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F 16 HZ 108 4 12 A 18 HEARMIFIRATE H A SHAes & TR - 1
2B B YR58 H A RRATI T (£ 2 ATEX Hral&riH(SHI-ATEX) 2 fi
R IR R P AP TR R R PR 0 > E TR 8  h T IR
FEAE T2 IRGTHE ~ TGRSR © T SRR T T IRHISEE - ARG
RS IR SHI-ATEX /5] b THERA SRR » DA AE B 52 R BAL T
FIT A 335 o PR 2 » DABE R T op IR R b TR A T
BT REFRTSE - HE B TR RIS T BB E A - DA
K I AL 2R B A A O P IR > BRAER LT TIRARTIRAS > JRRERR
TR AR -

(=) SHI-ATEX A =flifr

SHI-ATEX AIRAE 2017 FH{E A fabaa R A w1 HACE TRk
BARAFGHME > K ERBRAIRAFANIN 1979 £ DR
A~ kel - BiEted AL EHEERE RS ERER - HAETE
IR IR A TG 1989 £F » L SEH Ry TR IaRes - Rt > SHI-ATEX
N EIER AR SRR T2 EE s - R R 2 a
T RS AN ER SR s - e A RS T e R gs R RO R &R
- IEAHARES - SHI-ATEX 2 frp g @it hizas i1 - 2AIA 18 MeV

B AR T A T o AXWTRT A fe iR g T EEER F R T A A E A
TR i HEA T RRAR RS EL SHI-ATEX FHAT - SUATERREEE S -

HAfFEREEREV NGRS HEEA D > bR EE R e T
JE(JRR-3, KUR) ~ HZdh 15 (J-PARC) fz il 28 25 7 15 (RANS, KUANS,
HUNS, SHI-ATEX, iBNCT %) » Hofjiifigsth TRBERS - HAIIZ#SE .

TR e L 1[1] - HART-RER TR e ~ rreest » i
MHIERSN » BTSSRI > TCH AN & a R (BNCT) - th1-id

F1H



MR T IRAYEAE A - [ 2[ 2] B H AR - HEAH AR A o 557 4 >
(& B BE I 15 3 T IR AL R R B B TR o AR RETE S 2
SHI-ATEX -5 - IR - 28 T IR R AT HIE S
HYEEYZ— o SHI-ATEX - fUE A A 18 MeV, 20 pA BB BEHHT T E
e R R TR SR A AV R T34 £y 2x10° n/sec/em”

(=) EHATINZR ST IRAIS AR &

fXBTFT 30 MeV B T gl Eigs i 5 (IR EY 82 4 EHATIAZ 5 A 14
Iﬂﬁl%é’ﬂiﬁﬁﬂﬁ”%ﬂ—ﬂwﬁ%ﬁ”%ﬁ W5E - iRt AT A e iR w8 B 1 R A
FEFIEEE - #7110 FROTETERILINZ S T 15 - HReRzbtATA —(E &

TRE LA R T e A e e B AT S M B BRI (50 ) - <ERF AL B P
THER T RERYRR SR EA AT AR A 2Rk 3 e it PR A - i v Ay o1 E ]
TH H 920 THRE Ry b1 HAR AN 252 R IS (Soft error rates)

AT TR 28 o FRTESE ) 24-30 MeV IS S8 Dl A2 op T » 114
FHIBCER i T IR R BT > AL AT AR AR B R AR T ~ o a%(neutron
moderator) ~ HF 7 B 5 (neutron reflector) ~ #EH 2§ ~ HF TG IEE
SHI-ATEX th 7S R A S T » (R T P55 e R
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Accelerator-driven Neutron Sources in Japan

o

National Cancer Center

(Solid Li target) Pp-o€
Edogawa Hospital South Tohoku Hospital
(Under construction) ST ( Be target)
(Solid Li target ) ;

Kyoto-U KUANS (p-Be)
KURNS-LINAC ( e-x,x-n) | s ) nE

i=BNCT Multi-purpose

Osaka Medical College [}*
(commissioning)

( Be target )

( Be target ) B SHI-ATEX Nagoya-U Multi-purpose
Kyoto-U / | (Li target)

(Be target) Osaka-U RCNP

BNCT: 7 -Neutron Imaging, Scattering, etc.: 10

1 BRI -
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HUNS(35MeV, 34pA) Aomori Prefecture
~103-10%n/s/cm? Quantum Science
Cold and thermal neutrons ?Center(20MeV, 50u:A)
6.1x10°n/s/cm?
Thermal neutron

RANS(7MeV, 100uA) J-PARC
~fewX10%n/s/cm? (3GV, 333uA)
Thermal neutron RADEN: Cold neutron
~108n/s/cm?

