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We study the anomalous magnetic moment of the muon in supersymmetric E4 models and generic U(1)’
models to probe the model reactions and to find constraints on the large parameter space of these models.
For future searches, by imposing the existing bounds coming from collider searches and theoretical
considerations upon the U(1)’ model parameters, we examine the lightest Higgs boson mass m;, and the
mass of the additional Z boson my, in such singlet extensions of the MSSM. We observed that not only
supersymmetric £ models but also generic U(1)" models are sensitive to the imposition of the considered
bounds. Indeed, without the muon anomaly constraints Es models and generic U(1)’ models can predict
my, as large as ~150 GeV and ~180 GeV, respectively. However, in addition to the mentioned constraints
when a 10 range for the anomalous magnetic moment of the muon is considered, we observe that generic
U(1)" models do not favor the mass of the lightest Higgs boson to be larger than 140 GeV; it should be

smaller than 135 GeV in Eg models.
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L. INTRODUCTION

Even if none of the particles predicted within the super-
symmetric theories are detected yet, such extensions of the
standard model (SM) are attractive new physics scenarios
because they offer a number of plausible explanations for a
number of issues ranging from dark matter candidates to
the stabilization of the Higgs mass. But the most popular
and economical model, the minimal supersymmetric stan-
dard model (MSSM) [1], suffers from the p problem [2],
solution of which demands certain extensions among
which singlet extended supersymmetric models, such as
U(1)" models, occupy a special place [3].

Another motivation for considering supersymmetric
models comes from the observed anomaly in the magnetic
moment measurements of the muon. Indeed, there is a
difference between experimental determination of the
muon magnetic moment and theoretical prediction calcu-
lated according to the SM. This difference may stem from
hadronic uncertainties in the SM calculations and/or it
stems from new physics. We will, based on the latter
possibility, use this difference to find constraints on the
U(1)’ models.

On the experimental side, a series of precision measure-
ments of the muon anomalous magnetic moment, a v =
(g —2)/2, at Brookhaven National Laboratory E821 ex-
periment [4] improved the previous measurements at
CERN and enabled one to deduce

ai® = (11659208 * 6) X 10710, (1)
This value was, very recently, updated to be [5]

ah® = (116592089 * 63) X 107!, )
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On the theoretical side, and according to the SM, the
predicted value of a, is somewhat smaller than the experi-
mental result:

aiM = (116591773 = 48) X 1071, 3)

which shows approximately 3—4o difference [5]. In the
SM a,, prediction consists of three parts: QED, electro-
weak, and hadronic contribution among which the latter
dominates the theoretical uncertainty [6]. Indeed, hadronic
leading-order contributions based on e*e” and 7 data
differ. If 7-based data are used instead e*e™ ones then
the discrepancy drops to 1-2¢ [7,8]. In this work we prefer
to use e e~ data in order to find constraints on the U(1)’
models. But if one uses the 7-based data rather than the
ete data for the hadronic leading-order contributions to
the anomalous magnetic moment of the muon, then the
allowed region shifts substantially and our results would
change.

Briefly, standard deviation of the muon magnetic mo-
ment between SM prediction and experimental value is
non-negligible and the following value may be an indica-
tion of new physics [5]:

da, = ap® —aM = (316279 x 107", (4)

As a matter of fact, the present anomaly has resulted in a
variety of supersymmetric explanations, including the
minimal model [9]. Additionally, the next-to-minimal
supersymmetric standard model (NMSSM) [10] and
U(1)" explanations dealing with the same issue exist in the
literature [11]. Beyond that, the anomalous magnetic
moment of the muon can be used to find constraints
on extended model parameters and hence this anomaly
can be used to make educated guesses for supersymmetric
models.
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Hence, in this work, we will study its impact on the
generic and Eg-based supersymmetric U(1)’ models. By
using the mentioned anomaly we will constrain the pa-
rameter space of generic and Eg-based U(1)’ models.
Additionally, by using the constrained parameter space,
we will make predictions for the lightest Higgs mass m;,
and the additional Z mass my, which can be illuminating
for future measurements.

The organization of the present study is as follows. In the
following section we introduce salient features of the U(1)’
models stemming from E¢ grand unified theory (GUT) and
generic models. In the same section we will overview
different contributions to the magnetic moment of the
muon within U(1)’ models as subsections. In Sec. III we
present our numerical results. And we conclude in Sec. I'V.

