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Anomalous abundance patterns...

ELEMENTAL ABUNDANCE
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The 3-Oslo Method

64|V| N . .
Brink-Axel Hypothesis
For y-ray decay from the statistical
B- (continuum) region, the probability of
emitting a primary y-ray depends on:
B 64Mn
The level density at E;
The y—ray strength function
\ = E;
:__ I'<< D é
,_/}77,7) (fb\\c) P(EJ/ 3 EX ) - p(EX B E}f )T (E y)
64 Qv
A. Spyrou et al. PRL 113, Fe <@
232502 (2014) ¢
S. N. Liddick et al. PRL 116,
242502 (2016) (n,y) cross sections can be calculated using Hauser Feschbach with an
appropriate optical model potential & the level density and ySF as direct inputs
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Total Absorption Spectroscopy with SuN
Summing Nal(Th) Detector

16" x 16”

1.5” (45 mm) borehole

2 halves

4 segments per half

3 PMTs per segment — 24 PMTs
Efficiency > 85% @ 1MeV

A. Simon, et al., Nucl. Instr. Meth A 703, 16 (2013)
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3-Oslo with SuN
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Designing a B-Oslo experiment

B-Oslo Method ﬁ Raw matrix 10°
88Kr : 83Kr l
| ny B .
Unfolding 107
10

Even with pure beams, the decay chain
causes a build up of radioactive nuclei

- 83Y stable

B =50 50563 ¢ 1000 2000 3000 4000 5000 6000 7000
E, (keV)
8Rb 15.32m
8Kr3.15m
. 89Br 4.357 s Isotope production rate ~1000 pps

Detection rate ~10ct/s
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Total Absorption Spectroscopy with SUN  Sarmmind Nal(Th)
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SUNTAN:
Summing Nal(Th) [SuN] detector + Tape system for Active Nuclei

: SuN
PMT Lead bricks

chamber

Tape storage

Based on design by E.
Zganjer, LSU, and ANL’s X-
array tape station

Tape

Beam
No reel
Feeding, tensioner, motor
driver optimized over
several generations of
design
“the Fiber detector”
beta-detection
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Beta Scintillator — The ‘Fiber detector’

Fiber optic signal transport
Octogon, 4 fibers per side
2 PMTs - every other fiber

| Tape
“catcher target

V24
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Beta Scintillator — The ‘Fiber detector’
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42S Experiment - Commissioning

“2Ar| 329 (11) yr Control Sequence:
A22C|| 6.8(3)s

> Beam on, collect implants
> Beam off — wait

**S | 1.030 (30) s

. > Move tape Setting Collect Wait
S 3029 keV 16% Beam

1267 keV 17% B 25 s 25 s

Il C 2S 2S
\ 4416 keV 17% D 5s 25s

2C| 4045 keV 26% . c =
S S
2413 keV 26%

F 10 s 20 s

2Ar
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SUnTAN Commissioning Experiment
TAS: Energy Levels Observed with SuN

Total Absorption Spectrum
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SUNnTAN Commissioning Experiment
Time Spectrum from the Fiber Detector
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Summary: SUunTAN + i-process neutron capture

46
- Rate Variation Factor
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P. Denissenkov, et. Al 2018 J. Phys. G: Nucl. Part. Phys. 45 055203



Features Iin y—raySFks

M. K. Smith

Photon Strength Function
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Features Iin y—raySFks
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Low Energy Enhancement: >°Fe

ANoinov et al, PRL. 93, 142504 (2004)

0tk ¢ Fe(°He,ay), Voinov et al.
s~ 10°F - *Fe(p,py), Nal:Tl
> - 56
2 - ¢ Fe(p.p’y), LaBr :Ce
— B 59Co(y,n), Alvarez et al.
s .
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Potential Impact on Neutron Capture Rates

M. K. Smith

—t
=
F-J

—i
=

Rate (upbend)/Rate (no upbend)
=)

30 40 50 60 70 B8O 90 100 110
N

A. C. Larsen et. al., EPJA 66 (2014)
A. C. Larsen, S. Goriely, PRC 82 014318 (2010)
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LEE throughout the landscape =22
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LEE throughout the landscape =82

A. C. Larsen, et. al. PRC 97 054329 (2018)
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Future SunTAN Experiments A

Argonne

MATIONAL LABORATORY
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More than 50% of elements with
/>26 were created through neutron-

capture reactions 5 —am
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ELEMENTAL ABUNDANCE
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Calculating Nuclear Cross Sections

Hauser-Feshbach theory

J’t J*

B
Oup =71, * (2i, +1)(2J +1)Z( ZT;“

Transmission

( A\ coefficients
YSF ||y ray strength function |«
\ J
7 \\
OMP || Optical model potential (<&
\S y) ) 5 ]
HCDYACBEAC AT
NLD - £

Nuclear level densities
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B-Oslo Analysis

E (MeV)

M. K. Smith
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Compton scattering
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Background — Gamma Strength Function?

Discrete States (Low Energy Nuclear Structure)
Selection Rules:

Ei, Jis 7, NERTESEVERNA
Transition Probability
depends on y-ray energy, y-ray Electric multipole radiation
lifetime of i, and decay Ar = (-1)-
E. J. T Each photon carries a definite M " ltinole radiati
fr Vi Y angular momentum, L > 0 agnetic multpole radiation
Arn = (-1)-+
High Density of States — Overlapping of states (High Energy Nuclear Structure)
: rI'=AE
I Transition Probability %
2 Average over
T A2 several states
A==={(F[H]E) pCE,)
< h y

M. K. Smith

(A) (L)
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