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Abstract:
metries, we analyze the effect of corrections from exotic fermions and scalars on the oblique parameters S, T', U.

In an extension of the standard model, where baryon number and lepton number are local gauge sym-

Because a light neutral Higgs ho with mass around 124-126 GeV strongly constrains the corresponding parameter
space of this model, we also investigate the gluon fusion process gg—hgo and two photon decay of the lightest neutral

Higgs ho—vyy at the Large Hadron Collider.
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1 Introduction

The main physics goals of the Large Hadron Collider
(LHC) are to understand the origin of electroweak sym-
metry breaking, and to search for the neutral Higgs bo-
son predicted by the standard model (SM) and its var-
ious extensions. Recently, ATLAS and CMS have re-
ported significant excess events that are interpreted to
be most probably related to a neutral Higgs with mass
My, ~124-126 GeV. This implies that the Higgs mech-
anism of breaking electroweak symmetry possibly has a
solid experimental cornerstone.

The oblique parameters S, T, U [1] are extracted
from electroweak precision data (EWPD) observations
that probe the radiative corrections with sufficient ac-
curacy. A light neutral Higgs with mass 124-126 GeV
also affects the theoretical evaluations of the oblique pa-
rameters S, T', U through loop corrections to the gauge
boson propagators, which contain the neutral Higgs as
a virtual field. In extensions of the SM, the corrections
from the exotic fields to the gauge boson propagators can
be expressed in terms of shifts of the parameters S, T,
U [2].

A broken baryon number (B) conservation can ex-
plain the origin of the matter-antimatter asymmetry in
the Universe in a natural way. The heavy majorana neu-
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trinos contained in the seesaw mechanism can induce the
tiny observed neutrino masses [3] to explain the results of
neutrino oscillation experiments. Hence, the lepton num-
ber (L) is also expected to be broken. In Ref. [4], two
extensions to the SM are examined, where B and L are
spontaneously broken gauge symmetries around the TeV
scale, while Ref. [5] also investigates the predictions for
the Higgs mass and the Higgs decays in a supersymmetric
model named BLMSSM, which is a minimal supersym-
metric extension of the SM (MSSM) with local gauged
B and L. Within the framework of the first extension of
the SM with spontaneously broken B and L [4], we ana-
lyze the gluon fusion production and then decay into two
photons of the Higgs with mass my,,~124-126 GeV. Ad-
ditionally, we also investigate the corrections from exotic
fields of the oblique parameters S, T', U.

This paper is organized as follows. In Section 2, we
briefly summarize the main ingredients of an extension of
the SM where the baryon and lepton numbers are local
symmetries, we then present the mass squared matrices
for the neutral Higgs sector. Inspired by the new results
from the ATLAS and CMS collaborations, in Section 3
we study in great detail the Higgs production through
gluon fusion, followed by the decay of the Higgs boson
into two photons. We discuss the constraints on the pa-
rameter space from the oblique parameters S, T, U in
Section 4. Our conclusions are given in Section 5.
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2 An extension of the SM where baryon
and lepton numbers are local gauge
symmetries

When baryon and lepton numbers are local gauge
symmetries, one can write the gauge group as SU(3)c®
SU(2),eU(1)y®@U(1)g@U(1)L. In the first extension of
the SM proposed in Ref. [4], the exotic particles include
new quarks Qp,, ug, di, new leptons lj , v, e and three
scalar singlets Sg, S, S along with a scalar doublet .
The Yukawa couplings are written as

Ly = { 23: (Vo)1 QLA w+(Y) 1 QLH A

,J=1

HYLQLQE S+ Y (V)i Qudud+(Ya) QL ody

I=1

3
+hC}+{ Z [(YV)IJ-Zi‘HVi{—"(YE)IJ-ZiHe]‘]{]

I,J=1

I'T! TIC 1 : —I,c gx*
+YELLLL SL+§ Z ()\a)jjl/l{{7 SLVI{

I,J=1

I=1

+i(Ab)Iﬂ§’CSLug+h.c.}. (1)
The scalar potential is generally given as follows:

—Ls = mjyH H+m5 ¢ ¢+m3 SiSe+m3 SiSy,
+mgS™ S+Auu(H H)(H H)+ X (6'¢) (6 0)
+Aes(S558) (S5.58)+Are (S7.51) (S15t)
+Ass(578)(5*8)+Aug (H H)(4'9)
+up (H'H)(S5S8)+Auc (H'H)(S1,Se)
+Aus(H'H)(S™S)+Xp(¢"¢) (S558)

