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1. Introduction and Motivations

CMS and ATLAS experiments reported an excess at a center of mass energy of 8

TeV and an integrated luminosity of 19.7 fb~1,
BR(h — ut) = (0.84133%)%  [CMS]
BR(h - ut) = (0.53 £ 0.51)% [ATLAS]

[CMS Collaboration, Phys. Lett. 749, 337 (2015)].

[ATLAS Collaboration], arXiv:1508.03372 (2015)]

Now at 13 TeV , CMS reported that “ THERE IS NOT OBSERVED EXCESS”
BR(h - ut) = (0.761381)%

[CMS-PAS-HIG-16-005].

More data are needed to make definitive conclusions on the origin of that excess.




2. Two Higgs Doublets Model for the
Fourth Generation (4G2HDM)

We can differentiate three types of 2HDM in which the heavy fourth family can be

incorporated, we analyzed the scenario in which ¢ gives masses only to fermions

of the fourth family while ¢, generates masses for all other fermions, in this case
RENLZINN

[ — = o(1).

s 9en|(a?), + (), v ub*

S. Bar-Shalom, et al. Phys Lett B, Volume 709, 3. (2012).

Lo = ﬁgqﬂ] [(gf)ij + (gg’)ij Vs] L9, s
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3. The h - ut Decay at tree level In
4G2HDM

* The amplitude of decay 1s
M = iu,(p,, m;)(A + iBys)u, (pl,mﬂ)

. where, for 125 GeV Higgs boson, we have at tree level

A= 2 gua(gl"), where gy = e, e,

B 1s obtained by changing the factors g € —ig{; 0

=

tanf Br(x—0.1)[%] Br(x - 0.01)[%]
°

1 117 x 1074 1.17 x 1076

* We have chosen: 2 1.83 x 10~ 1.83 x 1076
A 3 3.25 x 10~ 3.26 x 1076
24;124*T = 1073 4 5.29 x 107+ 5.31 x 107

5 7.92 x 10~ 7.95 x 1076
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Triple Scalar Couplings - ¢
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* The scalar trilinear couplings have the form |
1 ‘ ‘ _
Ag+H-n = 5 [(EMQ — Em%;i. — '.rnﬁ) 83—a+2 (MQ — f'ﬂﬁ) cnt?,{:fﬁ'ﬁ_ﬂ] .
1 ‘ ‘ :
Aqan = B [(2_-1-!3 — :Zm-% — mﬁ) 85 o t+2 (_MQ — -m-;?-t) ::01:.2;5(.'}3_(_1] .
AHHR = % [(EM 2 _om3 — }':1;?'1) H%_a + 2 (SM 2 _om; — -m.%) cot2fs3-ali-a

— (4_-1-! 2 _omy — }'Jli) 3.
S. Kanemura, Y. Okada, and E Senaha. Phys. Lett. B606, 361 (2005).

M describes the soft breaking scale of the Z, symmetry, we
have fixed this scale through

VAv2 = \/mé — M?




4. The h — ut Decay at one loop In
4G2HDM

o Si=ip = HY AL thel gt = 11234 b

in this case

2 1 1-x
A= d gd’z f f E(x, y)dxdy
16rnthW x=0Yy=0

where the function E(x, y) is given by

(99)ia(99)ia (=re, + rix +759) + (99)ia(95) ja (re, + riz + 139)
Tjg.»y? _|_rf*;:c —(z+y— 1);‘?4 + (r% _ 2 _|_r?(;r — 1)) y+riz(z+y—1)

E(z,y) =

* The form factor B is obtained by changing the factors

(99),(97),,—(97) ,(s2),

(68),, (62),, = (40),(s5),,
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Figure 1. Branching fraction as a function of the leptons mass of the fourth
family for my+ = 1000 GeV. tanf = 1 (blue line), tan f = 3 (black line).
In this plots we have fixed x = 0.1, VAv= = 400 GeV.
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Figure 2. Branching fraction as a function of the charged scalar’s mass for
m,;, = 100 GeV. The horizontal line shows the branching of decay at tree
level. tanff = 1 (blue line), tanf = 3 (black line). In this plots we have

fixed x = 0.1, VAv? = 400 GeV.
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Figure 3. Branching fraction as a function of the Left. leptons mass of the fourth

family for my+ = 1000 GeV. Right. charged scalar’s mass for m;, = 100 GeV

I' =4.07 MeV (black line), I' = 13 MeV (blue line). In this plots we have fixed
tanBi=1 o =0 A2 =400 Gall

I ~4.07 MeV. SM prediction.

I < 13 MeV [CMS-HIG-14-032 (2016)].




5. Conclusions

1. The fourth family of fermions has not been completely

ruled out and may well be accommodated in a two Higgs
doublets model.

2. Although h — ut decay could take place at tree level,
the contributions of the fourth family can improve the
respective branching ratio.

3. Our best results for the branching fraction can be for
heavy charged leptons of the fourth family and the limit
for the product of mixing matrices, which is very small.




