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Applications: Fuel Content
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Particle physics, nuclear data, and non-proliferation/monitoring application spheres rely to
varying degrees on an accurate and precise understanding of the true aggregate
antineutrino energy spectrum generated by each primary fission isotope.

The goals of this session are to identify future experimental, theory and software
improvements that can expand understanding of directly-measured and indirectly-predicted
antineutrino spectra, and to define the extent to which each of these improvements will
benefit the three spheres of application described above.




Day 3 Sub-Sessions and Questions

Sub-Session 1: “How will an improvement of X% in my antineutrino spectrum
Overview model / measurement improve my ability to do Y?”

Sub-Session 2:

_ “Reactor neutrino data is nuclear data. What is needed to get
Direct Source Term Measurements

it in the pipeline and maximize its utility as nuclear data?”

Sub-Session 3:
Fission BetaistpSpectra for
Conversion Model Predictions

“Fission beta data is nuclear data. What is needed to get
it in the pipeline and maximize its utility as nuclear data?”

Sub-Session 4: “What other prediction inputs can be improved?"
Prediction Inputs and Software Tools "How can we make neutrino models/data more accessible?”

The goals of this session are to identify future experimental, theory and software improvements that can expand
understanding of directly-measured and indirectly-predicted antineutrino spectra, and to define the extent to which
each of these improvements will benefit the three spheres of application described above.



Anna Hayes (LANL)

3 T |

: : - - - i — TUNL-JEFF| ]|
o Described in detail the conversion and summation 55l _ JEFF i
methods to calculate antineutrino spectra.
% 7L \\ _
o Some of the data input, for instance Zeffective in "Z“‘>
conversion, and sub-dominant corrections needed were T 15 .
presented. =
A
e 1+ |
b
0.5 -
0 | \ ! \ |
2 4 6 8

E_ (MeV)

o Also presented the effect of fission yields, in particular,
the impact of new data for 238U measured at TUNL.

o Explained in detail how the Schreckenbach 235U/239Pu
ratio appears to be inconsistent with reactor burnup
measurements.




Anna Erickson (GA Tech)

Presented on the feasibility of using antineutrino spectrum measurements
to determine diversion of special nuclear material (SNM) from the reactor
core.

The use of antineutrino spectrum measurements for two advanced fast
reactors, UCFR and AFR were presented.

In particular, plutonium diversion scenarios such as changes in antineutrino
spectrum response by removing plutonium assemblies from different
locations in the core was reported.
o Different response rates were recorded for removal from the center of
the core, as opposed to the core periphery

Extremely long antineutrino spectrum measurement times for detection of
SNM with an IBD response model was reported (in the context of IAEA
framework).
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Andrea Mattera (BNL) IYRs JEFF-3.3 vs Exp Compilation

IYRs JEFF-3.3 vs Exp Compilation
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experiment, an
experiment using a
neutron beam is needed.

Compilation and Evaluation of Isomeric Fission Yield Ratios
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J. Pedro Ochoa-Ricoux (UC Irvine)

O

Showed several examples of oscillation experiments — no need

for improved fluxes
New physics searches could in principle benefit from better
flux models, but very high reliability of error bars would be

needed.

SUR=SCEITIENL LONLUTPLUGL UCSIgT

Works when
oscillation length is
comparable with
the size of the
detector

AD-| conceptual design

——

The lack of precise enough reactor antineutrino predictions has not been a show
stopper for neutrino oscillation measurements

Size of near-far
flux difference
due to
oscillations in
Daya Bay: ~6%

Strategy: make a relative measurement

1) Between near and far detectors
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Thomas Langford (Yale)
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Prompt Energy / MeV Reconstructed Visible Energy [MeV] Antineutrino energy [MeV]
o Summary of current reactor neutrino data

We now can have isotopic spectral neutrino yields for U235 and
Pu239

Future HEU measurements could improve statistics

Well understood technology and clear path to improved fluxed
Rate & spectral discrepancies with respect to both summation and
conversion fluxes
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“Reactor neutrino data is nuclear data. What is needed to
get it in the pipeline and maximize its utility as nuclear data?”
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B. Littlejohn



Rupak Mahapatra (Texas A&M )

