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OUTLINE

aAWhy measure masses?
aQWhich masses should we measure?
QHow do we measure masses?

R. Orford -- WNAO ATLAS 2019 -- Argonne



The rare-earth abundance peak

Two proposed methods to form the rare-earth
abundance peak:
1. Dynamical formation during freeze-out
2. Fission cycling

+* r-process elemental abundances
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O Nuclear structure effect near N = 100 causes

material to “pile up” and funnel into the A~165
peak.

O Feature is not predicted by mass models
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Kn OWnNn masses ~2950 measured masses in AME2016 = =

~7000 nuclei
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Techniques: _ _ _ _

« TOF (very fast, low precision) Q Little experimental data in the N = 100 region

- Storage rings (fast, many measurements at once) 0 Need more nuclear physics input including

« MR-TOFs (fast, low resolution) masses, half-lives, neutron-capture rates, and

« Penning traps (“slow”, high resolution, high precision) B-delayed neutron emission probabilities to help

guide theory.
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[1] Huang et al. Chin Phys. C 41 03002 (2017)
[2] Koura et al. Prog. Theor. Phys. 113 305 (2005)
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Masses by technique
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Penning trap (CPT at Argonne)
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MR-TOF

Multireflection time-of-flight mass separator

65432 1 1 23456

Q Fast (~10s ms), simple, high
resolution (R ~ 100,000) isobar I I
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Penning trap mass measurements
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TOF-ICR
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« For more exotic nuclei we need higher sensitivity




PI-ICR

Phase-imaging ion-cyclotron resonance , — 4B _ ¢et27N
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t ejected from the Penning trap - final spot
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Resolution extremes
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MR-TOF + PI-ICR
Beam of A/q = 150/2+
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Benetfits of PI-ICR
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Accuracy

Comparison with TOF-ICR
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Astrophysical impact

Step 1: Measure masses

Step 2: Find some theorist friends

Nicole Vassh  Rebecca Surman Matthew Mumpower Gail McLaughlin

Notre Dame  Notre Dame Los Alamos Nat'l NC State
Lab.
gStep 3: Find a big computer
LCRC Argonne

~
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[1] D. Atanasov et al. PRL. 115, (2015).
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Step 4. Compute the r process

O Simulate an r process under some astrophysical
conditions and obtain elemental abundance Dattern
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Observed abundances under 122 124 126 128 130 132 134 136
specific conditions A

O Add new masses to the
simulation and repeat

O Compare both results to the
observed abundance pattern.

Mass fraction

L Compare predicted masses to measured ones.




Reverse-engineering mass predictions
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O Hot, neutron-star merger wind scenario

O CPT masses are consistent with the predictions given this scenario!

O Next step is to examine other astrophysical scenarios and make further neutron-rich
mass measurements

[1] R. Orford, N. Vassh et al. PRL 120 262702 (2018)
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Other i1sotopic chains
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The rare-earth factory

0 N = 126 factory coming soon

Q Will also be a versatile rare 0000 00 136Xe +164Dy
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SUMMARY

L More neutron-rich mass
measurements are
needed for the r process

Q With PI-ICR the CPT will
be busy over the next
several years at CARIBU
and atthe N =126
factory
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Collaboration
MCGlll F. Buchinger

Argonne; J

NATIONAL LABORATORY

K.S. Sharma, A. Valverde, D. Ray,
S. Geddes

G. Savard, L. Varriano

A. Aprahamian, R. Surman, M. Brodeur,
N. Vassh, D. Burdette

M. Mumpower

G.C. McLaughlin

R. Orford -- WNAO ATLAS 2019 -- Argonne

Students
Post-docs

A. Clark, W.S. Porter,

X. Yan

CPT Veterans:

S. Caldwell (UofC)

N. Paul (ND)

T.Y. Hirsh (UofMB)
G.E. Morgan (UofMB)
A. Nystrom (ND)

T. Kuta (ND)

D. A. Gorelov (UofMB)
A. Sacchetti (Guelph)
D. Lascar (ANL)
J.W. Klimes (ANL)

R. Orford (McGill)

J. Pierce (UofC)

M.T. Burkey (UofC)
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