Definition of a standard neutron
field with the "Li(p,n)’Be reaction

C. Lederer?, I. Dillmann?, U. Giessen3, F. Kappeler4,
A. Mengoni®, M. Mosconi?, R. Nolte3, A. Wallner*

1 Faculty of Physics, University of Vienna, Vienna

2 GSI and University of Giessen, Darmstadt/Giessen

3 Physikalisch-Technische Bundesanstalt (PTB), Braunschweig
4 Karlsruhe Institute of Technology (KIT), Karlsruhe

> |AEA, Nuclear Data Section, Vienna, Vienna



"Li(p,n)’Be as neutron source
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Motivation

Nucleosynthesis in stars beyond Fe:

e s-process (slow neutron capture) responsible for 50% of
abundances between Fe and Bi
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Motivation

Nucleosynthesis in stars beyond Fe:

e s-process (slow neutron capture) responsible for 50% of
abundances between Fe and Bi

* nuclear physics input: (n,y) cross-sections, 3 half-lives

« stellar environments: maxwellian neutron field, s-process sites:
kKT~25 keV
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Direct measurement of Maxwellian-averaged
cross-sections with “Li(p,n) source
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Measurement of *°’Au(n,y) at KIT* ﬂ(IT

Ratynski and Kappeler (Phys. Rev. C 37, 1988)
* spherical Au sample covering whole beam
e absolute flux determination by ’Be activity of Li target
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Measurement of *°’Au(n,y) at KIT* ﬂ(IT

Ratynski and Kappeler (Phys. Rev. C 37, 1988)
* spherical Au sample covering whole beam
e absolute flux determination by ’Be activity of Li target
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: NEUTRON
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PROTON BEAM——} &

i
e P SPHERICAL SEGMENT
(0.05mm GOLD}

CYLINDERS
(0.05mm GOLD)

c(25keV)yp =586 mb + 1.4%

for transformation to Maxwellian-averaged cross-section (MACS):
* energy dependence of cross-section

* neutron spectrum
* former FZK
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Other measurements of MACS at KIT

Cu backing Gold foils

1.5 mm

neutron
detector

Li target

neutron cone 120°
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Other measurements of MACS at KIT

Short-lived radioisotopes:

a : . Cu backing Gold foils
e Activation + decay counting 1.5 mm
I EERC0, °'RDb, ®2Sr, 2°Y, 1393, etc. 3
(Heil et al., Dillmann et al., P : |
Kappeler et al., O’'Brien et al.....) Li target § T
O
=

detector

Long-lived radioisotopes:
o Activation + Accelerator Mass Spectrometry (AMS)

« AMS labs: ATLAS (Argonne), GAMS (Munich), VERA (Vienna)

« 9Be, 13C, 40Ca, **Fe, °8:52Nj, '8Se, 209Bj, etc. (Coquard et al.,
Dillmann et al., Nassar et al., Rugel et al., Wallner et al. ....)
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Other measurements of MACS at KIT

Short-lived radioisotopes:

a : . Cu backing Gold foils
e Activation + decay counting 1.5 mm
I EERC0, °'RDb, ®2Sr, 2°Y, 1393, etc. 3
(Heil et al., Dillmann et al., P : |
Kappeler et al., O’'Brien et al.....) Li target § T
O
=

detector

Long-lived radioisotopes:
o Activation + Accelerator Mass Spectrometry (AMS)

« AMS labs: ATLAS (Argonne), GAMS (Munich), VERA (Vienna)

« 9Be, 13C, 40Ca, **Fe, °8:52Nj, '8Se, 209Bj, etc. (Coquard et al.,
Dillmann et al., Nassar et al., Rugel et al., Wallner et al. ....)

