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1. Drift Tube chambers are used in the Barrel part (DT,
yellow, 4u stations) and cover |n| < 1.2

2. Cathode Strip Chambers are used in the Endcap part
(CSC, green, 4u stations) and cover
0.9<|n| <24

3. Both Barrel and Endcap parts are complemented by a
system of Resistive Plate Chambers (RPC) covering the
range of |n| < 1.8

CMS Muon system - types of coordinate detectors giiiu
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4-muon event

Muon system provides:

* Muon identification and momentum
measurement

* Muon trigger

* Rejection of background by matching

of muon tracks with the inner Tracker
Muon detection is a powerful tool to detect
Higgs boson decay into ZZ or ZZ =, which in
turn decay into 4 leptons, “gold plated” for the
case in which all the leptons are muons.



Muon system in CMS
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Material thickness in interaction lengths at
various depths, as a function of
pseudorapidity.

The muon transverse-momentum resolution as
a function of the transverse-momentum (pT )
using the muon system only, the inner tracking
only, and both.

Left: |n| < 0.8, right: 1.2 < |n| < 2.4.
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A r-@ front-end side

DT chamber consists of 3
super-layers, each

composed of 4 layers of drift

tube cells
Sensitive area:
18,500 m2
No. of channels: 172K

To FEB

A CSC consists of 6 layers, and
operates as standard multi-
wire proportional chamber

(MWPC) with cathode readout.

Sensitive area: 6,300 m2
No. of channels: 477K
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The RPC are double-gap
chambers, operated in
avalanche mode providing fast
and independent trigger
signals.

Sensitive area: 4,000 m2
No. of channels: 137K
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Muon system upgrade Phase lI- new detectors in the forward region
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Phase Il Upgrade Schedule

2022 2023 2024 2025 2026 2027 2028
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today GE-FY1 GE+2/1 RPC el i
RE3/1 DT/CSC/RPC electronics
3/ MEO
RE4/1

» CSC frontend electronics

» GE1/1 : : .
» GE2/1 demonstrator Muon Endcap mostly inaccessible in LS3

RE3/1 demonstrator g

|
e

LS2: CSC frontend electronics, GE1/1
YETS: GE2/1, RE3/1, RE4/1

LS3: , CSC ODMB5/7 +
backend, RPC off-chamber
electronics (Link System), MEO
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CMS muon system in Run2 (2016-18)
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M - ME2/2 _ 143 141
uon system: ME3/2 _ 143 141
- Fractions of the operating channels >98% ME4/2 146 145

- High Spatial resolution 45+300um (CSC and DT)
- Timing resolution ~ 3 ns or better per chamber for all 3 systems

- ici ~ 0
Local track efficiency ~ 97% V.Perelygin_CMS Muon System_DiMuon_Workshop_JINR_23.06.2022



LHC —> HL-LHC

ultimate HL-LHC performance scenario (max. Lumi)

R 0 B 4000  —
s Z 13500 £ The ir!crease in Iuminqsity will produce
:f:“ . ..1N. 3000 = aparticle background in the gas-based
= 2500 = muon detectors that is an order
g 4 = 2000 £ of magnitude higher than under present
g > 1500 Z conditions at the LHC.
a3 - 1000 5 pdetector tests at HL-LHC higher rates
5 | 500 £ arerequired.
= 0 : 0
2026 2028 2030 2032 2034 2036 2038 2040
Year
To study:

» the detector performance in the presence of
HL-LHC background

» possible ageing effects of detector materials
and gases.

To cope with these challenging requirements, a new Gamma Irradiation Facility (GIF++) was
designed and built in 2015 at the CERN SPS North Area.
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H4 SPS beam line

muon beam
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GIF++ irradiation intensity map
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GIF++: CSCs longevity tests

10°

Smeria= 0.11m?

