


AnepHas porodaMysIbCcHud

BbICOKOE MPOCTPAHCTBEHHOE paspeieHue (~1 mxm)

Bricokas 3pPeKTHBHOCTH 00pa30BaHUS TPEKOB 3apSKECHHBIX
gactull (30 — 40 3épen Ha 100 mxm)

[To3BOMISIET ONPEACINTh SHEPTULO, 3aPsJi, MACCY U UMITYJIbC
YaCTHUIIBI

MokeT OBITH TTIOMEIIEHA B MATHUTHOE T10JIE

B03MOXHOCTB IIPOBOAUTD IKCIIO3UIINHU B OTCYTCTBHC
OKCIICPUMCHTATOPA, Ha}lé}KHOCTB, OHCPIOHC3aBUCHUMOCTD,
HC3HAYHUTCJ/IbHBIC PAa3MCPhbI XU BCC.

B03MOXHOCTh JJIMTEIbHOIO HAKOIJICHUS PEAKUX COOBITHI
IIpocroTa, AemnieBru3Ha U HAITISIIHOCTD
H3yueHue peakiym co CI0KHBIMHU TOIMOJIOTUAMM PaCIiaioB

HpHMOC ACTCKTHUPOBAHHUC YaCTHUI[ C MAaJIbIMXA BPpCMCHAMH
KHU3HHU
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. ~Map showing the trajectory of the balloon flight Jaunched from Xianghe in China and
recovered in Chimkent in the USSR {The solid line and the dashed lines are. respectively. the expected
flight path and its deviations. The crosses indicate the actual trajectory of the balloon. The dash-dotted

line indicates the border between USSR and PRC.)



CHINA DAILY

.10 Mo, 2814 Monday, August 6, 1950 Price: 30 fen; 35 fen (airmail|

Chinese and Soviet scientists send an
experimental balloon skyward yesterday ' :
after a year's preparation. A Soviet expert is /
filling the balloon with hydrogen at a station
in Hebei Province. The balloon will fly over
33 kilometres high out of China from Kashi
in the Northwest and is scheduled to be
retrieved near the Caspian Sea in the Soviet
Union, covering 5,000 kilometres in three
days.

China Daily photo by Wu Zhiyi
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Ongoing emulsion experiments

Country Gel weight Producer Film/ Special requirements
(dry) Gel

OPERA experiment Internatio 100,000 ~30,000kg Fuji Film Produced Refreshing function.
nal m?

Double Hyper nuclei Japan afew 1000 kg  Not decided Gel Doing R&D For thick type emulsion

Balloon cosmic-ray Japan 10 m? 3 kg Fuji Film Produced

Dark Matter Japan, 1kg(1-2 Nagoya / to Gel Doing R&D crystal size ~ 10nm
Italy year) be done

Muon radiography Bern, Italy, afew a few kg/exp Fuji or Film Produced or to

single experiment. Japan m?2/exp. Nagoya be produced.

~10 experiments ~ 50m? 15 kg/total
/total

Medical applications

hadron therapy Japan 10 m? 3 kg Fuji / done Film Produced
basic study

beam study Bern 1m? 0.3kg Fuji / done Film Produced

Proton radiography Bern 1m? 0.3kg Fuji / Film Produced

Dosimetry R&D Bern 5 m? 1.5 kg Film Produced

OPERA film = gel (dry) ~0.3 kg/m?
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HaGnoaeHne nepBoro cobbITUA — KaHAUAATa HAa TAOHHbIEe HENTPUHO (VT )
B 3kcnepumeHTte OMNEPA

—h—(nm)vr (2,36 0 )

daughter

1000 um




v, — V. 0scillation search

New v, candidate

parent =" oo
e

2-prong v interaction with one track
showing a secondary vertex
compatible with the hypothesis of
T —->h*h h v,



v, — V, oscillation search

Systematic search for electron neutrinos applied to 505 events without muon in the inal
state (runs 2008 — 2009)

E, = 15.6 GeV
Expected events: 19.2 (beam) + 1.5 (oscillated) Observed events: 19 E < 2(e) GeV (improve

S/N ratio)

Expected events: 3.7 (beam) + 1.1 (oscillated) Observed events: 4




Balloon-borne emulsion gamma-ray telescope
Crab nebula for each energ

High energy gamma-ray
(Fermi Gamma-ray Space Telescope
consisting of silicon tracker lunched by NASA on June/2008)

VHE gamma-ray (H.E.S.S.)

