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When doing experiments with reactor antineutrinos one needs to have exact
antineutrino spectrum from nuclear reactor.

How to get it?

Most exact method is direct measurement.



4 experimental antineutrino spectra weighted
with cross section
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Daya Bay > 2 000 000

RENO ~ 800 000
Double Chooz ~200 000
Rovno 174 000



We use summation method spectrum to fit the experimental
one.

For fitting there was developed the procedure allowing to
change summed spectrum shape.



Double Chooz experimental and calculated spectra ratio
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To calculated antineutrinos spectra we use standard data base
for decay schemes of nuclei-fragments.

But the question : how exact they are?



The fission of heavy nucleus on two fragments
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Mass distribution of fragments for fission of 23°U, 238U, 23°Pu, ?4Pu
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If to analyze data bases on fission fragments one can find that only one
third part of all fragments is totally known, how they decay.

Another one third part has estimated decay schemes.

And last one third part is totally unknown.
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The example of charge chain with

mass A = 60
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Cumulative Fission Yield
Total number of atoms produced over all time after one fission
Nuclide Parent Thermal Fast 14 MeV
60 6.6218E-12 2.3873E-12

“eo,
60, m 1.201E-12 5.0283E-13
MjCo{
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27C°7
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Independent Fission Yield
Number of atoms produced directly from one fission after prompt n emission

Nuclide Parent Thermal Fast 14 MeV
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Our data base contains information on beta-decays of nuclei

with masses A=58 no A =191

In total more than 1000 nuclei.

for 235U, 238y, 239py and 24Py
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Proposed method vary the probabilities of beta-decay branches to
fit experimental antineutrino spectrum.

We vary probabilities of beta-decay branches for unknown
fragments.



Schemes used for beta and antineutrino
spectra of individual nucleus

Power function levels distribution on
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Example: 144Ba estimated decay scheme
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44
*Ba
<Ep.> Ig-(abs) Daughter level Ep 0+ il 0.0
= - -
# _° - 3 'M3X |ogft Transition type Comments 131:5 8 2
[keV] [%] [keV] [keV] Q* 3119 keV 56
72025 04 124019 10 (1879) 61
72725 13 122386 8 (1895) S6 B- : 100.0 % 0--> ’:: La -
77526 0.7 m7.05 9 (2002) 60
78926 26 1085.82 7 (2033) 54  allowed % Leg ft & Jp  En [kev]
83226 92 99061 5 (2128) 49  allowed &4 &1 25 1240.19
93826 192 75619 4 (2363) 4.8  allowed 1.3 5.6 24 1223.86
0.7 6.0 23 1117.05
94526 <06 740606 (2378) >6.3 2.6 5.4 22 1+ 1085.82
97726 <03  669.885 (2449) >6.7 9.2 49 21 1+ 990.61
19.2 4.8 20 1+ 756.19
98426 <03 655195 (2464) >6.7 0.6 6.3 19 740.60
1007 26 41.0 603.37 3 (2516) 46  allowed 0.3 6.7 18 669.88
- 0.3 >6.7 17 655.19
103226 <002 549989 (2569) >79 T unique e Ak 1 n s
106526 10 47745 6 (2642) 6.3 .02 >7.9 15 549.98
106626 23 475.47 4 (2644) 59 1% non-unique b o
1066 26 1.3 47457 3 (2644) 6.2 1°* non-unique 1.3 6.2 12 (1-) 474.57
108826 <02 40123 4 (2718) >83 T unique :: ::3 :: 83’2-) ::;::
: : x :
M08 26 <12 38294 4 (2736) >6.3 9 311.483
14626 22 300.68 4 (2818) 61 1% non-unique T Y
. ; - g
N4926 <08 294724 (2824) >65 >5.5 5.7 6 (1-)  215.167
N86 26 =55 2151676 (2904) <57 1% non-unique 1.6 >6.3 : g:; ::::‘
N9126 <37 172.830 7 (2946) >73 T unique 3.7 >7.3 3 (2-) 172.830
M99 26 <16 185.681 6 (2933) >63 T non-unique 3.2 >7.4 : g:; ::’;:’
122326 <32 103.855 6 (3015)  >7.4 1% unique e (3-) e.0
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We change Q the array of T, for beta-decays
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Method of fitting experimental spectrum with calculated one

= W335 Y235 + W238Y238 + W339Y239 + W241Y241

s 26 1
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i — runs through antineutrino spectra (*3°U, 238U, 23°Pu , ?*'Pu),
j—runs through experimental spectrum bins
k — runs through A charge chains



Criterium for fitting experimental spectra
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Result of fitting makes it possible to conform calculated spectrum with
the experimental one.

New calculated antineutrino spectra (*3°U, 233U, %3°Pu, 2*Pu) produce
cross sections that perfectly satisfy to the experimentally measured
ones in Double Chooz, RENO and Daya Bay experiments as well as in
the experiment Bugey-3 that was for a long time most exact

experimental cross section.



Cross sections
| msy | msy | mpy | py | D

This work 5.794 10.64 4.139 6.262 5.820

ILL 6.426 8929 4204 5.796 5.866
Vogel 6.502 9.109 4526 6.515 6.072
6.395 9.213 4388 6.478 5.977

Huber & 6.681 10.12 4387 6.081 6.180

Mueller
Kopeikin et al. 6.308 9.395 4.33" 6.01" 5.900

Experimental Double Chooz o= (5.71 £0.06 ) * 104> cm?/fission
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Comparison of experimental and calculated cross
sections through our 232U, 238U, 23°Pu, ?#'Pu individual
spectra

experiment Core content 'o; x1043 'NR, x10%43

S U U TR Tl [cm?/fission] | [cm?/fissio

LIS 0.520 0.087 0.333 0.060 5.71+0.06 5.82 0.988 6.180 0.924

Chooz
SV 0.538 0.078 0.328 0.056 5.752 +£0.081 5.782 0.995 6.163 0.933
DEVENEEVAS 0.561 0.076 0.307 0.056 5.84 +0.07 5.804 1.006 6.204 0.927
OO 0.571 0.073 0.300 0.056 5.852+0.094 5.801 1.009 6.210 0.926
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Ratio of experimental and predicted (INR) spectra

Double

ul Chooz
1 Iy |||+#

1L.1—

0.9

—
#
_+_

_+___++:

~+
g=
E
g
—

i

4
—
:+
-
—+_
—+_
4+41
—
:;

|||||||||||

|||||||||||||||||||

PROSPECT Lif
with 23°U spectrum

for

fission

2 years after 1— i

||||||||||||||||||||||||||||||||

XXII Lomonosov Conference on elementary particles physics,
Moscow, 21 — 27 august 2025

PROSPECT

with 23°U spectrum
for several days after
fission

23



Conclusion

New method of calculation antineutrino spectra, producing by fissile isotopes of nuclear fuel
placed in a reactor core, is developed. The method is based on fitting experimental spectrum by the
calculated one.

In a number of experiments reactor antineutrino spectrum was measured with high statistics. It
corresponds to the standard core content on fission number from 23U, 238U, 23°Pu, 241Pu.

During the fitting experimental antineutrino spectrum possible decay schemes for unknown
fragments can be found.

Getting of exact antineutrino spectra from fissile isotopes of nuclear fuel (33U, 238U, 23°Pu, 241Pu)
opens a real way for distant nuclear reactor monitoring.



Thank you for attention!
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Experimental cross section
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