PHYSICAL REVIEW D, VOLUME 65, 093014

Muon anomalous magnetic moment in string inspired extended family models
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We propose a standard model minimal extension with two lepton \8é#[R) doublets and a scalar singlet
to explain the deviation of the measured anomalous magnetic moment of the muon from the standard model
expectation. This scheme can be naturally motivated in string inspired models siglaad AdS conformal
field theory.
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The recent result of thg—2 Collaboration at BNL may relatively heavy by proper choice of vacuum expectation val-
be the overdue first direct signal of physics beyond the standes(VEVs) and coupling constants. Extra gauge bosons can
dard modelSM). The data seem to indicate a &.6eviation  also be sufficiently heavy that they have decoupled from the

from the theoretical expectation of the J]: subsequent analysis. For other discussions,pin the Eg
model sed9,10].
azxp_ ai"":426i 165X 10~ 1L (1) The second possibility is a non-supersymme(8tJSY)

model with extra lepton doublets based on either an Abelian
or a non-Abelian orbifold AdS conformal field theof@FT)
type IIB string theory[11-14. These models have gauge
groups that are the product 8fU(d;N) groups where the;

Several logical possibilities have been considdi@do ex-
plain the effect, such as supersymmdisy, leptoquarkg4],

muon substructurg5], technicolor[6], large extra dimen- he di : f the irreducibl )
sions[7], new interactions and fermiofig]; for a review see &€ the dimensions of the irreducible representatiansps

[2]. In this article we propose a minimal extension of the©f the orbifolding groupl” and N can be_chosen. Thus the
SM, which to date has not been discussed in this context, 98Ug€_groupG can be of the formG=SU(3)x SU(3)

It is sufficient to extend the second fermion familgx- X SU(3)x G’ (whereG can be e|t.her.bro!<en or ignored for
tending the other families is optional but aesthetically ap-CUr PUrPoses All the fermions reside in bifundamental rep-

pealing by adding an extra pair of lepton doublets and aféSentations of the gauge group and so there cambe

scalar singlet: SU3(3) families plus other states:
M
N
Note that these contain the same fermions one acquires
- . . 3
with no other states or extension of the gauge group neceg—om breakingEs to its maximal subgroufs U(3) so we are

sary. There are several ways to motivate this choice and wadain naturally led to

will focus on two.

M
N

Ne[(3,3,0)+(1,3,9+(3,1,3)]+-. (4
, < 2
R

+
L

First if the standard model is embedded inEBymodel, Ne[(SM family)+(3,1)+(§,1)+(1,2)+(1,_)
then the fermion families contain extra states. For the sym-
metry breaking chain Eq— SO(10)— SU(5)—SU(3) +2(LD]+-, ©)

XSU(2)xXU(1), anEg family of fermions decomposes as
which provides the necessary pair of extra lepton doublets. A

27516+ 10+ 1 typical length scale for orbifold AdS-CFT models is a few
TeV, so fermions in this mass region or somewhat lighter fit
—(5+10+1)+(5+5)+1 easily into the scheme proposed here.
. . Scalar singlets also arise in both schemes.
—(SM family)+(3,1)+(3,1)+ (1,2 +(1,2) The contribution of the new muon type heavy charged

+2(10), 3 lepton M~ to a, is due to the Feynman diagram, Fig. 1.

The conjugate pair of doublets are just those required
above. The extra singlet quarks and SM singlets can be made
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a,/8,m Since the u~—M ™ —H° coupling h,w induces off-
B T diagonal terms in the muon mass matrix, the model may
’ . have interesting implications for weak universality, which
1. x 10 ~ will be discussed in the following. The masses of the charged
A leptons are obtained by diagonalizing the mass term
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FIG. 2. Muon magnetic momest, in terms of¢,y as a func- e ME M 9v v
tion of the new muon type heavy charged lepton ndss =(ur.w M MO 0 by’ 0
hv 0 M 0
Similar diagrams with SM gauge boson instead of Higgs-
boson-scalar-singlet exchange have been considered, but