KUANS (3.5MeV, 100:A)
1.2x103n/s/cm?
Thermal neutron’s

JRR-3 (Reactor)
TNRF: ~108n/s/cm?
Thermal neutron
CNRF: ~107n/s/cm?

UR (Reactor): Thermal Cold neutron
SHI-ATEX E2: ~3.2x10°n/s/cm?@5MW
(18MeV, 20p:A) B4: ~5x107n/s/cm?@5MW
~2x10%n/s/cm?
KURRI LINAC: Thermal
ThgtnmLie N 2.3x10%n/s/cm2@100uA

2 HASRE IR A Ay IR o B B H B E R R A A B i
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fE¥REH SHI-ATEX A\ 5] A E#%H; > ¥ H - Neutron Business at
SHI-ATEX - #£#z A * Ryuji Uemoto (BfZ& 0 EAEFAN) » SIS NI EwmAY
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Kaku (B8 /tlmt 2 Geifial & 5~ 80, Katsuhiko Saito (B ulimidasaiflinlak
sTHFH%), Tomoya Iwata (B SClmtiass il Maea T30 £ ALFAN) - AR EaLEy
sy £ PR -

(1) SHI-ATEX A E[R I IB A EE R
-REEE TR AE TR IES (Jon & Electron beam irradiation for
semiconductor) °
tr-HEAE TS (Neutron Radiography Testing (NRT)) °
- 5|EEE(EEERETHT (Radionuclide Technique in Mechanical-engineering
(RTM)) -
B 9% 28 M BB T R (Electron Beam Sterilization for Medical

Equipment) °

(2) FEIHSEERE

EIEENIEES (WREISE @ SHI, CYPRIS-370(55—%)f1 CYPRIS-370V
B~ = UR) > SsFERER -

1 &3 N#EE3(High Voltage Engineering, AN2500 Van de Graaff type
electrostatic accelerator) °

58 T IIZEZ5(SHI, Dynamitron » 53 HIALF AR A AT IR AR
) e
- 2018 MR — & R T & a R BNCTMHBANT ZTR F-18 A2 2 41)E

JIEEES(18 MeV, 200 pA) » FHIE 2020 SR -

Q) hrEAR AR

- RSt TIRERE VA RNEEFSEE 3 f RN S e
IR es IR ST S B AE A - IR PR TAE R 18 MeV o B I 20 pA »
iz A A -

- P (Be-9)ENL  FIF 18 MeV E B HL N » &LHHIZZIE *Be(p.n)’B
Ay EBERNESN T FREES A —E - SEERT T
PACINE TR ZAEE (60 W = 18 MeV x 20 pA)fiELEFE » 78
IR 2 AI7KEE, - SR SR/ NNE T AN IRE - AFTRERER A
GBI & - F—Re BE T AR eI 2 i & (range) /] A ] SRIM
(Stopping and Range of Tons in Matter)¥xggs B[ {5 -
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- PR 28 (neutron moderator)F1Z B fa(neutron reflector) » A [EH1-5E
BHA[EFEMHE > SHI-ATEX 3t ) KB BUAE A P Fix
S RO o IR E AR Ay PR o A R R SR SO, - T 1
HEAH AT AR 2T - AR S fE R BRI S » TP ARG R AT R ep -
[ &t > /DB AN RARRE o o RR SR %%&XMZ%M@
density polyethylene, HDPE) - tfy-sk il 5 G (L R (EH A - PRop 124508
IR ESERER LG R R T - EP?)Q%]‘%“*?TF%T—]ZX%Z%
M8 > Blh RS R — R T L B (R R (R B - R ES FIR S A
BEF—IETTHG - BE 70 X7 - PrEARF REREE RE 4 NS
IIZRES ~ $EHG ~ T es « SR IR E o o IR e
N E S RIE S(a) ﬁ%ﬁEHQH 7 FLIE 6 o 1F SHI-ATEX fiZReEs 4+
TRHIEGET T o RS nI SR REBEN R T A R AT T R A 5 [
thepr 55 RIE S(0) - B S(a)F1(b)ETHUE SHI-ATEX fiizias o5 Ak
YSESE

