
Table 1
Measurements and estimates of the average energy needed to produce a scintillation photon, !

!"
(eV) in liquid Xe

Liquid rare gas Relativistic electrons !-particles Relativistic heavy
particles (!!

!"
(eV))

Ar 25.1$2.5 27.5$2.8 19.5$2.0
Xe 23.7$2.4 19.6$2.0 14.7$1.5

((35)# (16.3$0.3)$
(67$22)% (39.2)&
(29.6$1.8)'
(14.2)(, (12.5,12.3))
(42$0.6)"

NaI(Tl) (17.2$0.4, 16.5$0.4)*

#Ref. [27]; $Ref. [28]; %Ref. [29]; &Ref. [30]; 'Ref. [31]; (Ref. [32]; )Ref. [33]; "Ref. [34]; *Refs. [35,36].

expressed by a reciprocal of the average energy
required for production of one photon by ionizing
radiation, 1/!!

!"
, at the flat-top of the LET depend-

ency of scintillation yield of liquid Ar or Xe
[22,23,25]. Using these results, they also estimated
!

!"
-values in liquid Ar and Xe for relativistic elec-

trons and !-particles [4,23,25]. Recently, Doke and
Masuda evaluated !

!"
-values in liquid Ar and Xe

for relativistic electrons, "-particles, and relativistic
heavy particles using the relations between ioniz-
ation and scintillation measured at the same time
and estimated the maximum possible errors [26].
The results mentioned above are listed in Table 1
together with other values experimentally obtained.
In this table, !!

!"
corresponds to the “intrinsic”

!
!"

-value when neither quenching nor “escape
electrons” occur. The !!

!"
value is given by the

Eq. (1),
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where ! is the average energy required for produc-
tion of an electron—ion pair, and N

'+
and N

*
are,

respectively, the number of excited atoms and the
number of ion pairs produced by the ionizing radi-
ation. These “intrinsic” !

!"
-values are applicable

only to relativistic heavy ions from Ne to La. The
values in parenthesis are those experimentally ob-
tained by other groups [27—34]. The errors shown
for our values in the table are not the maximum
possible errors as estimated in Ref. [26], but rea-
sonable estimates. For the other experimental
values, the errors are given by the authors. The
!

!"
-values in NaI(Tl) for relativistic electrons re-

cently measured by Miyajima et al. are shown in
the table as Refs. [35,36]. For particles other than
relativistic heavy ions mentioned above, the !

!"
-

value is a!ected by “escape electrons” and/or
quenching processes. Accordingly, !

!"
"14.2 eV

(or 12.5 and 12.3 eV) obtained for 100 keV electron
beam in liquid Xe by Seguinot et al. [32,33] should
not be compared with !!

!"
"14.7 eV estimated by

the Waseda and LBL group, but with !
!"

"24 eV
estimated for 1 MeV electrons which takes the
e!ect of “escape electrons” into consideration
[22,26]. If the value of 14.2 eV does not include any
experimental error, it means that perfect recombi-
nation immediately occurs along the particle track
as in the case of relativistic heavy ions. From the
intensity and energy of the electron beam used in
the experiment, it can be excluded that complete
recombination immediately occurs under zero elec-
tric field. Seguinot et al. also observed the !-value
of 9.76 eV in liquid Xe using the same method
[32,33]. This value is also very small compared to
the usual value (15.6 eV [37]) and is comparable to
the band-gap energy (about 9.2 eV [38,39]) in
liquid Xe. Theoretically, the ratio of the !-value
and the gap energy should be larger than 1.5 be-
cause the !-value includes the energy losses due to
sub-excitation electrons and also the collisions be-
tween electrons and the crystal lattice [37]. The
ratio of 9.7 eV/15.6 eV is almost equal to that of
14.2 eV/24 eV. If the estimation of the energy de-
position in the detection part of the experiment of
Seguinot et al. is smaller than the actual one, it is
easily explained why both these small values were
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