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Triple-GEM Detectors

LA LIBERTE DE CHERCHER

* Triple gas electron multiplier (GEM) detectors are composed of five main
layers:
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Triple-GEM Detectors
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LA LIBERTE DE CHERCHER

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

e A drift cathode

COOLING PIPE ,, —_ S

READOUT BOARD e S . SoARD
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LA LIBERTE DE CHERCHER

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

COOLING PIPE

— READOUT BOARD _g F o \\ - OPTICAL BOARD

>
“=» GEM INNER FRAME

OUTER FRAME

DRIFT BOARD

3 rl‘ing'—-\iiﬁ{a‘An-gua ¥or{oo; Belgium' - JE. .2 _ e XL R N ‘ ‘NovembeR22nd; 2019

6



¢ g ."' ” > / s,

Triple-GE

o ‘& uw Py Y -m: ==

M Detectors

LA LIBERTE DE CHERCHER

* Triple gas electron multiplier (GEM) detectors are composed of five main
layers:
* A drift cathode
* A printed circuit readout board ,.
* Three 50 um-thick polyimide foils SNSRI,

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 five main
layers:
* A drift cathode
* A printed circuit readout board
* 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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* 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.

\Ampliﬁcation

— E field line Transfer E field

A muon that enters the
detector ionizes the gas,
and as those electrons
encounter these electric
fields, they multiply in an
electron avalanche and are
read out at the PCB layer at
a gain of ~10%.

A . -:;v' =
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Incoming Cosmic Muon
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e General-purpose LHC detector

* Divided into several systems:

* Silicon tracker

Electromagnetic calorimeter (ECAL)
Hadron Calorimeter (HCAL)
Superconducting solenoid magnet

Muon System
e Cathode strip chambers (CSCs)
* Resistive plate chambers (RPCs)
* Drift tubes (DTs)
* and now

CMS DETECTOR

: 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :

Pixel (100x150 ym) ~1m?* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels
SUPERCONDUCTING SOLENOID
— Niobium titanium coil carrying ~18,000A

4

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

gas electron multipliers!
(GEMS)

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

br{oo; Belgiug' - =

LA LIBERTE DE CHERCHER

STEEL RETURN YOKE

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
2
s Silicon strips ~16m?> ~137,000 channels

FORWARD CALORIMETER
~ Steel + Quartz fibres ~2,000 Channels

10



CMS GE1/1 Project

* The GE1/1 project takes
place in the context of
CMS’ endcap muon
system, adding GEMs
for the first (but not last
— see GE2/1 and MEO)
time to CMS.

* Prior to the addition of GEMs, the
endcap muon system consisted of
Cathode Strip Chambers (CSCs) and
Resistive Plate Chambers (RPCs).

ELECTROMAGNETIC
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CMS GE1/1 Project
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* 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

' - —— - c=c : ¥ < o8 \ . W ! d
erloo, Belgium® - v - - = —— * "‘ 8% 4 AL i ‘Novembe®22nd; 2019 12
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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)

9y WBterloo, Belgiugl - 488



LA LIBERTE DE CHERCHER

Slice Test: Results and Consequences

Nl'ovember . 14
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Slice Te

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
* Final GE1/1 design uses multichannel power supply

* 2 short superchambers with an HV divider
* 2 long superchambers with an HV divider

‘Novembe®22nd; 2019 15
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Slice Te

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

* Final GE1/1 design uses multichannel power supply
* 2 short superchambers with an HV divider
* 2 long superchambers with an HV divider

/
e All detectors had v2 electronics for the |

|
/

o a|a

SE

\

O

2017 LHC run, as v3 was not yet ready /

S

On Detector
DL VFAT3

[frant-and ASIC)

(GEM Elecironic Baard)

Opto Hybrid
[ | GETs)

FPGA
—
() Links o CSCs

OfT Detector

uTCA

g
[1]

