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Physics at AMBER
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iysics in the sub-¢V mass range

CERN'’s Physics Beyond Collider initiative:
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Physics
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e Study group launched 2016

.
. .
6 Proposals sensitive to New Physics in the multi-TeV mass range

» exploiting the full scientific potential of the CERN's

ysics in the MeV-GeV mass range

accelerator complex and scientific infrastructures 5 o b
z 61 g2+
- Complementary to LHC and other future colliders 3 el
« CERN impact on physics landscape in next 10-20 years ;;18 ................. ORB....
e

mass of BSM state = log;ym,[eV]
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Apparatus for Meson and Baryon Experimental Research:
* In the context of CERN’s Physics Beyond Collider initiative:
Proposal for a New QCD facility at the M2 beam line of the CERN SPS

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

©)

S

CERN-SPSC-2019-003
SPSC-I-250
January 28, 2019

Letter of Intent:
A New QCD facility at the M2 beam line of the CERN SPS”

COMPASS++' /AMBER'

14.06.2022 Michael Lupberger 6



e

UNIVERSITAT Apparatus for Meson and Baryon
Experimental Research

Apparatus for Meson and Baryon Experimental Research:
* In the context of CERN’s Physics Beyond Collider initiative:
Proposal for a New QCD facility at the M2 beam line of the CERN SPS

° LOI: June 2018; Submltted tO SPSC January 2019 EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
©

S

CERN-SPSC-2019-003

SPSC-I-250
January 28, 2019

Letter of Intent:
A New QCD facility at the M2 beam line of the CERN SPS”

COMPASS++' /AMBER'

.S. Torre™”, S.8. Dasgupta' ', S. Dasgupt X
sov", L. Dhara'', N. d'Hose™, F. Donato™, S.V. Donskor
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Apparatus for Meson and Baryon Experimental Research:
* In the context of CERN’s Physics Beyond Collider initiative:

Proposal for a New QCD facility at the M2 beam line of the CERN SPS
° LO| June 2018’ Submltted to SPSC January 2019 EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

. for Phase 1 to SPSC: June (update Sept.) 2019 )

=7

CERN-SPSC-2019-02:
SPSC-P-36(
October 13, 201

Proposal for Measurements at the M2 beam line of the CERN SPS
— Phase-1 -
COMPASS++ /AMBER'
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Apparatus for Meson and Baryon Experimental Research:
* In the context of CERN’s Physics Beyond Collider initiative:
Proposal for a New QCD facility at the M2 beam line of the CERN SPS
e LOI: June 2018; Submitted to SPSC January 2019
. for Phase 1 to SPSC: June (update Sept.) 2019
* Physics program recommended by SPSC: October 2020

SPSC 139, Oct. 2020

The Committee recommends approval of the proposal SPSC-P-360 by the AMBER Proto-
Collaboration to use the M2 beam-line before LS3 to perform measurements related to:

(1) Drell-Yan and J/Psi production vsing the conventional M2 hadron beam;

(1) proton-induced antiproton production cross sections for dark matter searches:

(111) the proton charge radius using muon-proton elastic scattering.
The proton-radivs program is contingent on a successful pilot run previously approved for the
first year of SPS operation after the Long Shutdown LS2.

14.06.2022 Michael Lupberger 9
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Apparatus for Meson and Baryon Experimental Research:

* In the context of CERN’s Physics Beyond Collider initiative:

Proposal for a New QCD facility at the M2 beam line of the CERN SPS
LOI: June 2018; Submitted to SPSC January 2019

. for Phase 1 to SPSC: June (update Sept.) 2019

Physics program recommended by SPSC: October 2020

Approved as NA66 by the CERN Research Board: Dec. 2020

proposals that are requesting beam there, NA64-mu and MUonE. The Research Board
approved AMBER for its Phase-1 measurements until LS3, with the beam allocation
being subject to the optimisation of the overall schedule at the SPSC. The experiment

will have reference number NA66.
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M2 beamline (EHN2):

(,e% /é"’ * most versatile beamline at CERN
VX * high-intensity beams of p*, 1%, p

* intensity limited by radiation protection

4
CERN Prevessin

North Area <«

'

T2 wobbling

______

T4 wobbling
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Hadron structure and hadron spectroscopy with high intensity

OMP,

muon and hadron beam

HCAL1 Inner Muon Middle Trigger
H1 H2 Trigger Filter2 I| Ladder
° Approved 1997 Trigger Trigger ‘ .Tr-gger'
Stra':.'u Mugp SM2 Ogter HCALZ Inner
* |nstalled 1999-2000 rierd /riager | Trigger
Veto  Silicons SM1Y ’ ' GEM
* 2022: Final run on N | \
#.-' fI' Target 'l k:l I
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Beam A | } ' Ladder
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polarised deuterons MicroMegas SEMIEZEl M S G B oz
xlﬁ -».,I-.-_H ECEIE'I »\1 ) _ )
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Drell-Yan and charmonium production using conventional hadron beams

