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Introduction
Dark matter

M. Tegmark et al, arXiv:0310725

R. Gavazzi et al, arXiv:astro-ph/0904.0220

D. P. Roy, arXiv:physics/0007025

Planck Colllaboration, arXiv:1807.06209

<latexit sha1_base64="CR0GwZGKpOV6oHXpEa49Xtv3glo=">AAACG3icbVBNS8NAFNzUr1q/qh69LBbBU0iq1HoQRD14ERWsFZq0bLav7dLdJOxuhBLyU/TP6EmqNw/+G7e1iFrnNO/NPHgzQcyZ0o7zYeVmZufmF/KLhaXlldW14vrGrYoSSaFGIx7Ju4Ao4CyEmmaaw10sgYiAQz3on470+j1IxaLwRg9i8AXphqzDKNFm1SpWvUsBXdJMPUF0T4o0ClSWtb7Hs4ss6zXL+MixXfdwz4sFdmzHcQ5bxdKYGOBp4k5ICU1w1SoOvXZEEwGhppwo1XCdWPspkZpRDlnBSxTEhPZJFxqGhkSA8tNxwgzvdCKJdQ/weP7pTYlQaiAC4xm9rP5qo+V/WiPRnaqfsjBONITUWIzWSTjWER4VhdtMAtV8YAihkpkvMe0RSag2dRZMfPdv2GlyW7bdil253i8dn0yKyKMttI12kYsO0DE6R1eohih6RM/oFb1ZD9aT9WINv6w5a3KziX7Bev8EFTKf/Q==</latexit>

!obs
DMh2 = 0.1193± 0.0009

Only probed gravitationally
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Introduction
Dark matter production

<latexit sha1_base64="UlG9sdAVYveKFpbhRS0fqKbC9jE="></latexit>

dY

dz
= →s↑ωv↓

Hz
(Y 2 → Y

2
eq)

M. Cirelli, A. Strumia & J. Zupan, arXiv:2406.01705

Independent of initial conditions

<latexit sha1_base64="gcF2B0+g0qie1icOu0tYMi0cqq0="></latexit>

→ωv↑ ↓ 3↔ 4↗ 10→26 cm3/s <latexit sha1_base64="KhaTxKtb107/r1quxn9rGmPycb4=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhESDcFGKFBG0NAgBSkvFBvrfNkkp5wf3J2RIssd/AxUCOj4BH6Av+EcXEDCVLM7s9LOeBGjQprml1aYm19YXCoul1ZW19Y39M2tlghjTqBJQhbyjocFMBpAU1LJoBNxwL7HoO2NLjK9fQ9c0DBoyHEEjo8HAe1TgqVaufrujZvYPpZD7idwl6Z2xMNIhgbcJodXR43U1ctmxZzAmCVWTsooR93VP+1eSGIfAkkYFqJrmZF0EswlJQzSkh0LiDAZ4QF0FQ2wD8JJJkFSY78fckMOwZjMv70J9oUY+57yZN+KaS1b/qd1Y9k/cxIaRLGEgCiL0voxM1TGrA+jRzkQycaKYMKp+tIgQ8wxkaq1kopvTYedJa3jilWtVK9PyrXzvIgi2kF76ABZ6BTV0CWqoyYi6BE9ozf0rj1oT9qL9vpjLWj5zTb6A+3jG/ril7w=</latexit>

Yeq → e→M/T

Weak scale cross-section values

Thermal freeze-out
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Introduction
Dark matter production

<latexit sha1_base64="UlG9sdAVYveKFpbhRS0fqKbC9jE="></latexit>

dY

dz
= →s↑ωv↓

Hz
(Y 2 → Y

2
eq)

M. Cirelli, A. Strumia & J. Zupan, arXiv:2406.01705Thermal freeze-out

<latexit sha1_base64="KhaTxKtb107/r1quxn9rGmPycb4=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhESDcFGKFBG0NAgBSkvFBvrfNkkp5wf3J2RIssd/AxUCOj4BH6Av+EcXEDCVLM7s9LOeBGjQprml1aYm19YXCoul1ZW19Y39M2tlghjTqBJQhbyjocFMBpAU1LJoBNxwL7HoO2NLjK9fQ9c0DBoyHEEjo8HAe1TgqVaufrujZvYPpZD7idwl6Z2xMNIhgbcJodXR43U1ctmxZzAmCVWTsooR93VP+1eSGIfAkkYFqJrmZF0EswlJQzSkh0LiDAZ4QF0FQ2wD8JJJkFSY78fckMOwZjMv70J9oUY+57yZN+KaS1b/qd1Y9k/cxIaRLGEgCiL0voxM1TGrA+jRzkQycaKYMKp+tIgQ8wxkaq1kopvTYedJa3jilWtVK9PyrXzvIgi2kF76ABZ6BTV0CWqoyYi6BE9ozf0rj1oT9qL9vpjLWj5zTb6A+3jG/ril7w=</latexit>

Yeq → e→M/T

Rich experimental prospects

SM

SM

DM

DM
Freeze-out

Indirect detection

Di
re

ct
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et
ec

tio
n

Collider searches
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M. Cirelli, A. Strumia & J. Zupan, arXiv:2406.01705

Introduction
Dark matter - Searches

• Direct detection
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M. Cirelli, A. Strumia & J. Zupan, arXiv:2406.01705

Introduction
Dark matter - Searches

• Direct 

• Indirect detection
Fermi-LAT Collaboration, arXiv:1601.06590
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M. Cirelli, A. Strumia & J. Zupan, arXiv:2406.01705

Introduction
Dark matter - Searches

• Direct 

P. D. Serpico & G. G. Raffelt, arXiv:0403417 
F. Iocco et al., arXiv:0809.0631 
C. Bohem et al., arXiv:1303.6270 
K. M. Nollet & G. Steigman, arXiv:1411.6005 
P. Brax et al, arXiv:2303.16895 
S. Kanemura et al, arXiv:2506.04568 

• Indirect 
Fermi-LAT Collaboration, arXiv:1601.06590

• Cosmology

Energy injection into CMB

<latexit sha1_base64="vZuQs5MrvT3M++HrvMB1O8JkpFA=">AAACJnicbVDNSgMxGMz6b/2revQSLIIHKbsi6kmK9eBFqWCr0C0lG79tg8nuknyrlGXfR99F9CTqzUcxrRW1OqfJzAS+mSCRwqDrvjlj4xOTU9Mzs4W5+YXFpeLySsPEqeZQ57GM9WXADEgRQR0FSrhMNDAVSLgIrqt9/+IGtBFxdI69BFqKdSIRCs7QSu1i1T8CiYyetjNfMexqlUEY5rmvRaeLTOv4lqpv7+gkzw8819/6Ek6gkbeLJbfsDkD/Em9ISmSIWrv44F/FPFUQIZfMmKbnJtjKmEbBJeQFPzWQMH7NOtC0NGIKTCsblM3pRhhril2gg/fPbMaUMT0V2Ez/OjPq9cX/vGaK4X4rE1GSIkTcRqwXppJiTPub0SuhgaPsWcK4FvZKyrtMM4522YKt742W/Usa22Vvt7x7tlOqHA6HmCFrZJ1sEo/skQo5JjVSJ5zckyfySt6cO+fReXZePqNjzvDPKvkF5/0DlbynBQ==</latexit>