II. SALIENT FEATURES OF THE U(1)) MODEL

There are bottom-up and top-down reasons for consid-
ering U(1)" models. From bottom-up, to begin with, the
U(1)" model can generate the neutrino masses in the correct
experimental range via Dirac type coupling. In addition to
the ordinary Higgs fields of the MSSM, an additional scalar
field S exists in the U(1)’ model and this field is responsible
for generating the w parameter around the weak scale.
Furthermore, a viable cold dark matter candidate exists
within the U(1)" model for a reasonable set of parameters
[12]. Another attractive aspect is that in U(1)’ models the
lightest Higgs boson weighs significantly more than M,
even without loop corrections [13]. Besides this, the U(1)’
models can explain a number of phenomena ranging from
LEP indications for two light Higgs bosons [14] to the
recent Tevatron Higgs mass measurements [15] (see refer-
ences therein).

From top-down, U(1)’ models typically arise from
supersymmetric grand unified theories and superstrings
[16]. From Eq GUT, for instance, two extra U(1) symme-
tries appear in the breaking Eq — SO(10) X U(1),, fol-
lowed by SO(10) — SU(5) X U(1), where U(l)y is a
linear combination of ¢/ and y symmetries. In this picture,
W and y are the basic models (charge assignments of the
models can be read from Table I) of the U(1)" model and
the resulting model consists of a linear combination of
these two different models which is designated by a mixing
angle 0 varying from 0 to 7

TABLE I. U(1)’ charges in y and ¢ models, taken from [16].
2100, 260,

u, d, u¢, et -1 1

d’, v, e” 3 1

V¢ -5 1

H, 2 -2

Hd _2 _2

S 0 4
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Q(0g,) = cosfg O, +sinfg Q, + & (5)

In the above equation (5), ¢ refers to kinetic mixing
since there are more than one U(1) factor, but we will omit
this term for simplicity. Meanwhile, by varying the value
of mixing angle 6, in the (0,77) range there arises, in fact,
a continuum of Eg-based U(1)' models [17] which can
absorb small ¢ values.

Besides the authentic E; models, different U(1) models
exist in the literature in which charge assignments and
particle content differ from the original setups (for in-
stance, see [18,19]). We aim to study generic U(1)’ models
in addition to the original ones. But in generic U(1)’
models one faces certain problems such as triangular
anomalies and hence gauge coupling nonunification.
Whereas, in the Eq models, by construction, all anomalies
are canceled out when the complete Eq multiplets are
included [20]. For a generic U(1)/, with minimal matter
spectrum, cancellation is nontrivial. One option is to in-
troduce U(1)" models with family-dependent charges [18].
Another option in this direction is that anomalies are
canceled by heavy states (beyond the reach of the LHC)
weighing near the TeV scale or more. We will follow this
possibility.

Effectively, our U(1)’ models—generic or E4 based—
are characterized by the gauge structure

SUB3)e X SUQ2), X U(1) X U(1), (6)

for which g3, g», g;, and g} are the corresponding gauge
couplings. The following superpotential

W = huQ . I:IMUC + th : [:IdDC + hel: ° ['AIdEC
+hSH,-H, (7

parametrizes U(1)’ models of interest where we discarded
additional fields. In generic models we will use U(1) gauge
invariance to find constraints on the U(1)’ charges.
The soft breaking terms, with the most general holomor-
phic structures, are
“La=( 3 MAN - AhSHH,
i=1,1'23

— A h,UQH, — AjhyD°QH, — A h,ELH,

+ H.c.) iy \H 2+ m3 |H P+ m2ISP2

+ méQQ* + m?U°U* + m3,D°D**

+m}LL* + mLE‘E* + H.c., (8)
where the sfermion mass-squareds m2Q pe and trilinear
couplings A, . are 3 X 3 matrices in flavor space. All
these soft masses will be taken here to be diagonal. In
general, all gaugino masses, trilinear couplings, and flavor-

violating entries of the sfermion mass-squared matrices are
sources of CP violation [21]. In this work, however, for
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simplicity and definiteness we will assume all of the pa-
rameters are real.

These soft supersymmetry-breaking parameters are sub-
ject to the renormalization group equations (RGEs) [22].
These equations should be used to evolve the soft parame-
ters from high energy to low energy scales, which gener-
ally results in nonuniversal solutions around the weak
scale. Instead, for simplicity, we will perform a general
weak scale scan of the parameter space.

