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Dark Mabbter: where are we?

Indirect evidence in astrophysics and cosmology,

] 25% of our Universe is
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Dark Mabbter: where are we?

o Very wide ‘available’ mass range:
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Dark Mabbter: where are we?

o Strong cownstraints from Direct Detection:
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ks of compositeness

Benef

. Dvmamwat WA SS gemero&mh

A DM state can be made of
massless fundamental particles,

no need to generate mass!



Benefits of compositeness:

. Tﬁvmamic:ai WA SS gemera&mh

o Self-interactions naturally present

Collision-less DM
F?r@.o’km&s oo nmany smwall
skructures around Gralaxies

CDM ‘ : . ETHOS-1

e , + obther issues...




Benefits of compositeness:

. Dvmamwat WA SS gemero&mh

o Self-interactions naturally present

o Many Produrﬁ:&wm mechanisms can be included in the
models

Asymma&ry

generation
Thermal

,g reeze = M& Freeze~in




Produckion mechanisms
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Produckion mechanisms

o Asvmme&rm prcduaﬁow similar in nature
to baryogenesis (might be related)

YEAH, T LEARNED ABOUT IT WHEN T WAS
RESEARCHING ANOIMALOUS ELECTROWEAK
SPHALERON ° mfwsmouR' GENESIS,

Tunneling AN on
prodw::es
nek barvom

MMMbQT’ Credik: XKCD

MY HOBRY: COLLECTING REALLY SATISFYING-
SOUNDING FIVE-WORD TECHNICAL PHRASES.




How bo c:oupi.e the strowng
dark sector to Ehe SM?

o DM emerging from composite Higgs models
(or Technicolor-like)

o Confining fermions/scalars charged under
SM gauge symmetries

o Portal couplings via (sumar@.sseci) higher
dimensional operaﬁors.



COMPQASTTE

Comgosi&e Higqs models 101

o Symmetry broken by a condensate (of TC-fermions)

o Higgs and longitudinal Z/W emerge as mesons

(Fvwms)

Scales:
J : Higgs decay constant
V : EW scale
m, ~ 4 f

EWPTe T o T

[ f2> 40 ~1TeV |

Vacuum
misatigmmem& 4
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Comgosi&e Higqs models 101 \ﬁa’;

o Symmetry broken by a condensate (of TC-fermions)

o Higgs and longitudinal Z/W emerge as mesons

(Fvwms)

In Ehe TC Limik:
Tiazm )

The Higgs is a Light
scalar resownance
(dilaton?)

m, ~4rf ~2TeV Vacuum

misalighment ®



A minimal case

SU(2)1c |SU(4)y |SU2)L | U(T)y

Am&isvmme&ric: nakrix

(T =T

SU(4) —> Spl4)

T.Rj&&;v, FSannine 0¥09,0713
Galloway, Evans, Lu,Ej, Tacchi 10011361

This f:heorj LS
Asvm tobtic Free
and comfgv\es i the IR!

Under the global symmetry SU(4):
>o— U -2Xg-U 4

Higgs
58p(4) = (272) D (17 1)




WZW watkters!

In QCD, coupling of the pions
to EW qauge bosons are
generated by (global)

anomalies’

dy M 2 2 ~
L — 642?2 7 (g2WWWW X0 BWBW>
d¢ =4 o Predictive power!
Dimension

) Couptihg ko 2 pha&oms vanishes'

of TC rep



A minimal case
TC Limik: 0 —

1 1
f2 Tr(DuE)TD“Z = §(auh)2 + 5(@”7)2
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L\wzw =

(23&50\/, Sannino

0% 09,0713 In the TC Limik, SF.*(ZQ—) ¢ U(l)em % U(l)bm

e h +1in is charged under the unbrolken U(1)om,
V2
and thus stable (TIMP).
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Composite Dark Matter (and Higqgs)

as thermal relic

o Additional pNGBs may be
(accidentally) stable

o Need extended global symmetry
(ex. SU(4)xSU(4)/50(4) )
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Asvm mekbric pradu&:&om

o What is the vacuum aligiment at the
confinement scale?

