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wn The Compact Muon Solenoid for HL-LHC
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RPC is the only Muon subsystem
. that covers the entire CMS:
Barrel and Endcap
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wn  The Resistive-plate Chambers in CMS
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@E’? 'CMS Muon LHC Phase-Il Upgrade
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NN CMS RPC Upgrade Project
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v IRPC:improved Resistive Plate Chambers
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I Cooling pads I .
HPL thickness (mm) 2 1.4
: 4 FEBs Faraday cage :
Honeycomb panel (top) : (COFI,::::ation: Number of gas gaps 2 2
Aluminium frame : : .
: : Gas gap thickness (mm) 2 1.4
> | |
v | | Resistivity (Qcm) 1-6x101°  0.9-3x10%
I as gap :
: : Charge threshold (fC) 150 30-40
[
: : Space resolution in n (cm) 20-28 1.5
| [
: : Space resolution in ¢ (cm) 0.8-1.9 0.3-0.6
Patch panel Gas loop ::)or::yco)mb panel : :
ottom
: | Intrinsic timing resolution (ns) 1.5 0.5
[

Erni connectors

® + 72 chambersin RE3/1 and RE4/ i_posjticms_ _______________ SRS BRI

O 20 ° coverage in ¢ per chamber W/
[

O Variable strip width from 0.6 cm to 1.23 cm
O trapezoidal geometry ~1.2 x 1.6(3) m2for RE 3(4)/1

Low Radius (LR)
High Radius (HR)

® Double readout in the strips high and low radius

= ——
—
® Charge threshold between 30 and 40 fC

48 Strips 48 return Strips

Strip PCB allow Return line =) FEB positioned external and @ HR (lowest dose 13
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NN The iRPC back end electronics
s i | . Back-end functions include:

® Fast/slow control and monitor

72 X IRPC chamber & 2 FEBs e .. .
on—detector electronics (FEB) Per chamber A4 ® Cluster finding and trigger
primitive generation
I / ® Timing reference adjustment
/. 0 ® Data acquisition
/ " ( ,\ {
..
) ATCA
GBT Link " ‘
4. 8Gbps board Fiber
[ : - Serenity CMS Preliminary CERN 904 Lab
o’ > S RAREN SRR LR LR LN LA RN RN R LLLRE LR B
— B B ' CLK/SC m C Total muon events: 2000 7
iRPC -l 144 links 8_5000__ C:qlt'ﬁtl:::ég?ds::-:gﬁ{? ]
Chamber ATCA crate ..0:3 e ]
T RRbEEFEEA L4 :
. . . Q
At present, microTCA-based with Q ool ]
: custom back-end board by IHEP is in
/ L
use 2000:
FEB TDC data recorded in few BX/ 000l
well inside the 20 BX trigger latency [

Set up in CMS Underground o ‘ _ 0 202550 "5 055 60
Service Cavern Data transmission delay properly adjusted by Back-end 5 10 15 |n5put Wi; d;‘\’ﬁ“% ajkeff[Bx]



' iRPC production and Quality Controle &

GHENT @‘
( suowee @ First QC step performed in the original sites of components manufactur:hE=eITY

T e Second QC step is again on component level, but in the chamber assembly sites
(CERN and Ghent University) to check component quality & stability after transport

. CMS Preliminary CERN 904 lab
CMS Preliminary CERN 904 lab §0-713J‘ramber'Typé:'f#E'4/i B RS AR R man
Chamber Type: RE4/1 _ =  [Acceptance Criteria: 1
16.58 Acceptance Pressure Drop: 0.4 mbar/10min £ I Current @ 5000V < 0.5uA
© 06~  Current @ 7400V < 2.514A .
5
16.56 3 |
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E1652) ¢ é” 0.4 ]
¢ g s .
2 16.50 g o I
4 o 8 0.3 T
o w
16.48 i
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16.44 01 |
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"‘”“‘\’,E:"?N ) ; \ Time [seconds] /\ / A e T T T N I I
iy G 1000 2000 3000 4000 5000 6000 7000
- s , HVeff [V]
Spacer bonding test Dark current test (< 2.5 uA)

