, ] Brookhaven

National Laboratory

1\.. U.S. DEPARTMENT OF
@) ENERGY

Beta Delayed Neutrons &
Electrons

Alejandro Sonzogni

y n m @BrookhavenLab




Beta-delayed neutrons activity

U Delayed neutron multiplicity 1000

(delayed nu-bar) and 6 5 5 ENDF/B- 8iKeepin

decay constants () values 235 :fglFEI;E.I:;F:éD;;iepin
are found in MT=1 and — | - | - | _
MF=455.

O JEFF uses the same 8 A,
values.
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Q Divided by the Keepin 6-
exponential fitting to
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activities.

O Up to 20% differences with B5000E14 4N -------------------- -------------------- .................... .................... .................... ____________________ __________
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O Issues raised recently by INL .0000E-1

1 1 1 1 1 1 1
& ORNL 1.00E-1 2ME+ 4.011E+1 6.01E+1 B.01E+1 1.00E+2 1.20E+2 1.40E+2

Time (s)
q National Laboratory




Beta-delayed neutrons activity

d Comparisonfor 2°Pu

0 A= a, x exp(-\; X t)

1 Divided by the Keepin 6-
exponential fitting to
precisely measured
activities.

O The ENDF/B-VII.0 activity is
a lot closer to Keepin.

O Note that the delayed nu-bar
is not included here.

Q vy(V1.8) = v, (VII.0) =6.45E-3
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Beta-delayed neutrons

O Disagreement between
ENDF/B-VIII.0 delayed
neutron activity with
Keepin and JEFF
persists for other

actinides, i.e. 233U and
238U_
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Beta-delayed neutrons spectrum

O Probabilities (ai)
and spectra for
each of the
groups are found

in MT=5 MF=455.

O Group spectra
plus the total one
plotted for 235U.
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Delayed Meutron Spectrum
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Beta-delayed neutrons spectrum

d Comparison for 25U
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U t=40 seconds.

O About 30-40% differences
between ENDF/B and
JEFF.
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Beta-delayed neutrons Spectrum

0 Comparisonfor %°Pu 1802665 :
: — EMNDF/B-VI .8
239Pu — ENDF/B-YIL0
0 S=v4x 2 a;x S; x exp(-A; X t) | il

1.4421E-51

U t=40 seconds.

O About 30-40% differences
between current ENDF/B
and JEFF.
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Beta-delayed neutrons - path forward

0 We propose to review
and update the MT=1

,') Available online at www.sciencedirect.com
MF=455and MT=5 and el ScienceDirect Nuclear Data
MF=4355 sections. Sheets
ELSEVIER Nuclear Data Sheets 173 (2021) 144238 _ .
D Project WI" ca pltallze on www.elsevier.com/locate/nds

the expertise developed

_ Development of a Reference Database for Beta-Delayed Neutron Emission
in the recently

P. Dimitriou," * 1. Dillmann,>? B. Singh,* V. Piksaikin,® K.P. Rykaczewski,® J.L.. Tain,” A. Algora,’
Completed IAEA K. Banerjee,® I.N. Borzov,” 1% D. Cano-Ott,'"" S. Chiba,'? M. Fallot,'® D. Foligno,'* R. Grzywacz,'® %
Coordinated Research X. Huang,'® T. Marketin,'” F. Minato,'® G. Mukherjee,® B.C. Rasco,'® % 1%20 A Sonzogni,?' M. Verpelli,’
. A. Egorov,® M. Estienne,'® L. Giot,"® D. Gremyachkin,” M. Madurga,'® E.A. McCutchan,?! E. Mendoza,'
PrOJeCt on Beta-delayed K.V. Mitrofanov,> M. Narbonne,'® P. Romojaro,'! A. Sanchez-Caballero,!' and N.D. Scielzo??

neutron emission,

Vivian Dimitriou et al.

O For minor actinides, the microscopic data — fission yields and decay data —
are of much higher fidelity now and can be used with higher confidence.

0 Would interact with validation committee members to ensure improved
benchmarks C/E values.
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Beta-delayed electrons

O Measurements of gamma and beta spectra by Kirk Dickens and collaborators in
the 1970s, to quantify decay heat in a Loss Of Coolant Accident scenario.

O Coreirradiation with a rabbit system.

O Oak Ridge Research Reactor, 1-10 ugfoils.

O Number of fissions determined from °’Nb, **Mo, 3°Te Gammas, 1.5%
uncertainty.
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U Measurements are

compared with
summation
calculations,
ENDF/B-VIII.13
decay and JEFF-3.3
yields, which
highlights the 25
most important
contributors.