(4) - IRAHE

BONIEIEM - ORI ST SR EIRF A S HEE R T8 28 5 - Y

42 H g (collimator) Fifli (55 FLIE 5 FIE 6) -

REHE HNER A — TR BE TR ERR L/D =44

L R EH e A Om 2R anpEEE - D R B as 1 A LI TR/ S0
R R R B AR L A Ry 210 277> Hh - HEAH R i (B &y 35 cm x 43 cm ©

REHGNEME RSB SR AR 10% H(HDPE+B 10%) » 7

AR WP 22 TLRGHRTE - 48 e N BEM B R IOy B A2 AR s B b -

R A B IR Sk DL ORESe BRUAE PR P YA T -

RGEEE - EREREATHES ~ JBR R (film)EY IP(Imaging Plate) ~ # ¢

(converter) » #EHAFEAE Fy5L(Gd) » Gd U P 1Y BB EITR A - TR

WEL 1% & R TS S 4R N SR B ~(conversion electrons) » 78 £ ][]

FEETAR AN A BE - AT BAJES 7 57 TP (R Ait%: - oI R i B

FiE% Ry 5x10° n/em?/s » JEE 5 BRAGEFRE £y 120 o748 > TP RGBS Ry 12

gy HIER GRS o 1P & RS - PGB EE R

EEFRE T -
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—TES ST E (Cadmium ratio = 3.5) » $FEEE T FHACHIS #7224 1 25
PR sz e HYEE 9] > Cadmium ratio (Cd ratio) iE 28 Ry (AmtAs)/As -
Hpt AntAs RRPFERENGHRERIIE - AR PFERSE
EIRIEIE - 1PCd EHMERY 0.5 eV By TATR AR U - [RILER
LLEARFRBF T2 8 - ik 755 L/D fil Cd ratio 4p » -5 52
GEEHTSH > FREM - # ASTM 534} » SHI-ATEX - AHH
REERE =4 - B 8 BER SHI-ATEX H - JAHE 1 «

. SHI-ATEX fIIZRE Mg
No.1: CYPRIS Type-370, Sumitomo Heavy Industries, Ltd.

Ion Energy (MeV) Max. Beam current (LA)
Proton('H") 18 50
Proton('H") 5 3

Deuteron(*H") 10 10
Helium-3(*He?") 24 10

No.2: CYPRIS Type-370V, Sumitomo Heavy Industries, Ltd.

Ion Energy (MeV) Max. Beam current (LA)
Proton('H") 18 50
Proton('H") 8 20
Proton('H") 4.5 10
Proton('H") 2 5

Deuteron(*H") 9 40
Helium-3(*He?") 24 10
Helium-4(*He?") 18 5
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R= P IAHE AR

Accelerated Particles

Proton 18MeV

Neutron Source

Be(p, n)°’B reaction

Neutron Flux (Vertical Port)

2x10*  n/cm?/s/uA

Real Neutron Intensity

5 2
(Vertical Port) 4x10°  n/cm?/s
Cadmium ratio
(Vertical Port) 3.5
L/D (Beam Parallelism ) 44

Irradiation Field

350 mm x 430 mm

R ISR ASTM 734k

Thermal Scattering Elect.ron
Neutron Neutron y-ray Pair
Category component Creation
component Component
component
I 65% 5% 3% 3%
il 60% 6% 4% 4%
I > 55% <7% <5% <5%
vV 50% 8% 6% 6%
\% 45% 9% 7% 7%

#9H
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i S BUEB LB RS W SHI-ATEX filakes iR o 1 AR R -
SHI-ATEX Jjnatas -5 NSt A 55 R0 9 - B R o ilE 2 sk 2R 2s MR
o IR AR EL 2 - SEE RS B - A SMNECE R - (HAT{EE 6
PERsSTRIR R B E o A FHY R RSN S A MBI R 55 RUE 10 0 &%
BN R AR RE T A R GUE A bR Es o IR A BRI S I
SIEGHIRIE - TETREAEEEE E el e o i N E R T IR
HIGFT © BB R BUR P 7RSS RIS TG HIR I - B EHHI T T E g
I > AR TR ER IS R 0 TEE LIRS F BRI RIE S(b) AT o JBcs
as(E R IERI PR T TERIRE LT - B 11 AEERU R E et srelEs -
PRep e S STAG IR TS [ L A T T PR T IR B g

