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Layout of RAON

Injector1

81 : Stable ion beam
RI': Rare (or Radioactive] Isotope beam

SCL : SuperConducting Linear accelerator
] ISOL - Isotope Separation On-Line
SCL1 [ :In-flight Fragmentation

* MMS

+ (LS

» KOBRA
* LAMPS
* NDPS
* MSF
+BIS

- Mass Measurement System

- Collinear Laser Spectroscopy

- Korea Broad Acceptance Recoil spectrometer & Apparatus
- Large Acceptance Multi-Purpose Spectrometer

- Nuclear Data Production System

- Material Science Facility

- Beam Irradiation System
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1st Phase : Cuclotron, ISOL, SCL3, KOBRA, MMS, CLS
2nd Phase : SCL2, IF, LAMPS
| |3 Pnhase : SCL1, NDPS, MSF, BIS
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NSF@RAON

Neutron
Science
Facility

Primary beams
+ < 53 MeV deuteron
* < 88 MeV protons
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l. Overview of NSF

1. Feedback on PAC Review
Ill.  Updates & Plan in 2014-2015
IV.  Critical Issues

V. Conclusion
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Research Topics

Short — > Fast neutron data &
p,d fusion applications

Fission cross-section (n,f)

Inelastic scattering cross-section (n,n’)
Neutron multiplicity (n,xn)

Capture cross-section (n,y)

1-100 MeV
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System Requirement & First Goal

E Fission Cross-section Measurement
System Requirement ,
(in more than 10 MeV)
. with ~ few % uncertainty
Primary beams (1mA, 81.25 MHz) P—————
or fission, 2-3 % below e
< 53 MeV pU|SEd deuteron beam A and over 10 % at higher energies
«< 88 MeV pulsed proton beam r | - .
.. Ev i iati i
'Repetltlon rate: 1 kHz ~ 1 MHz 2. Safety Raadilellat;o%nr:or:?tos;gr;;siem
«Beam current: ~12.3 pA (1 MHz) p ¢
. : 1. : 1 3. Nuclear Data Employment of IC
L Beam width: 1-2 ns - challenging !! ) Measurement System | | Use of 2%U sample
f N — <
Pulsed fast neutron beams 2. Beam Line Conmmtor -
«C(d,n): white neutrons with < 53 MeV ; - S —
t t, white (~ %
*Li(p,n): mono-energetic neutrons with 1. Target o M o
< 88 MeV ) —
Neutron Science Facility
\ J

Primary beams
» < 53 MeV deuteron
* < 88 MeV protons

RAON driver linac (SCL1)
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NSF 3D Modeling

Target
Room




Detailed Design of Main Components




Neutron Converter (White, C)

™\ 1 MHz, 12.3 pA
® White Neutron Density : 2.253 g/cm?
« McDeC (considering striping of neutron) 'limlcsl:::ggsmm
« ~2.0%x1012 n/5r/l.lA :53MeV d + C Max. Temp. : 528 °C
* Yield of C target: ~70% of Be target | -
* Melting point: 3500 °C-> Much higher !!

\_ J

Diameter: 15c¢m
Carbon target

Deuteron Rotating motor

Fast Neutron <« Thickness

7mm
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Target + Chamber + Table

Deuteron n
, Fr——

1.5m
Target

v Chamber L ||
Fast 10"

3.5 r 1 :
—&— 53MeV+Be-10.0mm
N e u t ro n —&— 50MeV+Be-10.0mm
¢ k- L S 40MeV+Be-8.0mm ||
— ; el ! i | ——33MeV+Be-7.3mm
Qoglo S S W - B e .| —0—25MeV+Be-8.3mm ||
. " i R ! 1
% : T : i | =-BF- 53MeV+C-7.1mm
£ : : \ 3 | -2 50MeV+C-6.5mm
@ 2ps S - CRR 3 40MeV+C-4.4mm
g .. ; . Rl - | & 33MeV+C-3.1mm
3 s 1 AN | | --6-- 25MeV+C-1.9mm
Deuteron 215 ; ‘ ; 3
o
B 1
=

,,,,,,

C target

5 - s _ i %
Energy [MeV]

Fast
Neutron
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Fission Cross-Section Measurement

IC PPAC Micromegas
IEE 1255 @ Thin Thin Thick
target
Thickness of Thick Thin Thin
detector
Fission . . .. .. : :
identification Signal amplitude Timing coincidence Signal amplitude
Particle X 0 X
positioning
Solid angle Restricted Restricted Restricted
Data processing Easy Hard Easy
ATIUCTCL Late) Little Many Little
channel
Fission cross section
Aooplicati « Fission cross section Neutron flux Fission cross section
Pplication . Neutron flux Neutron flux geometry Neutron flux
Angular distribution
Additional +  Equipment for handling Equipment for handling unsealed Equipment for handling unsealed

device required

unsealed radioactive
sources

radioactive sources
Gas regulation system

radioactive sources
Gas regulation system
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Fission Cross-Section Measurement

