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Rich Dark Sectors *

e Rich structure
e MeV-GeV

e Interact through

portals
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Rich Dark Sectors

Portals: (SM SINGLET) X (DS SINGLET)

e Rich structure LAN

e MeV-GeV

\
Neutdn® porté
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Vector portal

e Interact through

portals
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Why Rich Dark Sector?

e Alternative to the “lamp post” of WIMP
e SMis non-minimal'
e Address several puzzles in one framework

e Qualitatively new signatures
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Model:
RDS with broken U’(1)
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Model:
RDS with broken U’(1)

1 sin y

+ (Dpo) (D ) + (Dux)T(D*X) — Vacatar (H, ¢, X)
+ N;jidN; + vpilpxvp

— A~ 1 — _
= (LH)YVNC + §NMNNC + N (YLVDL¢ + YRI/BR(}S*) +vpMxvp + h.C.]

Vacatar (H, ¢, X) = — pir(H'H) + A (H'H)?
— 13(970) + As(079)* — Aug(H H)(¢'9)
+ 13X "X 4+ A (XTX)? + A (HTH) (xTx) + Apx (97¢) (xTx)
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Key ingredients:

1
4
+ (Duo) (D*$) + (Dux) (D X) — Vacalar(H, ¢, X)
+ N;igN; + vpilDxvp

£ Loy — =X XP —

_— 1 - _
— [(LH)Y,,NC =+ §NMNNC + N (YLVDL¢’ =+ YRVERgb*) +vpMxvp + h.c.]

Vsca.la,r(Ha (;15, X) - = ”%—I(HTH) + /\H(HTH)2
— p5(6'8) + As(610)? — Ao (H H) (9" )
+ 12 x"x + A ()% + Arx (HTH) (XTX) + Ay (670) (xTx)
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Key ingredients:

1

complex scalar DM

1
4
+ (Duo) (D*$) + (Dux) (D X) — Vacalar(H, ¢, X)
+ N;igN; + vpilDxvp

£ Loy — =X XP —

_— 1 - _
— [(LH)Y,,NC =+ §NMNNC + N (YLVDL¢’ =+ YRVERgb*) +vpMxvp + h.c.]

Vsca.la,r(H: (;15, X) - = ”%—I(HTH) + /\H(HTH)2
— p5(6'8) + As(610)? — Ao (H H) (9" )
+ 12 x"x + A ()% + Arx (HTH) (XTX) + Ay (670) (xTx)

ELINA MERKEL, TEVPA, SEPTEMBER 3, 2026



Key ingredients:
2

e complex scalar
e breaks U’(1) giving mass
to the dark photon

1

complex scalar DM

e couples to DM

1
EDESM_Z

+ (anb)T(Dpr’) + (DpX)T (DpX) - ‘/scalar(Ha ¢’a X)
+ N;idN; + vpilDxvp

_— 1 - _
— [(LH)Y,,NC =+ §NMNNC + N (YLVDL¢’ =+ YRVERﬁb*) +vpMxvp + h.c.]

Vsca,la,r(H: f;b: X) - = ”%I(HTH) + )\H(HTH)2
— p5(6'8) + As(6'9)? — Arro(H H) (o' 9)
+ 12 x"x + A ()% + Arx (HTH) (XTX) + Ay (670) (xTx)
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Key ingredients:
2

e complex scalar
e breaks U’(1) giving mass
to the dark photon

1

complex scalar DM

e couples to DM

1 )
LD Lsm — ZXNVX‘W —

e HNLSs + (D)) (D#6) + (D) (DPx) = Vicatar (H, 6, %)

e arise from the + NiidN; + ppiBxvp
N . diagonalization of - [(Eﬁ)YuNC + %NMNNC + N (Ypup, ¢+ Yavh, ¢*) + opMxvp + h]

Z the mass matrix
e mix with active Vs . 6.x) = — 123 (HVE) + A (V)2

neutrino — 12(670) + As(610)2 — Mg (HTH) (81 9)
+ 12 x"x + A ()% + Arx (HTH) (XTX) + Ay (670) (xTx)
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mass scale: 10 MeV -1GeV

Key ingredients:

2

1 e complex scalar
e breaks U’(1) giving mass
complex scalar DM to the dark photon
e couples to DM

1 )
LD Lsm — ZXNVX‘W —

e HNLs + (Duo) (D*8) + (Dux)"(D*x) — Vacatar(H, ¢, X)

e arise from the + NiidN; + ppiBxvp
N . diagonalization of - [(Eﬁ)YuNC + %NMNNC + N (Ypup, ¢+ Yavh, ¢*) + opMxvp + h]

Z the mass matrix
* mix with active Vecalar(H, ¢,X) = — pgr(H H) + A\ (H'H)?

neutrino — 13(610) + As(619)? — Ao (H'H)(4'9)
+ 12 x"x + A ()% + Arx (HTH) (XTX) + Ay (670) (xTx)
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Neutrino masses
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See-saw-like mechanism

_ o~ 1 - _
['N D (LH)YVNC + §NMNNC =~ N (YLVDL¢ -+ YRVERgb*) = ﬂDMXuD == h.c.
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See-saw-like mechanism

- 1 _ _
L:N D ( H)YVNC + §NMNNC =~ N (YLI/DL¢ -+ YRVERgb*) = ﬁDMxVD == h.c.

