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|. The problem
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A ‘conceptual’ magic mixture From TPC conference 2014!
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(Penning)-Fluorescent N

(2 candidate molecules identified)

Able to reduce electron diffusion in gas.

Recombination small.

Strongly fluorescent at higher A and
self-transparent.

Allows for EL at lower field due to
low-lying excited states of the additive.

Suitable for Penning transfer. Can

potentially reduce Fano factor.
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~’low IP/high-reactive type’

a N

Low diffusion/light preserving

(6+ candidate molecules identified)

1. Able to reduce electron diffusion in gas.

2. Recombination small.

3. Light mechanisms unaffected.
a) Highly transparent to Xenon-light.
b) Small quenching for S,, S, and
small fluctuations in EL.
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~’high IP/low-reactive type’




1. The tool



A microscopic software for electron and photon transport in gas
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[11. Basic considerations



Electron x-sections of relevant gases
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lonization transport characteristics (v4, D, Dy)

E,=20 V/cm/bar, P=15bar —

Outside 20-30V/cm/bar it
performs generally worse
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Longitudinal Diffusion (mm)
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lonization transport characteristics (v4, D, Dy)

E,=20 V/cm/bar, P=15bar

Outside 20-30V/cm/bar it
performs generally worse
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Light transparency

equivalent additive concentration at 10bar total pressure (%)
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Fig. 1. Compilation of photo-absorption coefficients of some relevant
TPC admixtures at around T = 300K in the region corresponding

10 100
partial pressure of additive [mbar]
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Fig. 2. Estimated transparency to scintillation from Xenon 274 con-

meter-long

to the Xenon 274 continuum, [9-18]. The reference spectrum from
Koehler has been overlaid as a thin continuous line [2]. For Ha, N»
and CF4 there is no data in the region shown, and their cross-sections
are plausibly orders of magnitude below that of CHa.
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tinuum as a function of partial pressure of the additive, over a 2

TPC. Dashed lines are obtained assuming 20% errors in

the cross-sections.
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Fig. 1. Compilation of photo-absorption coefficients of some relevant
TPC admixtures at around T = 300K in the region corresponding
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Fig. 2. Estimated transparency to scintillation from Xenon 274 con-

to the Xenon 274 continuum, [9-18]. The reference spectrum from
Koehler has been overlaid as a thin continuous line [2]. For Ha, N»
and CF4 there is no data in the region shown, and their cross-sections
are plausibly orders of magnitude below that of CHa.
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tinuum as a function of partial pressure of the additive, over a 2
meter-long TPC. Dashed lines are obtained assuming 20% errors in
the cross-sections.
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1l Light quenching (generic pathway diagram)
IPyes IPxe —— 3body
Xe, TR ——  2body
kEXC.}
——  decay
) .
k . example of main (atomic) quenching reactions
Q4 ke other continua 1 ks
relevant for S,
relevant for S,
Xez* \ k f Xe*
k 1 - =\ BN
‘,ﬁ:ﬁ:i‘ k Kexet state | 3P (2b) |3 P2 (2b) xu**uz-zﬂ] 3P (3b) apy(ab) Y Xe++(3b)
'/k:1 ), E exc.? gas - - - kg ka1 kaq 2
« CHy | 8.3[24] | 8.0[25) | 87.3* 81.4%7 81.5(25] | 1770*5, 888*?
%
2 Hy |0.40[24]| 0.40%% | 4.21* 4.07%3 4.07*3 85%5_ 43*3
Nz |0.48[24] | 0.48*% | 5.05* 4.88+3 4.88%3 102#5, 51%3
2nd continuum (170nm) X Ko, CO5 |11.3[24] |11.2[25]| 118.4% 114.0*3 119.0125) [2400*3, 1200+
T Q’ CFy (0.025[24] 0.025*2| 0.26% 0.25%3 0.25*3 5270, 2,543
il W CHF3|0.50[24] | 0.50*2 | 5.26[2) 5.1*3 5.1*3 106.6]26]**
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Most serious difficulties related to S;:

S, much more robust (dominated by low-lying states):
« Measurements exist, and scalings work reasonably.




