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CPHS gif-SANS

Source || chopper Focusing mirror Double detectors
‘ aperture (pinhole) ‘He™MCP
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CPHS gif-SANS: Operating Mode

Source Focusing gurrors Double detectors
aperture Pinhole collimators Sample vol. He " MCP
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The Challenges of Building SANS at CANSs w1

Conventional pinhole SANS

- ———

Iy o< L2Q0, -
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Focusing SANS

Refrac ragn action. reflection
* The size of the focusing spot docsn"t depend on the
size of optics

‘J'“ k: ‘ = Jr ot LPQ= snbian & o Fsa ]
- |

(] 4 (HGTH T FLAE (R N T AU S SR R/ VA T RO S bR

(AR THY/ N A PR 2t e oo R B e - 7 S EE - T S R 2 N o - B B P e I
FEH B AR HSRE - HATC el SR B RS TR o) B -

Preliminary Results

» Focusing spots R, = MR, + AR, » M: magnification ‘

» Reflectivity (preliminary results)

Y AR med 1.8 185
7

The focusing mirvor:
* can focus neatrons;

J * M accords with the theoretical expectation:
k . . *  meed more verification experiments on reflectivity,
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How is it done?
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Without Colimator With Collimator

Resolution measurements

* Use of Gd Siemens star and bar pattern at
distances from 10 to 52mm from the scintillator.

* All measurements taken with a pattern with
w=47.6 micron and t__=900s.

* Clear iImprovement in every case,
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20mm from s¢
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Next developments

Phase ) Phase 2 Phase 3
2x2¢em? 5x5cm’ 5x5om!
/O =40 /D =160 /D =240
Fall 2019 Winter 2021 Autumn 2022

The ANET project for this year

* High Intensity flux performance

study
*  Multi-energy test

srformance
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HBS Instruments for small sample

Instrument T

+ Single crystal diffractometer: ~5mm?® sdinple j — v

* Macromolecular diffractometer: ~ imm® sample -~

Beam property :: _“

+ Small, Tunable, and Clean (low background) 3‘5;‘:

* Homogenous phase :“'j

« High flux (brilliance) ::‘_ . R ar

Newtron gk D e

s ——— ° el A 2
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Selene guides
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Selene *  Pomt-point '
r————— 25( N ¢  Abermation correction |
b Il & c)? A = bl L *  Divergence determined by guide shape H
> A al aja? - (c—d)? ¢ *  Shorter guide length 5
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Selene guides for HBS-MMD

& intensity(ns) . intensity(n's) miensityin's)

’T I 92510 Or KA1 25000
B IR B T W06 2 300"
£ 3 2 _
= 6Ixl0’ 3 02 S0 302 100
- amio' E | daxi’ € ETL
3. 32 X 302 ~

Ioxitr ey - » sl

£ £ £
&~ = =

I I a5 | 4600
1.0x10 . et 111 . 10k 10

1310 | Sy
: B 46 02 02 06 10 O6 42 02 0H 10
Pos Hoetron (mm) Din_Huvioon (deg) Pos Venical (cm)

Smchoudnneud&wnwpbnew
T — . Necemewwgh —
[& 12 Selene H—-)f7 5L 3 BT 45 2R
PO~ HA AIST Sz oh FSEMUE IS 1GZO-TFT sy oh R 5 43 it

Tohmby Pugwars  UCANSS

l M0t|vat'°n Offfine Digital Energy
Source Offline Digital Real-time resolving

wa L1 a ‘“""c'?““",yw

Newtron CT
Newtron filn Newtron 1P e U -
it Like X-ray CT Our target
: machine
- Neutron Flat Panel Detector (nFPD)
Neouron emager tr rousTs Lae

Make neutron imaging easy and simple

| armna fiald Af viaw hinh enatial rmenliitinn i

13 s 2Bt X e G irthis
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ARt gtk D o - B S e i R R Ay AR RS - B X OB o iR By 7
NETH PG hbadsEt o A 1620 LA (SH IR ALY BEAESE » Hhm
PEE BE S G AT 722 180 FPHVERSRUERRFH - 21[E—A e AR NYRIE - ] 7 /KAYIFHEEER - 1gzo
iy band gap £y 3.2eV > i B 1.1eV

Outlook of nFPD

Table |, Technical specifications of the nFPD

Detector size 310 men < 220 men > 30 men

| Detector wesght l 22w ]
Pixal sioe, plamis 200 gm, S17 » 512 px

| Field of view l 102 mm « 102 mm ]

Fuli-Scale Inpwt Range 96C

| Scmtilisece screen ] q—mmuﬂ--m—-w—wl

Interface us8 20
BY.IA

Pownr

13 PR B B st TR A -
| Spatial resolution (MTF: Modulation Transfer Function)

Sharp .o
¢ Netron MTF (nf PO)
Xeray MTF (XRDOS22-ORZ-MLUS)
o8
X-ray FPD
06! . . X-ray FPD nFPD
=
=
04 X-ray FPD (CsD 0.55 0.55
&1 1p/mm &1 Ip/mm
02
nFPD (LiF/ZnS 320 umt)
aar 0 05 10 15 20 28
Spatial frequency (Cycles/mm)
Achieved equivalent sharpness to X-ray FPD
“LAIST 9 i

14 th AR E IS R B X O PR U e 22 P AT FEE B
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| Imaging performance at compact neutron source

' %) ‘\ ' - \ The advantage of nFPD is that the error of image
] brightness can be reduced by langthening the image
' iMegration time.

