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C YIS 2
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Tungsten
block

Tantalum —_
cladding

Target plates

Proton

beam

Pressure
vessel

w” Heavy Mercury pipe
connection system

Mercury

Target vessel  Material : SS 316LN
(Triple-walled structure)

Safety hull
(Double-walled)

ISIS (ZEE)

Mercury vessel
(Single-walled

Mercury container wall
Proton beam <

r ) Beam window :
(Size:18x7cm?) (Wall thickness: 2.5mm) I kY 7 E
Transition
manifold
(7k£R)

Water

= ESS (R T—T2)

Thermocouples

Water manifolds

i

20cm ﬂ}

E A EE
(BT RTY)
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H 18. 2 E (eV)
Hs0 19. 8 10° 10" 100 1 0.01  0.0001
D 25. 1
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C 115
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Fe 510
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Japan Proton Accelerator Research Complex
(J-PARC)
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KEERE

Mercury Pump

Surge Tank Mercury Piping
(0.7m3) (150A) Plate-Type Heat
Exchanger (550kW)

| 2 Trolley Driving
Mechanism

‘ ’ — / (Max. 20mm/s)
/

q:l TE?;’? q:l ’l:,\ Target Vesel

Mercury Drain Tanks
( total capacity : 2.7m3)

H} Railway of liner roller way
(Traveling distance : Max.23m)
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Poisoned Decoupled

Decoupled moderator(DM)

moderator (PM)

:/\ EﬁE | /\,/:Z.

Neutron Intensity (Log. scale)

0.0 Time [ms] 1.0

-Ag-In-Cd (Al —(Ed=1eV
Coupled moderator (CM) -C?j-l-? ;igi C)Tﬁ J7°7 ”( d=1eV)

S 53 A 'flaﬁfﬁ =

Hg-target

%

ABE &HAFHE - Optimized for 100 %
I'" E— Aﬁﬁl:lﬁ para-hydrogen (all)
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Neutron beam
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PHITS:

Particle and Heavy lon
Transport Code

For the spallation neutron

Proton Beam Transport Code source In J-FARC
Decay-turtle

Proton

Source

Calculatio
Model

Cross section library
JENDL, efc.

Particle Transport Code

PHITS

Large model size (>15m),
Large model number (>2000)
Large attenuation of neutron
flux (>10 decades)

Large cases (~2000)

Around 2008,

MPI parallel computing system was used
Pentium IV 2.8GHz (2 core) X 36
Xeon 3.0 GHz (4 core) X |

.

\ 4
Life
stimatio

)

Nuclide
Yield

Radloactlwty Calculatlon Code

DCHAIN-SP

v

Radioactivity
Decay heat

Particle
Transport Code

MCNPX

v

Structural Radioactive Waste | (Neutron Intensity
Engineering Estimation / Estimation /
Design Shielding Desing || shielding Design

Cut-off
Neutro

v

Particle
Transport
Code

MCNP

l

Pulse
Characteristics
Estimation
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3 D view of JSNS design

Shields

Proton

Moderators

50cm

g

Item Calculation condition

Proton Beam

Power 1MW at the proton beam window
5000 hours / year
Emittance : 81 7 mm mrad

Operation time

Profile Gaussian + Uniform
Footprint : 180 x 70 mm?
Repetation rate 25Hz

Proton Beam window
Material & thickness Al-alloy (A5083), 2.5mm" x 2 plates
Coolant H,0

Target
Mercury, 13.6 g/cm?
316L stainless steel

Material, density
Vessel material

Coolant D,0
Moderator
Coupled (CM) 1
Type & number Decoupled (DM) 1

Decoupled Poisoned (PM) 1
Super-critical hydrogen, 20K,
1.5MPa,0.07g/cm?

