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» Final avalanche size obeys a probability distribution Signal fluctuations impact on detector performance

« Spatial resolution in a Micromegas Micromegas, NIMA 461 (2001) 84
* Energy resolution in amplification-based gas detectors | (%) SER Ne 95% iC,Hig 5% - Viesn=510V |
*  Minimum gain and ion backflow B

Polya Fit results
¥2/ndf: 255.9 /230
C,=11.8+/-04
Q,=99.3+/-24

 Detection of single electrons with a pixel chip (NEED the pixel readout)

10

« What is the shape of the distribution ? e T
* How does it vary with gas, field, geometry...? 0p
» The Polya distribution parameterized by Gas gain G and parameter m F,,' o |

*  Works well with Micromegas/ MWPC/ Thin GEM/ Single GEM aen

GEM, Bellazzini, IEEE 06, SanDiego

*  With GEM or Thin GEM, the distribution is more exponential

3000— ¥2 I ndf 2.455e+05/ 65
- 0.0001097 + 4.143e-05
3.248 + 0.04848

2500
L b 2421+41.38

2000~ |

m—1
m™ 1 q :
m — — | = _ G 15001
Pm(9) F(m)G(G) exp(=mg/G)

F(x,n,a,b)=nx*" exp(-x/b)

G =7863+39
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GEM and Micromegas

GEM Detector

o 17%@5.9keV using 55Fe source
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Fig. 9. Pulse height spectrum on 5.9 keV for a single GEM. The relative energy

resolution is

~17% FWHM.
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GEM and Micromegas

Bulk Micromegas
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* lonization is a statistical process

Poisson statistics at small gas layer (mm)
Energy of ionized electrons with long tail
(Landau distribution)

High energy electrons can ionize further

Leads to clustering of charges
o 2-3times less clusters than electrons
«  >50 9% of cluster have one electron

/o

Tonization yield

E,: First excitation energy
E,: lonisation energy
W;: Average energy for creation of electron-ion pair
N,: Primary number of electron-ion pairs dE /dx
Nr: Total number of electron-ion pairs Nt = TI
Gas Density, FE. Ej Wr dFE/dz|lmin Np N
mgem eV eV eV keVem ! em! em™!
Hs> 0.0584 10.8 13.6 37 0.34 5.2 9.2
He 0.179 19.8 246 41.3 0.32 3.5 8
Ne 0.839 16.7 21.6 37 1.45 13 40
Ar 1.66 11.6 15.7 26 2.53 25 97
Xe 5.495 8.4 12.1 22 6.87 41 312
CH,4 0.667 8.8 126 30 1.61 28 54
CoHg 1.26 8.2 11.5 26 2.91 48 112
1C4Hyp 2.49 6.5 10,6 26 5.67 90 220
COo 1.84 7.0 13.8 34 3.35 35 100

3.78

10.0 16.0 35-52 6.38

Huirong Oi



Measurement of gain fluctuation

* Experimental study plan
« Direct measurement of the distribution:
* High gains, low noise electronics, single electron source
* Indirect measurements
* Do not provide the shape but some moments (variance)
* Assuming Polya - like fluctuations, one obtains the shape

« Energy resolution R and electron collection efficiency n

— R decreases with the efficiency according to
— R?=F/N +b/nN + (1-n)/nN
— Ri=py+py/n

p, = (F-1)/N

P;= (b+1)/N

«  Measure R(n) at e.g. 5.9 keV or stable source, fix Fand N, bis 02 = 1/m
« But a certain number of primary e- and Fano factor have to be assumed
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Experimental studies at NIKHEF

1 ' Fit function:
— A—— Energy resolution & collection AT
— InGrid on bare wafer — InGrid on TimePix chip o IGJ/N 1
== — Pij . . . o~ '™
Preamp/shaper/ADC Pixelman and ROOT * Record 5°Fe spectra at various field ratios p. = (b+1)/N
— 35Fe 5.9 keV X-ray source — 55Fe 5.9 keV X-ray source L o . . 1
) e ) — Look at peak position VS field ratio
— Ar-based gas mixtures — Enough diffusion for counting define arbitrarily peak maximum as n = 1 . .
with “'CtlHll’J and C02 ¢« 10cm Fjr;ﬂ gap — Lookat I ty pVS lecti n F=0.2 ||tl all m‘|x.
e Ar5%IiCHy, ook at resolution VS collection N =230 in Ar/iso
— Fix Fand N, adjust b on data points N =220 in Ar/CO2
14 - : : Gas b b_err vb (%
= 13F X —-ar -
oe = . Ar 1.68 0,02 130
~ 12F \\\ —e-Arliso | Artiso | 1,37 0,01 117
5 = \ 1 \\\ ——Ar2 5iso Ar2 Siso | 0,71 0,01 84
oo11E 11 \\\ N Ar5iso 1,18 0,02 109
2 1o \ f\R'\ N Tt Arsiso Aroiso | 093 0,01 9
o) = TN Arl0iso 1 |_Ar20iso 1,29 0,01 114
: o E } :\\l ::\r\& : N Arsco2 0.86 0,02 93
. - s R | e e
grid 10 MO 1M0 g; = N il 4 —— ArsCoz I . .
-{—} HV) — N
: 12pF ‘“7“;:i e o 7F ™, \"E%*,q —»— Ar10C02 -
|_|>_. _‘_""’"’ 8 - '\"i\.. 2e20con ||| = Rather low Polya parameter 0.6-1.4
= - i i May be due to a poor grid quality
- 0.8 1 1.2 1.4 | *Curvesdo not fit very well points
peak/peak,. Could let F or/and N free
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UV laser measurement at IHEP (Test Plan)

o AT REREERHAIT T 2057 HE) gEE FE SIS
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A Laser test bench for MPGD study

- MPGD characterization with a point-like electron source ( <100 pm) of variable intensity
produced by a 337nm UV laser.
- Study performed with a prototype for the ACTAR (ACTive TARget) project

Laser
| : : Quartz lamina with a 0.5nm-thick Ni-Cr
Micromegas: '; layer
3 | 8 - . X Photon

— Conversion gap (1.6 mm)

Ni mesh

- ’ _ l 1Y Amplification gap (160 pm)
PMT L e Electronic: Gassiplex (2 000 e- rms)

4 Optical fibep- Micromegas ¢ guerras et al. NIM A 608 (2009) 397
g F Ske

1 ) Ne 950/0 iC4H10 50/0 2 le] 45f_
Sy W Oe | B ol
1 510‘;-/ E
Single Gain= 6.0 10* 35
Electron ; . a0F-
lesponse Rel_ative gain 25E-
I variance : 205_
f=0.30£0.01 — -
a :laser intrinsic 18-
' constant 10
5

o Fsi Ng fluctuationsfrom | 7, o0
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Many thanks!
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