Cosmic stand for gaps validation

Chamber assembly with
validated components:




mePC production and Quality Control@ &, O

3rd step: Cosmic efficiency with portable FEB v2.3 3 scintillators for coincidence + veto
_150CMSPrelminary __CERN 904 Lab o 1,sCMS Preliminary CERN 904 Lab . CMSPreliminary  CERN 904 Lab
o E_ Total muon events: 2000 j E \'_'Q L RxLW = Ls BX, platLa [%] 94 WP 7. oli kv, Eﬂthl][%] 98 l NE B Total muon events: 15000 1
V140§ Total entries: 5725 - o A RxLW = 24 BX, plateau[%] = 99, WP = 7.06 kV, EFf(WP)[%] = 98 o 1.2 . ) s T
@ Ty i : O o [ % Rxtw= 188X, plateaul%] = 99, WP = 7.06 kV, EF(WP)[%] = 98 = - Avreage rate: 0.31 Hz/cm
=130 E amber-type: E 10! 8 O - m RxLW = 12 BX, plateau[%] = 99, WP = 7.06 kv, Eff(WP)[%] = 98 7 E s Threshold: ~40 fC
2120 : g £ 100 ogog o= |- Chamber type: RE4/1
2110, 2 5 | o 1.0f ]
=110 3 i = " Total entries: 2000 / 1 © B
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£ c 8o / - i
g 90- : S f 1 0.8 -
o i = 3 L g -
g 8o 10 = | / - -
& 700 3 60— - i A
T 60/ s T e i / 1 06
501 B = - - i 1
401 41 [ o /f | 0.4 1]
30F 30 x 40 cm2 coincidence [ ] - I
20F i E 20— / - 0.2 B ]
10_ region _ : ) : A 1
ORI [RPUPUS LRI 570 LR POV T I e (| WL i ] i
05710 15 20 25 30 35 40 45 10 PO I I T BV TV BN |
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HVeit [kV]

After TDC channel mapping, the Strips

hit position along the strips are . ]
'Oﬁtai:n;d by thi arrival Eme Efficiency of 98% and working Average noise < 1
between LR and HR signals: point around 7050 V is stable up Hz/cm?
to 12 BX readout window! measured in dedicate

— lL (t2 ;“) * v random scans




N iIRPC production and Quality Control@ c KN

(e
Cluster size in cosmic test with FEB v2.3 Step 4: Final chambers with final FEBs (v2.3)

CMS Preliminary CERN 904 Lab
%) R B L I B B B B I B B —
8 1200t cvoma 1000 SRR Long stablllty test: current monitoring @ WP for 1
| Total clusters-2522 / 1 - =
% - A3; cﬁl.l:ssteerrzize: 2.6 772 Stat. Une. | 1 = S5 = o CMS Preliminary CERN 904 lab
5 | Chamber type: RE4/1 - Chamber type: RE4/1
X TAAN T .9 Total time = 34 days
o 1000 N ’ _ ik cia [ Acceptance limit = 2.5 jA
=3 | “ \ ; {'A ¥ 1 [} | ‘ \ \\' 3 "._ t
o | 6\' | ' ] 6~
A \‘ [
800 1 g 51
' e”? 1 ‘ ' \ \ A
_ & . T
600 N . A 't
a®

400

200

0o 1 2 3 4 5 6 7 8 09
Cluster size (Hits)

® Cluster size is defined as the number of
adjacent strips fired when a muon
crosses the detector

® The strips pitch in the coincidence Y o ,
regionis~1cm + cover (not shown in the picture) 18
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(L et
Cluster size in cosmic test with FEB v2.3 Step 4: Final chambers with final FEBs (v2.3)

CMS Preliminary CERN 904 Lab
o0 rermin

n S B B L B BN LA B LA
© 1200 ] —
8 1200t cvona oo T Long stablllty test: current monitoring @ WP for 1
" Total clusters-2522 b 1 g -
% - Avg. cluster size: 2.6 772 Stat. Une. | Sk mCMSPrehmmary CERN 904 lab
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o .9f— Total time = 34 days
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Q 3 N
e L
2 \ -
I o :
800 SV . =
I a® N
& o
I é@ -
600 N . 3
! (2
2% ,
Qe »0 0 b
V‘ Pty 0% 4o

400

_ —> Fmal cosmic test W|th flnal FEB v2.3 + cooling system
200

CMS |mproved Resistive Plate Chamber (iRPC) upgrade:

