
»
» Mesh
............. prresiaan
n % Pikar
—— m——
Vis
o= Read-out padh




Signal

St b Copper
\ \ \ \ Polyimide
Example DUT: XYU-GEM Depe@
— Ghost Hi Y4 5
- N N : \ » Epoxy Glue 10 pm
E Polyimide
Production details (R. De Oliveira): https://indico.cern.ch/event/1110129/contributions/4720923/ & ‘ ‘ ‘ ‘. - Cobpar U

N\ ‘ \ N

Concept

Hit Ghost ng
* Three projection strip readout ‘ .. . ‘ Glass Epoxy Board
* No vias within the active area Moo e x X
* Overdetermination due to three projections @ 128 s 2 o0 R . xlq: Charge Sharing 150 GeV/c muons
-> should resolve ambiguities 5 | X o= 152074081 | S 1 [ ] x:wev = ssatonn - S 85 | Mean
. @ 10— |:| Y: Mean = 1455.73(0.49) — 8 : |:|Y: MPV = 475.94(0.79) _ 81 6:— 1" g x 39 :
State Of the prOJeCt E U: Mean = 822.00(0.36) E 8__ U: MPV = 319.72(0.44) | 1.45 —: 36 E
. . 8- | 5 . :— _:
* A good response of all projections can be seen 7 : o 12F | E
. . . . . . . . . 6_— _ i = ]
The sharing ratio fits with simulations (Djunes . SSEE ) o :
 The sharing can be varied with biasing strips 4 § l 0.6F E
- First simulations done to estimate capabilities t . 2 o
resolve ambiguities : e . T o | :
0y "'2_5”"3x103 % 02 04 06 08 1 12 14 10° 0 0.10203040506070809 1
adc channels adc channels charge ratio
@ Improved Hit based ® Event based ® Hit based
] ) ) Statistics of 1042
) §103 - Ilnfluler?cel qf l?la\I5||ngIU|0r|1 )I(cloc?rclllnlatle | i 100 =0 gy e ’\o ¥, 250% e - T
= — 55 - ’ . My lcg, > Cop, Meanx 1095 o Mean x 1095
s4s- FE 15V = U i o e
S 4t 5V = \0\' ” 200 sl oo S w2l
3.5 oV = 0 ) @?"x::"::‘g"o, , ~1601
25 - % c‘;%%o o 1201
= E % 53 100 1000 400
1.55— —E 3?%1 .
1 = ? ’
0.5 = e R
05 il T = P N me e % 50 100 150 200 250 % 50 100 150 200 250 O
0 0.5 1 1.5 2 2. 10° 0 5 10Mu|tip”d%5 20 25

adc channels

30



Example DUT: Fine-Pitch GEM

* The impact of a different pitch inbetween the GEM holes Is investigated

* A drift fleld scan shows a minimum correlated to low transversal diffusion ® = = = "

Spatial resolution / pm

- due to better sampling we expect a better spatial resolution

100 |

an
o

Efficiency

H0.2
———PReLIMI
Drift field / kV/icm

(a) Top strips

an
o

Spatial resolution / pm

NG

Drift field / kV/cm

100 |

—o— Res.
-=— Res.
— Res.

-o- Eff. FP

-o-Eff. G 0.

- Eff. M.

4

(b) Bottom strips
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(a) Standard GEM geometry (b) Finer pitch geometry
140 um pitch 90 um pitch

500 ————————
400 |- .
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100 |- -

Transverse diffusion / pm/Vcm

0:...|...|...'
0 2 4 6

Drift field / kV/cm

Courtesy of L. Scharenberg



Fine-Pitch GEM: Resolution

* Better sampling of the Initial charge seems to improve the spatial resolution

* Transfer-fields can be adjusted to further optimize the spatial resolution
-> Transverse diffusion seems to be a good explanation

150

Spatial resolution / pm

100

o)
-

Effective gain / 10°

T e e foeoT o) 1
L FP SG
f, ——Res. = Res. 0.8
y o Eff. o Eff.
.' —10.6
: —10.4
—10.2
Top strips |
vt B ENG
10 20 30 40 50

