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OnpepeneHmA:

CneKkTp aHTUHEUTPUHO AAEPHON0 PeaKTopa — CYMMA SHEPreTUYECKMUX CNEeKTPOB
aHTUHENTPUHO, UCMTYCKAEMbIX BCEMU OCKONKAaMK AeneHuns (agpamu,
neperpy*KeHHbIMM HEMTPOHAMM), HAXOAALWMNMUCA B aKTUBHOM 30HE A€PHOTO
peaKkTopa

CneKTp aHTMHEUTPUHO genaweroca usorona (>3°U,2338U,23°Pu,?*1Pu) — cymma
CMNEeKTPOB aHTUHENTPUHO, NCNYCKAaEeMbIX OCKONKaMM AeNeHNA TONbKO OT
AAHHOro U3oTona

Mpamoi BbIXoa, OCKONKA (A4pa) — BEPOATHOCTb BO3HUKHOBEHUSA AAPa
HenocpeaCcTBEHHO NPU AeNeHUN

KymynaTtueHbIU BbIXOA, — CYMMa MPAMOro BbiX04a U BbIXOA40B NPeablayLinX
pacnagynKkoB, obpasyrowmx LLeno4vky beta-pacnagos



MpennoxeH meToa pacyeTa CNEKTPOB aHTUHEUTPUHO, OCHOBAHHbIN Ha
Bapuaunm cxem beta-pacnaga HEM3BECTHbLIX U OLEHEHHbIX A4ep.

3TOT MeToA, NO3BOAET HAXOAUTb CXEMbl pacnaga aaep, KoTopble
HEBO3MOXXHO NONYYUTb APYTMM NMyTEM MU3-33 OYEHb KOPOTKUX BPEMEH
nepmoaos nonypacnaaa.



[ToNy4eHbl U3 U3MEPEHUNN YKe TPU CNEKTPA aHTUHEUTPUHO AAEPHOTO
peakTopa (PosHo, Double Chooz n Daya Bay). OHu xopoLo
COr1IacyroTCa mexay cobown.
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OTHOLWEeHUA CNEKTPOB aHTUHEUTPUHO AAepPHOTo peakTopa (PoBHO,
Double Chooz n Daya Bay).
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MeTop, pacyeTa, OCHOBaHHbIM Ha CYMMUPOBAHUU MHAUBUAYANbHbIX
CMEKTPOB OCKOJIKOB AeNIeHNA HE MOXKET ONMCaTb NOYYEHHbIE
3KCMEePUMEHTA/IbHO CMEKTPbLI.

1.3

—4—— ND data

.......... No oscillation

Best fit on sin? 26,, = 0.105 + 0.014 LS

I:l SD uncertainty
- MD uncertainty

Uncertainty is the square root of the covariance matrix diagonal terms

1.1

[ A /df =182/112

TT
1

1.0

09|

Observation/no-oscillation prediction

. near (258 live days)
| | |

Cekuum agepHon dunsnkm OtaeneHna pusndecknx Hayk PoccMinckom akagemmum Hayk "®unsmka dyHaameHTanbHbIX

o . o 6/25
B3aMmogencTsmnin', nocealeHHon 70-1eTuio co AHA poXKaeHna Banepua AHatonbeBuya PybakoBa /



PacyeT onupaeTca Ha 6a3bl AaHHbIX OCKONKOB Ae/ieHus,
coaepXallue AaHHble Mo BeposATHOCTAM nx beTa-pacnaaa.

Antineutrino spectrum calculation is based on the information
about beta-decay schemes of nuclei — fission fragments,
probabilities of beta-decay branches



PacyeT onnpaeTca Ha 6a3bl AaHHbIX OCKO/IKOB AeNeHuns,
coaepKalime gaHHble Mo BepoATHOCTAM UX beTa-pacnaaa.

HaCcKO/1IbKO TOYHbI 3T AAHHbIE?



[leneHune TAXKeNbIX A4ep NPOUCXOAMUT HA ABA OCKOJIKa HEPABHOM MACChl
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MaccoBoe pacnpegeneHue 0CKO/IKOB AeneHuna

Probability
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PacueT onupaeTca Ha 6a3bl AaHHbIX OCKOMIKOB AeNeHUs, coAeprKallme AJaHHble Mo BEPOATHOCTAM UX beTa-
pacnaga. HacKo/ibKo TOYHbI 3TN JaHHble?

