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Search of an eco friendly gas mixture Vo
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The standard gas mixture has a high Global Warming Potential (GWP)
C,H,F, +1-C4H1o + SFg

' oo Total GWP ~ 1450

GWP ~ 1430 GWP ~5 GWP ~ 23000
GWP(CO,) = 1

C2H2F4 1
s European union regulation have imposed a progressive phase down in

the production and use of the F-gases, like C,H,F, and SFg in industry

Total GHG contribution

Reduction of the availability

Increase of the cost

These gases represent the biggest contribution of the CERN particle detectors greenhouse gas emission

Performance comparable to those of the standard gas

(efficiency, current, rate capability, time resolution...)
Search for an alternative gas mixture = =——> | ow GWP

Longevity of the detector for collider experiments 2



Eco-gases in ATLAS during HL-LHC 5
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During HL-LHC there will be two types of ATLAS RPC : 2 mm (legacy) and 1 mm (upgrade) thick

1) Performance ; “®= T

25 2 mm Entries = 180

High efficiency (>90%) for both options (more critical for 1 mm) s :fﬂ‘?“;, il

Time resolution (~ 1 ns for 2 mm gas gap and ~ 400 ps for 1 mm i3 e

gas gap) tof- atSTD = 1.09ns-

2) Rate capability : T e e e

Average rate expected during HL-LHC in ATLAS RPC : 200 Hz/cm? § 00Ty

Hottest spot during HL-LHC in ATLAS RPC : 500 Hz/cm?2 & °0F Time resolution - 368 ps 3

s00L 1 mm E

3) Aging S00°

4005— —;

Low total charge delivered within the gas > low current 300 3

200 =

Low Fluorine radicals production 100f- -
Q4”I—3I”—2 -1 0 1 5#3 3

Time of flight (ns)



Substitution of the C,H,F, %
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Largest contribution to the GWP of the standard gas due 1 mm gas gap : efficiency vs HVvs %(3Hy Fy
to the Tetrafluoroethane (TFE) because it is the main gas e A S IO s
component (94.7% for a total GWP ~ 1390) [ T

1) Substitute the C;H,F, with an environment friendly gas - 603_65%535254 "% a »  Increasing CO2.

mixture: i . L )
602/63H2F4 +i'C4H10 + 10/0 SF6 _— GWP ~ 200 40:— . . IncreasingC3H2F4—:

1. Reduction of the GWP N E

2. Larger production of fluorine molecules (possible faster aging) o

L z i
4%00 5000 5500 6000 6500 7000 7500 8000 8500

HVoe (V)
3. Concentration of C3H,F, strongly depends on the gas gap thickness ' M £as gap : efficiency vs HV vs %C02

2) Reduction of the C,H,F, concentration introducing S W Mpppre“minaryl e e ‘_
CO, (ATLAS intermediate): § Bp Gewon . :
: 5 70F e 30%c02 8 E

COZ/C2H2F4_ +|'C4H10 + 1% SF6 I GWP ~ (1 01 7_1 1 62) 60 *STD a _-E-
50 R =

1. No large impact expected on detector longevity in terms 40} 3

of fluorine production 20 . E

o —

2. Small reduction of the GWP
Both cases 2 higher current wrt standard gas (1.5-1.7 times higher)

ol PR Wl 1 e (W I P S W T P ) o R P M ke
4600 4800 5000 5200 5400 5600 5800 6000
HV (V)



The impact of SF, A
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The SF, is the molecule with the largest GWP in the standard gas (22900)

< 10— r—71 77 L vad ey I

All the alternatives to the C,H,F, require an increase in the SFg S ogl MPPPretiminary Gas miture 3
concentration in order to avoid streamers—> higher GWP g v & siNaE
% » -5 30%C02+0.5%SF6 !

g 1 . Tmm i

What happen if we reduce the SFg concentration & of s .
in the ATLAS intermediate solution(currently used 9[- =
In ATLAS)? | HL-LHC rate § 3

86::_ | | | | l L | | l_j

COZ/C2H2F4 +|'C4_H10 + 05% SF6 0 200 400 600 800 1000 izoi;‘i4ob'1'eoo
ate (Hz/cm?)