FAo1 (07 0)(SL.SL)+Aes (67 0)(S*S)
+ AL (S558) (S1.5L)+Ass (S5.55) (5*5)
+ALs(SLSL)(S™S)+ Ny (H'9) (¢ H)

When the SU(2)., doublet H and SU(2)y, singlets Sg, St
acquire the nonzero vacuum expectation values (VEVs)

v, UB,La
G+
H = 1
E(U_FHO_'_IGO) ’
S = L S2+HGY
B = E(UB‘F pTiGR),
1 0 | :0
SL = _(UL+SL+1GL)7 (3)

V2

the local gauge symmetry SU (2).@U (1)yQU (1)U (1)1,
is broken down to the electromagnetic symmetry U(1).,
where G, G°, G and G? denote massless Goldstone
bosons. Correspondingly, the mass terms for the neutral
Higgs are formulated as

H,y

L=y (Hoo S, 80 )i | S5 |, @)
SP

where the symmetric 3x3 mass squared matrix m2py is
225quv? AUV AnLUUL

Mmeépe=| Ausvvs 2Xspvi AsLvsvn |- (D)

2
)\HL’U’UL )\BLUB Uy, 2)\LL’UL

Through the orthogonal 3x3 transformation matrix Zcpg,
the mass squared matrix mgp;, can be diagonalized as

ZéppmppZore= (m?{tl)u milg7 milg ) ) (6)
where Mo =My, ~125 GeV.
In a similar way, we can write the SU(2);, doublet ¢
and the SU(2)y, singlet S as

¢+
"\ F(orriar) | .
S= % (sa+ist).

Since the local gauge symmetry SU(2)®U (1)yQU (1)p®
U(1), is broken down to the electromagnetic symmetry
U(1)e, the terms in square brackets in Eq. (2) induce
mixing among the neutral scalar particles ¢%, ¢?, S3,
Sy, and the mass terms are written as

Pk

1 SO
_‘Ciasszi( (12{7 Sl(’){’ ?’ Slo)méPM ¢§ , (8)

i

St

with the symmetric 44 mass squared matrix mgp,, being
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m VAR
V20R(11) mE+2v20sR () 0

mMepym =

0 0
—V203()

We also diagonalize the mass squared matrix m2p,,
through the 4x4 orthogonal rotation Zcpwy:

ZgPMméPMZCPM: ( mfp?v m<1>g 7m<1>g 7m<1>2 ) . (10)
Similarly, the mass for the charged scalar ¢+ is expressed
by

1 1,
mii:imi_i oV’ (11)

Since the field ¢ does not get a nonzero VEV after the
electroweak symmetry is broken down, there is no mass
mixing between the exotic quarks and the SM quarks.

In the left-handed basis (v{, v/, vi, vg©), (I=1, 2,
3), the mass matrix for neutrinos is given by the 8x8
matrix

M, = Oss (MD)3x5 ) (12)

(5)..., (n)...

Here, the 3x5 matrix Mp is written as

MD:<03x27 %(YV)“> (13)

and the 5x5 matrix My is

v
0, — Y, 0
\/5 1x3
v % UL *
e A S Ul BT

UL uL

O3><15 ﬁ(AE)lea ﬁ

By integrating the heavy freedoms out, we get the fol-
lowing mass matrix for three light neutrinos:

Aaxs

M, =—Mp M M, (15)

which is diagonalized by the Pontecorvo-Maki-

Nakagawa-Sakata matrix Upyns
Upnins My Upnns =diag(my, ,my,,my,).  (16)

Meanwhile, the Majorana mass matrix My is similarly
diagonalized by a 5x5 matrix Zy

ZEMNZN:diag(le ,mNQ,mNS,mN4,mN5). (17)

—2v/2053(p2)

0 —ﬁv%(ul)

—2v20p 3 (112)
m, o —VERGa)

—V20R(11) mE+2v20R ()

'3 The gg — hg — yy process in gauged

baryon and lepton numbers

At the LHC, the Higgs is produced chiefly through
gluon fusion. In the SM, the leading order (LO) contribu-
tions originate from the one-loop diagram, which involves
virtual top quarks. The cross section for this process is
known as the next-to-next-to-leading order (NNLO) [6],
which can enhance the LO result by 80%-100%. Fur-
thermore, any new particle that couples strongly with
the Higgs can significantly modify this cross section. In
the extension of the SM considered here, the LO decay
width for the process hy—gg is given by (see Ref. [7] and
the references therein)

GFaimﬁo |(Zcrr
64+/273
+A1/2 (It/ )+A1/2 (Ib/)

I'xp(ho—gg) = i }A1/2(55t)

as)

where z,=m; /(4m?), a=t, t', b’, and the loop function
A is defined as given in the Appendix.

