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Source of photon feedback

% Excited states (A*) = radiative decay (A* - A + ),

% Photons = photo-electrons (from cathode and in gas itself),

/

< G = average avalanche size without feedback,
< B = number of secondary avalanches started by one avalanche electron,
« electrons: 11 step = G, 2" step = BG2, 3t step = SGS, ...

< Summing over each step:

G’ :G+ﬁGZ +ﬂZG3+...:G/(1_ﬂG)

<+ G° = average avalanche size with feedback.
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% Secondary, delayed avalanches = over exponential increases at high gains:
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Energy of photons

& 3p°
- Ar X 3[? 4s . .
~ 16p [lomisaion % Ar<(°Py), Ar<(°P,)
o 15.5+ 3p%6s 5 p4d 11.55 eV, 11.72 eV = Metastables
5 15— 3p 5p ——— Hal r = lifetime of seconds
Z 141'2: _,1 , % Ar<(3P,), Ar<(3p,)
35l || PS4 3p3d 11.62 eV, 11.83 eV = UV photons
13 1~86+£04ns,t~21+2ns
ol wiss ||| < 3psdp
115} < predominantly decays = 3p°4s
11+ red or infrared light (= 2 eV)
10.5r r =21.7-40.5ns
os | 2 3p°3d
ot < threshold energy of 13.85 eV
851 7 ~50ns
° i' < higher levels
ol b bl < less frequently excited in avalanches
round state

7 = 100 — 300 ns
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Photo-absorption cross sections ( o, )

Photon energy [eV]
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< Large o, for Ar below the ionisation, Increase on o, for bigger molecules,

2 Gpa: C,H,<CH,<C,H;<C3Hg <nC,H,, <iC,Hy,

Plots: O. Sahin, I. Tapan, E. N. Ozmutlu and R. Veenhof, Penning transfer in argon-based gas mixtures, 2010 JINST 5 P05002.
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Calculation method

G=G/(1+pGC’ E
(1+5G)
% B fit parameter,
% found by choosing a linear region, L
< G experimental gain curves,

Gain curve for Ar 98% - DME 2% 50 kPa
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Exp. data: I.K. Broni“c and B. Grosswendt., Comparative study of gas ampli®cation and energy resolution in some argon-based mixtures,

Nucl. Instrum. Meth. B 168 (2000) 437.
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Ar + C;Hg mixtures (tube)

H
[y
=

|

ﬂ 440 [ | ¢ T T T T T T T T T T T T T T
4200 O}

40044

ssol | | 25 kPa

3601 | !I 50 J.{Pa
34014

18 \
320F 4 \‘
so0f Lo . 161
280 |

Feedback
Feedback B *

1 II\ .
260 . 141
1
240f |

20017
180F |\
160 |II )

140 -\ y 08r
120} .

10t \ - 0sr
20} \ :

201 IO Q 1 12}
\

60

a0} o 55— ——— 0al
20} B . O

01
Tl
¥l
91
Bl F
0z
i
T
i
T
E

ol
gl
113
cE
Wk
b
TS
cc

C,H, fraction [%]

C,H, fraction [%]

< Fitted by B/f,  f,: concentration of the quencher
“ r,=25cm,r,=15pum

Exp. data: I.K. Broni’c and B. Grosswendt., Comparative study of gas ampli®cation and energy resolution in some argon-based mixtures,
Nucl. Instrum. Meth. B 168 (2000) 437.
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Ar + DME & Ar +1C,H,, mixtures (tube)
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Exp. data: I.K. Broni“c and B. Grosswendt., Gas amplification and ionization coefficients in isobutane and argon-isobutane mixtures at low gas pressures,

Nucl. Instrum. Meth. B 142 (1998) 219.