’<‘ _""l""l"":'"’I""I""I""l""l"‘?“

+/ Reduction of the GWP (1041 vs 1164) S o Geman  MeRemon
:‘3 50:-- @ 30%C02+1%SF6 :

) e amcoosusts  H|-|LHC rate :

Y 1 mm / b

¢ Largeincrease of the currents in 1 mm gap due to 30f- .
L ) p ]
transition (high-charge) events and/or streamers 20f- " .

10f- . -

Eovignnn Mo :

- P 'l PSS BTET ST SN S AP R AT APENA ST IS AL
0 50 100 150 200 250 300 350 400
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Substitution of the SF; A
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Possibility to replace the highest GWP molecule, the SFs, with an environment friendly gas: the
CI\/XF Chlorotrifluoropropene (C;H,CIlF;, GWP ~ 1)

" T GWP ~ 10 (100 times
CO,/C3H,Fy +i-C4H g + C3H,ClF3; ——  |ess than the standard

Possibility to operate the RPC with a totally environment- 3s! |)
friendly gas mixture g o
(see here)
_ . . Good time resolution (24%better wrt
Same avalanche-streamer separation Same current @ same efficiency standard gas)
§- A B SR RE TR SR .' ************ ;r;f:_ §~ L2 20 Dl PELIEL BN By [RRODL O B (LB B o XS AT LR (R 0 0:_
Pl HE G R TR Pr e et——— | o = 830ps
) ¢ ’ * 1% SFg N o.sr;— ; n;—
: ¢ 2% C3H,CIF; - E ok
06}~ ! 3772 3 = 06f- 1% S F6 oF-
8 Py 1 L ol -1 =
0.4:_ » : 0.4_ 2% C3H2C1F3 < Dg_ 2 mm
e i . ¥ - {1 ¥
o ] 02} i oF-
N ¢ * " . e — Di—
00 5500 5005 3000 5200 9400, 96005800 10000 10890 1100 I T e e e T O
Time of flight (ns)
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Certification of C;H,ClF; for short-term %
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applications T

1.Early appearance of streamers/transition events - high current and low rate capability

2. High current under irradiation > aging and low rate capability

3. Long term effects - Study of the behaviour of the gas after integrating the corresponding HL-LHC charge

1. Decouple the contribution of the C3H,CIF; from the other gases

- The behaviour of C,H,F. Any of the effect
C2H2F4 +I-C4H10 + C3H2CIF3 jl> and i- C4H;/0I i:well k2n02w4n jl> cited above due to

2. Application to ATLAS intermediate gas mixture

€O, /CoH,F, +i-C4Hyo + C3H,CLF,

: « Opportunity to start to replace the SF,

« Possibility to reduce the C,H,F, by
increasing the C3H,CIlF; with an
improvement of the GWP



Set-up at the Gamma Irradiation Facility (GIF++) %
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Beam Profile

Muon Beam

Laptop for DAQ and offline analysis
Three 1 mm gas gap RPCs TDC CAEN

1.4 mm electrode thickness Discriminator 100 ps (LSB)-
Amplified signal with (4mVthr) 400 ps effective [+
Cardarelli FE electronics resolution
(transimpedence amplifier)
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Mixtures

94.7%C, H, F, +4.7%i-C,H, H 0.6%C;H, CLF,
94.3%C, H, F, +4.7%i-C,Hy o H 1%Cs H, CLF;

Efficiency and currents in presence of y-irradiation in comparison with the
standard gas



Efficiency vs HV:NO irradiation

Study of the efficiency

Plateau vs y-rate

ApByz2t
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% after pulse vs mixture @ WP

—_ @ C T \ ]
S L CHF/A7%-CH)+ SF orcHek, 1 ] & i | 2 - . ]
3; 100_(-224 -C4Hg)+ 50"3233’......'3_ :_:; n - § 3[ R . =
£ [ Midue oot 1 2 ggs Minue Completecurves 1 & | . 1
2 gol— *® 947%CHF.+ 1%SE, . | % ~ - Standard . ® ol MPP Preliminary iciency
e | e 947%CHF+0.6%CHCIF, © » 1 £ T =MIXI in the backup 2 Tr - 92% .
w - 943%CHF1%CHCIF, 1 W 95 ~MX2 ) B N 059 .
60 . . - slides 2 -
— MPP Preliminary . . C C ]
i . i B 1.5 . —
40 — 95.5 B - . .
| ' (N T | E o :
20— _ 95— — - .
0— * . . - 0.5 —
i ° i ”  MPP Preliminary n ]
L é L g 1§ | ! L ® 94 5_ | — 0_ 7

4000 4500 5000 5500 6000 ' 0 250 500 STD MIX1 Mix2

HV (V) Rate (Hz/cm?)

