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Greenhouse gases (GHG) at CERN 70000 aw
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O The current CMS RPC system uses a gas mixture with
a Global Warming Potential (GWP*) index of 1485
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https://indico.cern.ch/event/1044975/contributions/4663695/attachment
$/2396393/4097550/BMandelli_VCl.pdf
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CMS gas mixture
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® TFE - 95.2%
®iC4H10 - 4.5% 50000 -
® SF6 - 0.3% .

60000 @ LHC experiments - Particle detection
® LHC experiments - Detector cooling
40000 Other experiments

® Heating (gas + fuel)

*GWP: amount of energy
absorbed by a ton of a
gas in a given period of
time, relative to CO2
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HFO/CO2 based gas mixtures

O EU regulations to limit the use of GHC. Gas CMS STD ECO2 ECO3
O Some candidates suitable to replace the current TFE (%) 95.2 - -
standard gas mixture are required to satisfy
) HFO-1234ze (%) - 35 25
e Low GWP index
e Not flammable 2 (%)
e Detector performance comparable with the . o
standard mixture -CHyo (%) > “ >
e Compatible with the CMS RPC systems: o
o No change in electronics SF¢ (%) 0.3 1 !
0 HVcables Frmimimimime F S "= == -l==me |
o Power system.. y GWP (485 )1 476 527
0 Studies using these HFO/CO2 based mixtures have been Color Code o | A
carried out in the past using RPCs of 2mm gap.

. . . NIST Standard Reference Database Number 69,
O In these candidate mixtures TFE (CWP___ =1430) is replaced https:/webbook.nist.gov/chemistry/

with HFO (GWP 4 = 7), moving the working point to higher
considering the new iRPCs of 1.4 mm gap corresponding

Studies using CO2 based mixtures ;HERE! to the Phase-1l CMS upgrade d
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iRPC layout

0 Gaps

0 Total area 51x51 cm?2 smaller version of the 2 - ((
iRPC Upgrade gaps

0 Active Area: 45.5x45.5 cm? h”””’!!!"anaeguaewznnmn' _
O Bakelite electrodes of 1.43 mm thickness ——— — & | i
and resistivity 117 - 1.39 E10 Qcm i 1 B0 CvsUPGRADEECO

O Gap thickness of 1.4 mm
0 32 strips of 1.2 cm width

g Readout system T
O KODEL Front-end 1 a —
electronic PMT4 —— PMT3  PMT2 PMT 1 A
0 THR settings ~60 fC + CAEN [ ! -

ubeame- = ===

VME multi-hit TDC V1190

GIF++

0 At ~ 4 m from the *Cs
source

O Muon Beam 10-450 GeV/c

This iRPC is dedicated to the 1 I
aging studies of 1.4 mm gaps of | ‘“” . 1T Trolleys
the Phase-Il Upgrade of CMS.

https://doi.org/10.1016/j.nima.2017.05.045
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Muon efficiency (%)

Muon efficiency vs HV [V]

Muon efficiency as a function of HV _.[V] (voltage normalized at the standard temperature and pressure)
using HFO/CO2-based ecological gas mixtures in absence of gamma radiation background.

ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCY/SHiF) By fitting the curve using the sigmoid formula:
160 —ems Upgrade gaps

[ FEB THR =500 uV (60 fC) E
140' No gamma background | E - ULE
120 ... .. STD: 95.2% TFE, 4.5% (C4H10, 0.3% SF6 1+e —AMHV ;s —HVygo)

[1  ECO2: 35% HFOze, 60% CO2, 4% iC4H10, 1% SF6

100 A ECO3: 25% HFOze, 69% CO2, 5% iC4H10, 1% SF6
= ,.]/[{ et et
80

the definition of Working Point

i i
oo / In (19}
N / . . . nil | . et
; s 1 WP = HVipee + V0 = ==L+ HVigy, + 150V
40f / A ‘
- /
20 P
- i %,[g’/ L L The WP increases when the amount of HFO increases:
6000 7000 8000

ECO2 35% of HFO has higher WP than ECO3 with 25% of HFO
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Muon efficiency vs HV [V]

Muon efficiency as a function of HV _.[V] (voltage normalized at the standard temperature and pressure)
using HFO/CO2-based ecological gas mixtures in absence of gamma radiation background (left) and gamma
cluster rate ~1800 Hz/cm? (right).

ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCb/SHiP) - ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCb/SHIP)
160 M8 Upgrade gaps O\; 160~ CMms Upgrade gaps
140: FEB THR = 500 uV (60 fC) E 1402 [FEBTHR =500 uV (60fC)
["No gamma background | = - | Gamma clus. rate: 1800 Hz/cri | No gamma
120k O  STD: 95.2% TFE, 4.5% iC4H10, 0.3% SF6 g 120k (? STD: 95.2% TFE, 4.5% iC4H10, 0.3% SF6 background 1800 Hz/cm?
[ ECO2: 35% HFOze, 60% CO2, 4% iCAH10, 1% SF6 = [ 0] ECO2:35% HFOze, 60% CO2, 4% iC4H10, 1%:SF6

Muon efficiency (%)
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Efficiency is higher than 96% in absence of gamma background.
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Muon cluster size (CLS) vs HV - WP [V]

Muon cluster size is defined as the number of consecutive strips with signal as a function of
HVeff - WP [V] using HFO/CO2-based ecological gas mixtures.