!Ne! → mDM > 10MeV
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M. Cirelli, A. Strumia & J. Zupan, arXiv:2406.01705

Introduction
Dark matter - Searches

• Direct detection

• Indirect detection
Fermi-LAT Collaboration, arXiv:1601.06590

• Cosmology

Energy injection into CMB

<latexit sha1_base64="vZuQs5MrvT3M++HrvMB1O8JkpFA=">AAACJnicbVDNSgMxGMz6b/2revQSLIIHKbsi6kmK9eBFqWCr0C0lG79tg8nuknyrlGXfR99F9CTqzUcxrRW1OqfJzAS+mSCRwqDrvjlj4xOTU9Mzs4W5+YXFpeLySsPEqeZQ57GM9WXADEgRQR0FSrhMNDAVSLgIrqt9/+IGtBFxdI69BFqKdSIRCs7QSu1i1T8CiYyetjNfMexqlUEY5rmvRaeLTOv4lqpv7+gkzw8819/6Ek6gkbeLJbfsDkD/Em9ISmSIWrv44F/FPFUQIZfMmKbnJtjKmEbBJeQFPzWQMH7NOtC0NGIKTCsblM3pRhhril2gg/fPbMaUMT0V2Ez/OjPq9cX/vGaK4X4rE1GSIkTcRqwXppJiTPub0SuhgaPsWcK4FvZKyrtMM4522YKt742W/Usa22Vvt7x7tlOqHA6HmCFrZJ1sEo/skQo5JjVSJ5zckyfySt6cO+fReXZePqNjzvDPKvkF5/0DlbynBQ==</latexit>

!Ne! → mDM > 10MeV

Interactions with 
charged particles

P. D. Serpico & G. G. Raffelt, arXiv:0403417 
F. Iocco et al., arXiv:0809.0631 
C. Bohem et al., arXiv:1303.6270 
K. M. Nollet & G. Steigman, arXiv:1411.6005 
P. Brax et al, arXiv:2303.16895 
S. Kanemura et al, arXiv:2506.04568 8



Introduction
Neutrino dark matter interactions

H. Yüksel et al., arXiv:0707.0196 
S. Palomares-Ruiz & S. Pascoli, arXiv:0710.5420 
A. Olivares-Del Campo et al., arXiv:1711.05283

What if DM primarily interacts with neutrinos?

ν

ν̄

DM

DM

Avoid direct and (most) indirect detection searches
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How should one search 
for these interactions?



Neutrino -  DM portals
SM - dark sector portals

How can we obtain a dominant coupling between DM and neutrinos?

In the SM

ν

ν̄

DM

DM

<latexit sha1_base64="OsLTtmZOiMFaPTE8nZ7bX6jZBI4=">AAACFnicbVDLSgMxFM3UVx1fVZdugkVwVWZUqhuh6MbFLCrYB3TKkElv29BMZkgyYhn6H/ozuhIVXLj1b0xrEW09m5zcc0LuOWHCmdKO82nlFhaXllfyq/ba+sbmVmF7p67iVFKo0ZjHshkSBZwJqGmmOTQTCSQKOTTCweVYb9yCVCwWN3qYQDsiPcG6jBJtRkHh2Au8c9sPocdElkRES3Y3sn2RBh72fWz7wHngmUN0fuSgUHRKzgR4nrhTUkRTVIPCu9+JaRqB0JQTpVquk+h2RqRmlIP5LlWQEDogPWgZKkgEqp1Nwo3wQTeWWPcBT+6/vRmJlBpGofGYzfpqVhsP/9Naqe6etTMmklSDoMZitG7KsY7xuCPcYRKo5kNDCJXMbIlpn0hCtWnSNvHd2bDzpH5Ucsul8vVJsXIxLSKP9tA+OkQuOkUVdIWqqIYoekBP6BW9WffWo/VsvXxbc9b0zS76A+vjCyfVnrk=</latexit>

LL =

(
ωL
εL

)

B. Bertoni et al, arXiv:1412.3113 
A. Arhrib et al, arXiv:1512.08796 
B. Batell et al, arXiv:1709.07001 
A. Olivares-Del Campo et al (SRA), arXiv:1903.00006 
X. Xi et al, arXiv:2310.16346 
N. Bell et al, arXiv:2412.02994 
P. B. Dev et al, arXiv:2507.01000 
K. Babu et al, arXiv:2512.2503510



Neutrino -  DM portals
SM - dark sector portals

How can we obtain a dominant coupling between DM and neutrinos?

In the SM
DM + mediators

Dark sector

ν

ν̄

DM

DM

ℓ

ℓ̄
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)

B. Bertoni et al, arXiv:1412.3113 
A. Arhrib et al, arXiv:1512.08796 
B. Batell et al, arXiv:1709.07001 
A. Olivares-Del Campo et al (SRA), arXiv:1903.00006 
X. Xi et al, arXiv:2310.16346 
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Neutrino -  DM portals
SM - dark sector portals

How can we obtain a dominant coupling between DM and neutrinos?

In the SM
DM + mediators

Dark sector

Strong constraints from indirect detection 
and energy injection in the early Universe

ν

ν̄

DM

DM

ℓ

ℓ̄
Neutrino channel dominant if mDM < mℓ
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LL =

(
ωL
εL

)

A. Olivares-Del Campo et al (SRA), arXiv:1903.00006
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Intermezzo
Massive neutrinos

Neutrino 
oscillations

mν ≠ 0
Torn between identities - tau-, electron - or muon-neutrino?

Physics BSM

13
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Intermezzo
Massive neutrinos

Neutrino 
oscillations

mν ≠ 0
Torn between identities - tau-, electron - or muon-neutrino?

Physics BSM

Introduce RH counterpart, 
as for any other SM fermion

SM singlet!

P. Minkowski, Phys. Lett. B (1977) 
R. N. Mohapatra & G. Senjanovic, Phys. Rev. Lett (1980) 
T. Yanagida, Conf. Proc C7902131 (1979) 
M. Gell-Mann et al. Conf. Proc C790927 (1979)

One of the three ways to generate 
the Weinberg operator at tree-level

See e.g. Y. Cai et al., arXiv:1711.02180

<latexit sha1_base64="Gkqi24T/vGhnc675zDtb4t8iYnw="></latexit>

L → ↑L̄LYωH̃NR ↑ 1

2
N̄

c
RMNR + h.c.

