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Triple-GEM Detectors

LA LIBERTE DE CHERCHER

* Triple gas electron multiplier (GEM) detectors are composed of six main
layers:

COOLING PIPE "”"”

READOUT BOARD P o S -1icALE0ARD

>
=» GEM INNER FRAME

OUTER FRAME

DRIFT BOARD
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Triple-GEM Detectors

fnis

LA LIBERTE DE CHERCHER

* Triple gas electron multiplier (GEM) detectors are composed of six main
layers:

e A drift cathode

COOLING PIPE ,, —_ S

READOUT BOARD e S . SoARD

>
== GEM INNER FRAME

OUTER FRAME

DRIFT BOARD
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M Detectors

LA LIBERTE DE CHERCHER

* Triple gas electron multiplier (GEM) detectors are composed of six main
layers:
* A drift cathode
* A printed circuit readout board

COOLING PIPE

———) READOUT BOARD -4 . OPTICAL BOARD

>
“=» GEM INNER FRAME

OUTER FRAME

DRIFT BOARD
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M Detectors

LA LIBERTE DE CHERCHER

* Triple gas electron multiplier (GEM) detectors are composed of six main
layers:
* A drift cathode
* A printed circuit readout board
* A gem electronics board (GEB) SOHNERRE

READOUT BOARD g P S~ OPTICAL BOARD

>
“=» GEM INNER FRAME

OUTER FRAME

DRIFT BOARD
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Triple-GEM Detectors

* Triple gas electron multiplier (GEM) detectors are composed of six main

layers:
* A drift cathode
* A printed circuit readout board
* A gem electronics board (GEB) SOHNERRE

* Three 50 um-thick polyimide foils READOUT BOARD

— GEM FOILS -

S OPTICAL BOARD

DRIFT BOARD
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Triple-GEM Detectors

* Triple gas electron multiplier (GEM) detectors are composed of six main
layers:
* A drift cathode
* A printed circuit readout board
* A gem electronics board (GEB)
* Three 50 um-thick polyimide foils

* The foils are coated on both sides with 5
um of copper and chemically etched with
50-70 um holes at a pitch of ~140 pm.
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Triple-GEM Detectors
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LA LIBERTE DE CHERCHER

* The layers are sealed within a gas-tight volume and flooded with a gas mixture of
70% Argon and 30% CO.,.

* The foils are then put to a high voltage, which creates
an electric field around the holes in the foils.

Incoming Cosmic Muon

* A muon that enters the
o ,J’ detector ionizes the gas,
L'\"*’, and as those electrons
i(\ .

Ll — encounter these electric

o

\. region

fields, they multiply in an

electron avalanche and are

B Gooro o read out at the PCB layer at
— a gain of ~10%
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CMS GE1/1 Project
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LA LIBERTE DE CHERCHER

* The GE1/1 project takes
place in the context of
CMS’ endcap muon
system, adding GEMs e e
for the first (b ut not et 7 /. : | N o = S
last) time to CMS. - N Y e

* Prior to the addition of GEMs, the
endcap muon system consisted of
Cathode Strip Chambers (CSCs) and LSS

Resistive Plate Chambers (RPCs). o
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CMS GE1/1 Project
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LA LIBERTE DE CHERCHER

* GE1/1 - GEM detectors in the endcap muon station, 15t muon station from the
interaction point, 15t ring of muon chambers radially from the beamline

* The GE1/1 detectors serve as tracking . . . o « w o o o« w o« o
and trigger detectors and interface with =~ e
the existing cathode strip chambers 1] a0
e Adds redundancy in a difficult n region

* Allows for better tracking in a high rate /
high background environment

* Allows for the measurement of bending
angle at the trigger level

e Decreases the number of mismeasured
muons by lowering the threshold for soft
muons

RE3/2 RE3/3

4 4 =, f L4 = . T — = \ * % o8 \ ; i d
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CMS

* First completely new subdetector system to
be introduced into CMS since it was built!

* This introduces new challenges
* Mechanical constraints
* Integration with other existing systems

* 144 GEM detectors make up GE1/1, as 72
two-detector superchambers.

