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The Outline

Short-baseline anomalies and the broader theory context.

Some new ideas that have been proposed in the past decade.

New complementarity between experiments.
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A lot of effort has been put into interpretations that connect all SBL
anomalies with similar L/E, but no coherent picture has emerged.

In the past decade, the community has looked at the broader
landscape in HEP and suggested new interpretations.
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Novel approaches to new physics searches.

Dark sectors and light particles
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Many solutions to these problems invoke new
sectors of SM gauge singlets

New light states feebly coupled to the SM:

Makes sense if new sector is “secluded”.
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Growing interest in low-scale extensions: Indirect tests:
Lee-Weinberg argument for light mediators in dark  EFT and complementary
sectors, testability, naturalness, pNG bosons. probes
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Multi-prong approach

It new physics is secluded and weakly coupled to SM, it would make sense
that it would take us a long time to find It.

't would also make sense that even with the first indications of BSM, we
would take our time to claim any discoveries — extraordinary claim.

The plan of attack has been multi-pronged:
Theory: lay out “reasonable” theory landscape.

Experiment: combine existing data from oscillations and direct searches
to cover It.



SBL anomaly interpretations

Model landscape evolved
significantly over the years.

NF02 White Paper: arXiv:2203.07/323.

Category Model Signature [SND Vi in?l?:‘::;\IaléleSReactors o References
(3+1) oscillations oscillations v v v v Reviews and
global fits [93,
o 103,105, 106]
Flavor transitions (3+1) w/ invisible oscillations w/ vy v v v v [151, 155]
Secs. 3.1.1-3.1.3, sterile decay invisible decay
3.1.5 (3+1) w/ sterile decay Vs — QU v v 4 4
[159-162, 270]
(3+1) w/ anomalous YV, — Ve Via v v X X [143, 147,
matter effects matter effects 271-273]
Matter effects [ (341) w/ quasi-sterile V) — Ve W/ v v v/ v [148]
Secs. 3.1.4, 3.1.7 neutrinos resonant v
matter effects
Lepton-flavor-violating ut — ety v X X X [174,175,274]
1 decays
Flavor violation neutrino-flavor- v, A — epA v/ v/ X X [279]
Sec. 3.1.6 changing
bremsstrahlung
Transition magnetic N — vy X v X X 207
Decays in flight | mom., heavy v decay
vec, OV Dark sector heavy N - v(X > X v X X 208]
neutrino decay ete™) or
N = v(X = vy)
neutrino-induced vA — NA, v v X X [205, 206,
Neutrino upscattering N — vete™ or 209-216]
Scattering N = vyy
SecSHO. 203 M neutrino dipole vA 5 NA, v v X X [40, 185, 187,
upscattering N — vy 188,190, 193,
233, 276]
dark particle-induced v orete” X v X X 217
Dark Matter upscattering
Scattering dark particle-induced v / v X X 217
Sec. 3.2.4 inverse Primakoff
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NF02 White Paper: arXiv:2203.07/323.

" _ Anomalies
Flavor Tl‘anSItlonS Category Model Signature [SND e SHE MR ciors 1S oitcas References
(3+1) oscillations oscillations v v v v Reviews and

global fits [93,
103, 105, 106]

Flavor transitions ™37y, Tinvisible oscillations w/ v v v 4 4 [151,155]
Secs. 3.1.1-3.1.3, sterile decay invisible decay
3.1.5 (3+1) w/ sterile decay Vs — QU 4 4 / 4

[159-162, 270]
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3+1 neutrino oscillations

Appearance versus disappearance data

A. Diaz et al, Phys. Rept. 884 (2020) 1-59.

‘e

Am?[eV?]L[m]
E[MeV|]

Effectively a 2-neutrino oscillation system: A =1.27

Disappearance

Appearance

. . 2 2N .22
Pvﬂ—wﬂ = 1- sm229Wsm2A = 1-4 Uﬂ4| (1—| Uﬂ4| )sin”A 10-1 \
\\ ‘
M. Dentler et al, JHEP 08 (2018) 010
P —  sin®26,sin°A — 41U, 1?| Uy | sin°A T
Vu— Ve eH [ Uea|"1 Upa 10-2 . 99.73% CL -
10~4 103 1072 1071 _ 2 dof
Sin%26, 5‘ _
New oscillation frequency at SBL.: Z
N> ' "
2 2 ) -
Am= ~1eV . _—
& 10°t Appearance
< [ ( w/o DiF)
.i)isappearance
—_— F_reedFélllxes
. . Fixed Fluxes
Standard assumption for many years, but appearance and disappearance 10—1-._4 .
data in strong tension! 10 10 10 10
sin® 20,
Pl M. Hostert