Goal: Understanding the emergence of Hadron Mass 0-01.G9V
%o
1 GeV

Higgs @

: = Study Pion PDF A
493 MeV QCD

[Chang et al., Chin. Phys. Lett. 38 (2021) 081101]

135 MeV

o

938 MeV
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Drell-Yan and charmonium production using conventional hadron beams

Goal: Understanding the emergence of Hadron Mass 0-01.G9V
[ 4

® 1 GeV

Higgs @

= Study Pion PDF A

938 MeV 135 MeV 493 MeV QCD
Valence quarks Sea quarks Gluons [Chang et al., Chin. Phys. Lett. 38 (2021) 081101]
£ L . 20¢ (a) g )
sonstrained Basically unknown . e &
=l B % — cui2020 . = e
5 03 5 N s 2020 il Cui 2020 ek
H o . 1AM 2018 Bl -=-=-~ xFitter 2020 & il
o e Cui 2020 N\ — S GRS 1999 & gl Ceeees 1AM 2018 & Cui 2020
g -m-—-— xFitter 2020 “3\ th B Rl SR TN i o B _ . xFitter 2020
0.1 coeeeee JAM 2018 o Py e ceeeeee JAM 2018
_____ GRS 1999 *"‘~-~-~._.__________ ===== GRS 1999
0.0 ok i TR L e ap e bl L RN
0.2 0.4 0.6 0.8 1

0.0 0.2 0.1 0.6 0.8 1.0 o 54 — 0.001 0.01 0.1 1

Discrepancies between experiments, old data, mostly heavy nuclear target=>large nuclear effects

14.U0.2UZZ IVIIChael Lupberger 1/
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Drell-Yan and charmonium production using conventional hadron beams

Hadron absorber > | ) »

C C L Iw W W \TAVATAVAVAVAVAY.
| | — |
b 4

Vertéx detector —

Setup:

* 190 GeV TT* beam

* |soscalar 12C target = Bean
minimize nuclear effects

* Vertex detector

e Hadron absorber 260em Pion-induced Drell-Yan dimuon production

* COMPASS muon
spectrometer

+ =
Yival = —0" 40"

+ —
, sea-valence / valence-sea
E:-:u:-:. — 40—“— _ G_T f

C

Yy

A
A

only valence-valence
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Drell-Yan and charmonium production using conventional hadron beams

Setup:

* 190 GeV TT* beam

 |soscalar *2C target =
minimize nuclear effects

* Vertex detector

* Hadron absorber

* COMPASS muon
spectrometer

+ =
Yival = —0" 40"

— T

+ —
, sea-valence / valence-sea
S = 407 — " /

Goals:

* 10x more data than currently available (25k DY events)

Hadron absorber

==

C C
_|_¢|

Vertéx detector

A

- -
» | ) »

)
'.\ I

Yy

LN

Pion-induced Drell-Yan dimuon production

only valence-valence

4.3 < M/(GeV/c) < 8.5

[ ] NA3 extraction (DY a* and n” data)
—  5MRS 10% sea contribution

== SMRS 15% sea contribution
== ===- SRS 20% sea contribution
B AM: DY + LN
Projection for 280 days an C-target

03 04 05 06 07 08 09

 First precise and direct measurement of the sea quark distribution in the pion:

14.06.2022

Michael Lupberger
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Measurement of antiproton production cross sections for dark matter search

Goal: support (AMS-02) DM searches in cosmic rays — DM annihilation
AMS, FERMI

Annihilation
e e o N

%%MM
(Die ye' )
SGirerir
Production

DARKSIDE
XENONT
CDMS I

Scattering
Xtp—=>x+p

LHC

20
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Measurement of antiproton production cross sections for dark matter search

Goal: support (AMS-02) DM searches in cosmic rays — DM annihilation
AMS, FERMI ‘ 0.30 - -

R P 3_49.105events‘

Annihilation —— Cross section_ .
ZE2 DBy ed = B , 02sl; R
o o T [ 2
a, p:p.e e,y = 20.20
DARKSIDE zg ;; o * AMS-02 £ ag
XENONT g 1 = o PAMELA 5015 F°
coOMSIl  § £ g e
s = ,P,efsen}’ e EO 10| » \R S iy |
@ L ,'3
Grzeptr IRigidityl [GV] 005 I et
PrOdUCtlon L 1 L L L L 1L L I L L L L l L L Il L I L L L L mmﬂ
LHC 0 100 200 300 400 500 T T
5 _ - R; [GV]
DM signal = Access over SM production ’