The signal-to-noise ratio improves and details become
clearer because the effect of 2l errors s reduced

The number of sits that can be resolved Increases with

: '\ \ the exposure time , and only the image with an exposure
' I - - time of 120 s can resolve all seven siits of the ASTM
] ] ('4 ) indicator

Neutron transmissicn images of ASTM neutron radiographic
- - sensitivity indicators (bottomn part) and 2.5-inch hard disk drive
{upper part) taken at RANS wath different exposure imes: (8) 10 5

{ 60s a 12
RANS IMeVdDuA,GOug 100 Hz B) 305 19 60% anc i) 120's

. ~10* neutrons cm s ' with an UD of ~10 10

15 BHEHERR TG TEER

AIST B EhiA S B4 ER0E - Mgt FOV H - AE S PR TR AT e AT B IRy T2 B
HMIES -

(Z) TS R
 PEIPIEC B A LR L A S b S

12 /& Depositing a Titanium Coating on the Lithium Neutron Production Target by Magnetron Sputtering
Technology i FH B PH 2 A i K S RE IR B ) TAZERBE i R E BRI 2 N RHET TR ¥z © 1L
s SO DAMESTEEM _E9EE— iRy sR(T)ZESE - ISRy $HEE o] LU 00 (L S VIR IR N S 7% 54 ([
16) - S E 2R &g T3 A REN AR D AV EE AR o 5%am s YR SR (R P YRR IR s i
BURHYTTE - Nz T AEAA RGN ~ E T4 ~ BRES SN ~ MR A RS - 51 > ErY
&)U EEECRITRAME 28 1A T A (L - fEsibin b > 3Bl TAEEE R ~ $8AIEREE
 NAEMEA BB E B RA ek (& 17) - ZBEERR 200 70K - Bz a
BNIRREE# bR in 22 SR T HVER (02 BARAR > M TERE: ‘e MR R (L ERIRAE - BRGS0 -
BRI R R SHEEAT L) R JE 2 nITTHY - ISR e nl A A (- # (b Bz RS E P A b
e - [E 18 R - AR > i DIEGERTUE/ NFRYVE TR TR ABERIS L L HER
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1. Introduction I][ . 1

Toal e 5 il in pd

e
.....
.....
......

NO e WL aon gl | A
Fig 1 Newzron yieids of -l and p-Be Fg 2 Nevtron arguler datiboton Sfferentisl
yekis of pUand p-Be, p @ 25MeV

Fax § A sabd lithiem taeget [1]

Problems:

« chemical active, compounds formation, a decline of neutron yield
* alow melting point of 180.6 °C, lithium evaporation

Idea:

Depositing 2 thin, anticorrosion, metal coating on the lithium target.

[1] Fui, R, et . Lahium target for acoslerator based BACT neutron source: bnfuence
by the procon iraciation on Lithium, AIP Cor?, Proc, 2012, 1509, 162-170, 3

fi 16 S #EAT A 3-EEr H BR FED R DA B RT e AR TR R 7 R
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1. Introduction

Coating tech & materials for Li target

Physical vapor deposition (PVD): simple, low-cost, green, widely utilized to coat metals and

alloys with protective film.

UCANSY

Mo 2Nk lst, 2082
[T/ N AW AT

Magnetron sputtering: high speed, out-standing adhesion, easy control of film thickness,
good film formation property, low deposition temperature.

Coating materials: we made comparison among with aluminum, chromium, and titanium.

Tab. 1 Uthoum end alternative enateg materaly

Mg, cal Nuclear reactons aith protons & 2.5 Mev Thermal ceiraies?
T"Cd;! :;:!m s conductivity ::IT:‘V:)V
Ractions Cross section {200 nm) f(Wm-1X 1) (@250
u 196 bec 848 45
Al 660 (3 AlZ7(pyiS28 «500ub < 5% 237 231
T TRZE SImb
“ TiHp YN0 100-5000b 2 - -
n 1660 hep TS0 AVS0 5 < 5% 219 86
TiS0(p yivs1 <1mb
Crad{pyiin3l <500 v
Cra2(pyMns3 <imb
<] 1857 bee TS pnMnS3 <E0mb <5%a 37 62
Crigpnivinsa <5mb
C134{b vIMnSS <500uly

17 AFEERAEHE R LR, WA R =85 . SRELER

2. Experiments and results

UCANSY
Migech 230k Al 022
RN Jupesn

2.3 Exposure results

Exposure 7}“ !

in air for = e
.

Imin.

ah.

i
17h. )

Fig. 1 Exposure and scratch test

18 B FTAESALE S b IR 1 T S S ) A A

Iensty (au)

o Tu PDFeGS-5153
OU POFs88-30
oLIOH POF#75-0314

Fig. 2 XRD test

i The 200 nm Ti coating is effective to keep
| lithium stable in air for about 9 hours.

-~ | wo 3h -~ LioH
W 46h— LiOH

1 W sh—Li

15
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Meared 28053 o, 26

2. Experiments and results i

2.4 Comparison of coatings

* It is strange that Al can not be found on the Al-

coated sample by either XPS, EDS. So it’s difficult “1 irradiation ""e""""'“‘:'.‘
to quantify the effectiveness. ‘ n
§ \ .
E I .\
* The 200 nm Cr coating results are similar with Ti %
resuits. R |
* For the radioactivity, Al seems better, but all of & B
them are much smaller than #Cu whichi_ from a
Cu back plate [1]. ' .
’ 2 s £ L} .-t u % @ N

T )

* All the effects of a Al/Ti/Cr coating on the proton
energy and the neutron yield are little and Dose rate of the different coatings
negligible. For example, for protons of 2.5 MeV,
the energy loss is less than 5%.a.

