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Longevity for existing RPC chambers (T1)

o Longevity status and results

Alternative mixtures for RPC detector (T3)

o R&D with lower GWP gas mixtures il
Ry

o Alternative ECOGas mixtures (HFO +CQO,)

O

Alternative CO, based mixture (TFE + COZ)
iRPC FEB and BEB validation (T3)

o IRPC Longevity!

e Future Plans
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Longevity studies for current RE2 and RE4 chambers
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*  Longevity Status oop (A MUOR Prfiminay ik
Expected conditions @ HL-LHC — RE2 (863 mC/cm?)
e T ---- RE4 (521 mC/cm?)

Expected Integrated charge :
Max. IC: ~ 280 mC/cm?

~ 840 mC/cm?(safety factor 3)
Barrel chambers factor 2 less

540

Integrated charge [mC/cm?]
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~ 600Hz/cm? (safety factor 3) Date [month/year]
RE2/2 REF

Barrel chambers factor 2 less - RED RE4

o v IRR.In 3 July 2016 v IRR.In 25 Nov. 2016

v v/ Q_:863mC/cm? | v Q521 mC/cm?
Setup @ GIF++ since July 2016: :5er >100% 62%
3

RE2 chambers (Irrad. & Ref.)

RE4 chambers (Irrad. & Ref.) Current 2 mm double gap (CMS endcap RPC) chambers with

standard gas mixture under test @ GIF++
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Dark current for RE2 and RE4 chambers
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Performance of RE2 and RE4 chambers
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Performance of RE2 and RE4 chambers

Efficiency vs. Rate @ different Test Beam
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Gamma cluster size vs. Rate @ different Test

Beam

Mean gamma cluster size

Mean gamma cluster size

GIF++
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. Longevity studies for current RE2 and RE4 chambers
Longevity Summary

e No effects of ageing have been observed so far!

e The current accumulated IC for RE2 chamber (863 mC/cm?) is:

o corresponding to > 100 % of expected IC @ HL-LHC for RE2 Chambers (including safety factor 3)
o corresponding to 100 % of expected IC @ HL-LHC for RE1 Chambers (including safety factor 2)
— Continue the irradiation campaign to cover safety factor 3 for RE1 chambers!

o stable noise rate and dark current & detector performance is stable with time and up to the
maximum expected rate (600 Hz/cm?).

e The current accumulated IC for RE4 chamber (521 mC/cm?) is:

o corresponding to 62 % of expected IC @ HL-LHC for RE4 Chambers (including safety factor 3)
— Continue the irradiation campaign to cover safety factor 3 for RE4 chambers!

Irradiation of RE2 paused due to the lack of gas:
— (50 L/h available: 20 L/h for RE4 + 20 L/h new iRPCs longevity

- 10L/h spare used for other colleagues)

Joao Pedro Gomes Pinheiro GIF Annual Meeting - 2024
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2, The Greenhouse gases emission at CERN

S (g
UERJ & e European Union has set targets to reduce greenhouse gas (GHG) RS
ofsrl!'!m““% emissions by 55% by 2030 and achieving net-zero emissions by 180000

RUN 2 LSs2 RUN 3

CERN Fluorinated Gases (F-Gas) Policy (July 24th, 2024): ° oo o0 2019 200 2021 2022

@ LHC experiments - Particle detection

22,
3 o
' 2050. The European Green Deal. 160000 i E 50
— nd of Run3 w.r.t. 2018 g < o
oF g
e The use of fluorinated gases (F-gases) like C2H2F4 is tightly 2, T S S
regulated due to their high global warming potential (GWP). € 100000 5
80000 o e
L o g'
e Around 90% of direct emissions come from experiments, where 60000 258
more than 78% of GHG emission is a direct result of the use of 40000 229
F-gases. CERN Environment Report 2021-2022. 20000 T5e
EE
03
BES
: ; Z5 5
° minimize the use of F-Gases at CERN, particularly by: : ;T&fii:g:;:fts patscinronling ws s
© the promotion of research and development into F-Gas alternatives, ® zeating (gas + Tfuel) ——
ther === Target: max 1 t e
o the replacement, to the extent possible, of F-Gases already used in its installations and activities 5 ’

Average purchase prices of the

with gases with no - or less - impact on the environment, and noutsommioniyised HEG reffigerants

o the minimization, to the extent possible, the use of F-Gases in new installations and activities. ,
1100 increase due to

o limit its emissions of F-Gases, particularly by: wo EU HFC phase- decrease due to industrial
%0 down/reduced /" conversion to new low GWP gases

o the prohibition of intentional releases, & svalabllty
o the detection and reduction of leaks, 700
o appropriate training of personnel concerned. =

monitor and manage the use and emissions of F-Gases within the Organization,

Price index (relative to 2014)

establish and update appropriate internal procedures and regulations and monitor compliance with them,
communicate proactively, i
collaborate with the Host States.

