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Introduction

 The diphoton production rate after Moriond 2013:
ATLAS is higher than SM by a factor of 1.6.
CMS is smaller than SM by a factor of 0.8.
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Introduction

By preforming a model independent global fitting to
the data of ATLAS, CMS, and Tevatron, the observed
126GeV Higgs couplings to SM particles can be
extracted out.

Here, we focus on the 2HDMs with a discrete
symmetry implemented (Type | to IV ). See if the
current data prefers one of 2HDMs or SM.

We consider a general case for 2HDM, which the
observed 126GeV Higgs boson could be a hybrid of
CP-even and CP-odd state.






2HDM

e The general 2HDM (two-Higgs doublet models)
potential:

V = —pf(@]@1) — 13(®18;) — miy(®]@,) — mi3(@a))
+21(®101)% + 2o (@1 8,)% + X5(®121) (01D5) + 14(®] o) (Bl )

A A .
+5 (@102) + TH@L@1)” + As(@] 1) (P]P2) + AG(@]21)(231)

FAr (DL D) (@] 0y) + N3 (@1 D,) (@L®) .

,with the parameterization

‘I’l = qb-li_ » ‘I)g = Eig qﬁ;—
75 w1+ ¢l +iar) | 75 (2 + ¢ +ia2)

5 , arethe
vacuums of each Higgs doublet.

, Vy=VCOS B =VC,, V,=VSInSB=VS




2HDM

* Without charged Higgs H* contributionto H —y —y
. The Higgcision studies of 2HDM can be performed
with 3-parameters:

C.: top scalar Yukawa

C, : top pseudoscalar Yukawa
tang: v, /v, ratio of two VEV

* The mixing between the mass eigenstates h,,, and
the EW eigenstates ¢,,¢,,a is described by an
orthogonal matrix O, :

(¢/1’¢2’a):5 :Oaj (hl’ h2’ hs):
CP even céodd




2HDM

« We identify one of the h,, asthe 125.5GeV
observed Higgs boson H =h . But we did not
specify whether H is the lightest or heavies one.

 The mixing matrix can be expressed by C°,C”,tan 3 :
_< CS _ P.
O, =5,C,, O, =-1,C,;

0, =*[1-s2(CS)* ~t2(CP)* |
(1-¢)
(1-ci)+(ci-c) +(cr)
- where s, =sin 3, ¢, =cos 3, t, =tan g =ratio of two VEV.
/.

- 2
with Sy =




2HDM

 Imposing the discrete symmetry to avoid the Flavor-
Changing-Neutral-Current (FCNC), the Yukawa
coupling:
~Ly = ha TR Q" (im2) 2+ hadr Q" (im2) (— nf &1 — 1§ ©3)
+hy g LT (i72) ( — ?fl O — 77% 52) + h.c.

 The Yukawa couplings of down-type quarks and
lepton can also been expressed by C>,C’,tan 3 .

2HDM1 |C7=Cc2|cP =08 |\ch =-cF|lcf =-CcF

U

2HDM 1T ||Cf = =22 |CF = 22\ OF = 630 | CF = t3C

2HDM MI|| C7 = Cy |CF = 22| Cf = =Cl|Cf = t3C)

OHDM IV | S = 2ai| o5 = ¢S [P = t5C, |CF = =CF




2HDM

i. Back to SM case:

tan g >1
- (0.
O(/&i —0 p Yukawa: 2t {t( S¢2'
s vV
=40, o1 =1 ° /
2
~1 :ﬂﬁh
\Oai %O V :

ii. HVV coupling is almost SM like, but sizable
deviation from SM Yukawa coupling:

tan f <« 1
(0, —>1 a
A h =g Yukawa; T t[oqu' -i-2£0,7,
=+0,, -0 = viLls, s
2 C =~1
V
O, —0




2HDM

N Y(Z)
e The H™ will contribute to 7
H —» —» coupling: t,b,7

A Djouadi, Phys.Rept.457 (2008)1-216

CPeven: S’ =-8.35C, +1.76C; + AS’

CP odd : P” = 2.78C" \_\ |
\ new particles

top Yukawa: pseudoscalar top Yukawa: scalar

W contribution

2 2
r.=MZ2 [4M2,



2HDM

e Overall, we use 4 parameters to study 2HDM:

CS, C°, tan B, (AS/)™

 We cannot say much about the two neutral Higgs
boson in 2HDM, and whether they are lighter or
heavier than 126 GeV Higgs.







e 2HDM, including CP-conserving and CP-violating
case, can be performed by C°, C?, tan g, (AS/)" .