Dasgupta & Kopp 2014
Chu, Dasgupta & Kopp 2015

3+1 neutrino oscillations Saviano et al. 2014

Mirrizi et al. 2015

C08m0|OgiCa| d iSCO rd Cherry, Friedland & Shoemaker 2016
Chu et al. 2018

Light sterile neutrinos would thermalize in the early Universe Several ideas in the literature to reconcile eV-steriles with this picture:
and contribute to Neff.

A large matter potential for heavy neutrinos can suppress

S. Hagstotz et al, Phys. Rev. D 104 no. 12, (2021) 123524, arXiv:2003.02289. mixing angles in the early Universe ...
L6 v,, disappearance x
’ ) - D
_—— . sin” 26
4y sin” 260, = L
S S " 2EV,; \ 2
~~ S 2 eff ]
& <cos 20, + + sin- 26,
> 0.8 n \/) Am2
< \ ‘/
— D) Dark Sectors!
0 - / e
§ // - 2 4 5 fOI' TS << M
— ( eff —
— 62T2
%O —0.8 N 423 for TS > M
— ) \ SE

... but suppression cannot be guaranteed at all times. Late production is also
constrained (N. Song et al 2018).

Other proposals consider matter potential sourced by ultra-light DM.
(Y. Farzan 2019 and J. M. Cline 2020.)
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3+1 neutrino oscillations

Theory interpretation

. | | Easy to see when integrating out N (14" — o0):
Very surprising, not the seesaw partners we are used to discussing,

but M ~ O(1) eV is possible (de Gouvea, 2005),

2
< D yLHN + MN°N + ... 2M \ mpA  A? S¢
Alternatively, this could be part of a “hidden” structure in Type-l seesaw
(Barry et al 2011, Zhang 2011, + others). For instance, All light neutrinos, including a sterile states, can be
“seesawed”

Seesaw partners

M, ~ MpMy ' M3 M
(3x3) (3x?)  (?7x?) (?x3)
~a
E mp, M Al NC eV-steriles m4z%
SC
0 A0 SM-like 8w ml%(l )
e my, = 1622 M 0g...

-
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NFO02 White Paper: arXiv:2203.07323.

. Anomalies
Matter EffeCtS Category Model Signature [SND S B cH B R Ciors S o References

_ / (3+1) w/ anomalous YV, — Ve Via v v X X [143, 147,
NSP’s or light mediators matter effects matter effects 271-273]
Matter effects | (341) w/ quasi-sterile V) — Ve W/ v v v/ [148]
Secs. 3.1.4, 3.1.7 neutrinos resonant v
e e L o Z €£’Bp(17a’7”PLVﬁ)(JF’)’qu) matter effects

f7P7a7IB

Resonance from neutrino over-densities

vi(p) vi(p)
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Resonant matter effects

Example' QuaSI-Sterlle neutrlnos D.S. M. Alves et al arXiv: 2201.00876

SM active neutrino dark sector fermion
Vi X S;

7

neutrino portal

Quasi-sterile neutrinos with large interactions with matter.

vector portal

_ . (gs T 91/)
AVvlma’cter o (VS3 - VV’L) matter 2 m,2 Z grnf
A _
D f_e7p)n
1
: B1 resonant component 9
_ | 0M3 cos 20,
EII'eS — 3
0.100- B1 non-resonant component . V3 9 | AV|
.
% o
T 0010 . . .
= : _ Resonance depends on matter density — 200 MeV is a challenging
A [ — 4 j region for other oscillation experiments, but T2K and NoVA data are
0.001 T : available.
_4 1 1 1 | 1 | 1 10 1 I | | | | | | Lo . . " "
107500 400 600 300 1000 1200 Challenging to find a UV model yet with such large potential, but
Ei™e [MeV] interesting phenomenological avenue.

-
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https://arxiv.org/pdf/2201.00876.pdf

Flavor Violation

LNV or LFV muon decays

Anomalies

L1 — [(Brver) Vo Cer) — (Brver) (4o Cren)|{|H'|) |

L — (e, Cver)(urCrr)*(|H"|)* .