0 Good agreement is

seen for 235U, in this
case 1 S irradiation,

6.7 S wait, and 3 S
counting.
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Electron spectrum per fission

E-2

E-3

E-4

Beta-delayed electrons

— 41-100-0 5.541E0 % 5.541E0D %
— 41-101-0 4 BI1ED % 1.023E1 %
— 39-96-0 4.603E0 % 1.484E1 %
— 40-100-0 4 591E0 % 1.943E1 %
— 37-92-0 4180E0 % 2.361E1 %
— 56-144-0 3514E0 % 2712E1 %
40-99-0 3.326E0 % 3.045E1 %
37-93-0 2.9T4E0 % 3.342E1 %
— 41-102-0 2.844E0 % 3.627E1 %
— 36-91-0 2.638E0 % 3.891E1 %
— 54-140-0 2 BZ6ED % 4.153E1 %
— 41-99-0 2.547E0D % 4. 408E1 %
G6-143-0 2515E0 % 4.659E1 %
— 38-95-0 2.390E0 % 4.895E1 %
— 55-141-0 2158E0 % S114E1 %
— 40-93-0 2Z111E0 % 5.325E1 %
— 56-145-0 2.041E0 % 5.529E1 %
52-135-01.905E0 % 5.720E1 %
—41-98-0 1.851E0 % 5.905E1 %
—38-97-0 1.763E0 % B.081E1 %
— 36-90-01.655E0 % 6.247E1 %
—&57-146-0 1.531E0 % 6.405E1 %
— 40-101-0 1.526E0 % 6.95TE1 %
— 54-139-01.499E0 % 6.70TE1 %
—53-137-01.495E0 % 6.857TE1 %

T
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Beta-delayed electrons

U Thereis an
overprediction for
239Py at energies
higher than 3.5
MeV.

U Independent yields
could be adjusted
to match measured

B2l SRR o

spectra.

U Independent yield
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Electron spectrum per fission
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0.0 1.00 2.00
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— 41-100-0 6.1 71E0 % 1.269E1 %
—40-100-0 8.071E0 % 1.777E1 %
— 41-102-0 3.695E0 % 2Z.146E1 %
—40-99-0 3.564E0 % 2.503E1 %
— 359-86-0 3.550E0 % 2.858E1 %
41-99-0 3.282E0 % 3.186E1 %
40-98-0 2 461E0 % 3.432E1 %
— 56-143-0 2.363E0 % 3.663E1 %
— 56-144-0 2.251E0 % 3.893E1 %
— 41-88-0 2.208E0 % 4.114E1 %
— 37-92-0 2.061E0 % 4.320E1 %
42-106-0 2.010E0 % 4.521E1 %
— 55-141-01.866E0 % 4.70BE1 %
— 38-95-01.326E0 % 4.890E1 %
— 37-03-01.640E0 % 5.054E1 %

— 54-140-01.

42-103-01.
—40-101-01.
—42-105-01.
—42-104-01.
—43-107-01.
—47-145-01.
— 8313701,
— 39-96-1 1.3

555E0 % 5.210E1 %
555E0 % 5.365E1 %
533E0 % 5.519E1 %
502E0 % 5.669E1 %
S00ED % 5.819E1 %
JB1EO0 % 5.957E1 %
346E0 % 6.092E1 %
343E0 % B.226E1 %
26ED % 6.393E1 %
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Beta-delayed electrons

— 41-100-0 5.580E0 % 5.580E0 %
— 41-101-0 4 TH4E0 % 1.03TET %
—40-100-0 4 5Z3E0 % 1.500E1 %
— 41-102-0 3.633E0 % 1.864E1 %
— 42-106-0 3102E0 % 2.174E1 %
— 40-99-0 2.965E0 % 2.471E1 %
39-96-0 2.895E0 % 2.761E1 %
56-144-0 2.354E0 % 2.999E1 %
— 54-140-0 2.371E0 % 3.236E1 %
—43-108-0 2.339E0 % 3.470E1 %
— 41-99-0 2.170ED % 3.687E1 %
— 43-107-01.893E0 % 3.877E1 %
40-98-01.714E0 % 4.048E1 %
— 53-137-01.692E0 % 4.218E1 %
— 55-141-0 1. 6ETED % 4.384E1 %
— 52-135-01.662E0 % 4.551E1 %
— 46-145-01.575E0 % 4.T08E1 %
37-92-01.560E0 % 4.864E1 %
— 41-98-01.493E0 % 5.013E1 %
— 40-101-01.470E0 % 5.160E1 %
— 57-146-0 1 46TEQ % 5.307E1 %
— 42-105-0 1 446E0 % 5.452E1 %
— 37-93-01.416E0 % 5.593E1 %
—40-102-01.362E0 % 5.729E1 %
— 56-143-01.337E0 % 5.863E1 %

O For 21Pu, the
agreement is quite
good, but we see a
slight
overprediction at
around 4 MeV.

Electron spectrum per fission
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Beta-delayed antineutrinos

This body of data was ~
used to obtain the c ’ 235
equilibrium -% ] ‘ U th(ermal
antineutrino spectrum = Summation| -
in 1981, with S e Dickens | |
surprisingly good =
agreement with ‘E“ 0.1
current summation S
results. 3]
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Beta delayed electrons ( and gammas) future work.

O Complete digitizing the data and submit it to EXFOR.

O Obtain R59, R51 and R19 values as function of electron
energy, including uncertainty estimates.

4 Fit Independent Fission Yields to match measured electron
and gamma spectra.
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