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Constraining Neutron Capture Rates

- Since direct measurements of neutron capture are
1mpossible with radioactive isotopes, we require an
alternative

- Instead, we can calculate it using data taken from
indirect measurements

—>The Oslo Method

- Using Brink hypothesis with spin corrections, decay
properties can be measured with population by B-decay
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Intro to the Oslo Method

- The Hauser-Feshbach neutron-capture cross-

section 1s dependent on the Nuclear Level Density
(NLD) and y-Strength Function (y-SF) Th2 1

A
D@+t
Z Trot

Ony = =——
- NLD: Density of excitation as a function of energy W 2B () + D2 + 1)

+ y-SF: Strength of decay for a given y- ray energy

E
- What data do we need? j;/:Zj];/V+jEVZI];)’ - pdE
I

« Nuclear level structure information 1%

* The ratio of Y-decaff intensities as a function of y-ray
energy per parent level

- Experimentally measure shell structure and — (2L+1)
Y—delzocays of yielﬁ nucleus Tx1L (EV) - ZTEEY fxi (Ey)
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f-Decay with SuN

- SuN — Total Absorption Spectrometer —)p
composed of 8 large volume Nal
crystals, each with 3 PMTs

- SUNTAN - Tape Transport System

- Fiber Detector - B-detection via
scintillating barrel coupled to PMTs

i & [A. Simon, S.J. Quinn, A.
\ o Spyrou et al, NIM A 703, 16
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g -
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Total Absorption Spectrometry

NIVERSITY
l_oJfGUELPH

3/20)

3:Rb

100% [~ decay

S, = 5.775 MeV

4078 keV

3693 keV

2658 keV

2065 keV

1943 keV

5/2+ 91_
3891

94 keV

10



Total Absorption Spectrometry

NIVERSITY
l_oJfGUELPH

3/20)

3:Rb

100% [~ decay

S, = 5.775 MeV

4078 keV

3693 keV

2658 keV

2065 keV

1943 keV

5/2+ 91_
3891

94 keV

11



Total Absorption Spectrometry
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Total Absorption Spectrometry
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-Oslo Method

* Correct (E,,E,) matrix for detector response via
“unfolding”

S+E y-strength function (log scale)

=}

« Extract primary y-rays for each excitation-energy
bin

« Extract nuclear level density (NLD) and y-strength
function (y-SF) from primary y-ray matrix

Excitation energy E,
A3 ASusus A

* Normalize NLD and y-SF using known discrete
levels and NLD at neutron separation energy S,

* Use the NLD and y-SF to guide models to be used

as input in the nuclear reaction code TALYS \ v
Ground state Y,

of compound nucleus

UNIVERSITY
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Producing Primary Matrix

Raw matrix
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Producing Primary Matrix
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Producing Primary Matrix

Raw matrix “Unfolded” matrix
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Constraining Nuclear Level Density
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Constraining Nuclear Level Density
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Constraining y-ray Strength Function
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Constraining y-ray Strength Function

*'sr from ®'Rb p-decay, NSCL measurement
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Experimental Results
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Summary

- Populated ?'Sr via B-decay at NSCL in 2018 and measured with
with SulN total absorption spectrometer

- Performed TAS on data to limit it to only B-decay events from ?'Rb

- Performed the Oslo method to produce the primary matrix and
extract the NLD and y-SF

- Bound the NLD and y-SF normalization to theory in order to set
final uncertainty on the neutron capture cross section

- Currently in collaboration with modelers to determine the final
1mpact on 1-process abundances
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