* 36 short superchambers (1.61 < |n| <2.18)
* 36 long superchambers (1.55< |n| < 2.18)

5 1 ’ , ui | / , = | T R S s / q \ . ] ol .
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LA LIBERTE DE CHERCHER

* In 2017, as a proof of concept, 10 detectors were introduced into CMS as
the “slice test”

* 1short superchamber with a multichannel power supply = @]
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LA LIBERTE DE CHERCHER

* In 2017, as a proof of concept, 10 detectors were introduced into CMS as
the “slice test”
* 1short superchamber with a multichannel power supply @~
* 2 short superchambers with an HV divider 7~
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LA LIBERTE DE CHERCHER

* In 2017, as a proof of concept, 10 detectors were introduced into CMS as
the “slice test”
* 1 short superchamber with a multichannel power supply @
* 2 short superchambers with an HV divider
e 2 long superchambers with an HV divider

Elizabeth ®os@iBitaring TWERR20199SddtiEgo deCofft ST T RN R LSS UCERE T 'Septembd3rd, 2019 8
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Slice Test

* In 2017, as a proof of concept, 10 detectors were introduced into CMS as
the “slice test”
* 1 short superchamber with a multichannel power supply @
* 2 short superchambers with an HV divider
e 2 long superchambers with an HV divider

e All detectors had v2b electronics for the 2017
LHC run (VFAT2, single-GEB readout board,

wide-end optohybrid)

* In early 2018, the multichannel detector
(GEMINImMO1) was upgraded with v3b electronics

. 4 L % 3 7 [, 7 / — = e ."|'I|“ A r \ \ E ! Bl ‘
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v3 Electronics - GEB

'
On Detector : Off Detector
1

* The GEB is split into two PCBs flefd

o \ (FEASIC) H CSC TMB
1

GEB '
GEM Electronic Board 1
'

* 1m multilayer board was at the

manufacturer’s limits S
* Splitting the board improves signal e || T o
integrity. m(gé? ; ;2’::75 AMC13 ﬁ

* Very long track lengths have been seen to
cause reflections and distortions of the
square signal, rounding out the rising edge.

 Splitting the board in two allows for shorter
track lengths and clearer signal in the
simplest manner possible.

v p , | o] / L4 : L T = ; * . 5 N ) \ . 1 - | d
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v3 Electronics - GEB

LA LIBERTE DE CHERCHER

'
On Detector : Off Detector
1

e The GEB is limited to a thickness of “1mm i

&\

Dé‘\ VFAT3

* This limits the possible layers:

* 1 power plane

| CMS VFAT2 Hybrid V2|

* 1 GND plane
e 2 signal layers
* 1 shield layer

16.5 mm 15-5 mm

SURFACE - AIR 0 MM
L1 TOP CONDUCTOR - COPPER 0.035 MM

% DIELECTRIC - FR-4 0.16 MM

Location of the GEB in the detector

* The shield layer between the
GEB signal lines and the read-
out board was added after our
experience from the slice test.

L4 SIGNAL2 CONDUCTOR - COPPER 0.035 MM

CCCCCCCCCCCCCCCCCCCCCCCCCCCC

GEB Layer Stack

AN 4
» a'

=
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o
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o [o) (FEAsO) CSC TMB
GEB
a GEM Electronic Board E
H
h A Opto Hybrid (OH) I X
Incl. FPGA+ GBT | CMS balconies
Y Pid CMS USC
HY | -7~
H Z
Non-GBT Optical links ' Micro-TCA
(()) Trigger
()] N
) : AMCs AMC13 | DAQ
() 5| CTP7
o) > e DCS
GBT Optical links ETTC
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v3 Electronics — VFAT3

e 24 sectors, each routed to an
ASIC-based VFAT3 hybrid chip
e 320 MHz: 4x higher frequency than VFAT2
e L1 latency up to 12.5 ps

* Trigger data: 1 bit = OR of two strips (VFAT2 had
1 bit = OR of 16 strips)

VFAT3
Trig
Unit
Bync
SRAM1 SRAMZ | |m
reamp  Shaper CFD
128 channels T 11 |
Conirod Logic + Data Formatter
CBM Unit = E-Por
{Calibration  Bas & R
b— Bl
Mankaring] Slow Control (Regaters & agi)

