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• Koji Nakamura (KEK, ATLAS), Kenji Nishiwaki, Kin-ya Oda, 
SCP, Yasuhiro Yamamoto, 1701.06137 (EPJC 2017).


• Kayoung Ban, Won-Sang Cho, SCP in �  (to appear soon)bbττ
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h : Physical 'Higgs' boson



Di-Higgs as a Motif

V(H) = λ (H†H −
v2

2 )
2

⟨H⟩ =
v

2

= λ(H†H)2 − λv2H†H + λv4/4

V.E.V.

quartic quadratic 
:tachyonic 

==> unstable

c.c.?



Di-Higgs as a Motif
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Di-Higgs as a Motif

λSM
hhhh ≡ λ4 = 6λ = 3m2

h /v2

λSM
hhh ≡ λ3 = 6λv = 3m2

h /v

==> These ‘self interactions’ are PREDICTIONS of the SM

==> ,which never have got tested so far



Di-Higgs as a Motif

V(h) = V(0) + V′�(0)h +
V′�′�(0)

2
h2 +

V′�′�′�(0)
3!

h3 +
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4!
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C.C.

=0
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h

These are our next goal! 
(the only problem remaining within the SM)

“Higgs potential”

λSM
hhh ≡ λ3 = 6λv = 3m2

h /v

λSM
hhhh ≡ λ4 = 6λ = 3m2

h /v2



Dawson, Dittmaier, Spira  
hep-ph/9805244

LHC



Borowka, Greiner, Heinrich, Jones, Kerner, 
Schlenk, Zirke  

[1608.04798]
Full top quark mass dependence in Higgs boson pair production at NLO



NLO O ( 1
m2

t )
N



Pheno studies

Ban, Cho, SCP



Nakamura-Nishiwaki-Oda-Park-
Yasuhiro 17’

H (doublet), S (signlet)

fixed by model



detail
Vacuum Condition

Mixing Angle

Scalar Potential

H (doublet), S (signlet)



Z_2 symmetric 
(theoretically better motivated?)

μ = 0 = μS



New colored particles in 
‘Blob’



effective coupling

ℒeff = −
1

4g2
s

Ga
μνGaμν

t-loop T-loop

Vectorlike, fundamental 3-rep. => bt
g = Δbg =

1
2

×
4
3

=
2
3



Loop level interactions

bSM
γ ≃ − 6.5

η = yT NT
v

MT

MT = mT + yT f M2
ϕ = m2

ϕ +
κϕ

2
⟨S⟩2



Decay widths
Γ(s → hh) =

μ2
eff

32πms
1 − 4xh sin2 θ

Γ(s → V V ) =
m3

s

32π v2
δV 1 − 4xV(1 − 4xV + 12x2

V)sin2 θ

Γ(s → t t̄ ) =
NCmsm2

t

8πv2
(1 − 4xt)3/2sin2 θ

xi =
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i

m2
s

, δZ = 1,δW = 2

Γ(s → gg) = (
αsbg

4πv )
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αbγ
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2
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π



overall



LHC is already good
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LHC is already good



For future



summary
• Di-Higgs is enhanced e.g. by a new resonance


• but needs colored particles in the ‘blob’ so that “gg-s” is 
allowed


• depending on their properties, of course, the corresponding 
phenomenology can be modified


• We have considered colored Dirac fermions (T, B) and Scalars 
(3,6,8)-representations


• (sometimes, even ‘anomaly’ can show up e.g. �  excess in 
�  with � …) I do not want to mention this.

2.4σ
bbγγ ms = 300 GeV



ATLAS 1807.04873, �bbγγ


