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— ATLAS RPC phase-2 upgrade The new generation of RPC for the HL-LHC (BI
The Resistive Plate Chamber (Bl project) RPC)
o <tive Pl o The present RPC system allows to select The most relevant innovations of the
The Resistive Plate Chambers (RPC) are muons with both low-pT (4 Gev < pT < 10 == ¥ § system lie in the reduced gas gap
very fast gaseous detectors with an GeV) and high-pT (11 Gev < pT < 20 GeV) 2/ width and in the new FE electronics.
excellent time resolution and are used to thresholds. 2" 4/ . The 1 mm gas gap width allows to
trigger on muons in the barrel region of : = lower the operating voltage (WP
the ATLAS Muon Spectrometer (MS) <_ = ~5.4 kV) and to improve the time
T I_ — p— ATLAS phase-2 upgrade[1] : Installation of resolution (0.4 ns ) wrt the legacy 2
= gl on i \{ — — an additional layer of new generation of mm RPC (WP~ 9.6 kV, time
%@ e ' G’a"""e'”e'z%spacerﬁ.i““"““e'efa":’f;:"i RPC (|n|<1.3)in order to improve the g resolution ~1 ns)
._IW/ __\% \ = acceptance, redundancy and pT selectivity The new Front-end electronics with a low threshold (1-4 fC) allows to
msngtel /Y Coppergroundpan of the trigger in sight of the higher particle reduce the total charge delivered inside the gas and improve the rate

\ / \ rate expected during HL-LHC. / @bility at fixed current, therefore with no impact on the detector aging
() (1) (1)

Search of an environment friendly gas mixtures for the upgrade RPC

The ATLAS standard gas Alternative gas mixtures with Alternative gas mixtures with
mixture GWP ~ 200 GWP ~ 1100

94.7%C,H, F,(primary target)/5%i-
C,H,o(quencher)/0.3%SFg(streamer suppressor).

v Pros: Significant reduction of the GWP thanks to the full

C,H,F,/CO,i-C,H,,/SF,

« High densitv gas ensurine hich detection efficienc S _ ~ Pros: Minimal impact on the detector longevity is
(988 6% for ay18mm gas gagp) 5 4 substitution of CzHaF, with C3H, o/ €0, (GWP ~1) expected due to the similarity in composition to the
« Modest working current (u4) and high rate capability X Cons : The double C-C bond of the C3H,F, increases its standard gas
(10 kHz/cm?) susceptlblllty to breakage, result!ng in higher prod.uctlon of s Cons: not significant reduction of the GWP
« Comfortable avalanche-streamer separation (300 V for Fradicals that can potentially ac:celerate aging . _
a 1 mm gas gap) Gas mixtures studied Gas mixtures studied

High Global Warming Potential (GWP ~ 1450) due to
C,H,F,(GWP ~ 1450) and SF, (GWP ~ 22400)

65% C,H,F, /30% CO, /4% i-C,H,, /1% SF;
(Used in ATLAS since August 2023)
ECOZ . 35% C3H2F4_ /60% COZ /4% i‘C4H10 /1%SF6 55% C2H2F4 /40% COZ /4% i_C4H10 /1% SF6

ECO55:55% C;H,F, /140% CO, /4% i-C,H,y, /1% SF, V) 65.5% C,H,F, /30% CO., /4% i-C,H,, /0.5% SF,
ECO65:65% C;H,F, /30% CO, /4% i-C,Hyy /1% SF; (V1)

ECO3 : 25% C3H2F4 /70% COZ /4% i'C4H10 /1% SF6

Search of an alternative gas mixture to reduce the
ATLAS RPC greenhouse gas emissions  (IV)

C,H,F,/C0O, based gas mixtures
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O s | Leese TR GHRF concentration above >0% S i L ‘;, ‘e * * 1 The gas mixtures containing €O,
T [eror o eneee oot 1 (ECO55 and ECO65 ) is needed in 2 S, . 3 3 achieve efficiency of 94%, 2% smaller
8 8O L ocoss " v . . | order to achieve efficiency > 90%. 3 o 40%CO?2 .. - than the standard gas (96%)
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60:‘ . ¢ o ] The ECO65 efficiency (97%) is : 7 Higher currents have been observed
a0l ) . 1 comparable with the one of the 40 ¢ | with the mixture containing 40% €0,
i . e i standard gas (98.5%) 30 . + due to the premature appereance of
20 . e ’ 20 E high-charge events (streamers
i . ¢ 21 1 Next step : study of the fluorine 10 S e E and/or transition events)
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(Vi) HV o (V) C3H,F, concentration (X) HY (V) the most promising
|
i::? 1201 ECO3 ] ATLAS Muon Operations|  The time resolution is improved < mg' 'G'as'mi;“;m' T T s possibility to reduce the SF, from
L] 100:_ﬁmeresolunon=tzaﬁ.am.oz} ps E of 24% wrt the standard gas, due 3 60__ e STD E 1% to 0.5% to reduce the GWP
- {1 to the higher drift speed in CO, S sof  ®0NCOMINSES ) ) L rate =
80 - than C,H,F, © b E Same performance in terms of
of - : o {1 efficiency but the reduction of the
- - 30F o E SF, leads to an increase of the
40~ E ostp = (330 £18) ps 20 . o = current due to the premature
- - : . E appearance of streamers
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(Vi) Time of flight (ns) (X1) Rate (Hz/cm?) P &
< i . . . | IR The STD, ECO3 and ECO65 gas
2 % arLAS Muon Operations [2] 1§ mixtures present the same photon
so [FC BIS78 Preliminary 4 current at the same normalized
[ Gasmixture 1 efficiency when operated with (1-4) The gas mixtures 65% C;H,F, /30% CO, /4% i-C,H,, /1% SF; and 65%
W esw 3 fC threshold C,H,F, /130% CO, /4% i-C,H,, /1% SF, are the most promising in sight of
30} iﬁi £ l the operation of the ATLAS phase-2 RPC.
sof- o % ] Ecogases might guarantee the same They show excellent performance in terms of efficiency, current under
m; .o :° { aging and the same rate capability of irradiation and time resolution.
S | thestandarc gasl'” this conditions The aging campaign is currently on going with the aim to certify these
7075 80 85 80 95 100 Possibility to work with high C3H,F, gas mixtures for their operation at the HL-LHC
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(1) ATLAS Collaboratlon CERN- LHCC 97- 022 https://cds. cern. ch/record/331068 The gas mixtures ECO2, ECO3, ECO55 and ECO65
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