Vessel material Al-alloy (A6061, A5083)
Coolant H,0

Material property

Reflector
Material & size (Inner) | Beryllium, 50 cm (Dia.) x 100 cm (Hei.)
Material & size (Outer) | Iron, 100 cm (Dia.) x 100 cm (Hei.)
Coolant material., fraction | D,0, about 10% (channel width: S5Smm)

Vessel material Al-alloy (A5083)

Water-cooled shield
Material
Coolant material, fractio1 H,0, about 10%

304 stainless steel

Air-cooled shield
Material Steel
Coolant material Air

Neutron beam line
Number 23
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Neutron flux and pulse shape for providing at the neutron beam port

107 102 “1‘0'1 |
E, (eV)
Dose rate

DPA

Radioactive materials
and so on.

10" O B B B B B B B B DAL AL I 10" T T T T T 10* T
% % 10" E
g 10" ¢ BL10 (DM) E S g
3 2 i
°§ & qgts E —~
< o S L
ko F z 5
g 2 10" <
£ 9
S 10° ¢ E <
%:3 % 107 L
3 i
108 FTIT EETRTTT IS RRTIY RTET] MY MR R RRATT EETEITT M ARTET MW RRTETT RRATETI R - _ 1 4
10™ 10° 10® 107 10° 10° 10* 10° 102 107 10° 10" 10* 10° L P P — 10 10
E (MeV) 0 110 210° 3107 410° 5107
Time (usec)
: Nuclear
Nuclear heat generation Component Hoating
(kW)
. . Target Mercury & Vessel 493.0
Precise treatment were considered Reflector Reflector & Vessel 193.9
|, Photon energy deposition via electron Shielding block | \Water-cooled 1938
shielding block
energy dep05|t|on Proton beam |Window assembly 1.4
window
2, Energy-balanced neutron kerma factor Soisonsd & T, Vessel o
3, Decay heat moderator Water-cooled outer 4.4
Vessel
Decoupled H, & H, Vessel 1.0
Energy conservation was consistent. modearator Water-cooled outer 4.9
Vessel
Coupled H, & H, Vessel 1.4
modearator Water-cooled outer 52
Vessel
Total 874.7
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Li-glass scintillator

3He detector

Counting detectors
1/2 inch He-3 detector (Eff~1)
He-3 monitor (Eff:10-7,10-2,10-3,104,10-°)

Beam stop




A OHYETE— LADOBIHID 72801

First direct beam was measured by CTOF method at the sample

position at BL10.

CTOF: Current Time of Flight

Moderator , Li-6 or Li-7 Glass Scintillation Counter
Beam line

Pulsed neutrons

Voltage (Current) oc

Oscilloscope Neutron intensity

Md4.00ms A JNEE 5 40.0mA



On May 30, 2008
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Bl TOF Spectrum
Oscilloscope display

Only 1 Shot !



Neutron intensity (n/cm?%s/sr/Lethargy @MW)
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10° - ; . : . ;
| e The foil activation method
neae, - meeae Reaction  with the threshold energy reactions was used.
N e an rate
iy 10 > ol il e .
E} b '/ ;\’ \\ 1 Nb(n4n)Nb_ 2 CaI/EXP ratio
8 / ' ‘ " L1=13.4m
§ / ! “Bi(n,5n)*"Bi
E 10-11 | I'27Al(n.u)24Na .:l QOQBI(nAn)ZGGBi ZogBi(n'sn)zm'Bi
i i ' 27 24 !
[ 15 il 2998i(n,70)"’Bi
| %3Nb(n,2n)*2"Nb : '
107 L ks PRl
- 115 ] -1 s T N Y {
Energy (MeV) % In(n,n) N 4 .
L : D8 D .
10—9 ;—; 1 - - # :\\-
O %9 Tm(n,2n)"**Tm 34
2Bj(n,4n)*"Bi {
2°8i(n,5n)***Bi ' 169Tm(n,3n)'6’Tm
,;;. 10-10 !
% I 2°”Bi(n,6n)2“48im. : 05 ! % -
: A 8070y "TminAn) ™ Tm 29%i(n, 8n)**Bi
g & “Nb(n4n)°Nb  209g;5 10n)2¥g; |
@ 107 2098j(n,8n)>"%Bi ’ -
2*°Bi(n,10n)**°Bi _ 0 1 0 ; ‘00
102 - A , Center energy (MeV)
10’ 10° 10°

Energy (MeV)

C/E:0.8~1.2

Figure 11: Neutron energy dependence of each reaction rate.