All relative to 197Au(n,y) cross-section!
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197Au(n,y) as standard cross-section

e recommended standard for thermal and from 0.2-2.8 MeV

o 3-200 keV: 6-8 % discrepancy between Ratynski-Kappeler
evaluation and standard evaluation

f\ —s— Standard

/ \ Ratynski's evaluation

VI ] —— R.L. Macklin, x4=12720 (1881)
t

“TAu capture cross section (barn)

0.01 0.1 Figure by V.G. Pronyaev

Neutron energy (MeV)
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197Au(n,y) as standard cross-section

e recommended standard for thermal and from 0.2-2.8 MeV

o 3-200 keV: 6-8 % discrepancy between Ratynski-Kappeler
evaluation and standard evaluation

II\ —e— Standard

et Ratynski's evaluation

VTN —— R.L.Macklin, X4=12720 (1981)
f t

e new measurement of ¥¥’/Au(n,y) with TOF technique

(n_TOF, GELINA)

« EFNUDAT project: new, detailed measurement of
"Li(p,n) spectrum at PTB

0.01 0.1 " Figure by V.G. Pronyaev
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Physikalisch

Experimental setup at PTB Technische

Bundesanstalt

Braunschweig und Berlin

A colllmated high Intenslty n-flsld
B monoenergetic n-reference field
C charged particles flalds
D
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e Proton source: 3.75 MV
Van de Graalff

+ E,=1912+1 keV

* Repetition Rate:
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e Pulse width (FWHM): 3ns

« Average proton current:
0.5-0.8 uA

A
4
e

o
3
I

b

.
A
e

oy
.

LR
o

£
0
o

i
&
S

1 Varrde-Graaff «
2 Cyclotran w
37 Deflacting magnets r

=

%

Lniversitat

Claudia Lederer EFNUDAT final workshop, 31-08-2010 WIGH




Experimental setup at PTB PlB-Eé‘é’h}’?iﬁﬁE“
undesanstalt

Braunschweig und Berlin

Target:.
e Metallic Li evaporated on Ta 47 long counter

e 10 um thickness (565 ng/cms?) - protons
slowed down below reaction threshold riosectia

Li-glass detector 0-657

(Enres=1881 keV) yZ
70 cm flight path
35 cm flight path
metallic Li-target | o
pulsed profons
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Braunschweig und Berlin

Target:.
e Metallic Li evaporated on Ta 47 long counter

e 10 um thickness (565 ng/cms?) - protons
slowed down below reaction threshold riosectia

Li-glass detector 0-657
(Ethres:1881 keV) /

Positions:
« two flight paths: 35 cm and 70 cm
e angles: 0-65 deg, steps of 5 deg

70 cm flight path

35 cm flight path

metallic Li-target |,

pulsed profons
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Experimental setup at PTB PlB-Eé‘é’h}’?é‘ﬁﬁé"
undesanstalt

Braunschweig und Berlin

Target:.
e Metallic Li evaporated on Ta 47 long counter

e 10 um thickness (565 ng/cms?) - protons
slowed down below reaction threshold (riovecis

Li-glass detector 0-657
(Ethres:1881 keV) /

Positions:
« two flight paths: 35 cm and 70 cm
e angles: 0-65 deg, steps of 5 deg

70 cm flight path

35 cm flight path

metallic Li-target |,

pulsed profons

Detectors:
« moveable Li-glass
* Long counter (fluence determination)

2 Lniversitat
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Braunschweig und Berlin

Experimental setup at PTB PB-EQXEL‘?S‘EEE“
undesanstalt
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Experimental setup at PTB PBEé‘é’rzé’TiﬁﬁZ“
undesanstalt

schweig und Berlin

e /0 cm fllght path: hlgh energy resolutioni(<l1 keV)

» 35 cm flight path: low energy end of spectrum and
background studies

o reference runs twice a day at deflned posmon (0 deg,
70 cm)

= :"“' s | -

e ruNs |th dlfféreht targets (L|F INE and L|F on Ag)




Data reduction

» dead-time correction and background subtraction

» time-of-flight to neutron energy conversion

* detection efficiency: 5Li(n,t)*He cross-section (standard!)
 neutron fluence: long-counter

* solid angle correction

Counts

i v-flash

10°
flat background

10%¢

0 200 400 600 800 1000 1200 1400 1600 1800
Channel




Data reduction

» dead-time correction and background subtraction

» time-of-flight to neutron energy conversion

» detection efficiency: 6Li(n,t)*He cross-section (standard!)
 neutron fluence: long-counter

* solid angle correction
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Data reduction

» dead-time correction and background subtraction

» time-of-flight to neutron energy conversion

» detection efficiency: 6Li(n,t)*He cross-section (standard!)

