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

‘ Gauge sector ‘

‘ Neutral Currents Sector ‘

Scalar Sector

‘ Yukawa Sector ‘

Lsnv = LGy, + LEC + L35, + LEY



Scalar Sector
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We recall the Scalar Sector is composed for kinetic and interaction parts. @ is the doublet. Some-

times the doublet is labeled as: H or ¢, and it could be confusing.
The doublet (®) is given by:
o= _ (m i
¢ ¢° +in’

e ¢t complex scalar charged field. Operator for the charged sector

)

and we define:

e ¢ complex scalar neutral field. Operator for the neutral sector



Goldstone Theorem

The spontaneous symmetry breaking of a continuous symmetry of the Lagrangian generates
massless scalars.

We introduce the spontaneous symmetry breaking (SSB) concept. Now the theory gets [16,
pag. 347, 388]:

1. Ultraviolet divergences.
2. Renormalization to constrain the divergences.
3. The matrix of second derivates of the potential has a corresponding zero eigenvalue.

4. The theory has massless scalar particles.
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Scalar sector and LHC

Data for the higgs and before 4th July 2012 (one more ).

Today we know h mass and it is a scalar boson and the Higgs mechanism work (potential as a
mexican hat).

At LHC the researchers can study the struc- Charge: is neutral boson.
ture of matter at 1078 — 10717 cm (~ 1 TeV).

For the higgs boson (scalar sector) we know: Parity: +1 (a) measure of how its mirror image
behaves).

Mass: = 125.7 £ 0.4 GeV o
Golden channel: it is the best channel to the
Decay width: 4 x 1073 GeV. Higgs decay h — Z Z.

Mean lifetime: = 1.56 x 10722 GeV Scalar: It is a scalar with 0 spin.
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Tests of the Higgs particle properties:
H my, (GeV) bb Tt ptu— ef 85
Decay mOdes Of the nggs boson 125.0 57.7 % 6.32 % 0.0219 % 291 % | 0.0246 %
125.3 57.2% | 6.27 % | 0.0218 % 289 % | 0.0244 %
125.6 56.7 % | 6.22 % | 0.0216 % 2.86 % | 0.0242 %
e 77 decay mode v/ 1259 || 56.3% | 6.17% | 0.0214 % | 2.84 % | 0.0240 %
126.2 55.8 % | 6.12 % | 0.0212 % 281 % | 0.0238 %
126.5 55.3 % 6.07 % 0.0211 % 2.79 % 0.0236 %
e 7 7 decay mode v/ . ~ . .
e WTW~ decay mode v/
+ mp, (GeV) yy‘y ™ . Z'r% W‘Vi;‘ £ B (MeV)
— 125.0 8.57 % | 0.228 0.154 215 % 264 % 4.07
e T T decay mOde V 125.3 8.54 % | 0.228 % | 0.156 % 219 % 272 % 411
J 125.6 8.52 % | 0.228 % 0.158 % 22.4 % 2.79 % 415
125.9 8.49% | 0.228% | 0.162 % 229% 287 % 4.20
126.2 8.46 % | 0.228 % | 0.164 % 235 % 2.94 % 424
126.5 8.42 % | 0.228 % 0.167 % 24.0 % 3.02 % 4.29
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Part II: Beyond Standard Model (BSM)

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

Motivation

Introducing a new doublet, we can:

e Explain the matter-antimatter asymmetry Experimental data
e Explain the CP violation f(—)e fz];é K <fl{)fl8
e Even, imposi Z h 7(=)e X <107
, posing a Zo symmetry on the _7
Lagrangian; this is either: ®; <+— T(=)n X(g ~2) ~7x 1077,
‘1)17 (02 — —dy or P, <
-y, Dy +— Py, or we Second column constrains the processes with

could Higgs boson [2, 14].
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Vertex bounds for the flavor-changing in the SM. (Experimental reports are given in [1]).

