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What do we know about Dark Matter?

® Dark Matter need to be

(1) Cold (non-relativistic)
(2) Dark (not interact with photons) 4+ Pp = 2.3 X 1()_30 g/cm3
(3) Collision-less
(4) Stable / Long-lived
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The Dark Matter — Baryon Coincidence

Planck-ACT-LB
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More about the DM — Baryon Coincidence

® For non-relativistic particles, the energy density = number density X mass

pp/pg = mnp/ng X mp/mp =5

® For comparison,

Pp/ Pn

|
~

n,/n, X my,/my

1800

pp/pe = mp/ne X my/m,
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More about the DM — Baryon Coincidence

® For non-relativistic particles, the energy density = number density X mass

pp/pg = mnp/ng X mp/mp =5

® For comparison,

Pp/ Pn
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More about the DM — Baryon Coincidence

® For non-relativistic particles, the energy density = number density X mass

pp/pg = mnp/ng X mp/mp =5

® For comparison,

pp/pn p— np/nn X mp/mn p— 7 (Symmetry!!)
~7 = SU(2)F ~1 -+ SU(2)F

Pp/Pe = Ny/n, X my/m, = 1800
~1 U gy ~1800
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More about the DM — Baryon Coincidence
T

® For non-relativistic particles, the energy density = number density X mass

pp/pg = mnp/ng X mp/mp =517
from unknown from QCD
Baryogenesis confinement

® For comparison,

pp/pn p— np/nn X mp/mn p— 7 (Symmetry!!)
~7 = SU(2)F ~1 -+ SU(2)F

Pp/Pe = Ny/n, X my/m, = 1800
~1 U gy ~1800
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Previous attempts: Asymmetric Dark Matter
-0

® The problem is partly solved in Asymmetric DM models [Petraki, Volkas *13; Zurek “13]

pp/pg = mnp/ng X mp/mp = 517
~0(1) ~U()p_p from QCD
confinement
® For comparison,
pp/pn — np/nn X mp/mn — 7 (Symmetryll)
~7 2 SU(2) 5 ~1 = SU2)p
Pp/Pe = Ny/n, X my/m, = 1800
~1 U gy ~1800
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Previous attempts: Asymmetric Dark Matter
-0

® The problem is partly solved in Asymmetric DM models [Petraki, Volkas ‘13; Zurek “13]

pp/pg = mnp/ng X mp/mp = 517
~0(1) = U()p-p |
1.2,
1.1¢
1.0}
09:¢
0.8
0.7
0.6

> 4 6 8 10
mB"VAQCD =4nvaCD(fT[= 92 MeV)
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Toward Comparable DM and Baryon Masses
T

® A complete solution to the problem should also predict mp = Ypvp ~ mpg = 41 v cp

n m n Y %
P_D:_DX_D:_DX(_DX D)ZS!?
PB ng Mg ng 4m VqQceb

~0(1) ~0(1) ~0(1)
“ U(1)p-5

A complete solution = Asymmetric
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Previous attempts: Dark Baryon Dark Matter
T

® Dark Baryon DM from strongly coupled dark sectors is another necessary condition.

if Dark Matter is a Baryon of
Strongly Coupled Dark Sectors

n m n Y, 1%
P_D:_DX_D:_DX(_DX D)=5!?
PB ng Mg ng 4m vVqQceo

~0(1) ~0(1) ~0(1)

v U)p_p =Yy ~0(4m)
A complete solution = Asymmetric Dark Baryon
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Toward Comparable DC and QCD VEVs

® The last piece of a complete solution is to achieve comparable VEVs, vy ~ vqcp

— 27

—27 —2m O‘_,(l) 0‘5,10 1.2 v & e’ D0 [
How to get "D o' "penn T Tees) & 53507 o) O(1) ? 141 b ol
vQop 09!
Pp np mp Np YD
PB Npg mpg Npg 41T
~0(1) ~0(1)
“U@)p-p =~Yp ~0(4m)

A complete solution = Asymmetric Dark Baryon
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Toward Comparable DC and QCD VEVs
-0

® The last piece of a complete solution is to achieve comparable VEVs, vy ~ vqcp
~0(0.1)

—1 —1

_2n —2n *c0l “D.o It is essentially a

(b o b ) —
~ e 'DD,0 s 25,0’ a2 35N Ps bp — (9(1) . ]
fine-tunin roblem!!
VQCD But ~0(1) gp

EX:bs =7, gs0:0.8—>0.7 = 200

How to get

PpD np mp np Yy Up
PB ng Mg ng 4m VqQceb
~0(1) ~0(1)

v U)p_p =Yy ~0(4m)
A complete solution = Asymmetric Dark Baryon
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Attempts: Mirror / IRFP / Dark GUT / Chiral DS

® Many attempts have been made to achieve vp ~ vocp with mechanisms

Mirror DM } IR fixed pt. ) Dark GUT | %
=\ apobp ®ase,bs | | é ) | /
including . apo = Aso.
a0 " ] ——x | \ X
Volkas, Foot, ... '03... AQEDA&EaiTISChwaIIer 1’3:\ | YC [5411.1‘23860 ]ﬁ YC[2411.18725]
PD np _ Mp Np Yp Up
— = — X — = — X | — X =517
PB ng Mg np am vVqQcp
NO(l) "’0(1) NO(l) “ Vp ~ vQCD

v U)p_p +~Yp ~0(4m) from Sym. or Dynamics
A complete solution = Asymmetric Dark Baryon + v, ~ vocp mech.
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Attempts: Mirror / IRFP / Dark GUT / Chiral DS

® Many attempts have been made to achieve vp ~ vocp with mechanisms

sl Mirror DM i1 IRfixed pt. i Dark GUT X

' aD,OrbD ~ Us,0) bs | : ) /

including . Apo = dso

- Y m e o - g H - : : Jm """" ) 15 \ X

Volkas, Foot, ... 03... Bai, Schwaller ‘13 YC [ 2411.16860 ] YC [ 2411.18725]

‘ Chiral SCDS
QCD-like (Vector-like) Strongly Coupled Dark Sector Light Dark Baryon

Dark Baryons with mj, = 4mvy. For vy ~ voecp = mp ~ mg with mp = 4me

E ~ vQCD:>mD~mB

The requirement of a mechanism to achieve v, ~ vcp points toward
different classes of Strongly Coupled Dark Sectors
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Strongly Coupled Dark Sectors from DMBC

other light states

Mirror Dark Sector IR Fixed Point Dark GUT Chiral Dark Sector
Dark Color SU(3) SU(3) Sp(4) SU(5)

Dark Quarks u',d’, c',s' t', b 6x(F,F) 3x(AF,F) AFF
additional + leptons, photon... bi-fund. fields heavy Z' boson composite axion
Spectrum A A A A

|1 10 TeV—+4— Z/, ... Apc—t+ Y, m,, ...
other heavy states | EW —+— H' , W', Z' Tev P, ...
(mediate SM-DS) 4 1 1 1
—1 ZcB -
Dark Baryon GeV—=D (n',p’) | GeV== D (n',p") GeV=t- D (p') GeV—t+- D (AFF)
other resonances -+ p'.n -+ p'.n -+ 7 =
from dark color
-’ K’ - ', K’ - T4, Tf ¥
o e’, }” =t ( (composite)
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