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The MEO detector

DeS|gn|ng TrlplGEM detectors for the highest ratesRequirements:
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A 97% module efficiency
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A U TU'mad resolution
A 8-10 ns time resolution
A p L lBain uniformity
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A * updated w.r.t. CMS Upgrade Techn
Proposal & Muon Upgrade TDR

A6-Layer stack of Tripl&EMdetectors
A Install behind HGC Adomplex environment)
Ustacks (20) for each endcap '
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History of CMS GEM Test beA

Test beams omnipresent during design and R&D pha

Phase 1 GEM
production==«,

L4
L4

Discharge Test &

Largesize TripleGEM R&D GEM TDR @ CHARM:. .~

L4

CERN.HC€015012

CMS,

2021¢ 2024
Validation of
Phase2 GEM
detectors
equipped with
final electronics
and read by CMS
GEM DAQ

20150 201768 2020 &

Det prototypes & borrowed electronics

TRIGGER from  T'Clock to Opto- $'sarr to
Scintillators Hybrid TDC
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CMS GEM ‘ ) = T N " [ VFAT2 + TURBO | ms:::"w;;nst

has rich Test
Beam

Experience

+  CERN SPS 2010
+  CERN SPS 2011
+  CERN SPS 2012
*  FNAL FTFB 2013
+ CERN SPS 2014
» CERN SPS2015'

Work of many people

I e gt v [_ceo s opoiyeris | [(igger [ —rmecanonies | | CMS Slice Test 202918
Central role in GEM project 5 o\ 5 | . T::':j:x"‘ reogop ] oo ;,mmmwmu . .
; Installation & Operation of 10
pre-series GE1/1 TripléEM dets

——COSMIC STANB

Construction & Test of 150 GE1/1 de's
Cosmic Stand to test up to 30 chambers
final HV, LV, Electronics, > 100k ch 4
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CMS Test beam campaigns

Test beams are cornerstone of detector validation

Magnet Test @§
,s==* GOLIATH (H4) %%

2020

2021 .\. 2022 &

2023 0\ 2024 2025

A Design Finalization
Phase2 detectors

A Detector
Construction

A Electronics
Production

Coining the idea

to restart Beam Tests
convincing the Collab
DAQ development
Geom & Reco devel
GEM Telescope tests
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1St GEM Phase Test beam
AhOGi206SN) Wum 3
A CERN SPS KRD51 slot)

A 1 Production GE2/1 module
A 1 Prototype MEO module

A GEM DAQ: high rates

1st Test beam under

irradiation @ GIF++
July 2022

1st Test beam of MEO Stack

A Read 33% of final detector
A May 2023




CMS Test beam campaigns

Testbeams are cornerstone of detector validation

Magnet Test @
MNP22 (ENH1s..,

2020

2021

2024 o e 2025

July 2023
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1st Test beam of MEO Stack
A Read 33% of final detector
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time MEO Stack @ GIF+f| 1st Full MEO Stack in Beam
Irradiated up to 150 kHz/crh A Timing measurements
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Performance measurements:
|. GEM Telescope Performance

ll. Efficiency & Rateapability
lll. Time Resolution
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TripleGEM Telescope Performance

A Requirements
A Test 9 x 9citiTracking GEMs 250um pitch with VFa$®(digital R/O)
A Test final CMS GEM Phase 2 electronics: fibers read out by FPGA board

A Setup RD51 Te®eam October2021 &May 2022 at SPS H4
A Tracking detectorseadthrough 1.5m long higkspeedSamteccables
A Relative lownoise(0.5¢ 1.25fC ENC) in BARL & BARD2 lead to-  w ¥

BARI-02

Tracking Station 1 :;; Clustersi_ze distribution ps00
== (2 TripleGEMS) Il X VS strips
Scintillator Trigger : N 3 2000
gger, < AUl N
4 GEM Tracking Det., /! L ¢ 1500
GE2/1 M5 modul 1000
MEO module with 500
¢ Cluasier sizéox i

from average residuals \

3 parameter
alignment

\ Angular misalignment extracted

from correlation of residuals with
propagated hits

High rate& Highresolution Telescope read with same C

Events
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https://cds.cern.ch/record/2860786/files/CERN-THESIS-2023-062.pdf