10"
. ) [ Nucleus-1g-prototype
o Presented on coherent-elastic-neutrino- e I 1 SuperCDMS-CPD-ROI
nucleus-scatter (CEVNS) as a detection [ CRESST-III
hanism f t tineutri I 1 DAMIC
mechanism for reactor antineutrinos 107 - [T e || 1 SuperCDMS-HVeV-Ru
spectrum measurements. jr;:'ig—-f A4t —n ] - [ SuperCDMS-HVeV-Ru
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Pieter Mumm (NIST) Backgrounds p,? o’ N’ ng
¢ Signal to background 15-20 at 2 MeV — : :
decreasing to unity at 7.7 MeV pg 05 N5 ng
* Getting background right is important

o Presented a thorough
analysis of the recently

published Kopeikin et al * The neutron beam flux and beta detection efficiency cancels in the ratio.
r‘esu|ts, Systematics * N determined by the target foil masses
* Attenuation in air/windows calculated n
o Effects arising from targets, (small) - benchmarked against 252Cf LI I— |
background, neutron flux * Attenuation in target: identical propagation  27s{ _j_ from arxiv:2105.01654
discussed. for both isotopes (mounting, masses near 250 ]
identical) 225
o Advantage of ratio * Various beta sources (207Bi, 56Mn, 2.00
measurement to cancel 144Ge-144Pr, 42K, 38Cl, 252Cf) placed between 175
efficiency effects. 2 lead foils to mimic targets 1,50
* Thick/thin nearly identical for each source 125
o Implies IBD yields are  Correction ratio ranges from x1.22 (2 MeV) 2 3+ s & 1 8
(5.4+£0.2)% lower. to x1.03 (4 MeV) Total electron energy (MeV)
pylpy =1.197 @ 2 MeV (data)
o 65/69 = 1.45+0.03, in a pylps =1.20 £1.5% @ 2 MeV (calc)

good agreement w/ Daya
Bay (1.44 £ 0.10) and
RENO.
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Krzysztof Rykaczewski (ORNL) : O\
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o Presented a plan to measured the 233235 and 23:241pu electron spectra. waé— 3
o Labs and Universities collaboration: ORNL, BNL, ANU, UTK. uﬂé— ~
o Goal is to obtain the highest quality datasets. 10“;~ 4
o More detailed technical presentations by Lowell Crow, Tibor Kibedi and ws;_ sl ll _1
Mitch Allmond followed. i
I T S B N R
KINETIC ENERGY OF BETAS IN MEV
(a) atleast 107 n/cm2/s neutron flux, one HFIR cycle per-year,' proper fission rate normalization
(b) optimized targets with thin backing (stop fission fragments, let electrons out with minimal energy losses)
(c) two e-spectrometers, for monitoring at a fixed energy (~3 MeV), and a larger one scanning the electron energies
(d) good energy resolution (~ ten keV) and transmission (~%), 25 keV bins for the electron spectra
(e) meaningful high statistics of electron spectra, up to 9 MeV
(d) gamma detectors for gamma-gamma coincidences and normalization, later TAS for the integral decay heat
(f) radiation background reduction/passive shielding




Melton Valley  Hjgh Flux Isotope Reactor
Lowell Crow (ORNL) Complex at

o Presented a technical description of ORNL's High
Flux Isotope Reactor (HFIR).

o Possible locations for superconducting solenoid
were discussed, including beam intensity and
profile, as well as bacground.

Fixed-Incident-Energy
Trinle-Rxis lﬂlcl:;:sl‘:liﬂllb
Spectrometer «
Y exi S, »
transi

Radioisotope En
Development Center

Detector Test

Cold Neutron 7 Station CG1A

Polarized Triple Axis
Spectrometer «
HB-1
Polarized neutron studies of

magnetic materials, low-energy
transitions

Neutron Powder :
Diffractometer *
HB-2A

Structural studies, magnetic
structures, texture and phase
analysis

neutrons.ornl.govipowder

o The possibility of also using the NIST reactor
was raised by Pieter Mumm and was briefly
discussed.