Standard Model
fifi Z fifi v ffh

ep 1.7x107%[4 5.7x107" [4]
pT 12x107°[4  44x1078[4] 8.4x 1078 [4]
et 98x1076[4 33x107%[4] 3.1x107% [4]
tu 8x10717[8] 3.7x10716[8] 2 x 10717 [g]
te 1x107"[8] 4.6x 107 [8] 3 x 10715 [g]

Constraints for the flavor-changing in the THDM.

THDM

fifi Z fifi v fifi g ffh

tu 5.5 x 1079[g]
te ~107577[3,8] ~107%77[8,3] ~ x10710[11] 1.5x 1073713 [8, 11]
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Some schemes for the NP

There are different schemes for the NP; i.e.:
e Extended Gauge Groups.
e Extra Dimensions
e Model with extended: scalar sector and Yukawa Sector

o GUT

String

F. Quevedo’s talk
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2HDM and some other types (doublet)

e 2HDM-I. All quarks couple to just one of the Higgs doublets (normally, ®).
e 2HDM-II. ur quarks couple to ®5 and di quarks couple to @;.

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

M. Carena’s talk
L. Serkin's talk
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2HDM-III: Interesting properties

A rich Higgs boson spectrum: three neutral (H, h, A°) degrees of freedom and one charged
Higgs boson (H*).

New Physics Contributions at loop-level

A% would be a clear sign of new Physics. AP does not coupling to vector bosons at
And more phenomenology available to tree level. However, such couplings could
explore (For our analysis, we consider the be induced at loop-level.

potential is CP conserving and then A°
could be eigenstates of mass.)
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2HDM-I1I Lagrangian

The general potential is the most general for the 2HDM, and we do not consider CP violation. The
Yukawa sector for the 2HDM-III is given by,

_ uwA~0 = uA0 F =0 79
LYGPMIT = VQ @1 + Y3 Qp®oufy + Y{'Q ®1dy + YS'QpBady + hec.

where,

+ +
Q% = (Zi) ) @% = (ﬂLaEL) ) (I)l = <(§)11) ) ©2 = <f;22> )

and Y; are the Yukawa couplings.
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The Yukawa sector for the 2HDM-III is given by,

_ u— 40%* —  0%* g g
E??DM I Y“Urd) ug + Y2“ULQ’)8 uRJrYf’dL@?dn + YQ’IdL@SdR
+YludL(7(5§27)uR + qudL(fgbf)uRﬂ*YldUL(,ﬁfdn + YQdHL@de

+h.c.

Then que mass matrix is given by ﬁlf = %(vlfflf + v2)~/2f> where, }N/if = UzYifUR. The

Yukawa couplings are defined in terms of X ; parameters [10]; namely,

~ m;m;
v =i (2)

where m; and m; are the fermion masses, and X{J are free parameters. This specific pattern is
known as cheng & Sher ansatz [6]. Through this mechanism is possible to flavor-changing neutral
currents (FCNC) at tree-level.
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Part I1l: Phenomenology THDM-III
Considering @uA" vertex

We are considering next lagrangian: pseudoscalar and couple of fermions.

L = (Sw a4y P;j A)ujAO + h.c
It is similar for the and with S} 4 = -2fv”:c7:;6 (Xij — XL) and P, =
1 MU tan 5 — QIVTTJZ:B (X” + X”) where x;; are dimensionless coefficients those are a parame-

ter|zat|on for the Flavor changing neutral scalar interactions
Considering the diagonal couplings, we will get LAO = 2mw fl (95 +iv°g ) fiAY and thinking

Yukawa matrices are hermitian, gsi = 0; then we found g}, = cot 8 — m (xii) -
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A — vy decay

AP~ term does not exist at loop-level but it does at tree-level.

