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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.

/

v

~’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 and input
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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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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.

II = Piolmrﬂﬂh [:/"h}

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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Light quenching (generic pathway diagram)
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Most serious difficulties related to S;:

S, much more robust (dominated by low-lying states):
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IV. Electron transport + scintillation model
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Computation of atomic cascade
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Excimer pathways (analogous for 2p; and Xe**)
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probability

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

A new microscopic simulation for photon and electron transport in gaseous Xenon
has been developed inside the NEXT collaboration.

It can compute the primary and secondary scintillation stemming from X, y-ray
and high energy electron interactions (1keV to several MeV).

It provides the time and spectral characteristics, in the range 150nm-1500nm.
It can describe the effect of molecular additives and its impact on the light yield.

It has shown to be a formidable tool for the R&D on low-diffusion gases within
NEXT.

Outlook

This framework was developed to solve a concrete technological problem...

But the authors are interested in tackling a variety of other admixtures used for
optical TPC. The new landscape is enormous, so work will continue depending on
the interest and the available resources.
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Electron cloud size in Degrad
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relative scintillation probability (%)
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* data (secondarv light)
® simulation (secondary light)

analvtic

0.1 0.2 0.3 0.4

CO,, concentration (%a)

~1/(1+ 7Ky f)

ifassuming 7 = T,y

afit gives: Ko = 11.20 + 1.0 ns™!

The quenching rate of s state in CO, is:

KQ,SS{ﬂ-I] — 11.12 ].’lS_1 '



relative scintillation probability (%o)

S\

~1/(1+717Kyf)!

* 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(;&,.-j) = (.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...



An analytic picture... and a simple one (I)
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Ambiguities in the scintillation model (1)
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scintillation probability (%)

Ambiguities in the scintillation model (1)
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scintillation in chCH4 admixtures (P=1.27bar)
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scintillation probability (%)
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Extrapolations for primary and secondary light for CO,/CH,/CF,

CO, [P=10bar)

001 0.1
additive concetration (%)

scintillation probahility (%)

120

10

100

50

B0

0

GO

R0

40 ¢

307

207

10+

CH, (P=10bar)

O 5, (MO
&5 (M)
analytic
> ——— limits

001
additive concentration (%)

0.1 1

scintillation probability (%)

120

110F

100

S0

gl

fOr

BO

a0

A0

a0

207

10

CF, (P=10bar)

H—HH_H T
.,
b
b,
i\
i,
Y
1
,
|
y
!
!,
\
i
h
L
i
I
II

-

Y,

.01 0.1 1

additive concentration (%)