——R404A (GWP 3922) —— R410A (GWP 2088) R407C (GWP 1774) ----- R134a (GWP 1430)

Joao Pedro Gomes Pinheiro GIF Annual Meeting - 2024 CMS-RPC s



https://home.cern/news/official-news/cern/cern-publishes-its-first-f-gas-policy
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://hse.cern/environment-report-2021-2022/emissions
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KODEL-H assembled in June/23
e RPC prototype (KODEL E and H):

o 1.4mm double gap
o 0~1.3x10YQ.cm
o 45.5x45.5cm? active area

Joao Pedro Gomes Pinheiro

2., O€tup at T3 Upstream

Readout electronics:

O

Current sensitive mode for
input signals

Input impedance 20 Q
Threshold 0.5 mV ~60fC

GIF Annual Meeting - 2024

~ 37 cm

KODEL-E
Strip pitch 2.0 cm

KODEL-H
Strip pitch 1.4 cm
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Alternative gas mixtures for RPC detectors

%,
% TFE(%) | HFO-1234ze (%) | CO,(%) | i-C,H,, (%) SF, (%) CO2e(g/)
s GWP 1430 7 1 3 22800
Density (g/L) 4.68 5.26 1.98 2.69 6.61
STD 95.2 4.5 0.3 6824
RPC ECOGAS@GIF | [|ECO2 35 60 4 1 1522
Collaboration ) ECO3 25 69 5 1 1519
Collaboration with i 30%CO,, + 1%SF, 64 30 5 1 5650
ATLAS-RPC and < | 30%CO, +0.5%SF, 64.5 30 5 0.5 4940
EP-DT Group . 40%CO, + 1%SF 54.5 40 5 1 5000

e Requirements: low GWP, low toxicity, not flammable and detector performance comparable with standard one

e ECOGAS collaboration R&D with the full replacement of TFE by HFO-1234ze adding CO,, to decrease the WP

e Efforts with ATLAS-RPC and EP-DT to study the effects of replacing a small amount of TFE for CO,,, decreasing the
GWP and the WP.

e The GWP values are mainly driven by SF, which is increased up to 1% to decrease cluster size and streamer

10

probability (as shown in previous EP-DT studies)
Joao Pedro Gomes Pinheiro GIF Annual Meeting - 2024 CMS-RPC




HFO+C02 based mixtures for RPC detectors
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CMS and ECOgas@GIF-H- prehmmaty
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after irradiation
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Around 40 mC/cm? was integrated between 2023 and 2024
Efficiency measured up to the higher background conditions achievable at GIF++ shows no drops

Slightly shift of WP to higher values have been observed

GIF Annual Meeting - 2024
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Cluster rate at WP (kHz/cm?)

CMS and ECOgas@GIF++ preliminary

3
_ iRPC gaps (1.4 mm)
" FEB THR =500 uV (60 fC)
2.5 [~ 20282024 A
L O ® STD:95.2% TFE, 4.5% iC4H10, 0.3% SF6
B ECO02: 35% HFOze, 60% CO2, 4% iC4H10, 1% SF6
ol A ... A ECO3:25%HFOze, 69% CO2, 5%iC4H10, 1% SF6.
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Absorption factor (ABS)

Mean current density at WP (uA/cm?)

