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Introduction:from WIMP to light dark matter
Portals flavourand dark matter targets

Focus on fermion based portals




A key DM questiorstability& relicdensities

What do we know about
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A Does not interact Notuv insensitive !
decay too much

A We know how much
there Is
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Interesting to classify the
DM candidates following
how they actually reach
the required density
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Was it produced
from the SM

Abundance
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thermal bath ? mechanism
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superWIMP
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Axions & friends

QCD axion, ALP,
WIMPZILLA, late
decays, primordial BH
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FromWIMPandC5 a X

SM "Y” ¥ interactions
AWIMPidea DM (and L.

other relevantparticlefor Dark (Mediator SM matter
annihilation are at the particles) content
weakscaleandinteract
with the SM gauge

groups)

matter
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SM "Y” v interactions
AWIMPidea DM (and ©) 1p)

other relevantparticlefor Dark (Mediator SM matter
weakscaleandinteract
with the SM gauge

groups)
AAllow for a rich flavour structure (as relic density can be obtained from EW

Interaction anyway)Flavour Dark Mattené DM with a flavour index)
A Typical SUSY / Composite like generalisation. WIMP with flavour index

M

LD )s.jinEf(/ﬁ or Aa“Q a0 & X

A Extensive works in the 20192020s (presented in previous FPCP), and ri

phenomenology in flavour observables and collid@tsnt works stil, by e.g. M. Blanke
2211.03809, 2212.08142, 2109.10357
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AThe WIMP window isonstrainedby, e.g. :
A Unitarity of its interactions
A LeeWeinberg bound :
A CMB constraints: one should not inject ionising m_?f .

: | T | | e S I e |
0.1 1 10 10?7 10® 10% 10°

particlesat late (CMBJ}ime m, [GeV]
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the model with a new mediator with small coupling with the SM
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From DM properties to mediator searches

SM “YT)
AFeebly Interacting New dark interactions ? ™M(p) interactions
t I NI AOf Sa o - ’ 2
neutral particle which

Interacts with the SM

via suppressed new
AYUISNY OGA 2

BENL S EUEIEN Mediator
dark sector (FIPs)

SM matter

MUCU  content
Operator

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

AMost FIP models can be embedded in a light dark matter s(eIUpourse with
Ol NA2dza € S@OStf 2F O2YLX SEA (& X0

A t 023SOKSNI Iy SEGNBYSf& NAOK fAGSNI Gc
(Forbidden DM, Secluded DM, Selfish DM, Cannibale\, 0
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SM operator FIPs/ darksecto Mixes with the

standard Higgs

Scalaportal - _ 2 - SeeYotam
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Mixes with the

SM operator FIPs/ darksecto standard Higgs

Scalaportal ‘H‘Q (d — 2), — ‘8‘2 Dark Higgs

SeeYotam
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A Lightnew scalars A DM can annihilate
iInherit the SM Higgs via this portal
ﬂavourfulcouplings
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Mixes with the

SM operator FIPs/ darksecto standard Higgs

Scalaportal ‘H‘Q (d — 2), — ‘8‘2 Dark Higgs

SeeYotam

{ 2 NEalk

DM(..)P “Y "OP SM fermions

Invisibly Decaying Scalar Mediator, Dirac DM, g, = 27, my

A Light new scalars A DM can annihilate ~ .[ =
inherit the SM Higgs via this portal P
flavourful couplings S = s

1076} BaBar B*—}K:*‘ﬁ

ov X B
gng 0;; 10 e e r
9 E787/E949 | :
10718 e & i
I K'=x tjl ' !
)( S 107 i

t t 10k NA62 i
b/s ——q— 102} K=t E'
B 1072} 3
X | i
ERS
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6TTY0 ZTSToreluI

N 107
o~y Y 107 NS T -
Y (] > m 10~ 1072 10! 1 10
;»z X my [GeV]
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Mixes with the

SM operator FIPs/ darksecto standard Higgs

SeeYotam

Scalaportal ‘H‘z (d — 2), — ‘8‘2 Dark Higgs

{ 2 NEalk

DM(..)P “Y "OP SM fermions

Visibly Decaying Scalar Mediator mg << m,,
]