0 mp 0 0
m% MN AL AR

0 AT 0 My

0 AL MT 0

M:
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See-saw-like mechanism

- 1 _ _
L:N D ( H)YVNC + §NMNNC =~ N (YLI/DL¢ -+ YRVERgb*) = ﬁDMXuD == h.c.

0 mp 0 0O oY,
m% M N A L A R g = \/§

0 AT 0 My

0 AL MT 0

M:
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See-saw-like mechanism

_ o~ 1 — _
L:N D ( H)YVNC + §NMNNC =~ N (YLVDLgb -+ YRVERé*) = DDMxVD == h.c.

Ul YI/
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See-saw-like mechanism

0 mp 0 0
m% MN AL AR

0 AT 0 My

0 AL ML 0

<
||
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See-saw-like mechanism

/& . mQDMX

0 mp 0 0 / QALAR — MNMX
m% MN AL AR

0 AT 0 My

0 AL ML 0

<
||
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See-saw-like mechanism

/& . m%MX

0 mp O 0 / QALAR — MNMX
m% MN AL AR
0 AT 0 My
2
0 AL ML 0 U, N,

<
||

Ty,

My,

ELINA MERKEL, TEVPA, SEPTEMBER 3, 2026



See-saw-like mechanism

/& . m%MX

0 mp 0 0 / QALAR —y MNMX
m% MN AL AR
0 AT 0 My
2
0 AL ML 0 U N, X

M = m,

My,

diagonalization of the mass matrix leads to
light neutrino mass and active-sterile mixing
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Let’s not spoil BBN !
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Scalar-neutrino coupling
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Scalar-neutrino coupling
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Scalar-neutrino coupling

IV
'\/ m@YDQ UBN UBI/D
- Fgo—)uz/ —
/ y 167
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Scalar-neutrino coupling

IV
'\/< m‘PYDz UBN UBI/D
- - - = Fc,o—n/v —
(f / y 167

@ promptly decays into light neutrinos
helping to avoid BBN costraints
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m, = 0.05 eV
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m, = 0.05 eV
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Thermal history
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Thermal freeze-out
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Thermal freeze-out
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Thermal freeze-out
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Thermal freeze-out
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Thermal freeze-out
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Thermal freeze-out
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Neutrino signal
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Neutrino signal
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Neutrino signal @SK

SUPER KAMIOKANDE
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Neutrino signal @SK
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Neutrino si

Super-Kamiokande

electron
anti-neutrino

Ve Gadolinlum
’ | proton neutron
%,
o | ¥
5 positron
- e+

|
Positron signal Neutron signal

ELINA MERKEL, TEVPA, SEPTEMBER 3, 2026



Neutrino signal @SK

Super-Kamiokande
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Gadolinium
Gd

Neutron signal

Super-Kamiokande Reports the First Indication of the Diffuse Supernova Neutrino
Background — A clue to the faint “whispers” imprinted across cosmic history —

2026.6.26 News

; P re l i m i n a ry -+ Data (SK-IV + V + VI + VIl + VIL.5 + VIII)
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Neutrino signal @SK

Testing MeV dark matter with neutrino detectors

Sergio Palomares-Ruiz and Silvia Pascoli
IPPP, Department of Physics, Durham University, Durham DHI1 3LE, United Kingdom

MeV particles have been advocated as Dark Matter (DM) candidates in different contexts. This
hypothesis can be tested indirectly by searching for the Standard Model (SM) products of DM
self-annihilations. As the signal from DM self-annihilations depends on the square of the DM
density, we might expect a sizable flux of annihilation products from our galaxy. Neutrinos are the
least detectable particles in the SM and a null signal in this channel would allow to set the most
conservative bound on the total annihilation cross section. Here, we show that neutrino detectors
with good energy resolution and low energy thresholds can not only set bounds on the annihilation
cross section but actually test the hypothesis of the possible existence of MeV DM, i.e. test the
values of the cross section required to explain the observed DM density. At present, the data in
the (positron) energy interval [18-82] MeV of the Super-Kamiokande experiment is already able
to put a very stringent bound on the annihilation cross section for masses between ~15-130 MeV.
Future large experiments, like megaton water-Cerenkov or large scintillator detectors, will improve
the present limits and, if MeV DM exists, would be able to detect it.

