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p. Cold Neutron Source development for
RIK=N

Compact Accelerator-driven Neutron Sources

 Cold neutron beam has important applications in industries
like SANS.

* Liquid para-H, or solid methane are known to have good
performance in cold neutron generation, but they are
explosive gases.

* Easy-to-use cold neutron source is preferable for compact
neutron source.

 Methyl benzene derivatives are known to have relatively
good performance as cold moderator, but performance
improvements are necessary.



3 Outline of plans for RANS Phase-lI
[ RAP
RIM=N , ,
Cold neutron target station will be constructed
® Neutron scattering beamline including mf-SANS(mini focusing
Small angle neutron scattering)
® Mesitylene-based cold moderator
® Thermal/Fast neutron target station will be maintained
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ﬁ Cold neutron moderator materials

RIMZN

* Solid Methane(CH4): best
material for cold moderator
with high flux of low energy
neutrons. Explosive Gas.

* Para Liquid H2: almost same
performance as CH4:
explosive Gas

* Mesitylene: neutron flux at
1meV(9A) is about 1/5 of
solid CH4. Burnable liquid.
Good radiation resistance.

* Mesitylene seems to be
good material for compact
neutron source, but
improvement in low energy
neutron flux is required.
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Cold neutron spectrum with various moderator materials

Y.Kiyanagi, “Review of Grooved Moderator Study at Hokkaido University”
IAEA meeting 2011 Nov. &Y
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ﬁ Effect of grooved moderator

RIMZN RAP

—+—r=0.5¢cm
1.2E-10 —#—r=1.0cm
Proton accelerator Ep=11MeV
? —+—r=1.5cm
Reflector «9 1E=10 T ~—r=2.0cm
—dk B
4] 1
&) |
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Proton beam
0 Il Il L Il 1
Y.Kiyanagi, “Review of Grooved Moderator Study at Hokkaido University” g 2 4 6 8 10 12

IAEA meeting 2011 Nov. &Y HEMEX (om)
i = cm

Cold neutron flux can be increased by the factor of 3 using groove(?)

Detailed study using Mesitylene based cold neutron moderator is necessary.
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P. Cooling characteristics of mesitylene

RIMZN

RAP

* Mesitylene is know to have three different solid phase (1,11,111)
* Phase |l is generated by annealing above 200K for several hours
* Phase |l is expected to show better performance in low energy neutrons

300 o
200
!
3 3
— &= B
100 S8 e B
x N =
| él F
@
1£
0 -

I.Natkaniec et al. , ACOM Meeting Prceedings (2002)

RAWFE REAPHEFRO—I2avT
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Also, mixture of metyl-
benzene derivatives such
as 3:1 mixture of
mesitylene and m-xylene
is reported to make glassy
solid regardress of cooling
speed, which will be
preferable for cold
neutron moderator.
|.Natkaniec et al., Physica
B 350(2004) e651-653
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RIMZN

Radiation damage [ereliminay
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old neutron source development at RIKE

RIHE.H GM cycle He

— AP
cryo cooler Preliminary

Closed cycle GM cryocooler

Surface: Temperature (K]
A 70885

BEESFO0.9K

il 5544 A% 1. 060 '
L (WARZESD) '

i
os

Cooling bar,
radiationshield and
™ vacuum chamber.

J i

e

Moderator Cooling simulation by FEM

(Mesitylene casing) AT AR

Moderator
’ Ca V it e (00223; :::L:)Ohom) larm up time(~5days)
Stand for Y il 1 )

. Mesitylene T
Test experiments ( y )
N e | ~ Developments s 7% g |
o s = —t _I = g : ; a re * '——\" 7Rad;at;on sh;eld(bottom) B
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Made fO”OWIng A SR N AL TR P A AP g s

Time(hour)

, the Indiana BB EM 12K (A FLURBESD)
. University LENS #:8>12K: #1085

o . X X 12K->F 8 : 58 H
RN REAPHFET—oavT =
2014 Jan. 17

Anatomy of the LENS
Target — Moderator

assembly

10



Temperature sensors
2

RIKEN Closed cycle GM cryocooler RAP

e Common cold temperature
sensor such as silicon diode
may be damaged by radiation
by neutrons.

* Negative resistance
germanium sensor (cernox
form Lake shore) and
platinum resistance sensor is
used for monitoring
temperature, which is
resistant to radiation damage.

* 3 sensors of each kind are
place on the top and bottom
of the moderator case.
Cernox sensor is used for
monitoring 2" stage,
platinum sensor is used for 1%
stage.

Cooling bar,
radiationshield and
vacuum chamber.