Alighment at condensation
scale: baryogenesis!

Crossover kowards
Ehe CHM vacuum

Servank et al
1%¥04 07314




Asvm mekbric erodu&%mm

Cai, Zhang et al
1911.12130

| Higgsless theory
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New C. Dark Matter produ&&om

“, Thermal Overproduction

SU(R)exU(1 )y —>0(1 )y b:? TC-vacuum
“Dark” U(1 ) remains unbroken (global)

DM-genesis via strong phase transition + anomaly

Excluded by Unitarity Bound

2111,09319; &.C., MFrandsen et al

Excluded by Wg Searches
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Emancipation from
comgasi&e Higqses

Antipin, Redi, Skrumia
1503.0%749

Renounce ko a aamposi&e Hiqgqs sector

. _ _
Lps = —§Tr[gg QD,W] -+ \I'z(le — m\p)‘lfz + yz]\Ifz‘I/]H + h.c.

Global (accidental) symmelry on fermions
ensure stability of baryons or pNGBs

 Thermal production, with the usual problems...

No asvmmeErit prociut&ow vector-Like
fermions!



Accidental asymmekbry?

o Asymmelric F?rc:»c’\w:&cw\ con be prociuc:eci bv
QXPLLCL& b?ﬁ&HLMQ 0% &hé 'b“V\MMbQT Bottaro, Costa, ‘Po'aov

R104 14244

0()on (D)
-—

(sym) (1,1) —2
6 |6 —_

Two scalar fields with D-violating couplings:
mechanism similar to Leptogenesis

AN =0




Chiral-isakiown

o Render the fermions chiral by introducing
A New gﬁu,gﬁd svmme&rv Contine, Podo, Revello

ROOY¥ . 10607

Type I
Gpc U()p Gsy | Ul)sy UQ)y

And permutations of the
charge assighments

o U(1) broken dynamically: dark photon (possibly
Light)

o Both darik ba\rvoms - U1 - and wmesons - U(1)sv -
present: pandora box of possibilities!



A

Feebly interacting

&temgos&@. DM

Consider a sktrong dark sector decc:upteci
from the SM

Only coupling may come from gravity

Consider a tensor glueball as the lightest
state: can it be a DM candidate?



Chiral enhancement
o the rescue

Cali, Lee, Cacciapagtia
R107.1464%

o What happens for Light spin-2 resonances (gravitons)?

o We consider a general case, one massive gravito and no parity.

1
L =CgGYaT e W il
ff H (’n) j9a %% H MP]

o Lets consider the process: ¢+ q — ogluon + G

For massless fermion:

(in line with the naive e.xpe.&:&a&mn)



Chiral enhancement
o the rescue

Cai, Lee, Caccia[yagtm
2107.14-64%

o What happens for Light spin-2 resonances (gravitons)?

o We consider a general case, one massive gravito and no parity.

1
e G Tabel asL Cifirog ot
ff H (n) j9a %% H MP]

o Lets consider the process: ¢+ q — ogluon + G

For massless fermion: For massive fermion:

| '2567@';5 (s +2m2))]

(i1 line with the naive expectation) (applies below the EW phase transition)




Chiral enhancement
o the rescue

Cai, Lee, Caccia[yagtm
2107.14-64%

For massive fermion: Huge enhancement!

4
my ~ 1012
MG ~ 2 MeV

o Easy to understand: it comes from the longitudinal
mode of the massive graviton

Sum over gravitown polarisations:




Poarametber space:
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Cubloole

Strong dark sectors are popular

An (accidental) dark symmetry always
needs to be imposed

Many model-building possibilities: cherry-
plcking of recent ideas.

- Interplay with Lattice could be very useful!