A Lightnew scalars A Orviasecluded "] == T mne 3
Inherit the SM I_-Ilggs annihilation m ' g_i
flavourfulcouplings (ieinto dark Higgs 2
N ., Wwhich laterdecay =/ R
iInto SM particles) . B T o

ov X G;LC 107} For Direct Detection | “?\‘“'

| = 10ms 8= Thermal - s S§§i§§3 Sl

N R y el —
( a < mx) m, [GeV]
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Portalinteractions- 2

SM operator FIPs/ darksecto _ |
Mixes with the
hypercharge /
VCCCRMIElS F (d=2), — [ Dark Photon pﬁﬁton ’

ANo flavour dependence (only EM current 10> pee —
interaction here)
A Yet (or maybe because of this) one of th
most looked upon mediator for LDM

A Still very good prospects in flavour
motivatedand neutrinemotivated
experimentso aSS ¢2NDb Sy Qa

0 1074

95% C.L projection, R, =3, A, =0.05 ap=0.5

10-°

Care should be taken however for mixing with the B and Z boson 107 ;O_I[G V] 10°
X1 €

-y the broken phase, see e.g. Bauer, Foldenauer 2207.00023

78510901 Ie 19]|ated



Portalinteractions- 3

SM operator FIPs/ darksecto
Neutrino portal L,é] (d — 5/2) — N
Direct

Axion portal 5 Sl Y ALP/D -0 &
: - THf. d — 3 < _ interactions
/ fermion portal fi T%f J ( ) vl W DEILA= el with fermions

Mixes with
neutrinos

AThese two last portal can be inherently flavourful !




Portal interactions 3

SM operator FIPs/ darksecto
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: . TH 1. d — 3 < _ interactions
/ fermion portal [EERNSE ( ) T, DEVVSMUIOI  with fermions

AThese two last portal can be inherently flavourful ! Bolognesi

Gehrlein, Ross

mmm) Large discussion on HNLs in the last days Lonerganyéfiez

neutrino session




Portal interactions 3

SM operator FIPs/ darksecto
Neutrino portal L@ (d — 5/2) — N

Mixes with
neutrinos

Axion portal F I < whd,a x PARZEEEIE Direct
: : ) — interactions
/ termion portal fi I7f J ( ) or,w BEICA gl with fermions

AThese two last portal can be inherently flavourful ! golﬁs?n_esiR
enriein, ROSS
mmm) Large discussion on HNLs in the last days Lonerganyéfiez

neutrino session

AWe will discuss in more detailse fIaVOUFaspects of the
a FTSNYA2Y (fisst portad with HheNobssilility for tree

level FV interaction)
-\ -




Portals and dark matter

AThe portal formalism relies on the assumption that there is only the SM
+ light particle
A Yetsome portals, such as the ALP one are effective operators and thus required

an additional UV phyS|cs which may play an important role irptbéuction
(e.g.cHHP® ¢ RSOF&a Fad [1 /X SU0X0

AThe presence of dark matter and/or extended dark seatotivates
adding an invisible decay channel to timediator

~N (O
Purely Semi-visible

Invisible decays
decays

N Y,
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Problem: light NP & FV do not go along well

SeelLiang Sun anGudrunl A t f
ATreelevel processes mediating FV from mesons ol EIElS

lepton decays are expectedly extremely constrain
: lepton decaydalk
A Freezeout from a FV fermion portal
typically impossible

fil'f; (d=3)
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Problem: light NP & FV do not go along well

ATreelevel processes mediating FV from mesons ol EIElS

lepton decays are expectedly extremely constrainfRl e ulpIis s g
Freezeout from a FV fermion portal lepton decaysalk
A . . u . p _3 2106.12582- LD M. Fedele, KKowalskaE.Sessolo
typically impossible 10

fil'f; (d=3)

=t
— B=K up, Y =001
- py=1
ASimple example: a new vector
mediator with a pure QFV couplii$;y 107’
between s and b quarks

B AMB;, yI¥=025
---- Total B width, c-less

Q?LSV — (E%OPLb) Ve ’ o / |
A Including invisible decay© .....
does not help escaping constraint: 107" o575 150 o1
my [GEV]

\ -



. ‘
Problem: light NP & FV do not go along well

ATreelevel processes mediating FV from mesons ol EIElS

lepton decays are expectedly extremely constrainfRl e ulpIis s g
= tf EV f - tal lepton decaygalk
A . reez.eou rom a ermion pOr a 2106.12582- LD M. Fedele, KKowalskaE Sessolo
typically impossible 1073

_ ‘?Veele'out _
fi TP f; (d=3) ,

ASimple example: a new vector
mediator with a pure QFV couplii$;y 107’
between s and b quarks

Q?LSV — (E%OPLb) Ve ’ o / -
A Including invisible decay© .....

