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SENSITIVITY STUDIES

roton Number (Z)

A Dynamical r-process simulations,
each varying one piece of nuclear
data

A Found masses (especially around
closed shells) had greatest impact on
final isotopic abundances

A Two areas of interest to the CPT:
Rare-Earth Peak and A~195 Peak
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R PROCESS STUDIES AT ANL
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R PROCESS STUDIES AT ANL
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CARIBU
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CARIBU
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CANADIAN PENNING TRAP
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PENNING TRAP MASS SPECTROMETRY
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PIl-ICR

A Developed by SHIPTRAP group
[1], now being adopted by other
. Penning trap mass spectrometers
A Use a position-sensitive MCP to
infer the instantaneous phase of
the orbital motion of an ion ejected
from the Penning trap Holder MCP stack
A Measure the phase advance S
over some period of time to
determine the frequency of orbital semm
motion

P2 — 1
27t

*" Delay lines
[1] Eliseev etal. PRL 110 082501 (2013)
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PIl-ICR
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PIl-ICR
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PIl-ICR
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BENEFITS OF PI-ICR

A Spatial Resolution of Contaminants
A Can do measurements of highly
contaminated beams
A Low rate threshold: here 0.004 ions per

second ° i
A Every detected ion contributes to = 4
measurement £ :
A Higher-precision measurements > S la

A Order of magnitude improvement over

_ 0
TOF-ICR 0 "u ""‘I- :
- H BN
A Faster measurements u am ™
-4 -2 0 2 4

A Nuclei with shorter half-lives >

-6
X [mm]

#%, u.s. DEPARTMENT  Argonne National Laboratory is a
L o U.S. Department of Energy laborator,
(@) TENERGY L ey Argonne &

nnnnnnnnnnnnnnnnnn




CARIBU R-PROCESS RESULTS

1.0F » AME2012
& AME2016
~ A CPTat CARIBU

Sm (Z=62)

M = Mpz [MeV]
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Reverse engineering framework : Pioneered by M. Mumpower (Los Alamos Nat. Lab.)
and R. Surman (Notre Dame) and most recently carried out by N. Vassh (TRIUMF).

Red band : A mass prediction which reproduces the observed REP in the abundance pattern
from r-process simulations, carried out for a hot, low entropy neutron star merger wind scenario.

R. Orford, N. Vasshet al., PRL 120, 262702 (2018).
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R PROCESS MEASUREMENTS
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R. Orford, N. Vassh, etal., PRC 105, L052802 (2022)
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MASS MEASUREMENTS AT CARIBU
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MASS MEASUREMENTS AT CARIBU
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CARIBU R-PROCESS RESULTS
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CARIBU R-PROCESS RESULTS
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MASS MEASUREMENTS

Proton Number, Z
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NUCARIBU

Ap,’Li reaction will be used to produce neutrons

Compact accelerator from

BEST CYCLOTRON Neutron producing target,
SYSTEMS moderator and shielding
— oy assembly
I—-—15 H‘—'-{ /igh voltage deck ‘ \/[ /
=1 I — /

as cothcer

1l T

ission torget
7Li target

Avoilable space/

Fence/

fe==)
(Ve w—

#5% 1S, DEPARTMENT Argonne Nationsl Laboratory 153
a ] .S. Department of Ener laborator,
(@) TENERGY L ey Argonne &

nnnnnnnnnnnnnnnnnn



END OF CPT AT CARIBU

ACARIBU Mass measurement campaign finished

ADisassembled from CARIBU room in Spring 2023
to make room for nuCARIBU
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R-PROCESS STUDIES AT ANL
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R. Kruecken, arXiv:1006.2520 (2010),
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MASS MEASUREMENTS AT CARIBU
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ASTROMERS

o+ Tin=636s

26 A 1m
13Al

5 T,=72%10%y

AAstromers [1] are nuclear isomers with an & @
. . A
Impact on astrophysical processes 2, fao’ K

