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The HL-LHC phase will be a challenge for the existing CMS RPC system, as the expected
operating conditions are much higher with respect to those for which the detectors have been
designed. In addition, this could introduce non-recoverable aging effects, which can alter the
detector properties. A longevity test is therefore needed to estimate the impact of HL-LHC
conditions on the RPC detector performance. This will allow the validation of the RPC system for
the expected harsher background conditions. A dedicated long-term irradiation program, designed
to emulate the HL-LHC operational conditions, started in 2016 at the CERN Gamma Irradiation
Facility (GIF++). A few RPC detectors are exposed to intense gamma radiation and their main
detector parameters (currents, rate, resistivity) are continuously monitored as a function of the
collected integrated charge. The detector performance has also been studied with muon beams.
The latest results of the irradiation tests are presented
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1. Introduction

The HL-LHC [1] phase will challenge the Compact Muon Solenoid-Resistive Plate Chamber
(CMS-RPC) [2] system since the expected particle rates are much higher than those for which the
detectors were designed. Therefore, a longevity study is needed to estimate the impact of the HL-
LHC conditions on the aging of the CMS-RPC detectors. Since 2016, a few CMS-RPC detectors
have been exposed to gamma radiation to mimic the HL-LHC operational conditions. In this work,
we summarize the main results so far.

2. The CMS-RPC system at HL-LHC

The longevity studies performed aim to validate the present RPC system for the HL-LHC phase.
In the CMS experiment, there are 1056 RPC chambers, 480 in barrel, and 576 in endcap. They are
double gas-gaps, work in avalanche mode, and are 2 mm gas-gap and electrode thickness. During
the HL-LHC, the maximum expected rate and the maximum expected integrated charge are 200
Hz/cm? (600 Hz/cm? - safety factor of 3) and 280 mC/cm? (840 mC/cm? - factor 3) respectively.

3. Experimental setup

The system is set up at the CERN Gamma Irradiation Facility (GIF++) [3]. This facility
combines a 12 TBq '¥’Cs source with a high-energy muon beam. Since July 2016, two pairs of
RPC chambers have been tested at GIF++, one from endcap disk 2 (named RE2), and the other from
endcap disk 4 (named RE4). One of each type is used as a reference chamber (REF) and the other
is used as the irradiated chamber (IRR). The RE2 detector has 813 mC/cm2 of the accumulated
charge (97% of the total expected)

4. Experimental results

Figures (1) and (2) show the main experimental results of the longevity study for the RE2
detector. It is observed that the detector currents are well controlled during the period of study. An
increase in the resistivity is observed, but after increasing the gas flow and gas humidity, the effect
is reversed. Finally, an apparent degradation in the efficiency is observed, but it is proved that the
effect is due to the increase in the resistivity and thus, reversible. Therefore, no sign of aging has
been observed. A more detailed discussion is reported in [4].

5. Conclusions and Acknowledgments

In this work, we presented the CMS-RPC longevity studies. With 97% of the expected
integrated charge at HL-HC, no signs of aging have been observed. It was observed a stable
performance, where the efficiency remains stable as a function of integrated charge and background
rate. This work was partially supported by the Brazilian agency Coordenacgdo de Aperfeicoamento
de Pessoal de Nivel Superior.
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Figure 1: Left: itis observed that the currents in RE2/2 IRR, although larger, are well controlled and stable.
Middle: The resistivity of RE2/2 IRR increased (green line: humidity: 40%, gas flow: 1 gas vol/h ) but was
reduced only by increasing humidity and gas flow (blue line: humidity: 60%, gas flow: 3 gas vol/h ). After,
the humidity is reduced and the resistivity increases again (purple line: humidity: 40%, gas flow: 3 gas vol/h
). Therefore, the effect is reversible, proving that the increase is not due to the aging of the detector. Right:
resistivity measurements as a function of the integrated charge.

CMS MUON ~reiiminary GIF++ CMS MUON P~reiimina; i
ry GIF++
vo\7100 F v —3100 3 W evie) LY oM 59MS MUON Preliminary GIF++
= b | °: E 3 E ¥ RE2/2 IRR 18%
For F ook as RE2/2 IRR 31%
8 ok 5 a, E + RE2/2 IRR 45%
© E S 80 g aF 9
g _E £ o ‘F = RE2/2 IRR 51%
G g0 T 5oF . 8 b —+ RE2/2 IRR 57%
E E X 5 E +- RE2/2 IRR 93%
60 - 60 £ 2 sE + RE2/2 IRR 95%
E E o 3 E + RE2/2 IRR 97%
50 | 50 — L B RE22IRR 18% o 25b
F Sggg ::2 0;/» E . RE2/2 IRR 31% E E
a0 * 18% E %y E
0F RE2/2 IRR 31% 40F kA = 22:2 ::: ;f: & 25 u
E » RE2/2 IRR 45% E A c I N A
30 ‘s RE2/2 IR 51% 30 F ¥ B RE22RRST% | 8 15 ,f”"w’ RN T SOEL ARV
E -+ RE2/2 IRR 57% £ RE2/2 IRR 93% = |
20 s« RE2/2 IRR 93% 20 - 3 1F
E » RE2/2 IRR 95% E B RE272 IRR 95% E
w0k + RE2/2 IRR 97% 105 X RE/3 IR 7% 05 [
E i P I IO PO E . ST I I I I B
g 8 92 94 96 98 10 102 104 0 ‘éﬁo‘szoo 9400 9600 9800 10000 10200 10400 °% 100 200 300 400 500 600
HV [kV] HV a5 [V] Rate [Hz/cm?]

Figure 2: Left: efficiency curve as a function of the voltage, for different accumulated charges (see legend).
A shift to the right is observed as the accumulated charge increases. However, this is an effect due to the
voltage drop in the RPC electrodes (High-Pressure Laminate (HPL) material, or bakelite), as observed in the
middle plot: efficiency in the gas as a function of voltage. In this case, if the drop of voltage in the HPL is
discounted, all curves match, showing that the shift was not due to any aging effect. Right: the detector’s
gamma cluster size is not affected by increasing the integrated charge.
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