19 &3 [F) 2 g 4k SR B A

UCAN.

3. Discussion and conclusion

* The corrosion of bare lithium in air happened quickly, and the corrosion product after
3 h of exposure was mainly LIOH.

* By magnetron sputtering technology, a thin Ti/Cr anticorrosion coating can be plated
on the Li target surface,

* XRD is an easily guantitative description of lithium deterioration.

¢ A 200-nm Ti/Cr coating can effectively isclate Li from the air and stabilize its chemical
state for several hours, at a relative humidity of 50% and a temperature of 25 °C.

¢ The lithium target coated with Ti/Cr is more convenient to store and transport than a
bare one, and it can be directly installed and replaced on an accelerator beam line in
the air, instead of carrying out in a vacuum or an ultra-low humidity environment.

* The properties of the target coating after proton irradiation need further exploration.

10

[&]20 AT a SR LA A
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72 Development of neutron salt-meter RANS- ¢ for non-destructive inspection of concrete structure at
on-site use e H A RIKEN BRALWIZEATHURTE N BT - i - A FIFR i A vHpR BRI Eh
BT A RS R S - BIAEEE T 45N T3EREY) - JUH - 5 LA TGRS
NE Y= aRm s ESHRMET 2R ERIR - (NIEFR SR A 45 T Qi T RS T HUG I R
AE - (8 21 Ry e 2 s R B I R s 4t « (AR 7R A 1% v] DUBHUHRR &R - (2
AR > 400 22 o F2e% BALER TS ATl 85T - PR 2 & RANS- ¢ BEREET(E

© AT 4SS O R BT B S - E (53T (prompt gamma neutron activation analysis,
PGNAA) - HIEZEG : NE LY ReMm IR bREER - TR - IR - fMIHYEE
SREER > FIF RANS- ¢ BRI EETRAEE_ DAV - S BLES 2@ © 8k A By BE A
WIEHY o HATHIRER SRR S EAE] 24 A& -

Background .
i Chloride attack for concrete structures
Myoko bridge SRt aBUE
in mountain area in Japan *rExXsi aixERFEeLy Moradi bridge near coast in Italy
74 o« {Vigili del Fuoco/AFP)

Sea wind :
containing NaCl

C'\londc lon (CI") goes mto concrete s!ructurc and reach to near steel bar
—Steel corrosion starts from the concentration of 1 2~2 5 kg/m® and decrease cross section of steel
(The marginal concentration is based on “Standard Specification for Concrete Structure in Japan®)
—Signs of chloride attack appear “crack of concreta”, “rust juice”, etc..
-+Finally, a serous accident happens like a bridge coliapse.
F -— EEa—
: Before serious accidents happen, it is especially important to investigate
h the distribution of chloride ion conc&ntration from concrete surface to steel bar.

RANS-u #The distribution is called “depth profile” :

fi 21 KLk A A 52 3] &b e D 8 T 2R VA PR
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Example of inspection points of a""“ﬂ“

: A Recordy it con wo 2a%
3 Pre-processing But stil need core sampling
10 rwasure deagth profile

owes flangs
K232 Tm

These methods are reliable and aocurate but there 7 are disadvantages
such as the limit of sampling location, taking long time, cost. ...
Non-destructive technigue without core sampling is desirable
1o measure many structures,

~+Non-destructive technigue using PGNAA has been developed at RANS,
h and recently RANS-u: salt meter project has been started since 2020 for on-site salt measurement,

22 FREATE LA BT 3, DL B .

'RANS-y salt meter [ Image of the i measurement by RANS- |

Goals for RANS-u salt meter 2022FY;

- Total size : W<700 x D<700 x H~1800{adjustable) !
- Total weight : <100kg W
* Operator ; 2 persons (1 for Salt meter + 1 for Bucket or Corridor) 3"7°“L I
* Direction : Can select vertical and horizontal use

Steel bar

- Use <Cf less than 3.75MBq to need no radiation handling license
+ Radiation dose : <1pSv/h at operator

- Cl detection : 1,.0£0.2 kg/m® at 7em deffth from concrete surface

- Non-destructive measurement Combining with #Ct neutron source and

" a prompt gamma neutron activation analysis{PGNAA).

Until previous UCANS-web2020,
(1,The Cl detection was confirmed
with Cf source of 2. 7MBg and relative efficiency 10% Ge detecto
+ Cl detection sensitivity . 3.0 kg/m*

- Depth : 4.541.5¢cm

+ Measuring time ; 1.5 hour

2 The RANS-u mock-up model was able 1o set on a bucket of
inspection vehicle at test bridge in Fukushima Robol Test Fisld,

[E23 RANS-p B JE 51 2 7~ = [
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RANS-p salt meter

Summary
*RANS-u galt meter has been developed for Cl depth profile measurement.
*The v-rays of Cl were able to be obsarved by RAMNS-p with ““Cf source of 2.0MBg
under the condition that 1,.8kg/m? concrele plates were sef al Gem from the surface
*On-sife Gl measuremends with "™ CF source and PGNAA were performed
by uging salt damaged remawal bridges at outdoor yard in FWRI, and the Cl detection waes succeedad
*The estimaticn of Cl concentration from the y-ray peak count rate was conaistent with
the conventional rmethod using drilked powder analysis

A tnal of Cl measuremeant with 3. 0kgin” concrele plates at the axterior girder of the lest bridge in Fukushimea Robot Test
Fiald was parformad by using RANS-j salt mater on a buckat, and i was succesded