14

https://www.nobelprize.org/uploads/2018/06/popular-physicsprize2015.pdf


Intermezzo
Massive neutrinos

Neutrino 
oscillations

mν ≠ 0
Torn between identities - tau-, electron - or muon-neutrino?

Physics BSM

Introduce RH counterpart, 
as for any other SM fermion

SM singlet!

P. Minkowski, Phys. Lett. B (1977) 
R. N. Mohapatra & G. Senjanovic, Phys. Rev. Lett (1980) 
T. Yanagida, Conf. Proc C7902131 (1979) 
M. Gell-Mann et al. Conf. Proc C790927 (1979)

One of the three ways to generate 
the Weinberg operator at tree-level

New scale not related to 
EW symmetry breaking!

Lepton number violation

See e.g. Y. Cai et al., arXiv:1711.02180

<latexit sha1_base64="Gkqi24T/vGhnc675zDtb4t8iYnw="></latexit>

L → ↑L̄LYωH̃NR ↑ 1

2
N̄

c
RMNR + h.c.
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Intermezzo
Massive neutrinos

Neutrino 
oscillations

mν ≠ 0
Torn between identities - tau-, electron - or muon-neutrino?

Physics BSM

Introduce RH 


P. Minkowski, Phys. Lett. B (1977) 
R. N. Mohapatra & G. Senjanovic, Phys. Rev. Lett (1980) 
T. Yanagida, Conf. Proc C7902131 (1979) 
M. Gell-Mann et al. Conf. Proc C790927 (1979)

One of the three ways to generate 
the Weinberg operator at tree-level

See e.g. Y. Cai et al., arXiv:1711.02180

Mixing matrix measured 
in oscillations: not unitary

<latexit sha1_base64="Gkqi24T/vGhnc675zDtb4t8iYnw="></latexit>

L → ↑L̄LYωH̃NR ↑ 1

2
N̄

c
RMNR + h.c.
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ωL → Nωlight + εnheavy
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Intermezzo
Massive neutrinos

Neutrino 
oscillations

mν ≠ 0
Torn between identities - tau-, electron - or muon-neutrino?

Physics BSM

Introduce RH 


P. Minkowski, Phys. Lett. B (1977) 
R. N. Mohapatra & G. Senjanovic, Phys. Rev. Lett (1980) 
T. Yanagida, Conf. Proc C7902131 (1979) 
M. Gell-Mann et al. Conf. Proc C790927 (1979)

One of the three ways to generate 
the Weinberg operator at tree-level

See e.g. Y. Cai et al., arXiv:1711.02180

θ ∼ mDM−1 = vHYνM−1/ 2
<latexit sha1_base64="iGRhVVcvS1RiAH0MmOe+o09XJSo=">AAACIXicbVDLSgNBEJz1bXxFPXoZDIIghF0R9SSiFw8iCkaFbAizYyc7ODO7zvQKYdmv0Z9RPIh6EX/G2Rjw2afqrmqoqiiVwqLvv3lDwyOjY+MTk5Wp6ZnZuer8wplNMsOhwROZmIuIWZBCQwMFSrhIDTAVSTiPrvZL/vwGjBWJPsVeCi3Fulp0BGfoTu3qTqiz9mFohYJrekTLLQ8Vw9ioXIpujEVB12iIMSCj+ouLgd30iqJdrfl1vz/0LwgGoEYGc9yuPoaXCc8UaOSSWdsM/BRbOTMouISiEmYWUsavWBeaDmqmwLbyfs6CrnQSQ50V2t+/a3OmrO2pyGlKg/Y3Vx7/45oZdrZbudBphqC5kziuk0mKCS3ropfCAEfZc4BxI5xLymNmGEdXasXFD36H/QvO1uvBZn3zZKO2uzcoYoIskWWySgKyRXbJATkmDcLJHXkgL+TVu/XuvSfv+VM65A1+FsmP8d4/AHoGpPE=</latexit>

ωL → Nωlight + εnheavy

Active-heavy mixing

<latexit sha1_base64="Gkqi24T/vGhnc675zDtb4t8iYnw="></latexit>

L → ↑L̄LYωH̃NR ↑ 1

2
N̄

c
RMNR + h.c.
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SM singlet!

What if  is part of a more complex dark sector?NR

Neutrino - DM portals
SM - dark sector portals

Second ICP2I                                                              Salvador Rosauro-Alcaraz

<latexit sha1_base64="Gkqi24T/vGhnc675zDtb4t8iYnw="></latexit>

L → ↑L̄LYωH̃NR ↑ 1

2
N̄

c
RMNR + h.c.
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SM singlet!

Neutrino - DM portals
SM - dark sector portals

Second ICP2I                                                              Salvador Rosauro-Alcaraz

SM

Portal between SM and DS

νL NR

DM + mediators

Dark sector

<latexit sha1_base64="Gkqi24T/vGhnc675zDtb4t8iYnw="></latexit>

L → ↑L̄LYωH̃NR ↑ 1

2
N̄

c
RMNR + h.c.
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→L̄LYωH̃NR

B. Bertoni et al, arXiv:1412.3113 
A. Arhrib et al, arXiv:1512.08796 
B. Batell et al, arXiv:1709.07001 
A. Olivares-Del Campo et al (SRA), arXiv:1903.00006 
X. Xi et al, arXiv:2310.16346 
N. Bell et al, arXiv:2412.02994 
P. B. Dev et al, arXiv:2507.01000 
K. Babu et al, arXiv:2512.25035
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Neutrino - DM portals
Example: Fermion DM + scalar mediator

<latexit sha1_base64="1o0FNsNw09xIZ0cvjV8m/MyYeyo="></latexit>

L → Lω + ω̄ (iεµϑ
µ ↑mDM)ω↑ yLω̄SN

c
R + h.c.
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Neutrino - DM portals
Example: Fermion DM + scalar mediator

After SSB we get  masses and mixingsν

Interactions with charged leptons 
and quarks are loop-suppressed!

<latexit sha1_base64="1o0FNsNw09xIZ0cvjV8m/MyYeyo="></latexit>

L → Lω + ω̄ (iεµϑ
µ ↑mDM)ω↑ yLω̄SN

c
R + h.c.

DM DM → ν ν
<latexit sha1_base64="EinXFqVDTuYMb+taSwFEJH8RIMQ="></latexit>

→ωv↑ ↓ y4L|εω4|
32ϑ

4
m2

DM

(m2
DM +m2

S)

21

<latexit sha1_base64="yZrRtj/dLvtdL71H5tmxRl3dT58="></latexit>

LDM→ω → yLω
↑
εiε̄Sϑi + h.c.