et e e 12 0 AR AR an FESIRRE - 2L il 27 A e s

° B an EFHIRES o PEiF AT oI o [ PR EL g R bk
B EEATR R B - KA BRI RE R (5 IP)AT Gd i - Gd
AR P ERGIE A 5 R E 13 - e B RUEE T EETE - IR
WL AT AR KT RER B - TP %Jﬂij?ﬁﬁiﬂ?ﬁ » 1P B G B R D B e
R 14> pa B0 BT B IH 72
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b
Rl Contamination Check
\ Rl Decontamination Roam
S v R N
/ N2 /1
/d?/ /]
A L/
% Z
/ / (- g
. % Operating Room
e I |
:’ lotron Water
| Cower Supply | - Cooling System
1
wf:'-‘ﬂ'c"'- LA cungr.m

3 e R ERE VRN ER o R E AR E A B
( From http://shiei.co.jp/english/cyclotron_cy.html)
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5(b) PR TS IHUREE ©
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Be target

-

-

Bi filter

6 HHL ~ PRGN Bi JIE BN E AR IR A

F 15 H



Bililter \

Specumen
Film

Electton ——»! ¥. ¥ | ¥ !

Gd converter

157Gd(n, ) 1%Gd > e

7 PTG E R -

Observation of oil in oil lighter Observation of explosive in metals
(Left : none Right : Remanent) (Left : Before use Right : After use)

[l 8 SHI-ATEX 1 F-FaHH 2/ -
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Moderator

Cyclotran (hehind the walp

) 4

Collimator

9 SHI-ATEX fjlzgs 117 °

10 Hr-FJE 2 25 (neutron moderator) K15z 51 & (neutron reflector) I 5 -
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Imaging Plate

o oo i
Gd converter L

13 10842 Gd converter $#{# [F£ 1 Imaging Plate -

14 Tmaging Plate FE B S HADEE »
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AT TS SET HA SHI-ATEX finifias o1 St A Bl s H e o
TIRERGE S - FELUREIRENE -
(—) PR FREERR

1. PR

[FE2GHR SR o T2 SRR MRS - BINA RIS > EHk
DR SRS R RR YT E AR -
[FESEEADE ERBENEE T > SNEE TR (EAESSR - BEE
A o PRI TR -
BB R T AER > B S R TR YRR LA S i B S B A
PR > NIMBE/AEITE 2R T-HVFAE © Xeray 19RO @R LR E]
i e 15 -
[FEID B TERRMEEE DA LMl -

2. EEY

T REREREE > (CABEREREIR ~ 15K - B el B ES AR
FERE B - FEFRMT LA T 38 ~ thr et ~ - iaBiEiEE - iR
FER R T HFREIA T LLE © RERIH H s Bk - GEReriet ~ tatidt
k> a5 RE 16 -

IR ES TR A AR AL B} - BIERIRAR B MG - IIEEs
IR ERBERA > et -

R AR AT sy DR S R~ BT TR~ MERS TR 0 5F RIE
17 « ks 5 IR E S IEBT AT AR A AL - /INEE T - TE Ryt
S HAH R 0T 2¢ DAEE R o7 FE R PSR R B P M LR BR A (T -

(Z) ZRES T IRE
P s o B P 7y R BT HE ~ o ekiRiEs o SRR ATE
Bt > 9125 T 1 e St e s T R b T IR Bt o #E (Target) ~ R 25
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(Moderator) ~ 5 (Reflector) 4576 2 TMR 245 - BF 9% il I e i e
TS HITE TREITZE » Eaf M ies TR « RS - SRR
HEFT - BTSRRI IS A % M S BN Z KRR A T4y
WI5E - 16 TR TR T » NS o TR0 h 747 Byl A e
T BB > BRI TS b B T T Bt o DA - D)
TRSHEIEEE - b TR - TR A TGRS0 S -
EERE

HUME

[ gs - i o RS e A - R Es - IREY TR A S RE AL
THEEERERA - (A I (spallation) Bif% S AR A AR 1 - S KRB 1
IRESERCR A E L T T /N ES AR SE S A A - - TR A
TN RS R N R - SRR B ST SR AL R *Be(p,n)’B X JERE
AT A SERY S ol i (excitation function) FLE 18[3] -

LR

A [E] S RE SR A - e oh RS B e 19(3] > 8] 19 POREURE
TAESHENIY i1 « B T1EE (EATE — (g5 (7 Brag Peak) - {f Brag
Peak i B TG HUIHE S AE BEMRINE IR - T B T EEM RN G5
DRI RIPTRHEN - DRIEE Ryl o 208 ERAEE IR S - 1l &R IR T
[ (K% Brag Peak A ZALEIAS 524 -

