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Origin of 32S: neutron captures GOETHE 1%
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Neutron Captures — time-of-flight technique ~ coerueid
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* the TOF-technique is the only generally applicable method the determine
energy-dependent neutron capture cross sections

» beam pulsing & distance to the neutron production site significantly reduce
the number of neutrons available on the sample




NTOF @ CERN - spallation neutron source  GOETHE £
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NTOF @ CERN : 20 m & 200 m coETHE £
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NTOF @ CERN -> EAR?2 ot 24
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NTOF @ CERN — neutron flux corTir 4%
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(n,y) of branching points@CERN N
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Three new s-process branching-points have been measured at CERN:
Irradiation of stable pellets at ILL - target prep. at PSI = irradiation at CERN n_TOF (& LiLiT)

REVIEW OF MODERN PHYSICS, VOLUME 83, JANUARY-MARCH 2011 |

Sample Half-life (yr) Q value (MeV) Comment
Ni 100.1 B, 0.066 TOF work in progress (Couture, 2009), sample with low enrichment

-m;]{, B ll; oAV ) ]_I[ll_)Ulldlll [8 dllL[llllg., CUIS

$IKr 2.29 X 10° EC, 0.322 Part of Se branching n_TOF-> PRL 93, 161103 (2004)

85Kr 10.73 B, 0.687 Important branching, const - !

Szr 64.02 d B, 1125 Not feasible in near future, but important for neutron density low-mass
AGB stars

B34y 2.0652 B, 2.059 Important branching at A = 134, 135, sensitive to s-process temperature in
low-mass AGB stars, measurement not feasible in near future

B5¢Cs 2.3 X 10° B, 0.269 So far only activation measurement at kT = 25 keV by P

4TNd 10981 d B, 0.896 Important branching at A = 147/148, constrains neutron n_TOF 2015

[ AR 80005 Part of branchine al A — 1477148 ]

n_l OI 151gm 90 B, 0.076 Existing TOF measurements, full set of MACS data available (Abbondanno

et al., 2004a; Wisshak et al., 2006c)

PYEu 8.593 B, 1.978 Complex branching at
y  / density n_TOF-> PRL 110, 022501 (2013)
55Eu 4.753 B, 0.246 So far only activation ¥ mprereen= —r
(1995)
153Gd 0.658 EC, 0.244 Part of branching at A = 154, 155
::;’T'b 0.198 B, 1.833 Weak temperature-sensitive branching, very challenging experiment
Ho 4570 EC, 0.0026 Branching at A = 163 sensitive to mass density during s
NEUTRONS aclival;gon measurement at k7 = 25 keV by ﬁaag angd | I"I_TOF 2014

FOR SCIENCE

PAUL SCHERRER INSTITUT ) : » O

U cl . . b L, cl 1 o cl s
185y 0.206 B, 0.432 Important branching, sensitive to neutron density and s-process temperature in

GBS

n_TOF 2015
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(n,y) of branching points@CERN N
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HYMNS: High-sensitivitY Measurements of key stellar Nucleo-Synthesis reactions

which enables the first measurement of key s-process branching nuclei over the full stellar enegy rangersuch agi~
79Se, which can be interpreted as a nuclear thermometer for massive stars.

Absorber PSD

letters to nature
Nature 332, 700 - 102 (21 Apil 1988); doi:10.1038/332700a0

S-process krypton of variable isotopic composition in the Murchison meteorite
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— 140 MeV electron energy
— At=1ns

— Several flight paths ~ 10 m
— Moderated

F. Corvi et al, BgNS Transactions (2000) 5: 41



NELBE @ FZDR

GOETHE @4
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— 40 MeV electron energy

— At=5ps

— Fligth path ~ 10 m
— Liquid lead loop
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R. Beyer et al, Nucl. Instrum. Methods Phys. Rev. A (2013) 723 151




VdG @ IRMM - "Li(p,n), BH(p,n) GOETHE A3
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— 4 MeV max. proton energy
— At=1ns
— flight path ~ 1 m
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FRANZ @ GUF - "Li(p,n) GOETHE R
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W, = 120 keV W, = 700 keV W, = 2.0£0.2 MeV Multiaperture

P, = 10 kW Rebuncher ~ Beam

T
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- 3 .
Steerer , Compressor eutron ﬂUX.
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2 mA proton beam (8 A peak current)
250 kHz

< 1ns pulse width

neutron flux at 1 m: 107 s'1 cm2
neutron flux at 0.1m: 10° st cm-2

Isotopes with half-lives down to months are in reach!



Impact broader proton energy GOETHE 1%
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R. Reifarth et al, NIM A 608 (2009) 139



SARAF @ SOREQ GoeTE 14
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°NO pulsed mode Liquid lithium flow
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Liquid-Lithium Target (LiLiT): a high-intensity 30-keV
guasi-Maxwellian neutron source used for activation measureméf
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S. Halfon et al.,
Rev. Sci. Instr. (2013, 2014)

free-surface M. Tessler et al.

liquid lithium target Phys. Lett. B (2015)
retractable  outgoing y Ip =1-2mA, 1.92 MeV
shaft neutrons ’ ~ 2-4 kW
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Measurements at SARAF-LILIT GOETHE £2
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Comparison of fluxes
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Short flightpath @ FRANZ -
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Increase neutron

flux by factor 100

R. Reifarth et al, NIM A 524 (2004) 215




Expected Time-Of-Flight spectrum gngTEI;gIT
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LICORN @ Orsay corrir 45
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* p(“Li,’Be)n
* kinematically focused neutron beam

 under development 4 — . . . —
* Organic or TiH, target
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