Futures
Far realization of the on-zite maasuramant of actusl conoreta I::n-:lg-as tl;\.' H.-'-".NH-LI =&l meter,
e el
—developmeant and installation of ~ray measuremen 3:.-"3|E|'l'l
guch as Cl;llll'l' zed detactor shiedd g E?I'-: El'lll-':l:'l'l'I;ﬂCI'l ahiedd system, elc.

development and establishment of the method for quanditative evalustion of chlonide ion
concentrziion with conlinuous distribulion n conorete, m ' =

itlizH RANS-u

[ 24 A e ¥ T ) E R 47

= HARERERS: FHaRK RS e g

EReH AR EAEE: (Juntendo University) UFEEERMEEBEATRTSE A\ & #E1T Effects of neutron
radiation as cosmic radiation on food resources J#H# o FHBHTEE] - AR ZERRN FEPKE —2F
HERST IR o JTAEAR » 78 A BRRDK BRI B S 4 B B il i AH B A R EE A= 9
THEN ERPIEN VB R RN - 185 CHERFEN - HeaWERNEZEZS HARGRIE
A% BETERNENEYRES - FEERE TR LA T PN S ey
2 o ELRSZRER > fEE(HA RIKEN fJIzResBEshiy ezt b5 (RANS) Hm#E 5 MeV AR+
SR/ NI > T B AR E A DRI S BT T AL « JEERVEE ST - I/ TS
T EHEAELAREE AR LB TR S R BRI « 2R > BEE R EAISh0 » B LA
FNGAE 0.1Gy F1 1Gy 2 FSJEESHAT -

BRI IR FEEE 7 —(Efkaniks - DUE A DU A S R RIH s i AT iy B
mRET T (&R IMeV) IRET &Pk (18 25 Fig.1) > E¥IER IR ZERTR SN EHY T H 4T -
P AEERIE 0.01 Gy #] 3Gy HYFEEIN IS - BIEFRE TR 5.7 1 A SRS 30 72 344

19



pw ABL1270 ¥ o EEFREE R ARG > RN EFIHEZIEEE - i frEE
FHERAEA LT TRES o ZSE “In(nn) ™"In AL ITEERA0E 25 Fig2 FoR @ Fig2 ZREEUR
TH%EEEE (Coomassie brilliant blue (CBB) stain) F« [ $i&(EAY SDS-PAGE 73BEERE -
T h TR IR T8 A H2 5% 1B Bk (electrophoresis) BV Z R - AEEER T {HEAHEASE T
(bt BB FEA R S/ NERPTAG A TER B BB (Western Blotting, WB) HY45IR - FE{KFY 100 A7
& (kDa) WEHERT Y  FEEEATIEREI - E0ENELIEREE/ N #1? 100kDa 2L
IR o BARE R0 T o [ 25 Fig.3 B0 T{EH Image ] 25 #s % WB #14J 110kDa
ERETFER - BERNEEEINE 1 Gy - EZEEEMEMLIE R - S AL S8t
SR IR B I AE Y RE S TR SEHEIE o ST E (L Ry R e A s B — (i
R ARG 5 ST -

CBS staining W8 A‘nﬂ NO,Trp

* o e~ s o oA %I
[hOu) En’;i! |ADn
Nitration modification of
8t ‘mmu r-do z i tryptophan by neutron irradiation
e BHET— | 3 o
10 - ol c 10000
B — - 2 - S LODOC
] i: > -~ -§_ lv:,:;:j
® —+ - - = i o - ——— = 2000
2 4 \m 2 £ 0
- 6000
2 & conn
K -4 2 YOO
18 E2 - ® I
z 4 4000
e & ¢ 001 01 1 3
Neutron dose {Gy)
10 g/ lane
Fig.1 Sample folder made by Fig.2 Electrophoresis CBR Fig3 Nitration of tryptophan by
aluminum staining (left) and WB with anti- neutron irradiation

nitrotryptophan antibody (right)

25 P ERAN BN BY T S THER R

PO~ RINEEZEARSE S MRS EE R ETTI T ie e
KPR B & R EE 0P S [ BRI i i 2R as 8 20 P 1 $1 B e e BOETT Il 4l 4E  (BNCT)
(Accelerator based epithermal nertron source  for  clinic boron neutron

capture therapy) 5 » AEHRERMN Ry 2 BRE (E AR 50 T HOFEIE T T BBl > HACKBR &
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B

SEREBAGHE RIS — - B EW T RO eI - E2A 1B YA FIERER 0 F
I T IR 1% - B Ty alpha K 7B 7L AEMALSEREAAE o RIESEERE2EPETT 2008
FEBH B T e 2 Y5A 4 TTAF - 2012 S/l BNCT RERVGHRIASE - 2016 A1 T BLTHA
FEERE PR GHEIHST » 2018 4ERKTT Kansai  BNCT B2E2 b0, » 2020 AEHE: H A AF[E] 52 e 788
T Ry AR R OREE 1] -