HFO+C02 based mixtures for RPC detectors

CMS and ECOgas@GIF-H- pre!:mmary

0_05 | iRPC. gaps (1.4mm) .
| FEB THR =500 uV (60 fC) |
- 2023 2024 |
004 Q... ®_ ST 95.2% TFE, 45% CAH10,03% SF6__
b 11 ECO2: 35% HFOze, 60% CO2, 4% IC4H10, 1% SF6
- A ‘A ECO3: 25% HFOze, 69% CO2, 5% .izu-no 1% SF6
0.03 = =
B @
0.02 |- @ :
i A
i 3 o
1 @
= A &
s A
i 956’
0?( ......................... o e e et
0 500 1000 1500 2000

e Lower current values monitored operating the prototype with STD mixture
e Similar values and slope using eco-friendly candidates
e Stable chamber: current values in agreement after irradiation according the cluster rates measured

GIF Annual Meeting - 2024

2500
Cluster rate at WP (Hz/cm?)
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HFO+C02 based mixtures for RPC detectors

%
a
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e Negligible differences values reported after irradiation without large differences between mixtures and similar
slopes.
e Mean charge values reported ~40% higher cluster charge when the chamber is operated with ecological

candidates. No changes after irradiation 13
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_Alternative gas mixtures: HFO/CO2 mixtures
Summary

D
’0 DE er\\‘\

e Comparable performance of ECO mixtures w.r.t the standard one for both
tested chambers
4% charge integrated for CMS-IRPC prototype and 20% for RPC (RE1/1)
Shift in efficiency curve of few V, still under investigation
WP(ECO2) > WP(ECO3) > WP(STD)
Muon and gamma cluster size are comparable and don’t change after
radiation campaign for all the tested mixtures
e Noise is shown to be higher after irradiation
e Mean gamma cluster charge values 40% higher for ECO mixtures
— can speed up aging effects

The aging campaign will continue for a better understanding of longevity
effects with HFO/CO2 mixtures

14
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. TFE+C02 based mixtures for RPC detectors

%

Y,
%
¥

2 Q1T 7%
9_ T — -
S S~ CMS Preliminary GIF++ | ,CMS Preliminary GIF++
?“ UER § " ¥ plateau = 99%, WP = 7.21 KV, no hit bkg gamma rate, Eff(WP) = 98% CZJ' ¥ plateau = 99%, WP = 7.02 KV, no hit bkg gamma rate, Eff(WP) = 98%
00 TADS 2 [« plateau = 96%, WP = 7.20 KV, bkg rate (WP) = 0.2 kHz/c, Eff(WP) = 96% | '3 |4 plateau = 96%, WP = 7.03 kV, bkg rate (WP) = 0.3 kHz/cm’, Eff(WP) = 95%
£ { 21#® plateau = 93%, WP = 7.22 KV, bkg rate (WP) = 0.7 kHz/cn?, Eff(\WP) = 93% £ {21® plateau = 93%, WP = 7.02 kV, bkg rate (WP) = 0.7 kHz/cn?, Eff(WP) = 92% . . . . . .
i, w
. ltoa =53, WE = 7.24 K, g e 0WFY = 1.0 o, EAN) « 525 . pteau- 52, WP - 70 v, g rae ey - Lowizert enur s | @ DUMING NO beam period, a dedicated irradiation
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Test Beam in April 2024 Test Beam in April 2024
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0.6 Theshold - 60 (c] 06l Theshad= o to ~ 4 % of what is expected during HL-LHC within a
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0.6{— Threshold =60 (] 0.6 Theshoid - 60(c) environment
0.4 :— 0.4 L
0.2 :— 0.2 —_ 15
N 11 | 111 I 111 I 111 I | ] B | I 11 | L1 I el | i I i I [ i I [ox, I i I oE l 0 i

5800, 6000 6200 16400::6500.:6800. 7000 72°°J\‘}3f°[v] 5800 6000 6200 6400 6600 6800 7000 7200 7400

HV o [V]

Joao Pedro Gomes Pinheiro GIF Annual Meeting - 2024 CMS-RPC



. TFE+C02 based mixtures for RPC detectors

%
<
id CMS Preliminary GIF++ o CMS Preliminary GIF++
RJ < § - ¥ plateau = 99%, WP = 7.21 kV, Standard gas mixture, Eff(WP) = 98% /g\_ ) ¢ Gas rrl|ixture = Stlandard Mixlture, WP = I7.21 KV I I
® i—_j L & plateau = 99%, WP = 7.02 KV, 30% CO, + 1.0% SF,, Eff(WP) = 98% % :. o ::i::: e i ;/;fFSFW WP = 6.88 kv
5 1215 piateau - 99%, WP = 6.88 kv, 30% CO, + 0.5% SF,, Ef(WP) = 98% 45 35¢ b Gas mistire S 44%C0:+ % ST WP S04 KV 1
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08 | TestBeamin April 2024 P
At iacion B s : No change in the efficiency without
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- 2 2.0 .
0.4
i o 2
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B 1.0} -
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N