Optical links (@ 3.2Gbps

EIEAE \

AMCs e
MP7

Pawer Supplies

LV

HV
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Slice Te

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
* Final GE1/1 design uses multichannel power supply

e 2 short superchambers with an HV divider ks

On Detector

'
: Off Detector

(m] D\
. . . (o] 8 |o%— years
* 2 long superchambers with an HV divider [o]e [a) s cscvs
& = 5(7 gEhBA Electronic Board :

* All detectors had v2 electronics for the - Optts 1)

2017 LHC run, as v3 was not yet ready i _
* In early 2018, the multichannel rGE ol MO TA ]

detector (GEMINImMO1) was upgraded ro I B

with v3 electronics <=

8 3 /
erloo, Belgium® - 48
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Noise Measurements: “S-Curves”

* S-Curve scans help us monitor the health and
behavior of the electronics, by showing the
response of a VFAT front-end readout chip to the
injection of internal calibration pulses.

* A configurable number of pulses are injected, with

the size of the pulse determined by the VCAL value.

* The total number of times the comparator fires in
response to those pulses is recorded.

* The resulting plot is a step function that is
degraded into an “S” shape by the noise of the
system.

g A
erloo, Belgiugl - <&
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Noise Measurements: “S-Curves”

* The S-Curve is then repeated for
each channel on the VFAT (0 —127)
and combined into the plot on the
right, also called an “S-Curve” in
GEM jargon.

* This plot is trimmed, where the
individual channel registers are
adjusted such that the 99% response
point is the same VCAL value for all
channels.

CMS Calibration VFAT position 0 __
250

0.9

0.8

200

|

—0.7

0.6

V_,, [VFAT DAC units]
2

0.5

10077 T T 0.4

0.3

50 0.2

0.1

0 20 40 60 80 100 120 °

nYi¢ sector local strip
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Noise Measurements: “S-Curves”

19

* For v2 chambers, the VFAT2 chips are generally

noisier closer to the optohybrid and the area in

which the LV power lines converge.
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v3 S-Curves and Slice Test Results

* The VFATS5 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!
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*Color scale changed from v2 to v3
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VFATZ Channel Stablllty

LA LIBERTE DE CHERCHER

* Every day, S-Curve 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

0
e Each column in a time series plot i
represents one set of S-Curve scans.

ROBstr

 |f a channel has a noise level of 0.0414 — :
0.109 fC, it indicates that the capacitance y
of that strip is no longer being seen and L
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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VFATZ Channel Stablllty

e Over the lifetime of the Slice Test,
there was an overall loss rate of
approximately 0.5% of VFAT2

channels per month for the v2

detectors, concentrated mostly in
three of the short chambers:

e GEMINImM29L1 from May 2018

e GEMINImM27L1 from July 2018

* GEMINImM27L2 steadily over time

* Changes had to be made to
mitigate this damage and preserve
the lifespan of the system!

Cumulative Channel Loss

—
o
n

10

CMS Preliminary E. Starling
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1 —2— GEMINIm29L2
~=— GEMINIM30L1
H —2— GEMINIm30L2
C o f’
- aw A
= A A A [ 5
— of o+¢ AN u v
- ' )

IIIIIIII

= |

I

v 1+ 1 4

07-17 10-17 01-18 04-18 07-18 10-18 01-19

‘,.-, ter’loo Belguaj’n +—¥1 -_; -

! “Novembe®2nd, 2019

23



VFAT?2 Ch

o ‘@

annel Stab

ey - —

ity

LA LIBERTE DE CHERCHER

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

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

* The energy of these discharges is large - ~410

G3Bot_Mixed:Time_G3Bot_Mixed /\

I||||||II|]]II|II|[|IIII

lNovembe 2nd; 2019




Propagatmg Dlscharges

* Discharge propagation in large detectors (such as GE1/1) is more complex
than in smaller detectors (ex: 10x10 cm?).

