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Indications of SBL Oscillations Beyond 3v
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LSND

[PRL 75 (1995) 2650; PRC 54 (1996) 2685; PRL 77 (1996) 3082; PRD 64 (2001) 112007]
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» But signal not seen by KARMEN at
L ~ 18 m with the same method
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AmSBL ~ 0.1eV" > Am/-\TM [PRD 65 (2002) 112001]
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Gallium Anomaly

Gallium Radioactive Source Experiments: GALLEX and SAGE
ve Sources: e~ 4+ 21Cr = %V 4 1, e +3Ar = 3Cl+ v,

E~075 MN E ~ 0.81 MeV
ved "Ga — "MGe+e”

Test of Solar v, Detection:
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~ 2.9¢0 deficit

<L>GALLEX =19m <L>SAGE =0.6m [SAGE, PRC 73 (2006) 045805; PRC 80 (2009) 015807;
Laveder et al, Nucl.Phys.Proc.Suppl. 168 (2007) 344,
2 2 2 MPLA 22 (2007) 2499, PRD 78 (2008) 073009,
Amgg 2 1eV° > Amppy PRC 83 (2011) 065504]
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Reactor Electron Antineutrino Anomaly

[Mention et al, PRD 83 (2011) 073006)

New reactor 7, fluxes: Huber-Mueller (HM)

[Mueller et al, PRC 83 (2011) 054615; Huber, PRC 84 (2011) 024617
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Effective 341 SBL Oscillation Probabilities

Appearance (a # ) Disappearance
AmZ L AmZ L
PSBL  ~ sin? 20,5 sin? <41> PSBL  ~ 1 —sin? 20,4 sin? (41
) v Tae) o\ ek
sin? 20,5 = 4| Una|?|Usa|? sin® 2000 = 4|Unal* (1 = |Uaal?)
2 _ 2 2 2
Ua Uso Us|Us > Amgg = Amygy = Amp, =~ Amgy
Ua Usz Uz |Upa » CP violation is not observable in SBL
v= Ui Uy Uss|Uss experiments!
U U Uss |Uss » Observable in LBL accelerator exp.
SBL sensitive to AmiTM [de Gouvea et al, PRD 91 (2015)
| 3 6 miXing angles 053005, PRD 92 (2015) 073012, arXiv:1605.09376; Palazzo et al, PRD

91 (2015) 073017, PLB 757 (2016) 142; Kayser et al, JHEP 1511 (2015)

» 3 Dirac CP phases .
039, JHEP 1611 (2016) 122 and solar exp. sensitive

» 3 Majorana CP phases

to Am%OL [Long, Li, Giunti, PRD 87, 113004 (2013) 113004]
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3+1: Appearance vs Disappearance

> SBL Oscillation parameters: ~ Am3;  |Ueal®  |Uual®  (|Ura]?)
» Amplitude of v, disappearance:
sin® 20ee = 4|Uea|® (1 — |Uea|?) = 4|Ues?
» Amplitude of v, disappearance:
sin® 20, = 4{Upa|* (1~ [Upa?) = 4 Upuaf?
» Amplitude of v, — v, transitions:

1
sin® 20¢,, = 4| Uea|?|Ua|? ~ 7 sin? 20ee sin? 20,

quadratically suppressed for small |Ues|? and |U,4|?

4

Appearance-Disappearance Tension

[Okada, Yasuda, IJMPA 12 (1997) 3669; Bilenky, CG, Grimus, EPJC 1 (1998) 247]
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Short-Baseline Reactor Neutrino Oscillations
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» SBL oscillations are averaged at the Daya Bay, RENO, and Double
Chooz near detectors ==  no spectral distortion

