
Two Higgs doublet models
with a new U(1) gauge symmetry 

Takaaki Nomura (Sichuan University)

2026-02-17 : KEK-PH 2026 Winter @ KEK

Based on arXiv:2512.23450

Collaborated with Yuanchao Low (Nanjing Normal University)
Xinran Xu (Hong Kong University of Science and Technology )
Kei Yagyu (Tokyo University of Science)



uThe SM is based on gauge symmetry

BSM sector would contain new/extended gauge symmetry 

Possible and simple remnant of BSM

An extra U(1) gauge symmetry
This U(1) would be spontaneously broken giving massive Z’ boson

uExtra U(1) extension is phenomenologically interesting
Ø Stabilizing dark matter and giving portal to SM

Ø Extension of Higgs sector for U(1) breaking affects Higgs physics

Ø Collider physics; Z’ boson and/or new scalar production

Ø Etc.

1. Introduction



1. Introduction

A new U(1) realizes type-I (and other types) 2HDM

Ex) If H1 is charged under new U(1) while H2 is not

Also SM fermions are not charged under it

H2 only couples with SM fermions

Type-I 2HDM

Other cases and related phenomenology are also discussed by

P.Ko, Yuji Omura, Chaehyun Yu, PLB 717 (2012) 202-206 (1204.4588)
P.Ko, Yuji Omura, Chaehyun Yu, JHEP 01 (2014) 016 (1309.7156)
P.Ko, Yuji Omura, Chaehyun Yu, JHEP 11 (2014) 054 (1405.2138)

2HDM + SM singlet scalar with new U(1) is considered
(Z’ can be heavy and easy to avoid experimental constraints)

What if we do not have singlet scalar?



1. Introduction

Constraints regarding Z’ boson

Figs from 2005.01515

Dark photon searches

v Constraints from Z-Z’ mixing
v EW precision tests (Z-pole)

Coupling is highly restricted for light Z’

More constraints:



1. Introduction

Our questions are

uIs minimal 2HDM+U(1) excluded without scalar extension?

uIf excluded, which constraint finally excludes it?

uIf excluded, what is other way to avoid constraint?
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2. Model & Constraints

Model structure

Ø 2 Higgs doublet model (2HDM) + new U(1) gauge symmetry

Ø We consider general anomaly free charge assignment at first

Ø We add a dark vector-like fermion to change BR of Z’

Ø This U(1) is spontaneously broken by 2HD VEVs

(It would be DM candidate)

(Flavor independent)



2. Model & Constraints

Lagrangian
SU(2)L×U(1)Y×U(1)X sector with kinetic mixing

Scalar potential

Yukawa interactions (Type-I 2HDM)

Covariant derivative under the gauge symmetry



2. Model & Constraints

Scalar sector

2HDM with new U(1)

No CP-odd Higgs; it becomes NG boson absorbed by Z’

Scalar bosons: SM-like Higgs h, heavy neutral one H, and charged one H±

Physical parameters:

Other parameters are written by



2. Model & Constraints

Neutral gauge boson masses

Mass eigenstates

Z-Z’ mixing is not very suppressed unless gX << 1 or some cancellation effect

We consider no Z-Z’ mixing condition



2. Model & Constraints

No (Z-Z’) mixing condition

From the mass matrix for Z-Z’

Mixing vanishes if M12 = 0

For benchmark models, we adopt

v Hidden U(1)H model

v U(1)R model

𝑥! = 𝑥" = 0

𝑥! = 𝑥", 𝜖 = 0
(Only right-handed fermions are charged)

&𝑋#$(!) = 𝑥$(!)



