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Next-Generation Long-Baseline Experiments
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Far Detectors Near Detectors Neutrino source
(measure oscillations) (measure unoscillated flux)

m ta|k by Mary Bishal
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https://nus2surf.dunescience.org/2018/02/neutrino-experiment-factsheet/

Yes, But Why?

[ Precise knowledge of particle physics is indispensable for
using neutrinos as astrophysical messengers

[A Connection between leptonic CP violation and baryogenesis
[ Hints for the origin of flavour

g Multi-purpose detectors with lots of secondary opportunities
(supernova neutrinos, light dark sectors, proton decay, ...)

[ Portal to new physics

..
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Open Questions Along the Way

A Question 1: How do Neutrinos Interact?
lZQuestion 2. What Explains the Oscillation Anomalies?

IZ Question 3: How do Supernova Neutrinos Oscillate?

A Summary

Joachim Kopp — Open Questions in Neutrino Physics
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Question 1:
How do Neutrinos Interact?
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Systematic Uncertainties

IZ Large systematic uncertainties in
O Composition of neutrino beam
O Neutrino interaction cross sections
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Understanding Neutrino Interactions
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Understanding Neutrino Interactions
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Understanding Neutrino Interactions
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Understanding Neutrino Interactions
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Understanding Neutrino Interactions
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Understanding Neutrino Interactions
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Understanding Neutrino Interactions
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Systematic Uncertainties

[ Large systematic uncertainties in
O Composition of neutrino beam

O Neutrino interaction cross sections

Experimental Mitigation

Theory Needs

A near detectors [ better modelling of
(on-axis and off-axis) neutrino interactions

[4 hadroproduction experiments A new strategies for optimally
(NAGL/SHINE, ENUBET) exploiting near detector data
..» talks by E. Zimmerman & A. Branca (e.g. DUNE-PRISM m talk by F. Battisti)

)L FEN IR,

o)
Initial Nuclear Extra Nuclea Fin IStat
uuuuu State Effects Interactions (FSI)
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Question 2:
What Explains the
Oscillation Anomalies?
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Anomalies in Short Baseline Oscillations
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https://arxiv.org/abs/2006.16883

MiniBooNE

IZ Unexplained excess of

few 100 MeV ve in vy, beam
(4.80)

lZf source—detector distance too
small for std. oscillations

\ , [A But consistent with other
e anomalies in the ve — v, and
Ve — Ve Channels
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MiniBooNE Backgrounds
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MiniBooNE Backgrounds
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lZ Neutral current neutrino interaction: ¢ ..
v+ N—=v+A(1232)

A A(1232) mostly decays to m+ N

[ But a rare decay exists to y + N

A MiniBooNE cannot distinguish
single-y background from CC ve signal

OOOOO

CE/RW
.
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[4 A production rate can be estimated N
from A — N "

[A Pions may be absorbed
on their way out of the nucleus

O may excite another A resonance
m A — yvN enhanced by ~factor 2

O or may be absorbed

wm control region suppressed by ~factor 2
loannisian 1909.08571

Giunti loannisian Ranucci 1912.01524

OOOOO

(These effects have been taken into account by MiniBooNE)
MiniBooNe, arXiv:2006.16883

CE/RW
.

NS
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https://arxiv.org/abs/2006.16883
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The New Kid in Town: MicroBooNE

IZ LAr TPC » superior event reconstruction capabilities

[A no excess in single-e nor in single-y

(but still marginally consistent with MiniBooNE) MicroBooNE arXiv:o110.00409

and arXiv:2110.14054
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https://arxiv.org/abs/2110.00409
https://arxiv.org/abs/2110.14054

Light Sterile Neutrinos?

lZAdd extra neutrino flavor, promote mixing matrix to 4x4

[ Explaining MiniBooNE via v, — ve oscillations
requires sterile neutrino mixing with both vy and ve.
w predict sizeable ve and v, disappearance into vs

Joachim Kopp — Open Questions in Neutrino Physics
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Light Sterile Neutrinos?
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https://arxiv.org/abs/1803.10661
https://arxiv.org/abs/1607.00011
https://arxiv.org/abs/1703.00860
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Light Sterile Neutrinos?

BEST and uyBooNE
push towards lower |Uya4/?
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BEST and Neutrino-4
push towards larger |Amas|?
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BEST and Neutrino-4
push towards larger |Amas|?