Vi (p2) Type |  Type ll Type Il
k+pi+p " . .,

é(ps) gP cot ﬂ cot ﬂ cot ﬂ T sin 8 (X’L’L)

T gb —cotB tanfB  tanf — Colsﬁ(Xgi)

g —cotf tanfB  tanf — L 3 (L)

g Ty No kv s kv pr AL € € n M2 f
M _ g Ty 1 2 VV 1 27 where r; = —t, A#l#/z — (.A 12 +

16my w2 (1_2(T1+T2)+(T1—T2)2)2 ' my Vv 9s 19

As p’z“p’fg) + g{:; Ay ePrikzp, py . We found the decay width[10]:
2 2 2
(A% — vy) = MAT pFiny (I?g{p + 2gé (If(4rf -1)+ 2) ),

where Iy = Co(0,0)m?% y k., = (N)? ( 2 )2(€|Qf|)4

5
12875 \ 2m,,
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Comparison among type-I, Il and Il

0.001

107

BR(A—>7yY)

107°

—— 2HDM-I
10°F . oppm-n E
——  2HDM-III,_, ma = 2m
—— 2HDM-TI,_, a)
10*7 L L | L
.............................. P



Orduz 20

FC results: Phenomenology for FC mediated by scalar boson

Considering the experimental for Br and us-
ing the lowest limit for the tan 3 given for ex-
tended models [4], we obtain the allowed regions
for the parameter space (fig. 1). We can define
the Yukawa elements in terms of the Xi; param-
eters [6]; namely,

~ mi;m; .
Vi = V2

where m; and m; are the fermion masses, and
)Z{j are free parameters.

Considering the bounds given by fig. 1, we
explore the decay width for the Higgs. Fig. 4
shows the total width decay for the Higgs boson
with different values for the . — versus the

Xdar —parameter and allowing for tan 8 = 0.4, 1.

200
100
Z 0
tan $=0.4
—100 tan $=0.6
tan $=0.8
tan B=1
-200

-200 -100 O 100 200
Xdd

Figure 1. Constraints for the FC parameters, we
consider my, = 125.7GeV, Br(h — ~7) = 2.27 %
1073, mp = 300GeV and mpy+ = 350 GeV .
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Constraints from the recent experimental results

We consider the recent experimental results coming from [15] for processes: ¢ — ¢ V those processes
are emphasized because they could give evidence for the new physics (see fig. 2).

Figure 2: Feynman diagrams for the processes t — ¢ V, where V = v, Z, g. We considered the
contributions to the FC mediated by scalar bosons.
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Figure 3: This plot shows the Br's for the a) t — ¢y, b) t - cgand c)t — ¢ Z. In all cases we

have considered § = 5 x 102



Constraints over Total Width (naive)
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Figure 4: Total Higgs width decay for different parameter values. We consider several cases for the
Xuuw Parameter. We consider following cases: a) tan 5 = 0.4, b) tan 8 = 1. Plot contains decay

width of Higgs boson given by ATLAS, CMS [9, 7].



Orduz 24

0 We consider the different constraints for the
processes with FC as t — ¢V and ¢t — ch
for constraining the parameter space. We

s generate random values for the parameters:
Xuuw> Xdar» tan B, my . and Br's t— cZ;t =
cy,t > cZ,t — cg,t = ch,h —1ll,h — gZ.

3120

11.5]

11.0]
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........... ~ -
5x10°° 5% 105
2x10°5 2x10°°
T 1x10° 7 1x10°
£ £
I I
5x107° 5x10°
2x10°6 2x10°6
107 10°° 10 0.001 107 10°° 10°° 104 0.001

Brt-cy) Br(t-cg)

(a) (b)

Figure 5: Scattering plot for the parameters tan /3, Xuu’, Xdda’, Mg+ - The figure shows: a) Br(h —

Il) vs. Br(t = ¢y) and b) Br(h — ll) vs. Br(t — cg)



Orduz 26

5x10°° 5% 105
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(a) (b)

Figure 6: Scattering plot for the parameters tan /3, Xuu’, Xda’, Mg+ - The figure shows: a) Br(h —