A
+ +
Z — g — Nuclide

i e.g. 135XE K
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AHaNnn3 NoKasan, YtTo B H6a3ax AdHHbBIX TO/IbKO TPETb BCEX OCKOJZIKOB
UMeeT NOSTHOCTbHO N3BECTHbIE CXeMbl pacChnaja. OpaHa TPETb ABNAETCA
NMOSTHOCTbIO HEI/I3B€CTHOVI, N ele oaHa TPEeETb nmeeT CXemMbl pacChnaja,
OCHOBdHHbIE Ha pacyeTe No n3peCtHbiM Mmoadenam A4p4a.

Analysis shows that in existing data bases only one third of nuclei

decays are known. The same part is totally unknown and 1/3 is just
estimated.



Mpeanaraembin MeToA, pacyeTa

The method of calculation proposed here
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Cr60240.49s5002.6138e-121.0211e-11312
57010.102
6059 0.886
61110.012

Mn 60 25 1.77s00 2.7318e-12 5.2985e-12 8 0.885 1

5217 0.00503

52290.0302

5362 0.00591

55220.02391

5643 0.03523

59230.81792

6416 0.05537

6601 0.02643

Mn 60 25 0.28 s 0 0 3.0759e-13 5.9658e-134 11
6088 0.02994

64700.0499

76210.04192

84450.87824

Fe 60 26 2.62e+06 y0000111
1781
Co602710.467m000020.00251
722.78 0.03459

1548.88 0.95641
Co60271925.28d0000211
317.88 0.9988

14920.12

Ni 60 28 1e+30y0000001
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The example of charge chain with
mass A = 60
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Cumulative Fission Yield

See the Fission Yields 3D plot

Source:JEFF311 - Definitions & Sources 1€8¥ (g Data API

Independent Fission Yield
Number of atoms produced directly from one fission after prompt n emission

Total number of atoms produced over all time after one fission

Nuclide Parent Thermal Fast 14 MeV

Nuclide Parent Thermal Fast 14 MeV 0 233 5.4237E-12 2.1199E-12
60cq 233, 6.6218E-12 2.3873E-12 ,‘7c°;z 92 Um

27 33 92 141 60co m 233, 1.2011E-12 4.6946E-13
50co m 233 1.20ME-12 5.0283E-13 27 33 92 14

27 3 mCo ':r,u 2.3382E-09 8.0125E-10
co 2.8547E-09 7.7274E-10 27 33 92 143

73 mCo m :‘snu 51779E-10 1.7744E-10
50co m 51779E-10 1.8734E-10 27 33 92 143

2773
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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 235, 238, 239py and 24Py

®
TpexmepHas KapTUHKa KYMYAATUBHbIX
%; BbIXOA,0B A4EP — OCKONKOB NPU AeneHnu
: TAMENbIX A4ep, coaepalumecs B 6ase Live
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e >
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Mpeanaraemblii MeToA pacyeTa BKAOYaeT B cebs BapbupoBaHMe

BeposaTHOCTeln beTa-pacnaga npu CpaBHEHUM C
3KCMEepPUMEHTA/IbHbIM CMEKTPOM.
BapbupyoTca BEPOATHOCTU Y OCKOSIKOB C HEM3BECTHbIMW CXEMaMM

pacnaga.

Proposed method vary the probabilities of beta-decay branches to
fit experimental antineutrino spectrum



[Mpmep BapbupoOBaHMA BepoATHOCTEN pacnada ana 144Ba

144
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We change Q the array of T, for beta-decays
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ENDF Radioactive decay data /MF8 MT457/

by V.Zerkin, IAEA-NDS, 2020-2022, ver.2022-08-29

(+)Show all spectra. low-intensity lines (<1%).