1. MIX1 : 94.7%C,H, F,/4.7%i-C,H,,/0.6% C5H,ClF; | |
After pulse = number of multiple hits on the

same strip

2. MIX2 :94.3%C, H, F,/4.7%i-C4Hy o /1% C H, CLF,

1. Same efficiency around 95%

2. Working point shifted by 100V (0.6% C3;H,ClF5) 1.
and 200V (1% C3H,ClF;) wrt the standard gas

3. No efficiency loss under irradiation—>Same rate
capability up to 448 Hz /cm?

Number of after pulses of MIX1 (0.6%
C3H,ClF;) and MIX2 (1% C3H,CLF3)
consistent with the standard gas (at the
same efficiency) 10




Study of the efficiency %
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% after pulse vs mixture @ WP

Efficiency vs HV:NO irradiation Plateau vs y-rate

= P o e e B ) F I : 3 B ' | . ]
,?_;: 100f (C,H,F/4.7%:-C,Hyo)+ SF, or CaHECIizst Ceeerert :\; E 1 2 & ) . E
I oot 1 £ g5 Mo Complete curves J 2 - - .
L gol * 9TBCHF+ 1%SFE, . 4 8 - - Standard . ] S ol MPP Preliminary clency
e | e 94.7%CHF+0.6%C,H,CIF, * » 1 £ T = MIXI in the backup 1 ® - 92 ]
w - ® 943%CHF+1%CHCIF, 1 W g5 M2 ) B u 059 .
60— y . I slides i 2 ©
" MPP Preliminary . - C ] - ]
B . i __ _ 1.5 . =
s . 95.5: 1 : . :
: 1 e ! * b | :
20 . . - - ) 0.50 3
i o i ”  MPP Preliminary ] C ]
¢ o o L B .® 111 94.5— | — ot ]

4000 4500 5000 5500 6000 0 250 500 STD MIX1 MIX2

HV (V) Rate (Hz/cm?)
The C;H,CIF; shows the same behaviour of the SF
with no impact on the rate capability
11

More info here
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Results : Comparison at 95% efficiency A
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Currents at 95% efficiency at different irradiation : no irradiation, 235 Hz/cm? and 448 Hz/cm?

T 7 | : g ' .
< 7.8 MPPPreliminary , — = 16.5 MPP Preliminary . =
b 760 . 230 Helent = Py - 1% C3H,CIF;
& _f i & 16- . =
o 72F . = g 1550 E
3 7B E 3 150 450 Ho/em’ E
6.8 E 14.5F E
6.6/~ — 1aF =
- 0.6% C3H,CIF ]
6.4 o etz - - 0.6% C3H,CIF; .
- . ] 13.5 -
62__ - C L4 ]
6 - STD MIX1 MIX2 - 13 STD MIX1 MIX2

The currents at the WP are at the same order of magnitude up to
448 Hz/cm? (slightly better in MIX1)

e

The C3;H,CIF; shows the same behaviour of the SF,
with no impact in the detector performance .



Results (1) A~
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Mixtures :

Mixtures : |
(30% CO,/4.7% i-C,Hqo) + (40% CO,/4.7% i-C4H1p) +

64.3%C,H,F, + 1%C3H,ClF; 53.3%C,H,F, + 2%C3;H,CIlF;
633%C2H2F4 T 2%C3H2C1F3 523%62H2F4_ 3%C3H2€lF3
62.3%C,H,F, + 3%C;H,ClF; 51.3%C,H,F, + 4%C3H,ClF,