Web-based automation for Quality Control
Poster by Ece AS|Iar

® Cluster size is defined as the number of | \

adjacent ;trcljpi flrte Production and quality control for CMS iRPC
crosses the detect Poster by D|Ison De Jesus Damlao

® The strips pitch in the coincidence b Al S m-t . =
regionis~1cm + cover (not shown in the picture) 19
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® X-axis resolution depends on strip pitch in the telescope region: 5 ozsl  Frmacsed

H: 4.08 ns
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. Institute of High Energy Physics°'15-.
Chinese Academy of Sciences X
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® Timing resolution performed with 2
chambers and a muon

® Absolute timing resolution of the
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wn Performance of iRPC under gamma bkg
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Performance of a iRPC chamber in Gamma Irradiation Facility (GIF++) at CERN

) ¥ 5y 3 -~
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v 2 NS >
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/ \ downstream field : = upstream field o /

Gamma Irradiation Facility ++

@ bkg-rate = 600-1000 Hz/cm?2:

— Efficiency = 96 - 96.7 %

— 12 TBq 13Cs gamma source 662 KeV Efficiency curves
— Muon beam ~ 150 Gev/c - threshold @ ~ 40 fC
: - 12 BX trigger window
Event display @ GIF++ CMSPrellmlnary GIF++
g L. v WP= 7034V plateau 99 03% Eff(WP) 98 10% v source off 4
> |« WP = 7045V, plateau = 98.61%, Eff(WP) 97.66%, bkg-rate ~ 0.2 kHz/cm? |
. o = WP = 7076V, plat 97.73%, Eff(WP) = 96.70%, bkg-rate ~ 0.6 kHz/cm?
8o CMS Preliminary GIF++ & I —— it ; g_ra o : o 1
= IS L J ' ! o "‘E © b bkg rate ~ 1.2 kHz/cm? |
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Data analysis ongoing with fine-tuned threshold and further optimised FEB configuratiokV 22


https://ep-news.web.cern.ch/content/gamma-irradiation-facility-gif-during-and-beyond-run-3
https://ep-dep-dt.web.cern.ch/irradiation-facilities/gif#:~:text=The%20original%20CERN%20Gamma%20Irradiation,line%20in%20SPS%20West%20Area.

INFN Installation in CMS
4 demonstrator chambers (RE+4/1/15,16 and RE+3/1/15,16) were installed in
CMS in the end of the Long Shutdown 2 (2021-22), 4 FEBs v2.1 and 4 FEBs v2.2:
o0 Noise < 1Hz/cm? with final end cap disk grounding
O FEB temperature stable in CMS endcap closed mode with water cooling
O HV currents showing smooth operation during LHC Run Il
O Normal operation in 3.8 T magnetic field

2 mass production final chambers with final FEBs installed in CMS last YETS
(2023):

O RE-3/1/16 and RE-3/1/18

All services are already installed since LS2 waiting for all 72 chambers
All 70 remaining chambers are expected to be installed next YETS
2024-2025 access time
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wen Conclusions and perspectives

)

IRPC chamber is an innovative design detector to operate in CMS at High Eta region with HL-LHC

IRPCs production and quality control for installation in CMS are ongoing in 2 assembly sites:
62/72 chambers manufactured and QC (with portable FEB) so far. Completion expected by end of August
2024

IRPC space resolution is Zx = 0.4 cm and By = 1.6 cm, improved wrt to present Bx = 1-2 cm and By = 20-30
cm

IRPC timing resolution is @t ~ 0.5 ns, improved wrt to present it ~ 1.5 ns
At 600 Hz/cm? and with a threshold of ~40 fC, the iRPC chambers have a performance of:

O 96.7 % muon efficiency
O Working point ~ 7076 V

(further improvements recorded in last June/July test beam with FEB optimised threshold and configuration modes)

Demonstrators in P5 have already shown less than 1Hz/cm? of noise and stable operation with CMS yoke
grounding, water cooling, 3.8T magnetic field and no interference with nearby subdetectors

First 2 final chambers successfully completed, installed and commissioned last December 2023 in CMS

Chamber construction (with FEB) expected to be completed by the November 2024, installation planned,:
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