AGenerally, these are isomers S | —
with significantly different half-lives that can e I W
be populated during nucleosynthesis dable 3| )7 1adses ey

Pop g y .
7 . 26
AA notable case is 26mAl 12Mg

[1]: G.W. Misch et al., Astrophys. J. Lett. 913, L2 (2021)
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ASTROMERS

ARecently, interest has grown in the effect of astromers on the r-, i-, and s-
processes

AHere, isomers can be populated in various methods, including directly in
decays, thermally in the astrophysical medium, or during neutron capture

AThese astromers can impact nuceosynthesis by deferring or accelerating heating
and produce identifiable electromagnetic signals

AWith the identification of several interesting potential astromers, a campaign of
mass measurements were embarked on using the CPT at CARIBU

Fujimoto et al., Astronom. Soc. Lett. 493, L103 (2020); Misch & Mumpower, Eur. Phys.
J. Spec. Top. 233 1075 (2024); Tannous et al., Astrophys. J. 986 107 (2025)
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128M-SB

ASensitivity studies indicated that 122mSp was potentially a high-impact astromer in
the r process

A128Sp has a half-life of ~9 hrs and boosts heating in the r-process for several
hours, affecting the light curve

A128mSh has a half-life of only ~10 minutes, and should be preferentially populated
in 128Sn decay

Almpact is determined by level structure and excitation energy of this isomer

I Argonne National Laboratory is a
; Argonne

%, s, pEPARTMENT  frgorme o
D of ENERGY  riasaci iy Ghiags iome (16



128M-SB

@

AMasses of 128Sh and 128mSph measured using ‘ 16
CPT @ CARIBU i

AExcitation energy found to be 43.9(3.3) keV, y
much higher than the ~10 keV energy from
previous evaluations -2

Y [mm]
o

AAlongside shell model calculations of 128Sp,
this indicates the thermalization temperature
of 128mSh between 1 and 9 keV
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128M-SB

AGiven the 10-15 minute timescale at which °] 5
128GD is believed to be populated in the r d 14
process, the temperature of the environment ~ * 12
will be <1 keV = ] 10 4

£ o

AThus, 128mSp is an r process astromer %l ol

AD.E.M. Hoff et al., PRL 131 262701 (2023) )
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119M-AG

AMass measurement of 119Ag and 19mAg

AExcitation energy measured to be - L
34.3(53) keV, higher than the 20# keV 27 .
from the AME (and consistent with

4.0

E 0 " N o
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_2— -
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llEIgAg+
e I T
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119M-AG

Temgerature (GK)
& 06 0.7 08 05 10 11

AThis improved resolution of these states W | e Ay e A Mo
allowed the estimate of beta-decay i — ]
thermalization temperature

104 E (_,-":#.-- :
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119M-AG
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NEAR 132SN

ASeveral candidate astromers identified near 132Sn, where shell closure has
significant impact both on i-process path and on r-process decay back to stability

AMass measurements of several isotopes in this region completed and impact as
astromers simulated

AResults in preparation
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CONCLUSIONS

A CARIBU was a facility that used a large 252Cf source to produce rare isotope
beams

A The CPT at CARIBU used the PI-ICR technique to conduct Penning trap mass
spectrometry

A The final CPT @ CARIBU program focused on two areas of interest to nuclear
astrophysics:
T Mass measurements aimed at understanding the origin of the rare earth peak
T Mass measurements exploring 'astromers'

ACARIBU is being replaced by nuCARIBU, but the CPT is moving to the N=126
Factory
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CONCLUSIONS

A CARIBU was a facility that used a large 252Cf source to produce rare isotope
beams

A The CPT at CARIBU used the PI-ICR technique to conduct Penning trap mass
spectrometry

A The final CPT @ CARIBU program focused on two areas of interest to nuclear
astrophysics:
T Mass measurements aimed at understanding the origin of the rare earth peak
T Mass measurements exploring 'astromers'

ACARIBU is being replaced by nuCARIBU, but the CPT is moving to the N=126
Factory
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THANK YOU
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