BEST and uyBooNE
push towards lower |Uya4/?
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BEST and Neutrino-4
push towards larger |Amas|?
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Expect tension to increase
e reactor fluxes vs. BEST
e MiniBooNE vs. uBooNE
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To Do List for Neutrino Anomalies
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To Do List for Neutrino Anomalies

% scrutinize anomalies for
(need 4 independent effects!)

* |
* extended models? m see e.g. poster by Nicholas Kamp

C@ Neutrino
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To Do List for Neutrino Anomalies

% scrutinize anomalies for
(need 4 independent effects!)

* |
* extended models? m see e.g. poster by Nicholas Kamp

w talks by Jay Hyun Jo (uBooNE),
Mikhail Danilov (DANSS),
Pablo del Amo Sanchez (STEREOQ)
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Question 3:
How do Supernova Neutrinos Oscillate?
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134.06 ms

SXS Collaboration, Christian Ott et al.


https://www.youtube.com/watch?v=oxGajNoPz8c

134.06 ms

SXS Collaboration, Christian Ott et al.


https://www.youtube.com/watch?v=oxGajNoPz8c

Collective Neutrino Oscillations

[A flavor evolution described by von Neumann equation

z(@t + U - 67?),077, — [Hvac -+ HMSW T HVV? "“ap}

Joachim Kopp — Open Questions in Neutrino Physics 27
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Collective Neutrino Oscillations

density matrix

[ flavor evolution descritsed . in flavour space jnn~equation

CE/RW
.

) Joachim Kopp — Open Questions in Neutrino Physics 27




Collective Neutrino Oscillations

density matrix

[ flavor evolution descritsed . in flavour space jnn~equation

vacuum oscillations

1 2
Hyoe = 5= Upnins MUy ins

CE/RW
.
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Collective Neutrino Oscillations

- density matrix

4sed  in flavour space jnn™

[ flavor evolution descr, equation

vacuum oscillations matter effects

1
Hae = ﬁUPMNSMQUgMNS Hysw = \/§GF77J6( 0 o)
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Collective Neutrino Oscillations

- density matrix

4sed  in flavour space jnn™

[ flavor evolution descr equation

vacuum oscillations matter effects self-interactions

3
1 2 1 d°q _
Hvac = ﬁUPMNSM UPT’MNS HMSW = \/§GF77J€( 0 O) H,/V — \/iGF / (27T)3 (1 — COS Hﬁq’)(p;@— P7,.q
CERN eutrino
(}l ‘ ‘ )' PLATFORM Joachim Kopp — Open Questions in Neutrino Physics 27




Collective Neutrino Oscillations

density matrix

[ flavor evolution descritsed . in flavour space jnn~equation

vacuum oscillations matter effects self-interactions

1 d?
Hyae = 55 Upnns M2 Ubyns | Husw = \/§GF77J6( 0 o) H,, = V2GF / (27;)]3 (1 — cos Op7)(pr,q — Pr.q

IZ at large ny:

O same equation for all energies ™ synchronization
O non-trivial angular dependence

gnon—linear equation = all kinds of instabilities
[A each neutrino flavour behaves differently

CERN Neutrino :'_'::::':‘:-'
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Collective Neutrino Oscillations

* pure Standard Model problem
% solution will be crucial for the next
* the neutrinos are already on their way

C@ Neutrino
\ \) PLATFORM
N4

]G‘U Joachim Kopp — Open Questions in Neutrino Physics 28



Summary
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lZQuestion 1: How Do Neutrinos Interact?
reduce uncertainties in beam spectrum and interaction cross-sections

A Question 2: What Explains the Oscillation Anomalies?

new physics or background mis-modeling?

A Question 3: How do Supernova Neutrinos Oscillate?
non-linear evolution of dense neutrino gases

IZ + many others

CE/RW
.
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Thank You!
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Questions?
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THE QUEEN OF MYSTERY
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Bonus Slides
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Oscillation Anomalies
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A — y N: Comparison of Generators

A-y background — MC predictions

700
L] MiniBooNE prediction
600 - i1 GiBUU
| NuWro
5004 L b ] GENIE G18 0la 02 1la
----- . (____1 GENIE G18 01b 02 11a
200 - "~71 GENIE G18 02a 02 1la

“ GENIE G18 02b 02 11la
] GENIE G18 10a 02 1la

300 {= 1 GENIE G18 10b 02 11a
200 Brdar JK, arXiv:2109.08157
100 -

number of v, CC-like events per GeV

O ' I — - —— —r 9 = o . .
02 04 06 08 10 12 14 16 1.8 2.0
reconstructed neutrino energy E, [GeV]