One of the attractive aspects of the U(1)’ model is that its
Higgs sector is phenomenologically rich [23]. The Higgs
sector of the model involves the singlet Higgs S and
the electroweak doublets H, and H, all charged under
the U(1)" gauge group. The Higgs fields can be expanded
around the vacuum state as follows:

H, :1( V2H, )

\/E vu + ¢u + igDM
_ v+ tie, 9
H, = ﬁ( N ) &)

1
S=—(v, + ¢, + ip,),
\/5( b+ i)

where H, and H span the charged sector and the remain-
ing ones span the neutral degrees of freedom, hence, ¢, ,
are scalars and ¢, ;4 ; are pseudoscalars. In the vacuum state

v

ﬁ = ﬁ = =
7= (HY), N (HY), 75 $) 10

and the W=, Z, and Z' bosons all acquire masses. However,
the neutral gauge bosons Z and Z’ exhibit nontrivial mixing
[3,16] as encoded in their mass-squared matrix:

M: 8%,
My_p)* = (52 z AZ[QZ ) (11)

Here

G2
M% = T[Uﬁ + Uczl]r

M2, = gBlQ2vi + Q33 + Q2] (12)
gyG
6> = 210,07 — 0v)

and G = g3 + g2. The two eigenvalues of the mass?

matrix

1 _
m3, 7, = 5 IM3 + M3 F (M3 — MB)? + 45,1 (13)

give the masses of the physical massive vector bosons
where mz must agree with the experimental bounds on
the ordinary Z boson mass and my, weighs ~1 TeV to be
in accord with the experiments. The mixing angle follow-
ing from diagonalization of (My_,)?
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282, y
e (14)
VA VA

1

az-z =5 arctan(
must be a few 1073 for precision measurements at the LEP
experiments to be respected. This puts another bound on
the Z, boson mass. In particular, in generic Eg models m,
must weigh nearly a TeV or more according to the Tevatron
measurements [17]. Besides this, the LHC can discover the
additional Z boson if my, ~ 4-5 TeV [24].

Related to the Higgs sector, the Higgs boson masses
shift in proportion to particle-sparticle mass splitting under
quantum corrections due to the soft breaking of supersym-
metry. As in the MSSM, though all particles which couple
to the Higgs fields S, H,, and H, contribute to the Higgs
boson masses, the largest correction comes from the top
and bottom quarks and their superpartners.

We will use the effective potential method [25] for
computing the radiative corrections to Higgs potential.
In the MSSM without corrections, the mass of the Higgs
cannot be larger than M. In U(1)’ models this is no longer
true, but for a precise prediction radiative corrections are
obligatory. The radiatively corrected potential reads as

Vtolal (H) = Vlree (H) +A V(H): (1 5)

where the tree level potential is composed of the F term, D
term, and soft-breaking pieces

Vtree = VF + VD + Vsoft’ (16)
with

Vi = |hPlIH, - Hyl> + [SPAH I + [HP] A7)

G’ g
Vo = S 1P = 11 + A1 PIH,P ~ 1H, - 1P

/2
+8Y A2 (18)
2
Vsoft = m%lulHulz + m%{[,lHdlz + m?lsl2
+ (hA,SH, - H, + H.ec.). (19)
In (18) we defined A = (QulHu|2 + leHd|2 + QS|S|2),

for later convenience. The contributions of the quantum
fluctuations in (15) read as

1 uf M3
AV P Str[ﬂ\/l (ln A2 2) ], (20)
where Str = ¥ ,(—1)¥(2J + 1)Tr is the usual supertrace
which generates a factor of 6 for squarks and —12 for
quarks. A is the renormalization scale and M is the field-
dependent mass matrix of quarks and squarks (we assume
A =1 TeV). The dominant contribution comes from top
and bottom sectors and the requisite top and bottom quark
field-dependent masses read as
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mi(H) = hi|H)|?, mi(H) = hi|HY|*. 21

Superpartners of fermions follow from the following gen-
eral expression:

2 2
2 (M M ’
ETAME M2 ) (22)
FRL fRR

where f = tand b for top and bottom quarks. We also need
f = w terms for the muon. The entries of this mass-
squared matrix read to be

M%LL = mif + mjzc + M% COSZ,B(I{ - Qfs%l,) + 014,
(23)

M]%RR = mif, +m7 + M7 cos2B(07sy) + Oprd, (24)

M2 = M2

LR RL = my[A; — hiS{cotB, tanB}].  (25)

In the above equations sy, stands for the sine of the
Weinberg angle, I/ and Q/ stand for isospin and electric
charge of the fermions but the Qf; and Q¢ terms show
the U(1)’ charges not to be mixed with the electric charges.