High energy emission has been observed all over the world, actively.
The resolution of high energy gamma-ray is not enough compared with another energy region.

It is important to improve the resolution of high energy gamma-ray.

100mrad




Emulsion gamma-ray telescope

I' A
Converter 290um
(Emulsion + metal foil) (0.002X )
Timestamper 7 ] v

(Multi-stage shifter)

Calorimeter

(Emulsion + metal plate)
Attitude monitor

(Star camera)

Converter

-Converter consists of emulsion films and metal foils stack.

-Starting point of electron pair is detected and gamma-ray direction is determined precisely.
Timestamper

-Timestamper consists of multi-stage shifter.

-Multi-stage shifter attach the event time to emulsion.

-By combining the event time and attitude monitor information, gamma-ray direction is pointed on the celestial sphere.
Calorimeter

-Calorimeter consists of emulsion films and metal plates stack.

-Gamma-ray energy above GeV is measured by electron shower measurement.

(Gamma-ray energy below GeV is measured at converter by multiple coulomb scattering)



Performance

Emulsion telescope Fermi LAT
Angular resolution @100MeV 10mrad 61mrad
@1GeV 1.4mrad 10mrad
Energy range 10MeV~100GeV | 20MeV~300GeV
(under R&D below 50MeV)
Polarization sensitivity YES (under R&D) No
Aperture area >1m?2 1m?
Field of view (full width) >90°1 6sr, 12.5% allof sky) | 120°2.45r, 19.1% all of sky)
Dead time No dead time 26.5USEC readout time)
AreaxTime [m?2 - day] 25(current) 365
625(future)

Emulsion scanning power in a year (Flight duration : 150hours(6.25days)

Current system : 4m? * flight Long duration flight(150hours)
Future system : 100m?2 - flight Repeating flight(>4flights/year)




: : .r | o ——
Emulsion scanning facility =i

@Tono mine

! L

4 - T
+ Running scanning power is 1.6m? - flight/year.

-5 SUTSs are running everyday.
-4 SUTSs are scanning with 50cm?/h and 1 SUTS is scanning with 33cm?/h.

« Maximum scanning power with current systems is 4m? -

flight/year. Automatic Emulsion Scanning System
-SUTSs become high speed up to 121cm?/h. ’,
- Scanning power with future system is 100m? - flight/year. “S-UTS 1 33cm2/h

-Future scanning system is being designed with 1m%/h. o - f‘“’ﬁm
- .



Energy range

LCSH v~ # ' — A @UVSOR REH v~ @ Fely LCS# ¥~ # &' — A @SPring-8 MSC K& v~ @ 72
2212314379 131 3741965

E=28[MeV] E=150[MeV]

pB,=13+4-2[MeV/c] pB;=50+12-7[MeV/c]

pB,=15+4-3[MeV/c] pB,=100+36-13[MeV/c]

|
|
\
|

\

\ >

10MeV 100MeV 1GeV 10GeV 100GeV

These are gamma-ray events for each energy detected by emulsion.
Emulsion gamma-ray telescope can observe for wide energy region.




Emulsion Multi Stage Shifter

The emulsion which has the time resolution below a second

“Emulsion Shifter’(2004) @jion
(Dmain emulsion (fixed) “Multi Stage” Shifter

@emulsion shifter

Multiple emulsion films are moved
\ D with the different cycle.
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By the combination of multiple position displacements,
the emulsion has enough brief time resolution even
with the observation of long duration.



Multi-stage shifter

Principle of shifter Principle of multi-stage shifter
| &
| \ \ i ( hour
\ P C( | | min.
Y ((( sec.
time

The shifter creates a position displacement of a track corresponding to the recorded time.

The time can be reconstructed from the position displacement.

The multi-stage shifter has two or more stages shifted with individual cycles.

In the multi-stage shifter, the combination of position displacement of the track between each stages can be taken
and a great many independent time-dependent states are obtained.

As a result, it has good resolution for longer time periods.

It is similar to an analog clock which shows 12 hours with accuracy of one second by the combination of hands
moving at a different cycle (hour, minute and second hand).