™ histograms calibrated to NUANCE
(the generator used by MiniBooNE)

™ using our own implementation of radiative resonance decays
in GIBUU, NuWro, NUANCE
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https://arxiv.org/abs/2109.08157

MicroBooNE

\
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MiniBooNE vs. MicroBooNE

Run 9407
Subrun 50
Event 2548
Enu=445 MeV

V-plane
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A — y N: MicroBooNE
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https://arxiv.org/abs/2110.00409

MicroBooNE weighs In

ganomalous Ve appearance tested by MicroBooNE
In several channels

IZ No support for interpretation of MiniIBooNE excess as ve

® MicroBooNE Observed
=~ Predicted, no eLEE (x = 0.0)
— Predicted, w/ eLEE (x =1.0)

2.5 -

2.0 A

15 e _L —

1.0 [ { *

lelp 1eNpOm 1e0pOm  leX
CCQE

0.5 -

Events Observed / Predicted (no eLEE)

0.0

S

CE/RW
.
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MicroBooNE weighs In

Manomalous Ve appearance tested by MicroBooNE
In several channels

IZ No support for interpretation of MiniIBooNE excess as ve

® MicroBooNE Observed

M i n i BOON E eXCGSS ] == Predicted, no eLEE (x =0.0)
e - Predicted, w/ eLEE (x=1.0)
central value o

1.5 A ‘ ——

1.0 -

0.5 -

Events Observed / Predli

0.0

lelp 1eNpOm 1e0pOm  leX
CCQE

R—

CE/RW
.
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MicroBooNE weighs In

ganomalous Ve appearance tested by MicroBooNE
In several channels

IZ No support for interpretation of MiniIBooNE excess as ve

® MicroBooNE Observed
=~ Predicted, no eLEE (x = 0.0)
— Predicted, w/ eLEE (x =1.0)

2.5 -

2.0 A

15 e _L —

1.0 [ { *

lelp 1eNpOm 1e0pOm  leX
CCQE

0.5 -

Events Observed / Predicted (no eLEE)

0.0

S

CE/RW
.
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Compatibility Between MiniBooNE and
BooNE

10°E b Argiielles et al. 2021 :
B [ 20 regions overlap
10F= [ good sensitivity due to
B 1o, downward fluctuation in v,

upward fluctuation in vy

Am3, [e\/Q]
T

~JKARMEN 30 .
; M more conservative / robust

limits from CLs method

107 =
: MicroBooNE 30
_ glégséve OPERA 30

10_2 oo and ' ||||||| ] ||||||| L1111l
104 1073 1072 10~ 1 1

sin? (20,e) = 4|U u|*|Uey|?
ArgUelles Esteban Hostert Kelly

JK Machado Martinez-Soler Perez-Gonzalez
arXiv:i2111.10359
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NC 9 Production in MiniBooNE

2] _
e
5wk b
> —
LU =
350 — +
B - ni° misid
300;"}‘? ‘-—:_}_( ] v, from K°
250 :_ - - :__}j v, from K*"
- ' v, from u*
200 i L% | BestHit
150 — :i"_ _, -@- Data
— L
100 - _@:@ ~ 1+
o D s,
0 200 400 600 800 1000 1200
E," [MeV.
MiniBooNE 2020
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NC 9 Production in MiniBooNE

2] o

e

GCJ 400 = +

> —

L =
350 — +

- i ] «° misid

3005_ | ___:_}_‘ -vefromKO
250 — — :_{j v, from K*"

~ v, from p*"
200 {'1% ~ n
! S E _: Best-fit

150 :i_‘,_ - —@- Data
— 1 .
— N
100 - _@:@ : X 2P
50 — @%f?* )
0 200 400 ' 80 1000 1200
) Ey" [MeV]
i MiniBooNE 2020
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NC n© Production in MiniBooNE

Mv+N—=>v+N+
errO—> YV is observable

— 1Y production rate measured

M Rarely, one photon from
m — yyis missed
O conversion outside active volume
m disfavored by uniform distribution of excess events
O decay may be asymmetric

O boosted/collimated photons
w not at low energies, where the excess Is

O photon absorbed on nucleus before converting

CE/RW
.
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NC n© Production in MiniBooNE

Mv+N—=>v+N+
lZn0—> YV is observable

— 1Y production rate measured

M Rarely, one photon from
m — yyis missed
O conversion outside active volume
m disfavored by uniform distribution of excess events
O decay may be asymmetric

O boosted/collimated photons
w not at low energies, where the excess Is

O photon absorbed on nucleus before converting

CE/RW
.