C. Giunti — The eV-scale Sterile Neutrinos and Neutrino Anomalies: Status — NEPLES 2019 — Seoul — 25 Sept 2019 — 9/35



Reactor Antineutrino 5 MeV Bump

= 02r ‘.o* ]
= o1 < e -
&) o + + [Berryman, Huber, arXiv:1909.09267]
S O Maweegretegtoooooe T
goc
A 1 2 3 4 5 6 7 8 » Cannot be explained by neutrino
= Prompt Energy (MeV) Mot g
(RENO, ariv: 1511 0h840] oscHIatlon’s (SBL oscillations are
2 averaged in RENO, DC, DB).
S1aff No oscilation
Eﬁl_z*|:|rmawsymmumm.my L. .
g oL » If it is due to a theoretical
. A . . .
L miscalculation of the spectrum, it
0.8 M can have opposite effects on the
0.6 | anomaly.
Tz 3 4 5 & 7 b For example:

Visible Energy (MeV)
[Double Chooz, arXiv:1406.7763]

> If it is a 4-6 MeV excess it
increases the anomaly.

» If it is a 1-4 MeV suppression it
decreases the anomaly.

Ratio to Prediction
(Huber + Mueller)

2 4 6
Prompt Energy (MeV)
[Daya Bay, arXiv:1508.04233]
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» Reactor 7, flux produced by the g
decays of the fission products of

239Pu 241 Pu

» Effective fission fractions:

>

o [107% cm? / fission]
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Reactor Fuel Evolution
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V7 » & Daya Bay Data
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Giunti, Li, Littlejohn, Surukuchi, PRD 99 (2019) 073005, arXiv:1901.01807
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» Daya Bay and RENO favor a suppression of the 235U flux (235) over
oscillations (OSC).

» However, a practically equally good fit is obtained with the hybrid model
2354+0SC.

» Moreover, the addition of other reactor data favors oscillations or,
better, 2°U and/or 23°U flux suppression plus oscillations.

[Giunti, Ji, Laveder, Li, Littlejohn, JHEP 1710 (2017) 143, arXiv:1708.01133]
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» All reactor experiments:

| 235 0SC  235+0SC  239+0SC

X2 | 346 331 29.5 26.9
NDF | 39 38 37 37
GoF | 67% 69% 80% 89%

» Even if there are short-baseline neutrino oscillations, it is likely that the
reactor antineutrino flux calculations must be corrected (most likely the

235U flux) to fit:
> The 5 MeV bump

» The fuel evolution data

» The search for short-baseline neutrino oscillations needs

model-independent information

i

ratios of spectra at different distances
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Reactor Spectral Ratios

NEQOS [prL 118 (2017) 121802 (arXiv:1610.05134)]
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2018 model independent indication

in favor of SBL oscillations

NEOS: ~ 1.70
DANSS-2018: ~ 2.70
Combined: ~ 3.50

[Gariazzo, Giunti, Laveder, Li, arXiv:1801.06467]

[Dentler, Hernandez-Cabezudo, Kopp, Machado, Maltoni,

Martinez-Soler, Schwetz, arXiv:1803.10661]
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New DANSS results @ EPS-HEP 2019

T T
3078 NEOS+DANSS-2018 —
Eowi Preliminary —_— ;G
S F l h— 30 _
o 072_+ _I_ + g @ —_—
[a] | —_—
£ 07% '+ l | q
2 . < _ ==
g L H | > -
0.68]— 2, e < =
r 1 r E
0661~ QRS R
r AM2=1.33 eV2, S
= 2 o
e s AM?=0.35 eV2, < 2019 Best Fit
0.621— Sin?(26)=0.15 ™
R AX? =7.8
0: - P B s 2o Solar 26
| 2 3 4 5 6 7 — NEOS bound
Positron energy, MeV — DANss_m
10*1 Lol | ol R
1074 107° 1072 107"
[Danilov @ EPS-HEP 2019] U
| e4|

» The agreement between NEOS and DANSS has diminished.
» Reactor indications in favor of SBL oscillations may be fading away.
» We wait independent checks of PROSPECT, STEREO and SoLiD.
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Sensitivities of New Experiments
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Neutrinoless Double-Beta Decay

mpg = ||Ue1|2 my + [Uez|? €92 my + |Ues|? €3 m3 + |Uea|? €741 my

1

107

[UePmy V]
3
s

A
Uy 'my

10 L

10 10°

10? 107

Lightest mass:  m;  [eV]
T

Normal 3y Ordering
3v (30)
3+1 (30)

107

[eV]

10?