LA LIBERTE DE CHERCHER

'
On Detector : Off Detector
o D\
o o — veams
o |m \ (FEASIC) CSC TMB
GEB
(] GEM Electronic Board :
l‘ !
Y, Opto Hybrid (OH) .
Incl. FPGA+GBT ! CMS balconies
Y] Pid CMS USC
HY | -7~
, Z
Non-GBT Optical links ' Micro-TCA
() ' Trigger
(D) N
o) : AMCs AMC13 | DAQ
() 5| CTP7
o) > EDCS 3
GBT Optical links J1C 5
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v3 Elect
* In the center, attached to both boards, is an
optohybrid (OH) mezzanine card, whose /ju“ § u\\
main features are a Xilinx Virtex-6 FPGA and | Shomsmcons|

CMS balconies

three GBTX chips.

* The v3 optohybrid is promless
— fast programming of the
FPGA directly from the
CTP7 is achieved in 70ms.
This removes the
dependence on a
component that has known
failures under radiation.

_.-"7 cmsusc

LV
HY | -7~

Trigger
> AMCs AMC13 DAQ

3| CTP7
> DCS

ETTC 3

Trigger pair
to uTCA

(' *Septembeq3rd, 2019
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v3 Electronics - GBTXs

LA LIBERTE DE CHERCHER

* The GBTXs are responsible for transmission of tracking S
and slow control. They drive communication through R
bidirectional optical links to/from the back-end. o e B

* We have chosen to minimally fuse the GBTXs such R |
that they lock to the fiber link, recover the clock, and ] e
keep a certain configuration even after power loss. e il e,

_—

Elizabeth®0 &S
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v3 Elect

* In v3, the FPGA only transmits the trigger
data, nothing else.

* A dedicated trigger link is connected to the
CSC trigger motherboard.

e Same FPGA as used
in the CSC ME1/1
chambers (DCFEB),
well-tested in the
CMS environment.

Elizabeth®a &S

On Detector
/EI a] D\

(8] 8 08— vrars '
/o] 8 [a) easc) |
1

o GEB .
o (] 7 GEM Electronic Board 1
'

1

Opto Hybrid (OH) 1
Incl. FRGA + GBT |

o
=]
o
o
o

LA LIBERTE DE CHERCHER

'
: Off Detector

CSC TMmB

Lv

i

1
Non-GBT Optical links '

HY | -7~

CMS balconies

_.-"7 cmsusc

on-GBT
(())
(D)
()]
()
()
GBT Optical links

AMC13

‘Septembée®f3rd, 2019



v3 Electronics - FEASTSs

LA LIBERTE DE CHERCHER

'
On Detector : Off Detector
1

* All of the front-end electronics are powered T
CICHL cscTiE
by FEASTS 5 : o GEM Electronic Boand |
* There are 10 FEAST slots per detector, but one | A
is not used due to the promless functionality ] T
N°“'G;(§§’°“°a' links E ,/’> _ sMicro-TCA . Tigger
-
\‘: -‘ AN
(\“ .
Side view
ew3rd, 2019
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37,57 mm

FEAST

X -

9,0 mm

7 Current

Credit: Gilles De Lentdecker

6.85 mm

\ Not to scale

11 mm

4

A
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Noise Measurements: “SCurves”

* SCurve scans show the response of a VFAT chip to the  # “ l
injection of internal calibration pulses. ..

100

* A configurable number of pulses are injected, with the
size of the pulse determined by the VCAL value. § i

% 20 40 60 80 100 120

ii¢ sector local strip

* The total number of times the comparator fired is

re CO rdEd . (Top) g o, CMS Caibration VEAT posiion 0
* The VFATs can be “trimmed” by adjusting the individual 5«

channel registers to trim the 99% response point to the ===
same VCAL value. (Bottom) .

