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Reactor antineutrino anomaly
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Experimental results

Nobs / Ncal =94.3 (23)%

M. Fechner, G. Mention, T. Lasserre et al. arXiv:1101.2755 [hep-ex]

A nuclear reactor is a powerful source of electron
antineutrinos. There are about 6 neutrinos per
fission giving about 102° v /s per 1 GW of thermal
power.

The measured reactor antineutrino spectra show
only about 94(2)% of the total expected events.
This might be caused by the presence of a fourth
antineutrino type or incomplete decay data used
for the antineutrino spectrum calculation.



Reactor antineutrino anomaly STEP 1 - abuinitio method
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Integral electron spectrum from fission products in
thermal-neutron induced fission of 23°U, 2*°Pu and

241py was “deconvoluted” into a set of five effective
B branches with a nuclear charge of Z = 46.

STEP 2 - conversion method
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14 — Inverse B-decay cross section
i . 1373 oo
IR SR s s SR el e - SV 0.6
+ @2 o C C T © @ W ®© W O ©® T
I QO T © o & ¢ @ 3 8 & _ =0Cc 0 00 N
> £ o 5‘ > a8 3P c c < | 12 2 2 =2 2 > 0
1 8’ > 8.) o 8’ A @O @ D uw 0 o o> = > > o O
2r Q5 2P g S T r O 0000w L
3 O oaddddd 2 ¥ X X 0 O CEECE a O i
[~ H . H . T . .
] . . . : : ; &
2 A . A A : A S
o IR T TR R REERERREE R EEEEEEEEPPETRET] FRPEEPPREPETES R SRR R R PP PR PPP PP _ -
a : . : : <
) : E E ' : : (@)
=z : : : =)
\\-:I) 1-------}----- gy - - R R T el i il G B Bl S —— -
8 L I S T . S I R N N Y R U T . I N L o
Z ‘ 9]
09} ke - s e - o (NN PR Q
z 3 I : ; s o
H . H H . . (7))
. . . . . : 8
08h-cveen- A S T T P P . i o
0.7 i i i | i | | i | i
0 2 4 6 8 10 12 14 16 18 20 22

Experimental results

0 1 2 3 4 5 6 7 8 9

Nobs / (Ncal)= 94.3 (23)% Erery (e

A Strumia, F Vissani
M. Fechner, G. Mention, T. Lasserre et al. arXiv:1101.2755 [hep-ex] Precise quasielastic neutrino/nucleon cross section,

Phys.Lett.B564:42-54,2003



Number of detected events is integral to

the product both curves
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Reactor antineutrino anomaly

Nobs /= 94.3 (23)%

M. Fechner, G. Mention, T. Lasserre et al. arXiv:1101.2755 [hep-ex]
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Reactor antineutrino anomaly

Total absorption
Mother nucleus

spectroscopy
Nobs /(Ncal)= 94.3 (23)% T

M. Fechner, G. Mention, T. Lasserre et al. arXiv:1101.2755 [hep-ex]
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Reactor antineutrino anomaly
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86Br, 89Rb, 89Kr, 90Kr, 90mRb, 90gsRb, 92Rb, 139Xe

The list of the strongest contributors to the high energy
part of reactor antineutrino spectra (5-7 MeV)
A.A. Sonzogni et al., Phys. Rev. C 91, 011301(R), 2015

Radionuclides recommended for TAGS measurements
Assessment of fission product, decay data for decay heat
calculations, T. Yoshida, A.L. Nichols, OECD NEA, 2007



Experimental setup

The experimental set-up consisted of the Modular Total Absorption

Spectrometer (MTAS) coupled to the OnLine Test Facility (OLTF) at the

Tandem accelerator of the Holifield Radioactive lon Beam Facility
(HRIBF) at ORNL.

Fission
product

lon source

Mass separator

M/AM~600
Proton beam

Implantation
Silicon strip

point
detectors \
January 2012: g ] ~
P

86Br 89Kr 89Rb 90Kr 90mRb 90gst 139)(e
March 2015:

86 90 90 92 .
Br, mRb, gst, Rb MOVIng

tape




Modular Total Absorption Spectrometer
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Nal MTAS detector consists of 19 hexagonal modules 21" long
Silicon putty and approximately 7” side-to-side placed in a honeycomb

Carbon fiber like structure.