Moreover, by increasing number of stages with a shorter cycle, the time resolution improve.

Multi-stage shifters using emulsion films are simple by design, compact, light, high voltage free, low power
and dead-time free. This is suitable for balloon experiment.



. . . Co-development with Mitaka
Flight model of multi-stage shifter xoico.va.
-~ i ,: : N R — Size : 44cmx22cmx6cm
D T | e R e  Weight:4.7kg
N —— —— i ® Effective area : 12cmx10cm
# of Stages : 3
, Gap : 2mm
Thickness of effective area : Smm
Movement method :
One dimension, independent
Linear guide
1, 2nd gtage : bearing
31 stage : blade spring

i /ﬂ’"




Possible future emulsion experiments

* Physics
— tau neutrino cross-section
— 0 neutrino double-beta decay
— Antimatter gravity experiment
— Neutrino Factory

®* (Geosciences
— Muon radiography
* Medical application
— Proton radiography

— High precision beamline study
— Neutron monitoring



ApepHaa doTtoamynbcua ¢
MmonmbaeHoBbIM HanNO/IHEHUEM
AnA HabnwoaeHua 2P - pacnaaa.

B.A.AwwnTtKos, A.C.bapabaw, B.A.bpagHoBa. B.A.[lntnos,
B.B.AybuHuHa. H.MN.EropeHKoBa, C.1.KoHoBanos., E.A.lMokapoBa,
H.l.MNonyxuHa, B.A.CmupHutcknin, H.U.CtapKos,
M.M.YepHasckun, T.B.lLleapuHa, B.UN.KOmaToB
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"...Bcero za nonBeka u3
YCKOJb3arLlen CyLLHOCTH
HENTPUHO NpPeBpPaTUNOCHL B
dyHaaMeHT Hawlero
cywecTtBoBaHuA... [lpousowna
"HeUTpUHHaA peBonouua". dta
peBonOUUA 3aTparuBaeT camble
cyHaaMmeHTaribHble OCHOBbI
MUpa, B KOTOPOM Mbl XXKUBEM.
OHa npousBeria nepeBOopoOT U B
Hawem noaxone K puanvyeckKkmum
ABMEeHnAM".

A.B6. 3enbposuy, M.1O. Xnonos,
1981 r.
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MNepexopa

46(Cq 40T
4BCa BTi
707n °Ge
6Ge 76Se
SOSe 80K
82Ge 82K
86K 86Sr
9471 94Mo
9671 %Mo
%Mo 2Ru
1000V o 19ORu
104Ry 104p(d
100pqd 10Cd

MU3oTonHaA
pacnpoctpaH. %

0,0033
0,185
0,62
7,67
49,82
9,19
17,37
2,80
17,40
23,75
9,62
18,50
12,70

ZHi [:A:,E) — [:A, Z + 2) + 2e 4 20..
(A,Z2) = (A, Z4+2)+ 2e”

Pa3HoOCTb
macc, Ka3B

985+5
427145
1001+5
2038+1
135+15
3005+15
1249+8
1148+7
3350+6
110+8
3032+9
1301+9
2014+24



Hamun npeanoxeH mertoAa:

Ha cTagun npou3BoAcTBa sAAepHas poToaMynbCus
HaMoJIHAETCA MeNIKUM MOPOLUKOM HY)XXHOro u3oTtona.
Takum obpas3om, saepHas aMynbCUs ABNSETCS
OOHOBPEMEHHO U MULLEHbIO U AETEKTOPOM.

OCHOBHbIM AOCTOMHCTBOM Takoro noaxoaa
npu un3ydeHmn 2p-pacnaga aBnsieTcsl BU3yanunsauus
MNOME3HbIX COBLITUM N BO3MOXHOCTb U3MEpPeHUs
BCeX XapaKTepuCTUK pacnaja:

CYMMapHOM 3Hepruu,

3Heprum otaesibHbIX 3NEeKTPOHOB

U YyIrrnoB uUX pasnera.



Ana npoBepKu npepnoXeHHoro MeToaa

Mbl npoBenn R&D ¢ uncnonb3oBaHWMEM  MPOMbILIAEHHOTO
MENKO3EePHUCTOro NnopoLlKa monmnbaeHa.

