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Charged Higgs in BSM scenarios

Multi-Higgs Extensions:

MSSM, 2HDM, 3HDM, LRSM, Alternate Left-Right Models,
Triplet-Higgs extensions, Singlet Charged Higgs extensions.

Non-singlet gauge multiplets necessarily have charged
current interactions. This has become a strategy to search
for such charged Higgs bosons at the colliders.
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Charged Higgs in BSM scenarios
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Charged Higgs in BSM scenarios

10 ATLAS
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Another influential interaction for non-singlet

gauge multiplets is the interaction with W= and
neutral Higgs boson.

T T IIIIIII

T IIIlIII
| lllllll

1 1 Illllll

L1 lllllll

| IlllllI

Limit on o(pp — tbH?) x B(H: — t*v) [pb]
)

_3 1 | 1 | | | 1 | | 1 I |
LLTY 200 300 1000 2000
m, . [GeV]

ATLAS:  JHEP 09 (2018) 139



Charged Higgs in BSM scenarios ,CMS 138 fb (13 TeV)
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Charged Higgs in BSM scenarios

Lighter ones decay to lighter quarks
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Left-Right Symmetric Models

SM is chiral, the left-handed and right-handed particles differ in their fundamental interaction.
Parity is violated maximally.

Left-Right Symmetric models are attempts to understand the origin of the parity violation.
We can start with a Left-Right symmetric model at higher energies:

SUQB)-XSUR2); X SUR2)p X U(1)
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SM is chiral, the left-handed and right-handed particles differ in their fundamental interaction.
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Left-Right Symmetric models are attempts to understand the origin of the parity violation.
We can start with a Left-Right symmetric model at higher energies:
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This is broken to the SM gauge symmetry U(l)y

— SUB)- X SU2); X U(1l)y



The Standard LRSM

Needs additional scalar to
break the LR symmetry.

Leads to charged Higgs
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TABLE I: The particle content of LRSM.




LRSM charged Higgs

The LHC search results are applicable
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Another version of Left-Right Symmetric model



Alternate LR Model

LRSM Singlet
< Particles SU(3)C SU(Q)L SU(Z)’R U(l)B—L S
Particles SU3)c|SU((2)L|SU(2)r U(l)B_L\ -
uarks | Qp = di 3 2 1 % 0
ur 1
uarks = 3 2 1 5 U .
< Q=14 3 \ Qr = ar, s L 2 s |—32
Qr = (47 3 ) 5 ! \ d, 3 1 1 -1 a
R
d 3 1 1 -+ ]o
Leptons L = ZIIj 1 2 1 —1 " 3
vy, 1
Leptons| Ly = ( ) 1 2 1 —5 1
Lp= (" 1 1 2 -1 er 2
R
Scalars| @ = (%1 91 1 2 X 0 s (ZII: 1 1 i 2|
calars =~ oy 40 nr 1 1 1 0 2
9L s+t VR 1 1 1 0 1
o7 ~7 Scalars |® = (¢2_ ‘ 1 2 2 0 -3
Sp s+t X 1
Ap = V2 R+ 1 1 3 9 XL Xﬁ 5
-1 F
B Ve Wi 1 1 2 L1

TABLE I: The particle content of LRSM.

TABLE I: The particle content of ALRM.

E. Ma, Phys. Rev. D36, 274 (1987).
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Some interesting features

Up 1s a Majorana neutrino, as against being part of the couple in the standard LRSM

=> Possibility of Leptogenesis
v, along with presence of light (~100 GeV) H™ can impact the Ovff} processes

Phys.Rev.D 102 (2020) 7, 075020 arXiv: 2008.12270

n/ H? : The lightest is a dark matter candidate.
JHEP 12, 032, arXiv:2211.04286


https://arxiv.org/abs/2008.12270
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https://arxiv.org/abs/2008.12270

For details of the model:

M. Frank, C. Majumdar, P. Poulose, S. Senapati, and U. A. Yajnik

JHEP 03, 065, arXiv:2111.08582 [hep-ph]
JHEP 12, 032, arXiv:2211.04286 [hep-ph]
Phys.Rev.D 102 (2020) 7, 075020 arXiv: 2008.12270


https://arxiv.org/abs/2008.12270

Non-standard decays, which are not searched for at the LHC



Our study: Search for such an H™" at the LHC and future colliders

pp = HYH™, WW,, W,H*
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Work in progress With:

Completely different topology
compared to the
Standard LRSM (or 2HDM / MSSM) case

M. Frank, C. Majumdar,

S. Senapati, U. Yagnik



An example:

pp = HYH™, WW,, W,H*

My, = 1146 GeV
BR(H* - t™n)) = 59.6 %
md/ - 13 TGV

m, = 130 GeV o X BR =108.7 1b

Detailed detector level analyses is being done.
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Summary

Search strategy of H™ at the LHC presume their standard charged current
interaction.

Considering a well motivated alternate Left-Right Model, H™ can have non-standard
charged current interactions involving exotic fermions (quarks and neutral leptons).

Collider direct searches of H™ should include such possibilities.

Indirect constraints coming from flavour sector can also be different compared to
the standard LRSM.