Counts

Experimental spectrum, 2°Br
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Counts

Simulation

Geant4 Simulation:

Over 200 volumes and more than 15 types of materials were developed including:

Nal(Tl) crystals with 4 layers housing, silicon strip detectors with cables, tape, ladder for tape and silicon

detectors.

The simulations include the MTAS response for mono-energetic y and B particles as well as for radioactive
decay and pile-up events
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Analysis R=Y I,
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Pseudo-levels assumptions:

- levels added from E,, to En,ox = Qg - 300keV every 100 keV

- Gamow-Teller transitions

- level density formula: A. Gilbert and W. Cameron. A composite nulcear-level density formula with shell
corrections

- pseudolevels deexcite to "known" levels, only E1, E2, M1 and M2 transitions
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Ground state feeding
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Checking pseudolevel deexcitation assumptions!!!
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Results, 8°Br
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Results, 8°Br
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Results, 8°Br
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Ey: from 3340(220) to 3717(83) keV (+11%)
EB: from 1900(300) to 1726(28) keV (-9%)
number of antineutrino interactions:

from 2,62(75) to 2,46(5) -:107%3 cm? (-6,5%)
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Results

Counts (keV'1)
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All results

ENDF/B-VII.1

/

OV, +p—et+n (10_4301112) oEﬁgDF  Yeum (%)
[zotope | ENSDF | MTAS | 2o || 2857 | 2387 | 239 Py | 241 py
S6Br 2,62(75) | 2,450(55) | 7% 0,10 | 0,08 | 0,03 | 0,03
8IKr 1,18(13) | 0,775(36) | 35% 1,55 | 0,92 | 0,50 | 0,38
Rb || 0,416(26) | 0,386(30) 7% 0,34 | 0,20 | 0,12 | 0,09
D9sRb || 3,33(27) | 2,980(80) | 11% || 0,47 | 0,29 | 0,14 | 0,12
PmRbL || 1,24(19) | 0,57(15) 54% || 0,65 | 0,27 | 0,38 | 0,22
PKr || 0,685(76) | 0,322(15) | 53% 2,58 | 1,64 | 0,69 | 0,64
2Rb | 10,50(8) | 10,16(11) | 3 % 0,16 | 0,14 | 0,06 | 0,06
139Xe || 1,87(29) | 1,475(26) | 21% 1,06 | 1,12 | 0,65 | 1,04



All results

OV, +p—et+n (10_4301112) UEJ?;DF ’ chu'm (%)
[zotope | ENSDF | MTAS | 2o || 2857 | 2387 | 239 Py | 241 py

0,416(26)
3,33(27)

0,386(30)
2,980(80)

1,475(26)

7%
11%
54%




All results

Opp+p—et+n (10_4301112) UEﬁgDF - Yeum (0/0)
[zotope | ENSDF | MTAS | 2o || 2857 | 2387 | 239 Py | 241 py
*6Br 2,62(75) | 2,450(55) 7% 0,10 | 0,08 | 0,03 | 0,03
S9Kr 1,18(13) | 0,775(36) | 35% 1,55 | 0,92 | 0,50 | 0,38
3,33(27) | 2,980(80)
1,24(19) | 0,57(15)
YKr | 0,685(76) | 0,322(15) | 53% 2,58 | 1,64 | 0,69 | 0,64
2Rb || 10,50(8) | 10,16(11) | 3 % 0,16 | 0,14 | 0,06 | 0,06
19Xe || 1,87(29) | 1,475(26) | 21% 1,06 | 1,12 | 0,65 | 1,04

Good agrement with TAGS results
R.C. Greenwood et al. NIM 390(1-2):95-154, 1997




Reactor antineutrino

MTAS/ENSDF

neutrino spectrum (10#3cm?MeV! fission™?)

35 , The relative change in the number of
antineutrino interactions with matter:
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The relative change in the number of
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An example of PWR fuel composition. The starting
enriched was 4.8% and power 38 MW.



Summary

8 important decays out of nearly 80 measured analyzed so far

\

A new method of data analysis which allows to obtain the information about pseudolevels
deexcitation path has been performed

For all nuclides, with the exception of 89Rb, existing decay schemes have been modify, leading to the
increase average y energy, and decrease of average B and antineutrinos energy per decay

The average number of interactions reactor antineutrinos with matter has decreased by approx. 1%