U3srotoBneHo: 10 nnactnHoK (9x12x0.0075)cm3

(Vam =8.1cm3 ), HanonHeHune 1.43rp. Mo (4.6% no secy
CYXOU 3MY/IbCUMN)

YCTaHOB/1€HO:

MonnbaeH He «NOPTUT»  AAEPHYIO  POTOIMYAbCUIO U
MOPOLWIOK He MellaeT NPOCMOTPY M CKAHUPOBAHUIO Ha
MMKPOCKONax.






1 pm

£




UTor

1.Pesynbrar

[nsa onbita ¢ 1 kr.1%Mo — 65.5 kr. rens,

860 am. cnoeB (9x12x0.06) cm3, ecnn yBennunTb HanonHeHue B 1.5 — 2 paaa,
TO O6ynet 570 — 430 am. crnoes (10 -12 am.kamep).

10 — 12 3MynNbCUOHHLIX Kamep, HanosHeHHbIX 1 kr 100Mo, obpabaTtbiBatoTCcs Ha
Tpex CcKaHupyrowmx Mukpockonax 3a 1 rog. Oxngaembln pesynsrat N3MepeHnsd
nepuoga nonypacnaga ~1.5x10°% ner.

2. ®oH (BP)

®oH o1 40K ~5/rog un <1 cobbiTne B obnactn (3+0.3) MaB. ®oH ot 90Sr ~1
co6./rog ¢ aHeprmnemn anekTpoHoB >2.8 MaB. POH OT eCTECTBEHHOM
PaANOAKTUBHOCTM NPAKTUYECKM NOSNTHOCTBIO NUCKITIOYaeTCA.




TOYHOCTb U3MepeHUA sHeprumn
3apPAXKEHHbIX YacTuL, No ux npobery B

a0epHON POTO3IMYNbCM.

DHeprva MIOHOB B TT— UV pacnage CTporo

MOHOXpOMaTUYecKas.

Mo Hawum nsmepenunam E = (4.12 +£0.1)
M>3B



[Jo3umeTpusa ny4ka yrrepoaa c aHeprmeu
200 MaB/H ¢ nomouwbio nonumepHoro aetekropa CR-39 (UTJ3D)

», "0 [eTeKkTopbl TAKOro TUNa
o obecneunBaloT nonyyeHne
% © g0 [AHHBIX HE TOMbKO O CPeaHMNX
] °°D= °.°° . 3HAYEHUSIX SHEPIMM YacTuL, 1
oo ° 9HEproBblAeNeHNN 4acTuL, B
oo o 06beKkTe, HO 1 O
°L R pacnpeaeneHnun NoTHOCTM
o 0 %0 nyyka B ero cevyeHuu,
°© o o KONMYEeCTBE N MecTe

Pacnpegenetie no pasMepam knacTepes

nonagaHusa vacTtuu, pasbpoce
9Heprum Yyactuy,

3asucumocms Konuyecmea mpeKos
.| omuxduamempa U KOIU4eCmeo
Whoe® | mpekos HannacmuHe

? T T - ;
[ s0 100 150 200 250 300
CTenexs NouEpHEHUA KNACTEPOR - 255

5 30 35 40 45 50 55
Pasmep riacTepa, mincent

OuameTp nonsa nyyka 45 mm, pasmep nnactuH 2cm Ha 2cM. nga nogcyera yncna
YacTul, a TakKe N3MepPEeHNa pasmMepa KrnactepoB NPOoM3BOAMITIOCHL CKaHMPOBaHUE YacTu
NracTuHblI pasmepomMm 5mm Ha 5 mM. Mcnonb3oBarncs obbekTus ¢ yBenmyeHmem x100
(pa3smep kaxpgoro kagpa 420x350 MUKPOH).



HaHopa3mepHaa agepHan aMmynbcus
(Nano Imaging Tracker:NIT)

OPERA

TR

OPERA:AgBr crystal size ~200nm | NIT:AgBr crystal size ~40nm
2.3 AgBr/um 11 AgBr/pum

5 times resolution for OPERA!



