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3.4: R5900-06AL12S-ASSY
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PMT ( R5900-06AL12S-ASSY)
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PMT size 26 × 26 mm2

Photo-Cathode material Rb − Cs − Sb

Size of e  ective area 18 × 18 mm2

Typical Q.E. 20 %

Dynode Type Metal Channel

Number of stages 12

Typical H.V. 900V

Typical gain 1.0 × 10 6

3.1: R5900-06AL12S-ASSY
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1 x 107

石英窓 :
透過率

量子効率

800V

錦戸氏D論より
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キセノン純化中の光量の推移

現在、PMTで測定される光は予想値近くでほぼ飽和

Q ＝ E / W × Ω/4π × T × Q.E. × e × G 

    ≒5.5MeV/18eV×1.0×10-2×0.8×0.2×1.6×10-19C×3.5×106＝2.7×10-10　C

窓の透過率 PMTのゲイン

ガス相循環

4 l/min

液相循環

1 l/min

→ 540 counts

停電！ トラブル？

光はほぼ100%
検出器に入って
いると考えられ
る。

金子、学会発表、2009年3月29日
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ion for an extended period of time (>ms) in the absence of
an electric field. Such electrons will cause scintillation
reduction in the low LET region, especially during a brief
observation taking place within dozens of microseconds.
These electrons are classified as escaping electrons. The
Onsager theory falls short of thoroughly explaining the
recombination process between electrons and ions in liquid
argon, due to the fact that the mean interval of electron-ion
pairs produced by a minimum ionizing particle is approxi-
mately 100 nm, a value comparable to the Onsager radius
itself in liquid argon. In order to explore the subject matter
further, a ‘‘volume recombination’’, i.e., electron recombi-
nation with ions other than the parent ion, should be taken
into consideration. Assuming such a volume recombination,
the scintillation intensity per unit absorbed energy, dL=dE, is
given by the following equation,9)

dL=dE ¼ ½AðdE=dxÞ=1 þ BðdE=dxÞ þ  0; ð3Þ

where dL=dE is normalized to the scintillation yield at the
flat top level, that is, in the limiting case of dE=dx ! 1 , eq.
(3) becomes A=B þ  0 ¼ 1. A, B and  0 are adjustable
parameters, and  0 means the scintillation yield at zero
electric field in the limit of zero LET. The data for the
1MeV electron are the most reliable of all as the relative
measurement has been repeated several times. Accordingly,
we consider that the response curve always passes through
the 1MeV electron data point. Then, the parameters A and B
are given by solving eq. (3) and the equation, A=B þ  0 ¼ 1,
for various values of  0. The best fit curve to the data other
than the 1MeV electron data point, which is given in Fig. 2,
is obtained for  0  0:75 for liquid argon.9)

The reduction factor,  , caused by escaping electrons for
the 1MeV electron may be directly obtained from Fig. 2.
The average energy required for a single photon production,
Wphð Þ, is given by WphðmaxÞ= .

3.2 Quenching e ect
In the case of particles that give high LET, the ratio

fQðEÞ=e þ aSrðEÞg=ðNi þ NexÞ values are less than unity.
This means that scintillation quenching occurs for particles
such as non-relativistic proton, alpha particle, fission
fragment and relativistic Au ion, as shown in Fig. 3. In an
e  ort to clarify the quenching e  ect in liquid argon, Hitachi
et al.25) devised a biexcitonic model in 1992 based on the
spatial distribution of the energy deposited along a particle
track. The application of the model has delineated a
mechanism where the excitons produced via the processes
described in §2 are quickly self-trapped within  10  12 s and
each of them subsequently emits a vacuum ultraviolet
scintillation photon. Prior to such self-trappings, free
excitons may di  use themselves to undergo biexcitonic
quenching as

R þ R ! R þ Rþ þ e  ðkinetic energyÞ:

Here, the electrons emitted carry away the excess energy,
close to one excitation energy, and consume it before
recombination and self-trapping. In the case of the extremely
high excitation density, the reaction specified above may be
considered as the basic mechanism of scintillation quench-
ing,25) and capable of verifying the experimental result.

Figure 2 includes data obtained recently for the non-

relativistic proton and helium particle by Kato et al.24) Their
scintillation yield data apparently fall short of the flat top
level; furthermore, the data for protons seem to give a small
peak. However, these facts are reasonably acceptable against
the background of the two processes specified above;
namely, these can be explained by considering that the
two processes of §3.1 and §3.2 occur in the same track
because the ionization densities in the track cores of these
particles are higher than those of relativistic heavy particles
with the same energy loss rates, while those in the delta ray
area are lower than those of the relativistic ones.

