
StudyofEco-friendlyHFO-basedGasMixtures in
TripleGEMDetectors

Sushila Lohan∗a, Chandra Prakasha, Brajesh C. Choudharya, Md. Naimuddina, Ashok Kumara,
Hemant Kumarb, Shalini Thakurb

aDepartment of Physics & Astrophysics, University of Delhi ; bUniversity of Tarapacá, Arica, Chile

Triple GEM Detector
• Consists of three GEM foils [2].
• Primary electrons produced in drift region
get multiplied due to avalanche effect in GEM
holes.
• Amplified charge get collected at the readout
anode.
• Gain is of the order of 104-105.

Triple GEM chamber and Electric field [3]

Introduction
• F. Sauli in 1997 [1] introduced the Gas
Electron Multiplier (GEM) by combining
the concept of Compteur a Trous (CAT) and
avalanche chambers in several stages.

• We use double mask photolithography
technique in fabrication of GEM foil.

• In GEM foil, hole density is nearly (50-100)
holes/mm2, with hole diameter of 70 µm &
pitch of 140 µm.

• Electric field inside the GEM hole is (50-
80) KV/cm, that causes the avalanche of elec-
trons for efficient detection of particles.

Gas Mixtures Studied
S.No. Ar (%) CO2 (%) HFO (%)

1. 70 30 0
2. 50 40 10
3. 50 30 20
4. 60 30 10
5. 60 20 20
6. 70 20 10
7. 80 10 10

• We performed the experiment with several
proportions of Ar/CO2/HFO mixtures.

• We chose different mixtures to understand the
role of each gas in charge amplification and de-
tector stability.

Experimental Setup
• We performed the study using 10cm×10cm triple GEM detector.
• Effective Gain(Geff ) is given by [4]:

Geff =
IRO

np.e.Rs
(1)

Here, IRO is current on readout, np is primary electrons with charge e, Rs is rate source at VDrift.

Effective Gain Measurement DAQ System Schematic of Timing Resolution measurement

Results

• Gaussian fitting of time distribution for different voltages gives us ‘σ’ (timing resolution).
• We show the behavior of timing resolution with voltage.

Conclusion
• The gain curve shows that mixtures with increase in Ar fraction achieves higher gain at lower
currents and with increase in CO2 fraction achieves higher gain at comparatively higher currents.
• Decrease in the CO2 fraction and increase in the HFO fraction keeping Ar fraction same shifts
the gain curve towards lower current.
• Rate measurement shows that higher proportion of Ar shows a larger dip in the plateau region
compared to compositions with a lower Ar fraction and if we add HFO content then flatness in
plateau region increases.
• Mixtures with a lower Ar proportion achieve the plateau at lower count rates.
• Timing resolution study shows improvement in timing resolution with increasing voltage. The
timing resolution study is ongoing for different Ar:CO2:HFO mixtures.

References
[1] F.Sauli, Nuclear Instruments and Methods
(NIM) A 386 (1997) 531

[2] G.Bencivenni, Nuclear Instruments and
Methods (NIM) A 488 (2002) 493-502

[3] M. Abbas et al 2020 JINST 15 P10013

[4] F.S. Alves, Nuclear Instruments and Meth-
ods (NIM) A 525 (2004) 17-19

Acknowledgement
• We would like to thank the Department of Science and Technology, Government of India, for providing financial support for GEM R&D.
• I gratefully acknowledge the University Grants Commission, Government of India, for financial support through the Research Fellowship.

Technology in Instrumentation & Particle Physics Conference, TIFR-Mumbai, Feb. 2-6, 2026

2