Insertion of the top and bottom mass matrices into (20)
generates the full one-loop effective potential mass-
squared matrix of the Higgs bosons

82
M2 — (—v ) , 26
ij a‘lf,-a‘lfj total 0 ( )
which follows from (15) with
lI,i S {¢w ¢d> ¢s’ PLu> Pd> st}' (27)

The scalar components ¢, ;, and pseudoscalar compo-
nents ¢, ,, combine to generate the physical Higgs bo-
sons. Two linearly independent combinations of ¢, ;; are
the Goldstone bosons G and G, which are eaten by the Z
and Z' gauge bosons:

|
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G, = —sinf¢, + cosBe,,
z d (28)

G, = cosBcosayp, + sinBcosap,; — sinag,.
The orthogonal combination
A = cosBsinag, + sinBsinag, + cosa g, (29)

is the physical pseudoscalar Higgs boson and the mixing
angle « is defined by

cotq = 2uYd. (30)

In addition to the pseudoscalar A, the spectrum contains
scalar Higgs bosons i, H, and H'. Typically H' weighs
close to my,. This extra scalar is the main difference from
the MSSM spectrum in terms of the number of Higgs
fields. In the numerical analysis we proposed my, =
3 TeV, but the LHC can diagnose properties of the addi-
tional Z boson up to mz, ~ 2-2.5 TeV. In the following
subsections we will present neutralino and chargino sectors
and their contribution to the anomalous magnetic moment
of the muon.

A. U(1)' contribution to muon anomaly

As in the MSSM, chargino and neutralino sectors con-
tribute to the anomalous magnetic moment of the muon.
However, in the U(1)’ models w entries of these two
sectors are replaced by an effective term u ;. Besides
this, due to the extra Z boson and the singlet field S, the
number of neutralino states is increased. In the following
parts we present related formulas for the anomalous mag-
netic moment of the muon, taken from Ref. [11]

1. Neutralino contribution

In the basis (B, W, 1:12, HY, S, 7'), the neutralino mass
matrix can be written (in the simplest form [26]) as fol-
lows:

M, 0 —81v4/2 81v,/2 0 0
0 M, g2v4/2 —82v./2 0 0
Moo = —81va/2  8v4/2 0 —hv /N2 —hov, /N2 gh04v4 31)
¥ g1v./2  —gv,/2 —hv,/\2 0 —hva/N2 gy0,v,
0 0 —hyv, /N2 —ha/V2 0 g0,
0 0 leded g/YQuUu gIYQSUs Ml’
|
The diagonalization of the mass matrix can be accom- Dt Mfz D= Diag(M%l, M,Zz 2). (33)

plished using a unitary matrix N,

NTM;(UN = Diag(M~<]1, ey M)?g) (32)

The smuon mass-squared matrix can be extracted from
(22), which can be diagonalized through the unitary matrix
D as

As can be inferred from Egs. (23) and (24) we have
additional D terms for scalar fermions including the
smuon. With these definitions, the neutralino contribution
to a, can be written as composed of two parts

a,(X°) = a,(X°) + a, (¥°). (34)
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The first part reads

2 M2
V)= Y 3 e RlLuk IR (3 5)  69)

1y ~(] ~
=8 b be

2

and second part is

6 2 M2
G0 =33 1 Mﬂmw+mﬁqw)
42

(36)

During the calculation, we need the following u — & —
X" chiral couplings:

1 £ * £
Ly = \/_z(gIYMLNij — N3, + 84Q0,LNg)Dix

+\/§m

Vg

= N3;Dy 37)

and

Rj \/_(gIY,LLRNl_] + gYQ#RN6])D2k + N%Jle’

(38)
where ¥V, = —1,Y,,

integral functions are
11
2(x=1)

= 2 are hypercharges and the loop

Fi(x) =5 ——=(1— X% + 2x1Inx) (39)

and

F>(x) ]

g W(_XS + 6x2 — 3x — 2 — 6xInx).