Chamber Chamber dimension 10 cm x 10 cm x gap
Gap variable —t—> 1.5cm
Gas composition Ar (90%) + CF, (10%)
Neutron Beam Gas pressure variable —t—> 1 bar
—
Sample U235
Sample dimension 1 cm x 1 cm x thick.
Sample thickness variable —r> 1.6 pm
Sample Source variable ‘
<Simulation Geometry & Condition> Optimized
detector
12000 ————— 0.005 diti
L = No. Fiss. React. (Total) . 0.0045- condition
10000 ° No. Fiss. React. (measured in chamber) ' E
4 No. Fiss. Frag. (threshold 30 MeV) 0‘004:—
I _0.0035[
8000 . NS g
_ . < oo Black : 1 MeV
2] o— il
£ 6000} { B Red :5 MeV
3 S P i af g Green : 10 MeV
4000 L i § 0.00151
. o Blue :15 MeV
L A O 0.001:—
2000 i . 0.0005/~
| 3 1 IJlll\Ill\\\\‘\\h‘l\\‘llll‘\\l\
0 _!l ) i ) i ) ; ) ; ) ; ) H QO 50 60 70 80 90 100 110 120
0.0 0.5 1.0 1.5 2.0 2.5 3.0 Deposited energy (MeV)

Target Thickness (um) .
Ion chamber spectrum depending

Counts depending on the sample thickness on the neutron energy
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Beam Monitoring System (MICROMEGAS)

Table 1. Neutron flux monitor in experimental areas of primary facilities

Facility CERN n_TOF SPIRAL2 NFS
MicroMegas MicroMegas
Detector _ . : .
SIMON (Silicon Monitor) Proton Recoil Telescope

MicroMegas is considered as
neutron beam monitor in NSF.

= Advantage
robustness

high resistance to radiations

non-sensitivity to gamma background
low budget
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neutron
Wy drift electrode
U-238 A1(90) + Isobutane(10)
W
conversion gap L
fission 1
fragment
______%ul _________________ micromesh
amplification gap
anode strip

Fig. 1. MicroMegas detector principal



Converter Materials for MICROMEGAS

3E+09

3E+09 FL

/M \ 0 demree Converter Available energy interval
: / \ ®Li(n,a)t thermal - 1 MeV
E / \\ 19B(n,a)7Li thermal - 1 MeV

235 }
[\\// \\\ U(n,f) thermal - 53 MeV
L L L i L 238U(n,f) thermal - 53 MeV
Energy(MeV)

_ Available energy interval according to converter type
Neutron beam energy interval: thermal - 53 MeV

10°
104 red * mcnp/B-10
3 : green v |mcnp/Li-6

0 blue v |menp/U-235
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MICROMEGAS Simulation by Using GEANT4

1DD T T T T T

Reference Design Parameters:
=T S - Detector Size : 20cm X 20cm X 3mm
Converter Type : 238U

Converter Size : 2cm X 2cm X 0.5um
Gas Type : Ar(90) + Isobutane(10)
Gas Pressure : 1bar

Neutron Energy : up to 20 MeV

Count

20 40 B0 80 100 120
Energy

0 20 40 60 80 100 120 Detector Thickness : 20mm
Energy

In case of 3mm thickness, we don’t know energy of two fission fragments.
However, available to measure neutron flux of NSF.
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Pulse Width of Primary Beam

* Goal of pulse width: 1-2 ns
* Repetition rate: 1 kHz ~ 1 MHz (~12 pA)
« Assume: pulse width is only factor for uncirtainty of time-of-flight.

| | 1~2 ns C target
20 m TOF
Neutron /
I moving time I
1 MeV n (£ 0.2%, 2 keV)
< > . 24 ps £ 2 ns
lpus ~1ms X ) (2)02é\/1eV: (zi 0.9%, 180 keV)
1 MHz ~ 1kHz <6 S L 2 NS
> @ 53 MeV n (+ 14%, 742 keV)
0.28 pys £ 2 ns
| |30 ns C target
H H I I 1 MeV n (£ 2.9%, 29 keV)
[ >»@ 24 ps +30ns
lps ~1ms X ) (ZJszil;\/IeV: (3% 13.1%, 2.6 MeV)
1 MHz ~ 1kHz 6 S &£ 50U NS

P> ‘ 53 MeV n (£ 21.4%, 11.3 MeV)
0.28 ps + 30 ns
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Fast Chopper in MEBT Layout

RFQ
81.25MHz

Fast
chopper

Fast chopper
. deutron 1ImA (peak)

Beam Tal
before chopper 112 ns
|
l
I
|

|
I N-1 bunched
HY Pulse > ;erl suppressed
l (—) TON

I Quadrupole magnet

\15

£

Rebuncher cavity

SCL1

H=




Single Bunch Selector in MEBT, SPIRAL2/Ganil

2012, Patrick Bertrand, SPIRAL2 accelerator Construction progress

— N AR
E AN~ The MEBT Challenge...
Injector 1/6 connection | | Fast chopper L7.5 kW deviated beam stop Il

