BENCHMARKING OF ACTIVATION
REACTION DISTRIBUTION IN AN
INTERMEDIATE ENERGY NEUTRON FIELD

@R o PSS

Page 1

T.Ogawa*!,
M. N. Morev*! T, Iimoto*?, T.Kosako*!

*1: Graduate school of Engineering, The University of Tokyo
*2: The University of Tokyo

1st Advanced FLUKA course 2010/10/12




N

Problem description

Activation of concrete exposed to Ion(Fe,xn)

field

E>100MeV/a

Activation analysis g S

— (n,y) reaction  ___ penin e 3

— Various sources (p, C, Si) S
|

Exp/FLUKA Comparison

=+20%~30%

Page 2

1st Advanced FLUKA course

2010/10/12




Setup

N

USRBDX -> Score
Target(Fe)

neutron fluence
6.85cm (> Range) /
90cm !

v

h-A, A-A interaction
FLUKA : RQMD (A-A)
PEANUT

Heavy ion beam

Ordinary concrete
| oo (2.27g/cm3)
230MeV : p

400MeV/u: C
800MeV/u: Si
Independent 3 cases

Activation sample
Al, Bi (> 20MeV)
&4 Au, Cd-Au, In:
LY Rk .y (<20MeV)
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'FLUKA setup

NI

sLink RQMD

$FLUPRO/flutil/ldpmgmd —o flukadpm3 —m fluka

+vPHYSICS options

Physics Evaporation the latest model
Physics Coalescence

— For better estimate of the source term

\

Detector Region

o

}*USRBDX
Fluence scoring

=h

1 |3
lasing 8| Y
Factorv3 by 15cm
= - e e

'One way scoring

11260 Groups (~20MeV) |
2241 | 30 Groups (20M~3GeV]

X

Evaluated X-section

D3 ||

Activation

.‘.

Page 5

1st Advanced FLUKA course

2010/10/12




FLUKA setup(continued)

N

Joint calculation:
Not so effective

External file

Discard : y, n (<0.1%)
et, e,y (<1%)
Due to low contribution to reactions

Cylinder approximation

<270 times faster
-> Good for preliminary
calculations

Effect < Statistical uncertainty
L L]
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Result p 230MeV source

Au(n,y) Al(n,X)Na-24
A Qcm exp 15cm exp A 30 cm exp A Ocm exp 15cm exp
1. 45 cm exp ® Ocm PHITS 15¢cm PHITS
® 30cm PHITS © 45cm PHITS Ocm FLUKA 1., 45cm exp ~ Ocm FLUKA
1 E-24 LI A&, *1000 * -
A ° L . T = 27 e *100
4 2 1.E-28 =—e o
s 5 - _ ° ® 2 o A
1E-25 | ° =100 A ! . 10 " e '
- - = [ J
) _ 1.E-29 -——e |
. St e e
1E26 |2 & 2§ 5 10 T e
* . F + 1.E-30
Reactiol «
1.E-27 o= - |
R ° 5, ! 1.E-31 | -
(¢
© _ [} =
1Fo8 | o _ - 0
Reactio 1ReaCtI1
1.E-29 7
. 1.E-33
0 20 40 60 A A
Depth (cm) 0 2Depth (cm) 60
Page 8 1st Advanced FLUKA course 2010/10/12




Result C 400MeV/u source

N

L/
Au(n,y) Al(n,X)Na-24
aOcm Exp A15cm Exp A30cm Exp A 45cm Exp AQcm Exp A1bcm Exp A30cm Exp A 45cm Exp
—Ocm FLUKA  —15cm FLUKA —30cm FLUKA —45cm FLUKA ~0cm FLUKA  ~1bcm FLUKA ~30cm FLUKA ~4bcm FLUKA
e Ocm PHTS o 15cm PHI'S o 30cm PHI'S e 45cm PHITS ®0cm PHITS  ®15cm PHITS °30cm PHITS ° 45cm PHITS
= 1E-25
1E-22 S— <1000 A A
T .ﬁ & : *: =T C - -
m. . = ¢ = T o . ? ° : 4 _ AXIOOO
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- o e 00 o -
= TR, S .Eflaz = ‘ * Y osey |
[ J [ -
S 1B-24 | Lk B 1E-27 =45 X 100
g [ S - R~ - X10 . /E s ?é' T .
—— ° ° v v
b .A [ ) ° ° é"' TA - - © 4 Aw [ J -
§ 1E-25 [ A ‘AT .gE—28 . <.
L J
2
S L T P ) ""Avxvlé,m ?; . .é>§10' ...
: - -~ N R " _ A Y
§ 1E-26 L Ly - 3 EE 29 3
é) 4 . S ZE s, L] g
'# A& s o o<1
].E_27 :_ §E_30 = 2—a 24;‘ ® °
~ _ &
e 0 10 20 30 40 50 60 70 80 90 1E=31 | | | | | | | |
Deoth ©n) 0O 10 20 30 40 50 60 70 80 90
epth cm
P Depth €m)
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Result Si 800MeV/u source