IV. Electron transport + scintillation model



Garfield++

|. Computation of probability distribution of excited states
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I1. Computation of atomic cascade
decay constant <

> 2-body collision rates

state (Paschen) | state (Racah) | energy [£V] E Ay [ma—1] | Kafilbar ns—?] | Kafilbar [na—* \ oL
I
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Ip4n {12, 0580 0026 ayapr | ———
A : — each value represents a vector!
I 6p(5/22 0656 0.027 97495
D Epl5/2]a 0731 0.0 180386
- 6p(3/2)s 9.789 0.028 49979
Ipg Ep[d 2]z 08X 0.5 20063
3dg Sd]1/2o Q_BO 1.36=10-1 0. 7649
s 51 /2] 9.017 0,015 fr g 48998
2ps Gp[1/ o 0.033 0.0 0.1599 04273
3 ad[7 /2], 0043 1.34 =103 4. B6TH
3d, 5d]3/2]; 0,059 §.16%10-3 EET T | Tog oy 1og 1o 2om . e . g
3dy 5d[T /2] 10,039 T84 = 10— 4 8510 Lay - 0 0 0 0 o 0 0 0 0
5" 5[5 /22 10,157 121103 dsgag || b= |1 - o 0 0 0 0 0 0 0
_ ) sy | O 0 ; 0 0 0 0 i 0 i
3y 3d[5/2) 10,220 1.30 %103 4 8639 e
sy | 0 | 041023 | ns9@3 - 0 0 0 i 0 i
ez ]3]y 0400 | 3.04x10-%/ny LIEST e | o | 0w | oor@ | pagrt i 0.663(4) 0 0 0 0
2sg Ts[3/2]2 10562 0.018 4.9415 Ipin I 00143 01163 | popeld 0.65404) _ 0 i) 0 i)
Dug Ts[2) 10,593 0178 fny 49415 Zpg 0 0 0 0380404 | 01381050 | 04053 00014 0 o
B, ) 0,902 0.010 126008 || 2ee | O 0 0 DTS | 011063 | 024560 | 04680 : 0 i
5 - —_— - T 0 0 0.3480%) 0 | ooi® | oo | osse 0.024(%)
P4 B33y ) - e Gpg | O 0 o 0234 | 0001 | coot® | osds® | oose® | ogst
Al e ; 10.971 0.014 5.0208
dds ad[1/3)y 10,979 0.8 48426
2pz Ep[2/2)2 11.055 0.1015 11.6125
2pz Ep[1/21 11.060 0033 10.3277
Ips 6p{1/2o 11.141 0.027 10,4018
dds Bal]3/2] 11.16% 0.716/n g 48674
Ko - 11.7 - 12.35




I11. Excimer pathways (analogous for 2p; and Xe**)
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probability

Example of light production code (population evolution from 2p,,)

30
time[ns]



Example of electron transport + light production code
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V. Comparison with pure xenon data
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V1. Comparison with xenon + additives
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VII. Fine, but what is happening here?



relative scintillation probability (%)
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The quenching rate of s state in CO, is:

Kqssary = 11.12 ns™ 1|



relative scintillation probability (%o)

/

[ 4
L.
=l 2| W=\
28 IR B
= /s S
K f'

— ¥

J—..-—I'

~1/(1+ 7Ky f)

* data (secondary light)
¢ data (primary light)

40+ ® simulation (secondary light)

analytic

ifassuming 7 = T,y

and the quenching rate of s state in CF,:

f‘fQ!SE(ﬁ.-j) = (0.074 llf'_w'r_1

0 0.01 0.02 0.03

CF : concentration (%)

0.04 Predicts a 0.3% scintillation drop in
the range of concentrations shown...



Pscin,s,i — 1

PPOPsS:L ) PS:L—*Du

— ps,;—:*[]u . p{]u —+84

(Pcool,ou ) Prad.,lil + POu—mg, : Pcool,lu : Pra.d,s'E)