S—

Ch5
@ Cernox sensor: 1.4K-350K
Ch1-Ch3
@ Platinum sensor 30K-600K L ! 4 e Moderator
Ch4-Che o 11 (Mesitylene casing)

EKRIE R R T—o v
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@
RIKEN

Temperatur (K)

300

250

200

150

100

50

Cooling characteristics

—— Ch1 bottom of moderator case

IR

—— Ch2 top of moderator case
Ch3 cooling arm of second stage
—— Ch4 cooling arm of radiation shield
Ch5 top of radiation shield of moderator case

——— Ch6 bottom of radiation shield of moderator case

Time (hour)

RKRFE XEPHEFRERI—I 39T
2014 Jan. 17

RAP

*Temperature difference
of ch4 and ch5/6 is due
to radiation heating from
300K, which coincides
with FEM simulation
result (about 20K).

*Temperature rise at 2"
stage by radiation
heating is less than 1K,
which again coincides
with FEM simulation
result.

13



Cold neutron source test at RANS
nms.u RAP

Cold neutron moderator

is placed at the exit of

thermal neutron BLHERE (BTE)
beamline. Cold neutron

beam is extracted

perpendicular direction. 1A -

\\\\\ %%%%%%%%%%%%%Z

N

LMY

7 7

Easy-to-setup and modify

Although the performance of
cold neutron beam is quite low,
preliminary cold moderator test
can be carried out.

RKEFE REAPEFRI—IavT
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Neutronic simulation by PHITS code
o (Preliminary experiments at RANS RAP

RIMZN

T

4 '.‘.n‘_du
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configuration data. S0
*Mesitylene Scattering Kernel(20K)was provided §
by Prof. Kiyanagi and Dr. Granada 3
*Cold neutron yield is expected to be 10 | .
1.5x102n/cm?/s at 100uA i AL Ll e
. . . .o 107901010710 %0 %10710*100'10° 10’
*Simulation still need to be verified. Energy [MeV]
FE EAS R —%<, 37 | Energy distribution at detector r
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p. Experimental setup

RIMZN

' Cold moderator
=P
cavity

Experiment at
RANS beamline

RAP

16



p Cooling of mesitylene
@

RIKZN _ RAP
300
Mesitylene solidification
i // wo/mesitylene
— i —— w/mesitylene
4 J
T 200 N
5 ]
©
s Phasel -> Phase Il transition?
S /
|—
100 - \ —
0 +——— — — —
0 4 8 12 16

Time (hour)

*Cool down from ambient temperature takes about 10 hours
*Temperature change due to Mesitylene solidification and phase change are observed.
*Cool down speed is about 0.4K/min. Final product is estimated to be phase Ill.

RKIFE REPEFRT—IavT
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Measurement by RPMT
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ﬁ Experimental result

RIMZN

Prelimina

] ﬂ‘ ‘ ‘ ‘ Beam current:

20uA (avr)
1000 I —x—cold (13K)

1 %M&% — = —thermal (296K) | 8mA(peak)

i o 100us pulse width
*’“% 20Hz rep. cycle
B 3600sec

100 - S

Using RPMT detector
MVL Wl SLiF+ZnS(Ag) 0.4mm
i, |

i

Total cold neutrons (0.5-5meV)

: 4 2/c\?
*  Energy distribution is compared by TOF 13K: 7.6x10 n4(0.42n/cm /i)
¢ Mesitylene temperature 296K and 13K 296K :2.6x10%n (0.14n/cm?/s)

* There were x1.8 gain at 4A, x6 gain at 8A
RKIF READMEFRT—avT
2014 Jan. 17
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3

A=K Neutron Focusing Optics RAP

Detector
Neutron beam '
Moderator I I
Slit-based system Sample
detector

Neutron beam

Moderator Sample

*Smaller spot size
*Smaller beam line
*Virtually higher intensity

Focusing mirror

RKEFE REAPEFRI—IavT

2014 Jan. 17 =



Focusing SANS
@

RIKEN mini focusing small angle neutron scattering RAP
instrument (mf-SANS)

mf-SANS at JRR-3 (by Prof.Furusaka et al.)