Limiting factor: p production cross section from p & He collisions (uncertainties 30-50%)
s p+p-op+X some measurements (NA49, NA61)

« p+*He—- p+X only LHCb at4 TeV and 6.5 TeV

14.06.2022 Michael Lupberger 21
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Measurement of antiproton production cross sections for dark matter search

Setup:

e Secondary p beam with 50, 100, 150, 200, 280 GeV ﬂb e - S

« Minimum bias trigger = beam intensity of 5 - 10%/s

* Liquid H2 and He target :

* Proton ID in CEDARSs, antiproton ID in RICH

* Measure double-differential cross section in 10 bins in HLei?;';get

P momentum and pseudo- rapidity 2.4<n<5.6

 Statistical uncertainty per data point = 0.5-1%

* Total systematic uncertainty = 5% (efficiencies, dead time)
Plots: impact of measurements on constraining """ 50-250 GeV
the production of p (fraction of total source term  --=-='-" 50-190 GeV
constrained by phase space of experiment) ———  100-190 GeV

Experimental Research

10°

o

p-He

1071 ¢

source term contribution

101§

source term contribution

1072

1 1 1
10° 10! 102
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Proton-radius measurement using elastic muon-proton scattering
Goal: complement existing experiments to measure r with |, resolve discrepancies

—_
1.015
(D) ep LLp o~ I I F%Rad data [ I I \‘Jainz it ———
— N PRad fit  e— This proposal, projected stat. errors |
S . S Mainz data ——

o | Scattering New measurements: Not measured yet o 1o - i

. o

g * Lower systematics * MUSE @ PSI a
e * Lower Q? « AMBER @ CERN g Lo0s N -

o <
+ | Spectroscopy | New measurements: Done @ ) T |

7)) . ac ——
< * Lower systematics (CREMA) § . }T
P LL =
g * New transitions £ 0005 | B l .
q‘ ep scattering MAMI 4 A F Bernauer et al., Al coll. [PRL 105242001 (2010)] D‘;'ﬁ E
pep spectroscopy CREMA 4 F Pohl et al., CREMA coll. [Nature 466 213 (2010)] \;:f 0.99 - e N
All ep scattering data, no MAMI 4 —— [ Zhan et al. [PLB 705 59 (2011)] © 1
12p speciroscopy CREMA o I Antognini et al., CREMA coll. [Science 339 417 (2013)] 0.985 - I —
2] Spectroscopy . [ Beyer et al. [Science 358 6359 (2017)] 3 I
&p SPectroscopy . I Fleurbaey et al. [PRL.120 183001 (2018)] nos - }
CODATA (2018) v I Tiesinga et al. [Rev. Mod. Phys. 93 025010(2021)]
ep scattering MAMT 1 & F Mihovilovi& et al. [arXiv:1905.11182 (2019)] 0975 —ﬁ.ﬂ""j"ﬂ'f':": TITITITT T T + | I . I . ' | |
e[ Spectroscopy —— I Bezginov et al. [Science 365 1007 (2019)] o B - - i
ep scattering JLab {———&——— I Xiong et al. [Nature 575, 147-150 (2019)]
| | | | | | | |
jp scattering AMBER A 8 F Proposal AMBER [SPSC-P-360 (2019)] 0.7 0 0.01 0.02 0.0% .04 0.05 0.08 0.07 0.08
Dispersion-theoretical analysis 1 . | Lin et al. [Phys. Lett. B 816 136254 (2021)] Q2 [[Ge\"/c)z]
O.éZ ().|84 O.é6 0.;38 ().|90 A A A
o () much smaller radiative corrections than ep
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—— Scintillating-fiber tracker

—— GEMs / Pixel-GEMs 2022 - 2024 P i

[ Electromagnetic calorimeter PCRM SETUP Vil

[_1 Hodoscope | : i

- I\Cngg;e.:[e AMBER spectrometer
(only relevant parts shown)

UNIVERSITAT

.- GPO2

[opXie]
wwn c = — o
== = == = 2 =] = (o =]
mo @ o [7] i [reg T w o
T // T T T T T T T T T T T T T T T T ‘ T T T T
0 -20 -10 0 10 20

Proton Radius Measurement (PRM) by elastic muon-proton scattering
* High-intensity muon beam from SPS

 Hydrogen TPC as active target

* Muon spectrometer

14.06.2022 Michael Lupberger
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the M2 beam line of the CERN SPS Phase-1: 2022-2024 (2019), CERN-SPSC-2019-022

Modified from: B. Adams et. al., COMPASS++/AMBER: Proposal for Measu
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Scintillating-fiber tracker
GEMs / Pixel-GEMs

|| [y

Electromagnetic calorimeter

Hodoscope
Magnet
Concrete

—mNee = e @ g ]
[=Y=T=] [=] =2 o [==Ral
=== = o= = ===d
Qoo Q oo o coaoa
2022 - 2024 L i - ;