Efficiency

Spatial resolution / um

150

100}

QN
-

T !_%Eﬂn“'ﬁfﬂm’“ﬁﬁﬁw 1
o) FP SG
8/ —— Res. -=-Res. 0.8
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—10.6
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-10.2
Bottom strips |
. N SN IR IR
10 20 30 40 50
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Powering and Noise

“FE spectra)

PBX Documentation from H. Muller - —ale__
2500 — 12mV/fC with 15mV THL Ml;;l:s 1378
* Power over HDMI - Ar/CO2 70/30 with gain ~4k StdDev 3439

~ COMPASS like triple GEM

- unstable for many hybrids on single DVMM/FEC
- [imited Iin range due to voltage drop over HDMI cables
- usually a lot of additional grounding needed for low noise

HDMI
PBX + 20m

2000

—h
(8))
o
o

1000

* Power over PBX (external)
- decoupling from data and powering
- stable operation with 8 hybrids per DVMM/FEC >
- almost no additional grounding needed
- unfiltered power source can introduce a lot of noise
- system can be dlstrlbuted over Iarger areas (+20m HDMI)

entries per 100 channels

500 1000 1500 2000 - 2500 3000
adc channel

o

Ferrite 'Eore 3C11 one turn all lines

Ferrite tore to filter PBX output
T60004-L2030-W676 with two turns power & GND

Maximum ean o-Deviation
21.387TmV 15.039mV 29.688mV 21.164mV 2.1595mV
71pv -303pV 616\ 71.786pV 127.46pV
21.777mV 11.328mV 27.979mV 18.337mV 2.3811mV 1: ®§ . 12.744mV 8.7402mV 26.074mV 12.852mV 1.8201mV 2016
-1.936mV -2.262m\/ -1.475mV/ -1.8867m\ 108.06pY 2 : © 1.9688mV 1.3901mV 3.4865mV 1.9551TmV 222.15pV 2016



https://drive.google.com/file/d/1ggBwBNyY4MDo5vUQ8utmmVvHQmk0UJKa

Noise

Well controlled noise Is crucial for self-triggered mode
- bandwidth can be fully occupied by noise
- required data storage can become a limiting factor

General

- monitoring output helps finding/fixing noise sources
- Interposer need proper GND reference

- open connectors (e.g. HDMI) should be shielded

- baseline shift after mounting on detector possible

Power over HDMI
- GND return to SRS-crate Is very important
- additional GND connection normally helps

External power e.g. PBX
- stable power output needed
- ripples need to be filtered

counts

10°

10

10°

10?

10

Type Current Minimum Maximum
Vpp 21.387TmV 15.039mV 29.688m\/
iean 1V -303uV 616V

Vpp 21.777TmV 11.328mV 27.979mV
iean -1.936m\/ -2.262mV/ -1.475m\/

-1.886 /mV

iean

21.164m\V/
71.786pv
18.337mV

VMM single ch.
12mV/iC
15mV THL

g==acditional GND -

coginection” =

g-Deviation
2.1595mV
127.46pV
2.3811mV
108.06pV

Wave count
2972
2972
2972
2972




The G4G for COMPASS/AMBER

* Triple GEM tracking detector

* 13-fold top sectored GEMs

e Standard COMPASS configuration

https://doi.org/10.1016/S0168-9002(02)00910-5

Transition of GEM Generations
GIG ~ G3G

* 30.7 cm x 30.7 cm active area
° XY- R/ O Wlth Strlps dIVIded In Center arg-E da ae Large-size with Pixel
2001 2021 2023 - 20247 ———

2008
G2G
t» TEEEE

* Trigger-less readout

1000

Apparatus for Meson and Baryon
Experimental Research

W o A :
)

; o~ U

.«-:!5 L TN I

Pixel GEM Self triggered readout
35 e.g., with VMM


https://doi.org/10.1016/S0168-9002(02)00910-5

Very low material budget tracking

* General reduction of multiple scattering

* Fields with particular interest:
* |nner tracking systems in HEP
°* Beam monitoring
* Low energy beam tracking
* Specific application: MIXE experiment @ PSI
* 45 MeV/c muon beam