The Higgs to diphoton decay is also obtained from
loop diagrams. The LO contributions are derived from
the one-loop diagrams containing virtual charged gauge
bosons W* or virtual top quarks in the SM. In this
model, the additional charged scalar ¢* and exotic
fermions t’', b’, T’ contribute corrections to the decay
width of the Higgs to diphoton at LO. The correspond-
ing expression is written as

2,3
Gramy,

Inp(ho—yY) = ——a0
we(lo—vY) = o

4
(ZCPE)H <§A1/2 (CCt)
4 1
+_A1/2 (.Tt/ )+_A1/2 (.Tb/)
3 3
+A1/2 (I'r/ )+A1 (Iw)>

2 o2
8Miy Siv

D) <)\H¢(ZCPE)11
ot

e2m

v
+?BA¢B (Zcpg)21

* (19)

v
+?L)\¢L(ZCPE)31> Ag(zgt)

the concrete expressions for the loop functions Ay, A;
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are given in the Appendix. tests also strongly constrain the mass spectrum and rel-
The Higgs discoveries from both the ATLAS and  evant couplings.
CMS experiments have observed an excess in Higgs pro- Here, we adopt the definitions of the oblique param-

duction and decay into the diphoton channel, which is eters S, T, U given in [1, 11]:

a factor of 1.4-2 times larger than the SM expectations. 2 2
1I. —1I135(0) II. —113q(0
The observed signal for the diphoton channels is quanti- S = 167t{ a9(m) — s )— s(mz) —Isq(0) },

2 2
fied by the ratio 11(0) HmZ( ) mz
11 0)— 33 0
_ Ixe(ho—gg)Ixe (ho—yY) 9 T=dn m2s? 2’ (22)
YOI (hg—ge)Ispm(ho—yY)’ (20) ZOWEW
S ST U = 167 11,1 (m3)—111,(0) _Haa(m%)—nw(o)
where we assume that all exotic fields are heavier than N ms m3 ’

the lightest Higgs hy. The current value of this ratio is

where sw=sinfyw and cw=cosbw with the Weinberg an-
as follows [8, 9]:

gle Oy defined at the energy scale y=mgy. In the above

ATLAS: R,,=1.90+0.5, definitions, IT;; and Il33 are the vacuum polarizations of

CMS: R, =1.5640.43, isospin cgrrents7 and II3q is the vacuum polarization of
one isospin and one hypercharge current.

ATLAS+CMS: R, =1.7140.33. (21) By comparing the measurable electroweak observ-

Note that the combination of the ATLAS and CMS re- ables with the theoretical predictions, one finds the fitted
sults is taken from Ref. [10]. values [12]

AS = S—Sg=0.04£0.10,
4 Corrections to the oblique parameters AT = T—Tap=0.0540.11, (23)

A common approach to constrain physics beyond AU = U=Usu=0.08+0.11.

the SM is to use global electroweak fitting through the As mentioned above, there is no mass mixing between
oblique parameters S, T, U [1]. In the SM, electroweak  the exotic quarks and the SM quarks. The corresponding
precision tests imply a relationship between my,, and ms. corrections to the oblique parameters from exotic quarks
In the model considered here, the electroweak precision | are
L) p—a(l—z)mi  3m} [ L—a(l—z)mZ 3mi [ 2—a(l—z)m3
ASq = = deaj(l—z)lnmz z( a:)mzz_ m; J daln il 5 Dmy mz J dxmw 7
| Jo mZ—z(l—z)mi 2m3 ), mZ 2m3 ), mi,
3 2 Z+(1—z)ymi, mi [ L+ (1—2z)mi,
ATy = ——2 )T J dmmw—fmﬁ—gj dar(1—a)n S AZ0)miy {
Ansyyew | Mz Jo My mz Jo My
Lf.r 2 4 (1—2)m2, —a(1—z)m2)?
AUy = = 3J dzz(l—2z)ln o, + (L =2)my, —a(1—)m)]
| Jo [md —z(1—z)m][m}, —x(1—z)m3]

mi, ) In zm2 +(1—x)md, —z(1—z)m2,

1 m2
-3 d S (1) 2
J, o (im0 T wnd 4 (1—a)m,

3m?, lrd:clnmfl_z(l_z)m% 3771%/ Jldxlnmf,/—:c(l—x)m% } (24)