€+

At LSND, this mimics the appearance signal.
Does not impact mm-decay experiments, so
oscillations may still need to be considered.

S. Bergmann, Grossman 1998, Babu et al 2016.

Similar ideas can also be applied to scattering.

Usually, these scenarios are strongly constrained

by flavor physics observables « intensity frontier.

Category Model Signature [SND 5B SR R m oG o e References
Lepton-flavor-violating ut — ety ,m; v X X X [174,175,274]
1t decays
Flavor violation neutrino-flavor- v, A — edpA v v X X [275]
Sec. 3.1.6 Changing

bremsstrahlung

14
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NF02 White Paper: arXiv:2203.0/323.

- - . Anomalies
Decays In Fllght Category Model Signature [SND BT PR = e e References

Effective transition: decay-in-flight to v,

Transition magnetic N — vy X v X X 207,
Decays in flight | mom., heavy v decay
Sec. 8723 Dark sector heavy N - v(X —> X 4 X X 208
Visible decay in flight: ALPs, HNLs, etc. neutrino decay eev)or
N = v(X = vy)

target

P __—_5:_'//'[ Np

E decay § :
J pipe dirt i detector
~50m  L=500m D=10m
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- . . S. Palomares-Ruiz et al, JHEP09(2005)048
Decaylng sterile neutrinos Z. Moss et al, PRD 97, 055017 (2018)

. . . M. Dentler et al, PRD101(2020) 115013.
Effective appearance without disappearance A. deGouvea ef al, JHEPO7(2020)141

Dentler et al. 2019 Ve

_ _ _ o 5 + MiniBooNE (v mode) | ] /
Dirac sterile neutrino visible decays: | — data | Ve
v, from pu <
4 :___“ v, from K )
~+ 7° mis—id - _
-0 D 17 ¢ 4+ 77 == A-Ny | Ve
gsVsls MablValp- > 3 b B dir _'
- WP other backgnd. | ] M. Dentler et al, PRD101(2020) 115013.
A = e | 00120 e 201
m 2.F 1 v4 decay (this work): . _ 009% (1. : § My = 300 eV
| ‘ mEs MB + null results | | i " . 7 |.
Dark Sectors! L —— gyt error : 001L 5 o | muly=1eV~e |
1.f o = = - 3= YU my/ma =0.9 .
e = : '
i o O 1 .
o L — e 0.008F= & : 5
025 05 075 1. 125 15 175 2. - | : ‘
Reconstructed Neutrino Energy E, [GeV] -~ : :3) : ]
t o =
1 0.006} 7 < : Q .
E [ 1 UZJ |
- 1 &]
2 1 .
0.004 : -
- l ~
- \i -
: . : [ o 1
}V/v No tension with disappearance: 0.002F globay 1 y
//", : W/0 cOSmo - -
. Esteban talk at CERN . | _ ) | L reagighdpomaly
10.5281/zen0d0.3509890. - : MiniBooNE signal: proportional to Uﬂ4 Obn . ... Y
_ _ 0 0. 0.01 0.02 0.03 0.04
v, disappearance: proportional to | U 4 |
H H [ 2
| e4|
_ 16
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https://iopscience.iop.org/article/10.1088/1126-6708/2005/09/048
https://arxiv.org/abs/1711.05921
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.115013
https://link.springer.com/article/10.1007/JHEP07(2020)141

Decaying sterile prediction

m4F4 =1 eV2, mgqg = 300 eV, m¢/m4 = 0.9
| » Massless scalars would not decay to antineutrinos, but would

also predict light neutrino decays. For m; = 0,

0.012 17 -
’l jt— KamLAND 202
i = — KamLAND 2011
- I s -
0.010 ¥ T~ SuperK-1V
e | 2
0.008 - i 99% C.L. OPERA Vs 1 \4/ NH: crnifBx~ | 10-5 B
: ] S 3
VY, 0.03 AU
a ¥ TH: crIAB ( \U31U33|2> (10 MeV)

exclusion :

AN
— :
3 U. = '
- 0.006 i\ LSND
T |4
I LR
0.004 - -' BN
; : 3 V2
i b &
0.002 - | 1 WG » Majorana neutrinos are even more strongly constrained due to
' ¢ All w/0, cosmo 1 Mini B
. W H}I@OONE vy, — U, decay.
s N e i i T
0.00 0.03 0.04
2 . . . . .
ed - :
| Ue4] » Sterile decay may proceed via higher-dimensional operators
d(LH)?, or p(LH )v,, which do not necessarily require

A simultaneous explanation of LSND and MiniBooNE is in
mixing with electron sector, predicting no production of sterile

tension with Solar antineutrino searches.
in the Sun.