cannot provide a correction @, to allow agreement with ME
experimenf10]. The flavor changing neutral curreffCNC) M
contribution with ther (instead ofM ~) exchange is forbid- X| Mg )
den in the standard model, since the mass matrix is directly MC
proportional to the Yukawa coupling matrix. The viable ex- L
tended model with a non-SM Higgs doublet has been dis-
cussed i 15]. In our case the proportionality is broken by .
assigning a bare mass k. via
The contribution tea,=(g,,—2)/2 is given by{16]
ViMv=diagm,,m,,my, my). (9)
xz(l—x)+x2% Herev,v’ are the VEVs of the Higgs doublet and singlet,
_Eum Jl m, d ©6) respectively, ang is the muon Yukawa coupling. A stringent
“ 1620 mﬁ,, mi X bound on the mixing matrix elements;, Vi, determining
X(X=1)+X— +(1-X) — the admixture of the heavy state in the muon flavor eigen-
m, m, state is obtained from its contribution to the pion decay. The
agreement of the measured pion decay rate ratio,
Here ¢, refers to the product [t e ) .
”_F(w*—>u+v)_(l'235t 0.0049x10%, (10
&um=h, MmN MO0 001, (7)

with the SM valueR ,(SM) = (1.230+0.008)x 10~ * implies

whereh,,y, h,, are the couplings to the real fieltt’ and GH=4x10 °G¢ fcirsany new physics cor_1tr|but|oGN., €.,
S°, respectively, andDy0,0«; denotes the product of or- VVi1+Vi,<4x107° (see, e.g.[19]). This constrains the
thogonal doublet-singlet mixing matrix elements with the Off-diagonal entryhv to be small, while the product of cou-
light scalar eigenstaten{;<m, has been assumgd pling constants and mixing matric€gy, in Eq. (7) has to be

In Fig. 2,a,/¢,y is plotted as a function of the heavy large to yield the correct value for the anomalous magnetic
charged lepton masgs,, . The plot shows the entire pertur- Muon moment.
bative region, i.e.&,y=0.2, so thatmy=<15 TeV. With Eigenvaluesm,=gv=100 MeV andmy=1-10 TeV
¢,m=0.01-0.1, assuming a physical Higgs boson mas§S \_NeII as the right anomalo_us contr|but|on to_the muon mag-
(light scalar mass eigenstatef m;=115 GeV andm,, of netic moment are obtained by assigning, e.gy
order 1-10 TeV, the anomaly can be explain@dhe resultis =100 MeV, hv=3-30 GeV, v'<vh/h’, h'=2, and
insensitive to the Higgs boson mass wheg>m,.) Thisis M=my=1-10 TeV and maximal scalar mixing
well above the recent limits of heavy charged leptang, ~ O, 10s01=0.5. The mixing matrix elements aNé;;=V;,
=95 GeV[17], but lies in the range to be explored at future =2x 10" 2 andV,;=V,,<10 3. They are close to but com-
accelerators such as the CERN Large Hadron CollideiC) patible with the bounds obtained from the pion decay rate
[18]. ratio.
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The one-loop correction to the muon mass is obtained bgufficient to provide the contribution needed to bring theory
removing the photon line from the diagram Fig. 1, and canback in line with the preserg—2 data for the muon. The
be estimated to bE2] proposed model is motivated from more fundamental theory

and the results are simply obtained. The new particles re-
quired by the model are potentially within the reach of the

o0p mf,, In mfn _ mi' In mi LHﬁ and I(;;\Crlg(e;I yiolatior}‘sa\fof Wealb< u_niv_ersaliftyr?re pr_ecliicted.
l00P~ 2'5MM‘mM‘ 5 5 ote added in proofAfter submission of this article a
167 my, —mj new calculation of the SM contribution ta, reduced the

non-SM contribution toa%®—a"'=(25+16)x10'%, which
reduces the evidence for non-SM physics too].But also
requires less fine-tuning to be accommodated in the present
model.
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