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1. Introduction

1. HFC-based gas mixtures 
* Excellent timing performance
* Low cost (not any more)
* Greenhouse gas(EU restriction )

- C2F4H2(GWP=1430), SF6(GWP=23900): limited/banned except for research

2. Substitution candidate: HFO-based gas mixtures 
* C3F4H2 / CO2 / iC4H10 / SF6 / CF3I / …
* Studies ongoing to find ideal gas mixtures 

3. Motivation
* Building a detector operating with pure Eco gas for COSMIC data taking
* Achieve similar performance to that of the STD gas mixture  
* Reduce applying voltage
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2. Previous study

1. Test beam with 6 gap MRPC
* Single stack MRPC 

with 6 gaps of 220 µm
* 20 x 20 cm2 of active area
* 24 pickup strip: 0.7 x 20 cm2

* 280 µm thick glasses  

* Tested gases:
- C2F4H2 / C3F4H2 / SF6 / CF3I / CO2

* Signal readout: NINO cards
* CAEN V1290 TDC
* T10 beam : pion of 6 GeV/c  

Cross-section view of 6 gaps MRPC
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2. Previous study

2. Efficiencies
* rate test : 1.3 kHz
* Higher operating voltage for  

Eco-based gas mixtures 
* Low efficiency on Eco-based 

gas mixtures(except SF6)
* No plateau at high rate
* CO2: lowering operating voltage  

but efficiency drops
* SF6: a nice quencher that

increases efficiency and
keeps plateau

Efficiency
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2. Previous study

Time Resolution3. Time resolution
* rate test : 0.5 kHz ~ 1.3 kHz
* STD: 85 ps@ 15kV
* Pure Eco: 110 ~ 130 ps@19.5kV
* Eco/SF6: similar to STD
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2. Previous study

4. Summary on the previous study
* Eco-based gas mixture raised operating voltage
* No plateau at high rate due to the streamer 
* Lower efficiency

à Need a quencher like SF6

5. New MRPC design
- The overall performance of pure Eco gas are not far away from 

when using the standard gas mixture.
- For a MRPC, we want to achieve similar performance using only pure
Eco gas (at not very high rate).

+ Reduce operating voltage 
- single stack à double stacks

+ Efficiency & plateau: larger gas gap & more gaps
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3. Two stack MRPC with 8 gaps

1. 8 gap MRPC
* Gas gaps: 2 stacks x 4 gaps x 250 µm
* Active area: 20 x 20 cm2

* Strip type readout: strip width = 7mm (1mm distance), 8 mm in pitch  
* Sealed gas gaps 
* NINO cards to readout differential output 

Cross section view of MRPC
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3. Two stack MRPC with 8 gaps

2. Building MRPC  
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3. Two stack MRPC with 8 gaps

3. Total gas volume is very small, sealed, without gas leak
* Small gas volume by sealing

around gas gap with silicon
* Good gas tightness 
* Total gas volume is very small

~ 0.12 L instead of 4 L of
Aluminum box

* Install gas tubes at multiple
points for uniform gas flow

Schematic view
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3. Two stack MRPC with 8 gaps

4. COSMIC setup  
* Trigger chambers

- 3 MRPCs on top and bottom
- Measure the reference time 
- STD gas used

* Middle chamber: under test
- STD or Eco gas used   

* 15 cm distance
* Readout by NINO cards + V1290TDC
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3. Two stack MRPC with 8 gaps

5. TOT distributions 
* Time Of Threshold(TOT)

provided by NINO chip
* TOT value is not perfectly linear

to its real amplitude.  
* STD 

- Concentrated below 15ns
- Reflected signals

* Pure Eco 
- Spread above 15ns, large 
TOT increased, reflected 
signals hidden. 
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3. Two stack MRPC with 8 gaps

5. TOT distributions 
* Eco/SF6(1%) & (3%)

- No big difference

ü Eco, Eco/SF6 gases have 
larger TOT values

ü Streamers increase and 
decrease the efficiency

• Eco-based > STD gas    

ü Normally, SF6 help to reduce 
streamers, but it does not, 
here. 

- Eco-based > STD gas
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3. Two stack MRPC with 8 gaps

6. TA correction: 5th order of polynomial fit (e.g. STD)  
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3. Two stack MRPC with 8 gaps

6. TA correction: Fit results for channels (e.g. STD)  
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3. Two stack MRPC with 8 gaps

7. Time resolution 
* 160 ps ~ 210 ps : low statistics, need more data 
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3. Two stack MRPC with 8 gaps

9. Efficiency & current
* STD gas

- Efficiency: 95% @11kV
- large plateau

* Eco, Eco/SF6

- Efficiency: 95% @14 kV
- Pure Eco & Eco/SF6(1%) :  

similar result(need more data
points to be sure)

- Eco/SF6(3%): efficiency drops

* Not enough statistics used.   
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4. Summary

1. Comparison for both MRPCs
* Similar results were obtained at  

lower operating voltage 

* Pure Eco gas on 8 gap MRPC 
- No efficiency drop observed
- Plateau looks OK, (but need 
more data points)

* Eco/SF6 gas on 8 gap MRPC
- Increasing the amount of SF6
does not help to keep plateau
(to be checked later) 

2. Possibility: double stack with 8 
gap MRPC can operate with pure 
Eco gas 4 6 8 10 12 14 16 18
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5. To do

* Test beam is ongoing @T10
- Measure MRPC performance with different gas mixtures 
- STD, Eco, Eco/SF6 will be used
- Rate capability test
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Back up

Rate test: 0.5 kHz ~ 1.3 kHz