* Discharges may travel up and down the GEM foil stack, accumulating energy

GE11 - With Diode - Propagation type 3

“ 0@

s
Q3A0Y¥ddY LON — AYVNINNIYd

-0,7 —2 per. Mov. Avg. (Antenna)

Y ——5 per. Mov. Avg. (G3top)

~8 per. Mov. Avg. (G3bot)

-2 0 2 4 6 8 10

1)
2)
3)
4)

Primary discharge in GEM3
Backwards propagation in GEM?2
Forwards propagation in GEM3

Forwards propagation from GEM3 to
readout board

Re-ignition of the propagation
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Proposed Changes to HV F|Iter
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LA LIBERTE DE CHERCHER

* Re-ignitions are fed by the energy stores in the HV filter. This can be mitigated
by tuning the filter capacitance.

" * Adding a 1IMQ

T T resistor lowers the

NO re-ignitions

-

S

Voltage [V]
& ¢ g

s
)

S
»

I probability of re-
Soome=lt o ignitions.

Q3A0Y¥ddV LON — AYYNINITIYd

S
)

Voltage [V]
-]

S
~N

——2 per. Mov. Avg. (Antenna)

—1

D
-

e _‘8 per-Mov-’Avs- (G3bot)’ 1.2 m—»—-—.—.._.. T T — i i Howeve r’ it also
-= = PO T — lowers the rate
10 kQ 100 kQ 1MQ 10 kQ 100 kQ W Ca abilit
El GEMd Wy Wy I;oweir Elecf:i\c/;de AR CoY IS)t‘JDpp(T; p - y' .
ectrode uPPly negatively effecting
T | % T detector operation
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Proposed Changes to HV F|Iter

LA LIBERTE DE CHERCHER

* Re-ignitions are fed by the energy stores in the HV filter. This can be mitigated
by tuning the filter capacitance. « Adding a 100kQ

T AR R resistor st
Sl |~ dramatically reduces
g——wf 4 T the re-ignition
- I /N ey 1 probability without

o R et e AN lowering the detector

e v Iy S pover rate capability.

g AW v 220 == e 200kQ was chosen as

22 | > 1 the best middle-
” ground value.
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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

'__i;; "
Ao, 7_.:;,:.[;%
(o CHS GEM [“mmm]

CERN)
/NUFAT3 HU3b
o vvfﬁ CERN,OLABS DEC 201

erloo, Belgiuﬁ_i"? =
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LA LIBERTE DE CHERCHER

* HV3b v4 would add no additional noise or
cross-talk into the system.

* The radiation tolerance had to be tested, and
was deemed good up to 10 MRad.

 Survived 540 electrostatic discharges via an
injection circuit at ~470 W per discharge.

 When put on a GE1/1 detector, one discharge
resulted in the destruction of ALL channels =
solution REJECTED.

Credit: Paul Aspell

“NovembeR22ndy 2019 29
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anges to VFAT Design

l * The series resistors of HV3b_v3 dissipate part of
e M +T+ the discharge energy.
| * But...adds 20% noise and 15% cross-talk into the
Input protection Syste m .

* The radiation tolerance is well-known, as these
have been used in HEP experiments before.

* Different resistances were tested: 330Q and 470Q).
* 470Q) is appropriate for discharge energies up to 1.5 mJ.

» Tested different resistors for resiliency
e Chosen array: Panasonic EXB2HV471JV

HV3b v3

Credit: Paul Aspell
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Changes to VFAT Design: Testing

CMS Preliminary
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LA LIBERTE DE CHERCHER

GE1/1 Production and Installation
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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.

{November 29



* 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 S-Curves 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 |

;msm RIS 23;@1.19{26 =

g D 21 3_.-:23;

OH2 |

Celurmm 9

Column 2

A
November 2%

H11

H9

H7

H5

H3

34



* 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 _
* S-Curves are taken to ensure the |[EEEE A S =

electronics are working properly
and to assess the noise

* Efficiency measurements are of
particular interest

35



QC8 Results: Occupancy of Associated RecHits
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LA LIBERTE DE CHERCHER

GE1/1-X-S-PAK-0001 CMS Preliminary Associated RecHits for GE1/1-X-
S-PAK-0001.

®
I

w

(&)

Row: 1
Column: 1
Position: T

n partition
S)IHo®Y Jo "u

* 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

15 chambers, and then extrapolated

to the test chamber.

