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Neutron induced reaction cross sections

GELINA Van de Graaff
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Mono-energetic neutrons
(cp,n) reactions
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Mono-energetic neutron beams by (cp,n) reactions

guasi mono-energetic neutrons produced

via nuclear reactions n
e.g. T(d,n)*He d
a
Li(p,n)’Be E:0-5.3MeV
T(p,n)3He E:0-6.2 MeV
D(d,n)3He E:1.8-10.1 MeV
T(d,n)*He E :12.1-24.1 MeV
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Mono-energetic neutron beams by (cp,n) reactions

Li(p,n)’'Be E,:0-5.3 MeV
T(p,n)°He E,:0-6.2 MeV
D(d,n)°He E.:1.8-10.1 MeV
T(d,n)*He E,:12.1-24.1 MeV

L
N

* huclear reaction,
* heutron emission angle,
* ion energy.
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Mono-energetic neutron beams by (cp,n) reactions

1.0E+09

D(d,n)3He, gas target, E,;=0-7 MeV, Q°

/
1.0E+08

"Li(p,n)'Be, E,= 0-7MeV, 0O°

[

D(d,n)3He, solid target, E;=0-7 MeV, 0°

N—

1.0E+07

Neutron yield (n/sr.uC)

T(d,n)*He, E, = 1 MeV, 0 -150°

T(p,n)3He, Ep=0-7 MeV, 0°

— N

T(d,n)*He, Ep=0-7 MeV, 0°

1.0E+06 ‘ ‘ ;
0 5 10 15

Neutron energy / MeV
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Time-of flight facility GELINA

Pulsed white neutron source
(10 meV < E, < 20 MeV)

/'

Neutron energy : time — of — flight (TOF)

Multi-user facility: 10 flight paths (10 m —400 m)

Measurement stations with special equipment:
— Total cross section measurements

— Reaction cross section measurements

FLIGHT PATHS
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GELINA : neutron production

NEUTRON .
FLIGHT PATHS [ Tr | Neutron production:

- o A |
/ < — ol * Bremsstrahlung in U-target
| - (y,n) and (Y, f)in U-target

e Low energy part enhanced by moderator
(water in Be-canning)

GELINA 30m 800 Hz

- ¥ . 7 5

NEUTRON ELECTRON 10— Moderated
| MODERATOR ' BEAMLINE EXIT L ®  MCNP o  MCNP
"N 3 i || Exp. Exp.

(d¢/dInE) / (cm?s™)

10°
10° 10° 10° 10* 10°
Neutron energy / eV
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Characteristics of neutron source

(d@/dE) / (1/eVscm?)
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Energy / eV

Experiment i
O MCNP
(at 12 m)

Isotropic emission

1
¢n(|-) L L_2
Moderated Spectrum

Maxwellian + 1/E
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TOF - measurements

Target- moderator Detector

assembly | L
pulsed

e - beam Vv

TO Ts
t=(Ts—To)
_L 1
V—; = E=mc’(y-1) DEmv2
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TOF - measurements

Neutron detector

Evacuated tube

To— T.-T

Event Time
1 4000 ns
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TOF - measurements

Experiment
O MCNP
(at 12 m)

Neutron detector

aaaaaaaa

10°
E—
Evacuated tube 0
o S
,5 *‘é’ 10
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Ny
Event Time 107 e e
10° 10° 10’
- 4000 ns Time-of-flight / ns
2 50000 ns
3 750000 ns
4 500 ns
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TOF - measurements

Experiment

O  MCNP
(at 12 m)

Sample

aaaaa

o
=
n

Evacuated tube
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Counts / (1/ns)

Neutron detector
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TOF - measurements

Target- moderator Detector

assembly | L
pulsed

e - beam Vv

TO Ts
t=(Ts—To)
_L 1
V—; = E=mc’(y-1) DEmv2
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TOF - measurements

Target- moderator Detector
assembly | L

n European
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TOF - measurements

F 2
L Av _\/At2 AL i L :
VvV =— — = > + 5 |
t Y t L '
, AE Av *I
E=mc’(y—1) — =(1+y)ly— v
E \Y;
1 AE __Av
EO=mv’ 3 12— T, ;
2 v t=ty— (t+)
] 2 E: eV
E 5(72,298_j t: ps =1leVneutron: v [113.8x 10> m/s
t

m
— Y-ray

. ¢ 03x10° m/s

[1300m /s
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Response of TOF-spectrometer

