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Hints for sterile neutrinos,
beyond the 3 nu framework
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Gallium Anomaly, Deficit in the expected
rate of calibration sources experiments.

GALLEX, Phys. Lett. B 342, 440 (1995).

SAGE, Phys. Rev. C 80, 015807.

We will follow the analysis in: M. A.
Acero, C. Giunti and M. Laveder, Phys.
Rev. D 78, 073009 (2008).

Reactor Anomaly (G. Mention et al. ) 6%
antineutrino deficit.

Miniboone/LSND data (different channel).

New short-baseline reactor
measurements are needed.

PSBL

Am34,L

4F
sin? 20.c = 4|Ues|*(1 — |Ues]?).

— sin”® 26, sin” (

)



The reactor anomaly
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Errors in the models based on
old measurements or in the
nuclear databases used to
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Gallium Anomaly

Re= 0.86 + 0.05

Gallium radioactive source experiments GALLEX (1.9m)

Tests of the solar neutrino detectors GALLEX (Crl, Cr2) and SAGE (Cr, Ar) SAGE (0.6m)

ve + 1Ga » Ge+ e
e +°1Cr = %V + 1, e +3Ar = 3Cl + v,

S1Cr 37 Ar
EleV] | 747 752 427 432 | 811  8I3
B.R. 0.8163 0.0849 0.0895 0.0093 | 0.902 0.098

S1Cr (7.7 days)

427 keV v (90%) ¥/ Ar (35 04 days)
432 keV v (09%) " 7

/78T ks v (B1.6%) 813 keV v ( 9.8%)

/152 KoV v (B.3%) et A 811 keV v (90.2%)
’ YiCl (stable) 7

sy [SAGE. PRC 73 (2006) 045805, nucl-ex/0512041]

[SAGE, PRC 5@ (1999) 2246, heg-ph/8803413
C. Giunti  Gallium and Reactar Neutrinos Anomaly 15 Apr 2008 3




Reactor neutrino-electron
scattering experiments

Experiment 2oy Wpy W8y Hlp, Ltivies observable
TEXONO [9] 0.35 0.32 0.07Y 0.06 3 — 8 MeV o= (1081021 L0.16) 051
MIUNTI |&) 0.34 033 0.07 0.06 0.7 — 2 MeV (1.07 + 0.34) events/day

Rovno [7] ~1.0 - - - 0.6—2MeV o= (1.26%£0.62) x 10™*cm®/fission
Krasnoyarsk (6 ~ 10 - - —  3.15-3175MeV o =(4.5124)x 107" cm* /fission
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Future results from the GEMMA experiment are expected soon,
A. Beda, et al., Adv.High Energy Phys. 2012, 350150 (2012).



Gallium and Reactor nu-e scattering data

- - Gallium-FF
— - Gallium-HF
Gallium-HK

— (v,- e) scattering

90% C.L. allowed regions Gallium anomaly (Based on C. Giunti et. al. Phys. Rev. D 86, 113014
(2012) ) and the exclusion from antineutrino-electron scattering data (Blue line).

Future nu-e scattering results are expected from GEMMA (Adv.High Energy Phys. 2012, 350150
(2012).



Coherent Elastic Neutrino
Nucleus Scattering (CNNS)

e Cleanly predicted in the SM.
Phys. Rev. D 9, 1389 (1974).
”In 1974, Fermilab physicist Daniel
Freedman predicted a novel way for
neutrinos to interact with matter

scatte_red
neutrino

* Recently discovered by the
COHERENT Collaboration. 6.7
sigma, using a low-background,
14.6 kg Csl[Na] scintillator.
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Coherent elastic neutrino-nucleus scattering. Image credit: COHERENT Collaboration.


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.9.1389
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.9.1389
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.9.1389

CeNNS

Cross section
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CENNS experiments

235U 29pu BBU *'Pu Typees  Baseline Det. Tec.
TEXONO(1kg) 100 eV 28 m Ge
RED100 500 eV 19 m Liq. Xe
MINER 10eV  1-3m  "Ge:8 Si (2:1)
CONNIE 50 eV 30 m CCD

e We use 4 cases of CeNNS experimental proposals.

T. S. Kosmas, D. K. Papoulias, M. Tortola and J. W. F. Valle, arXiv:1703.00054 [hep-ph].

SM tests. i.e. B. C. Canas, E. A. G., O. G. Miranda, M. Tortola and J. W. F. Valle, Phys. Lett. B
761, 450 (2016).E. AG, O. Miranda, M. Tortola, and J. W. F. Valle, Phys.Rev. D85, 073006
(2012), 1112.3633.

BSM, non standard neutrino interactions, neutrino electromagnetic properties, etc.. i. e.
Barranco, O. G. Miranda and T. |. Rashba, JHEP 0512, 021 (2005),J. Barranco, A. Bolanos, E.
A. G., O. G. Miranda and T. |. Rashba, Int. J. Mod. Phys. A 27, 1250147 (2012) )



Statistical analisys

We perform a X*2 analysis
neutrino -electron scattering experiments

z+1 d
= n At / / / Pffgyad—TR(T TdT'dTdE.

Future coherent elastic neutrino nucleus scattering experiments

M ctector Eymax maX(El/)
NNS | =t —astect \E,)PSBL  dE, / ( ) dT.

events M 5 Vo —Vq
le%vmax max(Ey) d COh
SM detector o
Nevents — t¢0 M )\(EV)dEI/ / (d_T> dT,
Evmin Tmin SM

For the Gallium data we perform a Max. Likelihood fit, more details in



Exclusion regions, RED100 and MINER as a case study

RED100 19m

MINER Im " [MINER 3m




TEXONO-(1kg)
With different quenching factors

-_—N

— - 100% eff, Q,= 1.0
— 50% eff, Q.= 1.0
.+ 50% eff, Q= 0.2
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FIC. 2. CENNS events withio the M as & funetion of the
cetector threshald asscnning differant quenching faerors and =
1kg-day °Ge target. A notable agreement is verified bHetweern
the results obtzined for the case of constant Q- = (.25 anc
the ampirien quenchivg facmor of l'Iq.j[lI-f.).