S. Palomares-Ruiz et al, JHEP09(2005)048
A. deGouvea et al, JHEP07(2020)141

Improvement expected at JUNO and SK-Gd:
S.J. Li et al, Nucl.Phys.B 944(2019)114661
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https://doi.org/10.1016/j.nuclphysb.2019.114661
https://link.springer.com/article/10.1007/JHEP07(2020)141
https://iopscience.iop.org/article/10.1088/1126-6708/2005/09/048

NF02 White Paper: arXiv:2203.07/323.

- - : Anomalies
Neutrino Scatterlng Category Model Signature [SND Y Nl R T References
e
0” 00 00909000 T
o* 0o
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k. p O.é ol
Carbon oy ; o [
o0° ° 0 0,6 |
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N Sty ‘?g' .o
° 0‘8 0 2£.°°~
neutrino-induced vA — NA, v/ v X X [205, 206,
Neutrino upscattering N — vete™ or 209-216]
Scattering N = vyy
Secs. 3.2.1, 3.2.2 neutrino dipole vA — NA, v v X X [40, 185, 187,
upscattering N — vy 188,190,193,
233, 276]
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. . . P. Ballett, MH, S. Pascoli [arxiv:1903.07589]
Neutrino scatte ring 3|gnatu res A. Abdullahi, MH, S. Pascoli, [arXiv:2007.11813] B. Dutta et al. [arxiv:2006.01319]

E. Bertuzzo et al., [arXiv:1807.09877 A. Datta et al, [arXiv:2005.08920]

Sea I’Ch es for E |\/| fl nal State C. Arglielles et al, [arXiv:1812.08768] B. Dutta et al, [arxiv:2006.01319]
P. Ballett et al, [arxiv:1808.02915] W. Abdallah et al, arXiv:2202.09373

1%
y N Upscattering cross sections in Some of the current approaches:
j3 .
""‘4, ~ different models:
éfy Normalized cross sections for light mediators MINERVA 1 — e scattering V
c Phenomenological studies N
10V -
g
o =
<
o O Pb POD Pb GArTPC 1 GArTPC 2 GArTPC 3
e
Y N A 5 [
— : _
- \‘/"\.{ 451077 5 | T2K e"e™ and y searches
3’ U, - Scatt regime | S Phenomenological studies
e’ L | S~ o coherent H H
W dipole SS - == poelasti
~So p-elastic
Carbon : /I - light vector ‘\\\
,’ - light scalar \‘~\\\
10—2 I : : 1 —~
g 0.0 0.5 1.0 1.5 2.0
E,/GeV
194 N / 6_ . .
M ., H Not all neutrino experiments would see the same
P ~< physics. Importance of complementarity. MicroBooNE ¢ ¢~ and y searches
: Currently on-going T
© et
Carbon
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https://www.sciencedirect.com/science/article/pii/S037026932030383X?via=ihub
https://arxiv.org/abs/2005.08920
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.055017
https://arxiv.org/abs/2006.01319
https://arxiv.org/pdf/2202.09373.pdf
https://arxiv.org/abs/1903.07589
https://arxiv.org/abs/2007.11813
https://arxiv.org/abs/1807.09877
https://arxiv.org/abs/1812.08768
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. . . P. Ballett, MH, S. Pascoli [arxiv:1903.07589]
Neutrino scatte ring 3|gnatu res A. Abdullahi, MH, S. Pascoli, [arXiv:2007.11813] B. Dutta et al. [arxiv:2006.01319]

E. Bertuzzo et al., [arXiv:1807.09877 A. Datta et al, [arXiv:2005.08920]

Com ple menta 'y pro bes C. Arglielles et al, [arXiv:1812.08768] B. Dutta et al. [arxiv:2006.01319)]
P. Ballett et al, [arxiv:1808.02915] W. Abdallah et al, arXiv:2202.09373

