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Nucleosynthesis across the Nuclear Landscape

Stable nuclei
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Nucleosynthesis across the Nuclear Landscape

Nuclear inputs

Masses
B-decay: T, ), P,
(n,y) reaction rates
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Current (n,y) measurements are limited
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Neutron-capture constraints for radioactive nuclei

m

Direct Measurement

e Desired targets are too short-lived
* No feasible neutron target

* Not possible for rare isotopes
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Neutron-capture constraints for radioactive nuclei

Indirect Measurement

* Access same nucleus through
different pathway

e Can utilize short half-lives and
reaction mechanisms

Direct Measurement :
e Desired targets are too short-lived
* No feasible neutron target '
* Not possible for rare isotopes
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Neutron-capture constraints for radioactive nuclei

Indirect Measurement
* Access same nucleus through
different pathway
* Can utilize short half-lives and
reaction mechanisms
Examples:

Oslo Method
B-Oslo Method
Surrogate Method
v-ray strength method

Direct Measurement :
e Desired targets are too short-lived
* No feasible neutron target '
* Not possible for rare isotopes

A. Spyrou et al., PRL 113, 232502 (2014)
J. Escher et al., PRL 121, 052501 (2018)
H. Utsunomiya et al., PRC 82, 064610 (2010)
M. Guttormsen et al., NIMA 255, 518 (1987)
M. Guttormsen et al., NIMA 374, 371 (1996)

A. Schiller et al., NIMA 447, 498 (2000)
A.C. Larsen et al., PRC 83, 034315 (2011)
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Surrogate Reaction Method

Neutron Capture

Oy = Y 0N (B, J,m) GSN(Ey, J, )
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Surrogate Reaction Method

Neutron Capture

= ZO’SN(ER, J,7T) GgN(En, J77T)

Jr

i Surrogate Reaction

P (d, pv/

ZF(dp) Eep, J,7) GSN(Ees, J, )
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Surrogate Reaction Method

Neutron capture

93Gr

Neutron Capture

Ony) = ZOSN(EH, J,m) GSN(E,, J,7)
Jr

i Surrogate Reaction

g‘P(dp'Y') E (dp) Ee:L‘ J 7T GS;N(EGI’LL 7"')

Characteristic y rays

g‘P(d,P’Y/)(Eex) — N(d,p'y/)(Eex)/N(d7p)(Eex)€7/‘

- . .
-------------------------------------------------------------------------------------------- shssssssssssssssssssssssssEEEEEEEEEEEEEEEREERERERRRREEE

. . G. Potel et al., PRC 92, 034611 (2015).
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Surrogate Reaction Method validated (d,p) reactions as surrogate for (n,y)
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= (d,p) validated as a surrogate for (n,y) using °®>Mo(d,py) in

normal kinematics

v-ray coincidence probabilities for characteristic
vy rays in *>Mo(d,py)
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Decay studies suggest enhanced capture rate for *3Sr(n,y)

= [3-decay studies following **Rb decay to **Sr show unusually high

y-decay branch above S,
— Enhancement in neutron-capture of 23Sr?

= Constraining (n,y) for ?3Sr imperative, but t,/, = 7.4 min

= Surrogate reaction measurement at TRIUMF to probe 23Sr(d,py)!
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Decay studies suggest enhanced capture rate for *3Sr(n,y)

= [3-decay studies following **Rb decay to **Sr show unusually high

y-decay branch above S,
— Enhancement in neutron-capture of 23Sr?

= Constraining (n,y) for ?3Sr imperative, but t,/, = 7.4 min

= Surrogate reaction measurement at TRIUMF to probe 23Sr(d,py)!
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Surrogate reaction measurement of °3Sr(d,p) at TRIUMF

= 8 MeV/u 3Sr beam impinged on CD,
target (369 ug/cm?, 446 ug/cm?)

= Proton detection: SHARC

— Segmented Si array

— 80% of 41 coverage
— ~80% efficiency
= Gamma detection: TIGRESS
— 12 HPGe clovers
— Efficiency (1 MeV) ~ 10%
— ™21 coverage

= SHARC + TIGRESS enable particle-
gamma coincidences
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Surrogate reaction measurement of °3Sr(d,p) at TRIUMF

= 8 MeV/u ?3Sr beam impinged on CD,
target (369 ug/cm?, 446 ug/cm?)
= Proton detection: SHARC
— Segmented Si array
— 80% of 41 coverage
— ~80% efficiency
= Gamma detection: TIGRESS
— 12 HPGe clovers
— Efficiency (1 MeV) ~ 10%
— ™21 coverage

= SHARC + TIGRESS enable particle-
gamma coincidences

3Sr
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Preliminary particle-y coincidence results
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Preliminary particle-y coincidence results

SHARC Energy (keV)
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Preliminary particle-y coincidence results

Excitation Energy (keV)

Particle-Gamma Coincidence Matrix
6p : 7 — 10°

= Excitation energy vs.
gamma-ray energy
spectra will be used to
create P ) for
Surrogate Analysis
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Preliminary particle-y coincidence results

Excitation Energy (keV)

Particle-Gamma Coincidence Matrix

= Excitation energy vs.
gamma-ray energy
spectra will be used to
create P ) for
Surrogate Analysis
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Summary & Outlook

= (n,y) reactions are vital for our
understanding of nucleosynthesis - mr
= Surrogate Reaction Method provides | _,,F!n:@e:iagéééﬁﬁfﬁ
experimental constraints for (n,y) e
reactions far from stability SRR o

= 93Sr(n,y) predicted to have enhanced ~+ + ¢+ i = =
(n,y) rate from [-decay studies Ratkienic, DNP resentatin, 2015

= 3Sr(d,py) preformed at TRIUMF
using SHARC + TIGRESS ]
93 &
= More results to come for ?3Sr and &
955r '-IC-' 10
S
= Many opportunities at FRIB, £
nuCARIBU, TRIUMF -
Gamma Energy (keV)
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Excitation Energy Plots
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Excitation energy with identified levels and gammas
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