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Muon System
Endcap
(CSC+RPC)

15m

U High and stable RPC performance during LHC operation

(d RPC’s are certified for 10 years of LHC (at nominal luminosity of 1034 cm2s-1)

with high and stable performance

[ Longevity studies are necessary to check the behavior of the present RPC

system at HL-LHC (5 x103% cm2s°1) |

4 Expected Rate : A

% Max. Rate : ~ 200 Hz/cm?
~ 600 Hz/cm? (including safety factor of 3) )

» RPC system covers 0<|n|<1.9
» 1056 chambers:

480 in Barrel & 576 in Endcap

» Working in avalanche mode
» Double gas-gaps RPC
» 2 mm gas gap and electrodes thickness

‘Insulator layer 300um‘

HPL bulk resistivity
1+6*10%°Qcm

Front-end
Electronics Boards

Gas Gap BOTTOM (2mm)|

~10kv

4 Expected Integrated Charge: A
+ Max. integrated charge : 280 mC/cm?

~ 840 mC/cm? (including safety factor of 3)
\.
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Gamma Irradiation Facility (GIF++)

(J Gamma Filters:
different irradiation conditions.

GIF++ is a facility that allows to test real size detectors in a similar background condition asin CMS.
System of movable attenuators allow to test the detector in

14 TBq 137 Cs source (662 keV gammas)

J Muon Beam (3-4 times per year)
Energy up to 150 GeV

(] Unified control and monitor of the
environmental parameters:

* Temperature
*  Humidity
| Located at the end of CERN SPS
H4 line that provide 150 GeV Muon
beam.

Pressure

J Gas parameters monitoring:
gas composition
gas flow
gas temperature
gas humidity
gas pressure
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Longevity Setup & Procedure INFN

Setup @ GIF++ since July 2016:
( 2 RE2 chambers (Irrad. & Ref.)
(J 2 RE4 chambers (Irrad. & Ref.)

 Two chambers are continuously

irradiated & two used as reference. ( Daily measurements:
Current & rate with background

T
TR

© ysource .
i L =S J Weekly measurements:

' = Current and rate at different

background conditions and

without background

J 3- 4 times per year:
Argon Resistivity measurements

Trolley 3: ~¥3m from source RE2/2 REF

RE4/2 IRR

. J 3- 4 times per year Test beam:
Detector performance
measurements with muon
beam at several background
conditions

1 The max. background rate expected in endcap region RE2/2 IRR

O Two different types of chambers from old and new e

production (RE4 produced in 2012- 2014)

'
beam line
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Longevity Status INFN

900

CMS MUON Preliminary | | GIF++

— RE2 (813 mC/cnf)

720

- - - RE4 (478 mClcnf)

g g v Expected Integrated charge @HL-LHC
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101/15| “*05/17| - I11/18I — Io4/2o| - I10J21| - Io4/23 ATW + ATN + ABOT

Date [month/year] ty
Qz’nt — / Jmondt
RE2 RE4 '

J IRR.In 3 July 2016 J IRR.In 25 Nov. 2016
d Q. :813 mC/cm? d Q. :478 mC /cm?
97 % 57 %
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Detector Parameters Monitoring
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Dark Current | Nf,?
C

RE2/2 Irradiated dark current RE2/2 IRR. & REF ohmic current RE2/2 IRR. & REF total current
03 CMS MUON Ppreiiminary GIF++ s CMS MUON Prelimi
eliminar
o'E‘ N Y — x10 4 : GIF++ 07 x10° CMS MUON Preliminary GIF++
- 6] E & R
% 05 . 218"“N"2 U S . N S %0.12 —oigee - REDIYIRR DK Clirréit @ 6.5 KV 5 u
ERN —m— 300 mG/em® i 2 L S osf
& —— 32: :gmz B 0.4 [=—®—— RE2/2 REF Dark Current @ 6.5 kV Z  [—®— RE22IRR Dark Current @ 9.6 kV
= " : : A - & -
3 0.4 | e 593 mGicm? g a L & 05
2> . : 650 mC/om? | * € L = e REZ2/2 REF Dark Current @ 9.6 kV
2 [ A T10 mC/cmZg A £ 0.08 - £ -
S 03 [ 765 mGlom?. . O . o S 04r
- & 813mClem? | L - . C
- : 0.06 . 03 L -
- - ~E "
0.2 [ HV = 6.5 kV - L . -
: H : Ohm|c Current 0.04 - k: —-. \ ................ b - - .............. 0.2 :
: | n i o i
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HV.. [kV] Integrated Charge [mC/cm?] haG arge [mC/em’]
eff
HV =9.6 kV

