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IBNCT

Industry-Government-Academia Research

Tsukuba University
KEK ® Project management
® Accelerator ® JRR-4 (nuclear reactor)
® Target ® Medical system
® Moderator ® Monitoring

® Collimator . . :
® Rad. shielding Hokkaido University

® Neutron science, moderator
| NN =
® JRR-4 Mitsubishi heavy

® Moderator design industries LTD.
® Radiation safety ‘ ® Manufacturing

NAT, ATOX, Taiyo Valve, Toyama, Nihon Koshuha,
NEC/Tokin,,,,many companies are involved

[ Ibaraki prefecture }
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Main parameters of i-BNCT linac;
8MeV, 80kW High duty proton Linac
» Peak current: S0mA

» Pulse width: 1ms

> Repetition rate: 200Hz

» Duty factor: 20%

> RF frequency: 324MHz
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Hospital & Patient Friendly
Guiding Principle: Very low residual
radio-activity.
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’Be(p,n)’B Neutron energy spectrum for various production angle
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Neutron Flux (n/cm2/s/lethargy)
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—JRR-4 d12cm i-BNCT, much better than JRR-4 (more than 4-times,
—PbHERPOR H{AE0cmET IL

7.0E+08

6.0E+08 J 1l
F lll‘]\’Si ulation:
5.0E+08

['"1 4.66 X 10° n/s/cm?

3.0e+08

E=N

2.0E+08 |

M,

U "Real data
BRAERTHREMNE
/A ZIN 1--1 2.
0.0E+00 = ]
1E10 1E09 1E08 1E07 1.E06 1E05 1.E04 1.F03 1E02 1ED1 1.F+00 1.F+01 'i%bé

Neutron Energy (MeV)

1.0E+08




Cross se
Fe-56

ttion data : JENDL-4.0
. . Pb-208

T T i T

T T

(n2n)

00
Neutron Energy (MeV)

00
Neutron Energy (MeV)

8MeV ZBIRT NISHHLIZKIIBICEEIF S -

Dose Rate (mSv/h) at 100cm

at 100cm

e Rate

—e—Ep= 17
—e—Ep=22. 01MeV
—e— Ep=35MeV

eV
. 24MeV

Dose Rate from RI

in Fe at 100cm

107
1072 — Stee
10_3 | ‘-1\ T \‘

§ o
10 .
10°

ey
-6 L
10° 10 10?

Cooling Time (day)

VUV g 1 imu \uay )

ose Rate from RI in Pb with impurities

)

1= 10°

Cooling Time (day)



B DHSHEREY

Q) A—RB DI FERBERS T

1.00E+04

1.00E+03

Dose rate [uSv/h]

I I
0.001 0.01 0.1 1 10

1.00E‘02 } 1 Lo 1 Lot 1 Lol 1 Lo ]

BE-ERUEEFEOIV7Z T AERMDOEE

JtisE A
HOKKAIDO UNIVERSITY

LS EIZ10 4 Sv/hLLTF

14



& < Dt DK

> EooalL—4

> AR

> RS

> 1EH

> il

> JYRR) T REE
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BE: -90kV

T/ 30A
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4 ik =% (DRC)

It will be used for 50 modules to
provide an order of 10-4 flat-top.

Simulation Result
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MONITORING MONITORING
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(A=Y= 44,80 "~
VOLTAGE i]"i" o= 0.12 COPPER: ~7J
B ||| MY e 1.80us 170mm
INTERLOCK TURN ON 171K =555 .6kHz
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CHZ= 28.8U [@EEE 25.6U

NO EVAPORATED

COPPER WIRE

SPECIFIC GRAVITY: 8.9 [Ton/m?]
SPECIFIC HEAT: 0.09 [kcal/kg]
MELTING TEMP.: 1084 [° C]
WEIGHT: 0.017 [g]
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IHEE DS FE