’ - CSC at GIE++

-y D2: Total flux ~1.7*107 y/(s*cm?) ME21/1 and ME2/1 are full scale 6-layer CSCs of different
60 =00 50 5 %0 w0 — ' types chosen for ageing tests as most background affected
zlenl ones.
w 1.2 T . .
*S: - Irradiation: The four inner layers, Nominal gas mixture Ar+CO2+ CF4
o) L2-L5, have HV on while L1 and  (40/50/10)
3 E L6 are reference ones (HV=0) Closed loop gas supply,
o | per layer (section) ~300pA 10% fresh gas injection
5 M§E1l1
0 s_ L2
- HLHLC =*° Equivalent to 3*HL-LHC of L=3x3000 fb-1
- L5 the integrated charge to be:
o6l . ¥ ... i...,i.,] ME11-0.33C/cm
0 100 200 300

Accumulated charge [mC/cm]

ME2/1(sect.1) - 0.24 C/cm
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CSCs spatial resolution as a function of mean Layer current for increasing values of
accumulated charge,

GlF++
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CSCs detect SPS muons. The Layer current is proportional to the background intensity, which can
be adjusted using a set of filters.

The results are corrected for atmospheric pressure variation.

The measurements done for different values of the accumulated charge.

The HL-LHC background conditions for L=5 x 1034 Hz/cm2 correspond to average currents ~10 uA
for ME1/1 and ~18 uA for ME2/1. With that the spatial resolution degradation of 10% and 16%
correspondingly which is not crucial for the muon system.

No resolution degradation is observed even with accumulated charge exceeding 300 mC/cm

11
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ME1/1 Spatial Resolution with 10% and 2% CF4 gas mixture vs Current and accumulated charge
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In 2018 the Longevity test with ME1/1 continued with 2% CF4 gas mixture:

Ar+CO2+ CF4 (40/58/2).

Left plot — Spatial resolution vs layer current — 2 mixtures show the same results.

Right plot - No spatial resolution degradation was observed even with accumulated charge
up to 500 mC/cm for ME1/1.
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V.Perelygin_CMS Muon System_DiMuon_Workshop JINR_23.06.2022



" New regulations

In 2014, the European Commission adopted a new regulation limiting the total amount of
important fluorinated greenhouse gases (F-gases) that can be sold in the EU from 2015
onward and phasing them down in steps to one-fifth of 2014 sales in 2030

CSC and RPC: F-gas footprints:

* CSCs use 10% CF, (GWP=6500): 274 m3/h of CO2 equivalent

* RPCs use 95.2% C,H,F, (GWP=2300): 228 m3/h

and 0.3% SF; (GWP=23900): 1440 m3/h of CO2 equivalent

— F-gases used by CSCs and RPCs prevent ageing and ensure reliable operation

Solutions under study:
—new eco-friendlier gas options — RPCs explore operation with new gases
CF;l, C3H,F, (GWP=0.4)
— F-gas consumption reduction — CSCs explore operation with 5% CF,
or to replace it by HFO-1234ze = C;H,F,
— Other measures being explored:
* improved recuperation plant

13
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Status of CSC gas system in 2018

There were 2 periods of CSC operation with recuperated CF4:
[Jun.13+Jul.05] and [Sept.12+0ct.10] both show 10% gain drop the in
SWPC.

CMS CSC gas monitoring Averaged 24p |

CSC spatial resolution in Run2 (2018)

o 14
§ N CF4 to 10% Recuperated CF4
S, P SWPC: after/mixer
- - __ "/. B // \\\
% * , ‘
2
¢
08t 2018D
20184 / 2018D"
C SWPC: supply to chambers
05— 2018D'
u HW
0.4—
17/02718 -‘IQIIU:L-H‘BI ) ‘wlfol.nla' ) '19‘;0%;1'3' 1006118 |19-m“ﬁ1|8| ' '19}015.:”‘5' ' ia'auslm‘s' - 19018
Time

created by CERN Web Services on Wednesday, August 05, 2015 2:54 PM

CSC Spatial resolution for datasets.
(V.Palichik Sept.19_2019)

