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Introduction and Motivation

The CMS Muon System, which is designed
to detect and reconstruct muons with the
best precision, needs an upgrade to handle
the high rate and intensive environment of
HL-LHC during Phase2. New detector
requirements include high rate capability
(~MHz/cm?),and new station must be able to
survive high radiation background. The
current detector design is not sustainable so
that new  technologies have been
considered, Iin particular Gas Electron
Multiplier (GEM) detectors.

The installation of GEMs (labeled as
GE1/1) for LS2, will equip the inner endcap
stations, while the installation of the more
recent GEMs (labeled as GE2/1 and MEO),
which are proposed for LS3, would equip the

second endcap stations. This contribution

"ot o2 ‘ presents only the results of a research on

el e s e M . the GE1/1. The installation of the GE1/1
- station in the forward region 1.6 < |n| < 2.2.

CMS DETECTOR

: 14,000 tonnes
:15.0m

:28.7 m
:3.8T

STEEL RETURN YOKE
Total weight 12,500 tonnes
Overall diameter
Overall length

Magnetic field

SILICON TRACKERS
Pixel (100x150 um) ~16m* ~66M channels
Microstrips (80x180 um) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

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

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

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

/

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

Goals of the muon upgrade

Improve muon momentum resolution, help to reduce the
global muon trigger rate, increase muon identification
coverage.
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ME1/1-GE1/1 bending angle |

* GE1/1 allows
measurement of
muon bending
angle at trigger
level, which
original muon
system cannot
measure.
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GEM in CMS: Endcap Station 1 Ring 1 (GE1/1)

* A pair of GEM chambers
form a superchamber.

* The mechanical design of a single
trapezoidal chamber is shown in the

picture below.

e Foil dimension: 1-1.2 x 0.23-0.45 m?
* Gap configuration between the GEM foils:
drift/transferl/transfer2/induction: 3/1/2/1

THERMAL SCREE

Cross section through inner and outer frames and GEM foils A Hit rate in Ar/CO,/CF, (45:15:40)
A Hit rate in Ar/CO, (70:30)
¢ Gas gain in Ar/CO,/CF,

4 Gas gain in Ar/CO,

GE1/1 prototype
after mounting

Washer

Pull-out post
(polyimide)

(brass) Polyurethane coating

* First CMS muon

endcap station

where the inner ring
is equipped with 18
long and 18 short

triple GEM
superchambers.

drift boa

* The col

e Schematic HV
segmentation of short/
long GEM foils in 40/47
strips, on the foil side
oriented towards the

rd.

or scheme

indicates which HV

segments correspond
to the eight n-sectors
of the detector.
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* Scanning electron microscope picture of a

GEM foil (left).

* Schematic view of the electric field lines
(white), electron flow (blue), and ion flow
(purple) through a bi-conical GEM hole (right).
* The outer diameters of the hole are 70 um
and the inner diameter is 50 um; the hole
pitch is 140 um.
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* The performance of GEMs has been evaluated in the test beams at CERN and Fermilab.
* At CERN the chambers were operated with Ar/CO2/CF4 (45:15:40) and Ar/CO2 (70:30);

readout board on
| | - GEM foil stack:

(NUVOVERN) 1.E+04

Ar/CO, (70:30)
T°:21.1°C

P: 954 hPa
Hum.:31%

and read-out with APV front-end chips.

Effective gas gain

/ (tin + lead + silver)

GEM fail
(APICAL + copper)

Ar/CQ,/CF,
(45:15:40)

Hit rate [Hz]

10 M0 SM resistors
(alumina substrate)

Silver glue
(EPO-TEK H20E)
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\ Spring-loaded contact pins \

(gold-plated brass)

Drift electrode
(copper)

Gas inlet/outlet
(polyamide reinforced
with glass fiber)

PCB
(epoxy DE156)
Through-hole insert

(SS A2; 18% chromium + 8%
(nickel-plated brass)

nickel)

Solder
(60% tin + 40% lead)

3600

* Measured gas gains and hit rates as a function of
high voltage applied to the drift electrode.

T°:21.9°C
P+959 hPa
Hum.: 32%
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* The results show g .-,
that the detection
efficiency reaches
values of 97-98%.

* The angular
resolution is in the
range of 100-170
urad with Ar/CO2
(70:30) and read-
out with APV

analog chips.

102+
- 2YAm source
Gas mixture Ar/CQOz

14000 * The rate capability plot is with the

Ag X-ray source at 22 keV with

Ag Xray 22 keV

GE1/1
Ar-CO2-CF445:15:40

in

12000

Ar/CO2/CFa4 (45:15:40). The rate
capability has three regions, a flat
region (as in plot), then a rise region
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- Effective gas gain is constant up to 0% T
1e3 kHZ/CmZ (CMS requ|res 10 CMS Collaboration, CERN-LHCC-2015-012, CMS-TDR-013
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* Discharge probability as a function of

1068
Effective gain

effective gas gain measured to be 103 to 10

Quality Control of the GEMs

GE1/1 Production and Quality Control Gain Uniformity test:

* Wide X-ray beam (23 keV)
« RD51 SRS readout (APV hybrids)
» Copper fluorescence

« Compare photo peak position

* Infer gain fluctuation

* Component production and quality control (QC1-2)
* Assembly&commissioning of GE1/1 chambers at production sites (QC3-5)
* Assembly&commissioning of superchambers at CERN (QC6-10)

