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Extended Higgs sector

* In the SM Higgs sector, there is no principle.
* How many scalars, what kinds, etc?

 What's the origin of the EWSB?

e UV complete picture?
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* For solving problems in the SM such as DM, m_, Baryogenesis......
the extended Higgs sector sometimes plays an important role.



Multi doublet model

 From the phenomenological viewpoint, the SM Higgs sector works very well

° EW precision test p ~ 1 =2 It's violated in an extended Higgs sector
e.g. triplet Higgs vev breaks it at the tree level

Suppression of dangerous FCNC=>> Suppression on new flavour mixing

Extension in the Higgs sector tends to cause unpreferred situation

Multi Higgs doublet models with natural flavour conserving

p = 1 is kept at the tree level

e FCNC is suppressed by a (discrete) symmetry



Famous 2HDM
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3HDM

One more doublet is added (3 doublets) ®,, ®,, O,

e Mass eigenstates:

5 Neutral (A, HY HY AY Ag) and 2 charged (H]i, HQ“—L)

new CP sources in the Chaged sector N .
AAcp = Ay, — dx,

A. Akeroyd, S. Moretti, T.S., and M. Song, PRD(2021)
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o Lighter charged Higgs boson is allowed Z.
A. Akeroyd et al. (2018, 2020) &

The B(B — X y) constraintis relaxed *, .,
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Correlation between Acp and EDM

Larger mass difference is, both CP asymmetry and edm become larger

tanf =25, tany=1, my. = 170,200 GeV inll,Y, Democratic

Acp(B-X:y) with My=: 170, 200 GeV as % Ay, with My=: 170, 200 GeV as % Acp(B—X: 4 gy) with My=: 170, 200 GeV as %
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Untagged asymmetry can be as large as 2~3%

Combined analysis of Akeroyd, Moretti, T.S. and Song Phys.Rev. D(2021)
and Logan, Moretti, Rojas-Ciofalo, and Song JHEP(2021)

Outside of the black ring is allowed by neutron EDM
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Flavour structure in 3HDM

Assumption: Each of u, d, e does not couple to more than one doublet

There are five patterns to suppress the FCNC by some symmetry
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®, (and D, in type-1) might be a DM candidate,

Y.Grossman (1994)
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unless the inert doublet(s) mix with active one(s).



3HDM with 2 inert doublets

We focus on a 3HDM with symmetry under Z3 transformation
D, - wd, O, - w* D, O, - P, W = e'™3
SM fermions are singlet under the Z3

And we consider the case that only ®5 has a vev
1‘ Yukawa structure is type-|

SM-like, h
./r‘m mixing

DM candidate(s) &= ©, O,



Z3 symmetric potential
V — VO + VZ3
Vo = uj (@@ ) + p5(@1D,) + puj(PLD.)
+211(PD ) + Ay (DD )* + A33(P D)
+2,,(P1P )PP ) + 1 (DD )(DID,) + A, (PP )(DD)
+ A1, (PTD N DID ) + Ay3(PID NDID,) + A3 (DD ) (D' D,)

Vy = 4(P]D DD ) + (PP )(DID,) + A3(P]D,) (D)D) + h.c.

) Even with Z3 breaking V¢, no mixing between @, , and @ is induced

Veoft = — ﬂ%z(q)J{QZ) + h.c. <@= Zzbreaking only in the inert sector



Mass eigenstates
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Dark democracy limit

It IS Interesting to consider a special case: ,ulz = /422 , Az = §1 , A3 = ég

V. Keus, S. F. King, S. Moretti and D. Sokolowska, JHEP(2014) ...

T
0,=—0, = " (We also assume //t122 < /131/2)
méz — mél + (/13\/2 — 2/4122)
my = my — 2u, e A - - 42
i i i Eoccos(eh 0)—0 gcxsm(é’h—ﬁ)
my = my + 24, 7Z 7
’ DD constraint can be satisfied even for my ~ my,

2 p) 2 2
m[j,1 < mA1 < mH2 < mA2

In the Z3 symmetric case, < WlH2 — WLA2 Two components DM!



Hermaphrodite DM scenario

A. Aranda, D. Hernandez-Otero, J. Hernandez-Sanchez, V. Keus, S. Moretti, D. Rojas-Ciofalo, and 1.S., PRD(2021)

Z3 symmetric case: Both H,; and A, are DM (Two component DM)
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g oG] @ovh? = 0.1198 £ 0.0027
® mH1,A1 < n/lI{2’142 << mHi'_ZZ

o mHl,Al S mH2,A2 << me_tz



Phenomenology in soft breaking Z; case

e The hermaphrodite scenario is attractive, but it will be difficult to separate two
DM components by collider experiment

* We here consider the case with V. to introduce mass difference between H,
and A

T
° Even with V, _«, 6, = — 6, = — can be realised=2>H A, Z is highly suppressed

4 no A, - H\Z*
* A, decays:A; — (A;)h — (Z*Hl)(ﬁb) — 1/171_9le

* |t would be a single-component DM



Phenomenology at e+e- collider

We focus on ete™ — 17~ + 2¢° (@ = H,A))
D. Hernandez-Otero, J. Hernandez-Sanchez, S. Moretti, and 1.S., arXiv:2203.06323
e - e. H{(A))
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A - (Aik)h — (Z*Hl)(Eb) — 1/171_9le is not considered in the analysis



M(£1¢7) distribution for ete™ — £1¢~ + 2¢"

D. Hernandez-Otero, J. Hernandez-Sanchez, S. Moretti, and 1.S., arXiv:2203.06323
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M(£1¢7) distribution for ete™ — £1¢~ + 2¢"

D. Hernandez-Otero, J. Hernandez-Sanchez, S. Moretti, and 1.S., arXiv:2203.06323
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With cuts, £ < 120GeV and AR(Z ¢7) < 1.4



Summary

 There are several problems, such as neutrino mass, DM,... in the SM

 Many new physics models are proposed, and many of them include extended
Higgs sector

 EW precision test and flavour experiments might suggest a multi-doublet
structure with natural flavour conserving

 We consider 3HDM as an attractive example

e |n an inert model, we have DM candidates

* Future e"e~ collider may be possible to probe the scenario