' inte 1071 . . . .
does not help escaping constraint: T0-2 1o-1 100 101
my [GeV]  Freezein downthere

——— B—=Kinv. , ¥ =0.01
=l

— B=K up, Y =001
=

B AMB;, yI¥=025

---- Total B width, c-less

\ -
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Problem: light NP & FV do not go along well

ATreelevel processes mediating FV from mesons or lepton decays are
expectedly extremely constrained

A Freezeout from a FV fermion portal

typically impossible
fi Tf; (d=3)

ASimilarlevel of constraints
for ALP

e.g. Joachim Brod, Sandrine Emery

Schrenkalk ¢ BaBar
0° LW

Giuseppe Ruggiero Kao
decays

~ Oua
2fa

Lafif; = i (Cly, = Chigs) i)

For an axion/ALP with order one flavourful interactions

If no suppression A extremely large scalescan be probed

DiLuzioet al. 2003.01100

Decay Branching ratio | Experiment /Reference fa (GeV)

Kt > ata | <0.73x 10710 E949 | E787 [593] | > 3.4 x 10! |CY)]
Bt »rta | <49x107° CLEO [596] | > 5.0 x 107 |C}|
B* 5w K*ta | <49x107° CLEO [596] | > 6.0 x 107 |C}.]
D¥ w5 7nta | <1 > 1.6 x 10° |CY |
pt —eta | <2.6x 1076 TRIUMF [598] | > 4.5 x 10° |C e |
pt —etya | <1.1x107° Crystal Box [600] | > 1.6 x 10° C,,

7t —seta | <1.5x1072 ARGUS [604] | > 0.9 x 10°C,,

7t s pta | <26 x1072 ARGUS [604] | > 0.8 x 105C,,,




Problem: light NP & FV do not go along well

ATreelevel processes mediating FV from mesons or lepton decays are

expectedly extremely constrained 107! pr- AR e

A Freezeout from a FV fermion portal
typically impossible

ﬂ WDM - cons
]’[ WM - strin

Fg>Hy

1/€€0°602C e 1@ duedd

fi ' f; (d=3) DwSRA 3 2l '1 o

axiontalk l" a-yy
ASimilar level of constraints s 102} L XRe
for ALP j ]
A Freezein (or nonthermal production : 5
mechanismpscan help o ( ﬂ) LRV =4
Gfifj—ﬂ'&h— Cy —Sgu 0 i M= ea S, gy
0 0 0 s! St
Focused on -3 ] s o, | I .=E ='

Lafif; = 2fa {f" (Cf fi (f fi 75) fj] Lepton Flavour lﬂl(}‘3 1072 10!

Violation m, [MeV]

=



Nonuniversality in fermion portal

AFlavour noruniversal leptonic interaction can still be viable for freezg
models: example of th&y 0 gauge bosomediator
A Generated, e.g. as the -generator of a brokeRY ) flavour gauge symmetries,

or just as an abelian subgroup af
bigger flavour gauge groups

A Anomalyfree with justthe SM fermions
content

Ko

-~ — (¥ — _ (¥ —
Lozr = qug (py“p — 7y + v,7v* Pry,,
— =1
T VT’-)/ PLL;T) Z{}:‘:

AOne of thesimplest (p) modelstill
standing for the("Q ¢) anomaly

Seee.gGreljoet al. 2203.13731



Nonuniversality in fermion portal

AFlavour noruniversal leptonic interaction can still be viable for freezz
models: example of th&y 0 gauge boson mediator
A Generated, e.g. as the -generator of a brokefY %) flavour gauge symmetries,

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

A Anomalyfree with just the SM fermions
content

Lozr = qeg (py“p — 7y + v,7v* Pry,,
— ETPY&PLVT) Z:x:e

AOne of thesimplest (p) modelstill
standing for the('Q ¢) anomaly

Seee.gGreljoet al. 2203.13731
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