\ A - \
o .‘, d . K
S . Y
. b "\
\' ,

* VMM3a/SRS used P M XE setUpDec 2021

https://lwwav.psi.ch/e mus/muon-induced-x- y¥emission-mixe' ,* 3

36



Motivation: Phase-1 AMBER

Track multiplicity in p + p interactions at 190 GeV/c: in blue the charged tracks, in red all tracks

o0
% Physics Beam | Beam | Trigger | Beam Earliest Hardware g N
e Program Goals Energy | Intensity | Rate Type | Target | start time, additions ) B =)
o - B
§ [GeV] [s_l] [kHz] duration 3 01— | Mean 18.56 §
% muon-proton Precision high- active TPC, (- (- 8 B RMS 4.058||RMS 7.675 §
?:5 elastic proton-radius 100 4-10° 100 ui pressure 2022 SciFi trigger, O -4 = =
2 scattering measurement H2 1 year silicon veto, O — g 0.08 N S
:Ef Input for Dark | 7 production | 20-280 | 5-10° 25 )2 LH2, 2022 liquid helium O OI < - g)
E_ Matter Search | cross section LHe 1 month target o 0.06— §
s = ©
£ Drell-Yan PionPDFs | 190 | 7-10" | 25 o | CIW 2022 @) - l =
e 1-2 years " — U B £
0_:' . . . ) O 0.04 ] =
] Table 2: Requirements for future programmes at the M2 beam line after 2021. Muon beams are in blue, (- B o
-
= conventional hadron beams in green, and RF-separated hadron beams in red. ~ ~ o
< < L 0.02 ]
B =
B <
ApprOVEd Phase-l: 0_ I 11 | |11 l| 111 B |1 | ] I B II Ll Il Ll
MC Truth 0 10 20 30 40 S50 60 70 @80 90 100

4
10 Reco with PR based on MC Number of tracks

— Reco with 5 vertex detectors .
| Required performance
——— Reco without Vertex detectors
- 2
Main difficulty for the reconstruction is the I:htzozate (Hz/mm®)
multiplicity: ~20 tracks/events S

o Hit rates: ~ 10 kHz/mm? B

* Proton-radius measureme
muon-proton scattering

| IIIIII|

10°

[ IIIII|
IIIIIIIII Ja=s) ()

@ Time resolution: a few ns

* Measurement of antiprotol
sections for dark matter se

@ Spacial resolution < 200um
Due to small level arm

@ l|deally, no dead-zone ]
— Goal: dM,,,, < 100 MeV -

-150 -100 -50 0 50 100 150 200
X (mm)

First Carbon target
979.3 +16.7
pt (GeV) 0.02708 +0.00171
o1 (GeV) 0.1215 +0.0026
A2 102.4 £8.9
y2 (GeV) -0.018 +0.009
a2 (GeV) 0.4485 +0.0175

Third Carbon target
1 2412

* Drell-Yan and charmoniun
conventional hadron bean =5 B 25 200 150

Z (cm)

u1 (GeV) 0.02592 +0.00234
o1(GeV)  0.1108 +0.0035
A2 .33 +8.

u2 (GeV) 0.01384 +0.01167
02 (GeV)  0.3448 +0.0248

Drell-Yan

T[T T T TT T[T [TTT T[T TTTI]TT
LLLLS FLALY [LALY LLALY JALL) LLLL LLLLLLLY)

..............

