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Composite Higgs

m Higgs boson is a pseudo-NG boson

arising from a Global symmetry breaking.

O Higgs potential is protected
by the Global Symmetry.

O EWSB scale is produced
by the Explicit Breaking.
(Yukawa & gauge couplings)
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[Next] How implement the top quark? 2
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Composite Higgs

Top quark is implemented as

Partially composite fermions  Kaplan 91

Elementary . Higgs Composite
sector sector

Elementary

-Composite mixing [ﬁ > @ v Og ] +(LeR)

Explicit breaklng couplings

—> produce Yukawa coupling & Higgs potential.



m Yukawa coupling (very rough discussion)
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m Higgs potential
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Light top partner (~1 TeV ) is favored. ~ - M@%
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For current study with m,~ 125GeV, e.g.,
Matsedonskyi, Panico, Wulzer ’12; Marzocca, Serone, Shu ’12 ;...



Before Dark matter discussion,

We’'ll see how to get v ~246GeV.
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Potential
O;: spinorial rep. 4 of SO(4) C(:;E:JdO-NG boson ~
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Potential
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Potential
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Potential
O,: spinorial rep. 4 of SO(4) C(:)SG:‘“'NG boson ~

V(h) >~ oy COS% — 3 sin® ; \/

\_ J
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People consider, for example, another representations,
4->50r 10 or 14« Panico, Redi Tesi, Wulzer ’12

To solve the tension,




The situation can change
by considering Dark matter!
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O Observed DM relic can be explained by
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Dark Matter

m Dark matter exists Qpuh® =0.12

m We know “WIMP Miracle”

O Observed DM relic can be explained by
a DM has weak scale mass & weak coupling

VA

DM may also couple to Higgs (i.e. strong sector) weakly.
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Dark Matter

Elementary
sector

Composite
sector

Dark Matter
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Elemen7t‘ary Composite

:> DM is also a partially composite fermion & the
explicit breaking also contributes to Higgs potential!
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Partially composite DM
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If O, is in SO(5) vector representation, 5,
the leading Dark sector contribution is o< sin?(h/f).
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Partially composite DM

If O, is in SO(5) vector representation, 5,
the leading Dark sector contribution is o< sin?(h/f).

/] Pseudo-NG boson ~N
V(h) A DM

Ot: spinorial rep\4 of SO(4)

V(h) = a4 cos E — + B¢) sin ;
- /
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=>» Explicit breaking

2000

iIMA, Kitano ’14
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0 2000 4000 6000 8000 10000
mo [GeV] =»Partner mass

It’s also consistent with DM relic!
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Dark matter
phenomenology
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After integrating out Composite O,
we obtain the low-energy effective theory as

)
h ma h
Lo = mDMwsws+ SUstissin’ £t L hssts sin® - f

. J

jl> This is similar to “Higgs portal DM model”.
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m Annihilation cross section

2 2

(Camn. V) o (K vZ term) + K3

m Direct detection cross section

2
OSI  oc K. + (w:iv® term )
s m h K5 h
Lo = DMwsws+ S Ustssin® = 7 5 UsY5Us sin’ f}
X
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m Annihilation cross section

2 2

(Camn. V) o (K vZ term) + K3

m Direct detection cross section

2

OSI  oc K. + (w:iv® term )

If,Q1S in strong sector, K.~ K5, large K is not required
to explain observed DM relic, then, constraints from
direct detection can be mild.



Partially composite DM
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Partially composite DM

O
Spin-1 resonance p" O = (o;l
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If it is kinematically allowed,

jl> Due to the €2 supression, this Br is small.
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Summary

We consider a composite Higgs scenario in which
Dark matter is also a partially composite fermion.

@ (/(h) A DM A

m DM also contribute making
Higgs potential.

m Parameter space consists
with both Higgs & DM
observables.

m It would be measure by DM
DD in near future.
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L3 —%@Sws + MpsOs5 + iN 157505 O,
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TOp sector A spinorial
representation of SO(5), a 4 of SO(5), contains two (complex) doublets, one transforming under

SU(2)r, the other transforming under SU(2)p.

qr | qdr

v, = o : v, = up : vV, = . i-ite |
oL \dy ) | \dr ) |

> U, p{ng(p) + 117 (p) rizz} U, + Y U [My(p) + M{(p)T'S] W,

r=q,u,d r=u,d

P = 1w —pubv/ p?and T%, i = 1....5, are the gamma matrices for SO(5)



