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The Effect of
Bound States of Dark
Matter
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Non perturbative Effects

My < e MX

RBohr < RYukawa
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Bound State Selection Rules
W

o The Group theory structure - _
o The wave function symmetry 1‘ 'l i 'I 1

o Angular momentum conservation AL =1

o Energy conservation
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Cosmological Impact

(0)ps ¢ BR(B — SM)
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Fermion Splet, M, = 14 TeV, Coulomb approximation

(0)ps ¢ BR(B — SM)
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Toy System
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Application I: The gauge portal

Fermion triplet with Y = 0 (‘wino’) Fermion quintuplet with ¥ =0
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The Triplet The Quintuplet
(Wino) (Minimal Dark Matter)
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summary I

@ Bound State formation is an additional Non-
perturbative effect which affects the DM
annihilation cross section

o In models with sizeable gauge coupling and
heavy dark matter candidates it can be the
dominant effect setting the relic density

o Today bsf can lead to observable capture
photon signals and give precision information
about dark matter

Details in: JCAP 1705 (2017) no.05, 006
arXiv:1702.01141
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Bound States of
Dark Matter



Dark Matter stability

like lfermions

SU(N)DC X SU(B)C X SU(Z)L X U( )em 1 gen. veetor StandardModa’lonf Elementary Particles

SU(N)pc X SU3)e X U(1)em

1503.08749
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Dark Matter stability

SU(N)pc X SU3)e x SU2)r, X U(1)em

>< SU@)e x U)o

New Baryon Number ~$ DM candidate

1503.08749
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Dark Matter stability

SU(N)pc X SU3)e x SU2)r, X U(1)em

>< SU(3) % U(1)en,

New Baryon Number ~$ DM candidate

Thermal contact with the SM sector

1503.08749
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Dark Matter stability 11

New Baryon Number ~# DM candidate

Juri Smirnov, CP3-Origins



Dark Matter stability 11

Dim 5 Operators, lifetimne too short
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Dark Matter stability 11

Dim 5 Operators, lifetimne too short

Dim 6 Operators, acceptable if...

A > 10 GeV

7> 10 sec
New Baryon Number ~$» DM candidate

The cut-off scale has to be close

to the Plank scale
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Consequences of Dark Color

+Qi (i) —m;)Q; + ywHQiQ§ + h.c.
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Consequences of Dark Color

o Structure formation implies no massless force
mediator

+Qi(ip—m;)Q; + ywHQZQg + h.c.
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Consequences of Dark Color

o Structure formation implies no massless force
mediator

o If gauge group unbroken it has to confine

o Confinement before BBN required

o @ in fund. rep. of SU(N): stable particle is QN

+Qi(ip—m;)Q; + ywHQZQg + h.c.
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Composite WINO

Simple SUB)pc ®SU3).@SU((2), x U(1)y
example V =(3,1,3,0)
W CIRYER DOy, = (V,V,V): (1,1,3,0)® (1,1,5,0)
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Composite WINO

Simple SUB)pc ®SU3).@SU((2), x U(1)y
example V =(3,1,3,0)
W CIRYER DOy, = (V,V,V): (1,1,3,0)® (1,1,5,0)

2

agp ~
Qe fFNQ

ap < A5

A mop €xX —6—7T
bc @ P 33 aDC(mQ)
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Composite WINO

Simple
example
Model-V:

SU(3)pe @ SU(3). ® SU(2), x U(1)y
V= (3,1,3,0)
DCy = (V,V,V): (1,1,3,0) @ (1,1,5,0)

2

Qe f fMQ
ap < A5

baryons

agp ~

mesons

A mo exp | — om
bc @ P 33&Dc(mQ)

glueballs
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Geometrical Confinement

Npc = 3, Qpy = 043 0 Noc = 4, py = 0.33 0 Noc =3, py = 0.24 0

Figure 5: Ezamples of dark condensation for N = 3 (left), 4 (middle) and 5 (right). Dark
quarks Q (anti-quarks Q) are denoted as red (blue) dots, placed at random positions. We assume
that each DM particle combines with its dark nearest neighbour, forming cither unstable QQ
dark mesons (gray lines) or stable @Q™v¢ dark baryons (red regions) and oMo dark anti-baryons
(blue regions).
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Rearrangement annihilation
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The full thermal mass range
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Indirect Detection
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LHC signals

Direct production
of a resonance

oo |Bno(0)°

2
12 mg

X Opc

['(p— ff) = Npc 13

Drell-Yan production

L'(p— Inv.) x a%

['(r — Inv.) o< a%

See also: 1707.05380 and 1801.07723 Juri Smirnov, CP3-Origins


http://arxiv.org/abs/arXiv:1707.05380

LHC limits
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Better safe than sorry

Leading diagrams in 1/Nrs

1708.00437
G.M. Pelaggi, A.D. Plascencia, A. Salvio, F. Sannino, J.S., A. Struma
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Better safe than sorry

Leading diagrams in 1/Nrs
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Better safe than sorry
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Un-natural Dark Matter
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Figure 5: Ezamples of dark condensation for Npc = 3 (left), 4 (middle) and 5 (right). Dark
quarks Q (anti-quarks Q) are denoted as red (blue) dots, placed at random positions. We assume
that cach DM particle combines with its dark nearest neighbour, forming either unstable QQ
dark mesons (gray lines) or stable Q¥v¢ dark baryons (red regions) and Q¥v¢ dark anti-baryons
(blue regions).
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summary II

o Stable Dark Matter bound states
may be related to new symmetries

o Opens up the parameter space for
the WINO for example

o The full range possible, up to
Unitarity bound

o Violation of unitarity bound?

o Beyond the minimal model, we need
to be safe

Details in: JHEP 1710 (2017) 210
arXiv:1707.05380
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http://arxiv.org/abs/arXiv:1707.05380

Thank you!