ISR wwas - |
3) Accelerator for BNCT

HM-30 cyclotron

Negative hydrogen ion acceleration

High current external ion source that . z

A : Main specification of the cyclotron
is vertically injected into the cydotron
Protons are transported to the Accelerated particle  Negative hydrogen ion

neutron production target (Be) Extraction energy 30 MeV
through the beam transport system, Extraction Method Foil stripping
Maximum beam 2mA
current
Nominal cperation 1mA
current
Magnet size 3mx16mx17m
Weight &0 tons

i s ow

26 BNCT J&#7EH] 30MeV A FEfIZE S

KSR R 30MeV Azt Be ST B 2N 1 THE R ARSI A% > R
[l 26 - 10-40KeV HY -T2 A Y BNCT HEY » ZRESEL Ry 4~ 10 357 HAZIERERGE -
PR R A 4 e YA ARUAC E DGR AN s B Y T iR B IR R R - AT Pd 1 Fe BydR T
s > Al fl1 CaFy Byt #8RIMAR - RIE 27 - RINEEEANZLBZFAVRGETAR - EAFTZHMIIE
B > A 0 AR A RIS - pR RIS SR ATHEITIAHE BNCT P IREs 28t - HEMAE
TEAHRE SRR B - S TP AR 2 AL - BNCT B B BORAE » AHE s R4t /483t B DAEE 3]
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S > W ERIE H AT TaR— ey 1000 SSTAVE R (EMREG(TTR ) HENDAEBER S
FIENE  SRETAEARREROTHE A B B B A SRR fEA R > BBt AER S —F BNCT JBJF
P EL R R b P -

3) Accederator for BMCT

Beam shaping assembly

+ 30 MeV proton beam striking a '1':'..'..'.:,'- Pt }' .
beryllium target produces neutrons with -
an energy of approximately 28 Mey

+  Careful selection of size, shapa, and
material of a beam moderator s
necessary to produce high neutron flux
arourd the 10-40 kel region, whilst
keeping the thermal, fast newutron, and
gqamma ray componsnt leved

= Pband Fe act as moderators and Al and

CaF; act as shapers

*Taraks ot. al, Applisd Hedetne and loiopes 2011

- =

27 BNCT &M T A E

4) Introduction to the world’s first dinical center

Epithermal neutren flux > 10%m?s*

st
cmemr-m e

NeuCure® BNCT system i

Developad by Sumitomo Heavy Industries in
collaboration with Kyoto University 3

+ Approved as a medical device In Japan in : e
March 2020 i nl*/\‘

+ Cydotron-based accelerator system

o o s pe By o
3
S . 2L

(--,.u«

+ 30 MeV proton beam with a Beryllium target M- Tanskn o . et Lt Mattcch s s

Sact s 1o 19001977 008

28 S —E R BNCT el 2as B B PR EG HE]
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a-~  EREH

(—) REAFTARAGREE 7T0MeV fizizs - HANEPEES st - B A EH
HAS > BERAEI TS - R TR - DRI AR AGE T -

(&) BAZFFES B UCANS BFEbTE &3 - AR thTHir S iR R e - 177
B ER > R AR IRE IR A TR S e s R R -
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UCANS9 Timetable 1st day (Monday, March 28th, 2022)
https://zoom.us/j/2336507610

K1 17:20 9:20 4:20 X lecturel Towards a Network of Accelerator-based
17:50 a:50 4:50 STERIEEEL e T G

Thomas Briickel

JCNS
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UCANS9 Timetable 2nd day (Tuesday, March 29th, 2022)
(Oral ) https://zoom.us/j/2336507610 (Poster ) https://zoom.us/j/35143724752

Acceleratar based epithermal neutran Kansai BNCT Medical Center, Kyota University
18:55 10:55 5:55 rr 0 o P
K-2 Keynote lecture2 saurce for clinical boron newtron capture Maonori Hu Institute for Integrated Radiation 2nd Muclear
19:25 11:25 6:25 .
therapy Science







UCANSS Timetable 3rd day (Wednesday, March 30th, 2022)
(Oral ) https://zo0m.us/j/2336507610 (Poster ) https://zoom.us/j/94961414390

How to survive for next two decades? ~ In
Keynote lecture3 the case of SANS in Hokkaido University Masato Ohnuma Hokkaido University
MNeutron Source ~

11:10
11:40







UCANS9 Timetable 4th day (Thursday, March 31st, 2022)
https://zoom.us/j/2336507610
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Status of Cyclotron Neutron Sources Development in Taiwan

Shiaw-Huei Chen. How-Ming Lee, Sheng-Long Jeng. Hsiao-Ming Tung, Tun-Yuan Yung,

Chien-Hsiang Chen, Weng-Sheng Kuo, Ting-Shien Duh, and Shiou-Shiow Farn.
Institute of Nuclear Energy Research, Atomic Energy Council, Taiwan, R.O.C.

This paper briefly descripts the current status of the development of neutron sources by using
cyclotron accelerator in Taiwan. At present, Taiwan has only one old neutron research reactor, Tsing
Hua Open-pool Reactor (THOR), located at Tsing Hua National University in Hsinchu. THOR has
been operated for nearly sixty years, currently has been used for researches such as BNCT and neutron
radiography etc. Another neutron instrument station SIKA (Spin-polarized Inelastic. K-space
Analyzer) supported by Taiwan is located in ANSTO, Australia. SIKA has been obtained commission
to providing services since year 2015, and this has encouraged Taiwan’s scientists to turn their research
interests in the neutron field which also lead to the increases on demand for more neutron instruments
on various experiments.

At Institute of Nuclear Energy Research (INER), we had a neutron Test Research Reactor (TRR)
which was shut-down in 1988 and now in decommission process, a replacement pilot project TRRII
had been conducted for several years but was subsequently canceled i 2002.

