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|. Charged Higgs phenomenology

* The Standard Model (SM) of electroweak interactions is very successful in
explaining all experimental data available till now.

* The problematic scalar sector of the SM can be enlagred and some
extensions such as the Minimal Supersymmetric Standard Model (MSSM)
and the two Higgs Doublet Model (2HDM) are intensively studied.

* Both in the MSSM and 2HDM, the electroweak symmetry breaking is
generated by 2 Higgs doublets ®,, and &, with opposite hypercharge to
give masses to the up and down type quarks and leptons.

* After Electroweak Symmetry breaking: 5 physical Higgs scalars:
two CP-even : h°, H®, (h°light, H° heavy)
two charged Higgs : H*, one CP-odd ; A°
* The charged Higgs H*, because of its electrical charge is differents from

the other SM, its discovery would be a clear evidence of physics beyond
the SM.
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H= Branching ratio
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Experimental search @ LEP
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Experimental search @ LEP

o If Br(H™ — W**A) = 1, possible in 2HDM-1,: m ;+ > 76.7GeV for 2HDM-
and m g+ > 74.4GeV for 2HDM-II [DELPHI: EPJC34'04]
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Exp. search @ TeVatron,

Mg+ < My

e Production is through pp — ¢t followed by ¢t — bH .

o Light H* decay: H* — rvfortan3 > 1 and H* — {c5,t*b} for tan 8 < 1

and also H* — W*h?, W+ A° [hep-ex/0510065]
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EXp. search @ TeVatron, mpg+ < my

e Production is through pp — ¢t followed by ¢t — bH .

o Light H* decay: H* — rvfortan3 > 1 and H* — {c5,t*b} for tan 8 < 1

and also H* — W*h?, W+ A° [hep-ex/0510065]
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Exp. searchn @ LHC, mpg+ > my

e At LHC with much larger ¢t production rate, one can extend the search to
myg+ > 140 GeV for all tan .

e At LHC for my+ > m., the main production mechanisms are: ¢gb — tH ™~ and
g9 — tbH ™, (0 = 10pb for m;+ = 180 GeV and large tan j3).

Discovery channel are H* — rv for large tan 8 and H* — tb.
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Il. H= — W=V in MSSM and 2HDM

e In 2ZHDM and MSSM at tree level;

H* Wiy = 0 because of electroweak gauge invariance U (1)em

HEW=Z = 0is due to the isospin symmetry

e In Higgs Triplet Model, HEW ¥ Z exist at tree level.

o« HY — Wi(Z, ) are than rare processes, expected to be small, but loop
or/and threshold effects can give a substantial effect.

e Also, any experimental deviation from the results within such a models
should bring some information on the new physics.

o« HY — Wi(Z, ~) have a very clear signature and might emerge easily at
future colliders.
In SM: H — ZZ — 4leptons is considered to be the golden mode for Higgs
discovery. The mode H* — W*Z — 3 leptons.
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Previousworks

* J.F. Gunion et al (1988), H* — W*~, Unitary gauge, no L-R mixing.
* A. Mendez et al (1991) H* — W*Z Unitary gauge, no L-R mixing.

* H. E. Haber et al (1991) Unitary gauge, Decoupling limit of heavy quarks
(4th generation), heavy squarks, no Left-Right mixing

S. Raychaudhuri and A. Raychaudhuri (1992,1994), HT — W*+~,
'tHooft-Feynman gauge, MSSM bosonic loop, no scalar fermions.

* S. Kanemura (2000), H* — W= Z 'tHooft-Feynman gauge, 2HDM bosonic
loop, no unitarity/vacuum stability constraints

M. A. Perez et al, H¥ — W~ in a nonlinear R¢-gauge 2HDM

A.Arhrib et al, hep-ph/0607182, H* — W=*(Z,~) LR mixing, b — s7,
unitarity/vacuum stability constraints, 'tHooft-Feynman gauge.

° A. Arhrib, R. Benbrik, W. T. Chang, W.-Y. Keung and T. C. Yuan, CP

violation in H* — W™ (Z,~) work in progress.
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At one-loop amplitude

The amplitude M for a scalar decaying to two gauges bosons V; and V> can
be written as
€V2

M= L5

167m2mw

Mp,y
e According to Lorenz invariance, the one loop amplitude

M (HS = WiV,) = (=Fip1.02G0 + Fopiubaw + i Fs€umpoDp3 )" €

For HE — W, U(1)em imply Fi =Fo.
e In terms of an effective Lagrangian, from gauge invariance:

Lepr =g H-WIVH g HEFY Fiv o +i93 €uupoe H-FEFYVP7 4 h.c

~~ ~~

dim3 dimb dimb

One conclude that g2 5 = g(r)/M and g1 = Mg(r)
M is a heavy scale in MSSM, ¢(r) a dimensionless function and r is a ratio of
internal masses of the model under study.
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Counter-terms




On-shdl Renormalization

For the Higgs sector, in this scheme, the Higgs field and vacuum expectation
values are renormalized as follows:

b — (Za,)'/? @,
vi — (Zo,)' % (v — 6uv;).