Active-heavy mixing 
cannot be very small
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mS < mχC
M
B
+
BB
N

ΩDM h2>0.12
yL=1

θτ=0.044

ν indirect
HK
DUNE
Darwin

Neutrino - DM portals
Example: Fermion DM + scalar mediator

A. Olivares-Del Campo et al 
(SRA), arXiv:1903.00006

mDM [GeV]

mS < mDM

ΩDMh2 = Ωobs
DMh2

Dominant constraints and 
prospects from large  detectorsν

mDM ≲ 1 GeV

22

<latexit sha1_base64="yZrRtj/dLvtdL71H5tmxRl3dT58="></latexit>

LDM→ω → yLω
↑
εiε̄Sϑi + h.c.



Signal in  detectorsν
 signalDM DM → ν ν

Super Kamiokande detector

DM

DM

ν

ν̄

23

H. Yüksel et al., arXiv:0707.0196 
S. Palomares-Ruiz & S. Pascoli, arXiv:0710.420 
A. Olivares-Del Campo et al., arXiv:1711.05283



Diffuse Supernova Neutrino Background
Signal in  detectorsν

Isotropic  flux from all past SNeν

24

A. Mirizzi et al, arXiv:1508.00785 
J. Beacom et al, arXiv:0812.3157 
C. Lunardini & A. Priya, arXiv:1705.02122 
T. Ertl et al, arXiv:2010.04728 
 

<latexit sha1_base64="xktCctuwaaC7jG+mScTuN76/OuM="></latexit>

dωω

dEω
=

∫ zmax

0
RSN(z)

dNω

dE→
ω

(1 + z)

∣∣∣∣
dt

dz

∣∣∣∣ dz



Diffuse Supernova Neutrino Background
Signal in  detectorsν

• Star formation history


• Average  energy (temperature)


• Fraction of failed SNe
ν

25

A. Mirizzi et al, arXiv:1508.00785 
J. Beacom et al, arXiv:0812.3157 
C. Lunardini & A. Priya, arXiv:1705.02122 
T. Ertl et al, arXiv:2010.04728 
 

<latexit sha1_base64="xktCctuwaaC7jG+mScTuN76/OuM="></latexit>

dωω

dEω
=

∫ zmax

0
RSN(z)

dNω

dE→
ω

(1 + z)

∣∣∣∣
dt

dz

∣∣∣∣ dz

Isotropic  flux from all past SNeν
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hEavgi = 12 MeV

hEavgi = 15 MeV

hEavgi = 21 MeV

Diffuse Supernova Neutrino Background
Signal in  detectorsν

26

• Star formation history


• Average  energy (temperature)


• Fraction of failed SNe
ν

A. Mirizzi et al, arXiv:1508.00785 
J. Beacom et al, arXiv:0812.3157 
C. Lunardini & A. Priya, arXiv:1705.02122 
T. Ertl et al, arXiv:2010.04728 
JUNO Collaboration, arXiv:2205.08830

Isotropic  flux from all past SNeν

Continuous flux



Diffuse Supernova Neutrino Background

ν̄e
p

e+

n + Gd → γ

Signal in  detectorsν
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IBD reaction
<latexit sha1_base64="himrUdihG+Omtfoo6dcW/QP2ca8=">AAACAXicbVDLSsNAFJ34rPVVdSnIYBGEQklEqsuiG5cV7AOaWCbTm2boZBJmJkoJXenP6ErUnb/gD/g3TmsW2npW595zLtxz/IQzpW37y1pYXFpeWS2sFdc3Nre2Szu7LRWnkkKTxjyWHZ8o4ExAUzPNoZNIIJHPoe0PLyd6+w6kYrG40aMEvIgMBAsYJdqseqUD1ycyc0U67kElcSUbhJpIGd9juK1UjKFsV+0p8DxxclJGORq90qfbj2kagdCUE6W6jp1oLyNSM8phXHRTBQmhQzKArqGCRKC8bJpjjI+CWGIdAp7Ov70ZiZQaRb7xRESHalabLP/TuqkOzr2MiSTVIKixGC1IOdYxntSB+0wC1XxkCKGSmS8xDYkkVJvSiia+Mxt2nrROqk6tWrs+Ldcv8iIKaB8domPkoDNUR1eogZqIokf0jN7Qu/VgPVkv1uuPdcHKb/bQH1gf35kmluo=</latexit>

ω̄e + p → e+ + n
ν

ν̄ν
ν̄

ν

ν̄

ν

ν̄

SK detector



ν̄e
p

e+

n + Gd → γ

Signal in  detectorsν

28

IBD reaction
<latexit sha1_base64="himrUdihG+Omtfoo6dcW/QP2ca8=">AAACAXicbVDLSsNAFJ34rPVVdSnIYBGEQklEqsuiG5cV7AOaWCbTm2boZBJmJkoJXenP6ErUnb/gD/g3TmsW2npW595zLtxz/IQzpW37y1pYXFpeWS2sFdc3Nre2Szu7LRWnkkKTxjyWHZ8o4ExAUzPNoZNIIJHPoe0PLyd6+w6kYrG40aMEvIgMBAsYJdqseqUD1ycyc0U67kElcSUbhJpIGd9juK1UjKFsV+0p8DxxclJGORq90qfbj2kagdCUE6W6jp1oLyNSM8phXHRTBQmhQzKArqGCRKC8bJpjjI+CWGIdAp7Ov70ZiZQaRb7xRESHalabLP/TuqkOzr2MiSTVIKixGC1IOdYxntSB+0wC1XxkCKGSmS8xDYkkVJvSiia+Mxt2nrROqk6tWrs+Ldcv8iIKaB8domPkoDNUR1eogZqIokf0jN7Qu/VgPVkv1uuPdcHKb/bQH1gf35kmluo=</latexit>

ω̄e + p → e+ + n

SK detector

Gd-doped water Cherenkov detectors  
could be sensitive to the DSNB

-tagging (in protons)n

Gd doping

Increase -tag efficiency 
Further background reduction

n

J. Beacom & M. R. Vagins, 
arXiv:hep-ph/0309300

IBD as main signal

SK-IV

SK-VI/VII

SK-I/II/III
Pure water

2837 days

2970 days

956.2 days

Diffuse Supernova Neutrino Background



ν̄e
p

e+

n + Gd → γ

SK detector

Diffuse Supernova Neutrino Background
Signal in  detectorsν

29

Super Kamiokande Collaboration, 2511.02222

SK-VI (Gd)



ν̄e
p

e+

n + Gd → γ

Diffuse Supernova Neutrino Background
Signal in  detectorsν

30

Super Kamiokande Collaboration, 2511.02222

SK-VI (Gd)
Perform spectral analysis with DSNB signal

R. Rogly for SK Collaboration, EPS-HEP 2025

Hint for a DSNB



ν̄e
p

e+

n + Gd → γ

Diffuse Supernova Neutrino Background
Signal in  detectorsν

31

Super Kamiokande Collaboration, 2511.02222

SK-VI (Gd)