f
<
Au(n,y)
a Ocm Exp A 15cm Exp A 30cm Exp A 45cem Exp
Ocm FLUKA = 15cm FLUKA = 30cm FLUKA = 45cm FLUKA
® Ocm PHIIS e 15cm PHITS ® 30cm PHIIS ® 45cm PHITS
1.E_21 ] _><1900
Lo A AT = o
A cﬁec‘: _ﬁ—_ﬁ—
1E-22 5= R
b _ X100 * .
—~ r = -] = e oo °
E{ﬁ T -‘9‘ e & o o - - =4 b
— - e o = b
g 1B —
o T ¢
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Q _ L A _ o o & o o _ B~ 00000
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Depth €m)
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Al(n,X)Na-24
20cm Exp 4 15em Exp 4 30cm Exp 4 45cm Exp
Ocm FLUKA ~15cm FLUKA ~30cm FLUKA ~ 45cm FLUKA
®0cm PHILS  ®15cm PHITS ®30cm PHITS © 45cm PHITS
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L %1000
e O ° &
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-
-
-
-

Result Si 800MeV/u source (ontined)

Reaction rate (/prinary)

1E-26

1E-27 |

1E-28

1E-29

a Ocm Exp a 15cm Exp
Ocm FLUKA - 15cm FLUKA
e Ocm PHITS e 15cm PHAFST
M_ ,—”—”—”
o
% _
[ 3
. -
- - - - L d . - A
¢ O o . . =
L3 - - -
R - o e . . -
. r ® e * L i
u —,
[ 4
A
209Bj(n,4n)206Bi
20 40 60 80
Depth €m)

Reaction rate (/prinary)

1E-27

1E-28 ¥
7

1E-29

“a Ocm Exp

P
-
-

s ¥5em Exp

Ocm FLUKA ,-* 15cm FLUKA
® Ocm PHITS” e 15cm PHITS
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FLUKA is bettel
at forward angle
at high energy

i /,/;
i‘/ .
L .+‘
S -,
e e o ‘: ~~~~~ * = _
R o R
T e . D1 PHITS is better
209Bi(n,7n)*%Bi at large angle
. . . . -> Low energy
0 20 40 60 80 Component
Depth Cm)
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230 p

400 C | 800 Si

Al(n,X)**Na

PHITS

FLUKA | FLUKA

Results summary [y

N
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PHITS

EVEN | FLUKA

"« Direction
— 0° : Code dependent. —
— 45°: Code independent. More accurate
e (Nn,y) reaction
— Agreement 20% (neither code nor source dependent)

~

Knock-on neutrons
Proton contribution?

Contribution of evaporation

— Total neutron flux estimation is good
e (Nn,sp) reaction
— PHITS: systematic underestimation
— FLUKA: discrepancy <30%

o Depth profile : O.K. (except for forward)

— > Transport is O.K.
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For further discussion

B
N
Missing neutron yield
A-A reactions below 100MeV/u Contamination by fragment [
(Some neutrons produced) AI(n X)Na -24 detector
— BME model G eI
— l . 3‘: SR
Activation in target |- . (bt et
| | Na-24  g5iie 5”"*5" ‘.;; |
A-A reaction products |77 | Bl B —— *“ Sielsd e
Available data limited ! 4;_, -

RS £, N7

tli\*:.%?‘m*f: ‘\t -
% 4 » ?p.ﬂg"r:; i) sg:g,:?i#{
: ,ﬂn *ﬁ Nl

A el

PRy Evaporatlon
i T2 Pre-equilibrium oo

Transverse shielding
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For further discussion
~Transverse shielding~

N

L/
Target(Fe)
6.85cm (> Range)
RQMD2.4(ion) |..
< 4
400MeV/u: C ion beam * ______
Ordinary concrete >0
2.27g/cc) R "
( g/cc) ﬁggﬁ,}
Jes o
";.f'r P 5 A a-!-i.*x.:‘ g ; ViSO
%’%{ AR R
USRBDX -> Score Inverse importance sampling

Blackbody

neutr -
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Activation sample
Al, B&(> 20MeV)
Au, Cd-Au, In:

(< 20MeV)
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For further discussion
~Transverse shielding~

N

L/

« Spallation detectors m m Bl
are under analysis B2 Lveasaae
: : 1.E-25 ;"..'”:-" .
 Different attenuation 3 *
coefficient 1E26 gntTTTEEL T

. E* ’
— Higher edge of ~enctic | '
neutron spectrum 1E27 - awetelt =

1.E-28 J

Au(n,y) 0 'Depth (cm) > 30
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