PCRM SETUP

AMBER spectrometer

(only relevant parts shown)

=
=
g g
— W o @0 T E E
R N 0 2 g
== = == = 8
mo o oo P =
| T T T ‘ T T T | // ‘ T
-140 -100 / -60 A
3.0m
Incident muon / 77777777 1N R Scattered muen
Recoil proton
==Y g 8 g gg 232
= = = = = == = =
T T T T 4 T T T
o o o o o a o o o
[ Scintillating-fiber hodoscope I Silicon-pixel detector [ High-pressure hydrogen time-projection chamber [ Helium-filled beam pipe
14.06.2022 Michael Lupberger 25

Modified from: B. Adams et. al., COMPASS++/AMBER: Proposal for Measurements at

the M2 beam line of the CERN SPS Phase-1: 2022-2024 (2019), CERN-SPSC-2019-022
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Large-area GEMs
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3.0m 25m 30m i
Incident muon / Scattered muon
Recoil proton
S S S S £ == S 3
L @ c® = L 3 e
= = = = = == = =
X r i x r T
o o o o o o o o o
N Scintillating-fiber hodoscope I Silicon-pixel detector 1 High-pressure hydrogen time-projection chamber [ Helium-filled beam pipe

AMBER PRM readout paradigm
 Incident and scattered muon instantly measured with trackers
* Recoil proton measured in (slow) TPC

—> Assignment can only be done in high-level trigger

—> Continuous readout and self-triggering required

14.06.2022

Michael Lupberger
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the M2 beam line of the CERN SPS Phase-1: 2022-2024 (2019), CERN-SPSC-2019-022

Modified from: B. Adams et. al., COMPASS++/AMBER: Proposal for Measurements at
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HCAL1 Inner Muon Middle Trigger
Trigger Filter2 |
H1 H2 ' Ladder
Trigger Trigaer Trlgger M
Straw Muon | 5M2 Outer HCALZ2
y Filterl Trigger In_ner
\ / Trigger
Veto  Silicons SM1Y | H ¥ | GEM
Trigger .‘ !
PR | oo\
*I' Target ¥ . I
1l \
Hitk AN
Bearn| b } ' Ladder
{ | \ ‘ | Trigger
SciFi i\ Middle
Y Trigger
/ \ -.
SciFi SCiFi V) SciFi Scifi
MicroMegas GEM MW1 GEM GEM \
DC DC ’ MWPC MWPC \ MWPC
RICH SciFi ¥ \ ]
X GEM \J
Drift tubes MWPC Large area DC Outer
Trigger
| | | | | I | | | | | | I | |
0 10 20 30 40 50m

COMPASS GEM setup:

» 22 large-size GEM (30x30 cm?) from 2001

* 5 pixel GEM (10x10 cm?) from 2008

* Readout ASIC: APV25 (only triggered mode possible)

14.06.2022 Michael Lupberger 28
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GEMs in COMPASS

e Large size (30x30 cm?)
installed 2002

* PixelGEMs (10x10 cm?)
With 3x3 cm? pad readout
iInstalled 2008

e Main purpose:
L-momentum measurement

Progression

Of CompassGemGenerations

arge-siz GEM

2001

2008

# L

CG2G

Pixel GEM

14.06.2022
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large-size GEM

1st generation
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CG2G

* PixelGEM

* From 2008

PixelGEM
(CG2G)

10 cm x 10 cm active area
» 3.2 cm x 3.2 cm pixel area

5-fold top-sectored GEM

Spacer with grids

Gas-inlet via support plate

Honeycomb plates

— Drit Fail

~ Spacer Grid 2

— Drift Plate Skin

_ Drit Plate Honeycomb

Dift Plate

Drift Plate Frame

Drift Plate Skin

Drit Frame

GEM 1 e

Spacer Grid 1

GEM 2 -________,_.-—-D'

—r
GEM 3

Spacer Grid 3

- Readout Fail

Support Plate Skin Top

- Suwpport Plate Honeycomb

Support Plate
Support Plate Frame

Suwpport Plate Bottom

[

C. Altunbas et al., Construction, test and commissioning of the triple-gem tracking detector

for compass, Nuclear Instruments and Methods in Physics Research Section A:

Accelerators, Spectrometers, Detectors and Associated Equipment 490 (2002) 177, issn:

0168-9002,
url: http://www.sciencedirect.com/science/article/pii/S0168900202009105
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CG3G
* Large area GEM

* From 2021

arge

]

_size GEM

Progression

Of CompassGemGenerations
~ CG3G

Updated Large-size

2021

* For final COMPASS
run: need to replace
four old GEM detectors

2001
2008

CG2G

" Pixel GEM

14.06.2022
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CG3G

* Large area GEM

* From 2021

 Know-how

ALICE IROC GEM fail in stretching frame

14.06.2022 Michael Lupberger 33
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Ongoing large-size GEM

CG3G (cG36)

* 30.7 cm x 30.7 cm active area

° Large area G EM » Strips divided in the centre

to reduce occupancy

13-fold top-sectored GEM /

Spacer without grids

* From 2021 .

