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In this paper we study th&’ contribution tog—2 of the muon anomalous magnetic dipole moment in
gaugedJ(l)LM_LT models. Here; are the lepton numbers. We find that there are three classes of models which
can produce a large value gf-2 to account for the possible discrepancy between the experimental data and
the standard model prediction. The three classes are as foll@wgtodels with an exacU(l)L +-In these
models,Z’ is massless. The new gauge interaction coupéafrosé,, is constrained to be 0:810 3<]al
<2.24x10° 3. (b) Models with brokenU (1), L, and the breaking scale is not related to electroweak sym-
metry breaking scale. Th&'" gauge boson is massive. The allowed range of the coupling ard theass are
constrained, buZ’ mass can be largéc) The U(l)LM-LT is broken and the breaking scale is related to the
electroweak scale. In this case the mass is constrained to bel.2 GeV. We find that there are interesting
experimental signatures i@t u~—u* ", 7" 7~ in these models.
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I. INTRODUCTION In U(1)Lﬂ_LT models, only the second and third genera-

tions of leptons are affected, whereas all other SM particles
Recently an experiment at Brookhaven National Labare not. The transformation properties of leptons under the
(BNL) [1] has measured the muon anomalous magnetic disy(3).x SU(2), XU(1)y SM gauge group and the
pole moment witha;®=(g—2)/2=(11659202-14=6)  U(1), ., gauge group are
%1010 This value differs from the standard mod&M) e

prediction in Refs[2,3] by 2.60: LS: (1,2-1)(0) eg: (1,1-2)(0)
Aa,=a%"—aSM=(42.6-16.5x10 D L (L,2-1)(2a)  wgr: (1,1-2)(2a) 3
At present the experimental errors are still too large to L7: (1,2-1)(-2a) 7g: (1,1-2)(-2a)

claim a real deviation. There are also uncertainties from the-

oretical calculations, in particular contributions from hadronsyhere the numbers in the first and the second brackets indi-
at loop levels are not well determindd]. Improvements  cate the transformation properties under the SM gauge group
from both experimental measurements and theoretical calcynd theu (1), -L, group, respectively. The numbers in the
lations are needed. If this difference is true, it is an |nd|cat|onSecond bracket will be indicated ¥4. The covariant deriva-

of new physics beyond the SM. Many authors have dis- /
cussed possible implications for new physics beyond the S jve ".1 ‘efms of the photon field,, theZ, field, and thez,,
éeld is given as

[5]. Some interesting constraints have been obtained. In thi

paper we study the implications of a lard&, on models ey
with gaugedL ,-L .. HerelL, is thei lepton number. D,=d,+ieQA, +| (|3 SWQ)Z +| _z;“
L ,-L; gauge models are some of the simplest models be- 2
yond the SM which contain an additional boson. Without 4

enlarging the fermion contents in the SM, there are onIy
three types olJ(1) symmetries which can be gauged from
anomaly cancellation requirement. These symmetries are

wheresy,=sin 6, cy,=cosé,. We have normalized thg’
coupling to theU(1)y charge coupling/cy .
The U(l)L#_LT may be an exact symmetry or a broken
; . C one at some scale which may or may not be related to the
O U@, @) U@ i) U '2 electroweak breaking scale. One can classify three types of
2 models based 0|U(1)LM-LT as: (a) U(l)Lﬂ-L,— is an exact

Some experimental consequences of these models haf¥Mmetry;(b) U(1), . is broken and the breaking scale is
been studied in Ref§6,7]. There are stringent constraints on Not related to the electroweak scale; afo U(1), . s
the parameters of models based(Drand(ii) because th&’ broken and the breaking scale is related to the electroweak
couple to electrons. It is difficult to generate a large enougtscale. In all these casesa,, receives contribution fronz’
value for Aa, in Eq. (1). On the other hand, for models exchange at one loop level. In cag®, there is in general
based on(iii) there are limited data available to constrain Z-Z’ mixing. Electroweak precision tests from various ex-
relevant parameters. It is possible to have a laxgg . periments constrain the mixing severely. We will concentrate
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FIG. 1. Feynman diagram which generates a non2ep.

on models where th&-Z' mixing is naturally zero at tree
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level, such that the related constraints are automatically sat- FIG. 2. Aa, on thea vs my, plane in caséb). The lines from

isfied.