TripleGEM Telescope Performan

£ 80001

A Requirements High rate& Highresolution Telescope read with sathe
A Test 9 x 9citiTracking GEMs 250um pitch with VFa$®(digital R/O) 6000
A Test final CMS GEM Phase 2 electronics: fibers read out by FPGA board

A Setup RD51 Te®eam October2021 &May 2022 at SPS H4
A Tracking detectorseadthrough 1.5m long higkspeedSamteccables
A Relative lownoise(0.5¢ 1.25fC ENC) in BARL & BARD2 lead to-  w ¥
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Performance measurements:
. GEM Teleseope Performance

Il. Efficiency & Rateapability
lll. Time Resolution
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CMS

MEO Module Efficienayieasurements with beams

nigh-resolution telescope images of the MEO GEM foil
Il'll”i g| Ad-detector GEM Telescope with=81‘ m
MEO GE "i design:

| 40 HV segments A Allows to have a detailed look into design features

illars o | ‘ S3Sssse T8N
RN |  A200° m dead areas between  [Faifsss, T
|| . . e® e 0:. “ @
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CMS

MEO Module Efficiency under irradiation
at the CERN Gamma Irradiation FaciliiyF++

July 2022
AGIF++ provides 12* TBgt3’Cs source + SPS H4 beam
A Gamma energyQ = 662 ke\{ Compton scattering
miil T A Average energy deposit of Compton electros keV
- A Set of source filterg attenuation factor (AF) & 46,000
bl ASetup: 2 MEO protos + 2 Trip&EM trackersioo: m)
o o A MEO prototypes only instrumented with electronics for 50%
\ ./ A Hit residuals MEO prototype.r.t. measured track
90tm Low background High background
= ABS = 10,000 i ABS =1 _ ©
@G I e 23 TR
"1\ © | £<g
o—— g Muon beam & i % 'ﬁ %
1st TB under irradiation @ GIF++ , , L : _ : — 1 g2y
4 MEO modules 50% instrumented 40 O esidx o O sl x () 40
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CMS

MEO Module Efficiency under irradiation
at the CERN Gamma Irradiation FaciliiyF++

July 2022
e 8 AGIF++ provides 12* TBgt3’Cs source + SPS H4 beam
Tl “ | A Gamma energyQ = 662 ke\{ Compton scattering
miil e A Average energy deposit of Compton electros keV
- A Set of source filterg attenuation factor (AF) & 46,000

| & i N
akk ASetup: 2 MEO protos + 2 Trip&EM trackersioo: m) S
P A MEO prototypes only instrumented with electronics for 50% N

Stack buffer .
o A Max expected RateF{ukdGEANT): 200kHz/chat lowest Radius?
) — 1000CMS Preliminary ___ MEQ GIF++ test beam o osmumenpemnay  coosoiveo 2
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(\ p $ + : b“‘.. £ | L‘““Lm expeated rate| Lcé
v L e 10 e e -
0.875]- P e %W " =
| ] o mﬁmﬁﬁ T
. : Maximum; | | Only small fractionof |~ 114 Q.
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2 MEO moduleg; 50% instrumented - 6 70 30 a0 700 110 126" 130 140150
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https://cds.cern.ch/record/2860786/files/CERN-THESIS-2023-062.pdf

MEOQO Stack Efficiency under irradiation
at the CERN Gamma Irradiation FaciliiyF++

ASetup: MEO Stack in front of GIF++ soygoem)

July 2023

TN

1s*MEO Stack @ GIF++
A Irradiated up to 150 kHz/crh

AJuly 2023: dayer stack; 50% instrumented
AJuly 2024: 8ayer stack; 100% instrumented

ANo beam telescope
ALimited by backend & Issues with noise on the tracking
ATracking by stack itself: segment fit using. Myers
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Normalized count

-1 algorithm

CMS Preliminary
G Freimingl

CMS,

A Selection of good tracks wit.1 < dxflz< +0.1
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- Best. S
Track segment

e
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@ |
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[ ABS =46
Min bkg (ABS = 46k) |

excluded

1

CMSDR2024119
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https://cds.cern.ch/record/2916759

CMS,

MEOQO Stack Efficiency under irradiation
at the CERN Gamma Irradiation FaciliiyF++
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Track hit residual distribution* * Qonsidering only closest rechit to the track5
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CMS