I.K. Broni“c and B. Grosswendt., Comparative study of gas ampli®cation and energy resolution in some argon-based mixtures,

Nucl. Instrum. Meth. B 168 (2000) 437.
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Pressure dependence (tube)
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Ar + quenchers & r, dependence (tube)
£10° - .F't.ted. by B/fOI - ‘10" F't,ted b.y.B./ra.Z
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% oy, CH, < CH, < C3Hg; CF, has comparable o, with C,H, !

Exp. data: P.C. Agrawal et al., Study of argon-based Penning gas mixtures for use in proportional counters, Nucl. Instrum. Meth. A 277 (1989) 557.

P.C. Agrawal and B.D. Ramsey, Penning gas mixtures for improving the energy resolution of proportional counters, IEEE Trans. Nucl. Sci. 36 (1989) 866.
P.C. Agrawal and B.D. Ramsey, Use of propane as a quench gas in argon-filled proportional counters and comparison with other quench gases,

Nucl. Instrum. Meth. A 273 (1988) 331.

M. Deptuch, T.Z. Kowalski, Gas multiplication process in mixtures based on Ar, CO2, CF4 , Nucl. Instrum. Meth. A 572 (2007) 184.
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Triple mixtures (Micromegas)

o' Fittedby pf, 0 Fitted by p/f,

E ul \ ] E 1o}, I'. A1 CF,(3%)iCH,, ]

E 1o} I\\ 7 ?ﬁ 10011 Ili |

= L L ok 4 = Ll Ar CF,(3%) CO ]
9 \ AT iCH,, CH,(10%) % || % e
st Ar iC,H,, CO,(10%). . ] s ||- 7} Ar CH,(5%) CF, ]
; of 1] Ar C,H(3.5%) CE, |
6l ol | "&\Q Ar C,H(3.5%) iCH,, -
A sof b\ Ar C,H/3.5%) CO, |
| iR
Al sol
) ol
1t 10F

iC,H, ; fraction [ %] Quencher fraction [%]

% Gpy: CoH, < CH, < CyHg < C4Hg < nCyHy, < iCyH;,
< smallest B in CO, !

< abundant vibrational and rotational levels
Exp. data: D. Attie., TPC review, Nucl. Instrum. Meth. A 598 (2009) 89.
Private communication, 10 May 2010
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Gain calculations in Micromegas
Recent measurements

New developments in Micromegas Microbulk detectors

F.l. lguaz' K S. Andriamonje?, F. Belloni', E. Berthoumiewx!, M. Calviani®, T. Dafni®,
R. De Oliveira®, E. Ferrer-Ribas' J. Galan', J A. Garcia®, . Giomataris', C. Guerrero?,
F. Gunsing', D.C. Herrera®, 1.G. Irastorza® T. Papaevangelou’,

A Rodriguez®andA. Tomas®

'IRFU, Centre d'Etudes Nucléaires de Saclay (CEA-Saclay), Gif-sur-Yvette, France
?European Organization for Nuclear Research (2), Genéve, Switzerland
Laboratorio de Fisica Nuclear y Astroparticulas, Universidad de Zaragoza, Spain

October 13, 2011

http://arxiv.org/pdf/1110.2641.pdf

Characterization of microbulk detectors in argon- and neon-based
mixtures

F.I Iguaz' E. Ferrer-Ribas' A. Giganon', and 1. Giomataris!

TRFU, Centre d'Etudes Nucléaires de Saclay (CEA-Saclay), Gif-sur-Yvette, France

January 17, 2012

http://arxiv.org/abs/1201.3012v1
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Exprimental data
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Experimental data
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Plots: Fig. 10,

F. J. Iguaz et al., Characterization of microbulk detectors in argon- and neon-based mixtures
(2012). http://arxiv.org/abs/1201.3012v1

Amplification field (kWicm)

* Also private communication with F. J. Iguaz for unpublished data, 12 Feb 2012

9th RD51 Collaboration Meeting , 20-22 February 2012, CERN

13/23


http://arxiv.org/abs/1201.3012v1

Measuring the transfer probabilities

% Townsend coefficient adjustment

Viion_|_ r-l Viexc
G = eXp(O[Penning d) Z Z

Xpenning=— & .
E pion

< 1, transfer probabilities: assuming o proportional to the sum of v;,,

% d gap distance

< a, Vv; . gas properties (pressure, temperature ...)
% calculated by Magboltz [S.F. Biagi, NIM A 421 (1999) 234-240.]

