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Motivation: 238U(n,»)/23*Th(n,y): E, > thermal

> ratio of capture to fission of the fissile isotopes

> existing data via TOF and detections of prompt
y-rays;

¥ multiple scattering corrections due to large

sample size in previous exp.? (e.g. 2 gram

» HPRL (N nighest priority
> large discrepancies above thermal E,
> k. in reactor technology: even 5-10%
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(n,3n) for 238U and 234Th

EHDF Request 2262, 2009-0ct-15,89:17:38
EXFOR Request: 7784-1, 2869-0ct-15 89:17:18

13

20

————— ENDF/B-V1I .IB: U-238(H, 3HU-236
JEFF-3.1: U-238(H,3H)U-236
1988 Frehaut
< 1978 Ueeser
1.0 © 1972 Mather
1969 Mather
4 1962 White
1961 Allen ¥
1978 Zhou You-}

Incident Energy (Mel)

.L

Cross Section (bharns)

EHDF Request 2264, 2809-0Oct-15,89:22:58
EXFOR Request: 77685/1, 2009-0Oct-15 89:22:35

19 20

L O 1963 Mc Taggart

T T T T T T T T
———— EHDF/B-UII.08: TH-232(H,3H)TH-236

JEFF-3.1: TH-232(H,3H)TH-238
JEHDL-3.3:! TH-232(H,3H)TH-238

15 20
Incident Energy (Mel)

Australia

A Wallner NEMEA-7 / CIELO - neutron-induced reactions on actinides



technique: AMS

Atominstitut Vienna: research reactor, thermal neutrons

“Neutron intensity

measured
spectra

thermal spectra
for KT = 25 keV
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Neutron energy [keV]

€ MOST sensmve

60 80

IKI Budapest: research reactor, thermal neutrons; cold neutrons

TSL Uppsala: cyclotron, Li(p,n): 45 MeV neutrons
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injection

ANU’s AMS facility "~/
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(stable ions)
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acceleration Cs beam sputter

source (neg. ions)
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« AMS determines isotope ratios — atom

counting technique 15 MV Tandem

. . Accelerator (14UD)
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a3 stripper
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How to derive cross sections?

product

- N‘rarget
7 N
AMS- Monitor

ISotope ratio Ay, Nb,...)

AIMS monitor reacton (Au)
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238U(Nn,»)23°U -> 239Np -> 239Pu (24 kyr)
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236U & 23°U: Production & Decay

236U: t,, = 23.4 Myr
29U:t,,= 23.5min
29Np: t,,, = 2.35 days
29Puy: t,, = 24.1 kyr
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Analytical Strategy

Au for fluence

\ Sample - 233U and 24?Pu spike

Chemical separation of U/ Pu

|
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typical AMS-spectrum for Pu measurements

2200 | g | Clear separation/
3 | -] nointerference
g 1000 - R | T &
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Time of Flight (channels)

overall 10 AMS-beamtime sessions for 23°U(n,7): +- 3 %

overall 6 AMS-beamtime sessions for 2°8U(n,»): +- 3 %
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232Th(n,y)233Th -> 233Pa -> 233U (159 kyr)-

simultaneously
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233Th & 239U: Production & Decay: (n,#

Cm244 | Cm 245

ad 790 4774
Y29;87. 0
@ 170; 0y 0.020

23Th: t,,, = 22.3 min
233Pa: t,, = 27 days
233U: t,, = 159 kyr
2%U: t,,= 23.5min
29Np: t,, = 2.35 days
29Pu: t,, = 24.1 kyr
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Fast neutron induced reactions: Th / U
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232Th & 238U: Production & Decay: (n,x)
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236U t,, = 23.4 Myr
21U: t,, = 6.75 days
27Np: t,, = 2.14 Myr

A Wallner NEMEA-7 / CIELO - neutron-induced reactions on actinides



ENDF Request 373, 2010-Apr-20,18:12:43
EXFOR Request: 46238/1, 2010-Apr-20 18:13:22 new d ata