total Current
(J Ohmic and total current almost stable with time and after collecting 813 mC/cm? of IC & in agreement with
values before the irradiation for irradiated (IRR). & reference (REF). chambers.
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Noise Rate

Rate [Hz/cm?]
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RE2/2 IRR. & REF Noise rate

CMS MUON Preliminary GIF++

= RE22IRRNoiserate @ 96KV .

:_ .................. RE2/2REFNo|se@96kV ............... S N

__r ......... QMg S,

A
200 300 400 500 600 700 800
Integrated Charge [mC/cm?]

] Noiserateis almost stable with time.
] Average noise rate less than 1 Hz/cm?
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Resistivity Measurement -

J The resistivity is periodically measured at GIF++.

J The resistivity of the plates can be determined by runningthe
detector filled with pure Argon in a self-sustaining streamer regime.

By measuringthe current as a function of the applied high voltage we

. 1012(:MS MUON Preliminary GIF++
can measurethe resistance of the HPL plates, and hence their &
resistivity % T REZZIRR T Les REY/S REE
2
Rx S 2
p — ‘» 10M : b
L 8 |
o
AN i F—"/.\ "’./‘l _____
Y S H @ e
* Where: Ris the measured resistance, S corresponds to the HPL surface, Lis the e f i 5 o "—0'
electrode thickness. 1070 o
UThe measured resistivity values arenormalized at20°C oo
p20 p— p X 6@(T-20) Ll ||||i1||| Lol ||||i|||| L1

0 100 200 300 400 500 600 700 800

Integrated charge [mC/cm?]

* where a=represents the temperature-dependent coefficient, p and p,, is the
resistivity measured and normalized at 20°C, and T is the environmental temperature
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Resistivity & Current / Nf,?

RE2/2
CMS MUON preliminary —— gip,, 0

Resistivity ratio and Currentratio of IRR & REF
SR S WS SN N S A S N chambers
= —I— RE2§/2 resisjtivity riatio d Runningwith CMS RPC gas conditions: Resistivity

............ . /2currentrat|o InCI"ea se Observed d ue tO the |OW h u m|d |ty a nd gas
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NP S T N N S NN N S S flow with respect to the high background rate (600
Hz/cm?) = Current Ratio decrease

1 R ................ ................. ................ ................. ................ ................. . . D RunnlngWIth newgas Cond|t|on5;Revocableeffect

0.5 Fov b S J— mitigated with the gas humidity increase to 60 % and
gas flow 3 V/h=> almost stable resistivity

- - ' - O Running with gas humidity 40 % and gas flow 3 V/h

CMS RPC gas conditions (max ~ 40 Hz/cm?): RH
40% & ~1gas vol/h
ll||illlIill||illlIillIIiIIIIiIIIIiIIIIiIIII NeWGIF++gaSconditionS(600HZ/cmZ):
00 100 200 300 400 500 600 700 800 900 RH 60% & ~3 gas vol/h
Integrated charge [mC/cm?] —— RH 40% & ~3 gas vol/h M
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Detector Performance Monitoring
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)
INFN