(40)

2. Chargino contribution

The chargino mass matrix is given by

o M, \/EMW sinf3 (41)
© V2My, cosfB Meft '

where pe = hyv /2 V2. This M ;= matrix can be diagonal-
ized by two unitary matrices U and V as follows:

M

UM - vl = Diag(Mf(l:, M)‘(%)' (42)

Besides charginos, the sneutrino mass squared is
needed:

M;, = m; + IM7cos2B + Q,, L A. (43)

As in the neutralino sector, the contribution of the char-
gino sector to the anomalous magnetic moment of the
muon can be decomposed into two parts,

PHYSICAL REVIEW D 82, 055009 (2010)
a,(X*) = a,(¥7) + ap(x°). (44)
The first part reads as

2 1 2

al (3 my M

a, (%) Z Z 27 Re[L R JF5| —5—) (45)
= M= J M

+
j

J

and the second contribution is

2 1 M2
2(3%F) — — § § 2 2
ap,(/\/ ) - =T= 2M2 (lL]kl + |R]k| )F4(M2~+)

Aj Aj
(46)
Here the chiral w — 7, — Yy~ couplings are
2m,,
Lj = : ) Rj = —gV;. (47)

Vg

The loop integral functions are

1 1
F3()C) = - E m(&)(fz —4x+1- 2x2 lnx) (48)
and
1 1
Fi(x) = 6= 1) (2x3 + 3x%2 — 6x + 1 — 6x% Inx).

(49)

In the calculations we also implemented the leading-log
contributions from two loop evaluation [27]

4SUSY . SUSY (1_4_alnm), (50)

a
u,2 loop ., 1 loop T m,u
which yields a small suppression ~7%. Based on this
leading-log estimate we imposed a uniform 7% reduction
in our numerical analysis.

It is appropriate to stress that we used the formulas given
in [11] for the calculation of the anomalous magnetic
moment of the muon, with a basic difference. In our
definitions of the scalar muon f& and the scalar neutrino
v,, we explicitly stressed the D-term contributions on
these particles. For the U(1)’ models considered here, these
additional terms represented by A are also prevailing in the
scalar fermions and hence introduce heavy model depen-
dence, for each of the mentioned particles. On the other
hand in more involved models, as in the secluded U(1)’
models [11], these contributions are not very important due
to the presence of heavy Higgs singlets fields S ; 5.

III. NUMERICAL ANALYSIS

In this section we will present our numerical results. To
begin with, during the analysis we respected the collider
bounds on the sparticle masses, using Ref. [28], and im-
posed the following:
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my, > 114.4, m; > 180, my > 240,

&1V

m)~([]1 > 50, mil: > 170,

all in GeV. For the mass of the gauginos we assumed
50 GeV as the lower limit of M, M,, and M. We scanned
M, M, up to 500 GeV; M/ is scanned up to 2 TeV without
imposing any unification relation. Additionally, for scalar
quark masses we have considered mainly two cases: either
squark mass eigenvalues can be as large as 2 TeV or, as a
less fine-tuned alternative, they are smaller than 1 TeV. In
our general scan, in addition to discarding a, < 0 regions
we also demanded the mass of the additional Z boson to be
larger than 700 GeV and forced the mixing angle to obey
|6,_,| < 1073. The trilinear couplings are scanned in the
|A;] = 1 TeV domain, where i = 1, b, u, s and soft masses
are taken in the [0,1] TeV range. Notice that LL and RR
entries of the scalar fermion mass® matrices are subject to
the additional D terms of the U(1)’ models and hence not
only zero but also negative values of the soft mass’ terms
can be considered in these entries. Related to model pa-
rameters, we demanded the Yukawa coupling /i, to be
€[0.1,0.8] and confined v, = 10 TeV to obtain large m,
values as big as 3 TeV. In our scans, we also imposed a
oa, >0 bound in addition to all of the mentioned con-
straints and created 80000 data points for generic and Ejg
models, separately.

In order to deal with the generic U(1)) models we
scanned the possible charges randomly. In doing this we
allowed each of the charges Q,, Qg4 Qp, and Q, to vary
randomly in the [—1, 1] interval. Then Q,, Q, Op, and O

PHYSICAL REVIEW D 82, 055009 (2010)

values are obtained from the gauge anomaly conditions.
For Eq models the angle 6, , which designates the charges,
is scanned from O to 77 and phenomenologically acceptable
charges coinciding with the mentioned boundaries are
presented visually.

In a majority of the following figures we depicted the
bounds coming from the muon anomaly constraint with
straight gray lines where they represent 1o and 20 values
belonging to §a, = (31.6 = 7.9) X 107'°. In general, we
will focus on 1o ranges which results in tight constraints.
But, as will be visible, when 20 ranges are considered most
of the stringent predictions vanish. Additionally, in all of
the following figures our shading convention is such that
black and gray dots exhibit the mass of the scalar fermions
when they are lighter than 1 TeV and 2 TeV, respectively.

