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Introduction
- Higgs potential in the SM

V =CmDH + \, |H[*

negative mass parameter is crucial

dimensionful parameter is suffer from fine-tuning prob.
when new physics particles are much heavier than EW
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Introduction
- Higgs potential in the SM

v =GR + A

-Simple solution : introducing scale invariance

By imposing a symmetry,
there is no dimensionful parameter,
That is, fine-tuning problem itself disappears at least,

How is the scale generated?



Motivation
- Dark matter

Quarter of our universe is unknown ‘invisible’ matter
Also for DM physics, Higgs might be important
~ Visible sector — ~— DarKk sector —

SM particles < > DM particle(s)
\. ~/  Mediator - J
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SM Higgs (Higgs as a Probe of New Physics)

Interaction can be controlled by

/L H s directly connected o EWSB?
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Model

-Extended gauge sector: Gy, x SU(Nyc): Hyper Color

- 2 Kinds of vector-like fermions and singlet scalar S

SU(Nuc) | SU(2)L | U(D)y
i I > 1/2
X 1|~ Nuc > 1/2
(0 Nuc 1 0

—Lyvukawa = Y X1 H VR +yrXrHY + h.c.

—Ls = gsSNivsX + gsSviysy)
Hereafter Y1 — YrR = Y ,95 = gs =g



Model

-Extended gauge sector: Gy, x SU(Nyc): Hyper Color

- 2 Kinds of vector-like fermions and singlet scalar S

SU(Nuc) | SU2). [ Uy
H 1 2 1/2
X NHC 2 1/2
Y Nuc 1 0
_["(f)' — ooz Mol | oo Halhe @ c.

Since we impose classical scale inv,
any mass terms are forbidden,
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Model

« Coupling with SM Higgs
S Higes — Y@ =h.c+ kKSZHTH
here we impose that VY is real for simplicity

- After fermion condensation due to the strong dynamics

1—|—’)/5 = 1
XLYR = X P = Xw—Fj

1_
"%— X -

XRYVL = X

denotes coupling of pNGs



Model

« Coupling with SM Higgs
S Higes — Y@ =h.c+ kKSZHTH
here we impose that VY is real for simplicity

- After fermion condensation due to the strong dynamics

1 —I— Y5 |
XLYR = ) = 59«)/5?#

1 = ’}/5 e
XRYL = P = §X’Y5¢

constitutes composite Higgs
Hereafter we define 1y ~ AZHC('-) as composite Higgs



Model

- Bosonic seesaw mechanism

After fermion condensation :
T IA2
© ~ le/ AHC
xEffective potential

V = A(H'H)® + kS2HTH + Ag5*
+yAfic (H'O + HOT) + aAfc00



Model

- Bosonic seesaw mechanism

After fermion condensation :
T IA2
© ~ le/ AHC

xEffective potential

V = A(H'H)" + kS>H'H + 5"

tyhe (@6 + HOD) + an} 016

Mixing with SM Higgs




Model

- Bosonic seesaw mechanism

After fermion condensation :
T IA2
© ~ le/ AHC

xEffective potential

V = A(H'H)® + kS2HTH + Ag5*

+yAhc (H'0 + HO') +@A}c0'0)

generated by strong dynamics
« is positive and ¥ K< &



Model

- Bosonic seesaw mechanism

After fermion condensation :
T A2
© ~ le/ AHC
xHiggs mass term
0 A? H
_ _ T af YR
o = (11 01) (L2 0E) ()

2 A2
N T T —Y AHC 0 Hy
- (Hl HQ) ( 0 A%{C) (HQ)
negative mass term naturally appears
Bosonic seesaw mechanism



Model
- DM candidate

Here we suppose Ny = 4 1o consider HC scalar DM

(Of course, we can apply to the fermionic DM model)

A composite state © ~ Y11 can be a DM
which is stabilized by conserved HC baryon number

Since ¥’ does not have SM gauge charge,
it also justify its stability.

DM mass is naturally expected 1o be of O (NucAuc)



Model

- DM interaction

P S H

Effective coupling : <on = ay’




Model
- Thermal history of the DM

xHC scalar baryon ¥ is decoupled around " ;-
since interaction with HC pion is frozen-out

Even if ¥ is produced,
it always decoupled from thermal equilibrium

However,

- ¥ can Keep the interaction between thermal bath
through the SM Higgs induced by bosonic seesaw

¢ is still produced below the decoupling temperature Ayc
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Modl

A(?%'ndance of +he DM
:M =1 TeV
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Model
- Detectability

There might be a possibility 1o detect directly
since there is Higgs portal coupling between DM

2

Unfortunately, we got 051 < 107% cm

Q[) Quite far from
the experimental reach

We need 1o propose
another possibility

WIMP-nucleon cross section [zb]

WIMP Mass [GeV/c?]
LUX collaboration 1608.07648
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Conclusions
- Bosonic-seesaw portal DM

Production of DM is directly linking to the EWSB
through the bosonic-seesaw mechanism

HC scalar baryon is a DM candidate and its stability
is justified by the # HC baryon conservation

Thanks 1o the bosonic-seesaw mechanism,
the relic is produced enough due 1o the small coupling

For the detection, we need 1o propose another possibility
rather than the usual direct detections
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Thank you for your attention
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Model

- Bosonic seesaw mechanism

After fermion condensation :
T A2
© ~ le/ AHC
xHiggs mass term
0 yA? H
—Lmass = HT @T ( HC) ( )
( ) yAQHC A%IC ©
2 A2
-~ T ] —Y AHC 0 Hy
- (Hl HQ) ( 0 A%C) <H2

*Magnitude of mixing : Y <]:i tiny enough
*Mass eigenstates : H; ~ H ., H; ~ ©
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Stationary conditions
- Potential below Auc

1 1
V = _m%ﬁ (HIHl) - m?'_IQ (H;LHQ) re §m%82 - §m3;0(770)2

o (070)" + Ay (H] H1>2 +ruS? (H{Hy) + AsS*

- Parameterization
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Stationary conditions

By assuming v2 = 0
2 1, 2 : ?/2 2
my, = 5Y Aovi + (higher terms) | ~ EAHC

. 1
Q[) bosonic seesaw occurs when ),v®> ~ EA%IC

My, = 4)\30?9 + (higher terms) (=~ g%A%IC)
-
m%2 — g%v—‘s + (higher terms) (~ Apc)
U
2
ki = —— Ay + (higher terms)
Us

Higgs portal coupling is naturally suppressed
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Cross sections
- Bosonic-seesaw portal coupling induced processes

K2 S Am? g
o(hh — @) = —£= 5 (1 = @)

167 (s —m; s

RoH S m W/Z S
oc(WW/ZZ — (pT(p) = 6I7r e m%)Q (1 . Ss@) ( 3/ ) [2 i (1 - ) ]

- Yield of the DM

135vV10M,¢*(3) [ giginin; [ ;
327T7p ( )/ dTZ g (})}3?2/0 dez* K1 (z)o(ij = ¢'p)

Y(To) =
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