61.3%C, HyF, + 4%CsH,CLF,

Efficiency and currents in presence of y-irradiation in comparison with:

e standard gas
+ C,H,F,/C0,/i-C,H,y/1%SF,

, Direct comparison with SFg
 (C,H,F,/CO,/1-C4H;7/0.5%SFg

13




Efficiency

Aﬁ»ﬂy);‘f‘
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—— T T T T T T T T T T T T T T T T T T T T T o | T T ! J J ' ] ! | J ' T T ' ! T T | T T T T | T o [~ —
2 1001 1y F 1309400 /4.7%i-CH, /C,H,CIF, | =5 & 100] " GH,F40%C0,/4.7%i-C Hy/CH,CIF, 12 . :
= sesgertl® > C svoglled = 95 + \ -
o . %CH,CIF, - - %CH,CIF, yest, et . g C ]
&  go— °* % * L e — 2 80— *2% » . " — 2 C Mixture ]
‘G T e 2% . 1 & - 3% . . 1 £ 94 -+ Standard B
“..uj— L #3% e * @ . L C e 4% . y i B ]
Lo A% - B . o . - -+ 30%CO,+1%CH,CIF, -
60— . . - 60— . ] 93— -5 30%CO+1%SF, —
C . ] - R . . - -+ 40%C0,+2%CH,CIF, -
L . ] o e ] 3 S a0hCOMIGSE,
*No irradiation i - Noirradiation . 921 . i
: - L4 : L » | - ¥ 1
20— . — 20— . . ] 91j L ]
L s o * B B ] F [ ]
i ° ] - ® . . B i
N Lo | : . ! . ! . ? ) . | . . . . | . ) . 7 [ Y | »—L g [ N S T R I R N B 90

4000 4500 = 5000 5500 6000 4000 4500 5000 5500 6000 6500 250 500

HV (V) HV (V) Rate (Hz/cm?)

Same results with
C,H,F,/C0,/i-C4Hyo/SEs gaS

plateau efficiency of the standard gas ~3% higher wrt the mixtures containing CO,

Efficiency drop under irradiation: - _
1) 253 Hz/ cm? : 0% for the standard gas, 1% for the other mixtures mixtures

. (Nucl.Instrum.Meth.A 1066 (202
2) 448 Hz/ cm? : 0% for the standard gas, 2% for the other mixtures 4) 169580)

The C3;H,CIF; shows the same behaviour of the SF
with no impact in the efficiency

14
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3‘9 . | | | B 39 2 E 3
8 3 e _ _ . o - -
® - 30%C0O,+4.7%i-C,H,;+C,H,F, = 6 1.9 » —
o 2.8 — - -
5 - , . 2 1.8 =
= 2 = —®— 250 Hz/cm™ 7 _w - » 3
O - L — “-\-._‘ — —_
O = . 0o 1.7 » -
3 .
24— — _m - 3
- ] 1.6 * =
2.2 — = -
1.86 o« 3 1.4 ;_ 40%CO,+4.7%1-C H ;+C,H,F, _;
1.6:— . . — 1.3:— - 250 Hz/cm? =
1.4 * — 1.2 =
(— . — | —
1.2 - 116 =
"1 pr - - e - = | | | E
05%SF,  1%SF, 1%C,H,CIF, 2%C,H,CIF, 3%C,H,CIF, 4%C,H,CIF, 1 17%sr, 294G F,OF, 340 A0, AL,

%Streamer suppressor
JoStreamer suppres %Streamer suppressor

The currents are at the same order of magnitude and significantly lower wrt the 0.5% SF, case

The C3;H,CIF; shows the same behaviour of the SF
with no impact in the current .



Aging status and plan %
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2 prototypes in aging with the gas mixture : 94.7%C,H, F ,/4.7%i-C,H7,/0.6% C3H,ClF4

Integrated Charge vs Active Time (ECO4_300days23june2025) - Channel ECC

40 | —e— ECO1

The detectors are at 90% efficiency and the current over
time is monitored under y-irradiation

Integrated charge during 2024 (20 effective days) ~ 8.5
mC/cm? (ECO1) and 9.5 mC/cm? (ECO2)

Integrated charge (2024+2025) in ~100 effective days ~ 60
et mC/cm?*

Target ~ 178 mC/cm? (Safety Factor 3, Duty Cycle

33%)

No increase in the current over time observed

Currents stable in both prototypes > plan to accelerate
aging and finish at the end of 2025

Year 2025

Integrated Charge (mCjcm?)

Integrated Charge (mC/cm?)

Year 2025

60 80 100 120 1 6
Active Time (days)
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THANK YOU
Questions are welcome
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