* In the following, we will consider 4 cases:

e CP-conserving (CPC) cases
CPC2: C;,tan
{CPCB: CS,tan B, (AS/)"

e CP-violating (CPV) cases
CPV3: C>,tan 5,C’
{CPV4: CS,tan B, (AS/)",C’




Fits: data

* Totally, we using 22 data points.

 The chi-square value of 22 data points fitted by SM:

18.94=7.89(ry :6) +1.65(ZZ" : 2) +3.700MWW* :5) + 3.55(bb : 4) + 2.15(¢ 7 :5)

 The chi-square per degree of freedom and p-value:

y° /dof =18.94/22=0.86, p,, =0.65




Fits: CP-conserving (CPC2)

e CPC2: the varying parametersare C’, tanf .

2

Fits Type| ¥ x?/dof p-value Best-fit values
cs CP ¢, tan8 (ASHI
I 11839 0920 0.562 0.895 0 1.000 limat 0
CPC2 1II |18.68 0934 0.543 0.963 0 1.000 limat 0
T | 18.44 0.922  0.558 0.892 0 1.000 limat 0
IV |18.66 0.933 0.544 0.965 0 1.000 limat 0

e Chi-square difference among these 4 types 2HDM

are very small. Statistically, the current Higgs data
does NOT prefer any type of 2HDM.

Remind SM: y?/dof =18.94/22=0.86, p,, =0.65
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e CPC2: the varying parametersare C’, tanf .

2

Fits Type| ¥ x?/dof p-value Best-fit values
cs CP ¢, tan8 (ASHI
I 11839 | 0.920 0.562 0.895 0 1.000 limat 0
CPC2 1II |18.68 | 0.934 0.543 0.963 0 1.000 limat 0
T | 18.44 | 0.922  0.558 0.892 0 1.000 limat 0
IV |18.66 | 0.933 0.544 0.965 0 1.000 limat 0

e Chi-square difference among these 4 types 2HDM
are very small. Statistically, the current Higgs data
does NOT prefer any type of 2HDM.

Remind SM: y?/dof =18.94/22=0.86, p,, =0.65




Fits: CP-conserving (CPC2)

e CPC2: the varying parametersare C’, tan g .

2

Fits Type| ¥ x?/dof p-value Best-fit valfies
cs CPl| ¢, | tang (ASHH
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Fits: CP-conserving (CPC2)
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Fits: CP-conserving (CPC2)
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Fits: CP-conserving (CPC2)
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Fits: CP-conserving (CPC2) ;
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Fits: CP-conserving (CPC2)

* If precise and independent measurements of C; and t,
are available in future experiments, one can tell the
phenomenological viability of 2HDM.

e For example: tan8>10 and C’ #1 are measured,
then one can rule out type I, lll, IV models.




Fits: CP-violating

e Next, we consider:

CPV3: C’,tan 5,C’
CPV4: C? tan 8, (AS/)" ,CP




Fits: CP-violating(CPV3)

e CPV3:the varying parameters are C’, tan g, C. .

Fits Type| x%? x?/dof p-value Best-fit values
cS CP ¢, tanf (ASHT
I |18.37 0967 0.498 | 0.867 0.142 0.988  0.840 0
I |18.37 0967 0.498 | 0.867 —0.142 0.988  0.840 0
CPV3 |[II |17.17 [0.904 0578 || 0.476 —0.505 [0.998  0.082 0
IT |17.17 |0.904 0.578 || 0.475 0.505 [0.998  0.095 0
III | 18.41 0.969 0.495 | 0.873 —0.110 1.000 2x107* 0
III |18.41 0969 0.495 | 0.873 0.109 1.000 1.2x107* 0
IV [18.16 0.956 0.512 | 0.806 0.339 1.000  limat 0
IV |18.16 0.956 0.512 | 0.806 —0.339 1.000 1.2x 1074 0

Remind SM: y?/dof =18.94/22=0.86, p,, =0.65




Fits: CP-violating(CPV3)
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Fits: CP-violating(CPV3)
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 Only used parameters C;, C’, tan 8 to define the
Yukawa couplings.

2
e The X differences are too small to claim any
preference of various types 2HDMs statistically.

e The Higgs coupling to gauge boson C, is constrained
to be close to 1. The observed Higgs boson is entirely
responsible for breaking the EW symmetry.




e Future precision measurements of C’, tan B can
provide the discriminating power among types of
2HDM s especially when C. deviates from its SM
value 1.

e Parameters C>, C. are constrained in the shape of
some ellipses. The current Higgs observables are not
sensitive to CP-violating effects.




Thank you !
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