Tracking test by low velocity Kr
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Emulsion Samples
Krypton

Krypton 400 keV

Emulsion NNKO32 with PVA
4119 nm crystal size

~150 nm grain size

2X expansion




Emulsion Samples
Neutron

Neutron 14.8 MeV
Emulsion NNKO11

~50 nm crystal size
~150 nm grain size

2X expansion

L . e
L4




Neutron sample image

Field of View size = 114.3 x91.8 um

Zoom size = 23.1 x 18.9 um
Pixel size = 0.0893 x 0.08965 um



Neutron sample
A real track?

Field of View size = 114.3 x91.8 um

Signal Direction

Zoom size = 24.8 x 26.0 um
Pixel size = 0.0893 x 0.08965 um



Atmospheric muons

Top of the atmosphere
P p P Proton collides with an

/ atmosphere molecule.

4

e . e’ PeaKuuu reHepaumm
e M pacnaga MIOOHOB

0
MHorvne csomMcTBa MIOOHA U 3JIEKTPOHA w22y,
6r1m3ku, Ho macca mtooHa (106 MaB) B n 2 u+v,
207 pa3 bornbllue macchl aniekTpoHa. C S !
9TUM CBSI3aH TOT pakKT, YTO npober n w+v,
MIOOHOB B TbIiCsi4M pa3 bonbLue
npobera anekTpoHOB. Bpems XunsHu
2.2 MKCeK.

W2 e +v,+v

MIOOHbI MPOHMKAIOT Yepe3 NOBEPXHOCTb
W2 e+v +v,

niaHeTbl C UHTEHCUBHOCTbLIK okono 10
TbICAY YacTuUL, Ha KBagpaTHbLIN METP B
MUHYTY




[TpoHMKatoWwaa cnocobHOCTb MIOOHOB

[TOTOK MIOOHOB NpeacTaBAAEeT COOOMN MPOHUKAOLLYO KOMMNOHEHTY
KOCMUYECKUX nyven. [laxke npu CPaBHUTE/IbHO YMEPEHHOM
sHeprnm 10 38 MIOOH MOKET He TO/IbKO MPOMUTM CKBO3b BCHO
3eMHY0 aTMmocdepy, HO N NPOHUKHYTb AaNeKo B rybb 3emnu.
MaKkcumanbHasa rmybuHa, Ha KOTOPOW PErNCTPUPOBAIUCD
MIOOHbI Hanbonee BbICOKOW 3HEPrnm, coctaBnaeT okoso 8600 m
B NepeBoAe Ha BOAHbIN SKBUBANEHT.

BblCcOKaa NpoHKMKatowWwaa cnocobHOCTb B COMETAHUM C MPAMO
NPONOPLIMOHANbHBIM NJIOTHOCTU BellecTBa KOIGPULIMEHTOM
NOrNOLLEHMA NPU YMEPEHHbIX SHEepPruax (AecATKN U COTHU [38)
Aenaet NPoHMKatowyo KomnoHeHTy KJT oueHb ya06HbIM
CpeAcTBOM ANA NOA3EMHOMN reoPprU3NYECKON U MHIKEHEPHOM
Pa3BeaKM .



MI0OH — 3apAXKeHHaA YacTuua, ero obHapyXeHune npoucxoaut
HenocpeACTBEHHO U He Bbi3blBaeT ANOJJIHUTE/IbHbIX CIOXKHOCTEN. TUNnYHble
rOPU30HTa/IbHO NPMObIBAOLLNE MIOOHbI KOCMUYECKUX JIyden ¢ aHeprnen 1 TaB

MOTYT NPOHUKATb 2.6 KM BoAbl. Taknm ob6pasom MOOHHaA pagmorpadus
MOXKET NPUMEHATLCA ANA 0OBEKTOB AaXKe KUIOMETPOBOro pasmepa,
PAcNONIOXEHHbIX 06A3aTeNbHO Bbllle AETEKTOpA.

muon



The first application of Muon Radiography

Search for hidden chambers in the Chephren’s Pyramid
L.W. Alvarez et al. Science 167 (1970) 832



Dr. Luis Alvarez, Nobel Prize Winner
1963, Chephren’s pyramid, Giza

Is there a “secret chamber” ?

image
-
&
- \.
-~ N

L
chamber ~|

photographic
plate

E}I- Fay source

developed
negative

43



No hidden chamber in the pyramid

ig. 4 ¢lefel. The equipment in placs in the Helsonl Chueher usder the pyremidl

Spark chamber “muontelescope” Telescope in Belzoni chamber

Data Simulation with hidden chamber

Data and simulation are corrected for
pyramid structure and telescope
acceptance




Lawrenge Berkeley Laboratopy
University of Californts

Ber eley. Califorsig Q270

Telephope 415/843-274p

Augusr 1 oerp

Dr. Luis Alva

1963, Chepf Eﬂm 2, F

Mexies
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Obnactn npumeHeHUA N NPenmMmyLLecTsa
MIOOHHOMU paauorpadpum

BbIiCOKasa NPOHMKAOLWLAA CNOCOBHOCTD.

