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Two technologies for particle physics

Emulsion production facility have been constructed
at Nagoya University in 2010.

Emulsion properties can be tuned by user-selves.
“hand made” emulsions suit for experiments.

Automatic scanning system was proposed 1974.

Continuous development since 1980s and
systematically employed in large scale experiment
since 1994.



Projects With “hand made” emulsion
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Production of Nuclear Emulsion

1. Gel Production

2.Plastic Base
Preparation

3. Pouring
(Forming film)

Plastic layer ‘
~200um —
. o



High Resolution Detector : Nuclear Emulsion

particle Ag core Silver grain
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(S ER)MIP GD=80.4+4.5
FD= 7.3%2.2

dissolved

intrinsic resolution ~50 nm
deviation from linear-fit line. (2D)




1. Gel Productlon
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Prod. | 2 kg (50.6m?)/day (-2014) -5 hours
speed| = 6 kg (51.8m?2)/day (current) :
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3. Pouring (Forming film)
(Dl\/leltmg

(2Vacuum ‘
chucking base ~] n O@Drylng
on flat stage
Plastic base .)I

L L] L Ll L -

]];"‘ ™ A
L | —rt et | N

—Repeating for another side



PO u ri n g ROO m Flaf stages(PMMA) V;.Te mp ‘20°C

Surface pIates(Stone) 7 R4 80“90

entrance

entrance

";'capacny

—
//'/

=7Tm?2 / week




Past performance of mass production
(case of GRAINE-2015 experiment)

2014 2015
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.

Gel

_ 51 operations(x1)
154 operations(x1) 40 operations(x3)

subtotal 245 operations (194.7 kg)

Base - = - =

subtotal ~150m?2 (~600 cuts)
Discharging (30cm x 1260m=)387 m2Z — a half of area with good quality

8 weeks

Pouring|  testrun 3 weeks

1week

total 66.83 m? (gel 143.9 kq)

with 11T members




Productions & Experiments in 2014-15

gel production | film production

GRAINE 200 kg 67 m2
JPARC-T60 67 kg 30 m2
40 kg 20 m2
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After development treatment Swelling

ECCO1 PL69-01 EM layer (measured after swelling)

h5
Entries 276
701

= 70.1£3.7um -

Undefiow 0

Overflow 0

~ Exposure
+ Dry after Develop
~ Washing
- Expected
- Dry after Swelled
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Basic characteristics of emulsion

* Grain Density (GD) : Number of silver grains in 100 um mip track length
* Fog Density (FD) : Number of silver grains in a volume (10um)3

* Higher GD (>30 or so) and lower FD(<10 or so) is a good emulsion.
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GD and FD long term stability
High AgBr dense composition film (55%v & &8)

GD ~30% Down /4.5 month
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GD and FD long term stability

Middle AgBr dense composition film (45%v H &§)

GD ~20% Down /4.5 month :: Better life time than High AgBr dense film
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Refresh treatment

Film can be “Refreshed”.

Beforg B B-ray track density
“Erasing” accumulated tracks by 20

high temperature and high humidity.
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Emulsion amount

ECC Chamber structure depends on physics, specific conditions.
Sandwich with target material (plates) or only emulsion films ECC
Water, Fe, Pb, C etc.

Required emulsion amount can be estimated

@ If fixing tracking sampling rate (material and film ratio) is fixed.
@ If accumulating track density is fixed .

@ If exposure period (and temperature condition) is fixed

Remark
Direct contact by some metals (Al, non stainless Fe) make damage to Emulsion
Maximum track density can be analyzed in emulsion films <108 / cm?

(keep < 10> /cm? is safer)



Speed in cm?/ hour

10000
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100F
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1k
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72
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a1
0.003
—J
TS(TTL) NTS(CPLD)UTS(FPGA) S-UTS HTS

1983

1994 1998  (FPGA)
2006-

(GPGPU)
2015-

Camera:

Objective lens:
FOV 25mm?