2 2 o 2
2my Jo my 2my Jo My

Here, my, and m,, denote the masses of the charged —1/3 | the exotic charged leptons and the SM leptons. Ignoring

exotic quark b’ and the charged 2/3 exotic quark t’, re-  the tiny mixing between the left-handed neutrinos and

spectively. heavy majorana neutrinos, we write the corrections to
In a similar way, there is no mass mixing between  the oblique parameters from exotic leptons as
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! 1 m, my,
ASL/ = — Z ZN 11 11 ZN)l](Z ) —§J' dx Im2‘+(1—.'17) m2

zy 1 0 VA Z
xmzNi+(1_z)m2Nj_I(1_z)m% m2, " m2, —x(l—x)m32
X In 3 5 -5 | dtlh—5——=
am, +(1-z)mg, 2m2 ), m2,
1 am? +(1—x)m? —x(l—x)m
J'dx:v(l—l‘)ln all (2 ma, (2 s ;
0 m2, —x(l—x)m3
1 > m3. xmZ +(1—z)m?,
AT/:_i Z ZZT’L Z ZT ) Nszl N; T
L st 3, ”2:1( )16 (2% i1 (Zn) 15 ( N)Jl{ w2 |, x nxmﬁ,i—l—(l—m)mzNj
2 zmi +(1—x)m?,
m; J' dz(1—z)In —= (2 ) ,
mz Jo mT/
m2, m2, —z(l—x)m3
AU, = — Z (Zn)1:(Z5) 1 (Za)r (ZE) 14 = J dzIn (2 )™y
zy 1 2 ZJo me
1 xm? +(1—x)m?2, —x(1—z)mz]?
+J' dzz(1—z)Iln S [wmy, 2( Jmz g 3 2 -
0 (zmk, +(1—z)m} , —x(1—z)my)(m3, —x(1—z)m3)

2

! my. 2, zm? +(1—z)m2 —x(1—x)m;
—J' dx(:v 1\;—l—(l—aL‘)mT )111 N ( ) ( Jm

o m3 m3 rmg, +(1—x)m?
1 m2 m2 am? +(1—x)m? —x(1—z)m2
—I——J dz| z I\;l +(1-x) 1\;1 In— ( 5 i, (2 Jmz . (25)
2], m2 m2 ami, +(1-z)my,
Here, the 5x5 unitary matrix Zy is the mixing matrix for heavy majorana neutrinos, my, (i=1, 2, ---,5) are the

corresponding masses of the heavy neutrinos, and m.. is the mass of the charged exotic lepton T'.
Since the radiative corrections to the self energy of gauge bosons originate from three C'P-even Higgs (ho, HY,
HJ), the corresponding contributions to the oblique parameters are given by

3

1 1 *ma+(1— J:)mH0 1 . mf{g *ma+(1— J:)mH0
ASy = 7T[Z(ZCPE)“{§J'Odgcac(1—9u‘)ln 3 J' dz 1—5—(1—1') o In ,

i=1 mz 0 xmz+(1- x)mHo

3

1 ! x mgo ) amy+(1—a)mi
ATy = WZ(ZCPE)i{_de <1—§—(1—z) 2m%> In mZ

c
WEW =1

1 z myo xmiy+(1—z)mo
d (1——) 2 _(1—z)—% |1 c\
—i—L :E( 5 )W ( x)2m% n w2

3

1 1 m2 *mz+(1—-x)m2, z?mz+(1—x)m?

AUy = ;[Z(ZcpE)M{ J dz <:E +(1—x) ?)hﬂ . 5 e —J' dzln - i
m

HY

i=1 0 xmz+(1—x)m3,

10 mio zmy+(1—x)m?, mio zmiy+(1—z)mio—z(l—x)m
—§J dz <I+(1—x) mH;)ln z 3 H?+J' dz (1—%)03\,—(1—@ ng In—~

xmw—i—(l—x)mHo
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xmi,+(1—z)m

dzz(l—z)ln

10
3

Here, we adopt the notation H? to represent the lightest neutral Higgs h,.

and ¢* to the oblique parameters are formulated as follows

(26)

m

2o—z(l—z)m3 }
21 :
z

In addition, the contributions from ®?