N
|
w
o

I
N
(&)

N
o

10
* The associated RecHit is a verified
5 hit in the test chamber that
matches the extrapolation. This
00 © allows us to measure the efficiency
x [em] of the chamber.

PR B e bt
0 20

Data: G. Mocellin
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Efficiency
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Gas Mixture: 70% Ar, 30% CO2
Average Effective Gain: 1.2E4
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VFAT

LA LIBERTE DE CHERCHER

* In some cases, the
efficiency is lowered by
the geometrical
acceptance of the stand.

* This is due to an
imperfect alignment of
the detectors and the
choice to take a given
hit as being directly in
the center of its
respective in/i¢ region.
It is NOT a characteristic
of the detector itself.

‘November 29
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QC8 Results: Efficiency

LA LIBERTE DE CHERCHER

* Examples of short

( I eft) an d | on g Efficiency per VFAT - GE1/1-X-S-BARI-0001 Efficiency per VFAT - GE1/1-X-L-CERN-0035

CMS Preliminary CMS Preliminary

° c ] 1 0 c —1 0
( r I g ht) C h a m b e rS Eé 8 — 0.925522 0.94691 0.951738 E'_ée 8 [— 0.960396 0.969957 0.971698
g —0.9 g —0.9
t h a t We re & 7 — 0.967742 0.974778 0.965615 _ 08 & 7 — 0.976684 0.972586 0.973958 | 08
q u adll fl fe d a S b e I n g 6 — 0.966741 0.973235 0.978594 ] 07 6 — 0.967488 0.977151 0.973664 ] 0'7
rea or n n
[d y [ 5 — 0.963934 0.960377 0.964252 06 5 — 0.980392 0.97804 0.981037 0.6
installation. os o5
o 4 — 0.968366 0.970711 0.975499 4 — 0.982265 0.98257 0.98241
. 04
e Geometrical 0.4
L] 3 0.979424 0.972611 0.978066 03 3 — 0.978966 0.979493 0.982418 03
acceptance issues
S e e n O n t h e e d g e S 2 — 0.964045 0.956556 0.948821 02 2 — 0.962902 0.974759 0.979881 0-2
Of t h e d ete Ct O rS’ 11— 0.95|7346 0.94|4359 0.95|2663 01 1 — 0.94|127 0.94|9401 0.96|4479 0.1
0.0 0.0

b I 1 : o 1 : o
u.ot .Ove ra . 9 5 0 Avg. Effective Gain = 1.8E4 Gas mixture: Ar/CO, (70/30%) ¢ partition Avg. Effective Gain = 1.5E4 Gas mixture: Ar/CO, (70/30%) ¢ partition
efficiency is >95%.
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QC8 Results: S-Curves
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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 S-Curves 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 e The hits associated with 3
5 80001 - Sin =1 reconstructed cosmic
§ Hin=2 muon track for each of
g 5000 Bin=3 the 8 n partitions of
- I B 4 GE1/1-X-S-PAK-0001, by
4000— Hin=5 cluster size, for run 206.
- Hin=6 * Ex: If three adjacent strips
3000— Bin-7 fire from the same event,
. then that hit has a cluster
: Bin=8 size of 3.
2000—
- * The distribution leans
1000— towards larger cluster
- sizes due to the presence
ol —— . of cross-talk.
0 2 4 6 8 10 12

Cluster Size

A
November 2%




Installation Progress

October 24th:

the installation
of the YE-1
endcap is
complete!

Facebook live video of the final chamber installation:
https://www.facebook.com/cern/videos/417995299115192/

CMS News Articles:
https://cms.cern/news/first-gems-installation
https://cms.cern/news/cms-continues-shine-new-gems
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1 Commissioning

GE1/

LA LIBERTE DE CHERCHER

 The chamber installation is finished, but there’s still a lot of work to do!

* Before cooling is operational, only short checks can be done (for the safety
of the electronics)

e First communication check —
e Make sure the fibers are routed correctly
e Make sure we can communicate with the front-end electronics

* Cooling is operational as of last week!
* Longer tests are now possible
* Noise studies, S-Curves, DAC scans, etc.

