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Inkroduction



The existence of DM is certain
from the various observations,
but its origin is still a mystery
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We know...
DM is NOT a particle in the SM

Physics beyond the SM

Numerous possibilities considered

In this talk,
A possibility of DM is discussed
in the context of gauge-Higgs unification
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Consider 5D SU(3)xU(1) GHU model on S'/Z,

St Ap(y+2mR) = Ap(y)
Z,: A(-y) = PTA(y)P, A (-y) = -PTA (y)P, P=diag(--.+)
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In a simple GHU model, it is known that
Higgs mass & H —yy cannot be reproduced

l
To avoid these problems,
extra fermions are often intfroduced
and play an important role

NM & Okada, PRD87 (2013) 095019

It is natural to ask
if these fermions can be
DM candidate or not



DM Lagrangian

Loy = WiDy + iy — M (Jf +jy )
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A pairof  D=T"(9,-igA, —ig’A,)
SU(3) po s o B e
triplet Y =Wiwaws) L 9 =(9,.0)
wifh y(-y)=+Py’w(y), V(-y)=—Pry(y)
opposite Dirac mass terms
Z, parity = to avoid massless modes



DM Lagrangian

L. =WiDy +yiDy — M(W +1/71//)

m _ o). m =\ ~
+0()| VR YR+ SV o +he,

Brane localized Majorana masses
for SU(2), x U(1), singlets

No DM-DM-Z coupling
= No spin-independent cross section
with nuclei via Z-boson exchange



Mass matrix of DM sector
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DM-Higgs coupling

LHiggs coupling — _l(ﬂ)h(% ):C @ a:))
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DM-Higgs coupling is NOT 0 0 C C

free parameters in GHU, \ ° LY
but a gauge coupling Mass eigenstates

C = 4ul./cl.2(i:1~4), C, 52(u1 +u2)/clc2 ,C = 2(u3 +M4)/C3C4

U, E(mi—M)/mW , C; E\/Z(ui2+1)




DM Relic Abundance



Interactions relevant to DM(=n;) physics

1({m _ 1(m _
£DM—H — _E(TW)CI}ZWDMWDM — E(ijch(nzl//DM + h.C.)

~ l(mw )( 2my, jhlpDMl//DM —l(m—ijh(ﬁzt//w +he)(M>my)

20 v 2M —m 2

/ two main DM \
annihilation modes

s-channel Higgs exchange t/u-channel n, exchange

|Ci|<«<1, C5~1 = the latter is dominant for my, > My,



Let us first estimate

4 2 2
1 (m, C:
= 0V, = 2 Vet E 0oV,
6471 % m,

Observed DM relic density (Planck 2015)
QDMh2 =0.1198+0.0015 =0, ~1pb NOT

Our case: GO~O.02 pb for Cs~1, m,~M~1 TeV WORK



Although the coupling between DM & Higgs is
suppressed, s-channel Higgs exchange annihilation
can be enhanced at myy~m,/2=62.5GeV

Cross section
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DM relic density as a function of mgy
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Direct DM Detection



DM-Nucleon scattering via Higgs exchange
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m,,, =m,/2=625GeV ,m, =0.939GeV

Exp. bound
o = 1.2x10-%pb = yyu = 0.0164 (LUX 2016)

Oppn = 1.2x101pb = vy, < 0.00518
(LUX-ZEPLIN)



YDM
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Higgs mass RGE analysis



Higgs mass analysis by 4D EFT approach

In GHU, m, likely to be small °." loop generated
m,=125GeV cannot be realized by only the SM fields

In 4D effective theory approach,
solve 1-loop RGE for Higgs quartic coupling A
by imposing BC A =0@M, "gauge-Higgs condition”

Haba, Matsumoto, Okada & Yamashita (2006, 2008)

Can extra fields introduced for DM
help o reproduce m,=125GeV??



RG evolution of Higgs quartic coupling with M=1TeV
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Improvements

Previous result is unnatural

l
One of the ways lowering M is

to introduce extra fermions
in higher dim. rep. of SU(3)

l
6 and 10 reps are studied

DM physics unchanged
as long as the SM singlet is identified as DM



RG evolution of Higgs quartic coupling with M=5TeV
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Sum mary

® Fermion DM scenario in the context of GHU

® DM is identified with the linear combination of
the electric-charge neutral components
in extra SU(3) multiplets

® DM with mass My~ M,/ 2 can reproduce
the observed relic density

® Allowed parameter region is found to be
constrained by the LUX results



Sum mary

® Entire allowed parameter region will be covered
by the LUX-ZEPLIN exp. in a near future

® REG analysis shows that m,=125GeV is realized
at M ~91TeV(6-plet), 8.2TeV(10-plet)
with M=b5TeV

® Other possibilities for different U(1)' charges

= Minimal DM scenario in the context of GHU
(Cirelli, Fornengo & Strumia, 2007)



Other charge assignments of U(1)
U(1) 6=102®3 U(1) 10=10203®4
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