An alternative way for neutron scientists in Taiwan to have a new neutron source is through proton
beam from cyclotrons. INER has a 28-years-old 30MeV cyclotron which has been served as a nuclear
1sotope production facility for medical applications. In 2020 a small scale neutron source project by
utilizing one proton beam lines of cyclotron was initiated. The goals of this project are to establish
facilities to study the neutron irradiation effect on semiconductor devices and for the neutron
radiography.

But due to the outbreak of pandemic Covid-19 in 2020, one urgent consequence was the sudden
shortage of the supply of imported isotope medicine. INER’s 30MeV cyclotron came to the rescue and
was run at full capacity to meet the nuclear medicine needs. In late 2020, due to strategic consideration
of secure and prevention on the domestic supply chain of nuclear medicine, a new 70MeV/ImA
cyclotron 4-year construction plan was proposed and approved the Taiwan government. With the
specs of high power proton beam in this new cyclotron project, thus makes a high emittance neutron
source possible, a neutron research laboratory is also proposed. The neutron stations in this project

will include the thermal neutron diffraction and fast neutron radiation facilities.
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Status of Cyclotron Neutron Sources

Development in Taiwan

Shiaw-Huei Chen* How-Ming Lee, Sheng-Long Jeng,
Hsiao-Ming Tung, Tun-Yuan Yung, Chien-Hsiang Chen,
‘ } ‘-Q Weng-Sheng Kuo, Ting-Shien Duh, and Shiou-Shiow Farn.

Institute of Nuclear Energy Research,
Atomic Energy Council, Taiwan, R.O.C.

International Symposium UCANS9 g& 4
Riken, Japan anem 17 55 £ 25 Ff
28-31 March 2022

. OUTLINE

1. Current Neutron Source in Taiwan

2. Development of 30 MeV Cyclotron Neutron Source
3. Planning for the 70 MeV Cyclotron Neutron Source

4. Conclusions
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5’% Current Neutron Source in Taiwan

New or Under construction ‘»’;-
»asiyons Iz Neutron Sources
> U \ in Asia-Oceania
s N\

Exitng ¢
@ Existing source b

HANARO|
China J-PARC(IMW) | Japan
=2 'l uwmwv% s“? JRR-3(20MW)
N ) cpHs X — KUR(SMW) T
: _\-‘E T oot o w K .

3

—THOR(1MW) “—
& %“ PRR-1 (3MW) Taiwan supported
,‘ SIKA (Spin-polarized
-~ = DALAT RR(0. 1MW, i
DHRUVA(100MW) ~ &, ( ) - f [ stratia Inelastic. K-space

CIRUS(4OMW) Analyzer) neutron

instrument station in

M a PUSPATI (1MW) OPAL ANSTO.
ia mscaAs {3 Providing services
’\op AL(20MW) slnce 2015.

Indonesia

Submission 1o the ICSU Foresight exercise from AONSA, the Ada Oceania Neutron Scattering. hetp://-parc ICSU, _FINAL%2024-1-10, pdf 2

&1{_ Past Neutron Source Program TRRII

At Institute of Nuclear Energy Research (INER), we had a Test Research
Reactor (TRR) which was shut-down in 1988 and in decommission
process now, a replacement pilot project named as TRRII had been
conducted for several years but was subsequently canceled in 2002.

[ Ovest0< ot o en of 2006

Schematic Drawing of the TRRII (1998 -2002)
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&Sr Neutron Users in Taiwan

e
-5 LI

Last year (2021) INER performed a survey to investigate the neutron
facilities and scientific needs of neutron users in Taiwan.

10

Statistic of neutron facilities Taiwan neutron users had applied and performed experiments.

vt OUTLINE

—

. Current Neutron Source in Taiwan

2. Development of 30 MeV Cyclotron Neutron Source

.

Planning for the 70 MeV Cyclotron Neutron Source

4. Conclusions
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&‘;{ 2. Development of 30 MeV Cyclotron Neutron Source

B Goal: Neutron sources and applications development

B Neutron source : Be Target from INER’s 30 MeV

Cyclotron proton beam
® Neutron applications:

1. Thermal neutron radiography

2. Fast neutron radiation damage on electronic devices

B Project period: 2021 ~ 2023 (4 years)

6
.”}‘6‘4/ )
. TR30 Cyclotron at INER
- L
«  TR30 : TRIUMEF (TRI-University Meson Particle H
Facility, Canada’s National Laboratory for Beam Energy (MeV) 15~30
Particle and Nuclear Physics) + EBCO (now Beam Extracted (pA) 200 > 500
ACSI ), operating since year 1993 - RE
¢ Services : 1. medical isotope production facility: Dee Voltage (kV) 50
2. proton beam irradiation services: 3. industrial Frequency (MHz) 73.129
and research studies Harmonics 4
Amplifier power(kW) 40 - 100
lon source H- cusp type
output current(mA) 5 ->10
Beam focus system* SQQ - EBSQQ* + Pulser
Beam efficiency 10% - 33% (at 0.3 mA)
Vacuum(torr) <5x107
Magnet 4-sector radial ridge
Beam number 4
Beam O/P port number 9 - 13
Solid Target Station
Target current(pA) 200
. , + S: Solenoid, Q:Quadruple,
i 39 B: Buncher, E:Einzellens.
TR30 Cyclotron
7
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CEen
- i

Layout of TR30 Cyclotron Building

Gas Target

Liquid Target

i

B

2

] L._hesearch -43°,
oom 154 2%

v

(ISP

Bt T1-201, Ga-67,
9 Ini11,2r89 | 17

Room 153 _
77 1-201, Ga-67,
/1 In-111, Zr-89

129, 2B4B

43° 2B4A [

Solid Target

VK.