% 20 40 60 80 100 120

/¢ sector local strip

- o / I3 P — = s Wi e > - - : R w
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Noise Measurements: “SCurves”

LA LIBERTE DE CHERCHER

* For v2 chambers, the VFAT2 chips are generally more noisy closer to the
optohybrid and the area in which the LV power lines converge. This is not

present for v3 chambers.

VFAT O VFAT 1 VFAT 2 VFAT 3 VFAT 4 VFAT 5 VFAT 6 VFAT 7
c g g O g
H 3 H 3
g g E E
L o
N o o
o s VFAT 8 VFAT 9 VFAT 10 VFAT 11 VFAT 12 VFAT 13 VFAT 14 VFAT 15
o g o 2
(V) 3 3 3 g
—
Q s
N & o N
o —
VFAT 16 VFAT 17 VFAT 18 VFAT 19 VFAT 20 VFAT 21 VFAT 22 VFAT 23
B H 3 3
=2 ) > ) )

Stip

stp Stip

3rd, 2019
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v3 SCurves and Slice Test Results

LA LIBERTE DE CHERCHER

* The VFATS position in the v3 slice test detectors was non-functional due to a
mismatch in track length that prevented good communication with the optohybrid.
Regardless, we were still able to get good data!

o z
BT - nelinennap pm———— & [ W O
, , A ,
5 ] 5 ] o e - o S e S -
L ot o ot e ot o
»
“
i 8
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’ SR T X
) WA
R ol A e s ol Iovtrimensninny i, N ! ,
i o 1 L L L
i A 5 B N S e
e e y e s Ly o
vvvvv
e
Lo
)
§
4 Wil
Wit A o
NN A J r
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] 5 Gy 5 5 3
- i e . e s

10*

10°

10°

Trigger data rate vs. Threshold

IIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| ||||||||

4 VGEI\/[>OV

o

100 150 200 250
CFG_THR_ARM_DAC [DAC Units]
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HV3b v3 GE1/1 SCurves

LA LIBERTE DE CHERCHER

* For the final GE1/1 electronics, position 5 has been successfully fixed by adjusting

the track length. With the new d
consistent noise levels.

Elizabeth®q

CFG CAL DAC {1c}

CFG_CAL DAC |G}

CFG CAL DAC {fc}

VFAT 16: chiplD 6618
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w0 e 80 10 120
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w0 e 80 10 120
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VFAT 0: chipID 6967

0 e &0

CFG AL DAC {1C}

CFG_CAL DAC {1C)
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H
g
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VFAT 17: chipID 6541

w e 8 100 120
VFAT Channal

VFAT 9: chipID 6558

w e 8 1
VFAT Channel

VFAT 1: chipID 7012
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el ot e e
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VFAT Channel
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o e 80
VFAT Channel
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CFG AL DAC {1}

CFG_CAL DAC {1C)

CFG CAL DAC {fC}
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VFATZ Channel Stablllty

LA LIBERTE DE CHERCHER

* Every day, SCurve scans were taken of the installed slice test detectors. This
allowed us to see the stability of the VFAT2 channels through “time series”
plots.

VFAT23

—03

noise

120—

* Channels may be masked for a number of o
reasons: hot channel, dead channel, high e
noise, high effective pedestal.

* If a channel has a noise level of 0.0414 —
0.109 fC, it indicates that the capacitance o=
of that strip is no longer being seen and i
the channel is considered dead.

201710100527 201710111059 2017.10.11.11.24 2017.10.13.1253 2017.10.13.13.37 2017.10.16.10.34 2017.10.16.10.56 2017.10.19.1621 2017.10.19.18.58
scandate
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VFAT2 Channel Stability
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LA LIBERTE DE CHERCHER

CMS Preliminary E. Starling
g e e
* Over the lifetime of the Slice Test, 2 | —— gf
there was an overall loss rate of § |5 s
approximately 0.5% of VFAT2 -S| oo ,
channels per month for the v2 E . L d
detectors, concentrated mostlyin ~ © | e
three of the short chambers: - s Y,
» GEMINIM29L1 from May 2018 ol .
« GEMINImM27L1 from July 2018 -
* GEMINImM27L2 steadily over time X
- [+ I I L |

07-17 10-17 01-18 04-18 07-18 10-18 01-19
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VFAT2 Channel Stability

* This channel loss has been attributed
to burn damage as a result of
discharges reaching the anode.