€ >

1 Av _ |A? AP | L |

V=— — = > ~+ 5 :
t \Y; t L I

Av_ 1 [vac +AC v
Y L
& L\ =T (tt+td) )
Vv
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Response of TOF-spectrometer

L Av At AL
V=-— — T2t
t Vv t L
e AL (1 mm)

e At
— Initial burst width

— Time jitter detector & electronics

AT,
AT,

— Neutron transport in target - moderator

At,

— Neutron transport in detector
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0=ty — (T +g)

1:m - (Ts o TO)
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Probability distribution of t,: GELINA

0
qL 10 —— 0.01- 0.02 eV
- -_ 1 - 2 eV
—_— 1 B — -
R(tt'E) =R (L(tt) ’ E) |a [ o° x 10° —_— 1(1)0 - 125 ng
X
10'1 _ x 10™
Transformation of variables : q :
L=vt o
| | 107 F
_ L;: equivalent distance
_ Vv :neutron velocity when leaving
the moderator 10°
-3 -2 -1 0 1 2
_ t,:time difference between neutron 10 10 10 10 10 10
creation and moment it leaves the Time, t /s
moderator
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Probability distribution of L,: GELINA

R(t,,E) =R'(L(t,), E) |£
dt

Transformation of variables :
L=vt
_ L, : equivalent distance

_ Vv :neutron velocity when leaving
the moderator

_ t,:time difference between neutron
creation and moment it leaves the
moderator
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Probability desinsity
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Probability distribution of L,: GELINA

R(t,,E) =R'(L(t,), E) |£
dt

- Between 0.5 eV and 1000 eV: X?
R’(L,E,) dominated by X? due to
moderation process and almost

independent of E_
- Below 0.5eV: X?+ storage

- Above 1000 keV : more complex
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Probability distribution of L,: GELINA

Probability Density
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Monte Carlo

—— REFIT (adjusted to exp.)
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P(t,, E) : photonuclear

37.0mm

Moderator

[ 42.0mm /

™ Neutron Source

78.0mm

f

T —

AL (FWHM) = 2 cm
— about half of the moderator thickness
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R(t,E)

E,=35 keV
2.0 E =35keV
GELINA 40 m n T SO KE
16| A
1.2}
0.8}
0.4}
0.0 '
2.57 2.58 2.59
(L/ tm) / (M/us)
Resolution AL (FWHM)
GELINA 2cm
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P(t,, E) : photonuclear

E,=35 keV
2.0 E =35keV
Target Configuration ORELA _ . .. | GELINA @ 40m "
- ORELA : 40m
,!j/ I =in.-wi 2.000-in.-high 16 .
«., m 1.2}
% _ Beryllium housing t:“ |
‘I"\ "“ | D:
1 g\ Ll 0.8}
/vfumams/ B ¥ e
T i 0.4}
WATER OUT' ﬁ WATER IN O . O , . .
N 2.57 2.58 2.59
(L/ tm) / (m/ps)
Resolution . AL (FWHM)
GELINA . 2¢cm
ORELA 2 cm
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P(t,, E) : photonuclear < spallation reactions

R0 —
E ;
>
40 |
p-be
A
| Hz0 | z
—20 o
. £
=
<
s | P |
| Al-Container
-50_;_0 —20 0 20 40 B0
Z(cm)
Dimensions : 80 x 80 x 60 cm?3
Pure Lead 14t
H,O moderator :5cm
Al-window :1.6 mm
Al-container : 140 |
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R(t,E)

E,=35keV
2.0 E =35keV
GELINA  : 40m n T SO KE
1.6l ORELA : 40m
nTOF : 180 m
1.2}
0.8}
0.4+
0.0 . . '
2.57 2.58 2.59
(L/t )/ (mlus)
Resolution . AL (FWHM)
GELINA :2cm
ORELA :2cm
nTOF : 10 cm
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P(t,, E) : photonuclear < spallation reactions

E. =35 keV
1.2 -
| GELINA  : 23m E,=35keV
1.0F ISIS : 23 m
L JPARC 23 m A
0.8}
m |
= 0.6}
m 3
|
N j
Oog—— I M L\
2.54 2.56 2.58 2.60
(L/t )/ (mips)
Resolution : AL (FWHM)
ISIS (INES) . 5cm

J-PARC (MLF/ANNRI) : 13 cm
Strongly depend on target/moderator
configuration (coupled/decoupled)
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R(t,E)