(Select)/(unselect) data for plotting. data in %: g using normalization:
V] #1.ENDF/B-VII.O #2.JEFF-3.3 #3.JENDL-5 #4 . ENSDF-2024

#».(ENDF/B-VIILO ) (Ba-144 )

#.(JEFF-3.3 )( Ba-144 )

#.(JENDL-5 ) (Ba-144)

#.(ENSDF-2024 ) (Ba-144)

Nucleus: Ba-144 ZA=56144
Library: ENDF/B-VIII.0, MAT=1855
AUTH: Conv. from CGM

EDATE: EVAL-AUG11

Half life: 11.5 £ 0.2(s)

AWR: 142.6866

Isomer number: LISO=0
Level number: LIS=0
Spin & Parity: 0+

Ebeta: 902.2703 + 47.1652 (keV)
Egamma: 785.05 £ 33.37 (keV)
Ealpha: 00 (keV)

Decay modes: 1
Radiation types:2

Nucleus: Ba-144 ZA=56144

Library: JEFF-3.3, MAT=1864

AUTH: G.AUDI, O.BERSILLON, J.BLACHOT +
EDATE: EVAL-DECO03

Half life: 11.51£0.2(s)

/" AWR: 142,687

Isomer number: LISO=0

Level number: LIS=0

Spin & Parity: 0+

/"Ebeta: 929.8 +9.298 (keV)
“nEgamma:  784.7 +7.847 (keV)
Ealpha: 0+ 0 (keV)

Decay modes: 1

Radiation types:0

Nucleus: Ba-144 ZA=56144
Library: JENDL-5, MAT=1971
AUTH: Conversion from ENSDF
EDATE: EVAL-NOV21

Half life: 11.5+£0.2(s)

NAWR: 142.6866

Isomer number: LISO=0
Level number: LIS=0
Spin & Parity: 0+

Ebeta: 929.8 + 34.4609 (keV)
Egamma: 784.7 + 11.11107 (keV)
Ealpha: 010 (keV)

Decay modes: 1
Radiation types:2

Nucleus: Ba-144 ZA=56144
Library: ENSDF-2024

Half life: 11.5 + 0.2(s)

Spin & Parity: 0+

Library ; ENSDF 202410 by livechart20241016/_LARA
Nuclide ; Ba-144
Element ; Barium

Z;56

Daughter(s) ; (B-) ; La-144 ; 100

Q- ;3083

Possible parent(s) ;

Jp; 0+

Half-life (s) ; 11.56; 0.2

Half-life (s) ; 1.15E1 ; 2E-1

Decay constant (1/s) ; 6.03E-2 ; 1E-3

Specific activity (Bg/g) ; 2.623E20 ; 4.184E18
Reference ; ENSDF 200108 / Author(s) A.A. Sonzogni
Emissions (128 lines) sorted by increasing energy

Decay modes: 1
Radiation types: 2

#M1. Decay mode: RTYP=1 B-
Decay Q=3066.408 + 19.357 keV

#M1. Decay mode: RTYP=1 B-
/'Decay Q=3121 + 0 keV

#M1. Decay mode: RTYP=1 B—
“Decay Q=3119 + 56 keV

#M1. Decay mode: RTYP=1 -
“Decay Q=3083 keV

left value | right value | ratio of values display
Value1 |Value2 Value1==Value2| Value2

#R1. Radiation type: STYP=0 y -no- #R1. Radiation type: STYP=0 y #R1. Radiation type: STYP=0 y
AveDecayEne=586.72 + 0 keV AveDecayEne=784.7 + 11.111 keV AveDecayEne: ?
ContinuousSpectrum:SOT plot DiscreteSpectrum: 88 lines — plot DiscreteSpectrum: /100 lines | plot
ContinuousSpectrum:428 plot
#R2. Radiation type: STYP=1 B— -no- #R2. Radiation type: STYP=1 B— -no-
AveDecayEne=993.65 + 0 keV AveDecayEne=929.8 + 1.4837 keV
ContinuousSpectrum:SO? plot DiscreteSpectrum: 22 end-points ~ plot
(+) ContinuousSpectrum:349 plot
-no- -no- -no- #R2. Radiation type: STYP=9 X -rays
AveDecayEne: ?
DiscreteSpectrum: 6lines — plot
Legend
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MeToauKa pacyeTa cnekTpa aHTUHENTPUHO C BapbUpOBaHUEM
CMEeKTPOB HEU3BECTHbIX OCKOKOB