R. Rogly for SK Collaboration, EPS-HEP 2025

Exchange the DSNB flux with  fluxDM DM → νν



DM

DM

ν

ν̄
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Signal in  detectorsν
 signalDM DM → ν ν

ν̄e
p

e+

n + Gd → γ

SK detector

IBD reaction
<latexit sha1_base64="himrUdihG+Omtfoo6dcW/QP2ca8=">AAACAXicbVDLSsNAFJ34rPVVdSnIYBGEQklEqsuiG5cV7AOaWCbTm2boZBJmJkoJXenP6ErUnb/gD/g3TmsW2npW595zLtxz/IQzpW37y1pYXFpeWS2sFdc3Nre2Szu7LRWnkkKTxjyWHZ8o4ExAUzPNoZNIIJHPoe0PLyd6+w6kYrG40aMEvIgMBAsYJdqseqUD1ycyc0U67kElcSUbhJpIGd9juK1UjKFsV+0p8DxxclJGORq90qfbj2kagdCUE6W6jp1oLyNSM8phXHRTBQmhQzKArqGCRKC8bJpjjI+CWGIdAp7Ov70ZiZQaRb7xRESHalabLP/TuqkOzr2MiSTVIKixGC1IOdYxntSB+0wC1XxkCKGSmS8xDYkkVJvSiia+Mxt2nrROqk6tWrs+Ldcv8iIKaB8domPkoDNUR1eogZqIokf0jN7Qu/VgPVkv1uuPdcHKb/bQH1gf35kmluo=</latexit>

ω̄e + p → e+ + n

<latexit sha1_base64="MYeQVO5lJxUDSJf5kReiuR8wYAw=">AAAB+HicbVDLSsNAFJ3UV62vqLhyM1gEVyURqW6E4gPcCBXsA5oQJtNpO3RmEmYmQg35F12JuvM7/AH/xknNQlvP6tx7zoVzTxgzqrTjfFmlhcWl5ZXyamVtfWNzy97eaasokZi0cMQi2Q2RIowK0tJUM9KNJUE8ZKQTji9zvfNApKKRuNeTmPgcDQUdUIy0WQX23nXgieScB6nHkR5Jnl7dZllgV52aMwWcJ25BqqBAM7A/vX6EE06Exgwp1XOdWPspkppiRrKKlygSIzxGQ9IzVCBOlJ9O42fwcBBJqEcETuff3hRxpSY8NJ48nZrV8uV/Wi/RgzM/pSJONBHYWIw2SBjUEcxbgH0qCdZsYgjCkpqUEI+QRFibrirmfXf22XnSPq659Vr97qTauCiKKIN9cACOgAtOQQPcgCZoAQxS8AzewLv1aD1ZL9brj7VkFTe74A+sj29B6pNv</latexit>

Eω = mDM
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Signal in  detectorsν
 signalDM DM → ν ν

IBD reaction
<latexit sha1_base64="himrUdihG+Omtfoo6dcW/QP2ca8=">AAACAXicbVDLSsNAFJ34rPVVdSnIYBGEQklEqsuiG5cV7AOaWCbTm2boZBJmJkoJXenP6ErUnb/gD/g3TmsW2npW595zLtxz/IQzpW37y1pYXFpeWS2sFdc3Nre2Szu7LRWnkkKTxjyWHZ8o4ExAUzPNoZNIIJHPoe0PLyd6+w6kYrG40aMEvIgMBAsYJdqseqUD1ycyc0U67kElcSUbhJpIGd9juK1UjKFsV+0p8DxxclJGORq90qfbj2kagdCUE6W6jp1oLyNSM8phXHRTBQmhQzKArqGCRKC8bJpjjI+CWGIdAp7Ov70ZiZQaRb7xRESHalabLP/TuqkOzr2MiSTVIKixGC1IOdYxntSB+0wC1XxkCKGSmS8xDYkkVJvSiia+Mxt2nrROqk6tWrs+Ldcv8iIKaB8domPkoDNUR1eogZqIokf0jN7Qu/VgPVkv1uuPdcHKb/bQH1gf35kmluo=</latexit>

ω̄e + p → e+ + n

ν̄e
p

e+

n + Gd → γ

SK detector

H. Yüksel et al., arXiv:0707.0196 
S. Palomares-Ruiz & S. Pascoli, arXiv:0710.5420 
C. Bohem et al, arXiv:1711.05283 
C. Argüelles et al, arXiv:1912.09486 
A. Granelli et al (SRA), arXiv:2605.20162

Annihilation cross section
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Signal in  detectorsν
 signalDM DM → ν ν

IBD reaction
<latexit sha1_base64="himrUdihG+Omtfoo6dcW/QP2ca8=">AAACAXicbVDLSsNAFJ34rPVVdSnIYBGEQklEqsuiG5cV7AOaWCbTm2boZBJmJkoJXenP6ErUnb/gD/g3TmsW2npW595zLtxz/IQzpW37y1pYXFpeWS2sFdc3Nre2Szu7LRWnkkKTxjyWHZ8o4ExAUzPNoZNIIJHPoe0PLyd6+w6kYrG40aMEvIgMBAsYJdqseqUD1ycyc0U67kElcSUbhJpIGd9juK1UjKFsV+0p8DxxclJGORq90qfbj2kagdCUE6W6jp1oLyNSM8phXHRTBQmhQzKArqGCRKC8bJpjjI+CWGIdAp7Ov70ZiZQaRb7xRESHalabLP/TuqkOzr2MiSTVIKixGC1IOdYxntSB+0wC1XxkCKGSmS8xDYkkVJvSiia+Mxt2nrROqk6tWrs+Ldcv8iIKaB8domPkoDNUR1eogZqIokf0jN7Qu/VgPVkv1uuPdcHKb/bQH1gf35kmluo=</latexit>

ω̄e + p → e+ + n

ν̄e
p

e+

n + Gd → γ

SK detectorNumber of  / annihilation / ν̄e Eν

For direct annihilation:
<latexit sha1_base64="qA7S87bEH6RGclyqFtZSqn/3RJA=">AAACFnicbVDLSsQwFE19O76qLt0UB0EXDq2KuhHEB7hRFBwVpkNJ09uZMElbklQYSv9Df0ZXooILt/6Nae1CZzybnHvPCdxz/IRRqWz7yxgZHRufmJyars3Mzs0vmItLNzJOBYEmiVks7nwsgdEImooqBneJAMx9Brd+77jQb+9BSBpH16qfQJvjTkRDSrDSK8/cdkOBSRZceG6U5llwWr4HbgBM4fVy2uRe5nKsuoJnJ+d5vuGZdbthl7CGiVOROqpw6ZkfbhCTlEOkCMNSthw7Ue0MC0UJg7zmphISTHq4Ay1NI8xBtrMyXG6thbGwVBescv7tzTCXss997SnOk4NasfxPa6Uq3G9nNEpSBRHRFq2FKbNUbBUdWQEVQBTra4KJoPpKi3Sx7knpJms6vjMYdpjcbDWc3cbu1U798KgqYgqtoFW0jhy0hw7RGbpETUTQI3pGb+jdeDCejBfj9cc6YlR/ltEfGJ/fP/mf/g==</latexit>

dNω

dEω
= ω(Eω →mDM)

