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Dark Matter

• Must be dark:
◦ no electric charge
◦ uncolored
◦ hypercharge constrained

• (Must be matter)
• Must be there:

◦ τDM & 1025 ÷ 1028s depends on model and mass
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Accidentally Stable Particles

No symmetries should be imposed → only accidental symmetries
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Example: protons! stable thanks to baryon number, broken at dim. 6
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Grand Unification with New Physics

Can dark matter be embedded in a GUT framework?
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No colored particles

Grand-Unifying New Physics
• Must be charged under SU(2)L and colored [Harigaya, et al. JHEP 14 (2016)]

• How can it be dark matter?
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https://link.springer.com/article/10.1007/JHEP09(2016)014


Accidental Composite Dark Matter

SU(NDC)⊗ SU(5)GUT theories
• Color of dark quarks confined in color-neutral dark hadrons
• Dark baryon number keeps the lightest dark baryon stable

Strongly-coupled
[Antipin, et al. JHEP 39 (2015)]
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Weakly-coupled
[Mitridate, et al. JHEP 210 (2017)]
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https://link.springer.com/article/10.1007/JHEP07(2015)039
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Strongly-Coupled Régime

• Dark baryons with mass ∼ NDCΛDC
• 〈σ v〉 ∼ π

ΛDC
−→MDM ∼ 100TeV

◦ Coincidence of unitarity limit and dark matter lifetime bound

SM rep SM rep SM rep
αSMΛDC αSMΛDC αSMΛDC

spin
ΛDC
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Weakly-Coupled Régime

• Somewhat smaller masses for dark baryons
• Mass orderings are the way around in the Coulombic régime

spin spin spin
α4

DC α4
DC α4

DC
SM rep
αDCαSM

[work in progress with Davide Barbini (master thesis, now at IFAE) and Roberto Contino]
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Adding a Scalar Dark Quark

• Dark quarks from SU(5) fragments
• Interactions with Higgs determine accidental symmetries
• U(1)nspecies → U(1)dark baryon, otherwise stable charged relics

Scalar dark quark
• Introduce φ ∼ total singlet under SM [SP, F. Rescigno, F. Troni JHEP 25 (2024)]

• New interactions:
◦ y (dark fermion)c × φ× (SM fermion)
◦ λ |φ|2 × (SM Higgs)2

• Hybrid dark hadrons: both fermion and scalar constituents
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https://link.springer.com/article/10.1007/JHEP09(2024)025


Direct Detection of Hybrid Dark Baryons

[LZ collaboration, arXiv:2410.17036]

[O’Hare, Phys.Rev.Lett. 127 (2021)]
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https://arxiv.org/abs/2410.17036
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.251802


Dark Pions: Decay and Production at Colliders

πD

SM

SM

←−

SM

SM

φπD

Chiral suppression: 〈0|Jµ
5,D|πD〉 ∝ fDpµ −→ Γ ∝

(
mSM
mπD

)2

� 1

In some models: 〈0|J5,D|πD〉 ∝ f2
D −→ Γ unsuppressed
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Lepton Flavor and CP Violation

• Hybrid dark “mesons” → share the quantum n. of SM fermions
• Bounds on BR(µ→ eγ), de, etc. −→ y . 10−1 ÷ 10−2

[Frigerio, et al. JHEP 17 (2018)]

• Consistent with decay of charged dark pions before BBN
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https://link.springer.com/article/10.1007/JHEP10(2018)017


Thank you for the attention
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Weakly-Coupled Dark Baryon Abundance
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[Mitridate, et al., JHEP 210 (2017) ]
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Two Régimes (feel old yet?)

Fermion constituents

ΛDC

MH

MGUT

MΨ

Mφ

ΛDC

MH

MGUT

MΨ,Mφ
Hybrid?
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Hybrid Dark Baryons

Fermion Constituents
(dark color)︸ ︷︷ ︸
anti-symmetric

⊗ (spin)⊗ (dark flavor ∼ SM)︸ ︷︷ ︸
, ; , , ···

= (anti-symmetric)

• NF = 1/2 (odd), 0 (even)

Scalar Constituents
• No spin, no flavour −→ (dark color)︸ ︷︷ ︸

anti-symmetric

⊗ (spatial)︸ ︷︷ ︸
anti-symmetric

= (symmetric)

• e.g. NS = 2 −→ JS = 1 by virtue of P = (−1)`

Hybrid Dark Matter
• Odd NF , i.e. even NDC → JNF+1 = 1

2

• Even NF , i.e. odd NDC → JNF+1 = 0

• If NDC = �3, 5, 7, . . . the dark matter may have 1 scalar constituent
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Coulombic Régime

• Assume αSM � αDC � 1

• One-gluon exchange approximation:

V ∼ −α

r
−→ EB ∼ α2

DCMΨ

• Also for SM interacitons −→ ∆E ∼ αSMαDCMΨ +O
(
α2

SM
)

• Spin-spin interacitons

V ∼ ~S1 · ~S2 δ
(3)(~r) −→ ∆E ∼ α4

DCMΨ
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Production of Dark Pions at LHC

[ATLAS Collaboartion, JHEP 5 (2024)]
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https://link.springer.com/article/10.1007/JHEP09(2024)005


Constraints on Yukawas

[ATLAS collaboration, JHEP 5 (2024)]

[Roussy, et al., Science 381 (2023)]
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https://link.springer.com/article/10.1007/JHEP09(2024)005
https://www.science.org/doi/10.1126/science.adg4084


Lepton Flavor and CP violation

µ→eγ, de, . . . ←− Qij
eγ = (`iσ

µνecj)H
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yLẼ︸ ︷︷ ︸

one loop

or
Ceγ

ij

Λ2
=

ceγij
256π4m∗2 eY

k k
SM yi ∗L ykLy

k ∗
E yjE︸ ︷︷ ︸

two loops

γ H

i j

k

ji

H

γ

20



Accident-zilla?

• Minimal extension of SM for unification

Q ∼ (3,2) 1
6

with NDC = 3 −→ DM ∼ (1,2) 1
2
,

• Symmetry broken at dimension 6: QQQ`
M2 not enough for accidental

stability with masses so large
21



Accident-zilla?

Raise Number of Dark Colors

NDC Operator Dimension Bound onMDM Lightest DB
3 QQQ` 6 2 · 105 GeV (1,2) 1

2

6 Q6H†H† 11 3 · 1014 GeV (1,1)1
9 Q9ecH 16 2 · 1016 GeV (1,2) 3

2

Extend Model with other Dark Quarks
• Extending with dark quarks from the 10 of SU(5) always yields

charged lightest dark baryon
• Must look at 15 of SU(5) or beyond
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