Our first figure is related to the allowed ranges of some
of the generic U(1)" charges against anomalous magnetic
moment of the muon. To begin with, Fig. 1 serves to show
that generic U(1)’ models possess an approximate symme-
try for positive and negative U(1)’ charges. Moreover,
some of the charges can be constrained to a certain extent.
This approximate symmetry is true for any of the charges
as can be seen from each panel of the figure. In generic
U(1)" models Q, and Qj, charges show certain tendencies
(for instance Qy ~ 0 is more favored) but they are not
constrained; in this respect (Q, behaves similarly.

Nevertheless, larger |Q,| values are more probable than
0, ~ 0, as can be seen from the related panels of Fig. 1. On
the other hand, for the charges Q,, Qy, and Q, there are
illuminating constraints. As a concrete example, the U(1)’
charge of the Higgs singlet S should satisfy the interval

Sa, x 10

Sa, x 10'°

-10 -0.5 0.5

00
Qq

FIG. 1.

Qu Qv

The allowed ranges of the U(1)’ charges vs the anomalous magnetic moment of the muon in generic U(1) models. In this

figure and the following ones, black dots depict m 7, <1 TeV and gray dots depict my, <2 TeV for f = t, b. The straight gray lines

stand for 1o and 20 ranges.
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0.2 < |Q,| < 1.8 to respect the muon anomaly. This pre-
diction does not change sensibly for 1 or 20 ranges. This
figure shows that certain portions of the generic U(1)
models can be constrained by the anomalous magnetic
moment of the muon. This is true at least for the charge
of the singlet. Besides this, absolute values of the charges
of the up Higgs field Q, and the charge of the scalar up
quarks Q¢ should be around 1 even if we allowed the latter
to be as large as 2. In fact, we should also present the U(1)’
charges of the leptons. But since the allowed parameter
space will be further detailed with the bounds on the
masses of the lightest Higgs and of the additional Z, toward
the end of the analysis, it suffices to present some existen-
tial examples where some charges of the generic models
can be constrained up to here.

For supersymmetric Es models we provide Fig. 2. This
should be compared with Fig. 1, from which we observe
that £ models are more sensitive to the imposition of the
muon anomaly constraints than the generic U(1)" models,
as should be expected. Here, in supersymmetric Eq models,

PHYSICAL REVIEW D 82, 055009 (2010)

instead of an approximate symmetry we observe two
favorite regions satisfying the muon anomaly restrictions
for any of the charges. Of course, this is true for 1o bounds.
These values can be translated back to the E¢ angle (6r,)
and this will be performed toward the end of the analysis
with the additional constraints, as mentioned above.

Related to generic and E; models, it is important to
compare their reactions when the restrictions from the
muon anomaly are relaxed. As can be inferred from the
Figs. 1 and 2, if the 20- bound were applied instead of 1o,
then most of the constraints on Eg model charges would
vanish. On the other hand, the U(1)’ charges of the generic
models are less sensitive to such a relaxation, as can be
visualized from Fig. 1.

In Fig. 3 we present the mass of the lightest Higgs boson
(m,,) against the vacuum ratio of up and down Higgs fields
(tanB) without additional constraints from the muon
anomaly bounds, except a,, > 0. As can be seen from the
left panel of Fig. 3, generic U(1)’ models can predict m,, as
large as m;, ~ 175. Similarly, as can be seen from the right

80 | 80

60 - 60

80

60

Sa, x 1010
Sa, x 1010

da, x 101°

80 - 80

80

Sa, x 1010

e i e e e e et e e e . i e

0.1
Qu

FIG. 2. As in Fig. 1 but for supersymmetric Eq models.

170 |

my [GeV]

mp [GeV]

140 |-

tan 3

1
20 30 50

tan 3

40

FIG. 3. The allowed ranges of tanf versus the mass of the lightest Higgs mass m,, in generic (left panel) and E¢ (right panel) models
without the constraints from the anomalous magnetic moment of the muon.
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panel of the same figure Es models can yield m, ~
144 GeV. As can be inferred from the comparison of
gray and black dots, large values of m,, are easier to attain
when the squark masses are large. It is clear from both of
the panels in Fig. 3 that in U(1)" models maximal value of
the lightest Higgs mass m,, is possible only if tanf is very
small, i.e., tan8 ~ 1. Indeed, around tanB ~ 1 top Yukawa
couplings are enhanced and this results in very large m,,
predictions in comparison with the MSSM predictions.
In regions where tanf8 > 5 maximum value of the m,,
prediction is almost constant up to tan3 = 50. On the other
hand, it is known from the MSSM predictions that very
small tan8 values are ruled out due to the muon anomaly
constraints. This point is important because these
constraints can render large m,, predictions of the U(1)’
models, too.

