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Evidence for physics beyond SM

e Dark matter.

o Neutrino masses.

o Matter-antimatter asymmetry.

o Inflation, Strong CP problem, Higgs hierarchy, vacuum unstability, CC, QG, ...
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Evidence for physics beyond SM

o Dark matter.
e Neutrino masses.
o Matter-antimatter asymmetry.

o Inflation, Strong CP problem, Higgs hierarchy, vacuum unstability, CC, QG, ...

Normally, these problems are treated as separate problems, with many models trying
to explain one or the other.

It may be, though, that they are related to each other and that, in addition, both
originate from new physics at the TeV scale.
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Despite of this evidence the nature of DM is still unknown.
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Colored DM

Proposed by De Luca, Mitridate, Redi, Smirnov, Strumia (PRD2018). J
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@ A new Dirac fermion octect (quorn) Q ~ (8,1)o.
L= Q(’L;B/— MQ)Q

e Q is automatically stable.
o After confinement Q forms bound states.

e The QO bound states are unstable: Q and Q annihilate into gluons and quarks.
e No such annihilation arises in QQ bound states due to an unbroken U(1) dark
baryon number that enforces that QQ is stable.
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DM candidate: quorn-onlyum 9QQ

The lightest hadron made of two Q fermions.
It is neutral, color-less and with spin-O0.




Colored DM

o Perturbative interactions between Q and Q lead to Qgh2 =0,1 7Tev.
o After QCD PT colored particles bind in quorn- onlyum hadron QQ.
o Subsequent annihilations lead to Qggh® ~ 0,1
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Hybrid hadrons: Qg, Qqq’. Qhybrid ~ 10~4Qpm — viable scenario.



DM signals

o Dominated by the recombination process QQ + 90 — Q0 + Q0 — SM.
o Future CTA bound is above < ov > value for Mgg = 25 TeV.

Collider searches

e Q is pair produced at colliders via QCD interactions.

e After hadronization they form hybrids: Qg and Qqq’ are long-lived on collider
time-scales, giving rise to tracks.

e LHC at /s = 13 TeV set the bound Mg 2> 2 TeV.
e A pp collider with /s = 100 TeV would be sensitive up to Mg < 15 TeV.




DM direct detection

QQ interacts with gluons through chromo-electric and chromo-magnetic dipole
moments.

I’

6
os1 ~ 5,2 x 1076 cm? (25 Tev) Q90

Mgo

QPlanck

1043

5 10 40

M.R., J.V., D.R., O.Z. (2018).



Neutrino masses and mixing
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Neutrino masses and mixing
SuperKamiokande(1998
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From solar, atmospheric, accelerator and reactor neutrino experiments:

o At least two massive neutrinos: Ami, = 8 x 107°eV?2, Am3; ~ 10 3eV?2.

@ Three non-zero mixing angles: 615 ~ 35°, 623 ~ 49°, 613 ~ 9°.
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o At least two massive neutrinos: Ami, = 8 x 107°eV?2, Am3; ~ 10 3eV?2.

@ Three non-zero mixing angles: 615 ~ 35°, 623 ~ 49°, 613 ~ 9°.

Neutrino masses in the SM

Dirac mass term: mp(Zrvr, + h.c.)
Majorana mass term: mr(0fvr + h.c.)
= neutrino oscillations lead to physics beyond SM.




Neutrino mass models

Majorana neutrino masses can be generated in the SM after EWSB from the unique
d = 5 Weinberg operator

Y2 5~ ~
Os ~ T”LTH*HTL = oy~ 2

L:(VL7€L)7 H:(O7H0) L ' L

At tree level there are only 3 realizations of Os

H- CH Ma(98); Bonnet, et. al.(12)

Type-1 Type-11 Type-I11
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The scale of new physics is too high

For Y, ~ 1= A~ 10" GeV
Models with a new physics at the LHC scale need to have additional suppression for
m, (loops, d > 7, small LNV).




One-loop realization of the Weinberg operator

At one-loop level there are only 4 topologies of Weinberg operator Os.
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The neutrino connection: Dirac case

We argue that neutrino mass and cosmological dark matter may have a common
origin, with the underlying DM physics acting as messenger of neutrino mass
generation.

o QQ stabilized by the same conserved B — L symmetry associated to the Dirac
nature of neutrinos.

o The Z> forbids Tmf[TLj.
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Neutrino masses
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The neutrino connection: Majorana case

e B — L symmetry is violated and neutrinos are Majorana fermions.

e DM is stabilized by U(1)p, under which SM particles are assumed to be neutral.
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Neutrino masses
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Summary

e We have proposed a simple and viable theory in which dark matter emerges as a
stable neutral hadronic thermal relics, whose stability results from an exact
U(1)p-r (U(1)p) symmetry.

e Neutrinos pick up radiatively induced Dirac (Majorana) masses from the

exchange of colored dark matter constituents, giving a common origin for both
dark matter and neutrino mass.

e Can be tested at direct DM experiments (and with a lower bound for
neutrinoless double beta decay).



DM indirect detection

Dominated by the recombination process QQ + 90 — Q9 + Q0 — SM.
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Lepton flavor violation

2
o, ax [ DOTeV
> hihe <M+ ) <15
a Na
Ng - =~~~
, b v
/ \
/ \

20



	Motivation
	Evidence

	Conclusions