Bragg peaks of (004) and (008) of mica are represented.

diamond are extracted.
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3 s - At (calc.)
1 T% ®eagE |/ fw)y(obs.)
o 'y, =100 E 8 s _.,;_'” =
o)L 2R 4
+ . o j\’__ H g
LED 4: Atl,»:(calc.) = B LW Seed,
[ fw, »(obs.) L Teg
Sample: mi d diamond 0 e, _
» dample: ICa aNn Iamon ): mica at 20kW |
af mica at 300 kW
L Diamond at 200 kW =
» The detector was located at 170° & % "
0.1 | 10 100 1000
E, (meV)
Fic. 3. Pulse width at half and 1 % maximum of observed
3000F mes of DM of JSNS.
- 1000 .. 3 . 13
1200 mica (. E,=0.826 meV ¢! diamond |- E=51.9 meV
I L (004) 1 L 1000 3 "
£ t mica ¢ { 440 -] diamond
{\- L L-tl)lr f . (004) | § @ calc. 1 v (440
> | F“‘\' 100 ¢ e & cal. 20006k 4 obs. L e cale
800 « | @ obs - fit L obs. ‘ ,w . :)Itlh —fit 100 . '.’ b
@ 3 - % @ . 5
g - ; 5 - L%
S : 10 F : 3 w2 [ fwy., §
o .I'W‘ ) W o0 ‘)1000 L { e —
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‘ . T o \.“ e,
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[ X
mica '. 4 “.
200k le (008) ; 1 |":”_3.30 meV 400 :.0 diamond 100 b : % F.nfﬂz-i meV
f ks @ cal. 100 : g mica [ ’ (10100 ] diamond
3 obs. Y 008) A & cule. L% (10100)
300} F 4, f’;- " ® cal 3001 2 "21‘1’5- e u-;lu.
) 0Ds. It. B . . v ;.
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= . | §
3 =] .~ 2 200 r—=%
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Fig. 1. Example of pulse shapes of the cold neutrons. Fig. 2. Example of pulse shapes of the thermal and
epithermal neutrons. Bragg peaks of (440) and (10 10 0) of



Neutron intensity (n/cmzls/sr/Lethargy@MW)

Neutron intensity (n/cmzls/sr/Lethargy@MW)
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Good agreement within 20%



BLIO(DM)
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» IMW operation for 10 hours

» At sample position (13.4m)

» W/WO Cd cover

» Good agreement

on July 3 was successful.

BLIO (Noboru) with
collimators

Neutron flux (n/cm/s@1MWN&25Hz)

» At IMW operation with no

collimator, 4.7x107 n/cm?/s
will be archived.

4
500kW operation is sable now. , .

w

N
ol

NS

.
($a]

—

(Sn]

106

106

106

10°

o

Proton beam power (kw)

— T T T [ T T T [ T T T [ T T T 1T T T ]
_ :
B ---‘--- Cal a
[ » ]

- s
- N .
- o o i
o . h
- o .
o K -
- %(%e‘?( y .
[ M R -
I E
- IR TR R A R SR TR AT S A AT RN .
!! 200 400 600 800 1000



1000 —————
[ Meas. #1 -
Meas. #2 +
Fitted curve (fO+f1+1f2)
fo(t) —— :
£1(t) There events were confirmed as neutron
21 —— detections from the pulse height data
g 100 [
3 | These events ?
- 1, Delayed neutrons
2,The (y,n) rection
ex. ‘Be+y—-8Be+n-1.666MeV
0 J T S U .
0 200 400 600 800 1000120014001600
» Time(s) f0(t)=95.749%(1/2)A(t/6.5381)
In operation  Operation stop fl(t)=172.06*%(1/2)N(t/134.41)
f2(t)=28.81 1*(1/2)N(t/4217.2)
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High Energy Neutron Dose (120-150 deg.)
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o chopper position

‘-.\ Removable Sample position
y collimator position

Dose [uSvir]
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