PSC%"R,S5 :Ppo-p,s.:, : Ps-;,—}lu ) Pcool,lu : P-rad,SE

pscz'n — pscin,34 + PSC‘.‘.?:TI,S-:,

s, (P=1bar)
1 d
0.8 P ps —0
Uu—>s 4 u
=
= 0.6
, \
8 0.4} rad,lz \
=4
cool.0
2 u
0.2 p—————
0 —s
u 4
0 = ' '
- -2 -1 0
10 10 10 10 10
additive concenfration (%)
s (P=10bar)
1 — 4
0.8 0 —ss 4 u
o u 5
=06 \
E \ P
S 0.4} rad,
a
cool.0
0.2 u p .
0 —s ~—
u . —
0= -2 -1 0
10 10 10 10 10

additive concentration (%)

s_(P=lbar)
5
1 e e
. p 1 —
0.8 ;70
)
= 0.6 cool,1
L u
o
2 04} p
= rad.ji
0.2
0 : : N
0°  10° 10" 10
additive concentration (%)
s_(P=10bar)
1 A
Ps_—)l
0.8 R
E 0.6} cool.lu \
E N\
g 0.4r
0.2 Prad,3£
0 — e
10° 107 10! 10° 10

additive concentration (%o)

energy

Fl ~ 0.1

F
pscin .

F3

1+ f”-TizKQ;

=

_|_
1+ fn7y Kk

Q3%

n =P/P,

Indeed: dominance of triplet state
scintillation above 1bar!




An analytic picture... and a simple one (II)

This simple picture (triplet dominance) describes the quenching effect in earlier data by
Suzuki for Ar-CO, and Ar-CH, (1983) and Conde and Policarpo for Xe-N, (1968),
...quantitatively!

It does describe the data for Xe-CH, from GIAN group (Carlos Henriques), but with a
quenching rate for the excimer that is about x4-x8 less than that of the atom (!). This seems
to enable CH, for high pressure operation in NEXT, and its figure of merit perhaps even

surpasses the one from CO,, contrary to the initial expectations...

still a lot to learn from good measurements!



Ambiguities in the scintillation model (1)

g0y (M)

Sa|
3 :
E“- : i
55 {' ‘-.
'I.‘PSE l'l.
Kem o1, (M) !
N— - :
1
Eﬂ'

T .

——— = s

e
-

imter-nuclear distance



scintillation probability (%)

Ambiguities in the scintillation model (1)

l 40 T T T T T T T

l 3 0 | | % from data i
- e (1) pathway schema in text

120r ---annwkmmgX;—XHCij%ﬁmm I

110F | in (IT) assuming Xet+Xe—CDﬂ,—> Xe+Xe—C.D: and neglecting Xe: quenching||

default model used in simulations

7000 | T . . .

6000F

: 5000 '
0 I - ! ! ! - ! ! ’é‘ _
0 0.05 I 015 02 025 03 035 04 = 4000
additive concentration (%) =
A4 £ 3000

model by J. Escada

(predicts no pressure dependence of

time spectral, just a global yield drop)

0.0406%

O I-:.-.I.: 1 i
0 20 40 60 80

time [ns]

e

100 120 140 160 180 200



R_ (% @ 10 bar)

1.2

1.1

0.8

0.8

0.7

0.6

0.5

conclusions I (projections for NEXT)

10 bar for EL=3KV/cm/bar (at Q“]

~  0.BOCH 4--”“ A

A
0.55CH,*""

preliminary

0023 CF,

_-0.015 CF,

-
o

_~0010CF,

[
_CCIIE at 30 Wemfar

= = =G0, at 20 Viom/bar
—— CH, 5t 30 Wem/bar |
- .CHdalﬁﬂ Wiembar
—GF“ at 30 Viembar
-= -CF“ at 20 Viemibar

EL_field
3 KV_/’cm/ bar

........................ ";ﬂﬂuz CF4
041 036CH, "~ T~ ~-o_ T~ TRl i ]
_--- ot -—— ‘JGG]U GF4
= o T i, TYTSTR PR - ""‘.@ : -

| 0.04 CH, == I NN ——— R V] 8 )
0.3 1 0.00 CH, e :
0.z l | l | | l | l

1 2 3 4 5 [ 7 a L2 10

Difusion 30D



conclusions 1l (Ozkan/Rob’s feedback parameter [3)

Secondary avalanches in gas mixtures

Ozkan Sahin **, ilhan Tapan®?, Rob Veenhof®

* Department of Physics, Uludag University, 16059 Bursa, Turkey

Y RD51 Collaboration, CERN, Geneve, Switzerland
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V1. Appendix



scintillation in chCH4 admixtures (P=1.27bar)
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