* Ex: Right, G3_bot (foil closest to the
anode) exhibiting both leakage currents
and a discharge (in pink).

o ° -

o ° o - o n
-|III|IIII|IIII|IIII’IHI
of

b

2]

oL

* The energy of these discharges is large - ~410 J

* Design changes to the v3 electronics were needed to
prevent this for the full GE1/1 system: An additional
protection circuit on the VFATs, and changes to the
resistance and capacitance of the HV filter on the detector.

ltyinda Sl
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Proposed Changes to VFAT Design

fnis

LA LIBERTE DE CHERCHER

e —TT . e HV3b v2is
l SN N »_ the baseline
AM——AM~ K\\f}g) hybrid for
Rser the v3
_________ v electronics
Input protection

o External protection
Input protection

— p‘emon resistor s used ° H V3 b_V3
T adds
additional
resistors in
series

HV3b v4
adds
commercial
off-the-shelf
diodes in
parallel

Credit: Paul Aspell

'__is "
Ao, i3 cio Y
(o CHS GEM [“mmm]

CERN)\
/NUFAT3 HU3b
‘ L vv,“ﬁ CERNOLABS DEC 201
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Changes to VFAT Design: Testing

CMS Preliminary Credit: J. Merlin, F. lvone
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Timeline — GE1/1

e August 2018: GE1/1 chamber production begins around the world
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Timeline — GE1/1

e August 2018: GE1/1 chamber production begins around the world
* December 2018: All 144 GE1/1 chambers have been produced, fully qualified, and validated
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Timeline — GE1/1 , |

e August 2018: GE1/1 v3c superchamber production begins around the world
* December 2018: All 144 GE1/1 chambers have been produced, fully qualified, and validated
* January 2019: HV3b_v3 470 Q is chosen as the final GE1/1 VFAT design

, Gent, Belgium 1
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Timeline — GE1/1

LA LIBERTE DE CHERCHER

August 2018: GE1/1 v3c superchamber production begins around the world
December 2018: All 144 GE1/1 chambers have been produced, fully qualified, and validated
January 2019: HV3b v3 470 Q is chosen as the final GE1/1 VFAT design

July 2019: QC8 qualification begins on the first short superchambers for the -1 endcap.
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Timeline - GE1/1

* July 25%, 2019: Installation of the first two final GE1/1 superchambers!
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Control St

* Throughout the production process, the GE1/1 chambers go through a
rigorous series of eight quality control steps

* QC1:
* QC2:
* QC3:
* QC4.
* QC5:
* QC6:
* QC7:
* QC8:

Material inspection

Maximum leakage current measurement for GEM foil quality

Gas leak measurement and gas system calibration

Linear behavior verification and check for defects in the HV circuit
Effective gain and response uniformity

HV stability test

Electronics connectivity test

Cosmic ray data taking and verification

* Quality control steps 1-5 happen at the individual production sites,
whereas steps 6-8 happen at CERN in the 904 production lab in Prevessin.

Elizabeth®0 &S
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* QC8 is the final quality control
step before the chambers are
ready to be installed into CMS

e Data is taken using cosmic muons

e SCurves are taken to ensure the
electronics are working properly
and to assess the noise

* Efficiency measurements are of
particular interest

Row B

Rowfd!

Row 3

Row 2

Rew 1

OH10 |

OH8 |

OHé |

OH4 |

OH2 |

Celurmm 9

Column 2

Séptember d, 2019

H11

H9

H7

H5

H3
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* QC8 is the final quality control
step before the chambers are
ready to be installed into CMS

N\

e Data is taken using cosmic muons BEMS  e-== | (¥z =% \',ﬁ' ¢
Ve = / fode, X \ (=~ Platforms _
e SCurves are taken to ensure the QSN e Sl S e — |

electronics are working properly
and to assess the noise

* Efficiency measurements are of
particular interest
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LA LIBERTE DE CHERCHER

