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Evidence for a Standard Model like Higgs boson

> In the summer of 2012 an SM-like particle (h) was found at
the LHC.

» So far its properties agree with SM predictions at tthe 20%
level.

> |ts mass derived from the vy and ZZ channels is

mp, = 125.09 4+ 0.24 GeV

T T T T !
JLot=4510° 5= 7 Tev ATLAS

JLdt=20316" 5= Tev
/b weighted sum
measurement categories

3 weights / GeV
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Beyond the SM

EYV ? TFTV

SM Desert NP

» The SM-like limit exists in various models with extra neutral
Higgs.

» Any extended Higgs sector a Charged Higgs would be a signal.

» Such scalars appear in multi-Higgs doublet (MHDM).

» From EWO are in agreement with SM with p = 1.

» in this talk | will focus on a very popular model such as
2HDM .



Potential with sotf Z>-violating
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Apart from the term m2,, this potential exhibits a Z, symmetry,
(P1, P2) < (P1,—P2) or (b1, P2) &> (—P1,P2). (2)

The most general potential contains in addition two more quartic
terms, with coefficients Ag and A7, and violates Z> symmetry in a
hard way T.D.Lee PRD8,1226'73," JF.Gunion et al. The HHG".

» The parameters A\;—\4, m3; and m3, are real.

» The potential (1) can lead to CP violation when A5 and m?,
are complex.



Mass eigenstates
We use the following decomposition of the doublets:

+ +
¢1:( 1 ) ¢2:( i )
(vi+m+ix1)/v2)’ (vo+m2 +ix2)/V2 (’ |
3
Here vi =cosfBv, vo =sinfv, v=2my /g, with tanf = v /v.
The charged Higgs bosons are the combination orthogonal to the
charged Nambu—Goldstone bosons:

H* = —sin ﬁ«pf + cos &pg: (4)

and their mass is given by

2
14
M = i — = (Mg +RXs), (5)

where we define a mass parameter u by

,u2 = (v2/2v1v2)3?m%2. (6)



Mass eigenstates and gauge couplings

With all momenta incoming, we have the HT W*¢ gauge
couplings:

Tig
HFW*h: == cos(B — a)(pu — pjf);

2
+ig .
HEW=H : =Esin(8 - a)(p, - p}):
HTW*A: %(pu —p).

The strict SM-like limit corresponds to sin(8 — ) = 1.

VWh: sin(B8 — «),
VVH :  cos(f — ),
VVA: 0.

V=Ww=*7z



Theoretical constraints

The 2HDM is subject to various theoretical constraints.
» Stability or positivity of the potential:

V($1,92) >0 as |®1], |P2] — 0. (9)

This requirement gives the following conditions on \'s
PM. Ferreira et al ,PLB,2005

A1 >0, A >0, A34+2y/ A2 >0, A3+Aa—| 5] > 2/ A0
(10)
» Perturbativity: satisfy |A\;| < 8w (i =1,...,5). has significant
effect on (tan 8, My=+) plane.

» Unitarity: all 2 — 2 processes scattering are under control.

Max(Eigenvalues(M)) < 0.5 (11)



Yukawa Interaction for the 2HDM T.D.Lee PRD8,1226'73

—Lyuiawa = QLP2FP DR+ Qu®,FYUg + L ®.F Lg+hoc., (12)

Model d u l
I 02 b, b,
I d,q O b,
" P1&Dy, D1&Dr, D&,
X 0% d, o]
Y b, b, b,

Table 1: The most popular models of the Yukawa interactions in the
2HDM.

in Type Il (MSSM)

_ ig
H" bt : ———= Vip[mp(1 +75) tan B+ m(1 — 75) cot 3],
273 tb[mp(1 + 5) tan B+ m:(1 — v5) cot ]

T g *
H tb: _— mp(l — tan 8+ m¢(1 + cot [].
N tb[mb(1 — 7s) tan B + m¢(1 + 75) cot 3]



Charged Higgs boson decays

a charged Higgs boson can decay to a fermion-antifermion pair

Ht — ¢35, (14a)
H* — cb, (14b)
HY — rtu,, (14¢)
H* — tb, (14d)
to gauge bosons,
HY — W, (15a)
HT - wtz, (15b)
or to a neutral Higgs boson and a gauge boson:
HY — hW*,  AW* (16)

and their charge conjugates.