25x38 cm?
or 25x25cm?
1~1.5 hour

Scanning time is shared by projects.
In total about 100 m? film area (>1000 films)
were scanned in recent 12 months

2015 ’/) 8



Track recognition by < D

automatic scanning system v

Cross section of a nuclear emulsion film Microscopic images

Emulsior \ ]
50 um 2
Plastic base ;
180 pm .
Emulsior \ Summing up 16 layers
50 um

Out put of Automatic scanning system :
Angle(AX,AY),position(X,Y,Z),track darkness(PH)

Not a projection detector Sum of HIT pixels

but a VECLOT (6-dim) detector ! Proportional to dllE!dX



Shrinkage and distortion

Emulsion is shrink or swelling after development treatment.
So angle is not conserved at exposure time and to be corrected .
Shrinkage factor :: Emulsion thickness ratio at exposure time and scanning

Base : Solid
Line connecting (micro) tracks
can be treated as a track segment

".,,  BASE TRACK SEGMENT
s keeping original angle

%e

Developed emulsion is just a gelatin layer.

microscopic position distortion
made at mainly drying processes.
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base - micro track angle (rad)

base - micro track angle (rad)
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Shrinkage correction

Insufficient
Shrinkage correction

Angle difference have
Angular dependence

Shrinkage corrected !

Angle difference have
no angular dependence

21



An example of distortion map (rsoriotoc_dc-4s.1st.ps)

X1y

“ ____,..____ ;___.._ .

With shrinkage(film thickness) correction micro track angle is aligned to base track
100 '

So the distortion correction is done by each several mm area box.

Typically distortion is similar around a few mm area.

_ L x10°
0.14

|
0.12

| |
0.06 0.08 0.1
X [(m]

|
0.04

|
0.02

50 mrad
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Micro track angular resolution

(angle difference between base track and micro track)
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Track reconstruction

* Two base track segments are tried to be connected assuming cut off momentum.
* They are connected if the position and angular difference within the allowance .
- Position difference between two segments extrapolating at middle place.
- Angular difference

Continue to all possible combination of two tracks = all tracks are reconstructed.

Case of T60
Fe chamber

TLLLL

Fe500
Position um
difference
<13.3um




HTS performance

* GRAINE2015 films
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° 33 collaborators, 6 institutes, Pl : S.Aoki (Kobe Univ.)
G RA I N E p rOJ e Ct Aichi University of education, ISAS/JAXA, Kobe University,
Nagoya University, Okayama University of science,
Gamma-Ray*Astro-Imager with Nuclear Emulsion Utsunomiya University

Abdo et al. '
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Event analysis example

Requesting making vertex IP within 20um

Detailed analysis , momentum measurement particle 1D,

T60 Run4 X-proj

will be followed as Komatsu s talk. J e
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Use of non standard film,
AgBr Crystal control film



Directional Dark Matter Search with very high
resolution nuclear emulsion
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/ e Detection of recoiled nuclei as tracks

Target Nuclei :
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= Sensitivity of C (N,O) recoil is
dominant for tracking because tracking
Energy threshold and form factor value.
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detector : nuclear emulsion (NIT)

particle 43 nm Ag core Silver grain
\ «—
{ ) r‘z ’ ) » dissolved ~

9
; 4
’ ) ‘~4 Development ‘ Developme
(PP
AgBr crystal size Angular resolution ~ 350 mrad.
50; UNIT Eé{s ng Elli 1.68
_ o NIT-60

30

|

20

|

o
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1.1 um
Optical micro scope
Readout image

Xray micro scope
Readout image
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AgBr crystal size [nm] 100 NnM

10

|

IR SRy RN R NEa

i A W




Plasmon resonance in emulsion

Using optical microscope, can see tracks are colorful!!

