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A key DM question: stability& relicdensities

Interesting to classify the 

DM candidates following

how they actually reach

the required density

UV insensitive !

What do we know about 
dark matter ?

ĄDoes not interact nor 
decay too much

ĄWe know how much 
there is 

ɱὬ ḗπȢρς
Planck 2018
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FromWIMPandC5aΧ
ÅWIMP idea: DM (and 
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From²Lat ŀƴŘ C5aΧ
ÅWIMP idea: DM (and 

other relevant particlefor 
annihilation are at the 
weakscaleand interact
with the SM gauge 
groups)

Dark

matter
Modèle 

Standard

(Mediator 

particles)

SM matter

content

SM ὛὟς Ὗρ interactions

ÅAllow for a rich flavour structure (as relic density can be obtained from EW 
interaction anyway): Flavour Dark Matter (ie DM with a flavour index)
ĄTypical SUSY / Composite like generalisation. WIMP with flavour index

Ą Extensive works in the 2010s ς2020s  (presented in previous FPCP), and rich 
phenomenology in flavour observables and collidersRecent works still , by e.g. M. Blanke

2211.03809, 2212.08142, 2109.10357  

or Χ
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ĄUnitarityof its interactions

ĄLee-Weinberg bound

ĄCMB constraints: one should not inject ionising 
particles at late (CMB) time
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ÅCopying the WIMP freeze-out idea at low mass implies extending 
the model with a new mediator with small coupling with the SM
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From DM properties to mediator searches
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From DM properties to mediator searches

ÅMost FIP models can be embedded in a light dark matter setup(of course with 
ǾŀǊƛƻǳǎ ƭŜǾŜƭ ƻŦ ŎƻƳǇƭŜȄƛǘȅ Χύ 
Ą!ƭǘƻƎŜǘƘŜǊ ŀƴ ŜȄǘǊŜƳŜƭȅ ǊƛŎƘ ƭƛǘŜǊŀǘǳǊŜ ƻŦ ƴŜǿ άƳŜŎƘŀƴƛǎƳǎέ ǘƻ ƻōǘŀƛƴ ǘƘŜ ǊŜƭƛŎ ŘŜƴǎƛǘȅ 

(Forbidden DM, Secluded DM, Selfish DM, Cannibal DM, etcΧύ

Mediator

( FIPs)

ÅFeebly Interacting 
tŀǊǘƛŎƭŜǎ όCLtǎύҐ  άƴŜǿ 
neutral particle which 
interacts with the SM 
via suppressed new 
ƛƴǘŜǊŀŎǘƛƻƴǎέ

Modèle 

Standard

SM matter

content

SM ὛὟς
Ὗρ interactions

Dark matter , 

dark sector

New dark interactions ?

Portal

operator

ÅPortal operators: parametrisation of the interactions between new neutral 
particle and SM (requires a gauge singlet operators built by SM fields)



Portals, flavourand darkmatter



tƻǊǘŀƭ ƛƴǘŜǊŀŎǘƛƻƴǎΥ ƛǘΩǎ ŀƭƭ ŀōƻǳǘ ǘƘŜ ƳŜŘƛŀǘƻǊ

examplesé

Scalarportal

SM operator FIPs/ darksector

Dark Higgs

Mixes with the 

standard Higgs

SeeYotam
{ƻǊŜǉΩǎtalk

DM …ᴾ ὛP ὌᴾSM fermions
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Ą Light new scalars 
inherit the SM Higgs 
flavourful couplings

ĄOr via secluded 
annihilation
(ie into dark Higgs
which later decay
into SM particles)

DM …ᴾ ὛP ὌᴾSM fermions



Portal interactions- 2

examplesé

Vector portal

SM operator FIPs/ darksector

Dark Photon

Mixes with the 

hypercharge / 

photon

ÅNo flavour dependence (only EM current 
interaction here)

ĄYet (or maybe because of this) one of the 
most looked upon mediator for LDM

Ą Still very good prospects in flavour-
motivated and neutrino-motivated 
experiments όǎŜŜ ¢ƻǊōŜƴΩǎ ǘŀƭƪύ 
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Care should be taken however for mixing with the B and Z boson 

in the broken phase, see e.g. Bauer, Foldenauer 2207.00023
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ÅThese two last portal can be inherently flavourful !
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ÅThese two last portal can be inherently flavourful !

Large discussion on HNLs in the last days



ÅWe will discuss in more detailsthe flavour-aspects of the 
άŦŜǊƳƛƻƴ ǇŀƛǊέ ǇƻǊǘŀƭ (first portal with the possibility for tree-
level FV interaction)
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Portals and dark matter

ÅThe portal formalism relies on the assumption that there is only the SM 
+ light particle
Ą Yet some portals, such as the ALP one are effective operators and thus required 

an additional UV physics, which may play an important role in the production 
(e.g. ὤȟὬO ὥ‎ŘŜŎŀȅǎ ŀǘ [I/Σ ŜǘŎΧύ

ÅThe presence of dark matter and/or extended dark sector motivates 
adding an invisible decay channel to themediator

Purely

invisible 

decays

…

Semi-visible 

decays



Fermion / Axionportal to dark

matter and flavour



Problem: light NP & FV do not go along well

ÅTree-level processes mediating FV from mesons or 
lepton decays are expectedly extremely constrained
Ą Freeze-out from a FV fermion portal
typically impossible

SeeLiang Sun and GudrunIƛƭƭŜǊΩǎ
rare charm decays talks

Ann-Kathrin tŜǊǊŜǾƻƻǊΩǎrare 
lepton decaystalk
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ÅSimple example: a new vector 
mediator with a pure QFV coupling 
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Ą Including invisible decay ὠᴼ……
does not help escaping constraints
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mediator with a pure QFV coupling 
between s and b quarks

Ą Including invisible decay ὠᴼ……
does not help escaping constraints

2106.12582 -- LD, M. Fedele, K. Kowalska, E. Sessolo

Freeze-in down there

ÅTree-level processes mediating FV from mesons or 
lepton decays are expectedly extremely constrained
Ą Freeze-out from a FV fermion portal
typically impossible

SeeLiang Sun and GudrunIƛƭƭŜǊΩǎ
rare charm decays talks
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Problem: light NP & FV do not go along well

ÅSimilarlevelof constraints
for ALP

ÅTree-level processes mediating FV from mesons or lepton decays are 
expectedly extremely constrained
Ą Freeze-out from a FV fermion portal
typically impossible

Di Luzioet al. 2003.01100

For an axion/ALP with order one flavourful interactions

If no suppression Ą extremely large scalescan be probed

e.g. Joachim Brod, 
Giuseppe Ruggiero Kaon 
decays

Sandrine Emery-
Schrenktalk ςBaBar
ὄᴼὑὥ



Problem: light NP & FV do not go along well

ÅSimilar level of constraints 
for ALP

ĄFreeze-in (or non-thermal production 
mechanisms) can help 

ÅTree-level processes mediating FV from mesons or lepton decays are 
expectedly extremely constrained
Ą Freeze-out from a FV fermion portal
typically impossible P
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Non-universality in fermion portal
ÅFlavour non-universal leptonic interaction can still be viable for freeze-out 

models: example of the  ὒ ὒ gauge boson mediator
ĄGenerated, e.g. as the †-generator of a broken ὛὟς flavour gauge symmetries, 

or just as an abelian subgroup of a
bigger flavour gauge groups

ĄAnomaly-free with just the SM fermions
content

ÅOne of the simplestὟρ model still
standing for the Ὣ ς anomaly

Seee.gGreljoet al. 2203.13731
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