Il) vs. Br(t — ¢Z) and b) Br(h — 1l) vs. Br(t — ch).
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Figure 7: Scattering plot for the parameters tan 3, xyu/, Xdar, Mmp+. The figure shows: a) x,,, Vs
tg and b) x 4 vs. ts
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01p \ .,’ 4 01t Lo

Br(h—;x;)
Br(h—xX;X;)

0.001

Xdd'

(a)

Figure 8: Br's for different channels versus the FC parameter for the d-type quark. We consider:
a) tan 8 =1 and b) tan 5 = 10, and for both cases x.» = 12.



Orduz 29

tt
Br vs. my “ Ce=m=m ] R
ol - W HE ] 01} -7
) .
) .
. 7
, /
’ 7/
/ /
! 99 | ooot| / 29

0.001+

](
\
\
\
\
\
|
‘: \

\

1 ry < ‘
Fe—— 4z
| ———— I B
| vZ ‘
107 | 1 07 !
| - I
LB ) R I
| T e - [
| 1
w00 R 09t !
Lo -y L Lo i .
500 1000 1500 20 500 1000 1500 2000

Figure 9: a) mpy=
tg =1 x 10.



Orduz 30

FC at two-loop level

We explore the FC at two-loop level (we know about the low contribution)
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For the THDM-III is

iTr Mlhﬂz
My(¢ = V'V) = *(—26)621@2)622 (p3)
256m8mi2 I Py
=1

where the product of the propagators is

6
H P)\ = (qu - Tl)<rq2 - rm)(rpgq_z - rm) X (rq1q2 - 1)(sz;73q1 - rn)(rpsztjz - Tm)
=1

m2 (p,—p,)* _ (at9)? (pitp; +Qk) (Pitp;—ar)?
W'thr_ f’rpp - m3 ,qu - m3 ’Tpqu_ m3 ’Tpqu_ m3
p; is the momentum for the scalar boson, p, 3 are the momentum of the particles in the flnal state

and ¢q; 5 are the momentum for the loops. The tensorial amplitud for the THDM-III is (for the SM
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see ref. [12])

MY = R(my, + 9" Py o )y (P, + Pg)(m,, + 7”213;22;33)7“2(PL + Pg)

(M, +7"245*) (iG1L,, P, + iGr,, Pr) (m; — v"*¢/*) (iGL, P, + iGr, Pr)
(mn + ’YVBPPV;pgfh) (igLnPL + ian PR)

where £ = (—ie)(—ie) and G g are model-dependent complex functions given by (fig. 10a)

m,n,l

. ca gl xl So vkl . ca l ca _yvml _ Sa yml
ng = t,B 1]\4 mo4 \[t Y m o fY m ng — T Mm + wer Bym \/gym
_ _ Ca l Ca *l Sa y*nl _ _ ca pgl Ca Vin _ Sa vl
Gr, = tﬁle”—&-ftY" \/EY" Or, = tgan""ftYn \[Y”
gLn - _ Ca Mnm 4 \/c% Y*nm _ %f/*nm an — Ca an + \/c% Ymn _ %?mn

F. Febres' talk
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Conclusions

1.

2HDM contains a rich spectrum of neutral and charged Higgs bosons, whose detection at
current and future colliders would be a clear signal of new physics.

We have evaluated the generic fermionic contribution to the decays A° — ZZ, Z~,v7,
including its scalar and pseudoscalar vertices.

Considering gauge bosons in the final state and FC inside the loop then we obtain 324
diagrams. The analysis for those diagrams could be awkward so we write down the amplitudes
at two-loop level.

We found some restrictions over for the 2HDM parameters and the behavior for the Br(h —
T,T;) Versus my.

. We showed an overview on Flavor-changing neutral currents. We told about some models

for the new physics (NP). | showed some experimental and theoretical results for several NP
models, and finally we showed some interesting processes with FC at loop level.
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