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@ Motivations and General features

© Geometry

© Dark Matter
@ Analytical results of coannihilations
o Numerical results
@ Coannihilations into (2,0)+(0,0) modes

e Higgs resonance and Direct Detection

@ Summary and outlook
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 NEW PERSPECTIVES IN BEYOND STANDARD MODEL RESEARCH
@ Hierarchy problem
@ Number of fermion generations
@ Neutrino masses
@ Proton stability

@ Predicted by string theories

@ Most of matter in the Universe is a dark matter

@ DM candidates: axion, LSP, LTP, LKP...
stable due to KK-parity
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pr Kk ensures the stability of the LKP
(1,0) — (0,0) + (0,0)




* The physics must be invariant under symmetry transformations 6 € {r, g}

L(Q(0[2])) = £ (PeQ(2)) = £(Q(2))

* Fields transformations on the real projective plane

Q(r[z]) = PrRO(—2)
Qg[=]) = PaQ(z)

Qpx ) = (5T a(z)

O(O,O) = 0(

% The localized operators must preserve the px i symmetry
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Loop corrections will determine

@ LHC phenomenology

@ Dark Matter phenomenology

r'(e?) =1.619 x 10~ % GeV
(e? - eA?) =1.101 x 10~ % GeV
'(e? — e2) =3.167 x 1072 GeV
T(e?2 »elzl) =0GeV

T(e? > elAl) =1.737%107°% GeV
T'(e? = eA) = 2.716 x 10~ % GeV
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6D orb
Gg

@ Scalar field propagator on the orbifold

1
(p,¥i —92) = Z[Z’gGgD (P, ¥i — 9(43)) + pgrGSE (p, 4 — (r * 9)(y2))
glide

+GSP (p, i — 15) + prGSE (b, vt — r(y2))]
torus

rotation
@ mixed propagator method (Da Rold ArXiv:hep-ph/031163)
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Different mixing angle at each (k, 1) level

Z((]k’l) _ cos 0, —sin O Wg (k1)
A,(:tk’l) - sin Oy cos Oy B,(lk’l)

010}, — s 0,04

M [GV] Mk [Gev] M [GeV]

The LKP is Aé - the scalar photon
Mass splittings A; = (TZL;{? — 1) ~ 0.01 for (1,0) level
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MLKP

= we need to take into account the coannihilations

@ we add the loop induced couplings (2,0) — (0, 0) + (0, 0)
(=) M(2,0)

A

5=

Q@ A, ~0.01

~ 20 (1,0)
@ study of two cases

® (1,0) + (1,0) — (0,0) + (0,0) via (k,0) states, whith k € {0,1
® (1,0)+ (1,0) — (0,0) + (0/2,0) via (k,0) states, whith k €

’{ ,

z(A;+45)

= we include the (2,0) states into intermediate and final states
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@ if R5 > Rg then may K Mag, Ag decouple and we have only one LKP (blue line)

@ if Rs = R¢ then ma, = may and we have two LKPs (red line)
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o The non degeneracy of 1st level masses m(°1) changes a lot the cross section
and hance the relic abundace

o for fermionic final states

e A lot of states
e helicity suppressed
1

® Gnonged ™~

1
< ~ Gdeg = MLKP d < MLKPd
m%KP"'mglO (2mlkp)2 eg onge eg
@ opposite effect for bosonic final states
Ononged > Odeg = MLK Pnonged ~> MLK Pdeg

e since the fermionic final states are helicity suppressed the relevant correcions
come from bosons (A1A1 — WW) and the net result is the increase of the
expected range of LKP

e adding Higgs — new channels — increase of mp ik p

o relativistic corrections — light change
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in both cases we expect new processes to contribute to the o¢y s

o t° — t'Z' for mxx > 600GeV
o u® = u'Z! for mrx > 500GeV

mp otherwise a strong Boltzmann suppression

we need to have myp + miq

in the case (1,0) + (1,0) — (0,0) + (0, 0) the kinamatics is not constraining but the (2, 0)
particles goes onlhy via loop induced couplings.

in the case (1,0) + (1,0) — (0,0) + (0/2, 0) states the kinematics is more constraining
Min & Moyt but we have a lot of new processes and the (2,0) intermediate states can
decay via tree couplings
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The inclusion of (2,0) modes in final states apparenty pushes strongly the
allowed m g i to high values

m K > 755 GeV without loop couplings
mi K > 760 GeV with loop couplings

e direc detection bounds, Xenon (2011) mgx > 450GeV,
(2012) mr g > 550GeV, (2017) mg g > 1150GeV
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Intro Orbifolding Dark Matter Summary and outlook

000
(e]e]

Summary and outlook

@ The RPP is an orbifold with natural DM candidate

A; = 0.01 ensures a very interesting DM phenomenology

© 0

if A5 = Ag we have two DM particles not interacting with each other =
Qh2 — 20h?

@ The relic abundance Qh? and direct detection bounds set the scale of
mrkr ~ 300 —400GeV

@ the inclusion of (2,0) final states and the mx k values are pushed up to
mgi > 700 GeV

model mg g [GeV]

Outlook

@ my is a parameter of the model
2 2 2 2 2 2
My =My + My Mys = My +4mi g

@ we can expect resonances from H?® in s-channels for m s < 2mix
p H

@ include the case Rs # Rg to observe the mixings effects
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