N

Station/ p-p collision M’aset \

ring 2016H 2017C,F 2018A ﬁOlSD 2018D' 2018D"
ME1/1a 46 46 45 46 48 51
ME1/1b 52 53 52 53 55 \ 60
ME1/2 87 89 88 89 93 100
ME1/3 105 106 105 108 115 125
ME2/1 129 133 133 138 146 140
ME2/2 139 143 141 144 156 171
ME3/1 123 128 127 132 140 134
ME3/2 139 143 141 144 157 I 171
ME4/1 123 127 127 I\ 129 139 133
ME4/2 143 146 145 \50 159/‘| 173

\/

The operation with the gas mixture with
recuperated CF, shows the spatial resolution
deterioration of 2-13 pm depending on the
station/ring (see columns 2018D and 2018D’
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Eco-friendly gases investigation at B.904 with mini-CSC

CSC Prototype Chamber '%Cd Source Applied
W G; ¢ e ad e b U B A LIRS EE l'
L [ . |
o | °2%CF |
© 200 * 2% HFO ¢
L L | 1
= |
3 s
I by
! e\ A A 100~ i =]
QY ' /| S = - ¢
Mini-CSC (30x30°cm) g 1 ‘ P
(ME2/1 geometry) ‘ = | !J,‘
4 o :4&‘)1 —_—
HFO-1234ze (C3H2F4,GWP < 1 for 100 year) e 2 9= (i [kV?

Magnitude and length of efficiency plateau for 2%
HFO mixture is the same as for 2% CF,

HFO now is the most promising gas to replace CF4.
Non-toxic TrifluorolodoMethane, CF;l, having GWP=0.4 was another candidate

tested at PNPI but found too electronegative
The work continues.
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Conclusions

CSC muon system operates well and ready for data taking in Run3.

The Phase Il upgrade in Muon system is going on and new are
Installed (GE1/1) or to be installed in YETS 2023-2025 (GE2/1, RE3/1,
RE4/1) and MEO in LS3. There will be 5 types of Muon detectors of 5
different technologies in CMS. Also, the new on-chamber and frontend
electronics on all the systems to be installed.

Ageing tests of muon detectors at GIF++ continue to study the longevity
of the muon detectors/electronics for HL-LHC running.

CSCs and RPCs searching for alternative gas components to find
solution to minimize F- gases release.



Backup
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CMS - one of two general purpose detectors at LHC

+z endcap CMS

p beam 2
anticlockwise

— - —— o —— —
‘_-_ -—
-5
-

\ w endcap =2 I
\ X T /,

o

clockwise

V.Perelygin_CMS Muon System_DiMuon_Workshop JINR_23.06.2022 19



LHC - HL LHC schedule

® Peak luminosity Integrated luminosity
6.0E+34 s - 3500
3000 fb!
5.0E+34 New s L ] - L 3 L ] . L ] * ‘T
Splices Injectors Low-B* 2500 é
o 4.0E+34 fixed upgrade quads [ >
E — ~ "N -t LA 2000 9
L. 3.0E+34 ) W V) V) V] £
> — — — — — 3
:‘%’ 1500 pu—
o} Q
£ 2.0E+34 P ] =
S R ' 1000 &
2 2
1.0E+34 . - 300 fb! 500 =
o -1
0.0E+00 ~* 30fb ‘ : . - L 0
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
Year
LHC HL LHC
Instant. luminosity (cm-2s1) 1034 5x103%
pileup collisions 30 150
integrated luminosity (fb-?) 300 3000
CMS L1 trigger rate (KHz) 100 750
CMS L1 trigger latency (ns) 3.6 12.5

New HL LHC parameters require detector upgrade in LS2 and LS3



CMS Muon System Upgrade Concept

— Keep the existing muon detectors and DEMONSTRATE the longevity of
detectors/electronics for HL-LHC running

— REPLACE some electronics expected to fail HL-LHC requirements (rad.
hardness and rate capability)

e CSC — upgrade of on-chamber and VME cathode and anode r/o
electronics for inner (1.6 < [n| < 2.4 ) rings to operate with increased
data rates at high luminosity and higher L1 trigger latency

 RPC - new trigger electronics (1.5 ns sampling time, instead of 25 ns)