GE1/1-X-S-PAK-0001 CMS Preliminary .
I T , ; * Efficiency of GE1/1-X-
S Losb : : S-PAK-0001, one of
5 S | . | the detectors that has
09F | | already been installed
0.85F | i I in CMS as part of
E " [Gas Mixture: 70% Ar, 30% CO2 | GE1/1, as obtained
0.8;— | ' [Average Effecfive Gain: 1.2E4 | from QC8
075 | | i | measurements.
07f | | | | * Dotted green lines
ek | represent the three
I | (i) regions of VFATS —
06 | | | 0:7, 8:14, and 15:23.
ossf- i i The dotted red lines
0551 T T represent the in

0 5 10 15 20 25 regions.
Data: G. Mocellin VFAT
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QC8 Results: Digis

GE1/1-X-S-PAK-0001 CMS Preliminary

fnis

LA LIBERTE DE CHERCHER

10 e Plot of digis for GE1/1-X-S-
PAK-0001, run 206 of QCS.

n partition

I I |

1 * Showing the firing of the strips
with the highest granularity. If
a single strip fires, that is a
digi.

* There are several instances (in
yellow/orange) which are
clearly noise — this is
confirmed by looking at the
associated SCurves. These are

0 g0 100 150 200 2s0 300 350 masked in the final analysis.
Strip Number

Data: G. Mocellin

Elizabeth Rog@iitarling 4 FIVERR 9Safti fhostela, Spain - JE. .2 _ =y o XL R N W 2. September 3d, 2019



QC8 Results: Occupancy of Associated RecHits

z /
LA LIBERTE DE CHERCHER ﬁ

GE1/1-X-S-PAK-0001 CMS Preliminary » Associated RecHits for the top
detectors of Row 1. This plot shows
only GE1/1-X-S-PAK-0001, in
column 1.

|
&

Row: 1
Column: 1
Position: T

n partition
S)IHo®Y Jo "u

|
w
o

* For a given test chamber (in this case,
GE1/1-X-S-PAK-0001), the other

— chambers in the stand are taken as

reference. For a given event, the

muon track is reconstructed using the

reference chambers, and then

extrapolated to the test chamber.

I
N
(&)

N
o

15

10 * The associated RecHit is a verified hit
in the test chamber that matches the

5 extrapolation. This allows us to
measure the efficiency of the
chamber.

x [cm] e Each bin is 1mm wide.
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QCS8 Results: SCurves

VFAT 16: chiplD 6618

VFAT 17: chipID 6541

VFAT 18: chipID 6548

GE1/1-X-S-PAK-0001

VFAT 19: chiplD 6608

VFAT 20: chipID 6544

VFAT 21: chipID 6564

LIBERTE DE CHERCHER

VFAT 22: chiplD 6572

VFAT 23: chipID 7009
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Representative SCurves for GE1/1-X-S-PAK-0001
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CMS Preliminary GE1/1-X-S-PAK-0001 CMS Preliminary
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—— VFAT3 (HV3b_v3, 470Q)

1.4

ENC (fC)

— —— VFAT3 (HV3b_v3, 470Q)

Threshold { fC )

e ] L

LR A . T @
T P g e

. VFAT position VFAT position
Data: G. Mocellin P

Box plots of the mean (threshold) and sigma (ENC) for the SCurves of GE1/1-X-S-PAK-0001
QC8 Run 206
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Threshold { fC )

GE1/1-X-S-PAK-0001 CMS Preliminary
Z —_ __ | = VFAT3 (HV3b_v3, 470Q)

Elizabeth®G &S

Data: G. Mocellin

VFAT position

* Box plot of the threshold values
of GE1/1-X-S-PAK-0001

* 50% of the channels are within
the colored box

* 100% of the channels are within
the range of the dashed line

* The circle and line in the box
represent the mean and median
values, respectively.

