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Background

“ Neutrino was proposed by W. Pauli in 1930 in a letter to
a workshop in Tiibingen University

“ It was discovered in 1956 by Cowan et. al.

“ It was proved to be massive from various Experiments
since 1980s

+ What's next, sterile neutrino?
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Background

“ Possible Explanations:

* Wrong flux or its error
* Dpias in all experiments

* new physics of a fourth neutrino

o)




Background

« For the first possibility, the error could come from the
treatment of the beta-decay spectrum
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“ Inclusion ot FF beta-decay

A. C. Hayes et. al. PRL112,202501(2014)



Methods

+ Two widely used nuclear many-body approaches
+ Shell Model

“ Exact solutions, large configuration space,
limited regions can be calculated

+ QRPA

* Truncated configuration space with large model
space, can be used for the whole chart
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Methods

We use the NuShell X@MSU code:

Hamiltonians
based NN scattering

P

library of published
effective interactions
(sps folder)

NuShellX@MSU
wrapper

=

NuShellX

c

Data from the
Table of Isotopes
(toi folder)

N

energies (*.Ipt)
plot for exp vs theory (*.eps)
gamma decay scheme (*.deo)
beta decay scheme (*.beo)
one—nucleon transfer (*.Is
two-nucleon transfer (*.tna)

B. A. Brown and W. D. M. Raes

M-scheme Configurations, projected to J-scheme

Matrix elements “calculated in the fly”

Lanczos iterations with multiple cores



Methods

* QRPA is based on the BCS or HFB theory within the
quasi-particle presentations

« pn-QRPA uses the p-n two quasi-particle excitations to
construct the corresponding odd-odd states

# It is suitable for the description of charge exchange
reactions as well as beta-decay



Methods

“ QOur version of pn-QRPA:
“ s.p. levels are taken from SkX fitted for 1325n
“ pairing with a delta force or realistic forces are used

+ residue interactions (realistic G-matrix) similar to
Shell Model are used

* no self-consistency between the mean field and the

residue
DLE b. A. brown and | 1zuki, PRC&8.034304(201.




Results

Microscopic descriptions of FF decays
f = 8896 s~ A

= Z/ F(Z,w)pw(wo; — w)*dw.

C has the form Cw)=Ko+ Kiw+ K_1/w+ Kow?
For O- CA(w) = Ko+ K_1/w
For 1- CAJ:l(w) — K0+K1w+K_1/w+K2w2

FOI‘ 2' CAJ:Q(W) — K() == Klw —+ KQCUQ
dN,

Finally Jo, = Clwo—w)F(Zwo —w)wy/ (wo - wy)?
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Results

details of K’s
2 1 2
O ISoe— 4“02 S §(M(‘)9)2, K_| = —§M1V1§0Mg
o e e 4 1 > 2
1 - KO = {1 I §(X =l I/t) s §M1V1u(x A I/t) K, = _guY < 521)0(4)(? + Su )’

+1 S(2x + u)? 1/\(2 ek 2MV€<X+M>
—wy2x +u)” — — X —u), 1 = zM1Y161 :
18 0 it 3

1 2 2 2
K> = E[SM + 2x +u) 4+ 212x —u)’],

2 Ko = 5z22(w} —12), Ki=—1z7wo, Ko = 52%(1+ 1),

& componentstorUE o o= ancFlior2s



Results
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* Comparison of FF decay branches among two

calculations and the measurements
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DLF and B. A. Brown, Submitted to PRC

changes of spectra for single decay branches



Results

by defining: s _ 1—nrp(E < By)

1 — nGT(E < Et)

E
t dN
ni(E < E;) = / (E,)dE,

O D ) S B RS

€ex stmp. €ex €ex stmp.
0| 0.0 1.002 0.995 0.133 1.001| 0.0 1.003 0.990
17 10.171 0.899 0.929 0.0 0.902]0.127 0.875 0.949
15, 10.747 0.938 0.971 0.426 0.933]|0.586 0.919 0.981
27 10.194 0.968 0.065 0.970({0.060 0.971

25 10.541 0.968 0.507 0.982(0.365 0.976

The differences of the observed neutrinos



Results
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* vary the end-point energies
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Outlook

+ Various corrections such as finite size of nucleus, weak

magnetism should be included

+ Fission data is needed for actual estimations

* For branches which are experimentally unknown we
may turn to theoretical calculations



* We have started the first step of the estimation of

neu:

Conclusions

Tino spectra from microscopic calculations

* We have calculated the neutrino spectra for FF decay
branches with two nuclear many-body approaches

“ Qur results implies that the missing neutrino from
Reactor neutrino anomaly may come from the
mistreatment of the neutrino spectra

+ further realistic estimations are needed