N T

0.75 MeV/A

DCCT/ACCT

3 rebunchers

RFQ 88 Mhz

Diagnostic-Plate: position 1
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Y position [mm]

Emittance : 0.3 m mm mrad, d energy : 1 MeV

Radius : 2 mm , angle : 0.027°

Observation point from SBS : 2.1 m (deflection = 15 mm)
RF field : 1550V, magnetic field: 45 gauss

Y position [mm]

7| £ pereI el

Institute for Basic Science

Electric : Diameter : 2 mm, meander interval : 10 mm,
meander length : 130 mm, Width : 80 mm, interval : 30 mm
Magnetic : Width :50 mm, Length : 137 mm, Thickness : 10
mm, interval : 200 mm

=
g o o o O
1 1 1 1

Ny
o

o

-10 1
-15 1

-20

0 10 20 30 40
Time [usec]

00

©0Qw@ G %o O(@O @(59900@)

«8"% <%° m%@omgg%%%% @%9809 g’%

0 1 3 4

Time [usec]



SBS Parameter of RISP

Parameters

+ Single Bunch Selector: 0.4 m
* Beam Stopper: 0.75 m

» Total Length: 2.5 m

25m
(0.4 m, housing)

v

A

Total length of MEBT = 7.5 m

........................

0.75m

Single bunch selector Beam stop

/t} ~15 mm

2.1m Beam stop

Extra Injection dipole

Beam deflection angle
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Radiation Safety :

« White: 53 MeV deuteron, ~12.3 yA, C Target (0.7 cm)
* Mono: 88 MeV proton, ~12.3 pA, Li Target (0.5 cm) .

10° 4
7 C(d,n) —a— {5
10" 4 -
+-‘j‘—h}}
10° 4 A %'ﬂr(&})
—v— =)
10° - —— A7

Dose rate [pSv/hr]
]
|

Limit for workers

10 o
Limit for public
10" -
10° — 71— — %
0 50 100 150 200 250 300 350 400 )

Concrete thickness [cm]

107 5
C(d.n), d-53 MeV Li(p,n), p-88 MeV 3 Cu(p.a), p-88 MeV
— . — 105 -Linear-1000 energy — 10-linear-1000 energy
) 107 ‘o o™
g g g ]
H 10™ g 5 ]
a s 5 1
k- 0 - ]
5 & 5 1073
o10% 4 o100 T ]
3™ z z
= = = .,
R It w 1074
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2 1074 4 g 1077
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Radiation Safety :

MO XA EBS

[uSv/hr]

1.000E+06
1.847E+05
3.411E+04
6.300E+03
1.163E+03
2.149E+02
3.969E+01
7.329E+00
1.354E+00
2.500E-01

White : C (d,n)

[uSv/hi]

1. 000E+06
1. B47E+05
3.411E+04
6. 300E+03
1.163E+03
2. 149E+02
3. 969E+01

. & 7. 329E+00
Mono: Li (p,n) .
2.S00E-01

- ..- N N B -

Building design of NSF Dose map due to prompt neutrons

L]
o
{bS Z1zeraze
Institute for Basic Science  RarelIsotope

Science Project



Radiation Safety :

* Maximum operation time: 1000 hr

» After operaton and considerable cooling time,
activities of the most devices are still strong !!

» It is better for target disc to be dislocated in lead shield
after operation.

* Neet to prepare remote handling system for

\_ maintenance and replacement !! )
10" 5
] Deuteron beam
10° 4
'
=
7
= 10° 4
° 3
2 1
~ . ]
= . —=—1CEH
2 e 23H(R)
2 —a 30|37
10" D v A AE(ED 1. 000E+03
] C—e—SHEH= s
<622 0E o
. 6. 300E+01
2.507E+01
0 9.974E+00
10 LI L) e ) s ) s e ) e ) s ) s e ) B R B 5 sesee00
1E-4 1E-3 0.01 0.1 1 10 100 1000 10000 :;;:gf
. .  500E- Sv/hr
Cooling time [hour] 2001 [uSvihe]
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Summary

® To measure fission cross-section in 1-100 MeV energy region,
neutron science facility (NSF) will be built as a part of RAON.

« Primary beams from linac (SCL1): 1 mA, 81.25 MHz

< 53 MeV deuteron and < 88 MeV protons

Repetition rate: 1 kHz ~ 1 MHz (~12 pA), Beam width: 1~2 ns
C target : < ~53 MeV white by (d, n)

Li target : < ~88 MeV mono-energetic by (p, n)

Construction of fast neutron TOF

Development of fission cross-section measurement system

® Some issues

« The developing schedule has been delayed for 3 years. (man-power, time)
« The fulse width of 1-2 ns will be a big challenge.
« The building design for radiation safety should be carefully considered.
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