The scintillation quenching factor q is defined by the
reduction factor of scintillation intensity against the flat top
level, that is, for no quenching, q ¼ 1 and for complete
quenching, q ¼ 0. The q value for the 5.3 or 6.1MeV alpha
particle is directly evident from Fig. 2. Furthermore, the
average energy required for a single photon production,
Wphð Þ, is given by WphðmaxÞ=q.

To reiterate, Fig. 2 may be utilized to determine the
values of the absolute scintillation yield, Wph, the reduction
factor attributed to escaping electrons,  , and the quenching
factors, q, within the scope of the experiment. Table III
summarizes the three values mentioned above for the 1MeV
electron and the 5.3MeV alpha particle as well as the ratio
of the scintillation yield of the 1MeV electron to that of the
5.3MeV alpha particle, ð = Þ, in comparison with relative
data obtained in the liquid xenon experiment described in the
next section.

4. Scintillation Yield in Liquid Xenon for Heavy
Particles

Throughout the series of experiments conducted in liquid
xenon, only scintillation intensity was observed for various
particles without simultaneous measurement of ionization
signals except for the case of 1MeV electrons. In liquid
xenon, therefore, we cannot show the flat response of the
sum total of scintillation and ionization divided by Nex þ Ni

over a substantially extensive LET region, as seen in Fig. 3.
Furthermore, the calculated value of WphðmaxÞ in liquid
xenon10) is less reliable than that in liquid argon. From the
simultaneous measurement of the ionization and scintillation
for the 1MeV electron, however, one can fine tune
WphðmaxÞ in liquid xenon in order to arrive at an acceptably

Table III. Most probable values of Wph(max),  -factor, q-factor,  0,  = 
ratio, Wphð Þ and Wphð Þ in liquid argon and in liquid xenon.

Liq.Ar Liq.Xe

Nex=Ni 0.21 0.13

Wph(max) (eV) 19:5  1:0 13:8  0:9

 0:80  0:04 0:64  0:03

q 0:72  0:04a) 0:77  0:04a)

 = 1:11  0:05 0:81þ0:07  0:13

 0 –0.75 0.1–0.5

Wphð Þ
27.1 17.9

(16:3  0:333))

Wphð Þ 24.4 21.6
a)These values are obtained from scintillation yield curves as shown in
Figs. 2 and 4. As a result, the value of 0:72  0:04 for liquid argon is
slightly di  erent from the original one (q ¼ 0:716)), which was obtained
from Fig. 3.

Jpn. J. Appl. Phys. Vol. 41 (2002) Pt. 1, No. 3A T. DOKE et al. 1541Ref. T. Doke et al., Jpn. J. Appl. Phys. 41 (2002) 1538
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が見られた。これは、PMTのゲインの違いに起
因するものと思われる。 d

∏0
, ø の値は両 PMTと

もに近い値が得られた。

time (second)
0 200 400 600 800 1000 1200

310!

AD
C 

m
ea

n 
co

un
ts

200

400

600

800

1000

1200

 / ndf 2  3.658e+04 / 151
p0        4.044±  1191 
p1        0.01564± 1.763 
p2         3551± 2.839e+05 

 / ndf 2  3.658e+04 / 151
p0        4.044±  1191 
p1        0.01564± 1.763 
p2         3551± 2.839e+05 

Graph

time (second)
0 200 400 600 800 1000 1200

310!

 A
DC

 m
ea

n 
co

un
ts

200

400

600

800

1000

1200

1400

 / ndf 2  2.61e+04 / 151
p0        3.697±  1447 
p1        0.01037± 1.738 
p2         2667± 3e+05 

 / ndf 2  2.61e+04 / 151
p0        3.697±  1447 
p1        0.01037± 1.738 
p2         2667± 3e+05 

Graph

Figure 6: ADC mean の時間推移と Øtting

4 まとめ
ADC値を計ることで純度のモニタリングができ
たと思われる。

5

fitted by
p(d,t) = p0 e-d/λ
λ=λ0 et/τ
,where  
λ0 = initial attenuation 
length and  τ= time 
constant of purification

p1= d/λ0 =1.75
p2=τ=2.9x105sec
τ= 3.4 days

put  d = 5 cm
λ0 = 2.9 cm

λ =160cm at 14days

Purification process by scintillation lights

PMT1
HV=800V

PMT2 (spare)
HV=700V