0.20 I 1 Ll 1 1 I Ll 1 1 ‘[\I ) 1 ] ] | | ) 1 1 I ) 1 ] ]
ENDFEMB-VILO0: U-238(N.G)U-239
| . —— JEFF-3.1: U-238(N.G)U-239 1
*— .IE_NDL-S.E{;lL{l)—EES{N,G}U-ZEQ
this work 2
= 2 Voignier 4 238 239
"a‘ = iggg Eulﬂgeva U(n,Y) U
C | i 1988 Buleeva ]
5 [L e
& L : 1981 Poeni}:z -
1986 Kazakov
5015 _| EXFOR database
©
5 " _
9 H+ | '
: |
S -] =] 300 - 800 keV
e '
0.10 Al -1 exp. data > 1980
[ 1 1 [ | | 1 1 | [ 1 1 1 | | [ 1 1 I [ 1 1 1
0.4 0.5 0.6 0.7 0.8
Incident Energy (MeV)
» National A Wallner NEMEA-7 / CIELO - neutron-induced reactions on actinides

=nez=y Universit



Status — keV data

this work (AMS ratio): oy.3/ oy.5=0.60 £0.05

ENDF:

oy.g/ oy5=0.59

(EanE o JEFF)

238 239
235U(n,y)236U 235U(n,y)235U U(I‘I,'Y) U 238U(n,y)239u
this work ,recommended* this work ,recommended*
G IKI-1: 99.5* 3 barn* | 98.96 barn IKI-1: reference for AMS | 2.68 barn
thermal | |K].2: 101.5 % 3 barn* | 98.96 barn IKI-2: reference for AMS | (2.72 barn JENDL)
G KIT-1: 646 £ 38 mbarn | ENDF: 679 mbarn KIT-1: 386 * 25 mbarn 401 mbarn (ENDF,JEFF)
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6426 keV

KIT-2: 161 £ / mbarn

163 mbarn (ENDF,JEFF)
171 mbarn (JENDL)

KIT-2: 108 £ 4 mbarn

109 mbarn (ENDF, JENDL)
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* relative to 233U-spike
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ENDF:

this work (AMS ratio): oy.s/ oy.5= 0.67 £0.04

Oy.g/ oy.5= 0.67

AMS vs ENDF: o,,; ( 25 keV) = 0.95 % 0.06
AMS vs ENDF: o, ( 25 keV) = 0.96 % 0.06
AMS vs ENDF: oy,.5 (426 keV) = 0.99 + 0.04
AMS vs ENDF: o,,.4 (426 keV) = 0.99 + 0.04
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week ending

PRL 109, 202506 (2012) PHYSICAL REVIEW LETTERS 16 NOVEMBER 2012

New Precision Measurements of the 23°U(n, v) Cross Section

M. Janclcl,l"* T.A. Brcdcwcg,l E. M. Boncl,1 M. B. C‘.haclwicl\',1 A, Couturc,1 J. M. O’Donncll,1 M. Fcnnwlcr,1
R.C. Haight,' T. Kawano," R. Reifarth,"”" R.S. Rundberg,' J.L. Ullmann,' D.J. Vieira,' J. M. Wouters,"*

J.B. Wilhelmy,' C.Y. Wu.? and J. A. Becker?
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Status 23?Th(n,»)?33Th & 238U(n,»)*3%U
for0.5/1.0/2.1/5.0 MeV

Preliminary data for 232Th(nj.}') and 23'E"U(n,}')

(MeV)
0.46
0.52
1.0
2.1
2.1
5.0

Th-AMS
(mbarn)

172 £ 15
118 £ 10
50+3

~ 10

'E:E:;? {l:;;::f:] {E:::;r: AMS/ENDF - Th | AMS / ENDF - U
108 + 4 109 1.00 + 0.03
153 123 +6 110 1.12 £ 0.10 1.12 + 0.05
136 108 £ 5 128 0.87 £ 0.07 0.85 + 0.04
68 42 +2 43 0.86 + 0.03 0.97 + 0.05
68 40 +7 43 0.92 +0.10
2.8 6+3 2.1 3.7 312
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AMS at the ANU
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First results - 238U(n,3n)>3%U