H. Yüksel et al., arXiv:0707.0196 
S. Palomares-Ruiz & S. Pascoli, arXiv:0710.5420 
C. Bohem et al, arXiv:1711.05283 
C. Argüelles et al, arXiv:1912.09486 
A. Granelli et al (SRA), arXiv:2605.20162
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Signal in  detectorsν
 signalDM DM → ν ν

IBD reaction
<latexit sha1_base64="himrUdihG+Omtfoo6dcW/QP2ca8=">AAACAXicbVDLSsNAFJ34rPVVdSnIYBGEQklEqsuiG5cV7AOaWCbTm2boZBJmJkoJXenP6ErUnb/gD/g3TmsW2npW595zLtxz/IQzpW37y1pYXFpeWS2sFdc3Nre2Szu7LRWnkkKTxjyWHZ8o4ExAUzPNoZNIIJHPoe0PLyd6+w6kYrG40aMEvIgMBAsYJdqseqUD1ycyc0U67kElcSUbhJpIGd9juK1UjKFsV+0p8DxxclJGORq90qfbj2kagdCUE6W6jp1oLyNSM8phXHRTBQmhQzKArqGCRKC8bJpjjI+CWGIdAp7Ov70ZiZQaRb7xRESHalabLP/TuqkOzr2MiSTVIKixGC1IOdYxntSB+0wC1XxkCKGSmS8xDYkkVJvSiia+Mxt2nrROqk6tWrs+Ldcv8iIKaB8domPkoDNUR1eogZqIokf0jN7Qu/VgPVkv1uuPdcHKb/bQH1gf35kmluo=</latexit>

ω̄e + p → e+ + n

ν̄e
p

e+

n + Gd → γ

SK detector
DM distribution in 
the Milky Way halo

<latexit sha1_base64="YAPq2OZQj2omUUqL/3VQ9+WwTA8="></latexit>

J →
∫

!
!

∫ lmax

0
dlω2DM

H. Yüksel et al., arXiv:0707.0196 
S. Palomares-Ruiz & S. Pascoli, arXiv:0710.5420 
C. Bohem et al, arXiv:1711.05283 
C. Argüelles et al, arXiv:1912.09486 
A. Granelli et al (SRA), arXiv:2605.20162
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Signal in  detectorsν
 signalDM DM → ν ν

IBD reaction
<latexit sha1_base64="himrUdihG+Omtfoo6dcW/QP2ca8=">AAACAXicbVDLSsNAFJ34rPVVdSnIYBGEQklEqsuiG5cV7AOaWCbTm2boZBJmJkoJXenP6ErUnb/gD/g3TmsW2npW595zLtxz/IQzpW37y1pYXFpeWS2sFdc3Nre2Szu7LRWnkkKTxjyWHZ8o4ExAUzPNoZNIIJHPoe0PLyd6+w6kYrG40aMEvIgMBAsYJdqseqUD1ycyc0U67kElcSUbhJpIGd9juK1UjKFsV+0p8DxxclJGORq90qfbj2kagdCUE6W6jp1oLyNSM8phXHRTBQmhQzKArqGCRKC8bJpjjI+CWGIdAp7Ov70ZiZQaRb7xRESHalabLP/TuqkOzr2MiSTVIKixGC1IOdYxntSB+0wC1XxkCKGSmS8xDYkkVJvSiia+Mxt2nrROqk6tWrs+Ldcv8iIKaB8domPkoDNUR1eogZqIokf0jN7Qu/VgPVkv1uuPdcHKb/bQH1gf35kmluo=</latexit>

ω̄e + p → e+ + n

ν̄e
p

e+

n + Gd → γ

SK detector
DM distribution in 
the Milky Way halo

<latexit sha1_base64="YAPq2OZQj2omUUqL/3VQ9+WwTA8="></latexit>

J →
∫

!
!

∫ lmax

0
dlω2DM

In the following we take a gNFW and define

H. Yüksel et al., arXiv:0707.0196 
S. Palomares-Ruiz & S. Pascoli, arXiv:0710.5420 
C. Bohem et al, arXiv:1711.05283 
C. Argüelles et al, arXiv:1912.09486 
A. Granelli et al (SRA), arXiv:2605.20162



Results using SK’s DSNB analysis
 signalDM DM → ν ν

37

          compatible with 
thermal relic cross section

<latexit sha1_base64="+c3pd3JnIux5/ISuVzNC0Wuw9HQ=">AAAB+3icbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gCWUyvUmHziRhZlIoof6MrkTd+Rf+gH/jtM1CW8/q3HvOhXtOkHKmtON8W6W19Y3NrfJ2ZWd3b//APjxqqySTFFo04YnsBkQBZzG0NNMcuqkEIgIOnWB0N9M7Y5CKJfGjnqTgCxLFLGSUaLPq2yceJ3HEAXuKRYLgsScXc9+uOjVnDrxK3IJUUYFm3/7yBgnNBMSacqJUz3VS7edEakY5TCtepiAldEQi6BkaEwHKz+cJpvg8TCTWQ8Dz+bc3J0KpiQiMRxA9VMvabPmf1st0eOPnLE4zDTE1FqOFGcc6wbMi8IBJoJpPDCFUMvMlpkMiCdWmroqJ7y6HXSXty5pbr9UfrqqN26KIMjpFZ+gCuegaNdA9aqIWougJvaB39GFNrWfr1XpbWEtWcXOM/sD6/AGn1JQi</latexit>

→ωv↑

20 40 60 80 100
mDM [MeV]

10°26

10°25

10°24

10°23

J a
v
g
hæ

vi
0
[c

m
3
/s

]

B(¡ ! ∫∫̄) = 1

(a)

(b)

(c)

(a) DM DM ! ∫∫̄

(b) DM DM ! ¡¡, ¢ = 0.03

(c) DM DM ! ¡¡, ¢ = 0.5

1æ

2æ

3æ

Javg = 3

Javg = 30

Javg = 15

A. Granelli et al (SRA), arXiv:2605.20162

Direct annihilation

M. Benito et al, arXiv:1901.02460
For 

<latexit sha1_base64="XjrUGZDPk7WUJRr9nBysK02i3I4=">AAACEnicbVDLTsJAFJ3iC/FVdelmIjFxha0RdEl0Y1xhIo+EEjIdLjBhpm1mpiSk6V/oz+jKqDt+wL9xwMYoeFbn3nNucs/xI86UdpxPK7eyura+kd8sbG3v7O7Z+wcNFcaSQp2GPJQtnyjgLIC6ZppDK5JAhM+h6Y9uZnpzDFKxMHjQkwg6ggwC1meUaLPq2mdlj4NSignsCaKHlPDkLu0m80GKhIwHafpjcctdu+iUnDnwMnEzUkQZal176vVCGgsINOVEqbbrRLqTEKkZ5ZAWvFhBROiIDKBtaEAEqE4yD5bik34osR4Cns+/vQkRSk2EbzyzT9WiNlv+p7Vj3b/qJCyIYg0BNRaj9WOOdYhn/eAek0A1nxhCqGTmS0yHRBKqTYsFE99dDLtMGuclt1Kq3F8Uq9dZEXl0hI7RKXLRJaqiW1RDdUTRE3pB7+jDerSerVfr7duas7KbQ/QH1vQLk2eeng==</latexit>