1%
K bo
” N Upscattering cross sections in Rare k 4 * NAGD ,
7! .
i different models: are kaonh decays a ,
¥ P. Ballett et al [arxiv:1903.07589] h
Normalized cross sections for light mediators VA {3
C
10° - €s
=
% 2 .
ée Double cascades in IceCube .
S O ) '/
» N s 6 = , P. Coloma et al, [arxiv:1707.08573] .
‘\/\/“< = 10-! : P. Coloma et al, [arxiv:2105.09357] -—¥=T
= _
7 £ | | >
S : Scatt regime - - — -
et E V . - coherent »/ W / ) '/ A
Carbon : ,/ dipole RN - — == p-elastic N/ R ./
i/ ; — light vector ‘~\\
,’ - light scalar \‘~\\ i
102 I . l . S~ Dark sector may also be related to other anomalies:
) 0.0 0.5 1.0 1.5 2.0 KOTO, muon (g-2), dark matter
E,/GeV
194 N / 6_ . . ’Y
M ., H Not all neutrino experiments would see the same
+ '.. . . . .«
: ~< physics. Importance of complementarity. B. Dutta et al. [arxiv:2006.01319]
- H W. Abdallah et al. [arXiv:2006.01948]
@ ot A. Datta et al, [arXiv:2005.08920]
A. Abdullahi et al, [arXiv:2007.11813]
Carbon 7} VA 7
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Transition magnetic moment

MiniBOONE region Of interest N. Kamp, M. Hostert, A. Schneider, S. Vergani, C. A. Arguelles,
J. M. Conrad, M. H. Shaevitz, and M. Uchida, arXiv:2206.07100

< Dd,y U0, P N -
4 . Benchmark | 1 Benchmark mm e 107 GV, 047 GV
] ole Mode ] i v, — Ve (Global Best Fit w/o MiniBooNE)
| - ?d?n}b/ﬁl:i{lw.s % 1077 GeV~1, 0.47 GeV} = 2.07 ! {Am? sin?(20)} = {1.3 ¢V?, 6.9 x107}
] v, — Ve (Global Best Fit w/o MiniBooNE) T @ ] HH  MiniBooNE Data
2004 {Am?,sin*(20)} = {1.3 eV?, 6.9 x1074} ! = ] _
L o N R ; 1 A MiniBooNE Data E ~2.0 g !
107 7 g 1501 | g : i |
: \ L E ] 15— [ ]
: LSND v, ES NOMAD / : > 1! o
q 1 A 100 S oo
A I s ] M 1.0
T = —
/ ,/Il ,I/ : E
179 50- =
N a1,5 / j 0.5
Tr—| 10_6__ S \\\\\ ,/’l 0 _I_:_P — '
~ NS X ) ~1.0 —0.5 0.0 0.5 1.0 0.0
8 ] Vo \\\ [ cos(0) 200 400 600 300 1000 1200 1400
= : R o Benchmark EQF [MeV]
'@i - \\\\ \\\\\\\\ o /I
CHARM v, ES RN o
“““ Angular and energy spectrum fits overlap only at the largest m,, values.
10—7_
: —— [QF 9, _— o : : : :
_m oo e o Oscillations due to an eV-sterile on top of the dipole
' S N -— using the global best-fit point from Vergani et al. 2021
10! 107 10°
my [MeV]

-
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Transition magnetic moment

Taal - " N. Kamp, M. Hostert, A. Schneider, S. Vergani, C. A. Arguelles,
MINERVA IlmltS frOm v € SCatterlng measurement J. M. Conrad, M. H. Shaevitz, and M. Uchida, arXiv:2206.07100

Using photon-like sample of the MINERVA

107" - antineutrino-electron scattering analysis.
1 Bkg sys uncertainty
] bkg = 0.3
== fbkg = 1.0 doy =1.3-107°% GeV™!, my = 458 MeV
. 400 ;
| RN i 4 data
R 350 - | Ny, —e
— 6 . e-like | Ve — €
|> 10 B % 300 ! v, CC, v.CC, and others
O - L ! y-like Coh and Dif #°
@ — 2504 = | O N _
~. § 3 : — vy (Nevt = 409)
§ = 200 - ;
= MINERvA ME RHC
£ -
= N
10_7 B G;i 100 - \§§§! N\
MINERvA 95% CL = == . b Ea
MiniBooNE 95% CL ME FHC 501 > W;I_H
EQE cos 0 — ME RHC W/
! ! ! ! ! ! L ! ! ! ! ! ! L 0 | A‘ / / | Wﬁ - / I | - ; 7 i : | : *
101 10? 10° 2.5 5.0 75 100 125 150 175 20.0
ma [MeV] dE/dx |1 MeV /1.7 cm]