En = 35 keV
2.0 E =35 keV
GELINA 40 m n

16l ORELA 40 m

' nTOF . 180 m
1.2}
0.8}
0.4+
0.0

2.57

2.59

2.58
(L/t )/ (mlus)

Resolution AL (FWHM)
GELINA 2cm
ORELA 2cm
nTOF 10 cm
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Response of TOF-spectrometer

L Av  [A° AL * .
V=-— — Tz T2 ' - |
t \V} t L ' l
!
e AL (1 mm) A’I
o At VvV
— Initial burst width AT,
— Time jitter detector & electronics AT, T
— Neutron transport in target - moderator At,
t=1, — (G +t)
— Neutron transport in detector At
I = (Ts o TO)
European
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Initial burst (T,)

e Single burst : mostly normal (Gaussian) distribution
— GELINA  :AT,=1ns (FWHM)
— ORELA  :AT,=4ns (FWHM)

— nTOF : AT, = 10 ns (FWHM)
1500
o Exp
—Fit
@ 1000
* Double pulse structure : S o g5 |
) AP = ns
— SIS 2
O 500f
— J-PARC
!ll' 1 . TR = o5 . L A O R
0O 100 200 300 400 500 600
Time-of-flight (ns)
n European
2 - 13 October, 2017, ICTP Trieste Commission



Response GELINA (12.5 m) <->1SIS (22.8 m)

Double pulsed proton beam

1500 10000 ¢
7 EBxp - —— GELINA (12.5 m)
R Fit ——1SIS (22.8 m)
_ 9
@ 1000 =
5 FWHM =65 ns —~
% AP =320 ns 42 1000
c S -
3 3 i ‘ ‘ ¥
O 500f © J ‘ | J \’“ ‘
] iy
AL
O L . 1 L . L SaEmananel 100 | ] . ] )
O 100 200 300 400 500 600 2000 4000 6000
Time-of-flight (ns) Neutron energy (eV)
Double pulsed proton beam also at J-PARC
£
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TOF : resolution components

L=30m &:lJvatz + AL
\Y; L
AL=2cm
At=0 E A [] 2&
E \Y;

AE [ E

AL=2cm . AL=0cm

Neutron energy / eV
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7Au(n,y) atL=12 mand 30 m

8E 1, J(&
E L

J+

)
T

1.0
—12m A ~ 200 meV
—30m A ~ 80 meV
0.8}
= 0.6}
K r ~ 120 meV
> A~ 300 meV
0.4}
0.2
|

0.0
58

60

62

Neutron Energy (eV)
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e

4Ek.T
— 8 FWHM=2+In2 A,
m, /m_
0.10
—12m A~ 2020 meV
—30m A_~ 840 meV
0.08 R n
0.06 r ~ 120 meV
A 940 meV
0.04
0.02
0.00 !
610 620 630 640 650
Neutron Energy (eV)
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TOF — measurements at GELINA

Moderated Velocity from TOF
| Fast L
f i / V=—
_‘,"r EGFJITI 1E¢;Um ,.,-EQT--._MI t
: '_ t-\jom 1 /’ 10”1}/’% \ {60m
400m ! ' ﬁiﬁ’; e — "
*—u ‘ ||—* ] iers = ti_ﬂ. L e Neutron fluencerate — L \
\ S f .
-\.\. e _/'/- 1
om0
. (nto)  Resolution =1 /
Hlm (nf)and(n,cp)
- (nln’y) AV 1 2 2 2
—= — VAt + AL
Hl (nn) Y L \/
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Resonance parameters

= Determination of resonance parameters is a complex process and requires a set of
complementary data

=  Combine reaction cross section measurements on thin samples with transmission
measurements on samples with different thicknesses

vYVYyy

vV VYVYy VY

vVVvyyvVvyy

n European
2 - 13 October, 2017, ICTP Trieste Commission



Transmission measurements

e Basic principles
e Background measurements (black resonance filters)
e Resolved resonance region

 Unresolved resonance region

n European
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Cross section measurements

Transmission

T e~ NOtot

T : transmission
Fraction of the neutron beam traversing
the sample without any interaction

@(x)

> ¥

vVVvyyvVvyy
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TOF-cross section measurements

Neutron detector

s 17

& - - -

7 ‘ Evacuated tube

eé’ t=T,-T,
N
N T, = y _L T
& t z
Qo £
N <
, S
L : distance between target and detector 10°F = ¢
t : time-of-flight out
10-25 A ........6 A ........7
10 10 10