Polarized dependence

1)

Wavelength

A

Carbon ion track after developing process
Taken by color camera (Halogen lamp A1 = 300~3000nm)



Cion 100keV
Polarized angle dependence

Polarizer angle

<>
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Muon radiography

100m

Arrived muon density as
/ ha function of angle
f(40films = 3m? 40 days)

| ———

Chamber is

C'ounting penetrating muons =
as a function of arrived angle (ax,ay)

Long term vs Large film area
Temperature not under control




R&D for Pupose
Enlarging the AgBr crystal size

[ 1. Anti—Fading J

Schematic view of the concept muon N\ /_\
AgBr(200um) Silver grains U U
N 7 \ afterldevelopment 200nm AgBr More

o ¥ \. / ionization

5 K Sloger term obs.

\ [2. Larger film area J
\
I
1View %9
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\ \

— higher contrast of image
Read by lower magnificg{ion




Prototype large crystal film
comparison with standard film

Do V= Standard film FD 0.49+0.04

U - - o »o -

. ] A 100ﬂm ¢
4 ﬁ._

GD 38.0*+1.4
FD 0.4710.17



Summary

The emulsion production in Nagoya university started from
2010.

Several types of emulsion, AgBr crystal size 20nm -800 nm,
sensitize control, are developed being to use.

6-7 m? emulsion production and making films in one month.

Track readout system developed since 1980s and scanning
speed is increasing x100 every 10 years.

Current scanning speed is 5000 m? / year readout.
Month scale for readout a 10 m?2.

Tracking and reconstruction program is keep developing to
follow the scanning speed.



Back up



J-PARC T60 experiment g
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CORRMAP POSITION

Shift XY Map 24 25 (corrmap-align-24-251st - corrmap-pc-24-25.1st)
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Tracking efficiency at each base track segment
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HARD X-RAY MICROSCOPE

» SPring-8 @ Japan
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Ta 100 nm thickness pertarn
o e on SiN membrane (2pm)

Beam Stop Diaphragm
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Rotating Beam  pyate

Diffuser Sample Detectol

Imaging
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Zone plateZernike phase plate
( outer most zone width of 50 nm)
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20 x 20 pix

Angle distribution, Elli==1.3, bin=17
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Result of performance [ 60 — 100 keV]
[ lon-implant system]

Absolute efficiency with direction sensitivity
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Efficiency [cis/cts]
Tl

Angular resolution (sigma of gaussian fit) [mrad]

................ _ EIIi CUt 1.25
“E ——  Elli cut 1.40
0.2 E,,, ................. —=—  Elli cut 1.60
01 :_ ............................. ................................... ................................ .................
0 : 1 1 1 i 1 1 1 i 1 1 1 | | L I 1
0 20 40 60 80 100
Carbon energy [keV]

Elli>1.4 Elli>1.25

100 keV 59.7 + 1.5(stat) % 72.8 + 1.7(stat) %
80 keV 42.9 + 1.2(stat) % 61.4 + 1.5(stat) %
60keV 16.9 + 0.4(stat) % 29.5 + 0.6(stat) %

Systematic uncertainties have several % .
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“Angular resolution”

| 90daos

—ZzJaeg:.

: —

| 17doo

B L7 UCS-

N ——  Ellicut1.25

= —=— Elli cut 1.40

= —=— Ellicut 1.60

B 1 | 1 1 1 1 1 1 1 1 1 1 1 1

20 40 60 80 100
CarhAan anarnv Meal\

Carbon energy [keV]

Angular resolution ~ 350 mrad.

Angular resolution is top value to
another directional DM detector.
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Plasmon resonance in nano-metaric particle

b )T H o=t S oy f
1 E’laped Ieth;;nnint Per %
Pt [a@ream=o 3 ;

A, has visible wave length for 40 — 100 nm Ag nano particle

Polarized dependence A

Wavelength




Polarization analysis

* develop the optical microscope that can do polarization analysis
e set a polarizer under the camera and rotate it
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