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Today' s talk

| will introduce about the modern technology
of nuclear emulsion detectors and its PID
capability in this talk.

Fermilab E531

1990-2000 7 DONUT
1904-2001 OPERA

2006 NINJA

2015-
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Nuclear Emulsion Detector
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ﬁ Silver grains - silver halide crystal size

sizesseveral pumber density of silver halide crystal
10 NM ~ 1 um)

AEAAAE 1AKY X38.8K 1.88um

Sensitivity
- Chemical treatment
- Crystal defect and doping etc.
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Nuclear Emulsion Detector

1896 (A.H.Becquerel )
Discovery of Radioactivity

1947 (C.Powell et al.)
Discovery of ©

rrsAPIPDIPPRNEIPPR | |- (K.Niu et al.)
Discovery of charm particle

Recorded as silver grains ) )
along the particle passing through line._ In cosmic-ray

2001 (K.Niwa et al.)
Direct observation of v _

2015 (OPERA)
Discovery of v _appearance

50 um




Largest Digital Came '
ATLAS detector . i

OPERA detector
(~10%0 AgBr crystals)

t

9000,000 emulsion films
150,000 ECCs
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Emulsion Cloud Chamber

Emulsion film

a DONuT

Flight Length:280um
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DONuUT : lron 1mm 45-70 4 m emulsion gel were coated

OPERA : Lead 1mm on both sides of the ~200 1 m plastic
NINJA :Iron 0.5mm, Water 2mm base.

Sandwich structure of emulsion films and target material.
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Automatic track recognition
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daughter

1000 um

OPERA 15t v . candidate event
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Momentum measuremen

[Angle Method]

15 F
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1.5GeV/c pion : P =1.53(GeV/c), dP/P =16%  "\yith 1mm Pb ECC
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Momentum measurement@High energy

With 1mm Pb ECC

2000 = momentum_y momentum_y momentum_y
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Momentum measurement
Measurement accuracy

150% 3 [GeV/c]
140%

130%
120% * lower momentums have better accuracy
110% because of their large scattering.
100%
90%
80%
70%
60% 50%
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40% ) 2% .
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e ik | ——— 0.5GeVic

v - 7 v — = 1GeV/c

109 Y . .
w2 Effect from track stopping == 2GeV/c
0% St 2GeV/c

* More measured plates,
better measurement accuracy.

23plates

* measurement accuracy gets worse
just before particles stop.
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dE/dX measurement RS et
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Darkness of tracks
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dE/dX measurement

T

Momentum-dE/dX

dE/0X (MeV g'lem?)

: I\-/Iorh-en-tur-h- (P)(Gewc} Using 20 blafes "
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Practical application

—
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Momentum(p B ) (GeV/c) 15



dE/dX [MeV/(g/cm?)]

T. Fukuda, State of the Nu-tion

Practical application

dE/dX [MeV/(g/cm?))]

+ ....... . ............... .............. ............. .......................
8*;
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Practical application

NINJA Experiment @J-PARC
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Track darkness for MIP

T. Fukuda, State of the Nu-tion

Future improvement

Aging of the emulsion tracks.

Silver grains were disappeared.
(fading effect)

~20% of track darkness is lowered
after 120 days.

Near future, such effect will be
corrected by using timing information.
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60 80 100 120
Time from film development [days]

The elapsed days after tracks were recorded to development
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Low energy proton
Range measurement

With 0.5mm Fe ECC

212 a1 15Aa4TIE] BLad S8 A A IS A0 1 EBa 4 =47 L alFS00 1 BAa0nS 1 1 BA TSI 1 A A =041 A L= A0] AL a0 =47 1540015411

[ Hiemp |

Entries 407

rangsfe 1000.0 {osi=114 Aposit=20 1 AEpacd =241 EADOCO =401 Apoot =471 LEpasA =001 AL darkne cxi—Skimnes S22

Mean 0.03737
| BMS 0.02163
0

20 25 30
Range in iron [mm]

Measurement error is depend on the thickness of target material.
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Muon 1dentification
* Hybrid analysis with MRD

NINJA

ECC  Shifter/SFT

|

3cm T
[ I

0.3GeVfc

LA T AR PR 5 S il Ak -

G.D Average
| Range(1~3cm)

Tt R&D for stopping 7/ u ID using only dE/dx and Range
20
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Electron energy measurement

Gamma rays > e*e" pair creation
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\ \
+ + + <>
10MeV 10GeV 100GeV
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Electron ID (test exp @CERN)
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7@ mass reconstructio !

n’ mass reconstruction -f / ndf | 1.954 .Jr ﬁ vl + 2
120 £ 20 = 35 MeV

Constant 7.388 + 1.757
Mean 142.2 + 13.2

Sigma 65.76 £ 11.56 | \n/ith 1mm Pb ECC

35 gamma pairs

\

| N

L1 | L1 1 | L1 1 | L1 1 1 | L1 1 1 | |- -I\\T-\I\\-l_‘i—l—l Ll | | L1 1 | L1 1 1
50 100 150 200 250 300 350 400 450 500
Reconstructed mass (MeV)

N

L=

1 o mass resolution: ~45%



New technique:
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High speed Large angle scanning
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New technique:

Emulsion spectrometer

sheet 3
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NINJA Experiment

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

Working group

Experimental site, Neutrino beam

SS floor nmnlonitnr = - | y Emulsion development T2K near detector

s - T | Nagoya Univ. Kyoto Univ.

Film production, Scan T2K near detector

- Yokohama N Univ.

T2K near detector

Film production, Scan -
Kobe Univ. Emulsion Shifter

b TR ‘ T AN
1" Y A\ \ W h, & b
AT

= OA 0.0°

OA 2-“_ ials and Life Sci. hce
AT o
O“\ 2.5 serimental Facility

Off-axisf -

Hadron Beam Facility _.

e T Al e gamew

3 GeV Rapid-Cycling
Synchrotron, RCS
25 Hz, 1MW)

Water Target ~ 1.5kg = °

50 GeV Main Ring
Synchrotron (0.75 MW)

. La

[ s S
P -PARRC |, I" Il report the status on 29%. 55
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Summary

Nuclear emulsion

Momentum measurement

dE/dx, Range measurement

Muon |ID

Electron energy measurement

New technology (Large angle, Charge sign)
NINJA Experiment

That' s all. Thank you !

26



Supplements

T. Fukuda, State of the Nu-tion
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Nuclear fragments from hadron int.

* The existence of nuclear fragments is strong proof for
hadron interaction, not v _ decay.

Signal
(v ,CC)

Nuclear
BG , fragment
(v ,NC)

Associated probability
of nuclear fragments

Angle acceptance :
ltan 6 |<3.0

plastic base

(b)| Side view

Nuclear fragments associated probability

e T 4G 12
Beam Momentum (GeV/c)
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Emulsion Self-Production

Production scale ~ 1 kg detector/week

OPERA type 6D=348+06 New type  SP-3ei=47

FD= 3.7%+0.4 __ FD= 2.9 = 0.9

100um 100um 30
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Hadron 1interaction study

Event by event analysis

Hadron beam
Hadron beam

Reconstructed =

k track track O

tracks 2215 tracks 907 tracks 584 tracks s
Total track - (5)10 GeV/c |
.5 12.6 m 8.5m - R :
length 38.5 0 _ (4) 2GeV/c

; e M

Interactions 173 events 68 events 77 events gy W W o
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Hadron 1interaction study

Hadron beam
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Hadron 1interaction study

Event by event analysis
Hadron beam

Hadron beam
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