 neutron fluence: long-counter

* solid angle correction

S6Fe-resonance

(“‘coffee-resonance”) 2

70 cm flight path

28Sj-resonance
(Li-glass)
- N oo
45— - 10°
- e 3 +20°
4 - :._:_:-_;_'"'ir‘;-'.';.' T ww-'q!n ; v 30°
3 5 :_ Eﬂ"‘“ TE:- 4 WVY 400
r ;"" Iy R Y e . “ Had "I't- , . 502
3 -,v' " ‘ | # v ~00 .
:_ : ‘:' | R . v _:
2_5E '_.:'w v =
1,50 . ’ E
13 . " :
Y ]
0.5L = " .
0 . R e e 2UPoor St - g g
5 20 40 60 8 100

Neutron Energy (keV)



Reference Runs: different targets
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Reference Runs: target stability
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Reference Runs: target stability
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Different angles: 35 cm vs. 70 cm
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Different angles: 35 cm vs. 70 cm

Claudia Lederer

no target aging effect because:

Consecutive runs
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Different angles: 35 cm vs. 70 cm

no target aging effect because:

Consecutive runs
3

[ [
Wi | | | — 70 cm RunR06

. — 35 cm Run035
—— 70 cm Run036
35 cm Run037
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15

* closer look to
kinematics = different
angle covered at
different flight paths
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ed spectra

—— 70 cm flight path
—— 35 cm flight path
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Summed spectra

70 em flight path
Ratynski and Kappeler,1988
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Summed spectra

70 em flight path

effect on averaged cross-section:

Ratynski and K&ppeler,1988 example 62Ni(n,y) (J ENDL ||brary)

IIJ|

IlI|J

_1Ix108

* W. Ratynski and F. Kappeler, Phys. Reuv.

C 37, 595 (1988)
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Summed spectra

70 em flight path
Ratynski and Kappeler,1988
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effect on averaged cross-section:
example: ¢2Ni(n,y) (JENDL library)

« 22.7 mb for Ratynski and Kappeler
spectrum

» 23.7 mb for PTB spectrum
- 4% effect

Ni-62(n,y)
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Summed spectra

70 cm fight pat 197Au(n,y) (ENDF-B7 library)

Ratynski and Kappeler,1988

» 633 mb for Ratynski and

08 Kappeler spectrum

IIJ|
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* 630 mb for PTB spectrum

0.4"
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only 0.5 % difference !
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* W. Ratynski and F. Kappeler, Phys. Reuv.
C 37, 595 (1988)
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Summed spectra

70 om flight path 197Au(n,y) (ENDF-B7 Iibrary)

——— MB kT=25 keV

Ratynski and Kappeler,1988

» 633 mb for Ratynski and
Kappeler spectrum

* 630 mb for PTB spectrum

only 0.5 % difference !
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* W. Ratynski and F. Kappeler, Phys. Reuv.
C 37, 595 (1988)

 Fit from 0-90 keV of a*E-exp(-E/kT)
with kT = 25 keV
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Summed spectra
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« W. Ratynski and F. Képpeler, Phys. Rev. * PINO- a tool for simulating neutron

C 37, 595 (1988) spectra resulting from the “Li(p,n) reaction,
_ R. Reifarth et al. , Nucl. Instr. Meth. A 608,
e Fit from 0-90 keV of a'E'exp(-EIkT) 139 (2009)

with KT = 25 keV
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Summed spectra

70 cm flight path
Ratynski and Kappeler,1988
PINQO simulation

70 cm flight path ' T
——— MB kT=25 keV B
Ratynski and Kappeler,1988
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o exp. Setup =gl

« W. Ratynski and F. Kappeler, Phys. Rev. * PINO- a tool for simulating neutron

C 37, 595 (1988) spectra resulting from the “Li(p,n) reaction,
_ R. Reifarth et al. , Nucl. Instr. Meth. A 608,
e Fit from 0-90 keV of a'E'exp(-EIkT) 139 (2009)

with KT = 25 keV
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Conclusions

* “aging-effect” of target causing shift to lower energies but cannot explain
differences in different flight paths

* neutron spectrum not sensitive to different targets

 low and high energy-end of spectrum comparable to Ratynski and Kappeler
measurement

» differences to Ratynski and
Kappeler between 10-60 keV

70 cm flight path
Ratynski and Kappeler,1988

« good agreement to PINO simulation i . Ratmetl and a
up to 15 keV :

0.8
e MC-simulations of various -
experimental effects underway
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Thank you for your attention!
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