CMS-RPC upgrade project for HL-LHC

Andrea Gelmil, Elena Voevodina?, on behalf of the CMS muon group
"INFN & University of Bari, 2INFN & University of Napoli INFN

andrea.gelmi@cern.ch

.~ Compact Muon Solenoid

Istituto Nazionale di Fisica Nucleare

1. CMS RPC project 3. IRPC design & new electronics

Table 1: iRPC baseline

The Resistive Plate Chambers (RPC) system at the Compact Muon Solenoid (CMS) [1] experiment at the CERN In order to increase the RPC rate capability all relevant detector
Large Hadron Collider (LHC) covers both Barrel and Endcap regions up to |n| < 1.9, contributing to the trigger, improvement factors have been investigated and several RPC RPC iRPC
reconstruction and identification of muons. prototypes have been built using similar technology of the present N gas gap 2 2
e RPC but having dllff.er.ent geometry configurations: Gas Gap o W
9° B843° 786° 73.1° 67.7° 62.5° 57.5° 52.8° 48.4° 44.3° 40.4° 36.8° n e > eIeCtrOdeS reSIStIVIty,
AR T 7T T FiiainaE sERRAIREN)] Tt R HHEH FEEEHTE 21300, . .
, HIEFRE L e e e e High P 2 1.4
i T g — ~ electrodes thickness, ighiPresstire mm mm
1R EN = ' » gas gap thickness. Laminate
I ERE I R Resistivity (Qcm)  1-6x10% 0.9 -3 x 10%0
it 10 1 - Extensive tests performed at GIF++ allowed to define the baseline for _
1o | 1 ) e the IRPC [3], resumed in the Table 1.
s 5 3 LA [3] - Electronics 150 fC 10 fC
1]y U o e A 9 Threshold
= Al =115 < 22 126 E >
SHE stz 2 - 23 115 8 3 ® 1.2mm gap
[ = U V - : ; t i ’ 7 - e it _
ECAL B _7"’4‘ i 4 i Steel ] §'3 ;{,’ - A 1.6 mm gap . .
' o [ e B g1 2 Mo The thinner gap thicknesses:
o T R T T N g o7 L w * < « more effectively retard the fast growth of the pickup charges of the
0 1 2 3 4 5 6 7 8 9 10 11 12 z (m) = o . . .
f . o f . - - lonization avalanches
Figure 1. R-z cross section of a quadrant of the CMS g g -+ " - . :
detector, including the Phase-2 upgrades. The red box 3 b o + e+ reduce aging effect i .
indicates the region where additional RPCs will be placed to s E I N . !’educe_ of the operational high voltage from 9.5 _kV to 7-1_ kV
extend the muon coverage. . & . g 4 improving the robustness of the system and reducing the failure
o _ S N FS e probability of the HV system
In the next decades, at High Luminosity LHC (HL-LHC), the instantaneous luminosity will increase up to 5-1034 44 46 a8 50 52 54 : i
E.q (KV cm™)

cm2 st (factor five more then the nominal LHC luminosity), and the expected integrated luminosity, over 10 years of

running, will be 3000 fb! [2]. The expected conditions in terms of background rate, pile-up and the probable aging Figure & induced charges drawn in double-gap

RPCs with different gas gap thicknesses as a

of the present detectors will make the muon identification and correct p; assignment a challenge for the muon function of the electric field strength. it
system. In order to maintain the excellent performance and to ensure redundancy of the muon system also under _ o %
the HL-LHC conditions, two upgrades are planned on the RPC system: New electronic more sensitive in order to detect the lower charges )
(<10 fC) without affecting the detector performance. -
» longevity study of the present system [3] BASELINE: PETIROCASIC + TDC &
» extension of the muon coverage upto | n| <24 [4] = 32 cha_nnels
= |ow noise
_ _ _ = gain 25 il
2. RPC system extension: motivations and background = fast pre-amplifier and fast discriminator in SiGe technology | _ o
Figure 7: IRCP design including the

= Readout double coordinate: XY position (2D)

new read out electronics

MOTIVATIONS: CMS lacks redundancy in the high eta region, where the background is the highest and the

magnetic field is low. In order to maintain the high performance, to maintain the muon reconstruction efficiency in 4. iRPC performance
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Figure 8: iIRPC efficiency and average cluster size as a function of the effective voltage,
tested without gamma background (left) and in presence of a gamma background rate of
Figure 2: L1 single muon trigger ~ 2 kHz/cm? (right).

efficiencies with and without the RPC

information, as a function of | n |. 5. IRPC Iongevity Study

Two Endcap stations RE3/1 and RE4/1 will be equipped with a new generation of improved Resistive Plate
Chamber (iRPC), based on RPC technology but with some improvements that allow to work efficiently in
presence of the high background rate expected at HL-LHC.

Generated |

Longevity test recently started at GIF++ on large size prototype of improved RPC.
IRPC must maintain the performance for entire HL-LHC period.
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In view of the HL-LHC, the RPC system will be extended in the high et region, upto | n | < 2.4.
The estimation of the background hit rate expected during HL-LHC in the RE3/1 and RE4/1 stations has been
done studying the IRPC sensitivity using a GEANT4 Monte Carlo simulation. The sensitivity value has been then
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