Time-of-flight / ns
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TOF-cross section measurements

Sample Neutron detector

s 17

< - - |-
& 7 ‘ Evacuated tube

eé’ t=T,-T,
N
AV TO — V:E < TS ”
& t ~
Q &S
N SO
s 10
: S
L : distance between target and detector 107 —£Td
t : time-of-flight "
10-25 . ........6 . ........7
10 10 10

Time-of-flight / ns
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Transmission measurements

Transmission

Cout

e Incoming neutron flux cancels

e Detection efficiency cancels

v VvV VvV Vv

C.

m European
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Transmission measurements

Transmission

Te — Cin De_natot

Xp_C

e Incoming neutron flux cancels

e Detection efficiency cancels

Cout

— Direct relation between T, and Oy,

v VvV VvV Vv
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Transmission : principle

(1) All detected neutrons passed through the sample

C. — (2) Neutrons scattered in the target do not reach detector
T =_~in_ e—nGtot _
exp — C (3) Sample perpendicular to parallel neutron beam
out — Good transmission geometry (collimation)

(4) Homogeneous target (no spatial distribution of n)

European
Commission
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Transmission measurements

(1) All detected neutrons passed through the sample
C. — (2) Neutrons scattered in the target do not reach detector
T.. =_"In []e NOtot .
exp C (3) Sample perpendicular to parallel neutron beam
out — Good transmission geometry (collimation)
(4) Homogeneous target (no spatial distribution of n)
Neutron Sample changers Li glass Detector .
target = Moderators (] Li
] U] i|| B e.cC
Pb
| p DM SRR T o ~

7.7m i

- [
* :

10.9m
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Transmission station at GELINA

6Li detector

/

Castle — Neutron target +
moderators

n European
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Transmission : principle

C; —nG
— ~in NOtot
out
Neutron
target Moderators

Detectors

Low energy : bLi(n,t)a
High energy : H(n,n)H

Li-glass

Plastic scintillator

Sample changers

T UWA)

"l R

o
\T/.

7.7m

-
-

Li glass Detector

11l

1

(] Li
I ] Cu
B B.C
i B Pb
| | Ni

-
-+
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Lithium-glass scintillator : energy deposition

5Li(n,t)a

Scintilljltgr + PMT

i
Ll

9.8 mm

16.0 mm

> | ‘
‘ 1
\I‘ 1 /
beam i /
i
] h
1
| :

g
il
[
/1«*
neutron ! /

Al screen

NE 912 Li-glass scintillato

|=— 0.3 mm

7 layers barium sulfate refl

quartz boron free window

U metal

T
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PM housing

Counts

40000

30000

20000

10000

— °Li(n,a)t E, =2.73 MeV and E, = 2.73 MeV

10°
10'F
10°F
10° §

10'F

10°

L L L
0 500 1000 1500 2000

500

1000 1500
Amplitude

2000
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Lithium-glass scintillator : resolution

5Li(n,t)a
Scintilljltgr + PMT

Lol E,=10 eV

Al screen

- o] . . ..
: NE 912 Li-glass scintillato O 8
: / : -1
: \ 10

T |||||I'I'| T |||||I1'|_

=8 -
— /
\
\ 16.0 mm C\
o

neutron
[ 9.8 mm
[ |=— 0.3 mm
! | —~~
beam " / Lu_ O ' 6 102
. - ©
7 layers barium sulfate refl 1 L E
~ ~"
I o
-3
0.4F 10

N, \ r 1 1 1 1 1
N 0.0 0.5 1.0 1.5 2.0 2.5

quartz boron free window

\

0.2+ —— MCNP

EMI 9823 KQB [
U metal
0.0 - e

00 05 10 15 20 25
Equivalent distance, L / cm

PM housing
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Transmission : sample-out

* Detector Sample - out
— NE912 Li-glass scintillator, 95% enriched in Li 107,
diameter : 101.1 mm : — C,,
thickness : 6.35 mm
— at 49.34 m from neutron source g 10_45‘ Na
N 2.85 keV
A 10°} 1
c
®)
o
(2]
@
10°F
10'7 o1 N 1 1
10° 10" 10° 10°