M

10°

107 10°

90% C.L. UPPER LIMIT

107 107
Lightest mass: m; [eV]

[Uail?mi [eV]

[eV]

Mps

1

inverted 3v Ordering] T T
UesfFmg
107" F
1Ueafmy
-
10 Uezl’m;
10° £
10 !
107 10° 102 107" 1
Lightest mass: m; [eV]
1 [Wverted av Ordering T T
3v (30)
341 (30)
90% C.L. UPPER LIMIT
107
107
10°
10

107 10° 107 107 1
Lightest mass: mz [eV]

C. Giunti — The eV-scale Sterile Neutrinos and Neutrino Anomalies: Status — NEPLES 2019 — Seoul — 25 Sept 2019 — 21/35



The Gallium Anomaly Revisited

[Kostensalo, Suhonen, Giunti, Srivastava, arXiv:1906.10980]

» New JUN45 shell-model calculation of the cross section of

Ve+ tGa— "Ge+ e

10
Cross sections in units of 10~%° cm?:
< o(51Cr) a(3"Ar)
L . L Bahcall 5.81+£0.16 7.00+0.21
~F Haxton 6.39 £0.65 7.72+0.81
5 90% GL Frekers 5.92+0.11 7.15+0.14
| — Bahcall JUN45 5.67+0.06 6.80+0.08
—— Haxton
[ —— Frekers
— JUN45 » The statistical significance of the
—1 L Lol L L L P
10 10° 102 10- gallium anomaly is reduced from

|U oq? 2.90 (Frekers) to 2.30 (JUN45).
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The Gallium Anomaly Revisited

[Kostensalo, Suhonen, Giunti, Srivastava, arXiv:1906.10980]

» New JUN45 shell-model calculation of the cross section of

Ve+ tGa— "Ge+ e
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v, — Ve and v, — v. Appearance
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MiniBooNE

Uy —> Ve [PRL 110 (2013) 161801]
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Uy —> Ve

MiniBooNE
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[PRL 110 (2013) 161801]
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v, and 7, Disappearance
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[Gariazzo, Giunti, Ternes, in preparation]
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Global Appearance-Disappearance Tension
{ ve DIS v, DIS }
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Global Appearance-Disappearance Tension
{ ve DIS v, DIS }
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Global Fit Without LSND
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New Dedicated Experiments
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Conclusions |

» Neutrinos can be powerful messengers of new physics beyond the SM.

» The existence of light sterile neutrinos beyond the SM is indicated by
the reactor, Gallium and LSND anomalies.

» Exciting 2018 model-independent indication of light sterile neutrinos at
the eV scale from the NEOS and DANSS experiments in approximate
agreement with the reactor and Gallium anomalies.

» 2019 DANSS data do not confirm the 2018 indication and the reactor
indications in favor of SBL oscillations seem to be fading away.

» Important checks in the near future by the reactor experiments
PROSPECT, STEREOQ, Solid.

» Independent tests through the effect of ms in $-decay (KATRIN),
electron-capture (ECHo, HOLMES) and /3y,-decay experiments.
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Conclusions Il

» In principle, the simplest explanation of the LSND and MiniBooNE
ve-like excesses is neutrino oscillations, that requires a new AmgBL
associated with a light sterile neutrino.

» Unfortunately, the LSND and MiniBooNE v.-like excesses are too large
to be compatible with the existing bounds on v, and v, disappearance
in the framework of 3 + N active-sterile neutrino mixing:

APPEARANCE-DISAPPEARANCE TENSION

» Alternative explanations exist with a heavy sterile neutrino produced and
decayed in the detector.

» Promising Fermilab SBN program aimed at a conclusive solution of the
mystery with three Liquid Argon Time Projection Chamber (LArTPC): a
near detector (LArl-ND), an intermediate detector (MicroBooNE) and a
far detector (ICARUS-T600).

» It is important that LArTPC detectors can distinguish a single
ve-induced electron from a + or a collimated e™e™ pair.
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