With these substitutions followed by Z; = 1 + 6 Z; we obtain all the

counter-terms relevant for our process [Dabelstein’94]:
SWFHT] = k*A
SJALWIEHT] = —iegu A
S|Z,WEHT] = —iegu, LA
cw

In the on-shell scheme, we use the renormalization conditions to determines
the terme A to be A = Re(Y ;1 (Mm3+))
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Numerics -M SSM -
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Scatter plots for branching ratios of H* — W* Z (left) and H* — W~ (right)
Msysy =1TeV, My = 175 GeV, At,b,r = Msysy and n = —1 TeV
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Numerics-2HDM typell-
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111. MSSM with CP violating phases

e In MSSM with, complex u, M; and/or A¢, the Higgs sector, even with
CP-conserving tree level scalar potential, has loop induced CP violation
(both explicit and spontaneous CPV) [A.Pilaftsis’98].

e In MSSM, Spontaneous CPV, leads to light CP-odd m 4 < 40 GeV is ruled
out by LEP experiments, [A.Pomarol’92 A .Haba 97|

e 2HDM have both explicit and spontaneous CPV [G. Branco etal’85]

e This induced CP violation imply scalar-pseudo scalar mixing with mass
eigenstates Hi, H> and H3 which are mixed states of CP.

e The size of CPV in the off diagonal terms Ai3, A3 may be estimated as:

4 2 2
my |p[| A : |[A¢| |1l | e[| A
1
w2 3zeai? ) Smeerth e R
dcp = Arg(p) + Arg(Arp) , Mg is stop mass average

A1320<
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111. MSSM with CP violating phases

* Those large CP violating phases can give contributions to the EDM which
exceed the experimental upper bound.

* The EDMs can be suppressed in SUSY models with:[S. Abel et al NPB'0O1]
1. Heavy SUSY scalars (msfermions = 10TeV)

2. The cancellation mechanisme.
3. Non universalterm (A, = A3 = A = As =0, Ay, = Ay = A, = Ay,
Arg(p)<10~2)

R. Benbrik— 27 Mar. 2007 — p.21/2!



|V. CP violation in H* — W*(Z,~)

Myuw = (=F1p1.029uv + Fopiubav + 1 F3€u0p0 P35 )€ €™
The helecity amplitudes are:
’MLle X |(—7“W — Tz) f"l )\(1 Tw,?“z)—

Mrr|? o< (1 —rw —rz)?|F* + A1, rw, rz) | F3

The decay width is T(H* — W*Z) = mpy+ Y2 (IMri|? + |Mgr|?)
Under CP, the helecity states transform as:

MWTV, 4+4) — MWV, —-)
MWTV, —=) — MWV, +4)
MW Z,00) — MW Z, 00)

We will look only to the following CP asymmetry
sV TN(HT—-WTV)-T(H- W~ V)
CP — T(HF—=WTV)+I(H- =W~ V)
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|V. CP violation in H* — W*(Z,~)

P o | o i el P 1
“r P12 + | Fr 2 + | Fs]2 + | F5|?

4 2
B eg 1
fl — 167’(’2 m?{i Z Z (azmllzml + azm212m2>
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|V. CP violation in H* — W*(Z,~)

® lIima,Jjmo are the Feynman loops integrals defined by

[ (1—2x),1 -3y +2zy,y,1 — y]
Iq,m,IfLmy iml, zm d
1 2 1 2 / 95/ gy +em(l—y)—y(l—2)—cupyler —y)

with :
2
™Mo m%i
R X4 _ Xm
€i = —5 E€m = —5
mHi mHi

* Besides CP violating phases in the SUSY couplings, absorptive parts
developed in the Feynman integrals I and J are necessary in order to
produce nonzero for the 6/, 5
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Absorptive part
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Preliminary results
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of my+in the MSSM model, with the parameters, Msysy = 500 GeV, My =
175GeV, tan (8 = 16, Ay = Ap = Ao = —u, p = —1.4TeV, for differents
values of Arg(A;)
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Preliminary results
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Preliminary results
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V. Conclusions

* In the MSSM Br(H* — W*Z) ~ 10~ can be obtained, light squarks with
large A.; can give substantial enhancement.

* Difficult to measure at the LHC , ILC
* May be measured at Super-LHC with 1000 fb~*

* Inthe 2HDM 10~ * < Br(H* — W*(Z,v)) < 10~ 2 is possible.
H* — W*(Z,~) may emerge at LHC.
o(pp — HTtb) ~ 10* fb near threshold m + ~ 180 GeV

* Toget CPV in H* — W*V, we need both MSSM CP violating phases
and absorptive parts.

° In case where  is real, one can get large CP asymmetry from the CP
phases of A, A, and A,
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