1 4 1 m2, m2o xmio+(1—z)m?2,—x(l—x)m3
AS, = — Z 2 (Z 2 —J d 4 (1— 21 : 2
¢ 271{_2;( opu )il CPM)SQ[ 0 I\t m3 +(1-2) m3 " xm2o+(1—x)m2,
, i J
—rd:v:c(l—x)lnxmé?—i—(l_m)mi?_w(l_gj)m% +m2 Jd I mi s —z(1—x)mj
0 mii—z(l—z)m% mz Jo mii ’
1 1 m2, (! ami . +(1—x)mie mi, 1 xmyo+(1—x)m3 .
ATy = ———< — [ 4 A+ (Z 22} ¢ J dzzln Ly —t J dzzln g
¢ 8ns%vc%v{ 2| Gornlict (Zermlis| | | T g |, ni,
4 1 m2, m2o xmio+(1—z)m3,
+;(ZCPM)M(ZCPM) J'de <I m%I —I—(l—l‘) m%] ln mé? J ,
1 = 1 m2. mi, ami s +(1=z)mio —z(1—z)m
AUy = 58 =" [(Zors)ii+ (Zorn)i Jd (1) — |1
¢ 27‘[{ ; (Zera)iit(Zern)s l o o\ ms +{1-z) ms . xm¢i+(1—m)mq)o
2
1 amiy . +(1=z)mio—x(1-z)m ! Mg Mo
+§J dzz(1—z)ln CE(l ppe +Z Zopm)ti(Zepm)i; J de| z 2 > +(1-2) mzj
0 my . —z(l—x)mj > 0 z z
xmq)o—l—(l z)mio—x(l—z)m3 n xmlo+(1—z)m2o—z(1—x)m3
| dzz(l—x)1 - :
o xmq)o—l—(l—z)mfpo L vz(1-2) nxmio—l—(l—z)mii—z(l—z)m%
i ki i
! wmigo+(1—z)mio—z(1—z)mj mi m2 . —x(l—z)m3
+J dzz(l—2z)In jl (Z] > |+ Jd In Mo (2 Jma . (27)
0 ami s +(1— )mq)?—:v(l—m)mz mi J, m? .

5 Numerical analysis |

As mentioned above, the most stringent constraint on
the parameter space is that the 3x3 mass squared matrix
in Eq. (5) should produce the lightest eigenvector with a
mass my,, =125 GeV.

In order to make the final results consistent with this
condition, we require the self coupling of the Higgs dou-
blet to satisfy

; (28)

)\HH:

A
B

where

A=ms —2 {/\BBU%-F/\LLUE} mi + [(4ABBALL—A2BL)U}§UE
v UR N 0?0 i 2 A A+ A X
_)\HB/\HL/\BL}UQUE;UEu

B = 20° [mﬁ —2(>\BBU]23+/\LLUE)ml2m

+(4>\BB)\LL_A2]3L)U]23UE:| . (29)

The present experimental lower bounds on the fourth
generation charged lepton T’, up-type and down-type
quarks t" and b’ at 95% C.L. are m. >100.8 GeV,
my >420 GeV and my >372 GeV, respectively. The
fourth generation qualxrks t" and b’ acquire nonzero

masses My = My, = —C;UB when local U(1)g symmetry

is broken. In addition, the charged leptons of the fourth

YE
V2
local U(1);, symmetry is broken.
However, there are too many free parameters in the
model considered here. In our numerical analysis, we
adopt the assumption on the parameter space

generation T/ obtain nonzero masses m. =

My = My =My =Mg,

)\LL:OS )\HL:)\BL:)\HB:)\Npu
Apr = ApB=Apr.=Ayp;

(30)

)\BB

to decrease the number of free parameters in the con-
cerned model. Furthermore, we assume v < vgp,
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(Ma)sxs=diag(A., Aa, Au), and choose the hierarchical as-
sumption on Yukawa couplings ‘(Yv)”’<<|YV’| ~ Ao~ A
(I, J=1, 2, 3) to obtain our final results. Applying the

assumptions above, we obtain the majorana mass for the
lightest exotic neutrino N; to be

AaY
AL

Of course, we need this mass |

U2

v \/§UL
with A2 =X} +A2 +AF,.

)

to be greater than my/2 in order to be consistent with
the measured Z-boson decay width. The masses of other
heavy majorana neutrinos are

Up UL

Aas —= (A=Aa),
<\f V222 2\F
for i=2, 3, 4, 5 and A=,/ 2+4)\2.