T T T T
Gas mixture = Standard gas mixture, WP = 7.22 kV

o i 20 o 0. 3 Wh - 558 mixtures and also no changes w.r.t the
results before irradiation!
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After irradiation
Threshold: 60 fC
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TFE+C02 based mixtures for RPC detectors

L
CMS Preliminary GIF++ CMS Preliminary GIF++ : : :
S 751 ey 5 250 ———————————— @ No change in the working point after
2 | @ 64% TFE + 30% COp + 5% (CaHyo + 1.0% SFe S ® 64% TFE + 30% COp + 5% (Cabro + 1.0% SFe 1 . o .
E’ [ W 64.5% TFE + 30% CO; + 5% iCaH1o + 0.5% SFe i ‘.E [ ® 64.5% TFE + 30% COp + 5% iC4H1o + 0.5% SFe 1 irradiation campaign
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@ | i
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i ] i =
6.8_— 4 3 A ? 4
[ : | €
6.7""""""I""I'"‘I""IIIIIII\lIIIlIII}_ o-.gJ.»..I....I.‘.‘I....l....I‘.‘.I....I....I._
0:00¢ 9:23 @50 Q45 1.00 125 130 HJ78 200 000 025 050 075 1.00 1.25 1.50 1.75 2.00
Background Gamma Rate [kHz/cm?2] Background Gamma Rate [kHz/cm?]
CMS Preliminary GIF++ CMS MUON Work in progress GIF++
) EECEGEE JhEEa SR SEEAE NARAL Riad MR naaar 2a B0 8 Al @ 64.5% TFE + 30% CO2 + 5.0% iC4H10 + 0.5% SF6 (2023)
S | @ 64% TFE + 30% CO2 + 5% iC4H10 + 1.0% SFs 1 = f @ 64% TFE + 30% CO2 + 5.0% iC4H10 + 1% SF6 (2023) = = u =
> - 64.5% TFE + 30% COj + 5% iC4H1o + 0.5% SF 19 g ?  54% TFE + 40% CO2 + 5.0% iC4H10 + 1% SF6 (2023) I d t I I
2 L 54% TFE Zoo/ cH 2;,/ iC'J 10:00/ - ° 12 - & 952% TFE + 4.5% iC4H10 + 0.3% SF6 (2023) rra Ia |On Cam al n WI
g i B ot o ol il il 1< - @ 64.5% TFE + 30% CO2 + 5.0% iC4H10 + 0.5% SF6 (2024)
% [ A 95.2% TFE + 4.5% iC4H10 + 0.3% SFs 1 : 15 | @ 64% TFE + 30% CO2 + 5.0% iC4H10 + 1% SF6 (2024) L] =
i ] - ¥ 54% TFE + 40% CO2 + 5.0% iCAH10 + 1% SF6 (2024) t d t
w - ® Before irradiation E - " + 95.2% TFE + 4.5% iC4H10 + 0.3% SF6 (2024) con Inue In or er O
98- @ D 45 4ré
! O Atfter irradiation 1o - 3 ¥ -
e resrls 6016 | 5 1 F ¥ integrate more charge
%6 OAWA 1.4 mm double gap RPC 1 = E Y
i OFAF N | {1 REF" ‘ 3
4r il 2 1 n S ik 4
i A® N ® ] - + B ¢
921 O @A ®1 1w0F#} ; ¥ oa z z B ¥ ¢
- ® - - $
9o 1 %F bt 4% 3 ¥ v
[ i 8 F +
88 @[D— RN SR SEEEN R EE SEEE SN SRR SVAVEE B SR SVAVAE B
[ v iweowla pyowla snelgin plosysl eveel pa pyly] 00 02 04 06 08 10 12 14 16 18 2.0 22 24

P
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Background Gamma Rate [kHz/cm?]

