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S-PROCESS NEUTRON SOURCES
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BACKGROUNDS IN TON SCALE
EXPERIMENTS
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* Trace actinide contamination in all materials,
which decay producing a-particles up to 8 MeV
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+ 13C(a,n)'%O reaction can occur on carbon
present in the detector

* Ex:JUNQO, Daya Bay, KamLAND, Borexino, LENA
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* Higher energies are very important but | won’t
discuss this in this talk
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CROSS SECTION AND S-FACTOR
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S-FACTOR DATA AT LOW ENERGY

Kellogg et al. (1989) (?)
Drotleff et al. (1993) (?)
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« Gaoeral (JUNA) (2022) (10%)
Gao etal. (SCU) (2022) (10%)
- v this work (13%)

10’

T T T
H ¢ O X

High efficiency for low count rate experiments

Yields are still sensitive to the underlying
neutron angular distributions, which are usually
unknown!

Angular distribution data, even at higher energies,
can complement the angle integrated data.
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See Weiping Liu’s talk later today for more on
the JUNA facility and Bingshui Gao’s for the
3C(a,n)'®O measurements
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PROBLEM: 47 DOESN’T REALLY MEAN 4r
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PHENOMENOLOGICAL R-MATRIX FIT
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AN ALTERNATIVE INTERFERENCE
PATTERN
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JUST THE R-MATRIX FITS

Near threshold
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Differential Cross Section (b/sr)

ANGULAR DISTRIBUTIONS
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THE FIT IS DECEPTIVELY COMPLICATED

There are actually multiple
subthreshold levels, although one
clearly dominates

There are many background levels
as well

To EXTRAPOLATE, we need
to constrain the MODEL

Angle integrated cross section
Differential cross section
Polarization data

Greater model constraint
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UNIVERSITY OF NOTRE DAME NUCLEAR
SCIENCE LABORATORY

5 MV single ended accelerator

* Institute for Structure and Nuclear
Astrophysics (isnap.nd.edu)

* Three research accelerators
* 5 MV ssingle ended

* High beam intensities of protons and alpha
particles

* Dan Bardayan’s talk on Wednesday




DIFFERENTIAL CROSS SECTIONS WITH ODeSA

Febbraro
(ORNL)
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* ORNL deuterated spectroscopic array (ODeSA

* 9 deuterated liquid scintillators (one had issues)
* | EJ3I5

|0’s of microamp beam intensity from ND 5U accelerator



SPECTRUM UNFOLDING

* Experimentally determine
detector response in
separate calibration runs

* No time of flight
information needed!

* No flight path distance
restrictions

* Very efficient
measurements
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ND DIFFERENTIAL CROSS SECTIONS
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R-MATRIX FIT EXPANDED TO NEW DATA

* Fit was expanded from 1.2 up to 2 MeV
CM frame and the differential data from 5
this work was added

* A lot more levels here, built off of the
ENDF/B fit from LANL (Gerry Hale and
Mark Paris)

A good fit was achieved (y2/N = |.6)
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ALSO INCLUDED

TOTAL '¢O+n CROSS SECTION DATA IS

» Total cross section n+'¢O

* Puts strong constraints on
the '3C(a,n)'¢O cross
section at higher energy

Cross Section (barns)
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THE PUNCH LINE

* Differential data provides
additional constraint to
the R-matrix fit, reducing

the uncertainty from 10
to 5%.

Some additional tension

with low energy data and
ANC (fit overshoots)

Previous interference
pattern that was allowed
without the differential
data is now forbidden
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CONCLUSIONS

MCNP setup

We have rapidly pushed into a new uncertainty range 30% —> 5% over the simulation
last few years

Differential cross section measurements provide

* additional constraints on the R-matrix model

* are needed to correct the yields from 4n detector measurements
that reduced the uncertainty from about 10% > 5%

Further improvement even seems on the horizon

* Reaching the goal of astrophysics uncertainty?

¢ Can be used as a new calibration standard!

Look for more (a,n) from ND in the near future!
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EDINBURGH AZURE2 R-MATRIX
WORKSHOP

A workshop dedicated to learning how to use the AZURE2 R-matrix code
Local organizer: Marialiusa Aliotta
Introductory theory

A series of hands on examples

June 22 to 28, 2024, University of Edinburgh

Scotch

azure.nd.edu




E (MeV)

LEVEL DIAGRAM & R-MATRIX
ANALYSIS
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NUCLEAR NONPROLIFERATION

Nondestructive assay (NDA)

Can be done through neutron detection
from fissile material (like UF/)

Unaccounted for (a,n) reactions on light
nuclei can skew the results

DOE scoping study (ORNL/TM-
2020/1789) puts the following reactions at
top priority: '°F(a,n)?2Na, '3C(a,n)'¢O,
'0B(at,n) 3N, ''B(at,n)'*N, “Li(at,n) '°B,
®Li(a,n)’B




NUCLEAR ENERGY

Cook Nuclear Plant, St. Joe, Michigan, USA

* Helium generation and release in oxide fuel

* Embrittlement of structural material

- 160(n,a)"3C