Correspondingly, the 5x5 mixing matrix Zy is ap-
proximated as

L (At )> . (32)

1 )\aYV*U_ Av, YU Ab, YU Ap YU
’ )\EUL ’ )\EUL ’ )\EUL ’ )\EUL
AY U RNVATDW A=\,
) 07 Oa —1 )
)\%’UL 2A 2A
o RS A V2, V2, (33)
N Mo, T SN AL, ’ \//\§1+/\§2’ VAN A ATZN A
)\bZK,*U i\/i)\b2 \/5)\}32
T T2 . 07 Oa ’
ALuL VAHN AT AN A
R Ao, Ao, V2, V2,
ANoe T NN VRN, VAN A VAN A
For the relevant parameters in the SM, we take [13] | 20 . | -
au(my) = 0118, a(m,)=1/128,
sw(mz) = 0.23, m,=174.2 GeV, myw=80.4 GeV. (34)
5.1 Numerical results of R,
S5 .
Under our assumptions of the parameter space, the =
theoretical prediction of R,, depends on six parameters
in the model: mp, my+, Anp, Ayp, s and vy,. Taking
My =500 GeV, Ayp=0.5 and A = —0.5, we plot the
variation of R,, with the mass scalar of exotic fermions
My, as shown in Fig. 1. The dotted line corresponds
to vg = v, =500 GeV, the dashed line corresponds to 1.0 ! ; ;
vg = v,=1000 GeV, and the solid line corresponds to S0 o) Al 1200 1500
vg = v, =1500 GeV. In general, the ratio R,, depends mylGie¥
very weakly on the mass scale mp, and the value of R, Fig. 1. Variation of Ry, with the mass scale of ex-

is about 1.8-1.9 when 500 GeV<vg=1;,<1500 GeV.

In Fig. 2(a), we plot the variation of R,, with the
VEV vy, when my+ = vg =500 GeV, A\yp = —0.5 and
Anp=0.5. The dotted line corresponds to mr =500 GeV,
the dashed line corresponds to mp =550 GeV, and the
solid line corresponds to mp=600 GeV. The dependence
of R,, on vy, is relatively sensitive for vy, <600 GeV, and
is weak for vy, >600 GeV. Since the dependence of R,
on mr and vg is very weak, the three lines almost coin-
cide with each other. In Fig. 2(b), we plot the variation
of R,, with the VEV v;, when mp=mg+ =vp=>500 GeV,
Anp 0.5. The dotted line corresponds to Axp = 0.5,
the dashed line corresponds to Ayp =0, and the solid line
corresponds to Axyp = —0.5. Generally, there is a weak
dependence of the ratio R,, on vy,.

otic fermions mr when mg+ =500 GeV, Anp=0.5,
Ap 0.5. The dotted line represents vgp
vr,=500 GeV, the dashed line represents vgp
vr,=1000 GeV, and the solid line represents vg
vL,=1500 GeV.

In Fig. 3(a), we show the variation of R, with the
VEV vg when my =v,=500 GeV, Axp =0.5. The dot-
ted line corresponds to Ayp = 0.5, the dashed line cor-
responds to Ayp =0, and the solid line corresponds to
Axp =—0.5. The dependence of R,, on vg is relatively
sensitive for vg <600 GeV, and is weak for vg >600 GeV.
In Fig. 3(b), we show the variation of R,, with vg when
mp=v1,=500 GeV, A\p=—0.5 and Axp=0.5. The dotted
line corresponds to mg+=1500 GeV, the dashed line
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Fig. 2. Variation of Ry, with the VEV v, when

mgy+ =v=500 GeV, Ayp =—0.5. In (a), Anp=
0.5, the dotted line corresponds to mr=>500 GeV,
the dashed line corresponds to mr=550 GeV, and
the solid line corresponds to mr=600 GeV. In
(b), mrp=500 GeV, the dotted line corresponds to
Anp =0.5, the dashed line corresponds to Anp =0,
and the solid line corresponds to Anp=-—0.5.

corresponds to my+=1000 GeV, and the solid line cor-
responds to mgy+=500 GeV. Generally, there is a very
weak dependence of the ratio R, on vug.

Choosing vg = v,=500 GeV, A\ p = —0.5, Fig. 4
presents the variation of the ratio R,, with Ayp.
The dotted line represents mp =500 GeV, mgy+=
1500 GeV, the dashed line represents my =550 GeV,
mge+ =1000 GeV, and the solid line represents myp =
my+=500 GeV. As Ayp increases, R,, changes dras-
tically and can easily coincide with the present exper-
imental data, as —0.5 < Ayp <1.0. Choosing my =vg =
v,=500 GeV, and Ayp = —0.5, Fig. 5 shows the ratio
R, versus my=. The dotted line represents Ayp =0.5,
the dashed line represents Ayp = 0, and the solid line
represents \yp = —0.5. For A = 0, there is a slight
dependence of R,, on the mass mg+. When A p==0.5,