Proton Beam Irradiation Services

Proton Beam Specs:

@ Beam Energy : 15-30 MeV

4 Beam Current : 0.1 nA-100 pA
@ External Irradiation in air :

FOV : 3 cm? (1cm radius circle), fixed sample
15*15 cm?, movable sample

& External Irradiation in vacuum :
FOV : 3 cm?, fixed sample
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<. Neutron Beam Irradiation Services (Planning)

—y L]

small scale neutron source using cyclotron (2022-2023)
» Fast Neutron = 106 n/(cm?:s) ~ 0° exit ~ neutron irradiation on electronic devices
~ Thermal neutron = 105 n/(cm?2:s) ~ 90° down to basement - neutron radiography

) -
Be+p>n+°B

Proton energy: 15 ~ 30 MeV
Proton current. 20 A max.

-
) s A = = |
MNeutran Services

Meutron  » Fast Neutron
TMR

» Thermal Neutron i
1

"R30 CYCLOTRON b "
smue=~ Proton Services

» Space component testing

# Electronic device testing

Schematic drawing of Neutron

/ \ & // Beam Irradiation setup

10

&w Set-up of the Neutron Imaging

TMR . MNeutron
. TMR

Proton beam l—[l.{ﬂ_

|
|
13t floor oM = —}_
|
115.0 ecm |
L
I
110.0 cm 50.cm le I >
thinkness) |
I
e o il
=“Beam size shutter>°-0 €M 90,50 em :
ICamera Box T 185.5 cm _*_ ¢
Lift Strok (height) 57.00 cm
Basement '00cm .
38.00 cm |
Lift Mechanism _L RS e L | »
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-Ség Set-up of the Neutron Imaging

Loading and Beam Shutter Camera Box
+ Material: 10%B-HDPE + Scintillator: 6LiF:ZnS
+ Beam Size: w/o, 10 x 10 cm?, 15 x 15 cm?, + Scintillator Size: 15 x 15 cm?2
25 x 25 cm? :
e Frame:Al 6061-T6 + Camera: PCO Edge 5.5 - SBIG ST3200

a. shutter closed b. shuiter slide out

©. shutter in position d. Change shulter
12
B :
Sr, Testing of Neutron Camera Box
- s
A steel sample was made with 10 steps in thickness from 0.5 cm to 5 cm,
5 horizontal slots with different width from 0.3 mm to 2.0 mm.
[ 20mm
1. 5mm
1.0mm
0.5mm
0.3mm
50 45 40 35 30 25 26 15 10_ 5
1 &g N i
@ |72 0mm=—A Smm - l'.()mm;; O5mim- fﬂ%u?
* Camera box test was performed at THOR reactor. -
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OUTLINE

Current Neutron Source in Taiwan

Development of 30 MeV Cyclotron Neutron Source

Planning for the 70 MeV Cyclotron Neutron Source

Conclusions

14
o i . . .
2P Cyclotrons Available in Taiwan
Year Proton Deuteron Current
Hospitals e Brand Model Country Energy Energy ) Note
(MeV) (MeY) L
1 [T.P. Hospital 1992 [Scanditromx  [MCI7F Sweden 17.0 80
2 [, MedUniv., 1998 [CTI RDS111 1.0 65
Hospital
3 [S.G. Hospital 2001 (GE MINT Trace USA 96 50
4 [General Army 2003 [BA Cyclone 18/9 Belgium 18.0 300
Hospital
5 |Bud.Hospital 2003 (GE PET Trace UsA 165 8.4 100
6 [E.Univ. Hospital 2005 |GE PET Trace [USA 16.5 84 100
7 [Run. Hospital 2005 [Sumitomo EM12S [Tapan 12.0 6.0
8 |NTU Hospital 2005 (GE PET Trace USA 165 8.4 100 [PETtrace 800
Linkou Chang Gung B
9 Memorial Hospital 2007  [Sunutomo EMI25 [Tapan 12.0 6.0
10 k:l';‘:;‘”‘a*l‘i‘"fsmg 2012 (GE PET Trace Usa 165 8.4 100 [PETtrace 800
11 L;I:;:ﬁ:mg;:l'zlg 2015 Proton Therapy System Japan 70 - 230 ~300 nA
12 INER 1993  [Triumf TR30/15 (Canada 15 - 30 (15.0) 500 [29 year old (2022)
- . Canada/Bel . :
13 INER (plan) 2(2027) [Best/IBA ) 28 -70 1000 | * special request
lgium
Proton Energy Gap at 30 ~ 70 MeV will be filled by this project. 15
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Production of isotopes by TR-30 Cyclotron

Table of medical isotope provided by INER 30 MeV cyclotron

18F BO(p,n)1eF 17 MeV 1 Ci'batch

123 124Xe(p,2n) 123 30 MeV 2-~5 Ci/batch

o | ®@Tipan 2T | 28 Mev SCibatch | me—p 4o becoming important
during Co-Vid 19 period,

7Ga %8Zn(p,2n) ¥Ga 24 MeV 3 Ci/batch when oversea Supplies
are unstable.

"in "2Cd(p.2n) Min | 22 MeV 4 Ci/batch *201T|t.. =72.9h

172 = 5 &
897 89Y(p n)89Zr 15 MaV Under test

" This explains the demand for 28 MeV.