) Joachim Kopp — Open Questions in Neutrino Physics 44




NC n© Production in MiniBooNE

£k Mo
[4 Problem with translation 2 =
from control sample to - e
signal region? S
O unlikely after >10 years

O but probability for missing one y T T
is determined based on MC only

[A One possible cross-check:
CC vy + 10 production

O compare rate of u + 1 shower
and U + 2 shower events

CE/RW
.
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mO in MiniBooNE: Comparison of Generators

NC n® background — MC predictions

3000
L MiniBooNE prediction
i1 GiBUU

2500 1 NuWro

] GENIE G18 0la 02 11la

| "1 GENIE G18 01b 02 1la
"~~1 GENIE G18 02a 02 1la
" GENIE G18 02b 02 1la

2000 -

15007 | 1 GENIE G18 10a 02 11a
~~ GENIE G18 10b 02 11a
1000- .
Brdar JK, arXiv:2109.08157
500 -

number of v, CC-like events per GeV

0 . . . : . T . .
02 04 06 08 10 12 14 16 1.8 2.0
reconstructed neutrino energy E, [GeV]

™ histograms calibrated to NUANCE
(the generator used by MiniBooNE)

Cﬁw Neutrino
\ \) PLATFORM
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Light Sterile Neutrinos?

lZAdd extra neutrino flavor, promote mixing matrix to 4x4

[ Oscillation channels are related:
Py v, = 1= 2[Ucsl*(1 — [Ueal?)
Py, v, 21 = 2{Uu"(1 = [Upal")
Pvu—w — 2\U€4\ ‘UM4|2

(for 4rE/Am3, < L < 4tE/Am3,)

A Models can be over-constrained.
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Sterile Neutrinos in Cosmology

An extra neutrino species Is In severe tension with
cosmology.

Standard picture: vs production via oscillation at T = MeV

Neit = 3.16 4 >mys0.12eV 4

Planck TT, TE,EE+lowE+lensing+BAO 2018
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Sterile Neutrinos in Cosmology

An extra neutrino species Is In severe tension with
cosmology.

measure for the
energy density in relativistic particles
extra neutrino species would imply Nes ~ 4

Planck TT, TE,EE+lowE+lensing+BAO 2018

Joachim Kopp — Open Questions in Neutrino Physics 48

EN ‘ ) ‘ e;rc ‘ JG|u


https://arxiv.org/abs/1807.06209v1

Sterile Neutrinos in Cosmology

An extra neutrino species Is In severe tension with
cosmology.

Standard plcture Vs produc’uon via OSC|IIat|on at T MeV

* measure for the sum of neutrino masses

energy density in relativistic particles affects structure formation
extra neutrino species would imply Nes ~ 4 sterile neutrino compatible with anomalies

would imply >2my ~ 1 eV

Planck TT, TE,EE+lowE+lensing+BAO 2018
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Sterile Neutrinos in Cosmology

An extra neutrino species Is In severe tension with
cosmology.

Standard plcture Vs produc’uon via osc:|llat|on at T MeV

* measure for the sum of neutrino masses

energy density in relativistic particles affects structure formation
extra neutrino species would imply Nes ~ 4 sterile neutrino compatible with anomalies

would imply >2my ~ 1 eV

potentially solvable in extended models
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Reconciling Sterile Neutrinos with Cosmology
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Reconciling Sterile Neutrinos with Cosmology

Standard picture: vs production via oscillation at T = MeV

>my s 0.12 eV 4 Netf = 3.16 4

A New interactions in the vs sector Hannestad et al. 1310.5926
Dasgupta JK, 1310.6337

O production suppressed by thermal potential
O avoids Ne# constraint, weakens or avoids >~ my constraint
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Reconciling Sterile Neutrinos with Cosmology

Standard picture: vs production via oscillation at T = MeV

>my = 0.12eV 4 Netf = 3.16 4

A New interactions in the vs sector Hannestad et al. 1310.5926
Dasgupta JK, 1310.6337

O production suppressed by thermal potential
O avoids Ne# constraint, weakens or avoids >~ my constraint

[ vs properties change in late phase transition

Bezrukov Chudaykin Gorbunov, 1705.02184
Chu et al., 1806.10629
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Reconciling Sterile Neutrinos with Cosmology

Standard picture: vs production via oscillation at T = MeV

>my = 0.12eV 4

A New interactions in the vs sector Hannestad et al. 1310.5926
Dasgupta JK, 1310.6337