2.0 T T T
=15 F .
S
(a)
10 1 1 1
300 600 900 1200 1500
2.0 T T T
~15F 4
=
(b)
10 1 1 1
600 900 1200 1500
Vs/GeV
Fig. 3. Variation of R,, with the VEV vg when

mrp = vL=500 GeV, Axp = 0.5 for: (a)
mg+ =500 GeV, where the dotted line corre-
sponds to Ayp =0.5, the dashed line corresponds
to Axp = 0, and the solid line corresponds to
Ap=—0.5; (b)A\yp=—0.5, where the dotted line
corresponds to mg,+ =1500 GeV, the dashed line
corresponds to m g+ =1000 GeV, and the solid line
corresponds to m g+ =500 GeV.

R, decreases steeply as mg+ increases.

In Fig. 6, we plot the variation of the ratio R, with
Mp When mp =vp=v1,=500 GeV and Ayp=—0.5. The
dotted line represents my+=1500 GeV, the dashed line
represents mg+=1000 GeV, and the solid line represents
my+=500 GeV. The dependence of R,, on A\ is strong
when mgy+=500 GeV but weaker for higher values of
M.

Generally, the ratio R,, depends strongly on the pa-
rameters Axp, Ayp and mgy+, and depends weakly on vg,
vy, and mp. These numerical results can be reasonably
explained from Eq. (18) and Eq. (19), where A\yp affects
theoretical predictions of R,, through the 3x3 mixing
matrix Zcpg, while Ap and my+ affect theoretical pre-
dictions of R,, through the last term in Eq. (19).
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Fig. 4. Variation of R,, with Anp when vp =
v,=500 GeV, Myp = —0.5, where the dotted
line represents mrp=>500 GeV, mg,+=1500 GeV,
the dashed line represents mp=550 GeV,
my+=1000 GeV, and the solid line represents
mr=mg+=500 GeV.
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Fig. 5. Variation of R, with Mg+ when mp=vp=

v,=500 GeV, Axp =—0.5, where the dotted line
represents Axp = 0.5, the dashed line represents
Anp =0, and the solid line represents A\xp=—0.5.

The important point is that the parameters \,,
b, (1=1, 2, 3) do not affect the theoretical predictions of
R, since there is no correction to the decay widths of
hy—7vyy and hy—gg from the neutrino sector at one-loop
level. Similarly, the parameters Mg, pi, ps also do not
affect theoretical evaluations of R, because there is no
one-loop correction to the decay widths of hy—yy and
ho—gg from virtual ®?(i=1, 2, 3, 4).

2»0.'|'||'|'||'|'|'|

541
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Fig. 6. Variation of R,y with A\\xp when mp=vp=
v,=500 GeV, Axp =—0.5, where the dotted line
represents mg,+=1500 GeV, the dashed line rep-
resents m ,+=1000 GeV, and the solid line repre-
sents my,+ =500 GeV.
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Fig. 7. Adopting the assumptions mentioned in the
text and assuming 01 =arg(u1)=m, O2=arg(u2)=
mt/4, we present the theoretical values for a) AS
(solid line), b) AU (dash-dot-dot line), and ¢) AT
(dashed line) versus the mass m 4+ .

5.2 The constraints on parameter space from
oblique corrections

The heavy neutrinos contribute one-loop radiative
corrections to the self energies of ZZ, W*WT in this
model. This results in the theoretical values of the S,
T, U parameters depending on \,, Ay, (i=1, 2, 3) here.
Furthermore, the theoretical values of the S, T', U pa-
rameters also depend on myg, 1, 12 through the virtual
b, @, (i=1, 2, 3, 4) radiative corrections to the self
energies of ZZ, WXWT at one-loop level. So far, fitting
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S, T, U within 30 deviation indicates
—0.26<AS<0.34,
—0.28<AT<0.38,
—0.25<AU0.41. (35)

In order to obtain theoretical values of S, T', U that sat-
isfy present experimental data, we adopt the following
additional assumptions:

vt A

= =My,
' \/§UL )‘% ’
1
Ab, = )\bQZAb3:7§Ab7
vp = vp=mg=mpr=500 GeV,
|1l = 20 GeV, |ua|=200 GeV,
)‘a = )\b:O.G, )\BB:)\LL:O~5a )\Np:)\i\lpzool (36)