AR - BERE I 1

AEFFRATEA P RE RN E > BT IR S A F e A AR
FIF 10 pA, 30 MeV E T IR HEE(S.5 mm thick) > —{E 30MeV BT £5#
B EERA R 3% nEA P IIRE R 6-8 MeV ot FEERRLY 1.8 x 107
n/sec > Hory-AEREES E 20 - 5540 - B EE AR Ay o1 HORIT 5 IR AR (AT T 13
AVA ATRE » QI DUV 17 HE 5 5] Ryl T R 00 F > R oh R o3 & DALl A [
T8 > £S5 OB BRI A MCNP SR RIS A [F AR o 1RE
B ilE GE RIE 21) > ZIRERURE 30°-60° Z AR 18 - IS EL
PRI T TR R RS DU R BB T - o B A R AR R 1
IR s T e 1% P HET T
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FARMFTHRT - FESR » AIHIIE FRER o TR E T 5
R B — B AR = T 400 pA » th R B B T TRy 7
x 10" n/sec o SHANFAES IR Z SR 0 B T EEEE 1 e T BRI
IS FIRHE IR -

o Rk R E%

IS RS REEATRUE T TR e A o S ST Re R T
FREEM BRI IR ST » FEREZ R > Je il AR i e il R B 1%
AT Rt m B I BE A BLEa T - Ukt H WY F B AR I it e A PR
Ry BT o TR TR R R T T B R B P Y i SR PRI - 2R
FEH AT R T B RS I [ T - ELE T T EheE SRR S AR R T B
BRE TPy o T AERIRE AR T o BR TSR SRR o R AR
2 (neutron resonance)F1 5705 U 57 (neutron absorption) » fy %2 FI| - H 544
R AEREERE T AR MR R OR - RIS IREEE R > IR
[ZFEREAN o 540 » e EERE BEL - &R - SEFR
M IS ERAI{EAS F N -

H IR R R B 1% B R R R ORAY T 1Al R L2 R 2 AR E T T -
H TR B8 RIS R RS R A A B o] DL R BOE B AT L - SR G — R RS 7
THEA SRR THVEE[4] - ZhFAVIRSCES A —IREERE - SREeERE
N E Fo 2 TP 1L B ple B — B Ry R - i S — Bl Ry %R - RER
ERZ B PR R HRREE R - 2P EREM E N E R [FEHEAUERE - H20 AHE
AUIERE Ry 2.54 cm > D20 NHEFEERE Sy 160 cm - Be NHEAPERESy 18.3 cm » C
AHEAEERE Ry 53.5 om o AYE AN IR FEERRTAT R - T HREOE R
ATk -

&

PRSI R R EME » AEDTRBUESCERSE RE 22[3] - &
55 3 PRI FREEE 2 MeV [FF B FRE B AR & "B+
hilf 48 A TR AT (RSB YR R - g g
TR GHEFE - INILAES SRR - = 8 2 IR U S e AT - [ 22
5 45 M A% —51153 A1 TH AR [F]5T 22 BB -5 1l K2 PR e A AR AL S
FERLEITE - hR 85 -5 i FHEVRCGEAREA C, PE, Be %5 1401 H A KUANS

%22 H



P F iR Es Al By PE - S5t ES R 8255 5B 23) 3 HA RANS Frfi
TR st Ry PE » RNHS R a2 (55 RLIEl 24) 3 HA NUANS firfi i o
TGRSRy PE - SR Ruhik (55 L&l 25) - SHI-ATEX Jiiies -5
e E RS #E PE
LATIAR

EEV SIS o e X e e e 1 | TETVANDA R - 2N N e B S S 7 i
sT/HRE ELEER(EENAS - 1T LA 75 [HVE BN EERERE B FHEAG - A
5 HEA T g S B AR T - SEMAYEREEE 5 DA TR R oh TR
FIE T [8 26 BURAH Monte-Carlo simulation 7] 515N B & H1 B2
FF 7 FTRE PE JERE[S] - H IR E AN P AR ENREE - HILeE
26 A BEMLEEH] PE R o 55— 7R IEASTE T R AELEL - R
[FRE B E RS HEA e 4R 48R [F] PE JERERGRIGHYEA i@ (3] - 15
eSS e - BPETR - NEREEE FIRENT - PE BEEHME 4 A0
ARG R AT B E - HEE L ESEERE R HE2E - HARERL
(G5 RLE 23, 24, 25)AT{iE A PE A1E USSR S A RANS By 4 A5
HEWI{EREALR 10 27 » 7 SHI-ATEX 2 PE fEEREfEE s 8 A 9) -