WAND’ - HB-2C

Neutron Residual Trinle-Axis
Stress Mapping Spectrometer »
" Four-Circle
Facility - HB-2B - . arizati
sy sl Diffractometer - | Folarization
Med|um.- and high.resolution HB-3A Development
inelastic scattering at Beamline
Small unit-cell nuclear &

ns.oml.goviax magnetic structural CG4B
studies




Tibor Kibedi (Australian National University)

o Described use of
superconducting solenoid to

measured electron spectra. - — i )
/ > )
| 'B'detector

o Based on existing detector y B i
with plenty of experience in B S ﬂ ’_ G
conversion electrons and EO \ 1 | / *3
transitions.

o Low background, great
resolution, compact, high
efficiency.

o 1 Tesla solenoid, HPG
detector at focal plane,
system in vacuum.

o About S1M.

Super-E2




Mitch Allmond (ORNL)

o Presented different possible concepts to perform electron measurement at HFIR, in-core rabit system or using a
beam line.

o About $10-15 M, 5-6 years campaign.

A) Online Count near the reactor core Medsure:
Y (Electron Energy; 22°U) / Y (Fission Energy; 235U)
Y (Electron Energy; 2%”Pu) / Y(Fission Energy; #*?Pu)

Thin "pure” U/Pu foil (~100-150 pg/cm?)

Thin Be backing (~50-100 pug/cm?)

*Need "blank frame + Be too for background
(SiPM-scintillator)

AE-E + PSD

(new Super-e2)

Notes:

+ Foil thin enough for e~ and fission fragment
fransmission

+ Be thick enough to stop fission fragments
on solenoid side

+ Solenoid magnetic field strong enough for
0-? MeV electrons

+ AE-E thick enough for 0-9 MeV electrons
and able to veto gammas / neutrons

%OAKRIDGE + No direct line of sight between foil and AE-

National Laboratory E detector.

N flux ~ 101°




Charlie Rasco (ORNL)

o Described need to accurately measure the shape of

electron spectra following beta decay.

o Needed to understand effect of sub-dominant

corrections and an input in summation calculations.

MOMENTUM SPECTRUM

MOMENTUM (myc)

87Kr Integral p Spectrum

Wohn, et al., PRC 7, 160 (1973)

Allowed Fit
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o For high-Q values, the shape of the sum electron
spectrum includes a number of relevant contributions.

o Integration with current MTAS setup to allow for more
efficient identification of the B component from complex
B decays.

1
o Approved beamtime for testing prototype at ANL.



Guy Savard (ANL)

O

Gave a presentation of current CARIBU facility capabilities as well as
upcoming upgrades.

Presented selected results, including the use of Gammasphere as a
powerful decay station as well as separation of isomers and ground state
levels for isomeric ratio measurements.
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Xianyi Zhang (LLNL)

o Presented CONFLUX a framework for calculating Based on reactor [ ‘B-conversion’ Mode J
antineutrino spectra in three different modes. B spectrum

[ Conversion-DB J

F(t)

Conversion

Y

o IIT, LLNL, UT, VT collaboration

Engine
Reactor
Input
Summation of unmeasured
v fB(t) contributions

Based on [ ‘Summation” Mode ] Based on reactor [ ‘Measurement’ Mode J

antineutrino
nuclear DBs Vo(t), Vo (T,

measurements

F(t)

¥ > Vv-Engine
Vars(t) [ Summation S.(E.0) J Reactor I
Su(Et)

v A

[ B—spec_trum V, Summation of unmeasured
Engine

A contributions
anB(t)




Summary

Identified the following actionable improvements related to the antineutrino spectrum:

Improvements to aggregate fission beta measurements

- New high-precision, US-based fission beta spectrum using ORNL HFIR neutron beamlines, or
possibly at other reactor facilities such as NIST’s.

Improvements to other summation and conversion model inputs
- Beta shape factor and feeding strength measurements for key isotopes
- Isomeric yield ratio measurements

Direct antineutrino source term measurement improvement

- Improved high-statistics U235 flux and spectrum measurement at an HEU reactor

- High-energy-resolution, full-cycle measurement of a single LEU core

- Further development of reactor CEVNS detectors for measuring LEU low-energy source term

- Joint analyses of HEU and LEU IBD data; correlated LEU+HEU measurements with one detector

Improvements in antineutrino spectrum software tools

- Data pipeline development for extraction, evaluation, and public access of neutrino data
- Same, for summation and conversion predictions
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