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A brief introductions to the state of
(a,n) reactions in the literature

* Many of the high energy resolution (o, n) measurements were
made at ORNL in the 60’s and 70's using a flat efficiency graphite-

sphere neutron counter.

e These are all TOTAL cross
section measurements
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Fig. 1. Neutron spectrum from a '°F target obtained with a stilbene acintillator.
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A brief introductions to the state of (o, n)

reactions-in the literature

* Limited angular coverage
* Can’t convert to angle integrated cross section
* Are usually not used in the compilations



Partial Cross Sections

Pigni et al. (2020)
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. No partial XS data!
Partial cross sections in the 109 I P
evaluations are based on statistical 0.0 1.0 2.0 3.0 4.0 5.0
model calculations, which are not Incident -particle energy (MeV)

very accurate (order of magnitude).




How are these partial cross section
estimated in the compilations?

* Total cross section is
measured

* Branching ratio is then
calculated from a statistical
model

e Present Measurement (8 = 90°)
o Spear et al. (1967), (6 = 45°)

* But statistical models are — JENDL (divided by 41)

not very accurate for light
nuclel!

* Population of different 5. 56 58 60 62
Laboratory Energy (MeV)
resonances y Energy
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The need for partial cross sections

* Neutron energy spectrum for ' JENDL-AN

a Plutonium Oxide matrix . SOURCES4C

Anderson(1967)
* Pu decay produced neutrons
up to about g MeV

Relative intensity

* Use of partial ¥:*80(a(,n) cross
sections from JENDL-AN give
a very poor reproduction of
the thick target data

hlck
sample

Emerging neutron energy [_llel )

Pigni et al. (2020)

2.0 3.0

* Need partial cross sections



Background reactions in neutrino
detectors

* Actinide decay chains
produce a-particles up
to 9 MeV (Radon—>Po)

. 13C(Ot,n)160 z ovd | —e— KamLAND data
(KAM LAN D), "': o 2320500 | 35 ==+~ no-oscillation
70(a,n)?°Ne, [ BESsesst c3oe i e
80(o,n)**Ne (SNO) act
as a neutron
background sources

* Need partial cross
sections in order to
simulate accurately

Efficiency (%)
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Neutron Data Evaluation

Detailed balance

1 Bair, 1973 x 0.5 —e—
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Need ground state partial cross section




Nuclear Astrophysics

* First star nucleosynthesis: *°B(a,n)3N,
1B (01, n) 4N

* Primary s-process reactions:
13C(a,n)**0 and *?Ne(a,n)*Mg

* Secondary s-process reactions:
70(a,n)?*°Ne, *¥0(a,n)**Ne,
25Mg(at,n)?8Si, 2°Mg(at, n)?9Si

The Red Giant, U Cam, ESA/NASA



How can we get this data in an Michae
Febbraro

efficient and cost effective way?

* The ORNL Deuterated Spectroscopic Array ---
ODeSA

* High efficiency, cost effective detector

* High beam current, good energy resolution
accelerator

 Santa Ana Accelerator --- University of Notre Dame

* Up front hurdles: calibration (response matrix)
and unfolding algorithms

* 1to 2 weeks of beam time, full differential and
partial cross sections can be measured

 Data analysis is main time component (1-2 years
of dedicated graduate student work)

Febbraro et al. (2619)



B Sp— Spectrum Unfolding

—— Predicted Spectrum

Light output spectrum

Liu et al. (2019)

Neutron Energy Spectrum

Maximum Liu et al. (2019)
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Response matrix

Calibrations preformed at the Edwards
Accelerator Laboratory at OU

Fig. 9. Response matrix generated using a broad energy neutron source from a thick
target 27 Al(d. n) reaction at E; = 7.44 MeV [12].



Secondary y-ray angular distributions

GEANIE HPGe

~ detectors on loan
#” from LANL

| ‘ Aaron Couture

* Provides a complementary
method of measuring many
excited state reactions
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Fig. 5. Reaction scheme for @+ '®0 cross sections, including neutron emission.

2% 1982.1 keV

B; and B, are the g-particle and neutron binding energies, respectively. These
values are based on the AME2016 atomic mass evaluation (Wang et al., 2017).
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Secondary y-ray decays from the partial-wave T' matrix with an R-matrix
application to "N(p, o) *C

Carl R. Brune

Edwards Accelerator Laboratory, Department of Physics and Astronomy, Ohio University, Athens, Ohio 45701, USA

R. James deBoer'
The Joint Institute for Nuclear Astrophysics, Department of Physics, University of Notre Dame, Notre Dame, Indiana 40556, USA

* BC(a,ny)**0

*70(o,ny)*°Ne
*180(a,ny)**Ne
* 25Mg(ot, ny)28Si

—— from Bray et al. (1977) parameters
I from deBoer et al. (2017) parameters
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distributions

Febbraro et al.
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This work Ng

Prior et al. (2017) ntotal

Gibbons and Macklin (1959)I"Itot |
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70(a,ny)?°Ne & 25Mg(at,ny)2°Si
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2018, Secondary y-ray angular distribution
setup with HAGRID

Differential Cross Section (b/sr)

Cross Section (barns)
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Anderson et al. (Secondary y-rays)

Falahat thesis ('He counter, background subtracted)
Van der Zwan and Gieger (nl)
3 Current Work (nl), 8 = 125°, scaled to V&G

— = SAPPHIRE (HF calculation)
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Measurement Expectations

* Uncertainties
* Target thickness usually dominates (as usual) --- 5 to 15% level

* Efficiency uncertainty --- 10% level
* Relative angular distribution uncertainty --- 5% level

Unfolding uncertainty --- 5% level
* Raw stats, usually no problem
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Deuterated liquid scintillator

What's next?
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measurement A
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* Higher mass range
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* Proton induced reactions?
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Fig. 1. Neutron spectrum from a '°F target obtained with a stilbene scintillator.

Van der Zwan and Geiger (1977)




Summary

* (a,n) cross sections on light elements are needed for a wide range of
applications

* Past measurements are nearly all total cross sections. Partial cross sections
are needed!

* A cost effective and efficient solution for (or,n) measurements
* Deuterated liquid scintillators for prompt neutron detection
* HPGe or LaBr, for secondary y-ray detection
* Notre Dame high current accelerator system (Santa Ana)
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