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III-B. Dark Rates

Figure 4-(a,b): ME1/1 dark rate
measured during irradiation with
(a) 40% Ar + 50% CO2 + 10% CF4

gas mixture and (b) 40% Ar +
58% CO2 + 2% CF4 as a function
of the accumulated charge.

The dark rate measured with
anode readout electronics only
(ALCT) and as a coincidence of
the anode and cathode signals
(ALCT*CLCT) are shown. The
corrected ALCT rate excludes
contribution from a problematic
wire group.

Apart from the problematic wire
group, no additional signs of
change in the dark rate was
observed.
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III-A. Relative Gas Gain

Figure 3-(a,b): ME1/1 relative gas gain during irradiation with (a) 40%Ar + 50%CO2 + 10%CF4 gas mixture and
(b) 40%Ar + 58%CO2 + 2%CF4 gas mixture measured as a ratio of currents from the irradiated and reference
layers.

No significant change in the relative gas gain was observed for the whole irradiation period.
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III-C. Spatial resolution

Figure 5: Spatial resolution of the
ME1/1 chamber measured with a
muon beam as a function of the
accumulated charge for irradiation with
10% (<331 mC/cm) and 2% (>331
mC/cm) CF4.

No significant degradation of the
spatial resolution was observed for the
whole irradiation period up to the
charge of ~700 mC/cm.
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VI. Conclusion

Figure 2-(b,c).: miniCSCs at (b) B904 Lab (c) PNPI 
Lab. They consist of three panels forming two 

gas gaps.

Figure 2-(a).: The GIF++ Setup, showing irradiation 
positions of ME1/1 and ME2/1 chambers relative to 

the 14 TBq Cs-137 gamma source [1].

Goals of longevity and performance studies:

• Assess longevity of CSCs with nominal gas for HL-LHC

lifetime. The longevity of CSCs operating with the

nominal gas mixture had been proven with two types

of CSC chambers during irradiation tests at GIF++ in

2016-2017.

• Ongoing: search for eco-friendlier modus operandi at

HL-LHC with adequate performance and longevity.

Options being studied include reducing the amount of

CF4 or replacing it with a “greener” gas.

Irradiation studies were performed at GIF++ with full scale CSCs (with a closed

loop gas system) and in the lab with miniCSCs (with an open loop gas system).

Measurements of relative gas gain, dark current and dark rate were used to

monitor chamber performance during the following irradiation campaigns:

• Irradiation of ME1/1 up to 0.7 C/cm (equivalent to 3500fb-1 at HL-LHC, with a

safety factor of 3.5) with 10% and 2% CF4 at GIF++ (Figures 3-5), showing no

performance degradation. Studies with the ME2/1 type chamber are also

ongoing.

• Fast local irradiation of miniCSCs (Figures 6-8) with gas mixtures containing

different fractions of CF4 and also with HFO1234ze as a replacement for CF4.
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II. The Setup

[1] R. Guida (GIF++ collaboration), IEEE2015 Conference Proceeding

Figure 1: Schematic view of a Cathode Strip Chamber
(CSC): multi-wire proportional chambers with
sophisticated L1-trigger capabilities.

• CSCs currently operate with a gas mixture of 40%Ar +

50%CO2 + 10%CF4 at CMS.

• The CF4 supplied to the chambers is included
primarily as a way to prevent aging, but is expensive
and contributes to greenhouse gas emissions. The gas
system supplying CSC works in a closed loop that
replenishes 10% of the gas mixture and recuperates
50-70 % of the CF4 exiting the chamber.

ME1/1 irradiation tests with up to 0.7C/cm (0.33 C/cm with 10% CF4 and 0.37 C/cm with 2% CF4 ), ME2/1 irradiation tests with up to 0.33C/cm

(with 10% CF4) and miniCSC irradiation tests with up to 240 mC/cm (for different fractions of CF4) did not show any performance degradation.

However, material analysis of miniCSC anode wires showed that 2% might be a risky choice, based on which 5% CF4 is fixed as a good candidate.

Studies with ME1/1 and ME2/1 are ongoing for the pre-selected 5% CF4 candidate.

Tests with HFO1234ze showed decent chamber performance. However, the
observation of increasing dark current during irradiation and scaring depositions
on the anode wire obligates more tests with HFO1234ze in more controllable
conditions.

Two full scale production chambers at GIF++

Figure 6: The (hit) count rate of miniCSCs measured with

2% HFO1234ze as well as 2% CF4 as a function of the applied

voltage.

The performance of both gas mixtures were comparable. Just a

~100 V shift of the efficiency plateau was observed.

The expected HL-LHC accumulated charges are 0.20 C/cm for ME1/1 and 0.13 C/cm for ME2/1. Irradiation at
GIF++ accumulated 0.33 C/cm (for ME1/1 and ME2/1) with 10% CF4 and an additional 0.37 C/cm (for ME1/1)
with 2% CF4.

IV-A. miniCSC Performance

V. Irradiated Anode Wire Analysis

Figure 8-(b):
Microscopic
view of the
anode wire
surfaces for
the cases of
miniCSC
irradiation
with 10%, 5%,
2% and 0%
CF4.

Deposits on
anode wires
were seen for
irradiation
with 0% and
2% CF4.
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Figure 8-(a): Weight fractions of carbon
detected with Energy Dispersive X-ray
Spectroscopy (EDS) along samples of anode
wires of miniCSCs irradiated with 0%, 2% and 5%
CF4 and for a non-irradiated wire.

Significant deposition of C seen near the
irradiation spot center (~35mm) for 0% and 2%
CF4 (visual darkening of those wires also
observed).

Figure 7-(a): Relative gas gain measured for a miniCSC
irradiated with 40%Ar + 58% CO2 + 2% HFO1234ze as
a function of the accumulated charge.

No significant changes in the gas gain were observed
up to ~1 C/cm.
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Figure 7-(b): Dark currents
measured from anode
wires of the miniCSC
irradiated with
40% Ar + 58% CO2 + 2% HF
O1234ze as a function of
the accumulated charge.

Significant rise of dark
current was observed for
the irradiated wires.
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IV-B. miniCSC Irradiation Results

Figure 8-(c): Microscopic view of the anode wire
extracted from the irradiation area of the miniCSC
irradiated with 2% HFO1234ze, along with the
results of EDS analyses performed for characteristic
zones.

The presence of tungsten oxide on the surface of
the irradiated wire is clearly seen.