5 ↭ Javg ↭ 15



Results using SK’s DSNB analysis
 signalDM DM → ν ν
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A. Granelli et al (SRA), arXiv:2605.20162
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Direct annihilation

DSNB

R. Rogly for SK Collaboration, EPS-HEP 2025



Results using SK’s DSNB analysis
 signalDM DM → ν ν
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A. Granelli et al (SRA), arXiv:2605.20162
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Direct annihilation

DSNB

R. Rogly for SK Collaboration, EPS-HEP 2025

SK cannot tell apart DSNB or DM signal

@ 20 MeV
<latexit sha1_base64="iiYyle4Rj1+JK6417b2+d6SxIJk=">AAAB+HicbZDNSsNAFIUn/tb6FxVXbgZLwVVNRKrLohRcVrA/0IQymd60Q2eSODMRaui76ErUnc/hC/g2TmsW2npW39xzBu49QcKZ0o7zZS0tr6yurRc2iptb2zu79t5+S8WppNCkMY9lJyAKOIugqZnm0EkkEBFwaAej66nffgCpWBzd6XECviCDiIWMEm1GPfvQU2wgSK9+Wjck4B67jlfu2SWn4syEF8HNoYRyNXr2p9ePaSog0pQTpbquk2g/I1IzymFS9FIFCaEjMoCuwYgIUH42W3+Cy2EssR4Cnr1/ZzMilBqLwGQE0UM1702H/3ndVIeXfsaiJNUQURMxXphyrGM8bQH3mQSq+dgAoZKZLTEdEkmoNl0Vzfnu/LGL0DqruNVK9fa8VLvKiyigI3SMTpCLLlAN3aAGaiKKMvSM3tC79Wg9WS/W6090ycr/HKA/sj6+AUipkh8=</latexit>

ωE/E → 10%

What about JUNO?

3% energy resolution for MO!



Expectations at JUNO
Can we differentiate the DSNB from a monochromatic flux?

After bkg reduction

JUNO Collaboration, arXiv:2205.08830
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Expectations at JUNO
Can we differentiate the DSNB from a monochromatic flux?

After bkg reduction
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Expectations at JUNO
Can we differentiate the DSNB from a monochromatic flux?
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Even with DSNB as bkg JUNO 
might be able to tell signals apart

Only normalization systematics!
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Relic abundance 
through freeze-out

 interactions?DM − ν

Possible e.g. through 
neutrino portal with NR

Avoid usual 
(in)direct searches

<latexit sha1_base64="41Id8xUD5KlUkgmtCZitL3CgHiY=">AAACHnicbVDLTgIxFO34RHyhLt00EhM34gwSNHFDdOMSE3kkzEA65QIN7cyk7ZCQCf+iP6MbjbrTv7HgLBS8q3PuOU3vOX7EmdK2/WUtLa+srq1nNrKbW9s7u7m9/boKY0mhRkMeyqZPFHAWQE0zzaEZSSDC59DwhzdTvTECqVgY3OtxBJ4g/YD1GCXarDq5K5eToM8Bu4r1BcEjV864oQKXXM0EKOzY7eS0WJ64guiBFAkVk/b5merk8nbBng1eBE4K8iidaif34nZDGgsINOVEqZZjR9pLiNSMcphk3VhBROiQ9KFlYEDM514yCznBx71QYj0APOO/vQkRSo2FbzzTA9W8Nl3+p7Vi3bv0EhZEsYaAGovRejHHOsTTrnCXSaCajw0gVDJzJaYDIgnVptGsie/Mh10E9WLBKRfKd6V85TotIoMO0RE6QQ66QBV0i6qohih6RM/oHX1YD9aT9Wq9/ViXrPTNAfoz1uc3q+WiIw==</latexit>

→ωv↑ ↓ 4↔ 10→26cm3/s



Conclusions
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Relic abundance 
through freeze-out

 interactions?DM − ν

Search for them in large 
detectors!

Possible e.g. through 
neutrino portal with NR

We recast latest DSNB analysis in SK to explore DM DM → νν̄

SK could do their same analysis 
exchanging the DSNB for the DM flux!!

In terms of  
production

DM

JUNO could differentiate between DM and DSNB!

Avoid usual 
(in)direct searches

SK excess compatible with
<latexit sha1_base64="41Id8xUD5KlUkgmtCZitL3CgHiY=">AAACHnicbVDLTgIxFO34RHyhLt00EhM34gwSNHFDdOMSE3kkzEA65QIN7cyk7ZCQCf+iP6MbjbrTv7HgLBS8q3PuOU3vOX7EmdK2/WUtLa+srq1nNrKbW9s7u7m9/boKY0mhRkMeyqZPFHAWQE0zzaEZSSDC59DwhzdTvTECqVgY3OtxBJ4g/YD1GCXarDq5K5eToM8Bu4r1BcEjV864oQKXXM0EKOzY7eS0WJ64guiBFAkVk/b5merk8nbBng1eBE4K8iidaif34nZDGgsINOVEqZZjR9pLiNSMcphk3VhBROiQ9KFlYEDM514yCznBx71QYj0APOO/vQkRSo2FbzzTA9W8Nl3+p7Vi3bv0EhZEsYaAGovRejHHOsTTrnCXSaCajw0gVDJzJaYDIgnVptGsie/Mh10E9WLBKRfKd6V85TotIoMO0RE6QQ66QBV0i6qohih6RM/oHX1YD9aT9Wq9/ViXrPTNAfoz1uc3q+WiIw==</latexit>

→ωv↑ ↓ 4↔ 10→26cm3/s

<latexit sha1_base64="41Id8xUD5KlUkgmtCZitL3CgHiY=">AAACHnicbVDLTgIxFO34RHyhLt00EhM34gwSNHFDdOMSE3kkzEA65QIN7cyk7ZCQCf+iP6MbjbrTv7HgLBS8q3PuOU3vOX7EmdK2/WUtLa+srq1nNrKbW9s7u7m9/boKY0mhRkMeyqZPFHAWQE0zzaEZSSDC59DwhzdTvTECqVgY3OtxBJ4g/YD1GCXarDq5K5eToM8Bu4r1BcEjV864oQKXXM0EKOzY7eS0WJ64guiBFAkVk/b5merk8nbBng1eBE4K8iidaif34nZDGgsINOVEqZZjR9pLiNSMcphk3VhBROiQ9KFlYEDM514yCznBx71QYj0APOO/vQkRSo2FbzzTA9W8Nl3+p7Vi3bv0EhZEsYaAGovRejHHOsTTrnCXSaCajw0gVDJzJaYDIgnVptGsie/Mh10E9WLBKRfKd6V85TotIoMO0RE6QQ66QBV0i6qohih6RM/oHX1YD9aT9Wq9/ViXrPTNAfoz1uc3q+WiIw==</latexit>

→ωv↑ ↓ 4↔ 10→26cm3/s
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Origin of neutrino masses
Type-I Seesaw

ℒ ⊃ − L̄LYνH̃NR −
1
2

N̄c
RMNR + h . c .