A 3 . 1 - C e SR == ."|’I|“ 13 g h . \ 3 1 1 ,‘ N
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Future Timeline

* Negative endcap
 Commissioning: November 2019 — February 2020

 Positive endcap
* Gas services installation: March 2020
* Cooling services installation: March — April 2020
 Chamber installation: April — May 2020
* Cable / fiber installation: May — June 2020
* Commissioning: June — August 2020

* Mid-week global runs: September 2020 — April 2021
e Multi-day cosmic data taking with all CMS subsystems running together

* Proton physics in CMS: May 2021 — LS3

A . -xv' =
erloo, Belglumf. —3
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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.

! “Novembe®2nd, 2019



Questions?

LA LIBERTE DE CHERCHER

Thank you!
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Backup Slides

LA LIBERTE DE CHERCHER

Backup Slides!
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@ * A primary discharge is caused by the high charge density

within a given electron avalanche
@é

Gasvolume

Typical developement of avalanche into a streamer

Credit: J. A. Merlln

rdo,BeIgiuﬁ_i':"f g :" | ;?j - -\...-i? “‘,‘,‘,‘v N \ { W ‘Novembe 2nd; 2019 49



LA LIBERTE DE CHERCHER

* A hot spot is created on the copper
near the rim of the hole (> 2500°C)

Typical developement of avalanche into a streamer SEM picture of a GEM hole (bottom) after a 2mJ discharge

Credit: J. A. Merlin

"-Novembe 2nd,; 2019 50




Propagating Discharges

LA LIBERTE DE CHERCHER

D (ENEED (GENEED (g

“precursor
current”

RO board RO board RO board

e Thermionic
emission of
electrons in the
gas by the local
electric field
(Schotty effect)

A. Utrobicic et al. (University of Zagreb),
SEM picture of a GEM hole (bottom) after a 2mJ discharge MPGD Stability Workshop, June 2018

/) g 57 171
arloo, Belgium? - 4
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“precursor
current”

RO board RO board RO board

. u L
* The development
of the precursor

current into a
streamer which
causes a second
discharge.

Typical EM interferences caused by
SEM picture of a GEM hole (bottom) after a 2mJ discharge MPGD Stability Workshop, June 2018 propagating discharges in GEM detectors

A. Utrobicic et al. (University of Zagreb),

Credit: J. A Merlln

" "NovembeW22nd; 2019 52



PG NE

QCS8 Results:

GE1/1-X-S-PAK-0001 CMS Preliminary
e r
- [ — __ | — VFAT3 (HV3b_v3, 470Q)
o 8 .
< L ‘
[2] | '
(0]
c - T T —
T T | -

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) for the S-Curves of GE1/1-X-S-PAK-0001 QC8 Run 206
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Timeline — GE1/1

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

LA LIBERTE DE CHERCHER
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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
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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
* January 2019: HV3b_v3 470 Q is chosen as the final GE1/1 VFAT design
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Timeline — GE1/1

August 2018: GE1/1 v3c superchamber production begins around the world
December 2018: All 144 GE1/1 chambers have been produced

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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Timeline — GE1/1

* October 24, 2019: Installation of the YE-1 endcap is completed! Commissioning now begins...

LA LIBERTE DE CHERCHER

-----

See news update: https://cms.cern/news/cms-continues

-shine-new-gems
Elizabeth I%o‘nlmg—fmfe Apgua l'ee&ZO g .
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Future CMS GEM Systems

* Following the

E
o

completion of GE1/1,
the focus will shift to

the next GEM

projects within CMS:

GE2/1 and MEO
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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

br{oo; Belgiug' - =



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 - " \

ATCA board | 1006bs _ .
Tic Drift, 3.0 mm Stack, 7.2 mm GEBs, 1.2 mm Alum. Frame, 11.8 mm Chimney 1 mm

» 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

12 CTP7s total: 1 board per 60deg




