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Introduction

Gas amplification of the electrons created by X-rays, UV photons, or charged
particles plays an essential role in their detection with gaseous detectors. It acts
as “preamplifier” with a sufficient gain. However, its gain fluctuates because of
avalanche statistics, thereby degrading the energy resolution for monochromatic
X-rays.

For large Time Projection Chambers (TPCs) the azimuthal spatial resolution at
long drift distances is limited by the relative variance of the gas gain for single
drift electrons (see NIM A 562 (2006) 136).

Conventionally, avalanche fluctuations are estimated from the gas-amplified
charge spectrum for single electrons by a UV lamp or a laser.

This method is, however, not easy because of electronic noise interference.

We have developed a novel technique for the measurement of the relative
variance of avalanche fluctuation ( f ) using laser-induced tracks, exploiting the
fixed cluster size of one for each ionization act along the tracks.



Measurement Principle

A\ 4

Laser beam (UV)
Drift region TE
GEM stack .

Readout pad rows [ ERNNNNN N
Signal charges Q1 Q2

lonizations along the laser beam

o

n)

1+ f = - (R?)

= T (Ql<gz>Q2)2

s N

f : relative variance of the avalanche fluctuation

< n > : average number of electrons per pad row created by the laser,
determined from the average charge ratio: laser signal / 55Fe signal
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Derivation of the formula

Let us define n to be the total number of electrons per pad row created by the laser beam, gj to be the gas gain
for the i-th liberated electron, and N be the total number of amplified electrons collected by a pad row. Then

N=Zlgi = g1+92+, -, +on (1)
(N) = (n)-(g) 2)

ok = (WV-w)?) (3)

2

- <((<g1—<g>)+<gz—<g>)+,~~,+<gn—<g>>)+n~<g>—<n>-<g>)> (1)

= (n9- )+ @ (- m)?) (5)

= (n)-0%+(9)% o2 (6)

= )91+, (7)

with f being the relative variance of the gas gain for single drift electrons (= Ug/ (9)2). In Eq. (7) 0121 is replaced by

(n), assuming Poisson statistics for the number of initial ionizations.
In practice, (n) varies with time because of the laser intensity variation due to drift and/or shot-to-shot fluctuation:

(n) = ((n) +6(n) (®)

and
n=((n)) +d(n)+dn (9)

where (n) is the average number of electrons per pad row created by a single laser shot and ((n)) , the average of (n)
during a data taking period. Therefore

(@R = (W =(n)?) (10)
= (V=M + (V) = ()2 (1)
= {0 =)+ () = () (12)
= (N (9)% 1+ D)+ (92 () = (m)?) (13)
= (@)% 1+ N+ (6 m)?) (14)

where () is the average number of gas-amplified electrons per pad row for a single laser shot and ((N)) , the average
of {(N) during the data taking period. Obviously

(V) = (g -(n) . (16)
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The variance of the difference in the amplified number of electrons detected by two nearby pad rows, averaged over
the data taking period, is given by

((=n%) = (V=) = (V2= ()% (17)
= (1= () + (((N2= ()2 =2+ (VL= (VD) - (N2 = (VD)) (18)
= 2-(m) - (9) 2 (1 ) +2- (0 (G )?) =2 (YNL= ((N)) - (N2= (VD)) (19)
= 2 () (9% 1+ N +2- (07 (6 )?)
=2 (((N1— (N) + {N) = ((ND)) - (N2 = (V) + (N) = ((N)))) (20)
= 2 () (@)% 1+ N +2- () (Em)7) —2- (V) = (W)?) (21)
= 2 () - (% L+ ) +2- (0 (F0)7) =2+ () {(m) — (W) (22)
= 2 () ()% (14 ) (23)
assuming (n1) = (n2) = (n) and (N1) = (N2) = (N).
Accordingly
- 2
Ly 1_(<<le N2)%)) -
2 (g
2
o (- M) )
2 (V)
2
() {(Q1-02%) )
2 (@)

where () represents the charge, proportional to N, recorded by the readout electronics.
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Schematic view of the experimental setup
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Picture of the experimental setup
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GEM foils and Readout plane (originally for LC-TPC test module)
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Determination of < n > using °°Fe source
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Typical < n > is 250 and the measurement is much easier than observing
the gas-amplified charge spectrum for single electrons, even at low gas gain.




Total charge [ADC counts]

Signal Charge vs. Laser Power
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The signal charge created by the laser is proportional to the laser power squared
when the power is low, suggesting a two-photon ionization process.



Laser beam size
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In the case of charged particle tracks (cosmic rays)
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Correlation of the laser signal charges measured by two pad rows

» The two charges are correlated mainly due to the variation of the
laser intensity: drift and/or shot-to-shot fluctuations.

« The contribution of gas-gain drift is small because of short data taking time
of 10 minutes.

» The electronic noises are correlated: common-mode dominant.

e

Gas: Neon-isobutane (5%)
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Preliminary results (the errors are statistical only)

argon - methane (5%)

gas gain = 1400
b
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The variance of the distribution gives the value of 1 + f.
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We used the charges on pairs of every other pad rows instead of neighboring ones
because of the charge sharing caused by the diffusion of amplified electrons
in the transfer/induction gaps, and electronic crosstalk, in the latter case.
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argon - CF, (3%) — isobutane (2%)

a candidate gas for the linear collider TPC
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neon - isobutane (5%)

gas gain = 2200
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Conclusion

. The value of f measured with the argon-based gas is close to the indirect
estimation from the resolution degradation with increasing drift distance
observed with a prototype TPC for the linear collider experiment:

M. Kobayashi et al., NIM A 641 (2011) 37.

. The measurement with the neon-based mixture is consistent with that obtained
with Micromegas using the charge spectrum for single electrons:
T. Zerguerras et al., NIM A 772 (2015) 76.

. Our technique using laser-induced tracks for the measurement of
avalanche fluctuation is relatively simple and easier than observing the
charge spectrum for single electrons, and requires no assumption for the
functional form of the charge spectrum.

The typical data-taking time is about 10 minutes, corresponding to 10 000
laser shots.

. It is worth mentioning that this technique relies on the absence of secondary
lonizations, i.e. cluster size = 1, in the 2-photon ionization process by the laser
photons. It is, therefore, not applicable for charged particle tracks because of
large Landau fluctuations.



Future plan

The present experiment was carried out using a readout module of a
prototype TPC for the linear collider experiment,

for the proof of principle of our technique.

This is a byproduct of the TPC performance test: a kind of serendipity.

In fact, many pad rows, each consisting of small pads equipped with
individual readout, are not necessary for the measurement.

We are now preparing a smaller dedicated chamber with a couple of
moderate-size readout pads or strips, in order to measure the gas gain
fluctuations for different gas amplification devices and counting gases.
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Backup Slide

Pad row dependence of the value of f

argon - CF, (3%) — isobutane (2%)
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