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Part I: Standard Model
The Standard Model (SM) is a good description for interactions at ~ 10716 cm

Gauge Sector ‘

‘ Neural currents Sector ‘

Scalar Sector

‘ Yukawa Sector ‘

|

Lsn = LG, + LEC + £33, + LED,




Cagrangian Sectors
The sectors for the SM are given by ((1a)- (1d)):

3
1 a apv 1 v
LS=-> WO W — LB B

a=1
LN% = gmedy" (gl — 947" )2,
£55, = (D,®) Do — v(aiD)

Ly ~Yor®iy

Gauge Sector

The gauge sector has terms as: B, = D, B, — D, B,. This sector involves vectorial fields.

"



Nevtral Currents Seator

The Neutral Currents Sector contains the vector and the vector-axial couplings which are
proportional to the charges.

Sealar Sector

We recall the Scalar Sector is composed for kinetic and interaction parts. ® is the doublet.

Pukawa Sector

On the Yukawa Sector, we have a term Y, it is proportional to the fermion mass.



Part II: Symmetry breaking (SB) Scheme

Next (fig. 1) we show a schematic form for the SB.

BREAKING A ~ O(10% GeV) - .
‘ SU(2), x U(1)y ‘

| |

9.0 | U()... | Bj, Ay, ¢

v My, Mz, mp, W,Z, A h

THE PARTICLES ACQUIRE MASS!

Figure 1:  Symmetry breaking (SB) Scheme in the SM. We neglect the QCD terms. In hf f
vertex, the coupling Gppp <My This is the way to understand the mass for the matter fields.



The doublet and the Higgs Bosen in SM

Before we mentioned the Higgs field, now, in this section, we discuss the doublet, boson and the

field
|
Viur

¢ = h+ v+

| Higgs Boson \J L’

’ Vacuum expectation value ‘

’ Normalization factor ‘ Pseudo-Goldstone boson charged

Sl —
[ \V)

Pseudo-Goldstone boson neutral




Part Ill: Beyond Standard Model (BSM)

We can extend the SM, it means a phenomenological rich models. New particles imply new
interactions; namely, New Physics (NP,

Some schemes for the NP
There are differents for the NP; i.e.:

e Extended Gauge Groups.
e Extra Dimensions

.

o GUT

e String

and other more. .. If we extended the scalar sector, adding one more Higgs doublet, we get:



Motivation

Introducing a new doublet, we can:
e Explain the matter-antimatter asymmetry
e Explain the CP violation

e Even, imposing a Z, symmetry on the Lagrangian; this is either: ®; «— &1, Py «— — Py or
Py — —Py, Dy «— Py, oOr we could

2HDM and some other types

Now, we get, one doublet could be coupled to the fermions in this way:

e 2HDM-I. All quarks couple to just one of the Higgs doublets (normally, ®5).

° . quarks couple to and dp quarks couple to ;.



e En 2HDM-IIl Each doublet couples to u and d type. Besides one can consider
parameters, as x;; which may induce FCNC through scalar bosons.

2HDM properties
2HDM has a rich phenomenology:

Three degrees of freedom neutral (h, H and A°) and two charged Higgsses (H*)
It could be a good signal for the New Physics

2HDM Cagrangian
The general potential is given by,

2
V(@1@:) = a(@fer —0f)” 4 a(@50s —02)” 4 xs {(@I@l —o?) + (2h@s — vg)}

one] (0102) (#502) - (o]2) (égqh)} a [Re(q%) - ] Con [zm(q%)]
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where )\; are reals.
The Yukawa sector for the 2HDM-III is given by,

_ uw A0z uA0 & =0 79
LGPV = YQ @yufy + Y3 QpPauy + Y{'Qp1dy + Y5'Q) ®ady + hoc.

where,
7 _ + +
Q%: (Si)? Q%: (ﬂlndL)v (bl: (¢11>7 @2: <?)22>u

L - 1 .
(Dj = ZO—Q(pj = <¢;1) y ¢1 = 7(”1‘ +¢? +ZXZ)

and Y; are the Yukawa couplings. Then we obtained,

THDM—III THDM THDM
‘CYS - Eysmun»az sector + Y Scharged sector
THDM — 0% — 0% d5 10 d5 10
Ly = Y"ur¢] ugp+ Yy urgy ur+Y'droidr + Yy droodr

+Y (=g Yur + Yo'd (— ¢y Jur+ Y ur o) dr + Yot 3 dr + h.c.



After to do algebra. .. We obtain the general Lagrangian for the 2HDM llI-type:

2HDM-I111

fifi A°

ig )5 o NIZNETE NS
QMW {dz |:mdi X 51] f(X) \/é Xl]j|ry dJ

T, 110

i

Uj ~, 5
TX%}V Uj

- \/muimu]‘ ~
+I; {mzi Z ;5 — f(Z)TXéj]’YB lj} A°

i [mu Y 6 — f(Y)
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f(X), f(Y) and f(Z) are functions of the associated parameters to the model. The Xj; are

the rotated matrix elements.
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Part IV: Phenomenology
i u A% isteraction

Consider

L = (5;;,4 +iy° ! A)ujAO +he.
we can obtain similar equations for d-type quarks and leptons. with

o (1)

S =i (b
A 2\/§vcosﬁ Xij = Xig
and
1 T,
iy :—MiUtan —7]( i+ T.)
JA T gy p 2v/2v cos 3 Xij T Xag

the x;; are dimensionless unknown coefficients related to the neutral escalar interactions
that flavor change. Now, we take the diagonal couplings;