16

&’:gé Provider for 30 - 70 MeV Cyclotron

Best 70 P Cyclotron IBA Cyclone 70 Proton

Bejf l‘yclotron Systems

Best 70p Cyclotron
e e

Ty Of Oydearem
« Mot 3 o
s ce. i g 04

= B nmree o b ey

asbyin 62 mevacten caveie]

= Us %5 ¥ boem bee. cowtom demge conbguion
Bears Curveat

700 A caretas o b et

* Higher cuTerm avaslstle | 1000 wA)

Searm Eneryy
* 7310 70 MaV variadhe ety scvactor

CYCLONE® 70

Acstamnate d Conmred Systees

Computor Sywtern ... Stasdart I, Windows based 0%
Comolers . Suroers indisttel FLC Modsen
lont Conmc Cols member

[ oot ol v s

Mot iy Startans hivsiom Eom art harde s

P e

T

35 - 70 MeV, 750 pA
+ 4 beamlines + 2
solid target systems

30 - 70 MeV, 750 pA
+ 4 beamlines + 2
solid target systems

28 - 70 MeV (Discussed)

1000 pA (options) 17
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=%  Planning for the 70 MeV Cyclotron

Nuclear Medicine Research Center

Support current 30 MeV cyclotron isotope
production line.

Development of new nuclear isotope and
nuclear medicine.

Two solid target station and one gas target
station are planned

Proton Laboratory : b
. .y Neutron Laboratory :

- Patch up the missing
30~70 MeV proton «  Neutron Target with 70MeV/
energy gap in Taiwan 1mA proton beam to achieve

- Proton irradiation < 2'92,:1:““0?’ V'T(I’d - - et

- — « Fastithermallcold neutron targe

testing platform for v station with possible six lines of

space and electronic - .
P neutron analytic instrument is

component ) planned.
- New radiation- + In current phase (2023-2026),

resistant material thermal neutron diffraction and

development I 28~70 MeV, 1 mA fast neutron science station will

be built first.

Research lab.s for the 70 MeV cyclotron facilities.
18

HAINER
L

&)qu(/ 3. Planning for the 70 MeV Cyclotron Neutron Source

H Goal: Multiple purpose research center
(1) Nuclear Medicine Research Center
(2) Neutron Laboratory
(3) Proton Laboratory

® Neutron Laboratory : ( in current time - funding)

1. Thermal neutron diffraction

2. Fast neutron test platform

B Neutron source : Ta/Be Target from INER’s 70 MeV
Cyclotron proton beam

H Project period: 2023 ~ 2026 (4 years)

19
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_&Zﬂ Floor Plan of 70 MeV Cyclotron Building (15t floor)

Caner
minA

9703

{To Bid. 052
1
.
o = Skt Taryet Rocm
70 MeV. 500 A
s
A foseco =
¢ m
Targettlom 8
road 3y ey 100 A H
[ o A
T »
-
' -
-
40w - 1 £
o -
o TOMeV, 500 LA
: 8
e gy T
,, -
i " ‘;‘ 4 o
!'- Fast 2
< Neutron ’ neutron [
Lab.
e ]
E | -

Note: In neutron lab. where the notations are 1. Neutron Diffraction + 2. Neutron Stress + 3. Neutron SANS -
4. di hy - 5. N i Back-scattering -

i [unit: cm] 20

1100

&/ Thermal Neutron Diffraction Science Station

Hanen

Thermal neutron source W— = 7
mmm——— Th | tron diffraction Instru t
(Ta target ) MCNP simulation t HBAEOCHON el iieTUmen

Optic guide design
w0

—— \

Detxe 10m 2.4
N 3.96e+9 | 86 pewerment
B 3.78e+9 mrge: 121 2
I 3.60e+9
B 342649
B 324049
3.06e+9
2.88e+9

filem®iseclyA

am

Position [cm]

R e / 2 swrmivement
. 126049 2 -1 /et 12n
Gon Tam y

Wense
B 5 A0a+8
. 36048
Detecter Stage /
/

Positon (o] Proposed design of neutron powder
Thermal neutron flux distribution for 70 diffraction instrument
MeV/1mA proton beam.

( TMR are Ta/PE/Pb, Ta target area 10cm by 10cm, ( provided by Mirotron Inc.)
thermal neutron energy in 10meV ~ 500meV ) 21
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<. Plan for fast neutron science station

L

Quasi-monoenergetic neutron source (Be/Li target)

vk Mone nereetic e mn (00N Seurer | Be rvim et

e - Target
ALK Mg Like Meubsora .
Peak Yield Harge 1 knavss.
AUNT  Riseparis.Lica Moo Farget Mateddsls  Thicloness
L —) morgy  eutimmted prsjected b0 Bange
W Rerdngmagrat | MV} il mm} {rmm)
M Defasing e .
FoousrgTaget b
WS- Fast rauion FOUme % 60 100 Be 0 WM 95%
; iwm:" .1:“ i " 50 100 Be 10 1463
[ 0 Mg N (e B k3 o 100 Be 10 o 0
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1. Current Neutron Source in Taiwan
2. Development of 30 MeV Cyclotron Neutron Source

3. Planning for the 70 MeV Cyclotron Neutron Source

4. Conclusions
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2 4. Conclusions

Taiwan’s THOR reactor had been operating for 61 years, to plan ahead, new
projects of using cyclotron as neutron sources has been proposed and
executed at INER since 2021.

B A small scale neutron source by using the existing 30 MeV cyclotron with Be
target is presented, some preliminary results are shown.
B Planning for the new 70 MeV cyclotron with a dedicated neutron laboratory is
described with space for future expansion of more neutron facilities.
B At this moment, INER don’t have a cyclotron neutron source.
B Many conceptual designs and instrument construction are still in process .
We hope to present more results in the future.
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