At the WP the Muon

5 ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCb/SHiP) o 5 ECOgas@GIF++ (ALICE, ATLAS, cms, EPDT, LHet/sH. cluster  size  Is  in
q’ 4 £ 2
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Muon Streamer probability (STP)

ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCb/SHiP)

;o‘ 40
= - CMS Upgrade gaps
5 35 [.FEBTHR =500 uV.(60.fC)........... ... -
% :I No gamma background I
‘EL 30 [0 STD;,95_,2%_TFE_,.4_,5%,iG4H,10;.0;3%.\§¢,F6 ____________________ A 0 Stregmer probability is defi.ned as the probability
g [ ECO2: 35% HFOze, B0% CO2, 4% iC4H10, 1% SF6 of havmg the muon cluster size greater than 4
8 25 [ A ECO3:25% HFOze, 89% COZ; 5% ICAH10; 1% SF6 strips.
> C : :
RPN S S N N I e Standard mixture (red curve): STP,,, =1.9 %
L
= C e ECO2 (Green curve):STP,, , =32 %
16 [ A e ECO3(Blue curve):STP, ,=21%.
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Efficiency at WP and Working Point

Efficiency at WP (%)

O Efficiency decreases for all mixtures at higher gamma
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ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCb/SHlP)

i CMS Upgrade gaps
B FEB THR = 500 uV (60 fC)

- OSTD952%TFE45%|C4H1003%SF6 ................................................
= [] ECO2: 35% HFOZe 60% COZ 4% iC4H10, 1% SFB

Oze, 69% CO.

0 0.5 1 1.5 2
Gamma clus. rate at WP (kHz/crf)

cluster rates.

O Lower efficiencies with eco mixtures probably due to
lower production of primaries.
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ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCb/SHlP)

B CMS Upgrade gaps
i FEB THR = 500 uV (60 fC)
L o STD: 95.2% TFE 4.5% iC4H10, 0.3% SF6

85 _[:l LECO2:35%. HFQze 60%. COZ 4%.iC4H10,.1%.. SFG
s A ECO3: 25% HFOze 69% 002_ 5% iC4H10, 1% $F6

WP (kV)

75 “‘“%AAAAAA ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ........................... A

0 0.5 1 1.5 2
Gamma clus. rate at WP (kHz/cm)

0 Constant behaviour of the WP probably due to low electrode
resistivity in combination with the small gap area

O Appreciable voltage gap between the mixtures, highest for
ECO2 candidate followed by ECO23.



Current Density

Current density as a function of the gamma cluster rate at the WP using ecological mixtures candidates
HFO/CO2-based. TOP gap (left) and BOT gap (right). The currents are measured to estimate the mean gamma
cluster charge

ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCb/SHlP)
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T A ECO3:25% HFOze, 69% CO2, 5% ICAH10, 1% SF6

0.06

006 —.. ................................... ..................................

Current density TOP at WP IA/cm?)
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Higher currents using the ecological candidates in both gaps. Similar linear behaviour.
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Muon clus. size at WP

Muon/Gamma Cluster Size

Muon cluster size (left) and gamma cluster size (right) as a function of the gamma cluster rate

4 ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCb/SHIP)

i ECOgas@GIF++ (ALICE, ATLAS, CMS, EPDT, LHCb/SHiP) o
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Small decrease of the cluster sizes when increasing the gamma cluster rate
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Mean gamma cluster charge at WP

Mean gamma clus. charge at WP (pC)
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0 Mean gamma cluster charge is defined as a function of
the average current between both gaps, the gamma rate,
gamma cluster size and the area of the gap

. I vg
"r R ..".I' (—‘ L ’S"‘. \,| * .v4_(]ﬂ P

<q >

0 Mean gamma cluster charge for ECO mixtures is 70%
higher than for the STD mixture




Summary and Future plans

New iRPC chamber using CMS Upgrade gaps (1.4 mm gap thickness and 1.43 mm electrode
thickness) was built for studies of aging with ecological mixtures.
Characterization:

> Higher WP when using HFO/CO2-based mixtures: ECO2 (35% HFO), shows higher values of

WP.
> Efficiency decreases as a function of the gamma background rate.
m  For ECO3 the efficiency is less than 95% for background gamma rates greater than 200
Hz/cm?
> Cluster sizes slightly smaller for STD with respect to eco-mixtures
> Streamer probability for the ECO mixtures is less than 5% at their WP, respectively.
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The RPC (within ECOgas@GIF++ collaboration) started the irradiation campaign by mid September

2023 with eco-mixtures for further aging studies.
Aging results will clarify the suitability of these kind of mixtures for future operation.
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Current RPC system in CMS

n 01 02 03 04 05 0.6 07 0.8 0.9 1.0 11
6° 843 786° 731° 67.7° 625° 575° 528  484° 443 40.4° 36.8° Y
8 T T 7 : 7 3 7 = = o
e \“ ey eee e | T ,"l T { T i F T "]v T l Ty n T D'I]i 12 335

% The current RPC system in CMS consists of:
Double gap chambers

480 chambers in the barrel

576 chambers in the end cap
Avalanche mode

Bakelite electrodes of 2 mm thickness
2 mm thickness gaps

Relative humidity 40%-50%

YYYVVYYY

Transverse view of the RPC detectors of CMS.
Red box region of iRPC high eta extension for
the Phase-Il of the update of the CERN LHC
CMS Collaboration

https://cds.cern.ch/record/343814/files/L HCC-97-032.pdf
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