C

With Background radiation (600 Hz/cm?2) &
with muon beam

Detector Performance Monitoring I

Without Background radiation &
With muon beam

Efficiency

CMS MUON rreliminar
—~100 [ ; ; ; ;y - GIF 4+ CMS MUON Preliminary GIF++
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40 .-..ym.REzz/z..lRR.§182/°.4..... C my.,.REz/z‘.lRR.§189/°4.....A
. + RE2/2 IRR 81% - + RE2/2 IRR 31%
gy Ly RE2/I2IRR45% - -&RE2/2 IRR 45%
30 e o T e RE2Z2IRR51% - # RE2/2IRR51%
4+ RE2/2 IRR 57% - +-RE2/2 IRR 57%
20 e . 4 S — fnnioge REZ/2 ARR-98% a ~5e-RE2/21RR-93%
Q)RR V) = : * ez one
- % = _ _ - —+-RE2/: Yo
10 :_ .............. '/,’, ............... ................... .................. + RE??/Z IRR 97/ ......... eff l1+e AN HV,55—HV5q) - 4
- |i|1|i|||i|||i|||i|||i||| = bbb b
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O Efficiency vs. HV.¢ measured with background (600 Hz/cm?)
O WP shift of ~ 380 V after collecting > 780 mC/cm? of IC

O Efficiency vs. HV4 measured without background
J Stable WP & efficiency
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HYV Correction

INFN
(_
. . CMS MUON Preliminary GIF++
+ The voltage applied to the electrodes (HV) is reduced by the voltage drop (RI), and I — —
the effective voltage applied to the gas (HV ) is defined as: = ;i,: 9 -
T - ¥
HV,,s=HV —RI ) !
Where R is the electrodes resistance and 1 is the current produced by the ionizing |
partiCICS 1 | EFETEE SRR R | B Pt
2000 K200 940 Nv')[;) 2600 10000 1020

Rescale Method

HY (

Efficiency [%]

R
L ¥4

The efficiency plotted as a function of HVy,, does not depends on the background
conditions and on the electrodes resistance: the operation regime of the detector is
invariant with respect to HV g4
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Efficiency @ different Test Beam
CMS M_UON_ Preliminary | GIF++
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v’ Stable Efficiency at different Integrated charge & different ¥" Rescale method confirmed by the

background conditions resistivity measurements
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v No shift observed vs. time and up to background rate 600 HZ/cm?
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Performance @ WP

/

Efficiency vs. Rate @ different Test Beam

Gamma cluster size vs. Rate @ different

)
NFEN

C

Current Density vs. Rate @ different Test

Test Beam Beam
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J Efficiency at WP remains stablein time up to the maximum expected rate (600 Hz/cm?)
) Stable average charge & Gamma cluster size
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Conclusion IN

J RPC longevity studies: ongoing @ GIF++ since July 2016

* 97% of the expected integrated charge at HL-LHC has been collected, expect to finish
the test by the end of the year.

* Stable noise rate and dark current.

* An increase of electrodesresistivity has been observed, due to the low humidity and
gas flow rate with respect to the high background conditions. We recover and mitigate
the effect with 60% of gas Humidity and 3 gas volume exchange per hour.

* Stable performance from different test beams, Efficiency remains stable as a function of
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The expected Conditions at HL.- LHC | Nf,?
C

(J LHC collision data in 2017 has been used to estimate the expected background rates & integrated charge at HL-LHC
(5 x 10 3% cm2s1),

0 CMS Preliminary L=5x10%cm2.s7, ys=13TeV
CMS Preliminary 5x10* cm2s' (13 TeV) < " F CMS-RPC
) C - = C I Endcap Entries 772
g C E Endcap “Eniries 14770 S = I Barrel Mean 0.0705
o = Mean 40.12 ) - Std Dev  0.04625
[[I] Barrel Max 194.32 > L Max 0.27696
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Extrapolated RPC rate from 2017 data [Hz/cm®]
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| N S N S |

102 107" 1
Extrapolated average integrated charge (C/cm?)

Expected Integrated Charge:
+ Max. integrated charge : 280 mC/cm?

~ 840 mC/cm? (including safety factor of 3)

Expected Rate:
+ Max. Rate : ~ 200 Hz/cm?

~ 600 Hz/cm? (including safety factor of 3)
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