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Two Higgs Doublet Models
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The SM quantum number for the doublets
THDM

cl>1,2 ~ (1) 25 1)

Yukawa couplings = Different types (type-l,-Il,-I11).
Scalar potential = CPC or CPV
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General 2HDM potential

Given ®; and ®, two complex SU(2), doublet scalar fields
with hypercharge-one, the most general gauge invariant and
renormalizable Higgs scalar potential is
1
Vo= mhofor+ m30 0, — [mhof & +hel £ oM (b7 p)°
1 2
522 (O3 ®2)" + A3 (67 B1) (O3 B5) + Ag (61 D) (65 1)

1
+ 5/\5 (q)fq)g)z + X6 ((Df(bl) (C])f(bz) + A7 (C]);C])z) (¢T¢2)
+ h.c],

where m%l, m%z and A1, A2, A3, A4 are real parameters and in general
mfz, A5, Ag, A7 are complex parameters.

Jose Halim-FESC UNAM FCNSI



FCNSI

Jose
Halim-FESC
UNAM

THDM

General VEVs

®; and ®; are two complex SU(2), doublet scalar fields with
hypercharge-one. The most general U(1)gp-conserving
vacuum expectation values are

w-5(2)

@2 =5 (e )

where v1 and v, are real and non-negative, 0 < [£| < 7, and
vZ=vi+ 2= 4M = (246 GeV)?.

We set £ =0
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Mass and Mixing Matrix

After some steps, the mass matrix for neutral scalar fields is

2 _
Miz =
2 _
Mz =

S,
VM + v+ %Re (363 As — 3 A7)],

c
v2[5§ A2 + C[% v+ ﬁRe (—Cé A6 + 355 7)1,

1
v2Re[-As + v —
2C555

v?[cgss(Re Agas — v) + 3Re (cé X6 + sf; A7),
—%V2IH1 [Sﬁ )\5 + 2C5 )\6],
—%vzlm [ca As + 255 A7),

(c5 X6 + 55 A7),

with MJ2’ = Mi and Azz5 = A3 + M\ + As.
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Mass-eigenstates

The fields have been written as

d) = 1 ¢i’> . ¢2: 1 ¢; .
A sutmtixa) ) Hletm+ixe) |

All three neutral states will then mix, with the physical Higgs
particles h; related to the weak fields n; by

h o 5162 2 m

hy | = —(asss+sic) <G —s583 S 2

h3 —C15C3 + 51C3 — (C151 + 5152C3) CC3 73
where 13 = —x1 sin 8 + x2 cos 8, ¢; = cos «;, s; = sin«; for
—5<a12<7%,,0<a3 <5 and my, < mp, < my,.
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Yukawa couplings

FCNSI For the Yukawa interactions between fermions and scalar fields,
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THDM LYukawa = Z Z (qL, aij (D URJ +q qL: y£f¢ dR_j
ij=1a=1

+10: Y63 + h. c)

where Ya”’d’/ are the 3 x 3 Yukawa matrices.
After getting a correct spontaneous symmetry breaking the
mass matrices become

1 1
Mu’d’l = ﬁvl Yluydyl + $V2 qude)

where Yf V’rYO’r (Vf) for f = u,d,|.
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Flavor Changing Neutral Scalar Interactions

The Yukawa interactions between neutral Higgs bosons and
quarks are

LNeutral = VCOSﬂ Z ul AkPL + AkPR) thk

7 d *
Vcosﬁ %: diMg (AxPL + AxPR) d;hx

COSﬁ Z l_l,'Y,-JL-I (BkPL + B:PR) Ujhk

Zd (B PL + BiPr) djhy,

where

Ac = Rii—iRkssin B,
By Ry2 cos B — Ryysin B + iRys,
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Rare top decay

FCNSI The relevant contributions for t — ¢
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Figure: One loop Feynman diagrams with Higgs boson in internal
line, (a) flavor changing neutral scalar contribution, (b) and (c)
charged contributions.
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Rare top decay cont...

FCNSI If only the dominant contribution of the FCNSI is taken, partial
T width is
Halim-FESC
AN M(t—cy)
GEm?m, [ R R )
= fL (mg) ALBy + f> (my) AcB
Rare top 1927-(-5 COS4BSin2 0W Z | 1( k) k Pk 2( k) k /<|

decay

|5 () AxBi + o () ALBi ]

We have used the Cheng-Sher Ansatz Yj ~ Y.

The functions f; » are defined as

1—x x(x+y—1
fi (my) = /dX/ - )
x2+xy7 27mk)x+1

s (x—1)
@)= [ o [y _ :
0 0 x2+xy7(27mi)x+1

with m; = ’"h,-/mt-
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Branching ratio

FCNSI The branching ratio can be written (I'top ~ 1.6 GeV) as
_Jose r t —
HQGI'I\:—AF'\EISC BI‘(I‘ — C’}/) ~ (rtcr}/)’
op
_— m Case tanf =5, My, = 125 GeV, Mp, p, > 600 GeV (a3
foy independent),

. Br(t—>cy)
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Current LHC Limit

el The limit is reported as Br(t — ¢y) < 5.9 x 1073 *
Jose

Halim-FESC Br(t>cy)=5.9 x 1072
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*PDG, Chin. Phys. C, 38, 090001 (2014)
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Expected LHC Limit
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In a good approximation

Regions for a; and ap from 0.5 < R, < 2 with my+ = 300
GeV and tan 8 = 2.5 [L. Basso, et. al., JHEP 1211, 011
(2012)]:

Ri ={-139< a3 <-12 and —0.13 < ap <0},

« —0.06]
<]

-130 -125 -1.20

a

-1.35
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e R, ={1.16 < a3 <15 and —0.48 < ap < —0.1}.

Rare top
decay
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"Final” remarks
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m Br(t — cy) ~ 0(10719) in Standard Model.
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m More precision (work in progress).
Final remarks

m Experimental constrains and to including other processes
(work in progress).

m 2HDM could be a source for FCNC and CPV.
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Final remarks Th a n k yO u
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