* Gas-inlet via drift plate

* Layout .

Honeycomb plates

Electrade COMPASS/V  BONN /V

Drift 4100 3238
GEM1 TOP -2353 —2508
GEMIT BOT 043 2102
CGEM2 TOP 2196 1351
GEM2 BOT —1822 —1354
GFEM3 TOP 075 1N6E
GEM3 BOT =747 =747
PCHB (GND) (1 [GND O
TAT

Jonathan Ottnad, Optimierung der GEM-basierten Verstarkungsstufe

einer TPC fir das CB/TAPS-Experiment, PhD thesis: Rheinische

Friedrich-Wilhelms-Universitat Bonn, 2020, url:
http://hdl.handle.net/20.500.11811/8516

14.06.2022 Michael Lupberger
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CG3G

* Large area GEM

O

* From 2021

CON

 Production

14.06.2022 Michael Lupberger 35
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CG3G
* Large area GEM
* May 2022

* Final readout test

14.06.2022 Michael Lupberger 36
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CG3G

Large area GEM

May/June 2022

Cabling
Shielding
Installation

14.06.2022
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CG3G - CG4G - CGHG

* CG4G: Large area GEM
as for COMPASS
with self-triggered readout

* CG5G: Large are GEM
with pads in the centre
(as Pixel GEMSs)
and self-triggered readout

Progression

Of CompassGemGenerations
~ CG3G CG5G

a4

-l ——
|
|
1 =
»

arge-siz GEM Ua Lae Large-size with Pixel

2001 2021 2023 - 20247

not to 3cale.
2008
CG2G
- E I i Z
Pixel GEM Self triggered readout

14.06.2022
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Two candidate chips

ASIC | Developed Developed | Available | Chan @ Rate/ch. Gain Time Power
for by Readout | nels Output | Dynamic | resoluti consum
System bandwidth | range on ption
TIGER | BESIII INFN GEMROC | 64 | ~100kHz 11 mV/iC ~18ns <12
[1] Cylindrical Torino (INFN mW/ch
GEM [3] Ferrara & 1.6 Gb/s | <50fC
Torino)
VMM ATLAS Brookhaven | Scalable 64 ~1 MHz 0.5-16 ~1ns ~ 15
[2] New Small National Readout mV/fC mW/ch
Wheel Laboratory System 0.8 Gh/s
(RD51) <2pC

[1] Rivetti, A., et al. TIGER: A front-end ASIC for timing and energy measurements with radiation detectors, NIM A 924 (2019) 181-186.
[2] G. De Geronimo, G. lakovidis, S. Martoiu and V. Polychronakos, The VMM3a ASIC, |IEEE Transactions on Nuclear Science, doi: 10.1109/TNS.2022.3155818.

[3] Funded by the EU and INFN within the project BESIIICGEM RISE 645664 within the call H2020-MSCA-RISE-2014
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Preparation for a test with a GEM detector
- Visit of colleagues from INFN/Uni Torino to our mstltute

FE2

el bt
T T

[T
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VMM developed for the ATLAS NSW | _v_;u
upgrade by BNL [3] ﬂ% i
130 nm CMOS technology (8k/ch.)

64 input channels, each w/ preamplifier,
shaper, peak detector, several ADCs
Pos. & neg. polarity sensitive

Digital block w/ neighbouring

logic, FIFO, multiplexer

Adjustable gain 0.5-16 mV/fC

Adjustable shaping time from 25 ns — 200 ns.

Input capacitance from few pF — 1 nF

SETT SETB ﬁ

564channeh

ic

A

- 6-b ADC |

shaper peak

|
Rimryrs

| time

B

12-b BC

addr. |

| pulser H Bias H DAC Htemp HGray countHEglsters |7

<« Custom . 33y cmos

[3] De Geronimo, Gianluigi, et al. "The vmm3a asic." IEEE Transactions on Nuclear Science 69.4 (2022): 976-985.

bi-dir LVDS

VMM3/3a
2015-2017
130mm?
10M FETs
(160k/ch.)

mux

logic
*— SDI, SDO
+—SCK, CS

14.06.2022 Michael Lupberger
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Continuous data driven readout mode

* Internal test pulser with adjustable amplitude

* Global threshold & adjustment per channel
» Self-triggered, zero suppressed
* 38 bit per hit
(if input charge goes over threshold)
1) Event flag (1 bit)
2) Over threshold flag (1 bit)
3) Channel number (6 bit)
4) Signal amplitude (10 bit)
5) Arrival time (20 bit)