MEOQO Stack Efficiency under irradiation
at the CERN Gamma Irradiation FaciliiyF++

ABS
460 10 4.6 2.2 1.5 1 ABS
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MEOQO Stack Efficiency under irradiation

at the CERN Gamma Irradiation FaciliiyF++

Rechits/cluster size
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MEOQO Stack Efficiency under irradiation
at the CERN Gamma Irradiation FaciiiN-++

Efficiency
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Efficiency as function of Rate
For the 4 modules inside the stack

CMS

Dead time ranges from 16080ns.
Ain agreement with the hypothesis

ACluster size lowers effective
deadtime / hit to 100180ns

ADead time VFAT&sicdepends
on E,.,and detector gain

that the dominant contribution of
the dead time of the chamber Is
that of the VFAT3s (400iqslus)
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MEQO Performance measurements:
. GEM Telescope Performance
ll. Efficiency & Rateapability
lll. Time Resolution




Time resolution of the MEO detector

Timing measurements with cosmic muons and muons from beams

A

Bipolarpulse  Unipolar pulse  Bipolarpulse
I I
E, 07 - ! 1 j A H -

n  FGEM3 H

06— T v
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03 i, T

02}

01f- -
0- ) | 1 ' 1 ] 1 | 1 } H 1 <
-0.05 0 0.05
< _ Xx(em]
Imm

ANow: O

CMS

AMEDO trapezoidal strip pitch varies @&.2mm
ASpatial extend electron avalanchd mm
ATypical clustersize 163.0

APreviously: 0 (6 ) ,,=1820ns

A Mix of unipolar & bipolar signals lead to deterioration

-1 A )

Avg arrival time
W.r.t position

. =1012 ns

Sketch based on Figures in
Master Thesis F. Nenna
CERNrhesis2024114



https://cds.cern.ch/record/2906703
https://cds.cern.ch/record/2906703
https://cds.cern.ch/record/2906703

CMS

Time resolution of the MEO detector

Timing measurements with cosmic muons

prem— o N\ OMS iy Cosmics 904 Lab

g::iléﬂ,dhﬂﬂ N
0.50 A Fit: a/VN + b
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0.45 - T data

Cosmic stand

7]

Matching rechits / BX

s 0.40 7 - 10

o/ ns

0 2 4 6

H =
P 6 0:33

ﬂme resolution 0.30 -
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Time resolution of scintillator Niayers
coincidence (2 ns) not subtracted

N
=


https://cds.cern.ch/record/2916183

Time resolution of the MEO detector

Timing measurements with beam and under irradiation at GIF++

CMS

o5 0 CMS Preliminary_ GIF++ — (M8 Preiminary —GlF++
» | 2o Y : i .14 4+ Median .
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ATime resolution of 5 modules at GIF++ ATime resolution of muon track

A Sightly different rates measured in different layers A Arrival time is computed as mediar%w
of the stack due to opening angle & shielding of arrival times of reconstructed

o hits ¢ avg gives similar results
A Dashed line indicates expected max rate (at high cavgd

DR2025/XXX



CMS

Conclusions

the work is not finished yet

Testbeams were widely used in the design and R&D phase

ASeveral successful test beams of lasge TripleGEM prototypes 2012014
ADemonstrated feasibility of the projecfTDR & Approval PhadeGEMGE1/1)
AHowever never demonstrated Performance Final Detector + Final Electronic

ATo demonstrate the performance of Ph&sBetectors + Phas2Electronics

A4 years of intensive testing of MEO detectors at SPS H4 & GIF++
ADemonstrated Eff, Rateap, Spatial res, Time re3lustersizeip to 200 kHz/crh
ATools & SW developed during Test beams now deployed in P5 and Lab QC
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0 Performance measurements:
|- Telescope Performance
ll. Efficiency &Rateapability
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CMS,

Baseroad Track Segment Reconstruction

evolution of the track segment reconstruction in Test Beam Analysis

Bestl algorithm used 20212023
Baseroad algorithm used 2024

Baseroad:

A Default in CMS SW, used for CSC

A Better background discrimination

A Computationally faster

A Succeed in reconstructing tracks
even at highest background rate
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