!
gm! — :
cl, = i (gé,. + w‘f’gé) fiA°

f

considering, Yukawa matrix are hermitians gg = 0, we found, g}, = cot 8 — 5 (xii) -

A — vy Aeu.j (PRD 90 095019)

At tree-level does not exist, but at loop-level does,

vﬂz (p 2)

Vi (p1)
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M2 x *

19T Ne kvipp kvapp AVYT € € o
16my (1 —2(r1 +72) + (r1 — 7"2)2)2

M
where r; = —t

A
Let us to analize the tensorial structures:

A;‘t;‘//i/z _ gé (./419”1”2 + Anglp’f) + g'f» ABGQBMMPIQP%

A; are the form factors.
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A= gl gl,mi(rf = 2(ra + 1)+ (2 = 1)?) x
2
({?(4rf +2r1(r1(4ry — 12 — 3) — 4(re + 2)1y +7r7+ 2+ 3) - 1)00(‘/17‘/2)
+2r1 (1 — 7y +12)ABo(A, Vi) + 2r7 — 2(ra +2)r1 + 1} + {1 “ 2})

—l—gglg(};mi (Tf — 2(7“2 + 1)7“1 + (7”2 — 1)2) X

2
({";A(wf( —dry—ro— 1) +2r (8rp +ro(dry —1) — 1) —drp + 213 + 1)00(1/1,1/2)

+2(2r9r1 — 72 — 12 + 211 + 29 — 1)BE 4+ 2(r2 — rirg — 2ry — 1 4+ 1)ABy(A, V1)

+2r7 —2(ro +2)71 + 1} + {1 YRS 2})
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951952 ({77%24(7“1 + 1y — 1)Co(Vi, Va) x

(27"% (4rf —ro —3) — 21y (8ry 4+ ro(dry — 5) — 3) +4dry +2rf — 1)
+4(r? +dror} — 2r7 — 5r3ry + drory — (1] — (ro + 2)7r1 + 22 + 1)1 + r1>B(I)%(A)
+4(—=13 — drgr? + 2r] + 5r3ry — drory — 1) AB(A, 1)

+4ry (r} — (ro+3)ry —ry +3) — 2} + {1 <—> 2})

+(r1+72—1)gl gl x

({mi (4rs +2r1(ra (4rg =2 = 1) = 4(ra + 2)ry + 78+ 3r2 = 1) + 1) Co(Va, Va)
+4(r% —or — 24 27«2)335 +4((ra — 1)2 + (ra + 1)ry — 22) ABy (A, V3)

ar2 — 4y +2)r + 2} + {1 o 2})
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and
Az = —migflg{fz ({27“‘11 —8(r2 + 1)7“% + 2(37“% +4ry + G)Tf +4(ro —2)r1 + 1} +
{1 “ 2})00(1/1, Vo) — gl g2 (r7 —2(ra + 1)1y + (r2 — 1)?) x
({mi(%% - 27“2’1"1 - ].)C'()(Vi7 VQ) —4 (7’1 — 79+ 1) ABO(A7 Vl)} + {1 <~ 2})
where
BO(Z) = Bo(mz27m?am§f)7 ABO(Zv.]) = BO(Z) - BO(.])a CO(Zv]) = CO(mi,mf,mi,m?,m},m%
We wuse the normalization JHEP 11 151 (2012). Pittau, where we describe:

Bt = Bo(m%, m% + g, m% + p%) — Bo(0, u%h, u), with g normalization scale. We show the
Bose's symmetry.



Consider k. ;; = €|Qf| ,g] = 1,g] = 0; then,

2 2 2
['(A° = yy) = MAT $Fonyny (I]%g)'; + ng; (If(4rf —1)+ 2) >,

NS
where, If = Co(0,0)m% Yy Ryy = (125725 (gmf ) ( |Qf|)

2m

Couplings on |, Il l“—tj,ue

The pseudoscalar couplings to fermions are given by,

Type |l  Typell Type Il
g% cotf cot8  cotfB — 51115 (x%)
g% —cotf tanf  tanf — @(Xd)
gp —cotf tanf tanf —

cos B (Xl )

then we obtained. . .



Results tanf =5, my = 300 GeV
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Ll li-type comparison
We show the Br vs tan 3, considering m 4 = 2m; and 200 GeV

BR(A-yy)
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Model Comparison

BR(A-YY)
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CHC Cownstraints
We compare, considering: obseved signal Higgs-like (CMS and ATLAS). The signal intensity can
be described by;
r(A° — gg) Br(A° - XX)
Doyp — 99) Br(oyp — XX)

Rxx =

where X = .

Warning: we know about the pseudoscalar.

Heavy Higgs Bosows Contraivts

Constraints about m 4 ( )
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Whenever the predictions from the models fall above these lines, such scenarios would be
excluded.
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Part V: Conclusions

We evaluated the fermion contribution on A% — v decay, including the scalar y pseudoscalar
vertex. We found regions where branching ratios for the loop modes could be interesting.

We use the LHC constraints on Heavy Higgs bosons to constrain parameters for 2HDM-I-I|
and Il in A% — ~~v decay; we obtained:

e 2HDM-I excluded range 138 GeV < m 4 < 144 GeV .

e 2HDM-II looks for all of range that we explore.

e 2HDM-III with x = 1 excluded for mass range 100 GeV < m 4 < 160 GeV .
e 2HDM-IIl with x = —1 excluded for mass range 138 GeV < m4 < 144 GeV .
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