So, in order to probe the allowed ranges of tanf, in
Fig. 4 we present tan 3 vs the anomalous magnetic moment
of the muon. As can be seen from Fig. 4, tan8 should be at
least ~10 in generic U(1)" models and it should satisfy
tanB > 15 for E4 models to be in accord with the anoma-
lous magnetic moment of the muon boundaries. Of course,
when 20 ranges are considered, tanf3 can have smaller
values. Here, dominant contributions come from chargino
loops and since we considered M= > 170 GeV, our
boundaries demand tanfS to be larger than the previous
studies in which the chargino masses were satisfying
My > 104 GeV. It should be noticed that the constraints

PHYSICAL REVIEW D 82, 055009 (2010)

on tanf values are more severe when the mass of the scalar
fermions are confined to values smaller than 1 TeV, as can
be seen from the black dots of the same figure. It is clear
from Figs. 3 and 4 that in U(1)’ models very large values of
my, are not favored due to restrictions coming from the
anomalous magnetic moment of the muon.

Another important observable within the U(1)’ models is
the mass of the additional Z boson (m,). In order to show
regions respecting the muon anomaly constraints we pro-
vide Fig. 5. As can be seen from the left panel of Fig. 5,
generic U(1) models are not sensitive to the mass of the
additional Z boson. On the other hand, as can be seen from
the right panel of the same figure, E4 models allow either
mz, ~ 1 TeV or mz, ~2 TeV with a desert in between
these two domains. While this m , excluding tendency is
more strict for less fine-tuned scalar fermion masses
(m;; <1TeV) it is relaxed if m;; <2 TeV, as can be
seen from the Eg related panel of Fig. 5.

In Figs. 6 and 7 we present the allowed ranges of the
charges for generic and Eg models, respectively. In both of
the figures all the mentioned constraints are respected and
the resulting data show m;; <2 TeV and m;; <1 TeV
domains of the scalar fermions in gray and in black dots, as
in the previous figures. As can be seen from Fig. 6 when
scalar fermions are light, constraints on the U(1)’ charges
are more strict (black dots). This is also true for Eq models,
as can be seen from Fig. 7. It is easy to deduce from the first
panel of Fig. 6 that, when the scalar fermions are light

§a, x 10'°

n
L] 10 20 30
tan 3

30
tan 3

FIG. 4. The evolution of tan8 against the anomalous magnetic moment of the muon in generic (left panel) and E¢ (right panel)

models.

mz, [GeV]

1000 1500 2000 2500 3000

L i
1000 1500 2000 2500 3000

mz, [GeV]

FIG. 5. Anillustration of the allowed ranges of the mass of the additional Z boson m, versus the anomalous magnetic moment of the

muon in generic (left panel) and Eg (right panel) models.
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05

00

Qa

-0.5

FIG. 6. The allowed ranges of the U(1)’ charges against each other in generic U(1)’ models respecting all the mentioned constraints.
In this figure and the following ones, the 1o range is considered for the anomalous magnetic moment of muon.

U(1)’ Charges

FIG. 7 (color online).
versus the Eq angle.

The allowed ranges of the U(1) charges

(black dots representing m; ; < 1 TeV) the U(1)’ charge of
the up Higgs field prefers Q, ~ 0 and it can be relaxed up
to |Q,| < 0.5, but the U(1)’ charge of the down Higgs field
should, at least, satisfy |Q ] > 0.2 in order to be consistent
with the anomalous magnetic moment of the muon. Similar
conclusions can be extracted from the other panels of the
figures—instead, we present them in tabulated form in
Table II.

For supersymmetric E4 models the situation is simpler
because here any of the charges can be expressed by using

TABLE II.

the angle of the Eq models. As can be seen from Fig. 7, two
values O ~ 0.7 and 65, ~ 2 are favored for Eg models,
which correspond to I/ and 7 models, respectively.
Actually, the 7 model is marginally consistent with the
muon anomaly conditions but the model [ is current for
both of the cases: m;; <1 TeV and 2 TeV cases as can be
seen from the black and gray dots of the figure. For a
tabulated form of the allowed ranges of the fields we refer
to Table II.