Introduce RH counterpart, 
as for any other SM fermion

What is the scale of NP?

High-scale seesaw

Leptogenesis, but no further 
experimental signature

Lightness of neutrino masses from 
hierarchy between  and vH M

Yν ∼ 1, M ∼ 𝒪(1015) GeV θ ∼ 10−13

UTℳνU ≃ (NT −θ*
θT XT ) (

0 mD

mT
D M ) ( N θ

−θ† X) = (
mlight 0

0 mN)
θ ∼ mDM−1 = vHYνM−1/ 2

Lightness of neutrino masses from 
approximate lepton number symmetry

Yν ∼ 0.1, M ∼ 𝒪(102−3) GeV θ ∼ 10−2

Phenomenologically very attractive

Low-scale seesaw
See e.g. R. Mohapatra & J. Valle, ’86; M. 

Malinsky et al., ’05; B. Gavela et al., 
’09; G. Senjanovic & F. Vissani, ‘11

M. Fukugita & T. 
Yanagida, ‘86

mν ∼ − mDM−1mT
D
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What is the NP scale?
Rich phenomenology

ℒ ⊃ − L̄LYνH̃NR −
1
2

N̄c
RMNR + h . c .

E. Fernández-Martínez et al., arXiv:2304.06772 
See also: P. D. Bolton et al., arXiv:1912.03058

 decaysβ

Cosmology

Meson decays Beam dump EWPO & flavor observablesColliders
W

ℓα

νlight (Nheavy) μ e

γ

Nheavy
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SM singlet!

Neutrino - DM portals
SM - dark sector portals

SM

Portal between SM and DS

νL NR

DM + mediators

Dark sector

Only renormalizable SM coupling to singlet fermions
Other portals are:


Scalar portal 

Vector portal 

ϕ, ℒ ∼ λHϕ |ϕ |2 (H†H )
Z′￼μ, ℒ ∼ − ϵZ′￼μνBμν

<latexit sha1_base64="Gkqi24T/vGhnc675zDtb4t8iYnw="></latexit>

L → ↑L̄LYωH̃NR ↑ 1

2
N̄

c
RMNR + h.c.

<latexit sha1_base64="cOoPoOV4EII3EvX3xRcvQ29I1fA=">AAAB/nicbVDLSsNAFJ3UV62vqMtugkVwY0lEqsuimy6KVLEPaUKYTG/aoZMHMxOhhID+jK5E3fkR/oB/47Rmoa1nde4958I9x4sZFdI0v7TC0vLK6lpxvbSxubW9o+/udUSUcAJtErGI9zwsgNEQ2pJKBr2YAw48Bl1vfDnVu/fABY3CWzmJwQnwMKQ+JViqlauXj20P87SZuc071w4TW1I2gLSRXbk3rl4xq+YMxiKxclJBOVqu/mkPIpIEEErCsBB9y4ylk2IuKWGQlexEQIzJGA+hr2iIAxBOOguRGYd+xA05AmM2//amOBBiEnjKE2A5EvPadPmf1k+kf+6kNIwTCSFRFqX5CTNkZEy7MAaUA5FsoggmnKovDTLCHBOpGiup+NZ82EXSOalatWrt+rRSv8iLKKIyOkBHyEJnqI4aqIXaiKBH9Ize0Lv2oD1pL9rrj7Wg5Tf76A+0j29PbpWq</latexit>

→L̄LYωH̃NR

48



Neutrino - DM portals
Example: Fermion DM + scalar mediator

After SSB we get  masses and mixingsν

Interactions with charged leptons 
and quarks are loop-suppressed!

<latexit sha1_base64="1o0FNsNw09xIZ0cvjV8m/MyYeyo="></latexit>

L → Lω + ω̄ (iεµϑ
µ ↑mDM)ω↑ yLω̄SN

c
R + h.c.

49

<latexit sha1_base64="yZrRtj/dLvtdL71H5tmxRl3dT58="></latexit>

LDM→ω → yLω
↑
εiε̄Sϑi + h.c.



Expectations at JUNO
Can we differentiate the DSNB from a monochromatic flux?

After bkg reduction

JUNO Collaboration, arXiv:2205.08830
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Event rate in a neutrino detector
 signalDM DM → ν ν

<latexit sha1_base64="uLqIhpXKakNGyRcG0OLbvwe7SLY="></latexit>

Ai =NtarT

∫ Ei+1
vis

Ei
vis

dEvis ω(Evis)→
∫
dEeR(Ee, Evis)

∫

Emin
ω̄

dEω̄
dεIBD

dEe

d!ω̄

dEω̄

@ 20 MeV
<latexit sha1_base64="iiYyle4Rj1+JK6417b2+d6SxIJk=">AAAB+HicbZDNSsNAFIUn/tb6FxVXbgZLwVVNRKrLohRcVrA/0IQymd60Q2eSODMRaui76ErUnc/hC/g2TmsW2npW39xzBu49QcKZ0o7zZS0tr6yurRc2iptb2zu79t5+S8WppNCkMY9lJyAKOIugqZnm0EkkEBFwaAej66nffgCpWBzd6XECviCDiIWMEm1GPfvQU2wgSK9+Wjck4B67jlfu2SWn4syEF8HNoYRyNXr2p9ePaSog0pQTpbquk2g/I1IzymFS9FIFCaEjMoCuwYgIUH42W3+Cy2EssR4Cnr1/ZzMilBqLwGQE0UM1702H/3ndVIeXfsaiJNUQURMxXphyrGM8bQH3mQSq+dgAoZKZLTEdEkmoNl0Vzfnu/LGL0DqruNVK9fa8VLvKiyigI3SMTpCLLlAN3aAGaiKKMvSM3tC79Wg9WS/W6090ycr/HKA/sj6+AUipkh8=</latexit>

ωE/E → 10%
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In SK we have

Cannot really tell apart continuous from monochromatic signal


