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1 cm tube       blue        15 μm wire (Mo)
2 cm tube       green      20 μm wire (W)
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P = 725±5 Torr

He/iC4H10 = 90/10

measured gas gain vs HV (normal incidence)
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Gas Gain (TB November 2021)
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High Voltage [V] 

measured gas gain vs HV (45°)
He/iC4H10 = 90/10     blue        15 μm wire (Mo)
He/iC4H10 = 85/15    red          20 μm wire (W)
He/iC4H10 = 80/20    green      25 μm wire (W)

1.0 cm drift tube
P = 725±5 Torr

Gas Gain (TB July 2022)
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The 25 micron 
wire He:IsoB

85/15 has the 
same gain of 15 

micron wire
He:IsoB 80/20!



15/12/21 RD_FCC CM 28

Gas gain

1

2

3

4

5

1300 1400 1500 1600 1700 1800 1900

ga
s g

ai
n 

[x
 1

0^
5]

High Voltage [V] 

measured gas gain vs HV (45°)
He/iC4H10 = 90/10     blue        15 μm wire (Mo)
He/iC4H10 = 85/15    red          20 μm wire (W)
He/iC4H10 = 80/20    green      25 μm wire (W)

1.5 cm drift tube
P = 725±5 Torr

Gas Gain (TB July 2022)
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20 𝜇𝑚 wire 
excluded from 

physical quantities 
mean computation



5

0 10 20 30 40 50 60

Track Angle (deg)

1

0.5

2

3.5

3

2.5

M
ea
su
re
d
Av
er
ag
e
N
um

be
ro
fE
le
ct
ro
ns

Fo
un
d
R
at
io
1.
5
cm

/1
cm

ce
ll

si
ze

D
rif
tT
ub
es

1.5

He:IsoB 85/15
He:IsoB 80/20

He:IsoB 90/10
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Ratios between 1.5cm/1cm wires
(1,2/0,8)TB July 2022
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Ratios between 1.5cm/1cm wires
(1,2/0,8)TB July 2022



Reminder: Space Charge EffectSpace Charge Effect
Space&charge&effects&

Dri$%tube%

Sense%wire%

track%

�& λ&=&1/N&λ&=&1/N&

Study%avalanche%overlap%as%%%
a%func9on%of%the%track%angle%

Space%charge%effect,%at%any%given%angle,%results%in%reducing%the%effec9ve%gas%gain%(or,%equivalently%%
the%average%single%electron%maximum%pulse%height)%with%respect%to%a%configura9on%at%a%larger%angle.%%
Here,%we%assume%that%at%60°,%space%charge%effects%are%negligible.%
At%165%GeV/c,%we%expect%N&�&18/cm&!&λ&�&560&μm.%

avalanche 
separation

avalanche 
separation

avalanche separation = λ sinα

Space charge effect, at any given angle, 
results in reducing the effective gas gain 
(or, equivalently 
the average single electron pulse height) 
with respect to a configuration at a larger 
angle. 
At 165 GeV/c, we expect N ∼ 16.5/cm à
λ ∼ 600 μm.
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avalanche'separa8on'='lambda'*'sin(alpha)''[mm]'

Space'Charge'Effect'for'different'gas'gains'

gain"2.0x10^5"

gain"1.4x10^5"

gain"0.9x10^5"

P = 725±5 Torr
He/iC4H10 = 90/10

=     λ sinα  [mm]

2 cm tube, 20 μm sense

λ = 1/16.5 cm
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avalanche'separa8on'='lambda'*'sin(alpha)''[mm]'

Space'Charge'Effect'for'different'sense'wire'
diameters'

10 μm, 2.6×105

15 μm, 2.4×105

20 μm, 2.4×105

25 μm, 1.9×105

avalanche separation    =     λ sinα  [mm]

P = 725±5 Torr
He/iC4H10 = 90/10
1 cm tubes

λ = 1/16.5 cm

Space charge effects, 
in this range of gas 
gain do not seem to 
depend on gas gain or, 
surprisingly enough, 
on sense wire 
diameter. The 
maximum avalanche 
suppression, for this 
gas mixture, amounts 
to 

≈ 70%, at 0°.
A naive model based on spherical avalanche gives, for this 
configuration, an  avalanche radius of rav ≈ 500μm. 7
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Run: run_94.root; Track angle: 45° ; Gas mixture: 90%He ; HV = +20 1 cm drift tubes
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Number of Clusters (TB November 2021)

Fixed sampling rate 1.2 GSa/s
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Run: run_94.root; Track angle: 45° ; Gas mixture: 90%He ; HV = +20 2 cm drift tubes
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Underestimation due to under-counting of the electron peaks.

Number of Clusters (TB November 2021)

Fixed sampling rate 1.2 GSa/s



Recombination and Attachment Effects
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Number of clusters found vs cluster drift time
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Combined action of recombination, electron attachment and E-field suppression due to space charge 10

TB July 2022



Recombination and Attachment Effects
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Apply corrections to recuperate losses:

<N> = 37.7
σN = 6.8

σN/√<N> = 1.11

Obviously, the cuts on the derivative algorithm, which were optimized without considering 
the recombination and attachment effects, need to be reformulated.
Also, these corrections, for their nature, strongly depend on the drift length and, therefore, 
on the drift tube size and must be calculated for each different drift tube configuration.

This will be the goal of next task.
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Conclusions
• Computation of Gas Gain for TB July 2022 datasets: the distribution is almost uniform for

1 cm wires while for 1.5cm much more attention should be paid .

• To be independent from theoretical assumptions and Gas Gain issues, the ratio between
number of clusters (electrons) found in different configurations (gas mixtures, HV, angle,
sampling rate) has been performed. The values measured are compatible within the error
with the values expected, but there is still a margin of improvement.

• A solution to improve the clusters counting and retrieve the Poisson distribution expected
is taking into account attachment and recombination effects as correction factors
• Implemented for 1cm, while for 1.5cm still working in progress