26
z yexp] ycaICJ)

m\a
I
IIM-p

U

2 2
X — Xie-1] < €

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



B pe3ynbTate yaanocb COrnacoBaTb 3KCNEPUMEHTA/IbHbIN U PACYETHbIN
CNeKTPbl aHTUHEUTPUHO. HoBble cnekTpbl aHTUHenTpUuHoO (23°U, 238U,
239py, 241Pu) xopolo onncbIBalOT U3MeEPEHHbIEe C Hauyyll e
TOYHOCTbIO cevyeHmA peakunm obpatHoro beta-pacnaga m3
BbICOKOCTATUCTUYHbIX 3KcnepmmeHToB Double Chooz, RENO n Daya Bay,
a TaKXe gonroe Bpems bbiBLIEE CaMbIM TOYHbIM CEYEHUE U3

3KcnepumeHTa Bugey-3.



YTO TaKoe aKkcnepmmeHTaibHoe ceyeHmne ObP?

@ 4r 1.6 —~
c - ] <
= - . P
E 3.5— ++ 4 (a) Isotope v, spectra (1/fission/MeV) —11.4 "x
o [ =
= - t + (b) IBD cross section (cm’ x 10?) . &
- C T o
$ 3 - ©+ + (c) Expected v, in near site ADs (10°/MeV) 1.2 =
& - 7 o
» ~ - 0
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Cross sections

This work 5.794

ILL 6.426
Vogel 6.502
6.395

Huber & 6.681

Mueller
Kopeikin et al. 6.308

Experimental Double Chooz o; = (5.71 + 0.06 ) + 10-*3 cm?/fission

10.64
8.929
9.109
9.213
10.12

9.395

4.139
4.204
4.526
4.388
4.387

4.33°

HNuterpan ot nopora ObP no 9 M»B
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6.262
5.796
6.515
6.478
6.081

6.01°

| oy | sy wpyl eyl DC

5.779
5.866
6.072
5.977
6.180

5.900
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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%3

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

LIS 0.520 0.087 0.333 0.060 5.71+0.06 5.779 0.988 6.180 0.924

Chooz
SV 0.538 0.078 0.328 0.056 5.752 +£0.081 5.742 1.002 6.163 0.933
DEVENEYAS 0.561 0.076 0.307 0.056 5.91+0.12 5.768 1.025 6.204 0.927
=)@ 0.571 0.073 0.300 0.056 5.852+0.094 5.765 1.015 6.210 0.926
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Conclusion

- New data base for unknown nuclei is received

- 235, 2381, 23%Pu , 24'Pu individual spectra were calculated basing on
our data base

- Cross sections calculated using our spectra satisfy to the
experimental values measured with best accuracy



Thank you for the attention
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CeyeHuns

| msy | wwy | @y | 2py | DpC
5804  10.71 4212 6.326  5.779
5854  10.80 4171 6.293  5.750
5780  10.73 4.383 6.624  5.796

Experimental Double Chooz o; = (5.71 + 0.06 ) + 10-*3 cm?/fission

Cekuumn saepHon dusnku OTaeneHnsa dpusndeckux Hayk Poccuiickol akagemum Hayk "®usmka yHaameHTaNbHbIX
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CpaBHEHME PaCYETHbIX CEYEHUN U
SKCNepuMeHTaIbHbIX NPV COBMECTHOM aHanmse
DCwun DB

experiment Core content 'o; x1043 'NR, x10%3

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

LIS 0.520 0.087 0.333 0.060 5.71+0.06 5.779 0.988 6.180 0.924

Chooz
SV 0.538 0.078 0.328 0.056 5.752 +£0.081 5.742 1.002 6.163 0.933
DEVENEYAS 0.561 0.076 0.307 0.056 5.91+0.12 5.768 1.025 6.204 0.927
=)@ 0.571 0.073 0.300 0.056 5.852+0.094 5.765 1.015 6.210 0.926

Cekuun saepHo dusnkm OtaeneHma Gusndecknx Hayk Poccuiickol akagemum Hayk "®usmka ¢pyHaameHTaIbHbIX
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