Joao Pedro Gomes Pinheiro GIF Annual Meeting - 2024 CMS-RPC

Background gamma rate [kHz/cm”™ 2]




Summary
e First results of an iRPC prototype with double 1.4 mm gap with CO,
based gas mixtures
e Similar efficiency and lower working point for all CO, based gas mixtures
tested w.r.t the standard one
e Integrated charge around 4% of what is expected at HL-LHC x 3
e No efficiency degradation related to the gas mixture was observed
o Efficiency drop is electronics related, similar for all tested mixtures
e No change in the working point was observed
e No change in the muon and gamma cluster size was observed
e 20 % higher currents for CO, based mixtures - no change after
irradiation
Studies will continue at GIF++ with the aim to integrate more charge
during irradiation campaign, perform further studies, as timing resolution, and
iInvestigate better the efficiency drop observed.
Joao Pedro Gomes Pinheiro GIF Annual Meeting - 2024 CMS-RPC 18




IRPC Front-end and Back-end validation

%0 Fine tuning of FEB-BEB integration during 2024 for iRPC
e Cluster reconstruction studies by BEB team

e Tests performed with final mass production iRPC

o Efficiency > 95% @ 2.3 kHz/cm? and working point ~ 7 kV

_ i CMSPrelminary QR CMS Preiiminary GIF++
€ » ] NE 9
S, GIF++ test beam June 2024 1 S o, By WP 7034V plateau 99 03% Eff(WP) 98 10% y source off . . .
| ; | L . WP = 7045V, plateau = 98.61%, Eff(WP) = 97.66%, bkg-rate ~ 0.2 kizicm |
> a0l 1;&"&”\‘/33“%38;‘6@2?; i = g « WP = 7076V, plateau = 97.73%, Eff(WP) = 96.70%, bkg-rate — 0.6 kHz/cm? HV and LV power Supply In Real iRPC chamberin T3
S ] [2] - - % - 2 M
s = L o + WP = 7111V, plateau = 97.01%, Eff(WP) = 95.94%, bkg-rate ~ 1.0 kHz/cm
&Efffgurc?;% : T B [ = WP = 7148V, plateau = 96.51%, Eff(\WP) = 95.33%, bkg-rate — 1.2 kHz/cm? | preparatlon area
I 200 = + WP = 7261V, plateau = 95.04%, Eff(WP) = 93,60%, bkg-rate ~ 2.3 kHz/cm?
1201 . TR, SR Sidsdichaloll it it Sl Maulinbidats i sty Minings . CMS Pre//mmary GIF++
- : - —— - —T T - -
L GIF++ Test Beam June 2024 ; s, stour:e °ffo -
: : 1.4mm double gap iRPC > b Dkorge e
100} ‘ . FEB v2.3 IRPCROC 2C E (S
3 1 801 threshold ~ 40fC ‘© = bkg-rate ~ 1.5 kHz/cm?
r 150 | 12 BX trigger window ﬁ 80f ¢+ bkg-rate ~ 2.3 kHz/cm? .
801 =
I d 60
60| . 601~ GIF++ Test Beam June 2024 &
L -1100 1.4mm double gap iRPC
I | FEB v2.3 iIRPCROC 2C
| i threshold ~ 40fC
401 =] 401 12 BX trigger window
| Resistance: 1.42 MQ
| 401~ Resistivity: 6.2 x 10°Qcm ]
I 4150 I
20} = o0l
: 20} N
of- g | 19
i pod g g Filaw bR S0 d Sou g §k g H Lo PRSTIRN e, Y o bt e =
0 10 20 30 20 50 80 80 "%z 64 66 68 70 72 »
X [cm] . HVert [kV] 80 %2z 64 66 68 70 72
Beam profile Efficiency curve HVgas [kV]

. C . . Efficiency curve after ohmic
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22+, Future Plans
UEH{J S

N

e CMS-RPC team had a nice data taking period at GIF++ during 2024 with different setups

e Continue the Longevity program for existing CMS-RPC chambersinT1
o 2RE2(?) and 2 RE4 chambers

e Continue the Longevity program for ECOGAS and TFE/CO2 mixturesin T3.

e Install one 2 mm double gap RPC chamber prototype with existing electronics for TFE/CO2
mixture validation and longevity (T3).

e Continue the recently started iRPC longevity plan (T3)

e Continue iIRPC tests with final FEB and BEB uTCA
o mass production in the end, final validation for installation ongoing

20
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Thank you!
Questions?

lllllllll

Special thanks to Guiseppe and Paolo for all the support - and donuts!
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Backup