Detector

Sample

Ellig
mir

Ellipsoidal mirror (0.9m) for mf-SANS

ape
Issues in manufacturing ellipsoidal mirror:
inl *Reduction of diffuse scattering:
monochrometer o SurfaFe roughness lowered (<5A)
_ o _ “Maintain profile accuracy
Us.mg ellipsoidal focusing Multi-segmented mirror assembly problem
mirror, focused neutron beam - Uniform multilayer coating for supermirror
is used for SANS Multi-segmented structure for uniform
Expected to be effective in coating
steel, polymer and Reduction of manufacturing time and cost
biomaterials. RKF REPEFRT— avT 5,

2014 Jan. 17



A new approach: neutron focusing mirror by

@
RIKEN

Glass substrate

Advantage:

Good surface roughness
Good profile accuracy and stability

Problem

Manufacturing time :long

Difficult to withstand profile accuracy
and surface roughness

Brittle, easy to break
Fixture, holding :difficult

metallic substrate RAP
Metallic substrate
Advantage
. Easier to manufacture
. Fixture, holding : easy
. Strong, hard to break
. Environment, radiation resistant
. Multi-segment assembly : easier
Problem
. Surface roughness: worse
(polycrystalline)
. Profile accuracy : worse (by creep

Assembly of multi-segment: difficult

deformation, thermal deformation)

¥

*Metallic substrate (Al-basd or SUS based ) with
amorphous Nickel plating solve the problem
*Multiple-segmented structure will solve coating issues

RKRFE XEPHEFRERI—I 39T 23
2014 Jan. 17



[ T 75k L8

RIKEH 4=
— FEMYIYHL OVE) S>RBEI (#325,F 41 VY EVR) >dE E(F (#1200) >4 E(F
(#4000) 1 ERa 0.5~ 1pm< B UL A WLT YA S RIK) S BREE (44 3)
— HHEITFE: BMAERYMITSOVIL—A2T SNTURBRYSKLyo U SR RIKET
Bl>H-YEY->MTEAE (AR

—  INIEFRE (5] : 300x50mmIEZ—) MM T  EYE YF0.5mm, PIA#A50um, BRE E20mm, BFEIERE
4000mm/min(& &t 10085/) Ht LT PIAHSum, EYEYF50um, BRE=0.5mm (25085 /) T LEIF: 874
#H2um, EYEYF10um, BREZ0.1mm(6250FH])

— HMEETOMIBE:3BMEXx3+100RM 42500 + 625K =%9508E (10
BE) A ERERRB(2~30A) AN mbhb->FF/M
« ®EIT—
— EMERGLTE)SHENT (o= 0o 48—) SBREETEI S Ay I>BEE
YIEI2-> B E
—  INIBER: (300x50mmIT—) (FMT : EYEYF 1mm,YIAH5um. BRZEZ0.1mm, TIEI15EE 2000mm/min(&

EtSRERI) . it EIFEYEYF0.2mm, YI5AASum. YIEIEE 2000, BREE5um (S 5H2.5850) . £ LT EYEY
F0.01mm(250% )

— MIB#: SER+2. SEFfE+ 25/ +HEE6 BRI=9 M
o ERII.ASADIZEEX. MIDPYELLGENELET S
« MAELEBRYEREIEEENTLVE

RAP



velopment of metallic substrate mirror (progress)

. . . ® :Direct
RIKER  Metallic substrate (SUS) + Prellmlnary .
. . # — [ :SH
Amorphous Ni-P plating . o o5 parallel
¥ ® (dashed):S3
i W perpendicular
0.1 - o,
i E—— .
j.,'-' .'n' I.l‘ M“& —‘.-
g 0.01 "/;: o '::/ "-‘:‘-"_. ‘\\L‘ ‘.:'
5 F7 /N S, |
3 57 ~ O CR
Soor,  Mi/S BRI |
:. | - /,l i l\ ‘!“
ﬁ“i 4 [\ Wl
10~ ‘ ':= N -."/ \\“ \,‘, :
U i
.W,"”
107 50 100 150 200 250

position channel (0.45mm /ch) SQC Coating
« Diffuse scattering intensity compared with peak:

SG:6.0¥103 S5:1.5*102 SH:2.0*102
S3(parallel) : 7.0%*102 S3(perpendicular)

Single crystalline
diamond turning
Rrms=3.0nm

Precision polishing

Rrms=7.2 A Small ellipsoidal mirror

Prototype (100mm)

RKRIF RHYF m
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pFuture R&D for mesitylene-based cold neutron source®u
nms.u RAP

Optimization: simulation + experiment
— Geometry
— Groove (re-entrant hole)

Consideration of metylbenzen derivative mixture
— m-xylene + mesitylene mixture ?
— Annealing effect?

Test of radiation damage and hydrogen generation

Combination with optics
— Guide tube directly connected to cold moderator?
— Ballistic Guide?

— Direct extraction of beam using ellipsoidal mirror

RKRFE XEPHEFRERI—I 39T
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