OTCVTCTBME HEOGXOAMMOCTM C03A4aBaTb UCKYCCTBEHHDbIE
UCTOYHUKUN U3NTYYEHUA.

BbicOKoe paspelueHue n TpexmepHan KapTUHKa

MP MOHUTOPUHT YCTAHOBOK AAEepPHO-2HEepretTu4eCKoro Komnnekca

dyHOAaMeHTa/IbHble HayyHble 3a4a4M acTPoPU3INKU N AgepHOMn
dU3nKn

Hepaspywatowmnit MP KOHTPOb NPOMbILL/IEHHbIX 06beKTOB
(momeHHbIe neun), onop MOCTOBbIX KOHCTPYKLUMA.

AnbTepHaTUBHbIN reopusnyecKMm metogam cnocob aHanmsa
ceMCMUYECKMX NPOoLLeccoB.
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Pioneering radiographies in Japan since 2003

(w) anuad 1ajeld Je uoleAs|3

" _"%}w Radar shadow Radar shadow
y ; 2544
2478
2412
93mrad muon
~ . telescope
66mrad \@
- . 2280
156 312 468 624 780
Horizontal angle (mrad)
An “imaging” technique L T . T S
_g_g q Average density (g/cm?)
Resolution (tens of meters) A region of higher density

unattainable with conventional (red) visible in the caldera

“indirect* techniques Below it, one sees (blue) a
(gravimetric, seismic, ...) region with lower density

H.T.M. Tanaka and coll.
EPS Lett. 263 (2007) 104



[opbl Asama, AnoHuA

OAauH 13 caMbIX aKTUBHbIX BYJ1IKaHOB.

[MpocTon geTekTop YacTuu Ha
OCHOBE 3MYIbCUOHHON KaMepbl
KaK MHCTPYMEHT A9 MIOOHHOM
paguorpacum ByrnkaHoB.

N3mepeHne BHyTpeHHeN
CTPYKTYpbI ropbl Kama-yama co
cTopoHbl ropbl Maekake-yama.

Mcnonb3ysa 3HavyeHne nioTHOCTH
AONS ropbl, ONpeaenunu, Y4To
06bEeM 3anonHEHUST HUKHEN
obnacTtu kpatepa (B MecTe Mexay
Kpomkomn kpatepa n 100 m Hmxe
KpOMKM) cocTtaBnseT 8.1%.

OnpegeneHa NAOTHOCTb NOpoabl
ropbl Kama-yama — 2.25 r/cm3,
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Emulsion chamber comprising two sets
of emulsion films in coincidence, three
iron plates, and four rubber sheets. The
thickness of each iron plate is 3 mm.



Pesynbratbl (Asama)
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Angular distribution of path length from the topographic map in the top region of Mt.
Asama as viewed from Maekake observation point (a). The unit is in meter. (b) The
cosmic-ray muon radiograph as plotted with relative muon intensity n(y, f) is shown in the
same angle region. The shadow features in the radiograph indicated by Maekake, Mt. #1,
and Mt. #2 correspond to the peaks.



Cosmic-ray Photograph of a Volcano (Showa-Shinzan)
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Angular space distribution




Density analysis of Mt.Showa-Shinzan
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The Great East Japan Earthquake
2011.3.11




The Fukushima Daiichi Nuclear Power Plant Accident
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A cooling system stopped and it is thought that the meltdown of the nuclear

reactor happened.