Gain.calibration Photon feedback
% uncertainty on the absolute gain, % secondary avalanches,
% work function, % at high gain,
% calibration of the equipment. % almost uncorrelated, free parameter.

G=gG G:=G/(1-BG)
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Argon mixtures
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< Art3p°4s11.55eV @ iC/H,, 1: 10.67 eV
< Visible feedbacks at low concentrations of IC,H,

% Higher gains in 50 pum MM
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Argon mixtures

= T T T T[T T T[T T[T T[T T[T T[T T g L e e e e Ll..L..1 ISR I —
('3104 . \.E

A 75 4

- Ar - C,Hg (25 pm) L, 0 |

L 3.4%.%
A KA
}/ .1;//5"/“/
1;/"._./
Wi
V04
10° /'é
BT A
V. VALY Ve
F, .4
. 8 L
/é/} Vi
44771
/’3«//3///;/

% ,,/2/1{/
102 |

N T O T O AN ll’l I L 11| 11 | | T -

20 100 110 120 130 140 150 160 50 60 70 80 90

E [kV/cm] E [kV/cm]

< Art3p°4s11.55eV © C,Hq |1 11.52 eV
< Feedbacks at low concentrations of C,H,

< Lower achievable gains compared to Ar-iC,H,, mixtures
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Neon mixtures

L L 5L .. L 0L . LI O
I T T I T A

— Ne -!iC4H1!0 (25!-"1111)!

Gain
.

Gain
(==
[

ay
Z
(4]
]
—.

49

_E

[==]

—~—
h
=

=
—
-

=

— I -
¥

TR R

'\i.'.\-i 4
\.\‘ s =l 1

10

104 %% ame

Yo Al
o, - -
iy #
% v
o L
: Vl = T
#

“‘ 3 L
o L 3

10° Ay}, i
;'{: e 10° Aoy A

jzz/m’;/ 7 e we o
«"- i E/;/,"/I Y. 4 . ;,:;i’l/ s )
- A

O - A

c b b b b b b b b p17|:/|4"r| N N T T O A A A A I
100 110 120 130 140 150 160 170 180 50 60 70 80 90

E [kV/cm] E [kV/cm]

< Lowest state of Ne* 16.62 eV © IC,H, 1,2 10.67 eV
< Little feedback! ¢, of IC,H,, has a maximum around 16 eV

< Highest gains in Ne- iC,H,, mixtures before spark
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Neon mixtures
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Transfer rates
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* 1,0 CHg <IC,H,y; 1IC,H, o bigger molecule than C,Hq (shorten collision time)

% Higher transfer transfer rates in 50 um MM

< Mean free path of excited atoms !?!
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Transfer rates & free path of ionisations
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. : : < Little avalanche sizes at low E
* Iyt Ar-CHg <Ar-1C H o < Ne- 1C,H,

< Decrease on gas gain
< Life time of excited Ne* atoms !?!
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Production rates of excited states
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< Dominant excitations @ 3p®°4s and 3p*4p < Similar shape of 4p and 3d levels

% Sharper increase of 4s % Least produce of the higher states
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Summary

[ calculations:
< quencher fraction, 1/f,
< gas pressure, 1/p g,

< radius of the anode , 1/r,?

< Next: quantitative analysis with a theoretical model !

“ Micromegas:
% decrease on transfer rates
< large ionisation free paths

< microscopic calculations needed

< Next: separation of transfer rates |
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Thank you ...

and
77?77
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