Time - of - flight / ns
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Transmission : sample-in

e Detector Sample - in
— NE912 Li-glass scintillator, 95% enriched in Li 107,
diameter : 101.1 mm —CcC,
thickness : 6.35 mm [
— at 49.34 m from neutron source g 10_45‘ Na
4 2.85 keV
> D 5 1
g c 107f
- ®)
o
(7))
i
> 10°F
e Sample L
10 3 4 5 6
— Au metal foil 10 10 10 10
50mm x50 mmx 3 mm Time - of - flight / ns

1.757 (0.004) 102 at/b

— at 23.78 m from neutron source

m European
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Background: black resonance technique

Sample - in
Black resonance filter 107
- strong resonance at E, ' S
—_ nc_rt t ~ A 4L
T=e =0 E 107 Na
2 2.85 keV
- removes all neutrons at TOF 2 10°l
corresponding to E, S
4
T 10°%
— Remaining counts are due to =
background
10-7 2 A o 2222l 2 e o 2222l 2 A o 2222l
10° 10° 10° 10°

Time - of - flight / ns

m European
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Background: black resonance technique

B(t) = B Sample - in
° 107
* B, time independent
2 10t
From measurement with no beam )
(b}
o 10
o
o
(5]
%
10°F
10'7 N PP | N FEESEPEPEPEPT | N FEEPEPEPE |
10° 10* 10° 10°

Time - of - flight / ns
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Background: black resonance technique

B(t) = By + By(t) 3 Sample - in
10
* B, time independent
2 10t
* B[t) 1H(n}\, E/) E,=2.2 MeV 2
bet & 10°
o
2
Shape from measurement with 100t
thick poly-ethylene filter in the
beam to remove neutrons 107E
10

Time - of - flight / ns

n European
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Background: black resonance technique

B(t) = By + B,(t) + B, (t) 3 Sample - in
10
* B, time independent
2 10t
* B[t) 1H(n}\, E/) E,=2.2 MeV 2
Al
b,e & 10°
o
e B (t) scattered neutrons 2
) )
bze Agt 4 10° _
Shape from measurement with 10”7 '3
10

Pb-filter + black resonance filters
Time - of - flight / ns

m European
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Background: black resonance technique

Sample - out Sample - in
10° 10°
- Cout T Cin
- Bout o Bin

’(./)\ 4 ’(f? 4 Bout
c 10 F c 10 F
~ - Na ~ F Na
2 2.85 keV ) 2.85 keV
) ]
® 107 ®  107F
@) X @)
o : o
)] E 0
% [ %

10° \ 107}

I N —
10 7 ! paaa N 2l 10 7
10° 10° 10° 10° 10° 10" 10° 10°
Time - of - flight / ns Time - of - flight / ns
Backgrounfj influenced by sa.mple | B=b. + oMt 4 oMot
—> use of fixed background filters to adjust b, and b, 0
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TOF-spectra = T,

Sample - out

Response / (1/ ns)

COUI

BOUI

Time - of - flight / ns

Factor K introduces a
correlated uncertainty due
to the background model

2 - 13 October, 2017, ICTP Trieste

Transmission

Sample - in

exp

Response / (1/ ns)

I Time - of - flight / ns
0.8 Sample - in
0.6 |

I K=1.00%*0.03
04

[ Na 1
0.2} 2.85 keV
0.0 T T

10° 10* 10° 10°

Time-of-flight / ns
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TOF-spectra = T,

Sample - out

COUI

Sample - in

BOUI

Cin —-K Bin

Texp -
Cout ~KBout

Response / (1/ ns)
Response / (1/ ns)

I
=

10'7 - ......4 . ........5 . ........6
10 10 10 10
Time - of - flight / ns ' I Time - of - flight / ns
s 08 Sample - in
Factor N introduces a o -
correlated uncertainty due | £ 0.6 1
to the normalisation g 04l K=1.00£0.03
= .
' Na ] | N=1.0000+00025 |
0.2 2.85 keV
00— oI
10° 10" 10° 10°

Time-of-flight / ns
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TOF-spectra = T,

Sample - out

COUI

Sample - in

BOUI

Cin —-K Bin

Texp -
Cout ~KBout

Response / (1/ ns)
Response / (1/ ns)

I
=

10_7 3 .....I4 " .......I5 " .......I6
10 10 10 10
Time - of - flight / ns ' I Time - of - flight / ns
Repeated measurements of 08 i Sample - in
sample-in and sample-out 06
cycles to avoid impact of: - K =1.00+0.03
- Electronic drifts 0.4 |-
- Variations in beam intensity ' Na 1 | N = 1.0000 + 0.0025 |
0.2 2.85 keV
0.0 i ML
10° 10" 10° 10°