RRE )

[ 5 AE DI T A AR B - SR A B IR A - sk DR RS
T o [RIE S SRS AT B 7R 2 s 1Y R - bl S eI » DA S fBRAY R Ui
[ FERH -

&

SRS YA E B ch RO Ss A E BORAHIE] » R S SRS e -
INE] IR GG - B B R GHEE MR Ry a0 PE » HAR=(E RS+
TR EAL(KUANS, RANS, NUANS)ERHE A S S 5 AG » /B SHI-ATEX 2
PE {E Ry S ReAfE
G2

[ AGHIIIRESE /R R LR R R 28 » S RS HYAARE 7T F S 5 B
AP FFHILLEARER S » AEMEN T TR ELER RE 28 - BT g
PE 8+ SRS SN RURE R AT 10 273 RS PE BT A K25 95% Y F-
SHI-ATEX H [ HHHGIEE4Y 30 A7) » EZ AR GRS & -
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4.

TR

B A SRR IS e (Bl A48 ~ AEE R - BB - B
HEE T HIIRE L TR 255 il - FEHA B E R - -1
P A REESHE A Ld > IEERAF TR - RS E R
- L/d EL{E BLHEAE an E AY B (e FLIE 2961 L RyE B8 A1 S amiE i
d R E R T AR LAV > z Rtk anZIJE R AR © A = zd/L > Ag AN
AR AR > DML L/d EE(EERH z (H5)N - IR RSP T - K HE—'@
BREnERGAT - Bi M8 ]8I0 B A AR S AE 11 B T EE AT
R 30 fhy-Ed Bi fERGHIE - ﬂ%%ﬁ%ﬁ%ﬂib%¢‘?ﬁﬁﬁﬁ@»§*ﬁ °
AT e R e A S = S 22 A TR » BT ABA T IS [ &R LY
130° 515 [LH (G5 Ll 31) » DABAA 40 L/d ERERYZER » 1E5h » Rl i
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Contrast mechanisms length scales
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Different contrast mechanisms can be used to explore various length scales in materials and to study their properties and related processes. The relation
between contrast mechanisms and different application fields is presented. The length scale presented on the lower axis relates to the corresponding
contrast mechanism specified on the upper axis. For the attenuation-based image techniques the large length scale was emphasized by grouping the scales
from pm to cm.
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Parameter H D He Li Be C 0] U
A 1 2 4 7 9 12 16 238
N(collision)[2 MeV --> 0.0253 eV]| 18 25 43 67 86 114 150 | 2172
Scatt xs [b] @ 0.0253 eV 82.03 | 7.64 | 1.34 1.4 7.63 | 5.559 | 4.232 | 8.871
Absorp xs [b] @ 0.0253 eV 0.33260.0005 0 10.0454]0.0076|0.0035]0.0001 | 2.68
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Fig.1. Schematic view (left) and photograph (right) around the moderator of KUANS.
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Fig. 2. (a) A schematic of the cross-sectional view of the target station of RANS, and
(b) an enlarged detail drawing around the beryllium target.
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Specifications of accelerator-based facilities in Japan

Facility Name Accelerator Acceleration Accelerator Moderator Neutron Flux LD
y Type Particle (Energy)  Power (kW) Type (n/em?/s)
. . Electron Thermal ~few x 10°
HUNS Linac (35 MeV) -1 Cold ~few x 104 -0
Aomori Prefecture i Proton 5
Quantum Science Center Cyclotron (20 MeV) 1 Thermal 6.1 % 10 44
J-PARC RADEN Synchrotron Proton 1000 Cold 26 x 107 180-7000
’ (3000 MeV) -
RANS Linac (gﬁ':\f,'] 07 Thermal ~few x 10% 21-781
; . Proton - N 3 B
KUANS Linac (35 MeV) 0.35 Thermal 1.2 = 10° 20
KURRI-LINAC Linac (ﬂ;“hf['x) 6 Thermal 24 x 104 -85
. Proton 5
SHI-ATEX Cyclotron (18 MeV) 0.36 Thermal 2.0 x 10 H
RCNP(OSAKAU) Cyclotron Proton 1.1 pA Cold
(400 MeV) White neutron ~ ~ few x 10°
CYRIC (TOHOKU U.) Cyclotron Proton <01 quasi- monoenergetic 1 x 10°
(70 MeV) Thermal 2% 100

