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MiniBooNE excess explanation with a ~250 MeV heavy neutrino
decaying into a photon

-Mixing: 107 < |Upyl? <1077
- Mass: ~ 250 MeV
- New physics scale: 10* TeV <A< 107 TeV

Outline:
* MiniIBoONE excess
 Model used in our work
* Predictions
* Time spectrum > Ultimate probe of the model
* Analysis
* Results
e Other searches
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Strong tension with null results in 7/, / V., disappearance experiments
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The Model
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Production at the beam
K —= /YN

Dominant decay modes (mixing):
N — (Fgt
N — vr®

muy )3
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3> 107 MeVIUnl™ 3553y
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Production at the beam
K —= /YN

Dominant decay modes (mixing):
N — (Fgt
N — vr®

muy )3
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Decay at the detector
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~ 1. 16\
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N —> X &
Dominant decay channel

See also:

- S.N.Gininenko: arXiv:0902.3802
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Predictions

* Total excess
* Energy and angular spectra
* Time spectrum
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Predictions

Ndecay = POT Bry AcrrMB / dpn ¢n (PN, mN) €(PN) Paec Wrime (DN, MN)
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Predictions
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Predictions

Ndecay — POI-Aeff,MB / de é(pN) Pdec Wtime (pN7 mN)
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Predictions
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Predictions

Ndecay = POTA@ ££MB / de é(pn) time(pN7 my)

| Effective area | Detection efficiency
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Predictions
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Predictions
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Predictions
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Time shape: NN are slower than v

Inside the analyzed

time window -

Outside the analyzed
time window
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A step-like beam pulse of 1.6pus is assumed
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See also: p.Ballett, et.al. arXiv:1610.08512
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Analyses
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Data used

Energy spectrum fit
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Data used

Angular spectrum fit

Energy spectrum fit
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Data used

Energy spectrum fit Angular spectrum fit
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Energy and angular spectra fits
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A.Herne

Number of events/bin

Energy and angular spectra fits
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A.Herne
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Energy and angular spectra fits
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Energy and angular spectra fits

1200

K — Nu

1000} -

800

Without
timing window,

K — Ne

600

Total signal events
D
o
o

N
o
o

Total signal events

150 200 250 300 350 400 450

150 200 250 300 350 ol e
MeV]

x*/dof = 63/36 2 /dof = 33/18

gliv: o | SRR 5 ............................. :, .................... el 300 —
: : i data » mode ¢ data v mode
._% TOO L et e Gt ¢ data 7 mode | © 2500 &
= ' : 1 vmode -E 1 v mode i :
0 El V200U Shode e T BN e
C 80 [ - : .
= g |
o 60 5 150 .- ........................... ____________________________ ___________________________
Y— w— ; ; 1
o (@) I o NERACHE i TSN SO
LAk = 100 |
EQE i e T ot
E 20/ £ i i T
=z 0 2 0 $ i i : i 1 2 {
A.Herne _50 : 31
-1.0 -0.5 0.0 0.5 1.0




Energy and angular spectra fits

1200

K — Nu

1000} -

800

K — Ne

Without
timing window,

600

Total signal events
D
o
o

Total signal events

N
o
o

150 200 250 300 350 400 450

150 200 250 300 350 ol e
MeV]

*/dof = 33/18

x> /dof = 63/36
300 /—X \

b i X o)| SR § ............................. :, .................... !=370MeV, reR | S n
c i data » mode ¢ data v mode
= 100 | R et ¢ data 7 mode | — | ¢ datamode
S ] vmode 2 'y mode : :
e Nt e s RO W 200} pmode | T SR
c 80 [ : :
w m . : H
> S50 = e e e S e
i o Improves notably
5 S 100
T S B3 T ; ........................... e g
3 : = : i S
E 20 15 ol L E 50 Lo o st sl s o e e { i ,,,,,,,,,,,,,,, "‘ ,,,,,, | B | T_
— = { —S 1 §
0 : }
A.Herne { /32
0.0 0.5 1.0
cosd




10 e ————————— N—

1078
L 10
-
=
= o0 SN1987A
250 MeV
10" | — 20
= (o
10—12

10-% 107 10 10"
I_N—>vy [MeV]

Supernova bound:
G.Magill et.al. arXiv:1803.0362

A_.Hernandez-Cabezudo

Total signal events

Parameters of the model

|UM4|2

A

33



 SN1987A

250 MeV
s, 2.

— 10

20
1010, B
10‘"“——
A 10_12 e I e T I I T e =
150 200 250 300 350

my [MeV]

Total signal events

Parameters of the model

|Uu4|2

A

34



|Uu4|2

1077,
1078,
1079
10-10. SN1987A
107"
10_12 10|—19 10;17 10;15 10;13
I—N—>vy [MeV]
1076
107 —
1079
20 !
10710, o
10—11f‘--__::::::::::::________
10_12ww-w\‘-.‘\“““‘,““
150 200 250 300 350
my [MeV]

SN1987A

107 107 105 10-™®
I_N—>vy [MeV]
108
10_7:
3 109
= 10 20
10710
10‘11\———
qoelal s o e e S
150 200 250 300 350

my [MeV]

35



More tests

* Fermilab Short-Baseline Neutrino Program

MiniBooNE | SBND MicroBooNE Icarus
POT / 10%° 24 6.6 13.2 6.6
Volume / m? 520 80 62 340
Baseline / m 540 110 470 600
Ratio 1 0.09 0.15
Events 400 400 39 58

A_.Hernandez-Cabezudo

See also: P.Ballett, et.al. arXiv:1610.08512
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MiniBooNE | SBND MicroBooNE Icarus
POT / 10%° 24 6.6 13.2 6.6
Volume / m? 520 80 62 340
Baseline / m 540 110 470 600
Ratio 1 0.09 0.15
Events 400 400 35 58
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See also: P.Ballett, et.al. arXiv:1610.08512
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Summary

MiniBooNE excess explanation with a ~250 MeV heavy neutrino
decaying into a photon:

- Mixing: 107 < |Upyl? <1077
Mass: ~ 250 MeV
New physics scale: 10* TeV < A < 107 TeV

Ingredients for the light neutrino masses via seesaw

Timing shape: Ultimate test for the model

More tests: Fermilab Short-Baseline Neutrino Program

A_.Hernandez-Cabezudo
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Time window:

Spectral fits
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Without time window:

A.Her
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Further models

Nucleus scattering:

Target

E.Bertuzzo et.al. arXiv:1807.09877
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Different model, based on Nucleus scattering
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Further models

Nucleus scattering:

S.N.Gininenko arXiv: 0902.3802, arXiv: 1009.5536
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Heavy neutrino flux
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