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Gas Mixture:
Ne/C,H./CF,
80/10/10

Cherenkov MgF, 3mm
Radiator
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1. Look at Cherenkov, not the ionisation
Photo-electrons created promptly with the MIP passage

2. Remove the drift gap and start the avalanche as soon as possible
Avalanche propagate faster

Number of events
IIOIIII TTTT TT

= N M W
=]

(=]
TTTT]TT

2.85 2.9

Bortfeldt, J., et al. "PICOSEC: Charged particle timing at sub-25 picosecond precision with a Micromegas based detector."Nuclear Instruments and Methods
in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment903 (2018): 317-325.
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MCP for time reference 6,=5ps Test beam in CERN EHN1 26Apr-10May

2023
« Shared infrastructure during RD51 test beam

Pavia Single-channel:
« Operation with eco-friendly gas
Operation with resistive photocathode (B4C)

Operation in pion beam (=1MHz/cm?2)
Operation with reduced preamplification gap

Bulk 200 pm thick
Micromegas Kapton spacer

3 mm thick
MgF, crystal

A\ = ;m . =4 18 nm thick
' ' Csl layer

10x10 (RD51) Single channel (Pavia) Multi-pad exagonal (Saclay)
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Global Warning Potential AMP Ratio offset is 7h from filling

Gas mixture used 20-years (normalized to
Co,)

Ne/C,H,/CF, (80/10/10) 441
Ne/iC,H,, (94/6) 0.2
Ar/CO, (93/7) 0.07
Ar/CO,/iC,H,, (93/5/2) 0.11
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Nominal mixture has a non-negligible GWP

mostly because of CF,

Moreover, with current and future regulations,

CF4 usage will be heavily discouraged

Remove CF,or substitute it Detector fllled 7 o

hours before ©:00 2:24 4:48 7:12 9:36 12:00 1424 16:48 1912 2136 0:00

+50mbar Run Time [h]

Gas quality degradation during test beam in sealed mode
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Global Warning Potential MIPs signal is on the order of several photoelectrons (depending
Gas mixture used 20-years (normalized to on photocathode)
co;) We failed to find a suitable working point for such mixtures
Ne/C,H¢/CF, (80/10/10) Immediate passage between np-signal region to spark region
SEICETC: Such mixtures are not quenched enough to control the avalanche
Ne/iC,H,, (94/6) : (more quencher needed

Ar/CO, (93/7) DUT_ArCO210

Ar/CO,/iC,H,, (93/5/2)

We can see
S single-
Correct operation [ photoelectron

Gain too low, no signal Unstable operation i signals in the lab
- B SaEay Unstable detector

(Sparks)
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Z%auss BEAM 2023 Apr RUN 183 Pool3 DUT:C2 REF:C1 (¢ = 4.0 mm)

lobal Warning Potential
Globa d g Potentia 2 INDF=41.4/73 [ RAW hist

Gas mixture used 20-years (normalized to Photocathode used was B4C B s cotines |
COZ) 6nm ’ﬁ;: 45.0 ;ssi 2.392 E: Gauss 2 i

a, = 153.9 ps & 31.610 ps

Ne/C,H,/CF, (80/10/10) » Photoelectron yield is around e .
-standard- 3 PE/MIP @ Ne/iC,H,,

.  Lower time resolution wrt Csl ’ (94/6)
Ne/iCaHy, (34/6) is expected (with Csl =25ps)
Ar/CO2 (93/7)

Time difference distribution

Ar/CO,/iC,H,, (93/5/2) between Picosec and reference

M C P . Time difference, ns
Correct Oper‘ation The two diStribUtionS are 2Gauss BEAM 2023 Apr RUN 344 Pool3 DUT:C4 REF:C1 (¢ = 4.0 mm)

2 INDF = 67.3/ 69 [ RAW hist

Gain too low, no signal Unstable operation measured at similar gains for i Gauss combined |

0.2 0.3

Gauss 1

©n=9.812ns + 1.910 ps Gauss 2

the two mixture 7, =367 ps £ 2.148 ps

o, = 151.6 ps + 42.926 ps

The impact of CF, in timing is o ‘ Ne/C,H./C
visible but not drastic (=15%) imb (30/10714

Still, the 3-component gas
mixture has a wider operational
range because is more
quenched

96 965 97 975 98 985 99 995 10 10.05
Time difference, ns
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* April/May test beam was successful, and many data was collected
« Operation with eco-friendly gas
« Operation with resistive photocathode (B4C)
« Operation in pion beam (=1MHz/cm?)
« Operation with reduced preamplification gap

We demonstrated that acceptable timing performance might also be achieved without CF, (x15% lower time
resolution)

Future tests will exploit different gas concentrations and the possibility of using a CF, substitute (like R1234ze
already tested among the RPC community)

These early results on gas mixture will be presented at the FAST2023 conference (28 May 2023 to 1 June) along
with the results of previous test beams.
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