PACS numbers: 14.60.St, 95.35.4d, 95.55.Vj

PALOMARES-RUIZ, PASCOLI [0710.5420]

ELINA MERKEL, TEVPA, SEPTEMBER 3, 2026
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19 May 2026

Dark Matter Interpretation of the Super-Kamiokande Antineutrino Excess
and Predictions for JUNO

Alessandro Granelli »', Silvia Pascoli®“* and Salvador Rosauro-Alcaraz %"

@Instituto de Fisica Corpuscular (IFIC), CSIC-Universitat de Valéncia, Parc Cientific,
C/ Catedrdtico José Beltrdn 2, E-46980 Paterna, Spain
bDipartimento di Fisica e Astronomia, Universita di Bologna, via Irnerio 46, 40126, Italy
¢ INFN, Sezione di Bologna, viale Berti Pichat 6/2, 40127, Bologna, Italy
4 [niversité Clermont-Auvergne, CNRS, LPCA, 63000 Clermont-Ferrand, France,
*LPCA pour Laboratoire de Physique de Clermont Auvergne

Abstract

Super-Kamiokande has reported a small excess of electron antineutrino events in the 20 MeV energy
range, in the search for the diffuse supernova neutrino background. We interpret this signal as a
possible indication of dark matter that annihilates dominantly into neutrinos, pointing to a thermal
dark matter candidate with s-wave annihilation and with mass in the tens of MeV range. This mass
scale naturally fits into rich dark sector extensions of the Standard Model. Neutrino experiments,
including JUNO, will be able to test this hypothesis in the coming years.

GRANELLI, PASCOLI, ROSAURO-ALCARAZ [2605.20162]
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Neutrino signal @SK
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Neutrino signal @SK

Relic abundace
Cross section for

m, ~ 40 MeV
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Summary
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Dark Sectors
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Dark Sectors for kids
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weu INVISIBILI project
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Published online 27 August 2025 g_g,n.
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inVISIBILI project

OSCURINA
EEEAVVENIURE
COSVIICEE

rancesca Bellini, Laura Fabbri, Diego Jimenez Sanz,
Elina Merkel, Silvia Pascoli, Lorenza Vianello

illustrazioni di

ELINA MERKEL, TEVPA, SEPTEMBER 3, 2026



e iNVISIBILI project

ALCUNE OSCURINE SI SONO ANCHE OSCURINA VUOLE ANDARE
w INCONTRATE E HANNO INIZIATO ALLA FESTA.
UNA FESTA GRAVITAZIONALE!

inVISIBILI

OSCURINA
EEEAVVENNURE
COSMICHE

a cura di

ACCOMPAGNALA: IL NUMERO
DELLA STRADA GIUSTA TI PORTERA

ALLA PROSSIMA PAGINA.

Francesca Bellini, Laura Fabbri, Diego Jimenez Sanz,
Elina Merkel, Silvia Pascali, Lorenza Vianello

illustrazioni di
Gaia Fontana

4| LE PARTICELLE DI
MATERIA OSCURA

SI RIUNISCONO GRAZIE
ALLA FORZA DI GRAVITA.
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_ Dark Sectors for kids

Astronomy and Physics Collection Article Published: June 12, 2026

Is a Dark World Hiding in Our Universe—And How Can We
Find It?
Authors

@ Michele Lucente (@) Silvia Pascoli €W Elina Merkel @ Gaia Fontana @ Francesca Bellini ) Laura Fabbri
@ Alessandra Fanfani

Young Reviewers

C: victoria @ Clifford @ Bhakti, Tanvi, Swarangi M§ Wynn
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_ Dark Sectors for kids

Is a Dark World Hiding in Our Universe—And How Can We Frontlers for Young

Find It? Minds article

@ Michele Lucente (@) Silvia Pascoli €W Elina Merkel @ Gaia Fontana @ Francesca Bellini ) Laura Fabbri
@ Alessandra Fanfani

Young Reviewers
C: victoria @ Clifford @ Bhakti, Tanvi, Swarangi M§ Wynn

ELINA MERKEL, TEVPA, SEPTEMBER 3, 2026



Dark Sectors for kids

Minds article
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Neutrino portal
§ ” Frontiers for Young

.y O e
A 1

(i [ ) ~
Ve "' "-‘_'-.'-'r.'-_._; f—-l..:’_'

, ;r]
A
ET T

Vector portal

ILLUSTRATION BY GAIA FONTANA

Higgs portal
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Prediction for JUNO
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