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1. Abstract
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The CMS Resistive Plate Chambers (RPC) system has been certified for 10 years of LHC A Endcap a7 g e S Dev 004625
operation [1]. In the next years, during the High luminosity LHC (HL-LHC) phase, the LHC 3 N Barel e e i -
instantaneous luminosity will increase to factor five more than the nominal LHC luminosity. 5 "’2\ N
This will subject the present CMS RPC system to high background rates and operating 3 S “ 0
conditions much higher with respect those for which the detectors have been designed. Z *\ffg*\*\f*‘\ffgff*\f*\*\f*\if*\f*\*\‘\\ 1
Those conditions could affect the detector properties and introduce a non-recoverable = s
aging effects. A dedicated longevity test is set up in the CERN Gamma Irradiation Facility j;)\ﬁg\y;\\;\}éx\\gjgg\\\zfﬂ
(GIF++) to study if the present RPC detectors can survive the hard background conditions S \\\553\53355;02¥ '
during the HL-LHC running period. During the irradiation test, the RPC detectors are Extrapolated RPC rate from 2017 data [Hz/cm’} " Exrapolated average ntegrated charge (C/om?)

exposed to a high gamma radiation for a long period and the detector main parameters are
monitored as a function of the integrated charge. The results of the irradiation test after
having collected a sufficient amount of the expected integrated charge will be presented.

» Based on the data collected by CMS during LHC Run Il and assuming a linear
dependence of the background rates as a function of the instantaneous luminosity,
the expected background rates and integrated charge at HL-LHC will be about 600

Hz/cm?and 840 mC/cm?, respectively (including a safety factor of three).

3. Longevity Setup
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» The Longevity Setup (Fig.1) consists of four spare RPC chambers, two endcap chambers of type RE2 and RE4 2 [ [Crmowmrood
which are continuously irradiated and two non-irradiated chambers of the same type are installed to be used as S BET -RE4 58 mOlom®) |~ - -
reference. g 7
Periodic measurements are performed on both the irradiated and reference chambers: 5 r

* the detector parameters such as dark current, noise rate, current and count rates at several background conditions £ -

* the detector performance is studied at different irradiation fluxes when the muon beam at GIF++ is available. %20 L

» few times per year measurement of the bakelite resistivity. -
> The in tegra te d Charge CO”eCte d from the beginning 0 f irra d|a tion are abou t 788 an d 4 58 m C /Cm2 for RE2 an d RE 4 160 [ ...........................................
chambers respectively as shown in Fig. 2 that correspond to approximately 94 % and 55% of the expected integrated - /
Charges at HL-LHC [2]. T A L |09/I19| - |12/|20| T oz
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4. Results

4.1 Detector Parameters Monitoring 4.2 Detector Performance Monitoring

» The stability of the dark current is one of the key parameters to spot any aging effects[3]. ¢ The detector performance has been measured during test beams before
irradiation and at different periods of irradiation.
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* The dark current is almost stable since the beginning of irradiation. « Efficiency at WP remains stable in time up to the maximum expected rate
- (600 Hz/cm2)
- ; CM;S Preshmmar?f | E | Glf:++ CMS GlEs+ —_ 5 GIF++
£ - = %)
: RE2/2 IRR (0% 5 ; 5 s : s s . RE2/2 IRR (18%)
g 1.8 0.04 L*H|—2/2|RH .1...3.9}9. 4.5 I R A S —T—HE2/2|RR(31%}
T 04 E T RESZIRR (1%, s UL RE2/2'1RR (45%)
g 16 - & RE2/2 IRR (45%) = RE22IRR (51%)
g I ~ .-m-RE22IRR(51%).... i T T . RE2/2 IRR (57%)
« 0035 - W RED/Z IRR (57%) | | | = | | .. (57%) "
— C s HE2/2 REF (93%) : : o - R HE2/2 HEF (93%)
1.4 NE ! B 3.5 Fhbe b
1.2 - | B R R S S S SO
1 E_, - | o SRS RN SN S S, S
5 002 __ ........................................................................................................................... ........................ E
0.8 &! - | s SR NN SN N N N
== — z : :
0.6 27 | 8 sa Al A LT NP VRS
- ¥ =
0.4 71* I OO Tooo0 oo oo OO OOS SO ST SO S
0.2 F . _ _ _ 1 e e s O O o O e T Y = v I SRS SRS SS— S——
U_" | "'i""--"i""i""i""i" 0:Illillllillllillllillllillllillllillllillll _|;|||i|||1i||||i||||i||1|i||1|i 0‘I||||i||||i||||i||||i||||i||||i
300 400 500 600 700 800 ) 0 100 200 300 400 500 600 700 800 \900 0 100 200 300 400 500 600 0 100 200 300 400 500 600
Integrated Charge [mC/cm ] Integrated charge [mC/cm \?] TP
Rate [Hz/cm?] Rate [Hz/cm’]
Average Noise Rate Resistivity & Current Ratio . Stable average charge & Gamma cluster size at different Integrate charge
i 2
* The resistivity increase observed in irradiated chamber relative to reference chamber due to low gas humidity during this irradiation up to the maximum eXpeCted rate (600 Hz/cm )
period.
v'No Evidence of any aging effect has been observed
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