-

Pl M. Hostert 22



Transition magnetic moment

Taal - " N. Kamp, M. Hostert, A. Schneider, S. Vergani, C. A. Arguelles,
MINERVA IlmltS frOm v € SCatterlng measurement J. M. Conrad, M. H. Shaevitz, and M. Uchida, arXiv:2206.07100

d-n =0 Using photon-like sample of the MINERVA
1072 - antineutrino-electron scattering analysis.
i VIiniBooNE 95% CL
ES cos 0
doy =1.3-107°% GeV™!, my = 458 MeV
/‘ 400 ;
/ i 4 data
4 350 I vy, — €

S 1n—6 _\ . e-like | Ve — €

|> 10 1 ( % 300 - ! v, CC, v.CC, and others
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- - : Anomalies
Dark Particle Scatterlng Category Model Signature [SND Y Nl R T References
Indications that the new physics may be related
to charged
Vu
+ s+
" /K
LX) W X
+
- 1
Yyt
T Sl
"""" ¢
u+
dark particle-induced v orete” X v X X 217
Dark Ma.tter upscattering
Scattering dark particle-induced ¥ v v X X 217
Sec. 3.2.4 inverse Primakoff
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Dark particle scattering in MiniBooNE

Inverse primakOﬁ scattering B. Dutta et al, arXiv:2110.11944
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4 § 2 B. Dutta et al, arXiv:2110.11944
+ 2 - ) U
tt/kK* /2~ . ;
_______ﬁb, 7' 400 - MiniBooNE v-mode

Also works for vector portal

i~
+
=
Y
Counts

N dark matter.
Target
Detector
X
Scalar particle coupled to leptons and dark photon 0 ' : ' A— X X —
P P P phoTon. 250 500 750 1000 1250 S v e
Euis [MeV] v ! e
— /] — A / v g g
Ls D guopp~+ gnZ, ,ay"u + ZQSFWF“ + h.c. 55; _ N N
. Would be a spectacular way to
= have found dark matter, but it will
Very similar signatures as discussed in the case of neutrino scattering, S 225 - iﬁke time to prove that it is indeed
except that they are initiated by a dark particle in the beam. © case.
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SBL anomaly interpretations

Model landscape evolved
significantly over the years.
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Category Model Signature [SND Vi in?l?:‘::;\IaléleSReactors o References
(3+1) oscillations oscillations v v v v Reviews and
global fits [93,
o 103,105, 106]
Flavor transitions (3+1) w/ invisible oscillations w/ vy v v v v [151, 155]
Secs. 3.1.1-3.1.3, sterile decay invisible decay
3.1.5 (3+1) w/ sterile decay Vs — QU v v 4 4
[159-162, 270]
(3+1) w/ anomalous YV, — Ve Via v v X X [143, 147,
matter effects matter effects 271-273]
Matter effects [ (341) w/ quasi-sterile V) — Ve W/ v v v/ v [148]
Secs. 3.1.4, 3.1.7 neutrinos resonant v
matter effects
Lepton-flavor-violating ut — ety v X X X [174,175,274]
1 decays
Flavor violation neutrino-flavor- v, A — epA v/ v/ X X [279]
Sec. 3.1.6 changing
bremsstrahlung
Transition magnetic N — vy X v X X 207
Decays in flight | mom., heavy v decay
vec, OV Dark sector heavy N - v(X > X v X X 208]
neutrino decay ete™) or
N = v(X = vy)
neutrino-induced vA — NA, v v X X [205, 206,
Neutrino upscattering N — vete™ or 209-216]
Scattering N = vyy
SecSHO. 203 M neutrino dipole vA 5 NA, v v X X [40, 185, 187,
upscattering N — vy 188,190, 193,
233, 276]
dark particle-induced v orete” X v X X 217
Dark Matter upscattering
Scattering dark particle-induced v / v X X 217
Sec. 3.2.4 inverse Primakoff
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Conclusions:

Still no coherent picture for SBL anomalies, but new approaches have appeared.

Testing these will require lots of effort from both neutrino experiments (or otherwise).

Oscillations require some more definitive tests:
SBN program + JSNS”2 + dedicated future programs (IsoDAR, reactor upgrades, LBL program)?

Covering the huge class of models for light dark sector with existing data — dedicated searches
starting to appear.

Model building and pheno being guided by inputs from flavor physics, dark matter, and collider
program.