ENA_J

PULSE P e~
—

R —

Amplitude measurement — ADC =

(PDO) _— |
TAC stoie time measurement — ADC

Clodk for coarse time meas.— counter
CKEC n M M M o
I ] conversion done, memory latch, channel reset
CKTK rl min w'uiillﬂns I_I I_I
19ck
cKor nn.___._nn__r
19 bit (flag,a0,a2,a4,p0,...,t18) nextevent

DATAOQ (flag,addr,ADCs)

19 bit (thr,al,a2,a5,p1,...,t19)

next event
DATA1 (thr,addr,ADCs)
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Scalable Readout System: A generic readout system for laboratory and detector
iInstrumentation developed and supported by the RD51 Collaboration [4]

 Introduced 2009

* Front-end chip: APV25

* Inventor: H. Mller

* Workhorse for MPGD R&D

e Later: more front-ends
* VFAT, Beetle
* SiPMs
* Timepix

[4] S. Martoiu, H. Muller and J. Toledo, Front-end electronics for the Scalable Readout System of RD51, IEEE NSS Conference Record (2011) 2036-2038.
14.06.2022 Michael Lupberger 43
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Implementation of VMM [5]
* First tests started 2014
e Continued at CERN for
ESS NMX detector
* Finalised 2019
« 3" hardware production
run ongoing (~600 front-ends)

* Used for several upcoming
experiments and R&D e.qg.
MAGIX, FAIR Hydra TPC,
LSBB muon tomography

[5] M. Lupberger et al., Implementation of the VMM ASIC in the Scalable Readout System, NIM A 903 (2018) 91-9
14.06.2022 Michael Lupberger 44
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EE?“IH...“EE —+

Multiplexer PCB
Power Supply .'I

#i"'

]

Computer
+
Database VMM Slow Control

Amount
Amount

VMM Class Hybrid Class

[6] Jaekel, Finn, et al. "An automated testing system for the RD51 VMM hybrid and yield measurement of the first production batches." arXiv preprint arXiv:2206.00033 (2022).
14.06.2022
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Received rate, five channel sum / kHz

UNIVERSITAT

7000 ~
6495 kHz AL e
6022 kH; o
z /
5000 . L 3 e - 5 - - > s s - =
//
//
5000 7 4787 kHz / g .
7
4000 - 4
7
%
¥
3000 - et
2657 kHz «
E
2000 Vd Expected increase
/ Old firmware, slow ADCs
‘g’/ Old firmware, Trranster = 300 nS, Treser =200 NS
1000 j/ v MNew firmware, Transter = 167 NS, Treser = 111105
7 New firmware, Trranster = 125 NS, Taeser = 125N5
/ﬁ = New firmware, Trmanster = 125n5, Tpeser = 7005
0 T T T T T
0 500 1000 1500 2000 2500

Pulser rate / kHz

Measured Hit Rate (Mhits/s)

100

80

60

40

20

Measured Hit Rate (MHz)

Measurement =
ty=125ns
t, =69ns

ty =125ns
t, =125ns

t4=300ns
tp =200ns

0 2 4 6 8 10
Number of Active Channels per VMM3a

1 1

! 1

1
10.0
X-Ray Tube Current (mA)

1
2.5 5.0 7.5

12.5 15.0

Rate
Estimation
Bonn
Firmware
ESS
Firmware

Measured Cluster Rate (MHz)

10

y-Position (mm)

[7] Pfeiffer, D., et al. "Rate-capability of the VMM3a front-end in the RD51 Scalable Readout System." NIMA 1031 (2022): 166548.

5.0 7.5 10.0
X-Ray Tube Current (mA)

20
x-Position (mm)

30

40

_______ Rate
Estimation
Detector
Bonn
x-Plane
Bonn
y-Plane
Bonn
Detector
ESS

. x-Plane

- ESS
y-Plane
ESS

1000

800
T
=

600 )
>
2
k7]
=]

400 &
=]

—

200

0
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VMMa3a hybrid ENC

measurements
Detector simulator Protection circuit
Optional 820 O Cmg= 1pF CC = 220 pF

external
pulser

(L ELEEHTV TR AR IO MmO O E ]

1

o

- I s )
100 1MQ NUP4114
- det

I AU = Pulser DAC

AQ=AU- C, <

Pulser DAC

Matey;
lal
Master Sand resyjts
lude ent @ by EmOrf"
HIS Py il Terz’mpas
n 0]
Inside VMM (one channel) N (2021 ) 9loy

v" Used configurations:
e Gains [mV/fC]: 0.5, 1, 3,
4.5, 6,9, 12, 16.