Kosmas et. al Phys.Rev. D96 (2017) 063013




Reactor flux factor in 235U

¢ Ratios of predicted to expected rates for
different proposed CENNS experiments. We
have taken the Mueller spectrum as a
reference in our calculations. Different
baselines are shown for some detectors, taking
into account that the proposals are still under
discussion. The black dots show the expected
ratio for the case of a sterile neutrino with a

sin2 Bee = 0.062 and Am2 = 1.7 eV.

e The blue dots give the ratio for the case of a
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decrease in the 239U of 5 % as proposed in (C.
Giunti, Phys. Lett. B 764, 145 (2017)). The
black line represents the average probability for
a mean energy of 4 MeV, and the dotted black
curve corresponds to an energy of 6.5 MeV,
both with an energy resolution of 15 %. And
finally the error bars account for the statistical
errors.




Conclusions

For the first time we considered reactor antineutrino-electron scattering data,
using it to impose restrictions on the (3+1) oscillation parameter space.

Future nu-e scattering measurements are highly desirable, GEMMA for
iInstance.

short-baseline coherent elastic neutrino-nucleus scattering experiments can
probe effects associated to light sterile neutrinos.

Particularly, the RED100, TEXONO, MINER, (CONNIE) proposals could test
the current best fit point of the sterile allowed parameter space.

Regarding the need of a precise antineutrino flux determination, CENNS is
particularly attractive, since the detection technique is different from that of
IBD detectors.



Thank you!



COHERENT Collaboration
results
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Fig. 4. Constraints on non-standard neutrino-quark Interactions. Blue region: values
allowed by the present data set at 90 % CL. (x°,
parametrize 4 subset of possible non-stand:md inte

£V £87= 0,0 corresponds 1o the Stemdard Mode] of weak interactions, and indices denote quark

5 0 £ 20 25 30 35 40
flavor and type of coupling. The gray region shows an existing constrzint from the CHARM Neutrino Energy (MeV)
experiment (34,
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Carlo Giunti Moriond 2017
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CeSOX shape (95% CL) VoDIs+B | i DANSS (1yr, 95% CL)
CeSOX rate (95% CL) — 10 |l 1 Neutrino-4 (1yr, 95% CL)
CeSOX rate+shape (95% CL) 20 H H PROSPECT phase 1 (3yr, 30)

BEST (10) 30 H 1 PROSPECT phase 2 (3yr, 30)
IsoDAR@KamLAND (5yr, 30) SoLID phase 1 (1yr, 95% CL)
ISoODAR@C-ADS (5yr, 30) - - H SoLiD phase 2 (3yr, 30)

KATRIN (90% CL) : STEREO (1yr, 95% CL)
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CeSOX (Gran Sasso, ltaly 144Ce — .
BOREXINO: | ~ 5§ s‘ijln "\)./i\.vir_'r'ff@Tf\UI_’ZC)IS' DANSS (Kalinin, Russia) L ~ 10-12m [arXiv:1606.02896]

BEST (Baksan, Russia) °1Cr — v, Neutrino-4 (RIAR, Russia) L ~ 6-11m [JETP 121 (2015) 578]
[ ~ 5-12m [PRD 93 (2016) 073002} PROSPECT (ORNL, USA) L ~ 7-12m [arXiv:1512.02202)]

Solid (SCK-CEN, Belgium) L ~ 5-8m [arXiv:1510.07835
IsoDAR@KamLAND (Kamioka, Japan) ‘ glum) = == 9-OM [ar¥iv:1510.07835
81 s 7. [ ~ 16m farXiv:1511.05130] STEREO (ILL, France) L ~ 8-12m [arXiv:1602.00568]

IsoDARO@C-ADS (Guangdong, China) KATRIN (Karlsruhe, Germany) °H

_ » Ve [Drexlin@NOW2016}
'Li — Ve L ~ 15m [JHEP 1601 (2016) 004]




Other experiments restrictions
to sterile neutrinos.
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FIG. 3. Exclusion contours in the (sin” 2614, |Amj, |) plane, under
the assumption of Amgs > 0 and Amg, > 0. The red long-dashed
curve represents the 95% CL exclusion conteur with the Feldman

Cousins methed [40] from method A, 'The black solid curve repre-
scnts the 95% CL, exclusion contour [41] from method B. The ex-
pectad 95% CI. 1o hand in yallow 1§ centerad around the sensitivity
curve, shown as a thin blue line, The region of paramsier space tc the
right side of the contours is excluded. T'or comparison, Bugey’s |43]
90% CL limi: on 7, disappedrance is also shown as the green dashed
curve.




NEOS Experiment
Y. J. Ko et al,,
Phys. Rev. Lett. 118, no. 12, 121802 (2017)

RAA allowed (__i=
90% CL —2
95% CL
99% CL

Excluded
—— NEOS 90% CL
Bugey-3 90% CL
Daya Bay 90% CL
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FIG. 4. Exclusion curves for 3+1 neutrino oscillations in the
sin” 20,4 — Am,'“-fl parameter space. The solid-blue curve is 90% CL
exclusion contours based on the comparison with the Daya Bay spec-
trum, the dashed-gray curve is the Bugey-3 90% CL result [10]. The
dotted curve shows the Daya Bay 90% CL, result [34]. The shaded
area is the allowed region from the reactor antineutrino anomaly fit
and the star is its optimum point [12].