R T
AM,,, (GeV)

@ Vincent Andrieux (UIUC/CERN) Mar.-2020

Backup - K. J. Fléthner 37 — — .
https://indico.cern.ch/event/863068/contributions/3759363/attachments/1996202/3330483/Andrieux_ DAQ02032020.pdf



The Twin GEM-TPC + VMM3a/SRS

Self triggered hits referring to the same absolute zero time t(')
readout

® Synchronised readouts
-> t1, = ty + t1, is valid for all times

= trull

* The absolute times t’ can be used to get the relative times t
-> Only possible If absolute times correspond to the same event

>t,—t;=ti+t, —(tyg+t;) =t, —t;
L2
* With access to the relative time and the full drift time Tgy;;; 1t1S

possible to extract a time corresponding to a y-value (three examples)
té—tiﬂfuu

> = 0witht, =0,t; = trun = Yo

! !
tr—Ct1+lfrun

2
! !
tr—C1+lrun

-> = tfull with tl — O; tz — tfull — V1

-> — O'Stfull with tl — tz — OSyl
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Removing to

® A correlation can be checked just using the time difference of the TPCs

>y X (ty =ty +teyn)/2 Xty — ty

® Linear fit gives a conversion function f(trrca-trrci)
- 'y position for Twin TPC can be calculated

® Difference 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 witha o = 0.67 mm

== Correlation possible without external to

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

39

)
Q. o 50 ) NN S 0 S NSNS WS S———
) B
C 200— o
O T i s o
N -
O 100 =
S
-
50+

Tracker 3 Y vS tpack-tfront

l I S N Y ; - [ 1 ]
-10000 -5000 0 5000 10000 15000 20000

Difference Tracker 3 Y & Twin TPC  thack-lirontIN S

70

60

50

40

30

20

10

Sigma

Entries 6642
Mean -0.1368
Std Dev 1.089
X/ ndf 654.5/ 374
Constant 48.39 £1.09
Mean —-0.174 £ 0.011
0.6705 £0.0109

Tracker 3Y - f(trpca-trpc1) IN MM



Twin GEM-TPC: Calculate t;,, & t,

* Fulldniit ime Is either known or can be checked * tw1 gives distribution with clear peak at 11.85 s
using tO reference
/ Y .
>l =1y T 11 * Knowing twui tO can be calculated
_— - / / / / I
>t =1t +t, =t +1t, — 2t N ST 7)),
> tO —
2
Measuring full drift time with external t0 Extract tO with known full drift time
%2/ ndf 91.62/ 82 _ x2 / ndf 57.24 / 51
20— i Constant 12.39 +0.90 - T Constant 24.36 + 1.62
N Mean  1.189e+04 +2.136e+00 - Mean -71.18 £ 1.04
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Detector Response nominal Orientation

150GeV/c Muon Beam — H4 Beamline in EHNZ2 — RD51 test-beam
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Detector Response H5V3 Orientation

150GeV/c Muon Beam — H4 Beamline in EHNZ2 — RD51 test-beam
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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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Calculating Drift Velocity

https://arxiv.org/ftp/arxiv/papers/1110/1110.6761.pdf
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®* Time calculated for different positions
(cut on position In tracking detector)

-> t1 5, — t —time distribution for specific position

® Taking to different positions 2 times are obtained and

the velocity can be calculated
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Twin TPC

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

The GEM-TPC Layoutand Powering scheme
* Gas type: ArCO2 (70/30) . : HV1

i

® Flow: 51/h

Field Cage
100 mm "
(Drift field V/cm)

®* Two HV channels per GEM-TPC (check for the run
In the logbook) --> HV1 = Cathode, Voltage is high
~6 kV, current low ~100uA. HV2= GEM stack
(Triple GEM), Voltage Is moderate ~3 kV, current Is

.
A SAAMAAALIAAA-IAAAAAAN-

Vertical plane (Y-axis) = position by drifting time

_ GEM 1 = = == Q‘Q,‘ﬁ - n—“ﬂ— HV2
hlgh ~660 UA 2 mm i 1'!;'7 Transfer 1 —:
GEMZﬂﬁq’&éﬁé@uuﬁgsgmn:ﬂ—m}é %
BNV "
o . 2 mm AR Transfer 2 | =
Four VMM3a hybrids per GEM-TPC plus one GEM3pmmsmmmmmmmm e  Pickjupsignal
hybrid for TO 2 mm ,....‘. _Tduaﬂ | ~:L 1
* Bottom of GEM-TPC readout by custom made A DL L
preamplifiers; one per GEM-TPC L x  Horizontal plane (X-axis) = position by the Strip plane

® Total drift time: 12 us
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