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overview of astrophysical processes
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summary: gamma-rays from r-process nucleis

The origin of the heaviest elements in the r-process of nucleosynthesis has
been one of the greatest mysteries in nuclear astrophysics for decades. Can
gamma-ray astronomy contribute to its resolutione

Burbidge, Burbidge,
Fowler, and Hoyle 1957

The abundances of r-process isotopes in the galaxy
are too low for general observations. However, if an
r-process event occurs close enough, we can
potentially see gammas from the transient.
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Exactly which isotopes are the best candidates for
such observations depends on (largely unknown)
nuclear physics far from stability. Upcoming
radioactive beam facilities such as FRIB can
potentially dramatically reduce these uncertainties o
and facilitate the development of precision r-
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r-process nucleosynthesis
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GW 170817 kilonova
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NSM environments for element synthesis
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NSM environments for element synthesis
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GRB170817 + galactic chemical evolution
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- GW170817 kilonova: gold?

Astronomers just proved the incredible origin of nearly all gold,

platinum, and silver in the universe
E Science News from research organizations

Dave Mosher & % N\ ¥
@© Oct. 16,2017,10:35AM 4 54,916

Astronomers strike cosmic gold, confirm origin of pre-

B B COEEEN IEB I  cious metals in neutron star mergers

First observation of light from neutron star merger reveals new cosmic phe-
nomenon, opens new field

TECHNOLOGY > SPACE

Neutron collision tells us about how gold is made -
and possibly the secrets of the universe f
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Live Science > Space.com

Neutron-Star Collision Reveals
Origin of Gold, Astronomers Say

By Jesse Emspak, Live Science Contributor | October 17,2017 11:51am ET
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GW 170817 kilonova interpretation
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GW 170817 kilonova interpretation

winds from NS remnant (~ms-|s)

Logyold®M/dtd@l [Me s7* str™']
-4.50 -3.00 -1.50

f dynamical ejecta (~ms)

1200

2 [1000 km]

log(plg/cm3])

200 250

-3 . -3 10-2 -1
Mtot N]_O M@ me(lo 10 )M@S
v > 0.2c v < 0.1c

accretion disk (~| Oms-q

outflows

z [km)]

Mtot Z 10_2M®

v~ 0.1lc J

blue KN in GW170817

slide from D. Siegel
Siegel & Metzger 2017, 2018

red KN in GW170817



integrated nucleosynthesis with neutrinos
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24Cf and late-time radioactive heating
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24Cf and late-time radioactive heating
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254Cf: observational impact
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merger outflow nucleosynthesis:

required nuclear data
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Impact of mass uncertainties
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Impact of mass uncertainties
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experimental prospects at FRIB

AME 2016
FRIB Day 1 reach
FRIB design goal

@ Facility for Rare Isotope Beams
&w at Michigan State University




experimental prospects at FRIB
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summary: gamma-rays from r-process nucleis

The origin of the heaviest elements in the r-process of nucleosynthesis has
been one of the greatest mysteries in nuclear astrophysics for decades. Can
gamma-ray astronomy contribute to its resolutione

Burbidge, Burbidge,
Fowler, and Hoyle 1957

The abundances of r-process isotopes in the galaxy
are too low for general observations. However, if an
r-process event occurs close enough, we can
potentially see gammas from the transient.
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Exactly which isotopes are the best candidates for
such observations depends on (largely unknown)
nuclear physics far from stability. Upcoming
radioactive beam facilities such as FRIB can
potentially dramatically reduce these uncertainties o
and facilitate the development of precision r-
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deducing r-process conditions from abundance
pattern details: the rare earth peak
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deducing r-process conditions from abundance
pattern details: the rare earth peak

10°
mass modification parameterization:
<10"
M(Z,N) = Mpz(Z,N) + aye (Z=CO)/2f =
10

0.12} hOT, (n,Y)‘(%n)
[ equilibrium
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Mumpower, McLaughlin, Surman, Steiner 2016

0
)
N
(®)
o
<
(@)
N
)
N
@)
N
<.
2%

R Surman
Notre-Dame



deducing r-process conditions from abundance
pattern details: the rare earth peak

mass modification parameterization:
0.5

—(Z-C)?)2 : |

M(Z,N) = Mpz(Z,N) +ayeZ=7/2F 2 }.
S:—o.s— *
o.1af ‘ 10
0.12f hOT, (n,Y)‘(Y/n) 1:0:
0.10f HH T
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., E 0.0 *
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ol Cold, very | :
o100 neufron-rich
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0.02+ ‘ ‘ ‘ ‘ s -4 -1 .
150 155 160 165 170 175 predicted mass trends for the

Neodymium (Z = 60) isotopic chain

Mumpower, McLaughlin, Surman, Steiner 2016
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updated reverse engineering calculations

Pr (Z=59) 101 o cpraon2 Nd (Z=60) 1.0 Pm (Z=61) ]
A CPT 2017 1
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reverse engineering calcs led by Nicole Vassh + masses fromm CPT at CARIBU

Orford, Vassh, et al, PRL 2018; Orford et al in prep; Vassh et al in prep

Notre-Dame
RA202020°AUg 2018

R Surman



required nuclear data: beta decay -

beta decay rates fromm NUBASE 2016 Y
1 CH masses
L beta-decay rates
=R beta-delayed neutron emission probabilities
Ao neutron capture rates
. =.;.E'§m. . fission rates
- fission product distributions
gt B neutrino interaction rates
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beta decay uncertainties and impact
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required nuclear data: neutron capture -

neutron capture rates from KADONIS

masses
beta-decay rates

beta-delayed neutron emission probabilities
neutron capture rates

Liddick+2016




required nuclear data: ™

fission properties

FIRE: Fission In R-
process Elements
US DOE/NNSA

Topical Collaboration
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Calculated Fission-Barrier Height
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Holmbeck, Surman,
Moller, submitted



