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The idea: DarkUnification
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Hyper-Color

SU(N) = SUB3)c @ SUN —=3)p @U(1)n
N odd (Witten anomaly)
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Hyper-Color

SU(N) = SUB3)c @ SUN —=3)p @U(1)n
N odd (Witten anomaly)
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N odd (Witten anomaly)
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SU(5) Hyper-Color
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The simplest gauge group
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=> Gauge group:
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The simplest gauge group

=> Gauge group: SU(5) ®SU((2)r @ U(1) x

5> Minimal matter content:
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The simplest gauge group

=> Gauge group: SU(5) ® SU(2), ® U(1) x V) )Q

Quirk number violation!
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The simplest gauge group
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The Dark Sector

- 3 representations of SU(5) -



The Dark Sector
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The Dark Sector
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The Dark Sector
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Dark Spectrum

2> One (light) flavor X + SU(2)p

enlarged
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Symmetries

By B Ba By 10 10y
Sym | ¥ | ¢ u’ Nu d° Md X | an N | M § S1 | Rp | do
U5 1/3 | =1/3 | - | —-1/3| - [ 1/3 [ —1/3 [ —=2/3| -1 |2/3|1/3] -
Ulp | - | - - - - - ol12 | 12 | =12 =12 =12 - | - | -
Ul | 1/2 —1/2 —1/2 | - | -1/2 | -1/2 | - 1/2 1/2 | 1
Splitting quarks — quirks
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Darko-Baryo-(Genesis

=> Asymmetry generation ingredients (Sakharov): { ~\
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Darko-Baryo-(Genesis

5> Asymmetry generation ingredients: N 45\ /4
IRy ~ 1672, [’y Mpy
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Violation of U(1); and U(1), Iy~ 6x107 57! (' 1 (])3_1;') < - TZV)




Darko-Baryo-(Genesis

N lifetime (i.e. reheat temperature

5> Asymmetry generation ingredients: 45\ /4
TRH (—167r3g* ) VvV I'nMp)
_— Yon|\° ( M
Violation of U(1); and U(1), Iy~ 6x107 57! (' 1 (])3_1;') ( - TZV)

Out-of-equilibrium I'y[T = My] < 3H[T = My] V
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CP asymmetry

Violation of C and CP (d la usual leptogenesis)
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Darko-Baryo-(Genesis

=> Relevant parameters:

TN

(Yap =) Yap =~ Br(IN — Agx) 6CP%

N

U(l)p_
(Dp-p [Francis, Hudspith, Lewis, Tulin, 2008]
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5> Cosmology tells us: $p — Yapin, ~ 5

Qp Yar Tp > My ~ 3AQCD




Darko-Baryo-(Genesis

=> Relevant parameters

(Yap =) Yap ~ Br(N — Ajx) e0p -2

U(l)B_D

=> Cosmology tells us: Yo _

(g

YAD

YAB

5> Ap ~6Aqcp

[Francis, Hudspith, Lewis, Tulin, 2008]
my ~ 2.5 A D

> My ~ 3AQCD
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Annihilation symmetric abundance

[Francis, Hudspith, Lewis, Tulin, 2008] 4
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Annihilation symmetric abundance
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Dark hadrons

SU(5)
Dark Unification
105 —10° GeV

source

(V)

connectors

(A()) 517 M)

SM
baryons & mesons

SU(3)c




Dark hadrons

1 g ! (@QCD)2 | YNewQ| /10 Tev 6( My, )7
o~ TP 708 1 Mg, 1) \4 GeV



Dark hadrons

—1 g g1 (O‘QCD)2 [ YNewq| /10 Tev 6( my, )7
o~ 0.8 1 Mg, i) \4 GeV

Light connectors M or S
Early Matter Domination!



Charged Relics

The (unwanted) £, group

Quirks V]SLQ (S
New quarks D Rp ~ (3,1, 67 2)




Charged Relics

The (unwanted) £, group

Quirks V]SLQ f
New quarks D Rp ~ (3,1, %7 2)

Annihilation [De Luca, Mitridate, Redi, Smirnov, Strumia, 2018]
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CMB: QP R? < 0.0044

R

[Perl, Lee, Loomba, 2019]
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Charged Relics

The (unwanted) £, group

Quirks V]SLQ f
New quarks D Rp ~ (3,1, %7 2)

3/2 1/
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4 o 3 TeV 10
‘o . hybrids ; 2
Lightest 2o field ngi CMB: Q2 7"h” < 0.0044
ﬂnf

Annihilation [De Luca, Mitridate, Redi, Smirnov, Strumia, 2018]
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Phenomenological signatures

5> Potential light fields S1 M (ps) <10 TeV
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Phenomenological signatures

5> Potential light fields S1 M (ps) <10 TeV

@ colliders Flavor observables
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Astrophysical signatures

[Wise, Zhang, 2014]
|Gresham, Lou, Zurek, 2018]
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Astrophysical signatures

[Wise, Zhang, 2014]
|Gresham, Lou, Zurek, 2018]
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Astrophysical signatures

o/m, ~ 167T/m3 <1cm?/g

=> My 2

500 MeV (D)

[Wise, Zhang, 2014]
|Gresham, Lou, Zurek, 2018]

Nuggets

4 o\

1073

FOPT??
SU(2)p o
+ 1 light flavor § 107}

1071, /
Cosmic strings 4

U(l)g — 2, ol

UlsoUl)x = UQ)y e,

10°8 10
[Schwaler, 2015]

The lightest dark hadron (77, Gpan)

[Lee, Mitridate, Trickle, Zurek, 2019
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Towards Grand Unification
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5> Simplest Yukawa interaction:
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=> Minimal matter content (Embedding of the SM):
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Conclusions

5> Idea of Dark-Color Unification.