22

Joao Pedro Gomes Pinheiro GIF Annual Meeting - 2024

CMS-RPC



N \¥
G
\@‘@

0 pg JN

RJ
o®

4

Justification for data taking during 2025:

CMS-RPC setup at GIF++ consists in three chamber prototypes for alternative gas mixtures, two
of them in collaboration with ECOGAS group (KODEL-H and RE11), 4 existing CMS-endcap
chambers for Longevity analysis and 2 real size iRPC for FEB and BEB integration studies. Also
brand new iRPC chambers were installed to start longevity studies. All setups need to be able to
reconstruct the muons in a high radiation environment (as foreseen for HL-LHC) and show no
ageing after the integration charge expected in the Phase-Il of LHC. For next year, we would like
to keep all the existing setups, since there's still a lot of work to do, as integrate more charge for
longevity studies (with standard and alternative gas mixtures) and perform data taking with last
FEB version integrated with BEB for new iRPCs. Additionally, we would like to add one small
2mm gap RPC chamber in Trolley 3 to perform tests with TFE/CO2 alternative gas mixtures using
existing CMS-RPC electronics.

23
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2+ Justification for data taking during LS3:

Nowadays, CMS-RPC setup at GIF++ consists of three iRPC chamber prototypes for alternative
gas mixtures, two of them in collaboration with ECOGAS group (KODEL-H and RE11), 4 existing
CMS-RPC endcap chambers for Longevity studies and 2 real size iRPC for FEB and BEB integration
studies. Longevity program for existing CMS-RPC achieved 60% of integrated charge w.r.t what is
expected at HL-LHC within safety factor of 3, so we would like to finish this study in the coming
years. Regarding the iRPC studies with alternative gas mixtures, we also would like to profit of
next years and LS3 period to integrate charge, since it just started this year. In addition, we
started the longevity program for the new generation of improved RPC chambers that are going
to be installed in large eta region of CMS in the following years. Furthermore, we want to
continue with the studies of iRPC electronics, since final ATCA crates and serenity boards will be
available by that time and we have a dedicated cosmic trolley to take data with muons profiting
of the radiation source outside beam time periods.

24
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Conference presentations with GIF++ data - 2024

16th Pisa Meeting 2024: 16th Pisa Meeting on Advanced Detectors

\\%

o
6
UERJ

% .
‘STA'DO“Q Improved Resistive Plate Chambers for Phase-II upgrade of the CMS detector at LHC

Joao Pinheiro (Univ. Estado Rio de Janeiro)

\@‘@

K DE JN

Longevity study of CMS Muon Detector facing the High Luminosity LHC phase
Raphael Gomes De Souza (Univ. Estado Rio de Janeiro)

New RPC Gas Mixtures for Sustainable Operation in the CMS Experiment
Dayron Ramos Lopez (Univ. di Bari e Sez. dell'INFN)

iIWORID 2024: International Workshops on Radiation Imaging Detectors

Longevity study of CMS Muon Detector facing the High Luminosity LHC phase
Dayron Ramos Lopez (Univ. di Bari e Sez. dell'INFN)

ICHEP2024: 42nd International Conference on High Energy Physics

Improved RPC (iRPC) detector for CMS data taking in HL-LHC
Salvatore Buontempo (INFN di Napoli)

Latest results of longevity studies on the present CMS Resistive Plate Chamber (RPC) system for the HL-LHC phase

Mapse Barroso Ferreira Filho (Univ. Estado Rio de Janeiro)

Performance of eco-friendly alternative gas mixtures in CMS iRPC detector in the HL-LHC environment 25
Joao Pinheiro (Univ. Estado Rio de Janeiro)
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Conference presentations with GIF++ data - 2024
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RPC2024: XVII International Conference on Resistive Plate Chambers and Related Detectors
(RPC2024)

New RPC Gas Mixtures for Sustainable Operation in the CMS Experiment
Dayron Ramos Lopez (Univ. di Bari e Sez. dell'INFN)

iRPC front-end board readout electronics
Maxime Gouzevitch (IPN, IN2P3-CNRS, UCB Lyon 1)

Innovative Resistive Plate Chambers for the CMS Phase 2 Upgrade: Project Summary, Construction, and Quality
Assurance

Jules Vandenbroeck (Ghent Univ.)