The problem in observation

Vv )1_' e
.58 LW

* High radioactive environment
— Shielding is needed

* Limitation of installation space -

— Rubbled area

Emulsion
Is better solution

» power supply is difficult



Candidates of detectors

Electric Detector
Real-time responsibility

Nuclear Emulsion
High resolution, no power supply

Detector unit size is fiber(1mm),
bar{10-100mm)

Detector unit size is
silver grain (1um)

Detector Size :
Emulsion is able to be 1000 (1um/1mm) times smaller in each dimension to
achieve the same resolution



Test experiment
using experimental fast reactor : Joyo

It is inapplicable to Fukushima daiichi before a technical actual proof
because the work under high radioactive environment is needed.



Detector was made in Nagoya-Univ.
Exposure time in Joyo : 21days
Developed in Nagoya-Univ.
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Comparison between 2 chambers
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EmuI5|on Scanning System In Japan

= T

| Read out speed
~ S50views/sec = 72cm2/hour
[ .



Read out of emulsion
@ Scanning facility at Nagoya University

-




Next Generation Read-out System

HTS

Hyper Track Selector

\I! \!

Nagoya Meeting



HTS concept

» \ery large field of view
5 x5 mm?

» Extremely quick stage using
the linear motor

e

» GPGPU based image processing

ROV __|Freauency Scanspeed

S-UTS 0.05mm? 40Hz 72cm?/h

AChiEUZé“EI?fogress) ZSFTerPr?mZ 1OHZSHZ 9OOOcm2/.}1socm2/h
Rate x500 x1/4 x125

2013/6/13 Nagoya Meeting 65



Muon Geo-radiography with emulsions

Muons
Detector — emulsion film modules

Scanning facility
Analysis power

hon =

Time for prototype test
Test site — Price Mine, Vancouver Island, BC, Canada

Large known object (100m) and small dense unknown object !




Muon Geo-radiography with emulsions

Test site is chosen: large known object + small unknown! Goldt)
Muons are available -
Detector — 10 emulsion film modules placed in tunnels around the object
Scanning facility ready in Bern

3D analysis from 10 x 2D projections

Calculations promise success... ( density resolution ~10% )

1.
2.
3.
4.
5.
6.

Prototype test is ongoing!




ulsions

ls around the object

~10% )



ITALY

-Active (after 1944 quiescent) volcano, 1280 m high

- Grown 1n the caldera of an older, larger volcano (Mt. Somma)

Veduta da Castel 5. Elmo
antico edificio o

-
del Somma \pf "-
”
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MM.te Somma



MU-RAY workshop
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Baracche Forestali
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Allegri alla partenza 20/10/2011 ore 10:00




Saluto del Vulcano ore 11:01




Primo posizionamento ore 11:35




Incollaggio pilota ore 12:20

Temperatura percepita : 30° C segue veloce montaggio tenda !!
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Working area

The scheme of the reference vertices (top view)
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Emulsion envelopes seems to be in a
good condition




Labeling. T{e convention is:




Muon radiography test of nuclear
emulsion detector method,
LPI RAS + SINP MSU:

Emulsion stacks were inserted within the
body of a steel metal column of SINP MSU
accelerator frame and outside



Metal column of the accelerator frame




Steel column, which is the part

of an accelerator frame

55cm

1]

280 cm

Emulsion stacks
fixed on a hard
aluminium plate




Prepared stacks of
emulsions and
aluminium plate
with fixed stacks




Structure of emulsion stacks:

1. “Slavich” emulsion — 3 single layer emulsion
plates + metal plate + 3 single layer emulsion
plates.

2. Fuji-OPERA emulsion — Changeable sheet
stack + metal plate + Changeable sheet stack
(12 layers in total).

3. Fuji-OPERA emulsion — 4 emulsion layers.



Arrangement of
emulsion stacks into
metal column




Estimations and expected results
of the test

Assumptions:
[(E>0.3 GeV) =7-10 cm?sectsr!
Ettective zenith angle range — 30°
Exposition duration — 49 days

Then Ilocal outside/ Ilocal underFe ~ 10
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pacyeT BHYTPU KOJOHHbI, 6 =18.8 - 23.1°
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Disposition of the borehole and the gas storage
in the site of expected method testing




Disposition of the gas storage and isolines
of local topography







Summary

many ideas for physics and applications with a large amount of emulsion
consumption.

however, we need R&D to proof the principle of experiments.
we need good emulsion gel for R&D

we hope to receive good quality gels from Slavich.
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