Choosing 6, =arg(p,)=m, 0, =arg(us) =7/4, we de-
pict the theoretical values of AS, AU, AT versus the
mass of charged scalar ¢F in Fig. 7, in which the solid
line represents AS, the dash-dot-dot line represents AU,
and the dashed line represents AT. For our choices of
the relevant parameters, the theoretical value of AT is
very sensitive to the mass mg+, while the theoretical val-
ues of AS and AU have a weak dependence on the mass
mg+. When the mass of the charged scalar lies in the
range 400 <my= /GeV <700, the theoretical predictions
of AS, AT, AU simultaneously satisfy the inequalities
in Eq. (35). The CP phases 6,, 0, also affect the nu-
merical results of AS, AU, AT through the 4x4 mixing
matrix Zcpy. Taking mg+=600 GeV and 0, =7/4, we
present the theoretical evaluations on AS, AU, AT ver-
sus the C'P phase 6, in Fig. 8. With our assumptions on
the parameter space, the theoretical value of AT varies

mn

04 [ j
02 F i
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> —04
2 I
& —0.6
< I
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—-1.0
—-12
—14
_16 n 1 " 1 n 1 n 1 n 1 " 1 n 1 L 1 n 1
-1.0 —-0.8 =06 —04 —02 0 02 04 06 08 10
0,/n
Fig. 8. Adopting the assumptions mentioned in the
text and assuming mg,+ =600 GeV, 02 =arg(u2)=
7t/4, we present the theoretical values of a) AS
(solid line), b) AU (dash-dot-dot line), and ¢) AT
(dashed line) versus the C'P phase 01 =arg(u1).

strongly with the C'P phase 6#,, while the theoretical val-
ues of AS and AU vary weakly with the C'P phase ;. In
the neighbourhoods of 8, =0, +7t/2, +7, the theoretical
predictions on AS, AT, AU simultaneously lie within
the ranges presented in Eq. (35).

In Fig. 9, we present the theoretical values of
AS, AT, AU varying with the CP phase 6, when
mge+ =600 GeV and ¢, =m. As the C'P phase 6, varies,
the theoretical value of AT changes drastically, while the
theoretical values of AS and AU change slowly. In the
neighbourhoods around 6, =+7m/4, +37/4, the theoreti-
cal predictions of AS, AT, AU coincide with the present
global EWPD fit within 30 deviations.

AS, AT, AU
S)
T

—10 —0.8 —0.6 =04 =02 0
0,/n

02 04 06 08 10

Fig. 9. Adopting the mentioned assumptions in
text and assuming m,+=600 GeV, 61 =arg(u1)=
7, we present the theoretical values of a) AS
(solid line), b) AU (dash-dot-dot line), and ¢) AT
(dashed line) versus the C'P phase 2 =arg(u2).

6 Summary

For an extension of the SM with local gauged baryon
and lepton numbers, we have discussed the constraints
from the oblique parameters S, T, U when the lightest
Higgs has a mass around 125 GeV. Considering these
constraints, we find that there is parameter space to ac-
count for the excess in Higgs production and decay in the
diphoton channel observed in the ATLAS and CMS ex-
periments. Of course, our numerical results strongly de-
pend on the assumptions made in the model considered
here. In other words, our theoretical prediction cannot
be precise because of the theoretical uncertainties. The
purpose of our calculation is to show that this extension
of the SM may still be right even after the constraints
from LHC data on the Higgs and oblique parameters
have been taken into account.
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Appendix A

Higgs masses and relevant couplings

After diagonalizing the mass matrix Eq. (5), we obtain

2 . 2 2 2
my, = Mln(mh ma, m3)

m%{g = Max(m?, m3, m3) (A1)
with
s
ms = —%—%p(cosd)—\/gsind)), (A2)
m3 = —%—%p(cosd)—i—\/gsind)).

To formulate the expressions in a concise form, we define
the notations

p=1/ a2—3b,¢:%arccos (—I% (aS—%ab—i—%c)) (A3)

where
a = —Q(AHHv2+>\BBU123+>\LLUE)7
b = 4(AuEABBV VB +AHHALLY VT + ABBALLUB VL)

2,232 .22 2 2 2
UB —AHLU VL —ABLUBVL;

—)\I%IB'U
c = 2(AHH)\QBL-F)\BB)\%IL—F)\LL)\%IB—ZD\HH)\BB)\LL
—)\HBAHL/\BL)UQU%UE« (A4)

The normalized eigenvectors of the mass squared matrix in
Eq. (5) are given by

(Zcpe)11 1 X4

(Zepr)21 | = 5 = ARINE

(Zors)sr VIXiPHY 2+ 2] 7
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