( T furth e Peaktime [ns|: 25, 50, 100,
'ﬂ ¥ - 9 .urt o 200.

oo o ol o O O |

Ill.l[lll[l[iﬂ“ ]

FFE T sl ol bl ol b R ATRINAAT
i ol el il il ol sl |

a
-
=l
|
|
8 -]
3
.-
-
2
3
|
B
k!
-

o o

il el ol i sl |

proamp +1.2

analog «1.2V
analeg 0V
ADC 412V
B9 apGov
P dhigital 412V
= digital OV

analog in
analog out

digital SE 10

"B swsio

|12 3 @4 56 7 88 18111213141516

[8] E. Emorfili Terzimpasoglou, et al. '

e
_ﬁ

'Investigations on ASIC for Triple-GEM Detectors Master TheS|s Uni Bonn (2021)

logic (Disc, ...)
v' # of chips:
T e 10 VMMs (5. hybrids, 2
||_I VMMs/hybrid).
v' Input capacitance:
Y e No input capacitance
To oscilloscope e Detector simulator PCB
[pF]: 8, 30, 76, 98, 338,
360, 406, 428.

v' Settings:

e All for 1-2 chips.
e Standard for others.

14.06.2022
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VMM3a hybrid ENC
measurements
enc_acqon vs. channel for different VMMs for gain 16 and peaktime 200 enc_acqon vs. channel ferdifierent jains for peaktime 200
§ 9005_ e 4500E
w 800 i 4000
?ooi— 3500 *
- = I
o RN RS AT R
soo;— 2500;—
400 2000~
300; 1500%_{-+++{'+++{'T“’{'+Hf+H‘T+++H++'}+++'H+H+1+'}'}'I"}'}']'+{-H']'{'++{'+HH’{»H{
zooé— moo%—
- = esessasees teasstennganes tretsstscssactonana T
100 ~16 % variation|  C°CC sutdislisienisdasiisainanaiiiialaiiinaantine itk annanaindlag
0_il.’ll‘I‘1|0IIII2|CUII‘I3|0IIII4|0III‘5|ClIIII6|OII 0_|[|JIIIlllt]ll‘IZ‘U“I|3|OIIII4|0||||5|UIIIIGO
Channel Channel

Study continued to get S/N in a GEM detector with cosmic muons

[8] E. Emorfili Terzimpasoglou, et al. "Investigations on ASIC for Triple-GEM Detectors" Master Thesis Uni Bonn (2021)
14.06.2022 Michael Lupberger 48
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AMBER Pilo Run/October 2022:

NS ¥

Setup

Ao U7 L
- v . 3

!

coMpAls  High-pressure Silicon (DUT) SciFi station | M2 beam
4 x siicon™ TPC (OUT) Tiigger VMM GEM l;'i%%ﬁ;tor
(DUT) scintillator (DUT)
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AMBER Pilot Run: Setup

FEC2 FEC2
HDMI3 HDMI4
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UNIVERSITAT
'AMBER Pilot Run: Online monitoring

T:DAQ  MNew project p (%]

] : Ll % | [ 0 Rate: 0 cps Min refres

e TeamViewer x

Aty Y Strips X =jo]=]|Y Skrips Y =olx||Y [t g Fiee license (non-commercial use only)
- 5 ; > w Session list
w4 A s L AT T T T
- S = o i -
il 5 «lll 2 1000 < 3500 Fa:] = Lappi3 (240 485 838) *
g 2 2 2000 = 2 3000 gy
o o v 2000
1 1000 1000
L | L . I [i]= L L L L ' (] L L L L t 1F
L] 1 2 3 4 5 4] 50 100 150 200 250 4] 50 100 150 200 250 4] : = .
time (s) skrips_x strips_y ] 1 2 » Chat
1 X raw =lalx|| ¥ X trace =ox/|¥ ¥ trace =o/=|¥
25 1000 23 "~ 60 50 S s e - £
%-‘ 750 F o -di 33 1 a -qi 100 400 a 4B 1
& H so0 b g Ej3p 100 ¢ Ey 75 300 ¢ i 0
= 20 _— 50 200 A
250 F sl b 10 25 100 E -1
0 Bt oo i L - 0 0 v} 1] 1 =2
0 50 100 150 200 250 0 20 40 60 80 0 25 50 75 100 ok ., ; , , : ; i
skrip skrip skrip 1] 1 2 3 4 5
Y ¥ raw =|B)x][Y ADC X =lelx|Y ADCY =o)x]| ¥ cluster spectrum (=)(@)]]
= < | S g1
will 750 - g | wilg il il 20F
| ;*g ] 2 8 TE = 12§ :
D 1 i * 7 1 ' | 1 1 | 1 | 1 1 L 1 1 0 iT— - L S N — 1 i} i
0 50 100 150 200 10000 20000 30000 40000 50000 60000 10000 20000 30000 40000 50000 60000 0 50 100 150 200 250
strip adc_x adc_y adc_cluster
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[Cluster x time (spills))