Il. THE MUON MAGNETIC DIPOLE MOMENT
IN U(1),, . MODELS

A. Aa, in case(a)

left to right are forAa, away from its central value at-2g,
+10, 0, —10, and — 20, respectively.

Requiring the new contribution to produce the value in
Eq. (1), the allowed values i andmi, are constrained. The
results are shown in Fig. 2. We see that there is a large

In this case, there is no need to introduce other new parallowed region where a large value dh,, can be produced.

ticles. It is the simplesU(l),_#_,_T model.Z’ couplings tou
and 7 are given by

ea — — ,
L=C—(,u,'y“,u,—7'y“T)ZM. 5
W
The Feynman diagram which generates a nonzesq is
shown in Fig. 1. The contribution tha,, is given by

2
SM+new_ 4SM_ @Xem &~
“ k2w el

(6)

Aa,=a

The 20 range consistent with Eq1) is determined to be

0.8x10 3<|a|<2.24x 10 3. (7)

The 7 also receives the same amount of correction to the

anomalous magnetic dipole moment.
With a nonzero value foa, all processes involving. and

P 2 2
In the limit mz,>m,,

Qo @2 2 M-,

Aa,=—— = —5. 9

“2m iy 3 m?, ©
To produce the value in eql), one obtains 9.210 3
<almy/ (GeV)<25.8<10 3. The breaking scaleg of the
U(1)|_M_,_T is of order~200 (GeV). Changingn, to m_in
Eq. (8), one obtains the tauogp—2. We note that for large
enoughmy,, only the parametea/m;. is constrained from
Aa, . Of course one should not letto be arbitrarily large,
because a larga will invalidate perturbation calculations
carried out here. We will limita such thatae,@?<1. The
effects of Z' onut ™ —ut ™, 7" 7 turn out to be quite
dramatic in this case and will be discussed in the next sec-
tion.

7 will be affected. However, because the coupling parameter

a is small, the effects are all small.

B. Aa, in case(b)

The simplest model for casg) can be realized by just
introducing a SM singlet scal&but transforms nontrivially
underU(l),_#_,_T, S: (1,1,0)@). In this case whel® devel-
ops a nonzero vacuum expectation valug the Z' boson
becomes massive witm’,=e?a%v2/2c3,. In this model,
there is naZ andZ’ mixing at tree level. Th&’ couplings to
w and 7 are the same as that in E&). One obtains a non-
zeroAa, through the same diagram in Fig. 1 for casg
but with a nonzer&’ mass. We have

A aem @° 1d 2m2x3(1-x)
82w 2o Xx2m2+(1—x)m2 '
® z'

)

C. Ag, in case(c)

There are many ways to realize casg Here we study
the effect onAa,, in the model discussed in R¢fZ]. In this
model there are two more SM Higgs doublgigs in addi-
tion to the usual SM double#,. The Higgs doublets SM
gauge group and thU(l)Lﬂ_LT guantum numbers are

$1:(1,2,1)(0);

¢,:(1,2,))(4a); ¢3:(1,2,2)(—4a).

(10

Because ¢, 3 transform nontrivially under the SM and
U(l)LM-L,, in general after symmetry breaking there @re
andZ’' mixing. This mixing can be eliminated by applying
an unbroken discrete symmetry

Z —— Z;L ;

© e W wo w
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Lf(ur) = L{(TR); @2t ¢s; (13) 0.02 ' ' ' ' ' ' ' '
0.019 | _
(2)=v2=(¢3)=v3. 0.018 - i
The Z' mass in this model is given by 0.017 F -
5 e2 0.016 B
m3, =8 a%v;. 12 ° Lusl i

Cw
_ . _ 0.014 | -
The Yukawa couplings of thep, 3, consistent with the

discrete symmetry, are given by 0.013 - 7
_ _ _ _ 0.012 | .