Box plots of the mean (threshold) and sigma (ENC) for the SCurves of GE1/1-X-S-PAK-0001

QC8 Run 206
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GE1/1-X-S-PAK-0001 CMS Preliminary

QCS8 Results: Thresh

1.4 —— VFAT3 (HV3b_v3, 470Q)

ENC (fC)

* Box plot of the ENC values of

GE1/1-X-S-PAK-0001 12

* Noise increases as we go from the 1

narrow end to the wide end of the 08 . T I

GEB due to the increased size / T% I I I %

capacitance of the strip C iU [T E I LE,

» VFATs in the eta sectors closest to “Byat TiBg8T fidgme
the optohybrid show an increased 02 ¢ L I

noise as well e T R

VFAT position

Box plots of the mean (threshold) and sigma (ENC) for the SCurves of GE1/1-X-S-PAK-0001
QC8 Run 206
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QCS8 Results: Associated Hits Cluster Size

LA LIBERTE DE CHERCHER

GE1/1-X-S-PAK-0001 CMS Preliminary , . .
g F * The hits associated with
g L - “m=1 a reconstructed cosmic
3 s000F- ;:“ =§ muon track for each of
< - n= o).
: Bl Bin - 4 the 8 n partitions of
4000 Zin=5 GE1/1-X-S-PAK-0001, by
- Bin=6 cluster size, for run 206.
3000{— Rin =7
- Bin=8 .
2000{— * Ex: If three adjacent
- strips fire from the same
1000 event, then that hit has
- a cluster size of 3.
% > 4 6 8 0 12

Cluster Size
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Current Qualification Progress

* As of the date of this presentation, 10 chambers have been fully qualified in
all of the quality control steps through QC8, and have been deemed ready
for installation into the CMS endcap.

* The stand can hold 30 chambers at a time, and is qualifying ~2 per day.

* Our current projected schedule is:

15th September: Finish qualification of -1 chambers

15t October: Finish installation of the 36 superchambers for the -1 endcap

* End February 2020: Finish qualification of +1 endcap chambers

* End March 2020: Finish installation of the 36 superchambers for the +1 endcap

(Séptember 46



Future CMS GEM Systems

Elizabeth®a esi
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Following the
completion of GE1/1,
the focus will shift to
the next GEM
projects within CMS:
GE2/1 and MEO

8

o

LA LIBERTE DE CHERCHER
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LA LIBERTE DE CHERCHER

18 staggered superchambers per endcap

* 442,000 readout channels, like GE1/1 GE2/1 Superchamber
) EaCh Chamber Spans 20 Back Chamber Front Chamber Front Chamber. - Back Chamber
longer
M8/M4 8
35.5 mm

M7/M3
35.5 mm
—’—‘7
M5/M2 s
_________ 35.5 mm
shorter
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GE2/1 (LpGBT option)

d i d EMTE 20 degree chamber layer
[
PrO ] UCt|On an . Total: 72 layers -
testing has already o]
begun in earnest «~——— OH4 .
ATCA l«—— | OH3 %
back- | 8
* For more oot || = J 2
information on 3 )y
GE2/1, see Mike B oy o ICTTH
MateeV’S pOSter: . 18Iayers perATCA card
th DTH 4 ATCA cards total
September 5%, 16:55 ==
o
TTC

— DAQ/TTC links
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LA LIBERTE DE CHERCHER

MEO

20 degree layer
Total: 216 layers

£\

pGeT [OH| FPGA

1024Gbs 9-%:86@596 EMTF Cooling EEEEEEEEE PP RS I
“ f’ _______ ‘ “
-- DAQ -_-----C
CTP7-like - " \

100Gbs . .
ATCA board HiE Drift, 3.0 mm Stack, 7.2 mm GEBs, 1.2 mm | | Alum. Frame, 11.8 mm Chimney 1 mm
12 CTP7s total: 1 board per 60deg

» 18 staggered stacks per endcap
* Each chamber spans 20°, like GE2/1

* 6 layers per stack

* > 650,000 channels
» 128 strips / 8 eta partitions per chamber
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Conclusions

LA LIBERTE DE CHERCHER

* Experiences from the slice test proved invaluable.

* Allowed us to identify potential problems in time to update the design of the GE1/1
electronics, before the production and installation of the full system.

* The focus now is on the smooth production, qualification, and installation
of the GE1/1 detectors.

 Future electronics development will focus on GE2/1 and MEO projects.
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Questions?

LA LIBERTE DE CHERCHER

Thank you!
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