Short baseline oscillation anomalies and
reactor experiments

Christoph Andreas Ternes

Cortona Young 2021, June 10" 2021

I N F N Istituto Nazionale di Fisica Nucleare
SEZIONE DI TORINO



Neutrino oscillations
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Three-neutrino oscillations
Neutrino mixing matrix
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Three-neutrino oscillations

Neutrino oscillation probability in vacuum is given by
Pop(B,L) =Y Uk UpiUa;Uset 25 F
k?j
From the interplay of the mass splittings with energy and distance
we see that different types of experiments are sensitive to different
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Am2, KamLAND SOL
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Valencia - Global Fit, 2006.11237, JHEP 2021
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Global fit

Valencia - Global Fit, 2006.11237, JHEP 2021

parameter best fit £ 10 20 range 3o range
Am32,[107°eV7] 750705 712793 694814
|Am?,|[107%eV?] (NO) | 2557003 249260  2.47-2.63
|Am2,|[10-%eV?] (10) | 2457003 239-250  2.37-2.53
. ORI Y s | sin f1/10 3184016  2.86-3.52 2.71-3.69
0.32 0.4 .02.5 0.6 0.02'02 0.024  0.028
e i S sin® f3/1071 (NO) | 5.74+0.14 541599  4.346.10
sin® f,3/10~1 (10) 5787019 541-5.98  4.33-6.08
sin? 013/1072 (NO) | 2.200%000  2.069-2.337  2.000-2.405
sin 03/1072 (10) | 2.225M00%  2.086-2.356  2.018-2.424
d/m (NO) 1.08 01 0.84-1.42  0.71-1.99
el S PRt Eien i d/m (10) 1581010 1.26-1.85  1.11-1.96
7.0 1.5 8.0 8.5 23 24 25 2.6 1.0 15 2.0 :
Am3, [107 eV2] [Am3,| [10-3 eV?] oim
See also: See also:

Bari — 2003.08511, PRD 2020 NuFit - 2007.14792, JHEP 2020
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Anomalies
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Anomalies

Three neutrino oscillations can not account for short baseline anomalies

E
AnE L% > 50 km
osc ~ MeV
) Am3 ; .
L2 1k

Short baseline oscillations require:

L
[ <10m/MeV = Am?2>0.1eV”
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3+1 neutrino oscillations
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3+1 neutrino oscillations

-1
10

LSND collaboration

Karmen CCFRE
Bugey ]
NOMAD
90% (L, -L<23)
99% (L, -L <4.6)
| | Ll | 0
107 10~ 10 .
sin” 20

hep-ex/0104049, PRD 2001

o
=
Q,
1 -
o
g
<]
o o
10—1 ! 95% CL .
Gallium
- Reactors

- vC
Sun
Combined

107" 1

sfn229ree
Giunti, Laveder, Li, Liu, Long
1210.5715, PRD 2012

10

Christoph Ternes



The reactor antlneutrlno anomaly
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The reactor antineutrino anomaly
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The reactor antineutrino anomaly
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The reactor antineutrino anomaly
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There is NO reactor antineutrino anomaly using the latest flux
calculations!
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NEOS Ratio analysis

DANSS
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10 e

Gariazzo, Giunti, Laveder, Li, 1801.06467, PLB 2018

Ratio analysis 2018
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Giunti,

Li, Zhang, 1912.12956, JHEP 2020

Ratio analysis 2019/2020
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Ratio analysis 2021

No preference at all for
oscillations in DANSS
data

no closed contours at 2o

we can only set upper
limits on |Ue4|? = sin® 6,4
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average

N(L, E)/N(L,E)

Neutrino-4
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Neutrino-4
&mﬁlL)> For the predicted number of
k

1 - sin?20,, (sin? (274
: events one needs to
1—sin®20..np' i, (sin” (258%))  average over the oscillation
T term

Averaging contains integration over flux, distance, detector resolution
(%) ¢w. (E) Jupp(E)
v (E) 05.p(E)

Using energy calibration information from 2005.05301 we extract the
approximate energy resolution function

Rthn. .

I'I‘.I."].X

(s (V37)), - i ALL™® [0 B, | dBCR(Ey, B
=111
ik

LI'I‘.I."].X
AE S LI Jwin dE} [ A R(E,, B,

E, — B! E,
eXp (—( . 2 ) og, =0.19 VeV MeV.

R(E,, Ep) o7
EP

‘\H JEP

21 Christoph Ternes




Neutrino-4
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Other channels
No evidence in muon disappearance

2 , .
107 ' 3 @ / v, Dis
H 1i} 1/ / 1
= 1 — 68.27%CL
— CDHSW N, © 1 —— 90.00%CL
- E‘FJH < — —— 95.45%CL
—_— —— 99.00% CL
— SB-MByv, oo — 99.73%0CL
1 | — SB-MBY,
0§ — lceCube © ’
. —— DeepCore
o — MINOS+ |4
% —— Combined L]
B
—_— _ /
1k 1
N
<]
4 L "
10 N ]
10—2 T T 11
-3
10 0 3 6 9
Ax2

23 Christoph Ternes



No evidence

Other channels

In muon disappearance

IceCube, 2005.12942, PRL 2020
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Other channels
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Global fit?
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Global fit?
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Conclusions

Short baseline anomalies can not be explained with 3-neutrino
oscillations

There Is no reactor antineutrino anomaly using the newest flux
calculations

The preference for 3+1 mixing from ratio experiments is fading
away, the Neutrino-4 result is doubtful

No significant preference for sterile neutrinos from
disappearance experiments!

A global 3+1 fit is statistically unacceptable
What were LSND and MiniBooNE observing?
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