&l 32 HA IR & RS

Neutron Production Mechanisms

Reactions Neutron Production Examples
Fission 25U+n —>A*+B*+xn; <x>~25
Spallation P+ W —> A* 4+ B¥ £ xn1, <x>~20
Fasion d+1—>a3.5MeV) + n(14.1MeV)
d +d —> a(0.866MeV) + n(2 4MeV)
Photoproduction v+ BTa —>18Ta 4+ n,y+2H —>H+n
Charged-particle reaction °Be + p—>°B +n,’H +*H—>He + n
(n.xn) 9Be + n—>SB* + 2n
Excited-state decay BC*% 5 12C* 4 p, 130gp** 5 129§p* 4

100 T T T T T T

; “Spalistion L E;“'"‘ cieer

i o Spallation
g .g )//"
M@ T 3 X(p.n)
..-.@"M o -o-o I "3 §

e

,ﬂ;m

= and, {

Fission u-tv-,mm‘ Watanabe 2003 0901 (electrons, lasers)
Spallation PP ) S

lon energy (MeV)

April 1-9, 2016 - Erice, Italy

33 A[E] A o EE AR BRI R EE 2R (n/p) © [7]
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34 B FIRE TR (/p) - [8]
HUNS (Hokkaido U.)
Table 4.1.7 Parameters of HUNS, the Hokkaido University Neutron Source
Electron linac Target station Major activities

35 MeV, 30 A (50 pps) Radiation effects. imaging, SANS

LKW (e. X). (X.n) Detector/device/moderator research and
Water/coupled methane  development

Short pulse. width 10 ns—3us L6x102 /s Education

50 or 100 Hz Thermal 103n/s/cm Astrophysics. nuclear transmutation., soft error rate

Cold 10% n/s’cm?

Figure 4.1 7. The HUNS facility: (left) electron linac. (right) experiment hall.

& 35 L REd i (HUNS) -
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KUANS (Kyoto U.)

Table 4.1.10 Parameters of KUANS. the Kyoto University Accelerator-driven Neutron Source

Proton radio frequency . o
quadrupole (AccSys Technology) Target station Major activities

5 MeV. W
IO MY, IORW Be(p.n) Imaging wavelength dependent images
10;mA (pesk) % 100 uA. (a\:ragel PE. ambient Detector development
Long pulse, width 0.03-0.2 ms, 20— ~1x10M s (calc)) Education

200 Hz

Thermal 1.2x10°n/s/cm?

Figure 4.1.10. The accelerator system (a) and the target assembly (b) of the KUANS facility.

36 BRERE T JH(KUANS)

KURRI-LINAC (Kyoto U.)

Table 4.1.11 Parameters of KURRI-LINAC. Kyoto University Research Reactor Institute-Electron Linear Accelerator

L-band electron linear

Target station Major activities
accelerator

Tantalum

30 MeV, 1 pA Neutron resonance transmission analysis

A Water moderator 5 ¥
6 kW i Neutron resonance capture analysis
3x10M ws/em? S
Pulsed neutron imaging
Thermal KURRI LINAC Concrete Wall
(Pulsed Electron Beam)
2.4x10* n/s/em2 - 757 BF, Counter
a-lar\gcl b-Shad

€,

Water = £
r,nk7[| nEa__rm \.‘J] LY
% : ? \ Pb
5 7 3
A C Paraffin-Li,CO,
£ \ .

A :
"0, Pb Sheet
oY

12.7£0.02 m

Figure 14. Layout of the beam line of KURRI-LINAC

Figure 4.1.11. A schematic layout of the KURRI-LINAC facility.

37 FEREE 1 JA(KURRI-LINAC) -
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RANS (RIKEN)

Proton RFQ + 1 linac Target station Major activities

7 MeV. 16KW Be(p.n) . i R
s : Imaging, industrial applications
10 mA (peak), 100 pA (average) PE(initial). cold mesitylene (final) resseces N X
. s Fast neutron interrogation
Long pulse, width 0.5 ms, 20 Hz ~1x102 /s

Thermal ~ 10* n/s/cm?.

Pl — s 1 O 3
. - Proton 7MeV b
A .o ? * : T 223 Sy
Neutron Beaqr Proton tinac 7iVle =

Target station T =" QeDTL 1 RFQ

=

Neutron detector, T .M.
sample box . LU

Figure 4.1.14 RIKEN Accelerator-driven Neutron Source.