Lvk=NL{urop1+L{Tre1) + N (L TR+ L 1reb3). 0.011 oy
(13 142 114 116 118 12 122 124 126 128 13

M (GeV)
The above Yukawa coupling produces a nondiagonal mass
matrix for w and 7. In the mass eigenstate basg&s, cou- FIG. 3. The allowed region on treevs m;. plane withAa, and

plings tow, 7, and their associated neutrinos are given by Rvarying in their 2r allowed ranges for case).

ea
2coYy

_ 1
[v,7"(1— ye) v, 91(2)=— g[z(lz— 12z2—57%)+6(2—3z+2%)log|1—7|],
(16)

L= wyr T+ TyR ]zl +
COSQW[MV Ttry*ulZ,

+ v, 7M1= y5)v,]Z),. (14)

There are very stringent constraints on this model. First,gZ(Z)_ ?[Z
a/my. is restricted from the expression of t#é mass for- 5, 2 ) 0 2
mula in Eg. (12 since v, have to be less than Wherez:mf_/mz' andé=2\2maen/(Gemy,) (a%/cy). The
JuZ+v2+0v2=246 GeV which determines th&/ boson factor of 2 in front ofg,(z) comes from the fact that™
mass. We have —u” vy, is not distinguished fromr™ —u~ v, v, in ex-

periments, and we need to sum over these two modes.
a? 1 Experimentally the SM prediction is very close to the ob-

m_2,>m\2/_v' 15 servation forr™—u v,v,. The new contribution must be
z smaller than the experimental errd8] on R, AR
=0.004(1o). This provides a very tight constraint on the
allowed parameters.
Finally there is a constraint frorda,. The Feynman
diagram generating a nonzefam,, is similar to Fig. 1 with

(6—3z+7%)+6(1—2z)log|1—2|],

Second, there is a new contribution EHM_;”VT by
exchangingZ’ with

L(r—=p v vw,))

R= — — =1+ £09,(2)+2£%9,(2), the replacement oft by 7 for the fermion in the loop. We
(" —p v,v)sm have
1-x){2 + Lm.mma) +
A tan a22 fld X(1=x){2(m,—m,)+m,X} 2l my x“(m,—m,+xm,) .
a,=+5— —2m X
2w ey o x2mZ + (1—x)m3, +x(m2—m?)
|
In the limit mz,>m_, The above problem, however, can be easily overcome by

lifting the constraint from Eq(15). This can be achieved by
introducing a SM singles for case(b). The introduction of

_Yem < ' (18) this singlet scalar does not caudeZ’ mixing and does not

w2 c\z,\, mi, change theZz’ couplings tow,7 and their associated neutri-
nos, but will introduce a new contribution to ti# mass.

: - " The newZ' mass is given by
The above constraints are so restrictive that within the

experimentally allowed value fdR— 1 and the constraint of 2 2 2 2

- . : . , €4 lea
Eq. (19), it is not possible to producaa,, given in Eq.(1). mZ,:8_2U§+ = —vi. (19
This simple model is ruled out. Cw 2 cy

2
Qem @° 2M,M
Aa £l
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FIG. 4. Aa,, in terms ofm; for the allowed parameters in tife
constraints in casé).

Becausev s is not fixed, the constraint oa/m,, from Eq.
(15) is no longer applicable.
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w(p1) T (ps)  w(p1) T~ (ps)
v, Z,h
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w*(p2) mH(ps)  ptipe) 7+ (p4)

FIG. 6. Feynman diagrams for procegS u~— 7" 7~ in case

(c).

—utu”, but there is one for™ u~— 777~ shown in Fig.
6.

In Fig. 7 we show the cross section far = — 7" 7~ in
case(b), where each line represents constaat, . We fixed
Js=500 GeV, and a corresponding SM cross section is
451.49(fb). There ares-channel photonZ, Z’', and Higgs

contributions. It turns out that the Higgs contributions are

In this modified model, it is possible to obtain a large negligible, if its mass is far from/s. In our calculations we

enough value foAa, in Eqg. (1). However, the allowed pa-

have used Higgs mass close to the experimental lower

rameter space is still very restrictive. The results are showbound. Wheny/s is close tom,: , there is a resonance, even

in Figs. 3 and 4. In Fig. 3 we show the allowed regiornaof
andmg, and in Fig. 4 we show the allowetla, as a func-
tion of m;, . To produce a large enougha,, to account for
the value in Eq(1), theZ' mass is forced to be around 1.2
GeV. Note that the regiom;,<0.5 GeV is ruled out by the

nonobservation of two body decay modes uZ’ [7].

though we have used a finite widih,, calculated in the
model with 'z, =T'(Z'—= v, V) +T(Z — u(1) (7))
because it is small. We can clearly see the resonance effects.
The cross section can be enhanced quite dramatically com-
pared to the SM. Therefore the muon colliders can clearly
show the newz’ effects if casgb) is realized in nature.