Time-of-flight / ns

m European
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TOF-spectra = T,

Sample - out Sample -in
10°) P — 10°) P
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S S
P P
: _n_ Cin ~KBjn | ¢
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¢ =P Cout —KB ¢
o out out o
1 10_7 aaaaal " a2 aaaal N PP |
10° 10°* 10° 10°
Time - of - flight / ns I Time - of - flight / ns

s 08f Sample - in

9 |

2 46

= 0 rr u

z 2 =35

= 04 K

[ Na 1 u
021 2.85 keV “N ~0.25%
0.0 b——veit o uun PRI N
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Time-of-flight / ns
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Resonance region

Resonance Region D>
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g 04
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S 08¢
= I 0.0 —l L
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02 — ¢ —exp
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Data analysis

Resonance Region D>

. 1.0
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e Unresolved Resonance Region Az > D s P M W\
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g 04
15 )
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c o Qgﬁ
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Transmission data : 2*!Am + n

Determine resonance parameters from a GLSQ fit to the experimental data

C

- B ur

exp C

out

P <0.25%

Texp

- B

out

TM(t):jR(t,E)e‘ n dE

R(t,,,E) :
Otot :
n

response of TOF-spectrometer

total cross section

areal number density

total number of atoms per unit area
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Transmission data : 2*!Am + n

Determine resonance parameters from a GLSQ fit to the experimental data

Resonance shape analysis (RSA) with REFIT

— Cin - Bin Ut
Too = = <0.25%
Cout - Bout Texp

Tu(t) = [R(t,E)e™ " Owrl®) g

R(t,,E) : response of TOF-spectrometer
O,: . totalcrosssection
n : areal number density
total number of atoms per unit area
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Transmission
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Transmission data : 2*!Am + n

Determine resonance parameters from a GLSQ fit to the experimental data
Resonance shape analysis (RSA) with REFIT

2417 m - |n=5/2_ ¢ = 0 from shape A, U125 meV and Az 2.5 meV (L=25m)

[
Energy /eV J g gl /meV [/meV
0.306 3 7/12 0.0373 +0.0002 41.6 £0.4
0.574 2 5/12 0.0629 = 0.0004 42.1+0.6
1.271 3 7/12 0.2176 £0.0023 41.7 £ 0.8
U.ZL
Uncertainties only due to counting statistics [
OO 1 N 1 N 1 N 1 N
—>absolute measurement 1000 2000 3000 4000 5000
—>no reference to any other cross section Time-of-flight / ps
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4.9 eV resonance for °’Au+n 197y © = 3/2+

Transmission

0.2

% Texp

OO 1 N 1 N 1

[ —— TMREFIT 10 pm -

0.8

0.6

Transmission

0.4

0.2

Texp

X TMREFIT

0.0—

50 um{

40 45 50

Neutron Energy / eV
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5.5

6.0

Resonance shape analysis with REFIT
¢ =0 from shape, spin J = 2 from fit with capture data

A, 180 meV and A; U5 meV (L=50m)

[ = ( 15.06 £ 0.08) meV

n

-

, = (1217 +1.3 )meV

[ = ( 14.66 £ 0.30) meV

n

I, = (124.8 +3.7 )meV

Uncertainties only due to counting statistics
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Determination of scattering radius

s (E )—g T N +g4T| [ (E,—E;)R 1
© | ki (En _ER)2 +(r/2)2 kn (En _ER)2 +(r/2)2
1.0
Measurement | 206ph : | = 25 m Interference

——FIT

O
o

0.6

Transmission

¢ =0 from shape

/ R = 9.55 (0.02) fm

64

68 72

Neutron Energy / keV
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Borella et al., Phys. Rev. C 76 (2007) 014605
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Determination of statistical factor

206Pb (IT[ = O+) + N 1.0 * Measurement ) 1.0 *«  Measurement
—— FIT L ——FIT
¢ =1 from shape 0.8F"
S S
_2+1 2 2
g8=——— £ 06 =
2(21+1) S o
© ©
— 0.4 —
= J=1/2
= 8= 1 a.p . Me:';lsurementl X2 ap . Me:alsurement. 5
L ——FIT A =995 | ——FIT X ~0.95
v 0.8}
c c
2 S
3 a
I= I= 0.6
c c
0 N
© ©
— — 0.4}
02 N 1 N 02 N 1 N
25000 25500 26000 25000 25500 26000
Neutron Energy / eV Neutron Energy / eV

