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Conﬁrming the importance of Vp process via 56Ni(n,p) reaction measurement
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Neutrino-driven winds in core-collapse supernovae can produce additional neutrons 10” grr r
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through anti-neutrino capture on protons;
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With additional neutron ﬂux, (n,p) cross sections on pvoton-rich nuclei are
usuaﬂy larger by orders of magnitude than that of proton captures,

overcoming the walting pomnts in the raptd proton capture process S6Ni(n,p)*°Co *1 2 10
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5°Ni is the most abundant seed nucleus, so any small neutron reaction such as

(n,p) would make the most impact on yielding a ﬁna[ abundance during Vp

relative to standard

al o

process. Until now, this direct measurement was impossilo le, due to the limited

access to radioactive ’carge’cs and unavailable neutrons’ energy and ﬂux

A time-reversed reaction of °Co(p,n)**Ni using a radioactive °Co beam at
Facility for Rare 1sotope Beams (FRIB) is being pursued; led by G. Perdikakis
from CMU.

Ni Ge y
Fc% Zn s S€ Sr
““Ni(n,p)” Co *1.210
i(n,p) "Co 2518

relative to solar

10
(S 50 60 70 80 90 100 110 120
() Hye Young Lee, LANL ) 80 90 1



LANSCE is a multidisciplinary accelerator
complex serving multiple missions

Uniquely capable of accelerating 8oo MeV of H and 100 MeV of H*
simultaneously, with 120 pulses per second shared among 5 faci[iﬁes
1. 1sotope Production Facility (DOE-Office of Science)
2. Proton Radiography (NNSA)

3. Ultra-Cold Neutron Sowrce (DOE-Office of Science)
4. Lujan Center (NNSA)
5. Weapons Neutron Research (WNR) Facility (NNSA)
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5Ni 1sotope Production at LANL-Isotope Production Facili -
Monorail crane\ | oz e

()lNi ()ZNi \

Stable Stable Stable :

m

Stable S

100 % =2 . 70 on the
d equipment.
S8Fe
Stable 5 Stable Stable Stable ’ker magnet
. 2.1% 0.3%

Ni isotope production cross sections \ \

L e e e e . B S B B

— **Ni (T, . = 146 hours)

100 12

g
=
-g L
R 574 -
= 5 & — N1 (T1/2 = 36 hours)
& <3
72} é! =
Q -
S 10p ~N~— 3 2
o £ 59 59 Ka? 9
n F— ~Co(p,n)” Ni — §
a 59 58, . y =
= Co(p,2n) Ni &
o E : 57 /\ -
! F— S9C0(p,3n)57N1 3 g
) 56,.. T3 2
L Co(p,4n) Ni ] §
i Z
().llllllll | | NI | PP AT S I

cthccnec e . L
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 Ti d
Proton Energy (MeV) ime (days)

W

Manipulators

= Hot cell

Retrieving
target

| Target
chamber

-At LANL, the ﬁrst 55N isotope was pvoduced via 59Co(p, 4n) at 1PF, a reaction samp le was fabricated aﬁer chemical separation at the Hotcell facility, and
the *Ni(n,p) reaction was performed at LANSCE/WNR; -Produced 55755 isotopes by irradiating Co foils with proton energies at 92 MeV, 44-46

MeV, and 22-31 MeV, in ovder to validate the radionuclide producﬂon yie[ds and chemical separation e]f%ciencies at IPF
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Ni/Co separation and ,
target fabrication K.’V
Dpening~

* Improved Ni recovery from 40 % (initial) to 90 % (final) i | - = g A

* Uncertainty: 5-10 % for samp le solution amount uncertainty inside hot cell operation ~1% for samp le counting uncertainty

*Established reliable samp[e characterization methods for this project:
- Analyﬁcal techniques:

a. Inductive coupled plasma-Optical emission spectroscopy (ICP-OES),
b. SEM, SEM-EDS,  c. X-ray Absorption Spectroscopy (XAS)
- Radiometric techniques:

a. liquid scintillator counting (LSC) for Ni-63, b. x-ray spectroscopy for o_75<’ dia. = )

Ni-59, c. gamma spectroscopy for Ni-56 & Ni-57 ’) |
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1sotope Production Facility at LANSCE produces “short-lived” radionuclides. Chemical separation
and thin-target fabrication is performed at Hot Cell facility in TA48. B
Great collaborator is the manipulator inside Hot Cells to handle high radioactivity e
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Advanced (asymmetric-ratio) secondary collimation at WNR was optimized using
Monte Carlo N-Particle (MCNP) code and Laser Tracker for ideal neutron flux, beam spot,

and background, in order to increase the reaction signal sensitivity for highly radioactive

Sampcl@econdary collimation improved neutron

flux and beam spot with immensely reduced Beam image using

back)

“Optimization of Neutron Beam Transport with the Development of an Advanced
Collimation System at the Weapons Neutron Research Facility’,

ound conventional collimation B. DiGiovine, L. Zavorka, H.V. Lee, et al, Nuc. Instru. Meth. A (2021)

