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Circumstances of nuclear emulsion are dramatically
changing. Firstly, we particle physicists became able to
develop and produce nuclear emulsion by ourselves in our
laboratory. Secondly, speed of automatic readout system
for tracks recorded in emulsion has been remarkably
increasing. By those changes, contributions of emulsion
technology to knowledges is increasing in fields not
only as particle and cosmic ray physics where emulsions
have been traditionally used, but also in new application
fields including radiology and cosmic ray imaging of
large-structures (e.g. pyramids), which require analyses
with large statistics. Thirdly, a new type of emulsion,
so-called “fine-grained nuclear emulsion”, was developed
successfully for particle dark matter search. The emulsion
is stimulating related fields. Also a slow neutron detector
with a high spatial resolution was successfully developed
using the emulsion gel and is expected to be used in
fundamental physics and applied science. In this article,
those status and future prospects are described.
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Figure 1. a: A schematic view of a typical

structure of nuclear emulsion. Layers of nu-
clear emulsion gel (emulsion layers) are formed
on both sides of a transparent substrate. b: A
schematic view of an emulsion layer which con-
sists of gelatin and silver halide crystals densely
dispersed in gelatin. c: A schematic view of a
track in an emulsion layer after development. d:
An optical microscope view of a track of a mini-
mum ionizing particle detected by nuclear emul-
sion.
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Figure 2. Our machine for the production of

nuclear emulsion gel. It is produced by adding
aqueous solutions of silver nitrate and alkali
metal halides, which are distributed into four
cylinders, and added accurately and precisely
into an aqueous solution of gelatin contained in
the pot at the front.
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Figure 3. Emulsion gels with various sizes of silver halide crystals are successfully produced. Among

them, images are shown for the ones with crystals sizes of 40 nm—800 nm in diameter. Images were

taken with an electron microscope after their gelatin was removed with treatments using actinase.
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Figure 4. A comparison of behaviors of latent
image fading of nuclear emulsion at 35°C for
different storage conditions and compositions of
emulsions. Relative humidity, volume fraction
of AgBrI crystals, and addition of an addidive
were varied.
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Figure 5. The current fastest automatic read-

out system, HTS.
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Figure 6. Changes of throughputs of automatic
nuclear emulsion readout systems. A name of
image processor for each system is written in a
bracket.

RFEER iR Shram

Figure 7. Upper : A water-target neutrino de-
tector based on nuclear emulsion. Light-tight
packages of single iron plates put between pairs
of nuclear emulsion films are interleved by wa-
ter of fixed thickness. Lower : A picture taken
during the assembling of the detector. The thick-
ness of water was fixed by spacers with a struc-
ture similar to a frame made of acrylic plastic
interleaving packages. A pressure for fixing the
whole structure was given by springs. Water
was poured finally.

%5107 5 (2019)

F R OFRER (M) #h#1%, 1 Koz O Wi
DAANE TR T Z 7IRIFIZ DT 97 %, T4
VM1 RS & o TR S 2 AEESIRAE L, SCRMAD
OB % B 32 2 & T, fiER 72352 0 i 1
LU CHEEICAS L7GATE X # 2.4mrad, 45 A
BT 6.8 mrad 23 L T\ 5

4 AD7/Mﬁ%mﬁ2mnm®%ﬂ€ﬁmt$ﬁ
- FHIEVEZAOERH

41 Za—bhY /EER

Za—hFY 23R oD 3D
DYAT (7 VL—=n=) DEET L. & 7RI T
W2 M % HIv> 72 DONUT S26#1C X - THIO CTZ DFfEZ
MR GER) L. 2L T, 44, FhrEEss
IZBWTZa2a—FY /OHEEIZER EINT WD,
ZNTRRELZWVIEZTD, —a— )/ BZD71L—
N—=%ZIEE L) =2 — MY VIREDBFERI N
723720 2 o =I5 ¥ I RIADEAIL, TR
% M7z OPERA %Ki, 2oy 7M=a—1+Y
/@&ﬁ%ﬁ&ﬁmié ECREIRE L7220, i

