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The Idea of Composite Two Higgs Doublet Model
⇒ Higgs boson arises as a pseudo- Nambu-Goldstone boson

(pNGB) from a strong dynamics.

⇒ The Composite 2 Higgs Doublet Model (C2HDM) based on

SO(6)/SO(4)× SO(2) coset which generates 8 pNGBs.

⇒ According to CCWZ prescription, e�ective kinetic Lagrangian is

given by:

Lkin = f 2

4 (d âα)µ(d âα)µ (d âα)µ = i tr(U†DµUT
â
α)

where U is NG boson matrix and T â
α with α = 1, 2 and

â = 1, . . . , 4 are the eight broken generators of

SO(6)/SO(4)× SO(2).
⇒ Modi�ed Higgs to gauge boson coupling from SM prediction:

λC2HDM
hW+W−

λSM
hW+W−

=
√
1− ξ

where ξ = υ2

f 2
with υ ' 246GeV .



Perturbative Unitarity In WLWL Scattering

⇒ A(VLVL → VLVL) grows with energy due to modi�ed hVLVL,

unitarity is lost in the C2HDM.
⇒ S-wave amplitude a0 for WLWL scattering:

a0(W+
L
W

−
L
→W

+
L
W

−
L

) =
s

32πυ2
ξ − 1

8πυ2
(m2

h cos
2 θ +m

2

H sin2 θ)(1− ξ)

Where, θ → angle between CP-even scalar states.
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FIG. (right hand side): S-wave amplitude for the

W+W− →W+W− process as a function of
√
s. The solid

(dashed) curve is the result with (without) O(ξs0) term.



Perturbative Unitarity In (H+
H
− → H

+
H
−) Scattering

a0(H+H− → H+H−) =

[
s

32πυ2
ξ − 2

3

m2
H±

υ2
ξ +

↘
Emerges From Kinetic Term

λH+H−H+H−

↓
From Potential Term

]
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Figure : S-wave amplitude for the H+
H

− → H
+
H

− process as a function of
√
s . The solid

(dashed) curve is the result with (without) O(ξs0) term.

λH+H−H+H− = [
2

υ2
4M2 cot2 2β −m2

h(cθ + 2 cot 2β sin θ)2)−m
2

H(sθ − 2 cot 2βcθ)2](1− ξ

3
)

+
4c2β

3υ2s22β
[m2

h(cθs2β + 2sθc2β)sθ + m2
H(2cθc2β − sθs2β)cθ]ξ.



Unitarity Constraints by Combined All The Channels
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Figure : Bound from unitarity and vacuum stability in the case of
tanβ = 1. The region inside the curves is allowed. We take cos θ = 1
(left) and 0.99 (right). In both panels, we scan the value of M2.

Where mφ = mA = mH = mH± mh = 125 GeV SM-like Higgs.



Conclusion and Outlook

Contribution from kinetic term gives important di�erence

between E2HDM and C2HDM.

Because of s dependence in the amplitude, unitarity is

violated at a certain energy scale.

Smaller value of compositeness scale f gives stronger upper

bound on
√
s.

Future Work

We will discuss strong EWSB for C2HDM via

Coleman-Weinberg (CW) mechanism. In this project we have

assumed we have a CW potential whose structure is the same

as the E2HDM, but each of the parameters in the potential

comes from a strong sector.

We tackle the case of the Composite 2HDM, which a�ords

one with a more varied Higgs phenomenology at the LHC as

well as a Dark Matter (DM) candidate when one Higgs

doublet is inert (no VEV).
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Backup Slides (I)

U = exp(i
Π

f
) Π ≡

√
2hâαT

â
α = −i

 O4×4 hâ1 hâ2
−hâ1 0 0

−hâ2 0 0

 .

(d 1̂α)µ = −
√
2

f
∂µh

1
α −

g

2f
[(h4α − ih3α)W+

µ + (h4α + ih3α)W−µ ]

−
√
2g

Z

f

(
1

2
− s2W

)
h2αZµ −

√
2e

f
h2αAµ +O(1/f 3),

(d 2̂α)µ = −
√
2

f
∂µh

2
α − i

g

2f
[(h4α − ih3α)W+

µ − (h4α + ih3α)W−µ ]

+

√
2g

Z

f

(
1

2
− s2W

)
h1αZµ +

√
2e

f
h1αAµ +O(1/f 3),



Backup Slides (II) The Analytic Formula Of All The
Independent Eigenvalues

16πa±
1

= − 3

2

ξs
υSM
− 1

2
[3(λ1 + λ2)±

√
9(λ1 − λ2)2 + ( ξs

υSM
+ 4λ3 + 2λ4)2],

16πa±
2

= ±1

2

ξs

υSM
− 1

2
[(λ1 + λ2)±

√
(λ1 − λ2)2 + (

ξs

υSM
± 2λ4)2],

16πa±
3

= ±1

2

ξs

υSM
− 1

2
[(λ1 + λ2)±

√
(λ1 − λ2)2 + (

ξs

υSM
± 2λ5)2],

16πa±
4

= − ξs

υSM
− (λ3 + 2λ4 ± 3λ5), 16πa±

5
= ± ξs

υSM
− (λ3 ± λ5),

16πa±
6

= ± ξs

υSM
− (λ3 ∓ λ5),

16πa±
7

= ± ξs

υSM
− (λ3 ∓ λ4),

16πa±
8

= +
ξs

υSM
− (λ3 − λ4).



Backup Slide (III) Simpli�ed Expression for The S- Wave
Amplitude

Mc(AB → CD) = −(gAB,CDPAB + gCD,ABPCD)

+ gAC ,BDPAC + gBD,ACPBD + gAD,BCPAD + gBC ,ADPBC + λABCD ,

Ms(AB → X → CD) = − 1

s −m2
X

(gAB,XPAB − gXA,BPXA − gBX ,APBX − λABX )

× (gCD,XPCD − gXC ,DPXC − gDX ,CPDX − λCDX ),

Mt(AB → X → CD) = − 1

t −m2
X

(−gAC ,XPAC − gXA,CPXA + gCX ,APCX − λACX )

× (−gBD,XPBD + gXB,DPXB − gDX ,BPDX − λBDX ),

Mu(AB → X → CD) = − 1

u −m2
X

(−gAD,XPAD − gXA,DPXA + gDX ,APDX − λADX

× (−gBC ,XPBC + gXB,CPXB − gCX ,BPCX − λBCX ,

gab,cd ≡
∂4Lkin

∂(∂µa)∂(∂µb)∂(c)∂(d)
, gab,c ≡

∂3Lkin
∂(∂µa)∂(∂µb)∂(c)

,

λabcd ≡ −
∂4V

∂a∂b∂c∂d
λabc ≡ −

∂4V

∂a∂b∂c
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