O production suppressed by thermal potential
O avoids Ne# constraint, weakens or avoids >~ my constraint

[ vs properties change in late phase transition

Bezrukov Chudaykin Gorbunov, 1705.02184
Chu et al., 1806.10629

[ Coupling to slow-rolling scalar field
Fardon Nelson Weiner, astro-ph/0309800

Bezrukov Chudaykin Gorbunov, 1705.02184
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New Interaction in the Sterile Sector

[A Assume vs coupled to new force mediator
IZ Neutrino self-energy contributes to effective potential Vet

A/
| 3-’4\1\'\"-2
A > > >
174 /g
VS 1/ 3 S S
CERN Neutrino :::':‘:-°
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New Interaction in the Sterile Sector

[A Assume vs coupled to new force mediator
IZ Neutrino self-energy contributes to effective potential Vet

o
g ik
b $ a
[ Thermal propagators
() = (p-+ m)| 5+ 00|
D (p) = (g + 9" M) | s+ Tu)
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New Interaction in the Sterile Sector

[A Assume vs coupled to new force mediator
M Neutrino self-energy contributes to effective potential Vet
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New Interaction in the Sterile Sector

[A Assume vs coupled to new force mediator
M Neutrino self-energy contributes to effective potential Vet
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New Interaction in the Sterile Sector

gAssume Vs coupled to new force mediator
IZ Neutrino self-energy contributes to effective potential Vet

% Vs production strongly suppressed at high T
% cosmological constraints avoided

Al

1% _ 1% g ° N
D (p) = (—g"" + pt'p” /M=) [PQ - MR

nrs(p) = [P/ £1)7

— T
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New Interaction in the Sterile Sector

[A Effective potential Veff > Am2/(2T): suppresses Vs
production

[A Later: equilibration between ve,: and v
(Nerf is fixed by then)

Archidiacono et al. 1606.0/673

1.00 - . . 1.00 - : - :
— ACDM: Planck15 lowTEB+highITT 704 — Pseudoscalar: Planck15 lowTEB+highITT 82
B ACDM: Planckl5 lensing only B ACDM: Planck15 lensing only
ACDM: CFHTLenS only (ultra conservative) 69.6 ACDM: CFHTLenS only (ultra conservative) 80
0.95} 1 0.95} 1
| 1688 | {78
=~ =~
1672 B =
~— 74 —__
L L
66.4
= 72 £
— = | T
65.6 2. 8,
70
64.8
68
64.0

(o))
(o]
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New Interaction in the Sterile Sector

[A Effective potential Veff > Am2/(2T): suppresses Vs
production

‘Z May easy Ho tension 1 Vepr and Vs

(discrepancy between local and
cosmological measurements of

Archidiacono et al. 1606.0/673

10 the Hubble constant) , . , .
: N — Pseudoscalar: Planck15 lowTEB+highITT 82
: - o Criony vy - B ACDM: Planck15 lensing only
ACDM: CFHTLenS only (ultra conservative) 69.6 ACDM: CFHTLenS only (ultra conservative) 80
0.95¢} 1 0.95} |
68.8 78

~
(o)}

[ody/ 87 ury| g

~
N

70

68

66

m
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Other Proposals (1)

A Decay of O(keV) sterile neutrinos to active neutrinos
Dentler Esteban JK Machado 1911.01427

de Gouvea Peres Prakash Stenico 1911.01447
Hostert Pospelov 2008.11851

IZ New resonance matter effects from neutrinophilic Higgs
Asaadi Church Guenette Jones Szelc 1712.08019

[F Altered dispersion relations Déring Pas Sicking Weiler 1808.07460
Barenboim Martinez-Mirave Ternes Tortola 1911.02329

[A Sterile v + non-standard interactions

Liao Marfatia Whisnant 1810.01000

A Mixed O(1 eV) vs oscillation and O(100 MeV) vs decay
Vergani Kamp Diaz ArgUelles Conrad Shaevitz Uchida 2105.06470
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Other Proposals (2)

IZ Decay of heavy vs produced in beam

Palomares-Ruiz Pascoli Schwetz hep-ph/0505216
Gninenko 1101.4004

Bai Lu Lu Salvado Stefanek 1512.05357
Hernandez-Cabezudo Schwetz 1909.09561
Magill Plestid Pospelov Tsai 1803.03262

[F Decay of vs or new scalars produced in the detector

Alvarez-Ruso Saul-Sala 1705.00353

Bertuzzo Jana Machado Zukanovich-Funchal 180/7.09877
Abdullahi Hostert Pascoli 2007.11813