45000 1'1

T

N 40000
UNIVERSITAT e
30000
AMBER Pilot Run: Reconstructed data s
g . 20000 —
- _ | Cluster x size | ]
= htemp__2 F e 15000(=—
35000 Entries 1701580 = Entries 1701580 || 400001
- Mean 113.9 C M 5.444 —
£ Std Dev 51.04 SO0 S:]algev 2.456 =
30000(— - 5000 —
E 400— = | | | | \
29000 =+ r O " "me0 4000 6000 8000 10000
= i clusters_detector.id0
20000 a0 " Cluster x-y (beam spot)
E r 2 = ? : =
15000 — C 50
E 200 —
10000[— =
i 100
5000 = 200
o el ey e : e S S IV A
(0 50 100 150 200 250 0 2 4 6 8 10 12 14 16 18 :
lysters_detector.pos0 clusters detector.sizeQ
[_Cluster y position_| g | Clustery size ﬁ 150 1
= htemp__1 C \ =z 7 50
60000 — Entries 1701580 E htemp
= Mean 133.9 500 — Entries 1701580
~ Std Dev 37.61 [ Mean 5.64
50000 — - Std Dev 2.802
= 400{— 100
40000 — =
B 300[—
30000— B
C 200 — 50
20000 — F
10000 — 100
B F 0 i i
ol "slolll‘u‘)o‘ ‘15\30‘,..22)0..\‘250‘ 0(;. \é\\li\\\é»l\é\\|1|0\\\12 = i . \“‘2 0 50 100 150 200 250
clusters_detector.pos1 clusters_detector.size1 X
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Summary

« AMBER: New experiment at CERN

* Upgrade of existing COMPASS GEMs required
* New, self-triggered and streaming-capable frontend chip
* TIGER and VMM under evaluation

* VMM applied in laboratory and test beam with SRS readout

Outlook

* Get to know the new GEM detectors in COMPASS - build more

e Support Torino colleagues with TIGER tests on GEM detector

* Alot of VMM data to analyse (Cosmics, AMBER Pilot Run) -~ VMM S/N, rate, thl...
* Prepare decision on AMBER GEM detector frontend chip
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Mercl de votre attention!

Merci aussi de l'invitation et la possibilité de retourner a Saclay apres 12 ans

14.06.2022

Michael Lupberger

54



UNIVERSITAT

Images from: H. Miller New SRS
hardware, Presentation given at the
RD51 Collaboration meeting 2019,

CERN

PCI| conntector
' Ethernet

ard DVMN

ES
14

C

Detector

Trimmed voltages P1 and P2
depend on

HDMI cable length.

Port groups A and B must use same
Cable length.

\WULLUIITE S1UE) "

140 =wayHRS connector FX10A

analogue signals YMM2 U9 (Flash)

/ channel 127
P 4! Trimmer Voltage P2-B___

Trimmer Voltage P2-A — R ——

14 optional 2.7.4V
AUX power
128 x input AC DVMcard V4.0 COMMON GND plug
Coupling and anana 4mm
110 (JTAG —12€
( ) and spark 4mm?2 copper cable to detectol

protection netwo

U1 Spartan FPGA

12
HDMIidefault 2K VMM3a ASICs
analogue signals VMM1  below globtop

| | :
channel 0 4 x HDMI ports A 4 x HDMI ports B P1land 2 x P2 Voltage monitaring
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Aan ) URMS

ENCle™] = =27 -
pulse

Af, = NI =@,

ENCle ] = (1.8645 x 10°

Ampitade fmv)

Pulser Step 20 for DAC 50

UrMS Ay
Upulse

Test Pulse 2 /

[ CApusarati CAC TS5 |

L ot _piag gun_ 1_pres

:E C Enlries 139998
= - Mean x  -B.76e-06
-§ 150 Mean y —0.6613
%‘_ - Sid Dev x 5.773a-06
E o Sid Dev y 31.67

100 —

50—

0
-50—
-100—
| L | g | L %1
-18 -16 -14 -12 -0

Receive scope
frame in text file
for further analysis

Display
waveform

|l vmm Siow Control | |

Set scope

parameters

Get temperature

-

Faraday Box

et Configure VMM

settings

[8] E. Emorfili Terzimpasoglou, et al.
Uni Bonn (2021)

"Investigations on ASIC for Triple-GEM Detectors" Master Thesis

Michael Lupberger 56



e

BACKUP: ENC MEASUREMENT

UNIVERSITAT LIV
5 m
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