Our last figure is devoted to the mass of the lightest
Higgs boson m, versus the mass of the additional Z boson
myz,. As can be seen from the left panel of Fig. 8, in generic
U(1)" models the upper limit of m, increases as m, gets
heavier. The maximum value of m,, consistent with all the
mentioned constraints turns out as m}** ~ 140 GeV. This
upper limit is sensitive to the mass of additional Z boson
for which we considered m,, = 3 TeV and it is also de-
pendent on the mass of the scalar fermions as should be
deduced from the gray dots. However, if the masses of the
scalar quarks are less than 1 TeV then the mass of
the lightest Higgs should be smaller than ~128 GeV and
the mass of the additional Z should be smaller than
~2.3 TeV, as can be seen from the black dots.

The situation is similar but more strict for E5 models, as
can be seen from the right panel of Fig. 8. Supersymmetric
E¢ models predict that m}™* ~ 135 GeV if squarks are
heavy (gray dots), it cannot be larger than ~125 GeV if
squarks are within the TeV range (black dots).
Additionally, according to E¢ models, at least within the

The allowed ranges of the absolute maximum (minimum) values of the U(1)’ charges for different scalar fermion masses

in generic and E¢ models with 1o range for the anomalous magnetic moment of the muon. In E4 models two favored regions can be
expressed by using the angle 6 , which are, approximately, 6y = 0.75 = 0.2 and 6y = 2.05 = 0.3, as can be seen from Fig. 7.

10,1 104l 10, 100l 0yl 10pl 10, 1Okl
Generic and m; = 1 TeV 0.45(0) 1(0.19) 1.37(0.23) 1(0) 0.99(0)  1.92(0)  099(0)  1.96(0)
Generic and m; = 2 TeV 0.88(0) 1(0) 1.81(0.21) 1(0) 1.07(0)  1.96(0) 1(0) 1.96(0)
Eqand m; < 1 TeV 0.50(0)  051(025)  0.77(046)  0.250)  0250)  05100)  051(0)  0.25(0)
Eq and m; <2 TeV 052(0)  052(0.09)  0.79046)  0.26(0)  026(0)  0510)  051(0)  0.26(0)
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135 F
130 |

125+
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nspletee,
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FIG. 8. The allowed ranges of mass of the lightest Higgs boson (m;) against second neutral Z mass my,. Here we applied
my <1 TeV (black dots) and m; <2 TeV (gray dots) bounds as explained in the previous figures.

assumptions we made, Eg models predict my, around
1 TeV or mass of the additional Z boson should be larger
than ~2.2 TeV to satisfy the boundaries from the anoma-
lous magnetic moment of the muon.

IV. CONCLUSIONS

In this work we used a 1o range of the observed anom-
aly in the magnetic moment measurements of the muon
and applied this information to find constraints on the
generic and Eg-based U(1)' models. We observed that
certain portions of the parameter space of the U(1)’ models
can satisfy this anomaly. We extracted bounds on the
free charges of the generic U(1)’ models and of the Eg4
models.

From the imposition of theoretical considerations and of
experimental bounds we have obtained predictions for the
mass of the lightest Higgs boson () and of the additional
Z boson my, in generic and Eg models. We observed that
U(1)’ models allow m, to be as large as 3 TeV if the scalar
fermions are bounded from above by mjy =2 TeV.
However smaller sfermion masses (m 7= 1 TeV) also
squeeze my, to smaller values and it can be around
~2 TeV, at most.

In generic U(1)’ models, if scalar quarks are allowed to
be heavy (i.e. m; <2 TeV) then the mass of the lightest

Higgs could be as large as 145 GeV. However if the scalar
fermions are lying within the 1 TeV range then m; cannot
be larger than 128 GeV, according to generic U(1)’ models.
For E¢ models, heavy sfermions allow m;, to be as large as
~135 GeV, but if the sfermions are light then m; cannot
exceed 125 GeV, respecting the anomalous magnetic mo-
ment of the muon. These observations are true for the 1o
range of the observed anomaly in the magnetic moment
measurements of the muon. It is visible from the figures
given in the previous section that when a 20 range or
more conservative intervals are considered, most of the
bounds obtained in this work would shift to some extent.
For instance, due to smaller tan3 prediction m; can gain a
few additional GeVs. On the other hand, while generic
U(1)" charges are not very sensitive to 1 or 20 ranges,
stringent bounds on the Eq models relax significantly.

The bounded parameter space and predictions obtained
in accord with the anomalous magnetic moment of the
muon anomaly involve important projections for future
measurements [29], especially of Higgs mass which will
be observed at the LHC.
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