Neutron
beam

— —— MCNP simulation

]mproved Beam Imaging
using asymmetric

using asymmetric collimation
collimation

€
() Hye Young Lee, LANL &)R\D

LABORATORY DIRECTED
nnnnnnnnnnnnnnnnnnnn




Ni-59: directly measured cross sections reveal a large discrepancy to the surrogate

measurement

. Direct experimental measurements of cro ections for
eoretica xtvapo lation to lower energies was based on the surrogate ! pert > > 35 sections

unstable long-lived radionuclide (*’Ni) are not possible as
measurement (red circle) at the limited, high energy range and showed a it does not occur in naturally available Ni isotopes| pypdey 2019

directly measured LANSCE data (black circle) - - *Ni(n.xp) JEFF-33 1o bounds

large discrepancy (up to a factor of 4 overestimate), when compared with b I B B LS LR BURLLE BRI EUR AL I
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* Direct measurements on radioactive isotopes should be made, when feasible _ Ni(n.xp) CoH3 with £ 15% LD adjustments
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First directly measured (n,p) cross sections on °Co and 5°Ni (T, =6 days, produced at 1PF)
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o Experimenta[ reaction rates data are compared with statistical

calculation & REACLIB

* Total uncertainties ﬁom the current measurement are ~30 %

Using the measured rate, the elemental abundances dwing

Vp-process are better understood on cons’craining nuclear
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5N is the most abundant seed nucleus, so
any small neutron reaction such as (n,p)
would make the most impact on yielding a

fmal abundance during Vp process.
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Hydrodynamics calculations for nu-p process synthesis

56Ni(n,p) reaction rate
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Wind termination study: temp profile and electron fraction Ye=o0.570

wind1116

Reverse shock

4

Mass fraction

0.01 0.1
time[s]

090001 0.001

LENZ(upper limitjthsg X
LENZ(lower limit)/ths8

80
Mass Number, A

90 100 110

wind1116, t=0.179s, Y(0=0.57

LENZ exp e |
ths8(Reaclib) ------

70

80 100 110 120
Mass number A

20

The nu-p process (Tg = 1.5 — 3) does not terminate due to
the reverse shock, while considering two neutrino reactions:
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Directly measured (n,p) and (n,a) cross sections on *°K (T. =13 Gy)

* For the interest of radiometric daﬂng and vadiogenic hea’cing of exop lanets as destruction mechanism for 40

* total13.8 mg of 4°KCl material was procwed from ]soﬂex (97 % chemical enrichment, 12.8% isotopic enrichment)

* Thin ﬁlm was fabvicated using e[ectrospray deposiﬁon tec’rmique by S. Dede and K. Manukyan at U. of Notre Dame

Ratios of partial cross sections of 39K(n,p,) and 55Cl(n,p,)
reactions in the enriched and natural KCl targets confurm the

atomic percentages between Cl and K of the enriched targets

*Kinpo)“Ar
(Q=0.217 MeV)
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35CI(n.po):GS
(Q=0.615MeV)

|

| L L L L L L

e Ly o,
Reconstructed Q-values for (n,p) reactions of 3¥K(n,p,)
(Q.=0.217 MeV) and 35Cl(n,p,) (Q_= 0.615 MeV)
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“Electrospraying Deposition and Characterizations of Potassium
Chloride targets for Nuclear Science Measurements’, 8. Dede, S. D.
Essenmacher, et al,, Nucl. Insty. Meth. A (2023)
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Led by P. Gastis

LANSCE cross sections and experimentally determined reaction rates
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Directly measured (n,p) and (n,a) cross sections on *4Ti (T = 59.1y) Led by S Kiwvin & H. Jayatisse

* For the interest of gamma-ray astronomy and nuc[eosynthes s in supernovae, as destruction mechanism for 4T
* total 42 PLCi of “4Ti (4X10, 0.30 mg) was produced via 45Sc(p,2n) at TRIUMF in 1999
(natural Ti was 660 times move than that of 44TH)
* Thin ﬁlm #4Ti0, was fabricated using electrop [ating technique with 96% deposi’cion yie[d and 85% recovery of 44Ti in the chemical separation

LENZ preliminary analysis:

o 2201 :
% 200 C 122° < 0., < 1 40° data taken in Dec. 2022 1PF produced radioactive isotopes; purchased through
o - National Isotope Distribution Center (NIDC) at ORNL
180~ En<5MeV 4Ti100 UCi
160 %Al10 nCi
140 : :
m *Ti(n,p )+ “Ti(n,p ,) Plans to fabricate 1PF samples for 2023 run cycle
120
100 - Sean Kuvin’s LANL LDRD Early Career Research Award in
- 2023-2025: “First fast-neutron induced reaction
80 - measurements on “’Al and *Ti for enhancing the
60— interpretation of astrophysical signals”
40—
20—
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Future Work: Optimized solenoid spectrometer for reaction studies with radionuclides to

prov ide /z{gﬁ ﬂde/izj/ data for applications

Conventional
(n,Z) studies

Optlmizegl
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® Reduced radiation damage to detectors to achieve best ’
experimenta[ resolutions

Solid ang[e coverage ~ 2T
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period Gamma | Radioact¥® .
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Blue line: LANSCE neutron beam

Yellow sp here: intrinsic beta decays

Neutrd

Gray sp here: intrinsic gamma decays
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Summary and Outlook

LANSCE with Isotope Production Facili’cy provides a unique capabiﬁty to pevform neutron-induced nuclear reaction
studies d'urecﬂy over a broad energy range on “short-lived” radioactive nuclei

Recently available (n,p), (n,a) and (n,y) rates from LANSCE showed impacts on our understanding of different
processes in nuc[eosyn’chesis, and more to come for nuclear as’crophys lcs interests

Direct measurements with radionuclides not only determine reaction cross sections, but also he[p constrain theoretical

uncertainties in reaction modeﬁng and upda’ce ENDF for missing cross sections

With the developmen‘t of the opﬁmized solenoidal spectrometer and the neutron target faci[i’cy, LANL will continue to
advance radioactive reaction studies at LANSCE.
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