1755 Preliminary data for 2*3y(n,3n)>°U (VERA)

20.05 |
E, AMS (barn) evaluations

(MeV) (barn)

I Preliminary dé n“
17.55 | 0.76 £0.04 0.7-1.0 "
18.80 | 0.89 £0.30 0.7-1.0
20.05 | 0.86*0.04 0.6-0.9
22.00 | 0.42+0.10 0.45 - 0.65

Fluence! — number of neutrons/sample
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First results

VERY preliminary data for’

- 232Th(n,2n)%31Th

**Th(n,2n)>*'Th

(via >*'Pa: VERA & ETH & ANSTO)

E, AMS-VERA AMS-ETH | AMS-ANSTO AMS evaluations
(MeV) (ratio) (ratio) (ratio) (barn) (barn)
17.55 1.6+0.3 1.5+£0.2 1.65+0.3 0.20 £ 0.05 0.3-0.5
18.80 29+0.3 3.0+0.2 29+0.3 0.25-0.45
20.05 292 32+1.2 24+ 4 0.18 £0.01 0.2-04
22.00 2.2+0.2 2.0+0.2 2.2+0.2 ~0.2
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First results - 232Th(n,4n+a)%2°Th

Preliminary data for ***Th(n,4n+a) (VERA & ETH)

E, AMS evaluations
(MeV)| (mbarn) (mbarn)
17.55 <5 0.2-2
20.05 62 10 - 50
22.0 |345+35 ~200 (£x3)
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AMS & neutron fluence

236(]

236

U

Ov-swy _ U
239

Oy—8(n.y) Pu

238
U

this work (AMS ratio): o4/ 0.5 = 0.60 % 0.05 AMS-ratio
ENDF: Gu_8/o'u_5 - 0.59 Only ! ! I
this work (AMS ratio): oy.s/ oy = 0.67 £0.04

~| ENDF: o5/ Oy.5= 0.67 I

systematic study of Maxwellian-averaged xs from precise AMS measurements
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Conclusion - actinides

» AMS represents an independent method for studying nuclear
reactions leading to long-lived radionuclides

» direct method: atom counting as isotope ratio; i.e. no sophisticated
data reduction or corrections required

> not a universal method — AMS is used for some 25 radionuclides
> if it can be applied — usually very (the most) sensitive method

» can serve as an important tool to provide some anchor points

» can it help to solve the Au-standard issue?

» new neutron-producing facilities (FRANZ, Frankfurt, Germany),
SARAF (Israel) offer a much higher keV-neutron flux
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Comparison AMS — other meas. / ENDF

Reaction AMS (25keV) other detection technique ENDF/B-VII.1/KADONIS
(KADONIS)

°Be(n,y)'°Be EXP 9.5 ubarn 13 ubarn 0.88 £ 0.17

13C(n,y)14C EXP 13.3 pbarn 20 pbarn -- (JENDL 13, JEFF 7ub)
“N(n,p)t*C EXP 1.74 mbarn 2 mbarn -- (ENDF: 1.70 mbarn)
35CI(n,y)3¢Cl EXP 8.84 mbarn 11.3 mbarn 0.78 £ 0.03
®Ca(n,y)*'Ca MACS 5.74 mbarn 6.7 mbarn 0.89 £ 0.07
**Fe(n,y)>°Fe EXP mbarn 29.6 mbarn 0.73 £ 0.06
235U(n,y)*3°U EXP 646 £ 38 mbarn -- -- (ENDF: 679 mbarn)
238 (n,y)?*°U EXP 386 £ 25 mbarn -- -- (ENDF: 401 mbarn)

AMS is generally lower than ,other' techniques, but

e fluence value via *”Au(n,y) - Au cross section enters directly! (see above)
¢ background in other methods ?

e AMS: individual reactions via independent reference materials — no correlation in AMS

AMS data (not U) relative to Au- Ratynski-Kappeler for 25 keV

all activations with the same geometry at KIT — as used in “Ratynski & Kappeler
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30 keV MACS for ¥’Au(n,»)

(Maxwellian-averaged cross sections)
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1“7,411(11,}:) cross section in the unresolved resonance region
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