Performance and longevity of CO2 based mixtures in CMS Improved Resistive Plate Chambers in the HL-LHC
environment

Joao Pinheiro (Univ. Estado Rio de Janeiro)

iRPC clustering algorithm and hit reconstruction
Mauricio Thiel (Univ. Estado Rio de Janeiro)

Preliminary aging studies of improved RPC gaps operated with HFO based mixtures
Zubayda Eve Kofi (University of Dundee)

26
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https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3714&pid=28782
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3714&pid=28909
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3714&pid=28913
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3714&pid=28913
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3714&pid=28914
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3714&pid=28914
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3714&pid=28928
https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=3714&pid=28934
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2, Offline Analysis

Clusterization (algo)

Algorithm for clusterization (both muon/gamma), per event level:

- for each event, loop over the hits which are in the appropriate time
window
- make pairs of hits if the following conditions are satisfied:

1) the corresponding strips must be adjacent
2) the time between two hits cannot exceed AT ns (next slide)

- group the pairs into clusters which are spatially adjacent; the
non-paired hits are added as single clusters (singlets)
- No correction for dead strips — cluster “breaks”

— the cluster multiplicity is the amount clusters (as groups of pairs or
singlets)

— the (mean) cluster size is the average size of all formed clusters
(including singlets)

— more precise timing, better clusterization!

— for muon clusterization: fine-tune algorithm with source OFF or
even cosmics, target a multiplicity of 1!

Joao Pedro Gomes Pinheiro

Strip number

23

from J. Eysermans

CMS GIF++, Work in progress S56/HV8

2 adjacent pairs
— 1 cluster, CLS =3

# hits for this event: 7
# pairs = 20

7 T T 1T T 1T 17T T 1T 7T T 1T T

— 1 cluster, CLS =4

T 171

llllllllllllllllJllllllllllllllllllllllllll

195 200 205 210 215 220 225 230 235
Time (ns)

muon time window
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2., Offline Analysis
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Source OFF

GIF++ Work in progress S5634/HV13
() =
g | KODEL-E (1.4 mm)
§ o o —e— Cluster multiplicity muon —e— Cluster size muon
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Clusterization outcome

GIF++ Work in progress

Source 10

S5631/HV13

~ KODEL-E (1.4 mm)

—e— Cluster multiplicity gamma

—— Cluster size gamma
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Standard mixture @ WP: no background

%':»:: GIF++ Work in progress / S5634/HV13 ’
5l || | ' 7
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i Y 20
i | N
in/v i |
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Hits / 500 ps
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N clusters inside muon window

Eff(p) = .
N triggers
GIF++ Work in progress S5634/HV13
| KODEL-E (1.4 mm) — Fawdaia

_ Hits inside muon spill
— Peak mean: 4622.03 ns
| Peak width (6): 12.54 ns

— Muon window (2 x3c): 75.22 hs
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GIF++ Work in progress S5629/HV13

Strip number

0 05 1 15 2 25 8 35 4 45 5
Time (us)
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Hits / 500 ps

2, Offline Analysis

S Standard mixture @ WP: ~0.9kHz/cm2

GIF++ Work in progress S5629/HV13 PtOt —_ P'u + P}, — P,Lt X P},

. KODEL-E (1.4 mm)
— Hits inside muon spill
1001~ peak mean: 4619.30 ns S
Peak width ( 6): 14.73 ns

Muon window (2 x3c): 88.37 n§

— Raw data
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Offline Analysis

CMS MUON Preliminary GIF++

— ¥ plateau = 99%, WP = 7.25 kV, no bkg source, Eff{WP) = 98%

| 4 plateau = 98%, WP = 7.24 kV, bkg rate (WP) = 0.2 kHzicm2, Eff(WP) = 97%
—¥ plateau = 97%, WP = 7.24 kV, bkg rate (WP) = 0.4 kHz/cm2, Eff{(WP) = 96%
:0 plateau = 97%, WP = 7.25 kV, bkg rate (WP) = 0.7 kHz/cm2, Eff{(WP) = 95%
— B plateau = 95%, WP = 7.24 kV, bkg rate (WP) = 1.1 kHz/cm2, Eff(WP) = 94%

Muon Efficiency
o .

—

95.2% TFE + 4.5% iC4H10 + 0.3% SF6
Test Beam in April 2023
1.4 mm double gap iRPC
KODEL FEB

Threshold = 60 [{C]
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