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Non-minimal Higgs Sector ?
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SM + Singlet 1,

- Singlet VEV does contribute EWSB

(Electroweak Symmetry Breaking)

- Higgs-Mixing (hgy-S) :
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Higgs couplings are reduced by a factor



SM + Doublet 2, ,
tan 8 = vy /vq

- Doublet VEV contributes EWSB (VEV mixing)
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- Higgs-Mixing (h;-h,) :
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Higgs couplings depend on o and 3



SM + Triplet 3,

- Triplet VEV contributes EWSB differently
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Higgs couplings depend on o and B,




SM + Triplet 3,

- Triplet VEV contributes EWSB differently
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SM + Triplets 3, + 35 &xzasn

- Triplet VEVs contribute EWSB differently
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What we have learned?

v' Higgs couplings are determined
by Higgs mixing a and VEV mixing B

v Ky and K, can be different
v VEV alignment accommodates “p=1" If so, K, = K,

SM Doublet + something = “Extended” Higgs Sector



Can we predict Ky#K, ?
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SMDee=et + “Higgs fields” = OHDM



Extensions of SM

No SM limit
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v No

Rule of this Game

Iggs Doublet

v BEH mech. : Comb. of Higgs multiplets

( 2 3-plet is needed in order to break EW sym.)

Let’s take one 3-plet (minimal)

v' Fermion mass : Effective Higgs doublet ?

3IR4=2D4DO6

Let’'s take one 4-plet (next minimal)



Extensions of SM

SM 626354
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EWSB Sector

Contrib. to M from Iy = 30, 31,41/2,43/2 repr.
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p=1 is realized if x = V3 (v3 >~ 118GeV, vy ~ 68GeV)



Fermion Mass Generation

The effective Yukawa Int.

Qr B Lt

@NZT/Q

\Treat as Effective doublet

3R4=2P4D6

Decomposition



Fermion Mass Generation

The effective Yukawa Int.

A Ur U,

Vectorlike Fermions : U ~ 34 3

YsyaUsvs 3 ®4=2/04D6
2MU Decomposition

Mu:NU

Note 1 : M 2 700 GeV
Note 2:3 €> 4, thenU ~ 4



Neutrino Mass

Type-ll Seesaw mechanism




Higgs Coupling

VEV mixing : va/V,=v3
156
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Signhal strength

gg~>h, h=>VV (V=W,Z2)

2D
2o Rrphw

W " B8R + (/DR

H — WW tagged
p=0.83%0.21

H — ZZ tagged COS 90

p=1.00+0.29 VV is less predictive because of
ambiguity in the Higgs potential



Signal strength
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Decoupling

Nyy?v?

Top-loop M, ~ Vector-Fermion-loop Mz ~ My

My

Non-decoupling for M; 2 « Decoupling for My > «



Flavor Changing Neutral Current

Tree level

Diagonalized Simultaneously
with Mass Matrix
(Similar to the SM case)

Diagonalized




Summary

v’ SM-ike nggs bOSON can be realized Without Higgs doublet

OHDM winimay = 3plet + 4plet (KW:/:KZ)
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Relation between W and Higgs Couplings

gRxi/B A
K= = 2 2
osm X Bsm 7 (3/4)k% + (1/4)KS,
Ty TN ki K2 By

By

e KJ%F%M - H%/F%/M /{%BFSM = R%/BVSM

Note : fermionic (& gluonic via Yukawa) decay dominate (~75%)



Relation between W and Higgs Couplings

Production Décay LO SM

VH H->bb ~(Ky2xK2) /(32K 2+ V4K, 2)

........... ttHHebb~(KF2XKF2)/(%KF2+%KV2)

VBFVH W CKAKDACRERKE)
ggH H->tt ~(K2xK2) /(34K 2+ V4K, 2)
ggH H->zz _ ~(Ke2xK\2) /(32K 2+VaK, 2)

....... ggHHQWW~(KF2XKV2)/(%KF2+%KV2)

VBF/VH ........ T . (KVZXKVZ) /(%KF2+%KV2) ..................
ggH H->vy ~K2(8.6K-1.8Ke+Scalar)?/ (34K2+ VK, 2)
VBF H->vy ~K2(8.6K,~1.8K+Scalar)?/(3aK2+V4K,,2)

Need to be fixed scalar sector