Light HT (My: < my)

Branching ratios for MHflOO GeV
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Figure 1: Light charged-Higgs branching ratios vs tan .

» We focus on CPC case and set M, = 125 GeV.



Heavy HT (My+ > my)

Branching ratios for MHt:SOO GeV
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Figure 2: Heavy charged-Higgs branching ratios vs tan .

> sin(f—a)=1.



Heavy HT (My+ > my)

Branching ratios for MHt:SOO GeV
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Figure 3: Heavy charged-Higgs branching ratios vs tan 3.

> sin(f —a)=0.7



Branching ratios vs Mg+ in Type |
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Figure 4: Branching ratios of charged-Higgs as a function of My« in
Type | with sin(8 — «) = 0.81 and tan 3 = 8.



Branching ratios vs M
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Figure 5: Branching ratios of charged-Higgs as a function of My« in
Type | with sin(8 — «) = 0.81 and tan 3 = 8.



Production processes: Single production at the LHC
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Figure 6: Feynman diagrams contributing in Single production at the

LHC production processes.




Production processes: Single production at the LHC




Production processes: Single production at the LHC
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Production processes: Pair production at the LHC




Production cross sections pp — H*X

We use CTEQ6L, /s = 14 TeV and sin(8 — «) = 1 in Types | and
Il.

» gb — HTE, (solid),
» gg — HTbt, (dotted),
» gg — Hj — HTW~, (dash-dotted).

Cross sections pp — H* X
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Figure 7: Charged Higgs production cross sections in the 2HDM, at 14
TeV



Production cross sec
We use CTEQ6L, /s = 14 TeV and sin(8 — «) = 1 in Types | and

tions pp — H*X

» For tan 8 =1, type-l and type-Il are diffrent due to sign

Yukawa.

» Models X and Y will have the same predictions except for

(tv).

» The bumpy structure is due to resonnance of neural Higgs.

Cross sections pp - H*X
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Allowed regions in type-1

2HDM TYPE-I
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Figure 8: Allowed regions of the [cos(5 — «), tan /3] plane for the 2HDM
Model I.



W4+~ signatures from light H* at Run-II

Here we focus on on the following scenario:
» H is the SM-like

h is fermiophibic state

pp — H*h follwoed by H* — W*h

v

v

10 170 120
10°
160 105
150 .
&g 10° 140_, © ot _
= > = 75 >
< (SR ()
: 1308 7 3
3 120 & 60 =
[SPpe! E X
B 110 -
s 10 9 10* 45
100
2HDM-I 30
V5-13TeV 9 JHDM-I
1 -3
10— 40 60 80 100 120 0 10755100 120 140 160 180 °
my, [GeV] my- [GeV]

Figure 9: The maximun of cross-sections pp — HTh and H* — W*h



W4~ signatures from light H* at Run-I|
Here we focus on on the following scenario:
» H is the SM-like

» h is fermiophibic state
» pp — H*h follwoed by HE — W*h
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Figure 10: The maximun of Branching ratio of h — v~



W4+~ signatures from light H* at Run-II
Here we focus on on the following scenario:
» H is the SM-like
» h is fermiophibic state
» pp — H*h follwoed by HE — W*h
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Figure 11: The maximun of XS in fb.
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W4+~ signatures from light H* at Run-II
Here we focus on on the following scenario:
» H is the SM-like
» h is fermiophibic state
» pp — H*h follwoed by HE — W*h
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Figure 12: The maximun of XS in fb.
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W4+~ signatures from light H* at Run-II
Here we focus on on the following scenario:
» H is the SM-like
» h is fermiophibic state
» pp — H*h follwoed by HE — W*h
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Figure 13: The maximun of XS in fb.
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Conclusions

» Various SM like models exsist with extra Higgs scalars.

» A charged Higgs would be the most striking signal of a Higgs
with extra doublets.

> In this talk we have analyzed type 1 2HDM by focusing on the
most "natural” decay modes are :7v or W¢ with any neutral
Higgs.

> With a reasonable cuts on the pgr and pJ, o(W + 4~) still
large.

> We therefore look forward to the ATLAS and CMS
experiments testing this scenario.



Thank you!
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