Single-Particle Spectroscopy of 133Sn via the
(d,p) reaction in inverse kinematics
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Shell model fingerprints on the galaxy
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The rapid neutron capture (r-)process
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What we can learn from transfer reactions
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Opportunities at the HRIBF
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r-process close to shell closure

<Low level density

<-Small capture cross section

<-Statistical model not reliable

<>Direct capture important



Transfer measurements around 132Sn

n Stable . Doubly magic
N = 82

Neutron transfer e.g. (d,p), sensitive probe of single-particle

structure. Can extract energies, ¢-values and spectroscopic
factors. Reaction is selective.




Magicity of 132Sn
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What is a Spectroscopic Factor?

» Specific Example
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132Sn(d,p) photo

ORRUBA detectors
(back angles)
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133Sn Q-value spectrum
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133Sn Angular Distributions
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Values for 133Sn
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Checking optical potentials

do/dC (mb/sr)

(a) “local” optical
10 potential from
Stromich et al Phys.
y Rev C 16,2193
: —. LO:a\I/ (0.86) ——. izjate(\;.%) (I 977) ’
----- Global (0.85) | | eeee- Global (0.80) “global” optical
() d) potentials:
" " deuteron Lohr and
...... Haeberli Nucl. Phys.
A232 381 (1974).
® 1363 keV © @ 2005 keV proton Varner et al.
—— Local (1.1) —— Local (1.1) Phys Rep 201 57
----- Global (1.0) + ----- Global (1.1) (|99 | )

0O 20 40 60 80 100 O 20 40 60 80 100
0., (deg.)



Magicity of 132Sn
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r-process sensitivity studies.

Z%age Abundance Change
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Simulations of the r-process show global sensitivity to

the 139Sn(n, 7) rate, in contrast to the '32Sn(n, 7) rate.

Taken from J. Beun, et al |. Phys. G 36 025201 (2009)



r-process sensitivity studies.
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Build up of material at'3%Sn, due to long half life (4 min)

compared to '3°Cd and '%%n (~ | sec). (n, ¥)’s take material out
of mass 130 into 131, and also soak up neutrons.

Taken from J. Beun, et al |. Phys. G 36 025201 (2009)



Rauscher et al, PRC 57,2031 (1998)

Direct Capture on 39Sn
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Cross section depends largely on predicted binding energies for 3p s. p.
states. No s. p. states identified previously in '3!Sn.




Q-value for 1305n(d,p)1315Sn
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Near-term future: fission fragments

» (d,p) measurements: '26Sn and '28Sn

completing n-rich tin chain

understanding systematics
» (d,p) measurement on 8Ge

r-process sensitivity to nuclei to the west of the shell closure
» Neutron transfer using (°Be,®Be) on 3%Sn

pinning down the energies of states in '3!Sn



Where next - with HRIBF upgrade

Evolution of single-particle structure and wE
r-process neutron capture rates

Transfer reactions around %4Ge, '34Sn
Decay spectroscopy

Shape transitions
Coulomb excitation near *¢Kr

Probing neutron skin effects
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