Borella et al., Phys. Rev. C 76 (2007) 014605
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REFIT : homogeneous sample

Transmission

Residuals

1 O e e O
" [T e

0.8

0.6

0.4

PuO, powder mixed with carbon powder

T e By RN
i -:-w_.:_a'“fh.n.-l\ilu._ o,
CH= L] 5 T P

b

n rn = 1.46 meV

T=77K

0
bl
N Sl
=i.- I-I!\!\E
N .'11
B
b

I'n = 2.00 meV

I |—y = 36.5 meV I'y = 25.0 meV

Do
e e o (T E |

Homogeneous sample

Tn(t) :jR(t E)T(E, Otot,n) dE

T(E,n,Otot ) =€~ " Otot (E)

Neutron energy / eV

Peak cross section underestimated

Width overestimated

242Pu
[, underestimated
Iy overestimated
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REFIT : sample inhomogeneities

Transmission

Residuals

0
] ) O J:m.:i!.maua:.a-u-.ﬂﬁ'!.la'!a.ml‘:‘!-.ﬂ LEH
e e L
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0.6
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B i
oy == s
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a
P
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L >
e

A
N
A il

n |'n = 1.90 meV I'n = 2.00 meV
I |—y =250 meV I'y = 25.0 meV
S L
0 N I‘I‘.ﬁﬂ ; %@:@b o DEDDD o
5 DE @ Sﬁ EJ%G D% %%ﬁﬂ%%%
2.7 . 2.8

Neutron energy / eV

Account for particle size distribution

T,V,(t):jR(t,E) T(E, Otot,N,...) dE

—>.XN'\ Otot k

T(E,c_)-tot,n...) = (1 - fh ).[e k p(x)dx + fh

_ (Inx+s2 /2)2

1
p)=——e
X 2T['s2
v Nk
n —_
k £

See Becker et al.
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Resonance region

Resonance Region D>
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Unresolved resonance region
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From average T, to average O,

Transmission
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From average T, to average O,

T= e "Otot

<T>=<e MNOtot >= ¢

N <Oyot~

/

\

2 3\

N
1 +7var(0-tot) +...

J

<T># e "“Ctot”
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From average T, to average O,

T= e "Otot
MCNP / NJOY )
1.06 0 SESH <T>=<e NOtot >= @ N<Otot” £1+nvar(0tot)+..}
2
1.04 <T>=<e MOtot ># @ "<Otot”
LL|_ NG 2
— — —Vvar(\o
e—n<0tot> ) tot
1.00
N T R R B = 1 < Texp >
0 20 40 60 80 100 SOtot == - In F-
Neutron energy / keV

m European
2 - 13 October, 2017, ICTP Trieste Commission



From average T, to average O,

<e_n0t0t > nz
= =1+—var(O;nt) T...
FT e_n<0-tot> 2 tot
-1 <T >
<Ot >=—In—="
Fr
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From average T, to average O,

25
1 <Toppn>
L ® <0t0t > = 1|n €Xp
20 |- _ 1 = =1+ — +
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Parameterisation by average parameters

25
® GELINA
<4 Purtov et al.
B Poenitz et al.
20 <Oyor> = f(R,S/29,1,)
fo)
/\-l—l
o
© 15|
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e 4
n : M)
10 "
1 | 1 | | 1 | 1 |
0 20 40 60 80 100
Neutron energy / keV
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V4 7 ':1
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£ 20 +1) AF
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Parameterisation by average parameters

25
® GELINA
Purtov et al.
B Poenitz et al.
20 F <Oy¢> = f(R,S/cg,12)
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o
© 15|
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Parameterisation by average parameters

25
® GELINA
Purtov et al. ~
B Poenitz et al. g
20 <Oy> = f( R'Sé=o,1,2) e
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A D
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Parameterisation by average parameters

25
® GELINA Correlation matrix
L panovetal R /fm  9.12+0.09 1 0.43
' So /10" 1.93+0.03 -0.43 1
_ o,..> = f(R,S,._ ]
5 20 <Oy¢> = f(R,S/0,1,2) s, /10° 5 64 oM
— S, /10 3.8
/\-l—l
@]
b 15} Average parameters are essential
v ° for self-shielding calculations
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