I2& D, BRFEHEMGRNATETHEL I EWRIN
72, WHED=Z2— Y ) OEBEHEIEZ=2—FY IR
g THE 22T, 20 DEEHE; ORRNE

R & - |
, I o —#

BTl ZLTCRDO 13 BTHELTF—< L >TE
T3,

l.2a—bY /2 LtZORYETHLI=2—1)
) DIRZ IR DEN (TCP MFREDBEIL)) %
xR, FHOKWEDEBEE D 5w EHIE
5Tk,

2. ZfD =2 —FY) ) OHEBRDOKE I DIET
(T EREEME ) DRE,

3. BRI ZFEELAMC, 2T 540 (KOG L Z5\v)
Za—FYBEET D, &0 RSFEDIRGEE.

INGEZBL CATRLE R BT Z 8 2 7298

MOMBOEDO TR BESNE Z N ﬁﬂﬁé
NTw3, —a—FY /IREOKENED 0TI,
:l—FU/kE?&W%Ek®KE®@ﬁ&%®E
ZORTX (OWim) DR HED RER I EE
ThHY, B EME I nZaRgIcT 5,
WD 7 2 7 a v OALES fRRE & AR - T
% Gidk 28801, Z kgl & W9 KA RO &
W EH BT 2iE» L, fhd=2— Y 2R
FRCIZEINDSHE L v, AR Y X — P ILERE DN
IR Z (ORI L, SR &I B2 5 BB

39



B ER, BH &, L) 57, IV R, KRE HiF, F 8K, 18 817, AR 8, & B, £8 &, AN TR, Mk 71T

Figure 8. Upper: A schematic view of a type
of neutrino interaction which is thought to be a
source of an ambiguity of interaction cross sec-
tion and whose first observation is expected. A
muon neutrino interacts with a quark in a nu-
cleus, and a muon and two protons are emitted.
The protons are emitted back to back. Lower:
A microscopic image of a neutrino interaction
detected by a nuclear emulsion film. Tracks of
more than ten secondary particles which were
All of the

charged particles from interactions are possible

radially emitted were observed.

to be investigated.
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Figure 9.

(a): A Gondola borne by a balloon
(2018, Alice Springs). (b): A general example
of a production of an electron pair in nuclear
emulsion. The pair was produced by 40 MeV
y-ray. Tracks of the pair just after the produc-
tion was visualized by the high spatial resolu-
tion of nuclear emulsion. (¢): A schematic view
of an emulsion detector in the Gondola. It con-
sists of a part for compensation for unevenness
of emulsion films (flatness compensation part),
a part for conversion of y-ray to electron pairs
(converter part), and a part for giving time in-
formation to tracks (shifter part).
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Figure 10. Upper : Information of an arrival
time of an electron pair is given by posi-
tion deviation between segments of recorded
tracks in the converter part and the shifter part.
Lower - Multi-stage shifters co-developed by
Kobe University and Mitaka Kohki Co., Ltd. for
GRAINE. The left one is for the flight in 2011,
the right one is for that from 2015.
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Figure 11. Upper: A schematic cross section
of Unit 2 of Fukushima Daiichi nuclear power
plant. Lower: A cosmic-ray image of the plant.
The expected amount of materials for the nor-
mal reactor core, corresponding to the existence
of water and nuclear fuel, was not detected from
the observation, which should have been at the
similar level as the fuel pool’s (upper left in the

figure).
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Figure 12. Lower: A cosmic-ray image of
Khufu’s Pyramid. Unknown structure, a big
void, was detected with known ones such as
Grand Gallery and King’s chamber. Upper: An
imaginary picture of the detected big void.
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Figure 13. A schematic view of visualization
of dose distribution with prompt y-ray.
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Figure 14. Images of tracks of a-particles

recorded in a conventional nuclear emulsion
(left) and an NIT (right) taken with an electron
microscope.
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1 um

Figure 15. Left: Tracks of low velocity car-
bon ions (100 keV) recorded in NIT. The image
was taken with an electron microscope. Right:
A track of a high energy lead ion (150 GeV/n)
and a fragmentation reaction induced by the ion.
The image was taken with an epi-illumination
optical microscope.
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Figure 16. Left: The structure of the detec-
tor (a crosss section) and the detection princi-
ple. Right: A microscopic image of the detec-
tor taken with an epi-illumination optical mi-
croscope when the focal plane is around the
converter layer. Charged particles are emitted
along arrows from absorption points of neutrons
around starting points of arrows.
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