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Charged Higgs boson
in the 2HDM




Five physical Higgs bosons

hO HO A0 g+



Search for H+ at the LHC

Doublet models | Triplet models




H+ — tb and H* — tv superposition
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H+ — tb and H*

— TV superposition

tanp
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Possible?

MH—— =~ 1N




Two Higgs doublets

(I)l and (1)2 |

In order to suppress FCNC at tree level,
we impose Z2 symmetry

(I)l —> (I)l and (I)z —> _(I)Z



4 types
according to Z2 parities

Type 1

Type 11
Type X
Type Y




FCNC constraint
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Type | Type X
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Question
New search channel
for this tricky H+?

MH:: ~ mt




Possible!

HT W:’Y HE W:Z(*)
D, W NN AR W
H+©mMA{; H* ------ < Uk H? ------ <Dk
Uj j
Uj Zly g, 7 Mg,



In a pure 2HDM,
the branching ratio is
too small!
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H ->W*7Z (2ZHDM, t,BZS)
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Let’'s add new
fermions In the loop:
Vector-like fermions

(VLF)



VLF

Introduce both doublet and singlet

U] U
VLF doublet : O = (D{IL), Op = (DZ) ,

VLF singlets: U, Ugr, D, 7Dpg.

Crucial to allow the Higgs Yukawa couplings



Strategy to enhance
BR(H™ — W=~)

SM Qr, Ly | ur | dgr, ¢r

type-1 + — —

VLF Orr |ULr | DrLr

type-11 + — -




Yukawa Lagrangian

— Ly = MrQQ + My UU + MpDD

+ | YpO® D + Y;,O dolf + h.c.

For simplicity, we assume

i =Y/} =Yy,



Mixing b/w doublet and
singlet

s MQ LYz/USﬁ
-1, My = (1Y VS ﬁM ) |
/2 UUVS3 U

) cosflp —smébp
D= |
simfp cosfp




Higgs couplings
with the VLF mass eigenstates

6 _ b _ Ly oF
Yr, 7 —Yr,F, NG Y}_€¢ S2F

¢ __ 0 1 F
Y9r.7 —Yr,Fr — ﬁyffgb C2F

Where F =U,D, ¢ =h, H



Constraints



A. Constraints from b — s7.

........................

Model-11

...............

For tg > 2, Mg+ ~ my 18 possible in Type 1




B. Constraints from Higgs precision
0.6 < |ry| < 1.12.




B. Constraints from Higgs precision
0.6 < |ry| < 1.12.




C. Constraints from 7T parameter

/4

Oblique parameters: S, T, U
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Later we shall consider large
mass difference like 500 GeV

Why is this allowed in our
model?



My T = Tlyyw; (0) — My - (0),






SM? My, T = Ty, w, (0) — M+ - (0),
AM = 0 — Tyy (0) = 0




One VLQ doublet + one VLQ singlet

Mixing

x AM? x AM?

A\

My T = Ty, (0) — My 440~ (0),

Cancellation!



Cancellation happens when
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Direct constraints on
the VL fermion
masses
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The bounds can be relaxed if the VLQs decay into light quarks.



Dermisek, Hall, Lunghi, Shin, 1408.3123
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Constraints from the
direct searches for
the charged Higgs

boson at the LHC
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BR(H-

- — W-
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For W™~ decay, the Ward-identity pjM,, = 0




for HY - W™/

BMys [, B2ME, UM
+ + _ | H
r(t - Wz) = P (64 o gt ) MG 4 D Mo+ 2
B My, ME, M3,
2 <m‘2ym22 m%,  mZ )Re(/\/l M)



Benchmark point

Sg—o = 1, (alignment limit),

Ny — M — 600 GeV or 1.3 TeV, for VLQ);
“ P 300 GeV for VLL,

1

(X,T) = (5/3,2/3);
VLQ: | (T,B) :(2/3,—1/3);
(BvY) :(_1/37 _4/3)3

VLL: (N, E): (0,-1),

(Qu,Qp) =

AM = MZ/{Q — Mul — Mpz — Mpl C [O, 1.5] TeV



Decays of VLF (X,T)

— % = 0Yyy, @q)QUR + 0Y4y QL(I)lp + h.c.,

X - Hu;, X — Wy,

Qx =+



Low mass of the VLFs

Br(H > W*y)
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Low mass of the VLFs

Br(H > W*y)
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Low mass of the VLFs
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Low mass of the VLFs

Br(H > W*y)
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Low mass of the VLFs
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Low mass of the VLFs
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Low mass of the VLFs
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High mass

of the VLFs

Yp
0 1 2 3 4 S § V4 3
i ‘ I ‘ I ‘ T T 1 ‘ I ‘ I ‘ I ‘ I ‘ I ‘ [ \:
 My=170 GeV
Mo, =1310 GeV H Wy
Bu=0p=0.2

tf;:S

0 200 400 600 800 1000 1200 1400
AM|GeV]



High mass of the VLFs
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Production of the
charged Higgs boson



s =13TeV, 2HDM TypeI tﬁ—l ~10

o(pp—~>H " X)[1b]
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o(pp—~>H " X)[1b]

\/_ 13TeV, 2HDM TypeI zﬁ_l ~10

N \pp ett(t ebH*)

175 - 200 B 225

M H+ [GGV]

250

275 300



o(pp—~(H/A)-H"W)[1b]
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NOTE: Negligible VLQ contributions



\/;213T6V, My=2Mpy-, t[g:lO
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NOTE: No VLQ contributions to gg->A

\/;213T6V, My=2Mpy-, tﬁle
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Conclusions

e The charged Higgs boson with Mg+ ~ my is
tricky to probe at the LHC.

o [1* — W=~ can serve as a complementary channel.

e The branching ratio can be enhanced in a
2HDM with the VLFs.