38 RIKEN HJ5(RANS) -

NUANS (Nagoya U.)

Table 4.2.7 Parameters of the Nagoya University Accelerator-driven Neutron Source

DC accelerator

(Dynamitron) Target station Major activities
Protons.
1.9-2.8 MeV (variable). Li(p. n) Compact neutron source R&D for
maximum 42 kW BNCT
Engineering applications
15 mA MgF» (neutron imaging)
DC Epithermal neutron flux

~1x10° n/em’ s

1 $5g Gas Handler
- LT —

Shielding door
for Accelerstor [T > =7 11 fust beam line
instatation L o A
_r ! ; /d e 5 1 Target room
1 | Utargetand
| moderator
1. Shielding of
| target room
Control PC {
of Dynamitron -« 1 Radation
1§ controed area
» Sofety e
Entsance doot T - Concrete shiekd
Coniol panets gy 2 } Comtdes
L —
Ox. panels I+ (Workshop)
(150kwW) ) &
Meat exchanger -4 |

Figure 4.2.7 A schematic layout and photograph of the NUANS facility and Dynamitron proton accelerator in NUANS.
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Aomori Prefecture Quantum Science Center

Cyclotron Target station Major activities

Protons Be(p,n) Imaging, L/D=44

20 MeV, 50 pA thermal neutrons plastic detection in metal materials
6.1x105 n/s/cm? water in plants

Figure 7. Cyclotron accelerator and proton beam line (a) and a vertical irradiation room (b).

40 Aomori Prefecture Quantum Science Center 115 o

Sumitomo Heavy Industry ATEX (SHI-ATEX)

Cyclotron Target station Major activities

Protons Be(p,n) Imaging, L/D=44

18 MeV, 20 pA thermal neutrons Imaging, checking explosive devices, extraneous materials
2 x10% n/slcm? SER

41 (F& ATEX A H]HFfF5 (SHI-ATEX) °
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CYRIC (TOHOKU U.)

Table 4.1.3 Parameters of the quasi-monoenergetic neutron beam facility at CYRIC

Azimuthal varying . \ |
field cyclotron Target station Major activities
70 MeV. 1 pA Ll(ep' n) i Radiation damage effects on semiconductors
<0.1kW 10°n/em/sec/uAatl.2m Detector/optics/moderator R&D
downstream from the production  Education
target
beam dmp _
Bending Magnet | - ProtonRase ~
(25deg.) : Sl
i 1Y A 4 F "',.”
Utarget [y | PO oo e
=0 o \ = : : .sample Neutron Beam s
| ~
- The collimator
(open horizontal and vertical angle +2° )
- ° 0s L] 7 stoel
= L] copper
e == _.| concrete
~ polyethylens
B carten

" The typical distance of Li target to the sample ~ 1.2m

Figure 4.1.3. Schematic layout of the CYRIC neutron facility.

42 FALAREHTJH(CYRIC) -

White neutron irradiation facility at RCNP (OSAKA Univ.)

Ring cyclotron AVF cyclotron

Conditions for white neutron production
«Primary beam: 400 MeV proton
«Maximum beam current: 1.1 yA
«Beam sharing: No (single use)
eTarget: 65 mm thick tungsten block
Neutr ion by a ion reaction

43 KPR EHEH T JH(RCNP)
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J-PARC

the world highest intensity pulsed neutron produced by using 3

GeV protons with a current of 333 micro-amps and a repetition

rate of 25 Hz

BLO8 SuperHRPD
BLO9 SPICA

BLO6 VIN ROSE
BLO5 NOP

BL10 NOBORU

BL14 AMATERAS
BL15 TAIKAN
BL16 SOFIA
BL17 SHARAKU

€M Coupied moderator

BLO4 ANNRI
7[‘5-&03 iBIX
|
- 3 ')
BL23 Poumo‘
BL22 fﬁoeuj‘_i
+;BL21 NOVA"

BL18 SENJU

DM Decoupled moderator  [[IIJ] Poisoned moderator

44 HARIIEZ BT JR(J-PARC)

Pulsed neutron imaging instruments for both the

* energyresolved neutron imaging experiments, e.g., Bragg-edge imaging,
* neutron resonance absorption imaging,

* polarized neufron imaging,

and

state-ofthe-art neutron radiography and tom ography experiments.
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