Ballett Pascoli Ross-Lonergan 1808.02915

Dutta Ghosh Li 2006.01319

Abdallah Gandhi Roy 2010.06159

A Decay of axion-like particles
Chang Chen Ho Tseng 2102.05012

Brdar Fischer Smirnov 2007.14411

l_7_f A model-independent approach
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Future MicroBooNE Searches

MicroBooNE’s Exploration of the MiniBoOONE Excess

First series of results (1/2 the MicroBooNE data set)

Reco

1e0p 1elp 1eNp 1eX ta oX |1 171 1vX
Models opology +enotehing ©e yOp 7P 4

eV Sterile v Osc “ / V V

Mixed Osc + Sterile v Vm Vn | Vm Vn Vm

Sterile v Decay %,14] %3,14] V[13.14] [13,14] VIMMZJSI
V.

More complex higgs * %01 [10]

Axion-like particle  * %l

Res matter effects V{S] VIS : % “[5]

SM y production

[~

AN
AN

Dark Sector & Z’ *

AN

,2,3) V[LZBI
6,10] Vl&lol “[6,101

S

2,3] (1

S
ANAN

v |V

* Requires heavy sterile/other new particles also
MBO@<
10 10/27/21 Matt Toups, Fermilab | Search for an Excess of Electron Neutrino Interactions in MicroBooNE - Summary
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Decaying Sterile Neutrinos

Dentler Esteban JK Machado, 1911.01427
de Gouvea Peres Prakash Stenico 1911.01447
Hostert Pospelov 2008.11851
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Decaying Sterile Neutrinos

[ |dea: production of sterile neutrinos that quickly decay
back into active neutrinos (+ light new scalar): vs @ va + @

LD —qUsVsh — Z MaB VaV3

A=€,,T,5

Dentler Esteban JK Machado, 1911.01427
de Gouvea Peres Prakash Stenico 1911.01447
Hostert Pospelov 2008.11851

CE/RW
.
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Decaying Sterile Neutrinos

[ |dea: production of sterile neutrinos that quickly decay
back into active neutrinos (+ light new scalar): vs @ va + @

. Dentler et al. 2019
A Excellent fitto ~ Smteemw .
O | |Ues|2 = 0.002 MiniBooNE (v mode) |
MiniBooNE data . + |U,,4I2 = 00043 | | J data
= | my=425eV y, from
, m¢/m4 =0.82 ¢
iy === mal’ = 2.1eV? v, from K
. I 70 mis—id
i A—-Ny
3. B dirt

| other backgnd. i
...... 3+1 (MB best fit) | ]

Events / MeV

v4 decay (this work): 1
. MB + null results | ]
1 = — syst.error

Dentler Esteban JK Machado, 1911.01427 ‘ | _
de Gouvea Peres Prakash Stenico 1911.01447 O 25 05 0 75 1 125 15 175 2.
Hostert Pospelov 2008.11851

Reconstructed Neutrino Energy E, [GeV]

L —

CE/RW
.

N4
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Decaying Sterile Neutrinos

IZ l/dea: production of sterile neutrinos that quickly decay

back into active neutrinos (+ light new scalar): vs @ va + @
[A Excellent fit to

m4ls =1 eV?, ma =100 eV, my/ms = 0.5
0.020 T— —:
. . Lol amLA
MiniBooNE data AN | E— A
. . 0.015{ d..... _
[ Consistent with all
null results (incl. cosmology) =
3 0.010 A

0.005 A
0.000 - : -
Dentler Esteban JK Machado, 1911.01427 0.00  0.02 0.04 0.06 0.08 0.10
de Gouvea Peres Prakash Stenico 1911.01447 Ueal?
Hostert Pospelov 2008.11851
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Decaying Sterile Neutrinos

[ |dea: production of sterile neutrinos that quickly decay
back into active neutrinos (+ light new scalar): vs @ va + @

[ Excellent fit to 0,020 B =1 V% ma 2100V, me/ma =03

MiniBooNE data ALAND 2011
: : 0.01549 :\| | # iexcluded ...
[ Consistent with all
null results (incl. cosmology) =
3 0.010 A
[ simultaneous fit with LSND
disfavoured by solar v 0.005 -
0.000 - : : '
Dentler Esteban JK Machado, 1911.01427 0.00 0.02 004 006 008 0.10
de Gouvea Peres Prakash Stenico 1911.01447 |Ueal?

Hostert Pospelov 2008.11851 —_

CE/RW
.
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