The 7 anomalous magnetic dipole moment also receives a |n Fig. 8 the cross section far™ .~ — u* 1~ is shown in

similar correction. In the heavg’ limit, Aa,=Aa,. This

case(b). Since we neglected the muon mass, ttehannel

model also has interesting signatures at muon collidergontribution shows collinear singularity. We imposed angular

which will be discussed in the following section.

M. uytuy="—»p*p=, 7577 IN U(1), 1, MODELS

cuts |cos(,3)|<0.5 when obtaining the total cross section.
The corresponding cross section for the SM is 115%thyfor
Js=500 GeV. In contrast to the " w~— 7+ 7~ process the
cross section does not decrease fasnasincreases due to

In this section we study experimental signatures of théhe larget-channel contributions.

U(1)L#_LT models at a muon collider using the processes

uw u —u u”, 7777, The Feynman diagrams which con-

tribute to these processes are shown in Figs. 5 and 6. Fa

cases(a) and (b) there are two new diagrams for*u~

—utu” besides the SM ones, but there is only one new

diagram foru*u~— 7" 7~ shown in Fig. 5. For casé),
there is no contribution fromz’ exchange foru™u~

n(r}ps) b (m) »(ps)

p 7,

u*(pa) () ps) 1t (p2) w*(pa)

for

FIG.

5.
—utu (" 77) in case(b).

Feynman diagrams processeg” u”
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FIG. 7. Cross section fon*u~— 7" 7~ as a function ofm,

for \'s=500 GeV in caseb). The lines from left to right corre-
spond toAa, away from its central value at 20, +10, 0, —10,
and — 20, respectively. The horizontal dashed line is the SM pre-
diction.
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FIG. 8. Cross section fon*u~—u* ™ as a function oin, FIG. 9. Cross section fon*u~— 777~ as a function ofm,,

for \'s=500 GeV in casdb). The lines from left to right corre- for \'s=500 GeV in caséc). The horizontal dashed line is the SM
spond toAa, away from its central value at 20, +10, 0, —10, prediction.

and — 20, respectively. The horizontal dashed line is the SM pre- R . . .
diction. lated. In the heavy’ limit, a/m, is restricted to be in the

range 9.X10 3<a/m, (GeV)<25.8x10 3. In case(c),
In Fig. 9 we show the cross section af ™ — 7" 7~ as the constraints on tha andm;, are even more restrictive.

a function ofmy, for case(c) for the parameters that satisfy 'he allowedZ’ mass is restricted to be around 1.2 GeV.

the Aa, constraint. Assuming the design luminosity 50 In all the models discussed, the electron anomalous mag-
" .

(fo~1) per year, we expect about 1000 deficit in the numbefelic d[polg moment is not affected &y exchange because
of 7t 7~ production events compared to the SM prediction.n0 2-Z" mixing was introduced. If there we@-Z' mixing,
We also note that this is also in contrast to césewhere A& would also be affected. Themagnetic dipole moment
m,. can be large and the cross section can be highly e constrained. We find that in caa, Aa;=Aa,; in case
hanced compared to the SM case. Therefore we can see tH& In the limit of largeZ’ massAa,~(m,/m,)“Aa, ; and

the muon colliders can easily discriminate the three different? case(c), in the limit of largeZ’ massAa,~Aa,, .
realizations oz’ models as well as the SM. Within the allowed parameter space, there are also other

interesting predictions. We have studied several signatures of
these models at muon colliders. At muon colliders there may
be large effects for processes u —utu ", 777 . Itis
In this paper we have shown that the gauwd_)LM_LT pOSSIble to dlStIﬂgUlSh the SM from dlﬁerem(l)LM_LT

models may contribute significantly to the anomalous muorinodels. Future muon colliders can provide interesting clues
magnetic dipole moment. It is possible to produce a largebout these models.

enough value to account for the discrepancy between in SM
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