GE1/1 Assembly Sites - Presently, 6 assembly sites are being considered for GE1/1

mass production. All sites will follow the same assembly and quality control Relati

protocols and will include the following setups:

e Certified clean room of class 1000 minimum

 GEM foil leakage current measurement station
» X-ray setup for gain uniformity measurements and gas leak station
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Reception at CERN

- Tracking

HV test
5 kV in pure CO,
+ signal monitoring

i Installation in storage rack

Cleaning
QCI - Optical inspection
[CERMN) LEJkBEE current test
+ connectivity test

Optical inspection Cleaning

o E'dtlr'lt{ m vacuum

ultrasonic bath
+ ethanol

Drying under N,
HV Stability (1 month)
~100 V under N,

i Shipping to PS5

L 4 N
) Q{:IGIFEI Drying under M,

Gas leak test

Electronics

Reception at CERN

Gain Uniformity test
Xray station
APV4+5RS DAQ

‘ QC, (cern)

Shipping to production sites

Shipping to CERN by, Ge
Reception at production sites | 7y Ve ©

Drying under N,
QEEIEEF‘NF Gas leak test
HY test

- S-Curve i
Q{:m_ - LV test o I

(cern S0d)

4
ASSEMBLY of Super Chambers

Electronics connectivity

- Repeat Leakage current test
Acceptance test

Qc,

[CERN)

- Noise
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—

Ready for Installation

* There will be cosmic stand at
CERN for efficiency
measurement, track
reconstruction, timing analysis,
final readout electronics and
cooling system.

* Precise assembly includes
inspection and cleaning of all
parts (ultrasonic bath, baking,
sand blast), dust cleaning after
step in assembly procedure.

www.youtube.com/watch?v=Ssuqh5GAVZ4&f

* Time resolution
is the order of few
y ns. A spatial
resolution of the
order of 200-300
LM has been
achieved which is
compatible with
the theoretical
value equals to
pitch/sqrt(12).
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CMS

and read-out with binary-output VFAT2 front-end chips; at Fermilab, with Ar/CO2 (70:30)

GE1/1 Efficiency vs Current
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Mean 0.002537 = 0.002991
Sigma 0.2678 = 0.0025

r/CO,/CF ,(45:15:40)

[test

oo by v byl bana by

1 | |
£ 2

[test beam 2014] CERN

GEM Electronics

VFAT3: Successor to VFAT2. Tracking&trigger data is fixed latency trigger bits.

Preamp Shaper

CFD

x128 channels

CBM Unit
{C alibeation, Bias &
Monitoring)

ADC
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Improvements with VFAT3 by increasing S/N ratio due to programmable shaping time,
decreasing time walk via CFD, comm. at 320 Mbps = 8*VFAT2 rate.

* GEB provides power ’
to VFATs

* Signal routing
between VFAT3’s and
optohybrid

* Electrical shielding
for detector

Optical links @ 3.2Gbps

Power Supplies

Step by step procedure
+ systematic optical inspection & leakage current test

D_C? (CERMN)

Gas leak test
Electronics noise with coaling ON

And commissioning

eature=youtu.be

Summary and Conclusion

* Facing the High-Luminosity LHC, the CMS Collaboration is planning several muon system upgrades
in order to maintain its high level performance in terms of muon triggering and reconstruction.

* CMS recently approved the installation of the GE1/1 station: during LHC Long Shutdown 2 (2018-
2019), the 1.6<]|n|<2.2 region of the first endcap disks will be equipped with a total of 144 new
triple-GEM chambers.

* The GE1/1 chamber assembly will be done at several locations inside and outside of CERN; a
detailed chamber assembly and quality control work flow are being worked out.

* For the GEM electronics, there are two main components of the electronics as On & Off Detector. On
Detector electronics connect inputs of the VFAT3 to the GEB. The communication to Off Detector
electronics is performed through optical links which is Opto-hybrid plugged into the GEB.

* Test beam measurements yield good results in terms of the detector performance.

* During 2016-2017 year end technical stop of LHC we will install a 40° wedge of GE1/1 in CMS and
this operation experiences before full installation in LS2.

LV

LHC Upgrade
LS = Long Shutdown

HV

30 fb
PU ~40

LS1

and
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| CMS VFAT3 Hybnd

| SS—
6.5 mm . IS_Smm
I

GEM readout board
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TTC (Clock, L1A, Fast controls)

CMS DAQ Link (optical)

* MicroTCA carrier hub (MCH) for Comm.

slow control.

vides trigger timing and control

signals down link.

300 b
PU ~50

LS2

3000 fb'?

PU ~140 LS3

2011
CMS Upgrade

2012

2013

2014

2015 2016 2017 2018

Phase | Upgrade

2019 2020 2021 2022

Production and
QC of detectors
First prototype

of VFAT3

Phase Il Upgrade

Slice
installation

Slice and
trigger
commissioning
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2014/15

YETS 2015/16

2016/17

QC of
Production
GE1/1
chambers with
final electronics

2017/18 2018/19

Full-production of

chambers and electronics started

BPS2016: General Scientific Meeting 2016 of the Belgian Physical Society, 18 May 2014, UGent, Ghent (Belgium)

Full installation
of GE1/1 with
final electronics
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