RFQ DTL RFQ DTL
LENGTH m 3.1 3.004 3.1 9.921
BEAM CURRENT mA 50 50 50 50
BEAM PULSE WIDTH msec 1.0 1.0 0.6 0.6
INJECTION ENERGY MeV 0.05 3 0.05 3
OUTPUT ENERGY MeV 3 8 3 19.716
PEAK RF WALL LOSS POWER MW 0.34 0.32 0.34 1.06
PEAK BEAM POWER MW 0.15 0.25 0.15 0.84
TOTAL RF POWER
(@50mA) MW 0.49 0.57 0.49 1.90
Repetition Rate Hz 200 200 50 50
AVERAGE BEAM POWER kW 80 50
AVERAGE RF WALL LOSS
POWER/m (RFQ+DTL) kW 21.6 (132) 3.2 (42)
COOLING WATER FLOW RATE .
® AT=0.1°C L/min. 3,000 (19,000) 460 (6,000)
COOLING WATER FLOW RATE .
® AT=10°C L/min 30 (190)

KW

AT =143%—2 [°C], 1[Joul]=0.239[Cal]

/min.



IBNCT COOLING SYSTEM USING
DYNAMIC TEMP. CONTROL

Air cooling chiller

100 kW/unit

i 5kW (AC) () T+0.05°C (TaTarget

238 L/min|

T+0.1°C (TaTarget) %_D&]Skw a8 100 L/min L[F/T

Vol

—
@
®

Tower type air fan cooler
(outdoor)

Air cooling chiller

100 kW/unit

®
h— F/TH =
WAVEGUIDE “- Z
100 L/min &
W
V4
P-SUPPLY 2
50 kW 2
72 L/min &
o
E
KLYSTRON F
500 kW @
310 L/min TE/T]
IL

WATER SPECIFICATION FOR KLYSTRON TUBE (@TOSHIBA)
1) pH: 7-8, 2) OXYGEN DENSITY: 1-6 ppm, 3) SPECIFIC RESISTANCE: >10kQ-cm, 4) PARTICLE SIZE: <50pum

80 kW

Anti-rust water
E (5~10%) DtlSkW(AC)EPTiO. 05°C (TaTarget)

. HF/I
BX 5kW (AC) AL

50

Y
(2]

B
o

w
(3]

30

90 L/min

-
~

DTL: 50 kW

=C)

MAGNET:18 kW 3%
40 L/min

RFQ: 90 L/min. ATyax:
DTL: 100 L/min.

OUTLET WATEE{ TMP.

10°C@200Hz

ACC. BODY
~§__‘_“£dealcase)
INLET WATER TMP.
W
AT|°C|=14.3x%
bel L/min.
50 100

RF REP. RATE [Hz]

TARGET E :MOTOR DRIVE V-PORT VALVE
150 L/min g&] :MANUAL VALVE

Jo ) @ :TEMP. SENSOR, AGCU. (1/100DEG. ~C)
FLOW-METER/ INTERLOCK
~——

% :AC HEATER

MAR.012012 H. MATSUMOTO



 MEFOREF#EEER: FROM 30° C T0 60° C

-1 "1 OVER SHOOT DUE TO TEMP. CONTROL SYSTEM
60.26 3 i —
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60124 ] | |

a0 3 1 i i
50,08 ] ¥ '

60,06 : 1
G004 1 o (118 |
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TARGET TEMP: 60° C & Dl EH VA g T AR S T Ta g
H |

Pressure [Pa]

pera

5056

Tem

5554
B0 G2
BG5S
5022
5586
55.84
5582
G2
5578

5076 ] <«— INLET WATER TEMP..
59.74 ] STARTED @30° C,SLOPE: 10DEG.-C PER 30MIN.

56.72

507 4 1E-5 T T T T T
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12:00:00

T T T T T T T T T T T T T T T T T T T T T T T T T 1
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18:00:0

Time
—— RFQ:PRAGOL ”—_ank Outlet ——Vane Outlet —Vane Inlet

JULY122014 H. MATSUMOTO
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——> Backup layer
50.5

Ibaraki target (separated function)
Target thickness is 0.5mm
needs backup plate for beam window

Proton beam

Heat sink
with cooling
ater channel

Blistering
n m-gw - ’\
mitigation metal
BT plate: o l\

% = T
— Ta plate 25
Oxygen-Free Be R
— | Copper P —
! - 20
i £
<
— z
=15
Water cooling 36line/150mm “"é
L E 1
10
[ ] } ;
f . 10~ TITLE: Be Target type 5
Water cooling 20 DATE: OCT. 29, 2011 0 S S UCECEEcierieseerereeen
00 01 02 03 04 05 06 07 08 09 10

hitoshi.kobayashi@kek.jp / hiroshi.matsumoto @kek.jp / masakazu.yoshioka@kek.jp / toshikazu.kurihara@kek.jp s (mm]
mm