* DT —reconfiguration of on-detector electronics readout (mini-crates)
architecture

— Add RPC and GEM detectors in the very forward region to improve
redundancy on muon ID and L1 triggering

V.Perelygin_CMS Muon
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L1 Trigger: p measurement and rate

CONCEPT

(axial view) CSCs alone provide short segments with low-
. Cse i precision info on segment direction
/ CSC-GEM e GEM-CSC tandems in ME1 and ME2 stations give
‘1’22 Station ME2 accurate measurement of muon “local”
Py | direction sensitive to muon p;
Station ME1
AN GEa/1 will allow to keep <5 kHz trigger rate without
muon increasing threshold on muon’s momentum
R 10/
\\, » ' | I!:’UI :!59“14 TeV
T x g e

CMS Phase Il Slmulatlon B
Pl : Run | detector A
- ‘= 2stubs withMS1/1

Run |+ GE-1/1 | .
: . i> 2 stubs withME1/1 |

Schematic view of u trajectory from
axial point of view

L1 Trigger Rate [kHz]
R

—_
(=]
AL BRI R

ME1/T GE1/1 bending angle
GEM . CSC
<= - 1
magnetic FIE
fieldB o] —2 ol N
— £ 16<In|<22
’/l,];;; . 10—2: {_1I?AL? (:stlandalone) | |
~—|P _p=20Gevic — o 6 78910 20 30 40 5060
T gz L1 muon P threshold [GeV]
P - .
GE1/1-ME1/1 super-stab in YE1 provides direction
soft muons arriving to| | al measurement and allows efficient rejection of the muon
YE-1/1 from IP are "bent” 20cm o | . . . .
bythe magenticfield ||| || oo _ backgrounds improving py resolution — large L1 trigger
= > rate reduction
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Overview up to LS3

YETS 22-23

New Forward
Shielding

H

RE+2/2
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H

Repair HF feet
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HF hoist

H

DT OBDTs Z+
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|

HVAC in
2PACL room

(USC55)

Z+ only

| EN-EL related |

2024 Run

2PACL plants
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ng with

dummy loads

2023 Run YETS 23-24
2PACL & RE -2/2
- dummy load " service
installation adjustment
.~
 SE—
2PACL electrical
supply IN USCS5 GE2/1Z-
— - )
)
CO, main
|| transfer lines
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(potential)
—
S
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CMS Phase-Il upgrades

Trigger/HLT/DAQ

* Track information in hardware event selection
* 750 kHz hardware event selection

» 7.5 kHz events registered

Barrel EM calorimeter
* New electronics
» Low operating temperature =

-100

).
// ‘

Muon systems

 New DT & CSC electronics
* New chambers 1.6 <n<24
* Muon tagging 2.4<n<3

L

y/
\
(

New Endcap
Calorimeters
* Rad. Tolerant
* 5D measurement

New Tracker
* Rad. Tolerant - light
« High Definition measurement

* 40 MHz selective readout for hardware Beam radiation and luminosity
trigger Common systems and infrastructure
» Extended Pixel coverage to n = B.8elygin_CMS Muon
System_DiMuon_Workshop JINR_23.06.20 24

22



Detectors at GIF++

ATL-MM-1 o o haw
(if possible/fitting) J '_I:I: i Septer: 10000 S b
CMS-RPC 2 (I CMS-CSC 1 1 . 7-1 1 Points assumed gs cr!ignbo‘, = Simulatec
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E@:‘l 622 |62 L CMS‘GRPC3 | ,’,” ) % 1000 5 e
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51 4 3] 2 1 1Bz345 M-
{ 8 7 6 -5 4321012 3 4567
Distance from the Source in z [m]
R. Guida. Setups position and schedule for next i
++
test beam. https://indico.cern.ch/event/566910/ GIF radiation measurements
Att. Factor=1 (Dose rate vs
10 permanent GIF++ users, new distance from the Source)
requests for longevity tests and _
RadHard i G. Gorine, GIF++ RADIATION ENVIRONMENT
a araness tests are coming https://indico.cern.ch/event/517100
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