2. Model & Constraints

Z’ mass and model parameters under no-mixing condition

U(1)H model U(1)R model

(𝑥!= 𝑥", 𝜖 = 0)



2. Model & Constraints

Interactions under no-mixing condition

Gauge-Higgs interactions

Z‘-fermion interactions



2. Model & Constraints

Z’ decay

We can modify BR by charge of dark particle



2. Model & Constraints

Phenomenological constraints
Higgs sector

Constraints regarding Higgs potential and Yukawa interactions 
are similar to type-I 2HDM

ü We don’t have CP-Odd scalar; it becomes NG boson absorbed by Z’

ü Some terms in potential are forbidden by U(1) gauge symmetry
Differences are:

Taking into account these differences, we consider

v Stability and perturbative unitarity

v Oblique parameter constraints (STU)

v Constraints from meson decays

v Diphoton decay of the SM Higgs (charged Higgs contribution)

ATLAS, JHEP 08 (2022) 088

(We adopt SuperIso code)
https://superiso.in2p3.fr/



2. Model & Constraints

Higgs decays

hZ’Z’ and HZ’Z’ couplings
are not suppressed in alignment limit

(cβ-α=0)
h → Z’Z’
H → Z’Z’ can be dominant

The SM Higgs decay into Z’Z’ (2mZ’ < mh)

We find BR(h→Z’Z’) becomes dominant We should require (2mZ’ > mh) 

Z’Z’ mode (alignment limit)



2. Model & Constraints

(2mZ’ > mh) 

We need to take into account constraints from four lepton final states

LHC data (ATLAS) constrains

Higgs decays

(ATLAS, PLB 824, 136832, 2022)

We also consider Higgs invisible decay constraint
𝐵𝑅 ℎ → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒 = 𝐵𝑅 ℎ → 𝑍'𝜒𝜒̅ 𝐵𝑅 𝑍' → 𝜒𝜒̅ < 0.107

(ATLAS, PLB 842, 137963, 2023)



2. Model & Constraints

Higgs decays
Heavy neutral Higgs decays (H→VV, V=Z,Z’)

q 2mZ’ < mH

q 2mZ’ > mH > mZ’

We also consider the four leptons constraint

𝜎 𝑔𝑔 → 𝐻 𝐵𝑅 𝐻 → 4𝑙 ≤ 0.1-b

(ZZ mode is the same as 2HDM)



Z’ searches

For mZ’ > mh/2, we consider

Ø CMS constraints

Ø LHCb constraints
𝑝𝑝 → 𝑍′ → 𝜇!𝜇"

We also consider LEP constraint from Z-pole cross section

𝑒!𝑒" → 𝑍#/𝑍 → 𝑙!𝑙"

Existence of Z’ modify the cross section
consistent with the SM

(ALEPH PLB 399, 392, 1997 )

(CMS, 2019)

(LHCb, 2020, PRL 124)
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Constraints from Higgs related phenomena

Unitarity + STU + flavor constraints

v Higgs diphoton decay constrain charged Higgs mass: mH±>160 GeV

3. Results

Allowed region by unitarity



BRs of Higgs decays

SM Higgs decay (new modes)

Heavy Higgs decay
On-shell Z’ One off-shell Z’

3. Results



Constraints from Higgs decays

We need large R1,2
to avoid 4l constraint 

Perturbative limit:

𝑅$,&𝑔''(# < 4𝜋

No dark particle case
is excluded by H decay

3. Results

SM Higgs

Heavy Higgs

(R1,2 = 0 is not allowed)



Allowed regions (Z’ mass and interaction)
3. Results

Regarding Z’ mass and coupling (taking into account Higgs constraints)

Red curves satisfy: (U(1)H) (U(1)R)



3. Results

Allowed regions (mH and tanβ)

Combining, stability, unitary, flavor, STU parameter, Higgs diphoton decay 
and Higgs decay constraints

ü Scalar decay constraints excludes small tanβ region

ü Constraint is stronger in U(1)H case due to larger 𝐵𝑅(𝑍' → 𝑙(𝑙))



Answers to our questions

uIs minimal 2HDM+U(1)  excluded without scalar extension?

uIf excluded, which constraint finally excludes it?

uIf excluded, what is other way to avoid constraint?

Yes, minimal model is excluded

Neutral Higgs decay excludes the minimal model

If we introduce a dark particle we can avoid constraints

The allowed region is still quite limited

Summary and discussion

2HDM with extra U(1) gauge symmetry is investigated

It can be tested in future experiments

Thanks for listening! 



Appendix
Eigenvalues of s-wave amplitude matrix for 2-2 scattering 



STU parameters in our models