Target Failure: FYXRY>2T"

NN

= 0.004

- \\\i\? 00035 z
— 0.003 +— Be //

0.0025 / 0
0.002 x /

S e
o001 /// R 11 00

0.0005

- .
\\\\\\

S o
e 1s always in the short time limit
6“"5% / ~ T7MeV 0.42 mm
’ 13MeV 128 mm

~2Eyz
1-v A

_ 77 P(kw)t(sec)
P=23x10"1-atm ) A et “ p

Lifetime 13 MeV ~ 6.5 days Good agreement with
7 MeV ~ 2 days operating experience
ICANS; 4 March, 2010 P. Sokol
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I_a ser ﬂaSh | ng Direct measurement of

heat conductivity

=
ouf----3 with laser-flash method
Jane] => 200 W/(m/K)
o =>» Good enough for the
- { o practical use
e MaxV-minV
Thermal diffusivity measurement 2.54
Sample name: Pd 10/10 Meas. temp.: 32.83C Sample thickness:2.6260E+0mm 2013/08/29 11:50 No.319
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EXEEDISaAL— 3y

NODAL SOLUTICN AN
aTEE=1 DEC 18 2013
SUE =1 18:50:18
TIME=1
TEMP [AVE) (o)
nIvI=0
MW =404.094
IMX =533.8B8 320
X 300
= >@
1 Cdd
1 280
| 3
< 260
e
2
T 240
o
3
(V]
+ 220
200
180
0 1 2 3 4 5 6 1 8 8 10
z (mm)
404.094 448,271 488.447 530.823 572.8
425.182 487.358 509.535 551.712 553,828

Temperature: surface to cooling pipe



308 B 55 B850 s

— 701.16°C(A674.3°C)
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EXAMPLE OF CONTROL PANEL USING CSS (Control System Studio)

=
File Edit CSS Window Help

2} 2 | & © ~
& (Eommnng

B heaterplt  |ias =

Event generator

100 42 / [

1.1
o T outpue
<) R
= Evel 0 events in sequence.
SREON o tinestanps in sequence
o events in sequer
e
Bl ro cinestasps in sequence

Super sequences
esc Tter Versr or e

S 10 sequences in super sequence.

o interations in super sequence

= SUE o sequences in super sequence
o o interations in super sequence

% Applications _Places System @ () [£

le Edit CSS Window Help
2 | | & Qs
£ 0PI Editor [-{OPI Runtime] ¢ Data Browser

pfeifferplt i Klystron.opi & i main.opi

i PPS_all.opi

Modulator

Interlock

monitor

0
0 50 100 150 200 250 300
Time ()
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- Incident angle dependency of reflectivity of s, p polarized light -

Reference Light

Small
Refleced light from Reference Light
blistered surface

Normal sface

Refldcted light
Large

Polarizer
Blistered surface

Rs

Rp

Long Distance Microscope

Polarizer (analyzer)

Incident angle_Reflectivity_diamond

T e 2 000220, 20, 141, 106,02
g'ng Long Distance Microscope
(PLDM)

Polari

Reflectivity

| ! 1 -
10 30 50 10 90
. [ —1 Nikon #4 (OPTIPHOT2—POL) 1R Y848 G%i@)
Incident angle (deg)
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KEK700keVay 290+ ILE
In situ observation of blistering

icros! pl

Laser Light Reflect|V|ty Measurement (LRM)
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Blistering observation using reflection laser light

Laser light Reflectivity Measurements
k20 0 0.9 1.8x10722 m-2 Cop_per:
2z | | Equivalent to
g 110 L | 3.5 hour operation
= |
~ad
= . 810° .
- =
% —_
5 *:é 610 | ‘- ]
o
% E -5 ' ' :
S 4107 L | . i | =1 | B
rem
2 |
210 _ |
0 10° e . s
1 10* 1.5 104 2 10° 2.5 10 3 10t

Research will be continued

Time [s] -



FEH

>2014F7ATHICHH R ER X TE

>ILEREDaVTa=V Y RA

>&mu[é§1%]l:§1n\'cméh“:zm:(fﬁﬁd)lﬁnﬂ-&ﬁ
L)



