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Higgs Problems

O So far, the SM Higgs sector can successfully describe current experimental data.

Origin of the negative mass term

------------------------------------------------------------------------

2 4 One doublet?
|(I)| + )\‘ (p’ Any other representations?
Quadratic divergence
W k
_ ‘ Ye -5
{} v ) Yukawa coupling? — 7 10
h——Xd __p Yt
2 A2 2
Mk~ 63 > (125 GeV)

The Higgs sector is the center of the problem in the SM.

Composite Higgs scenario can explain the origin of EWSB.



Higgs as a pseudo Nambu-Goldstone

Georgi, Kaplan (1984)

Energy
A
A=4nf == 1 GeV G = SU(2), x SU(2)x
p’ N,
M
f == 0.1 GeVv




Higgs as a pseudo Nambu-Goldstone

Georgi, Kaplan (1984)

Energy Energy
. ' x10000 X N
A=4nf == 1 GeV G = SU(2), x SU(2)x G 10 TeV == A=4nf
, N,
p WI, TI, . ?
. | | h
f == 0.1GeV H 1TeV q= fnry
0.1 TeV T




Higgs as a pseudo Nambu-Goldstone
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Composite Higgs Models

Mrazek et al, NPB 853 (2011) 1-48
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Composite 2HDMs (C2HDMs) ek et ol (3011

De Curtis, Delle Rose, Moretti, KY (2018)

O G/H: SO(6) x U(1)y / SO(4) x SO(2) x U(1)y

O SO(6) generators (15): TA = {Tf.Ra Ts, Tf';2} (A=1-15, a=1-3, a=1-4)
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Structure of C2HDM rasek ot ol (2011)

De Curtis, Delle Rose, Moretti, KY (2018)
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De Curtis, Delle Rose, Moretti, KY (2018)
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Explicit Model (Fermion Sector)

O We introduce SO(6) 6-plet fermions for the explicit Lagrangian:
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Explicit Model (Fermion Sector)

O We introduce SO(6) 6-plet fermions for the explicit Lagrangian:
Low = WD — my)W® — (V)X + XS, + hc.
HA)7E ¥, HARE, U8 + hec.
where (g8), = (T4)Tqy, 1% (Tl Den

1 0O 0 1 2z 0 0
Tt - t _ ( . - )
L= /5 ( . 5000 0 ) Th 0 0 0 0 cosf isinb,

O CPV sources can be introduced in the strong sector parameters.

For simplicity, we consider a non-zero 8, as a CPV source (others — real).



Higgs potential & Yukawa interactions

O Higgs potential
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- All the potential & Yukawa sector parameters are determined by the strong sector.

- Both potential & Yukawa sector contain the CPV phase from the common origin.



EWSB

O Higgs Kinetic Term
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CPC Case: f VS M,

De Curtis, Delle Rose, Moretti, KY (2018)
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CPC Case: M, VS Ky (= Ghn/ ™)

De Curtis, Delle Rose, Moretti, KY (2018)
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CPC Case: M, VS ky (= gun/Gnn™)

De Curtis, Delle Rose, Moretti, KY (2018)
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CPV Case: tan and M

De Curtis, Moretti, Nagai, KY (2021)
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CPV Case: h(125) Couplings

De Curtis, Moretti, Nagai, KY (2021)
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CPV In Potential VS CPV In Yukawa

De Curtis, Moretti, Nagai, KY (2021)

Keus, King, Moretti, KY (2015)

E T T T : W/Z
= :
Sk F o 2cy : CpPV
S| -2% - e e
O i Ll T feuaennas 2,3
T 5 ' Nios
< g  me et b ] W/Z
e L iy w T ™ : :
2 - . . o:. .':'l :
m : . ."' H' "5 . ,::'I L
— i : .‘I. . ::?}i‘:f:t.. ‘: :
::; IR 3, N YT
31 TRFARCIR L LD - W
]_0 - i " -!:"" ;" P t 7 1
- : F e . -‘l. G - _: L :
T E D maliilaaT
S i IR T AN BN
i - RIS  s : :
\‘5_—:! - "'5 . :-:.q. "t o n r"‘ﬂ"i“’:‘ "l": |: ':
T L R R X T £
m 4 :"l .I .i ||:‘E.‘:E‘|.! ® ‘".*':-.-:-.l |!!:'.II'II-.;"!I‘--Eﬂ..l.a |:| |:F
10 4 3 §
10 10 v 1N

- Both heavier neutral Higgs boson can decay into diboson.
- Correlation b/w Im[k.] and product of BRs can be important to test the CPV C2HDM!



Summary

O Composite Higgs scenario can explain the origin of the EWSB.

O 2HDM itself provides phenomenologically attractive scenarios e.g., EWBG.

We construct the composite version of the 2HDM with CPV.

O SUSY or composite Higgs can be distinguished by looking at

the decoupling behavior (k, and m,).

O CPV C2HDM can indirectly be tested by measuring

the correlation b/w Im [k.] and diboson decays of heavy Higgs bosons.