=> Simplest gauge group to achieve it: SU(5) hypercolor

=> Anomaly-free within SM representations
o> Naturally provides a mechanism for splitting quarks & quirks

=> Can host an hadronic DM candidate (spin 1 baryon) and Darko-Baryo-genesis.

=> An (equal) asymmetry in the baryon and dark baryon sector (U(1)z_p = Yag = Yap)

+ nearby confinement scales (Ap ~ 6Aqcp) justify same order relic densities (£, ~ 5Qp).
5> Colored fermions and scalars are predicted to be at the TeV scale.
=> DM self-interactions, Early Matter Domination, GW (amongst others) are expected.

5> The main drivers for darko-baryo-genesis and its required interactions appear (unavoidably)

with the SM fields when unifying the strong and electroweak sectors in SU(7). | |



Thank you!
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Mg, /25

Aqcp

Charged Relics

[De Luca, Mitridate, Redi, Smirnov, Strumia, 2019]
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Phenomenological signatures
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'=> Potential light fields S 1 M R D P8 At colliders
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Phenomenological signatures

=> Potential light fields S1 M Rp P8 At colliders

q Rp (9 Wer-Lp g ut - Rp
>umnf' ?un- ? } auirks

q . Rp \gfn\-o -¢-Rp 9 d - Rp

p
@
.~ mpg = 1 TeV [CMS, 2016]
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Phenomenological signatures

=> Potential light fields S1 M Rp P8 At colliders
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Phenomenological signatures

=> Potential light fields S1 M Rp P8 At colliders
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Pheno signatures

At colliders

i - 9 Stop searches
-7 X1 [ATLAS, 2021]
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Pheno signatures

At colliders

Monojet searches
[ATLAS, 2021]

AO—>3/J/E'1‘S/+MET



Phenomenological signatures

Flavor observables

Meson mixing

d; =—>—e > ?—)—dj
Si¥ ASi
d; —¢—e—t . — d;

[Pich, Mandal, 2019]
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Dark Spectrum




Symmetries

5q B 5 5 10 107 24K
Sym | ¥ [ ¢ | uf iy d° na | x| aw N | M § | S | Bp|do| Vig
UM | - |13 -1/3] - |-1/3] - [ 1/3 | =13 —-2/3| -1 [2/3|1/3| -] 1/3
Ul)p | - | - ; ; ; ~ol1/2 ] 12 | =12 | =12 =12 - | - | - | -
U(l)g | 1/2 ~1/2 —1/2 | - | —1/2| -1/2| - 1/2 1/2 | 1 | —1/2

=> Interactions at the SU(5) ® SU(2); ® U(1)y level

L DY\IJS\:[]5\IJ]-O_>;I + Yngdf)ulOH
+ Y,5, 1010y €5 + ijgx 1010 €5 + h.c.

I=> Interactions at the SM ® SU(2),, level

—LDOYy (VU +QQST+YVQRL)+ Y, (Munado+ udSt+n,dRp +n4u°Rp)
+ Y, (gn QN o0 +av M Rp +qn §S1 +x QN Rp +x M Sh)
+ Y5 (qn @n g + gy M° Rp + gy §°ST + X° QN Rp + X° M 57) + h.c.



Other sources of B violation

|:> Sphalerons

T
YAD
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ADarCUS ~ 0 X 107 GeV

=> V D A035524555 + hc.



Annihilation symmetric abundance
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Dark Spectrum

=> N; (light) flavors + SU(2)p

2= =2 enlarged symmetry!

enlarged
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Dark Spectrum

[Francis, Hudspith, Lewis, Tulin, 2008]

=> One (light) flavor + SU(2)p XD = XL+ (XL)" = XL + XR

1 14 - /.
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Towards Grand Unification

SU(7) © SU(5) @ SU(2). ® U(1)7 D Gsm @ SU(2)

=> Breaking patterns:

SU(7) ‘" sU() @ SU(2)L @ U(1)s U(1)r ® U); 2 U1)y

SU(5) © SU2), @ U(1)r "2 SU3)e @ SU2), @ U(1)r @ U(1)s @ SU(2) 5

=> Minimal matter content (Embedding of the SM):




Towards an anomaly-free SU(7)

I:> Anomay-free theory

" 7 + 21 +35

91 5x7 + 21 + 35

3,1,5,1)  (3,2,5.1)  (3,1,2,1)
(3,1,—%,2) (3727%72) (1717_172)
1,1,1,1) (1,2,—3,1)



