Probing GUT with Accidentally Stable dark matter

Sonali Verma, ULB Brussels | PLANCK2025 Padova 27th May 2025
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https://arxiv.org/pdf/2407.20591

Coincidence or “compelling rationale”

[Snowmass 1310.8327]

guiding principle in BSM physics
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Coincidence or “Grand unification”?

In the SM, SU(3) X SU(2) X U(1) couplings seem to come very close at a scale ~ 1014 GeV
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Coincidence or “Grand unification”?

SU(5) Unification in SM?
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unification as a guiding principle

80
60
40

20

1 1 by M H
i) =—o(Mz)" — log ——
o (1) o (Mz) o 0g M,
otandard Model only
l l ! _‘ *Ol1 — 5/3 Oly
— a1 ()
— ap~ ()
— a3 ()
—_— _
5 - 10 - 15 20

Log10(H/GeV)



unification as a guiding principle
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[Ibe '09], [Aizawa, Ibe, Kaneta "16], [Mahbubani, Senatore 06], [Harigaya et. Al."16], [Antipin et. al. 15], [Di Luzio,

Tamarit, Ringwald "18], [Perez, Murgui, Plascencia "19], [Ernst, Ringwald, Tamarit 18] [Gherghetta, Murayama, Quilez

)

25]...

Can a dark sector give good unification and a dark matter?
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https://arxiv.org/abs/0906.4667
https://arxiv.org/abs/1411.6044
https://arxiv.org/abs/hep-ph/0510064
https://arxiv.org/abs/1606.00923
https://arxiv.org/abs/1503.08749
https://arxiv.org/abs/1807.09769
https://arxiv.org/abs/1807.09769
https://arxiv.org/abs/1911.05738
https://arxiv.org/pdf/1801.04906
https://inspirehep.net/literature/2921227
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[Bottaro, Contino, SV 24] Bottaro, Contino, SV [In prep] [Antipin et. al. 15]

accidentally stable

Can a dark sector give good unification and a dark matter?
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https://arxiv.org/abs/1503.08749
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dark matter?
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Gsm X Gpc

SM gauge
Standard model
New sector with _new matter and new gauge dynamics

Composite DM theories
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Gsm = SU(3) x SU(2) x U(1)
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Dark Colour confinement

Gont = SU(3) x SU(2) x U(1)
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: : Vectorlike confinement
Dark Dirac fermions — Kilic, Okui, Sundrum *10

Gsnm X Upe

Gont = SU(3) x SU(2) x U(1)
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https://arxiv.org/abs/0906.0577

: : Vectorlike confinement
Dark Dirac fermions — Kilic, Okui, Sundrum *10

NDC # dark colours

NDF # dark flavours
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Gont = SU(3) x SU(2) x U(1)
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Gsm X Ypo

Gont = SU(3) x SU(2) x U(1)

Light dark fermions [Antipin et. al."15]
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https://inspirehep.net/literature/140391
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Stabilized by dark baryon number

B=(2Q..9)
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Stabilized by species number

e QT‘QS
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Gsm X Ypo

Gsm = SU(3) x SU(2) x U(1)

[Bottaro, Contino, SV "24] 29
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ottaro, Contino, SV [In prep]

Cosmology



To t = today
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er M

M > ADCyaDC(M) <1

Perturbative freeze-out (F.O.) of free GUT partners H
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To t = today

GUT partner decay via D= 6 operators to SM and light dark fermions L

GUT boson
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Bottaro, Contino, SV [In prep]

Dark Confinement To t = today
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[Kang, Luty, Nasri "08], [Jacoby, Nussinov '07],
[De Luca et. al. "19]
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https://inspirehep.net/literature/1646178
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Light hadrons
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Epoch of recombination To t = today
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Temperature |
h

Antipin et. al. *[a]
Jottaro, Gontino, 8V [To Appear]
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Temperature | Epoch of baryon annihilation
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https://arxiv.org/pdf/1805.12578

GUT partners are Contino, Bottaro, 8V [To appear]
overclosing the universe!
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GUT partners are
overclosing the universe!
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Contino, Bottaro, 8V [To appear]

Benchmark Model
Q-+ D

GUT theory: o + 1[0

Way out? Dilute the GUT partner
abundance with a low reheating
Temperature
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Vectorlike contining theories give attractive ideas for DM stability

bauge coupling unitication highly restrictive theory prior for composite UM

Role of GUT partners cannot be ignored when considering UM phenomenology
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Vectorlike contining theories give attractive ideas for DM stability

bauge coupling unitication highly restrictive theory prior for composite UM

Role of GUT partners cannot be ignored when considering UM phenomenology
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A

[Work in Progress]

s there any hope to test these theories?
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SM charged pions with m ~ O(TeVs)
Dark matter with m ~ 100 TeV
GUT partner fermions with mass allowed M ~ 10'Y — 10" GeV

GUT gauge bosons with m ~ M., ~ 10'" GeV
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bravitational Waves?

dtrong first order phase transition (FUPT) expected in benchmark model

Q+D, Npc=3, Npp=09 [Pisarski, Wilczek '84]

T, ~ Apc ~ 100 TeV » fpeak ~ O(10~ %) Hz
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UM Decay?

O = Q00
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Credit: NASA's Goddard Space Flight Center/Chris Smith (USRA/GESTAR)



Symmetry breaking Os

Example: (Os = (QT, Qs)HH (9-Qs) = 3¢ or 1g under SU(2)pw xU(1)y

D=5: mDM§15MeV

Radiative cooling of gas in Leo T [Wadekar, Wang '21]


https://arxiv.org/pdf/2111.08025
https://arxiv.org/abs/1503.08749
https://arxiv.org/pdf/2407.20591

Symmetry breaking Os

D =606: mDM§100 TeV

Fermi gamma-ray data [Cohen et. al. '16]


https://arxiv.org/pdf/1612.05638
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)
(o) = \GFUT diag(2, 2, 2, — 3, — 3)
30)

2
9 my = mig Y10vGuUT
mp = ms YsVGUT v 30
b /30 - 3
o 3 mg = mio mylovGUT
mL m5 \@?JS’UGUT 1
mo = m V
Q 10 9 \/%ylo GUT

Mg, mp <K My, mg, my obtained for ms 1 ~ Vs 10Vgyr ~ M with two fine tunings
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Q+ D

‘P5=D+Z ‘{‘10=Q+U‘|‘E
MauT
q Can the split spectrum be natural? LD — m5\I;5\I;5 _ mlO\I’lo\Ijlo _ y5\I;5¢24\I;5 _ yloqjlo(bmqjm
M , — yL\TJSPL¢g\P10 — yR\T’5PR¢g‘I’10 + h.c.

[s the tuning stable under radiative corrections?

Apc iy

m
For oms < m, ms ~ O(M)

m<<M <KL @rymlag;r

Acur
OMs ~ Ms
dr

—

mass hierarchy between light dark fermions and their GUT partners is not stable under radiative
corrections
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LD —msVUs¥s —mi1gP10P10 — Y5P5024¥5 — Y10V 10024 P10
— yL‘T’5PL¢g‘I’10 — yR‘T’5PR¢g‘I’10 + h.c.

[s the tuning stable under radiative corrections?

XH, YH

m For oms < m, mg ~ O(M)

m<M <L @r)mlogyr

Xcur
A

.

Tuning is stable here!
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Gsyv X SU(3)pe [Bottaro, Contino, SV “24]
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NGB Production at Colliders
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