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We discuss about Ar and Xe. To understanding the scintillation process,

Information available for Xe is not sufficient.



C.H.Chen, JCP 65, 1976 W. R. Bennet, Jr.,, Appl. Opt. 4 Issue S1, pp.34-57 (1965)
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Y. Tanaka and A.S. Jursa, Appl. Opt. 50, 1118 (1960)

Medium to high pressure gas

Xe2*  → Xe + Xe + vuv

2nd continuum 

electron excitation

Ar2*   → Ar2**   IR region

S. Arai, JCP 1970’s
Good potential curves for excited Ar and Xe may be find

R.S. Mulliken, PhysRev. 1960’s

Xe is transparent for the emission

No resonance trapping.



N. Schwentner, E.-E. Koch and J. Jortner, Electronic Excitations in Condensed Rare Gases, 

Springer Tracts in Modern Physics, vol. 107. 

A. Hitachi

JCP

Condensed phase

b: IR emission has 

not been observed.

Free exciton lifetimes 

for Ar* and Xe* are

10-12 to 10-13 sec

play important roles.

This part have to be

reconsidered





The refractive index and attenuation length

V.N. Solovov et al. NIMA 516 462 (2004)
Later, S. Nakamura et al. made 

sophisticated measurement.



the inverse of the Rayleigh scattering length 

measurement

I = Io e-lx



The absorption spectra in condensed xenon differ from those in gas, particularly in the vuv

region. They show lines for Wanner-type "free" excitons instead of the atomic lines. We 

replaced l1 and l2 by two major exciton lines of liquid xenon.

The refractive index of liquid and solid xenon 

the dispersion relation

fi : oscillator strength





Vitaly&Araujo

Scintillation efficiency for LAr and LXe - LET

At Low LET

Existence of escape electrons
At high LET

Scintillation quenching



Kusano, NIMA683, 40 (2012)

Xe Scintillation

a-excitation

Xe 0.054 g/cm3

a excitation

Nex/Ni = 0.4

M. Mimura, NIMA 613, 106 (2010)

High pressure

Ws: energy required to produce a photon

Excitation luminescence represent 

decay times for 1Su
+ and 3Su

+.

Not true metastable 

for heavy atoms 



Photon and electron multiplication

Photon multiplication emission is from excimer

R2* → R + R + hn (vuv) M. Suzuki & S. Kubota, NIM 1970’s 80’s 

At the electron multiplication region,

R2** → R2* + hn (IR)

may be possible in gas. 

Photon and electron multiplication is possible for Ar and Xe.



The decay for electrons in LXe is 

due to  recombination light.

The emission lifetimes for R2* do not depend on LET.

R2* are not responsible for quenching

Quenching occurs much faster.
A. Hitachi et al, PRB 27, 5279 (1983) 

liquid Xe



Decay Times in LXe

recombination



Scintillation yields for e and g in LXe

Decay time of slow component for 

electrons and g-rays

recombination

Approximated as an exponential decay

H. Takiya et al. NIMA 834 192 (2016)

B. Yang @JPS 2017



A. Neumeier

?



Fitting for two or more exponential  is quite difficult.

A method is fit it after Fourier transformation. 



Field dependence on Scitillation & Charge in LXe - Electrons

XENON

S and Q are complementary to each other

Q + aS = const.
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a-particles and fission fragments in LAr

Hitachi et al. PRA 35, 3956 (1987)

F.F.

a

Nex/Ni = 0.21



bmax

The maximum impact parameter bmax

is given by Bohr’s impulse principle

(b<<1)

v: the incident ion velocity

E1 : the lowest excitation energy.

Heavy ion track

core

penumbra

d-ray
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Quenching occurs in the core.

The energy Ts available for scintillation is 

For a-particle, Tc/T = 0.72  

the experimental q = 0.71 in LAr, 

For recoil ions, 

Tc/T = 1  

bmax ≈ a0 : atom distance

For relativistic ions, Tc/T ≈0.5  

The cylindrical field 

caused by positive 

charges on track 

axis No escaping electrons

 1
max2

E
v

b

Stopping power theory tells 

equipartition of glancing and distant 

collisions 
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Exciton-exciton collisions. 

Rate equations

“prescribed diffusion” in cylindrical geometry

Gaussian
normalized

A. Hitachi, A. Mozumder, and T. Doke, PRB 1992

N(t): no. of excited species per unit length

(1)

(2)

Rate parameters: 

 ~ 10-12 s

k = sv

s: the cross section = sHS/4 ~ 170/4 Å2

v: the collision velocity  1.2107 cm/s

N0 = LET∙Tc/T·r·(1+Nex/Ni)/W

D =1 cm2/s mex = 0.5me

e- loses KE before recombination
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Due to formation of valence band. The 

gap energy Eg is less than ionization 

energy I . The ionization threshold Is of a 

molecule is reduced in solution.

V0 = -0.17eV (Ar), -0.65eV (Xe)

Polarization energy P+ of the positive ions is 

given by the Born equation;

S. Suzuki, A. Hitachi, Charged Particles and Photon Interactions with Matter, CRC Press, Chapt. 31, (2011).

R* + X → R + X+ + e-

R2* + M → R + R + M+ + e-

Mixture    Energy levels

vuv

The energy of the quasifree electron at 

the bottom of conduction band.



k = sv

Ar* +Xe → Ar + Xe+ P.I.

Ar2* + Xe → ArXe*+ Ar E.T.

ArXe* + Xe → Ar + Xe2**





A. Hitachi et al. Phys. Rev. B 55, 5742 (1977)

Photoionization

Xe2*  → Xe + Xe + hn (vuv)  

hn + M → M+ + e-

Effective for heavy ions



Field effects on quenching

Recovery of quenching by electric field in LAr

The recovery of quenching by E is 

observed, but limited, still q <1

It has been reported for recoil Xe 

ions in LXe. 

S

Q
Sum

~30 MeV/n

J.A. LaVerne et al. PRB 54, 15724 (1996)

a

a

a

O   Ar

■ ▲ Pure Ar

□ Δ allene doped



33.5MeV/u

0.37%FWHM

31.9MeV/u

Charge



Heindl et al. Europhysics Letters 109, 12001 (2015)

LAr; Xe doping

Ar2* +Xe +Xe → Ar + Xe2**

Ar2* + Xe → ArXe*+ Ar

ArXe* + Xe → Ar + Xe2**

Xe2** → Xe2* + IR

diffusion assisted, large rate k



summary

I mean I stop here.



飛跡芯部の励起密度の半径依存性

反跳核は外部電場の影響を受け易い
飛跡(芯)が単純な円筒状ではない
飛跡が短い



liquid Ar



The refractive index of liquid and solid xenon 

The absorption spectra in condensed xenon show lines for Wanner-type "free" 

excitons. We replaced l1 and l2 by two major exciton lines of liquid xenon.

A. Hitachi et al.



核的消光因子 qnc 電場依存性なし
電子的消光因子 qel 電場依存性あり

再結合理論・発光効率理論
Onsager 低LET 孤立系
Jaffee 高LET 均質系 m+ ~ m-

現象論
Berks 中・高LET 有機シンチレータ
Thomas-Imel 低・中LET

希ガス液体はいずれでも説明しきれない。
熱電子化時間が非常に長い ~ 1ns (LXe)

熱電子化距離が非常に長い
伝道帯があり電子移動速度が速い
動的モデルが必要

RN/g比は、ɤ線の発光効率をYとおくと

電場依存性



A. Neumeier, JAPS-Scintillation in Liquid Noble Gases


