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Abstract: The relation between the presence of supersymmetry andlihe of the magnetic moment of the electron will be examined.
A method is given for the evaluation of the magnetic momeitrbitrary large orders in a series expansion.
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1 Introduction the multiplicative factoigg = 1+ 527 for g > 2 resulting
from quantum surfaces in the coefficients of the

The magnetic moment of the electron predicted by thesupermoduli space integrals, afdl) for fermion loops,

coupling of the spin to the magnetic field in the evaluation ofky would yield an estimate of the terms in

non-relativistic limit of the Dirac equation is:. Given  the seriesAg + CoEgzl(—l)gngg%—? for the magnetic

the relationy = g7, the introduction of supersymmetry oment wherekem is set equal toa after the

is sufficient to produce the classical valuegt 2. The  oormalization grbUp flow of the coupling and the

plrecise measuremelnt tht.hﬁ magne(zjt_ic rgot:nent of thentiplicative constantcy can be calculated from the
electron gives a value which is predicted by quantuMeyperimental value.

electrodynamics to twelve decimal placég [

Since the exact value af differs from 2, the relation
between supersymmetry and the magnetic moment can b, . . . .
clarified. Although the classical supersymmetric 5 The Superysmmetric Point-Particle Action
point-particle model does not have this value gfit ) )
remains to be determined if supersymmetry can beConsider the Lagrangian
preserved in the field theory after radiative corrections.

; ; ; 1 5 i, .
~ Arreview of the calculation of the magnetic moment L=2me+ = fafa— —Aska — HSaBa (1)
in supersymmetric theories in 83 indicates that 2 2
perturbative corrections would vanish as a result of spin

. . o _i_
sum rules. This conclusion then forms the basis of theWhere fa is @ Grassmann variable a8 = —3&ancfofc

order estimates of the series expansion of the verte>L2]' The equations of motion are

amplitude with an electromagnetic coupling that exists ) )

only in the phase of broken supersymmetry. MXa — €Aq = — 150 Bj fa+ UencfaBp =0 (2)
The terms in a superstring perturbation series will be

sufficient to establish in 84 the higher-order terms in the

expansion of the squared absolute value of the summecgaz

amplitude. The coefficients that compensate for the

division by a factorial are determined by a combinatorial The value of u will be fixed by invariance under

series derived from each of the components of thegypersymmetry. Under the supersymmetry

compactification divisor at gengs The alternation of the  {ansformations

signs will yield cancellations between the terms and

reduce the amplitude from an exponential function of the

. a .
genus to an expression of the forﬁnl)gkg%. Given XamXa—lETs fa fatevims,  (3)

The precession of the spin operator follows from

i : : . .
7§£abc(fb fo+ fo fe) = —i€apc(— HEnde faBe) fe = —ipt fa fcBe = HEancBb S
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moment again can evaluated. Any change frgma: 2

—HSiBa = —[1SiBa+iHv/MeEabcBaXa fe —aL\axaafaL\axﬁiTer_nsAafa, would render the classical point-particle model to be not
@ invariant under supersymmetry transformations. The

and, since removal of infinities and supersymmetry breaking may be
considered precisely within the supersymmetric field

i U/ME EapcBaXp fe = —i Uv/ME(FpAc — OcAp) % fe, theory. There are renormalization theorems, for example,

which prevent supersymmetry breaking in sQED. The
renormalization theorems tend to imply that couplings or

/‘dﬂ“m@b&,w\b)m ©) relations betweerj parameters in the Lagrang?an are
' ' . ' unaffected by radiative corrections. The contributions of
:j/dtiuﬁ\slﬁb(Acxbfc)72Acfrﬁc<Abxbfc>+Ab5ncfc]- the photon and the paired sp@-ﬁeld cancel in the

evaluation of the perturbative expansion in
Integration of the divergence terms will vanish at spatial supersymmetric quantum electrodynamigsfherefore,
infinity, leaving it remains to be determined whether a soft breaking of
supersymmetry can accommodate a change in the value
of g by a factor of 1 ¢(10~%). The summability of the
perturbation series once supersymmetry is broken is
affected by a class of bubble diagrani A study of the
electron magnetic dipole moment in a minimal
supersymmetic standard model with other vector bosons
has yielded conditions on the paramet@is [

Sum rules for magnetic moments of charged particles
in supermultiplets receive corrections if
supersymmetry-breaking terms are includéjl While
3 Supersymmetry Breaking and the the anomalous magneticl moments of the charged particles

. have the same signs in the standard model and the
Magnetic Moment minimal supersymmetric extension, based on the most
general form of theNWYy vertex, the coefficient of the
term da9gy — dgdapu have opposite signs for the two
theories, and the condition of the same sign requires a
light upper bound for the mass of the Higgs bosb@ [ It
has been suggested that calculations of the muon
magnetic dipole moment, where theoretical and

experimental values fo?*“z—_2 differ by (4.3+1.6) x 10°
only, could confirm supersymmetry, and the
supersymmetric contributions are found to £€10~°)
eXy + &%y = qF XY oHFyy = 4mjH (7)  [11 Much of the difference may be traced to hadronic

polarization effectsq]. The expansion o?“z;z consists of
terms resulting from broken supersymmetry of
#(2 x 10719 at two loops in the leading logarithm
approximation 13], and the viability of the model would
be determined by a sum over the higher-loop terms. If it is

removed if the pgrtlcle has a mass.through the InCIUSIOr]ncluded within a superstring calculation, the convergenc
of counterterms in the effective actiofi][ The effect of can be ensured

the renormalization of the massive equations of maotion is

the occurrence of new terms that may be added to Eq.(2),

Whlgzh includes the coupling of the spin to the magnetic 4 \j agnetic Moment in Superstring Theory
field.

The generalization of the Dirac theory to Finite ultraviolet and infrared cut-offs for quantum
renormalizable theory of quantum electrodynamicselectrodynamics vyields a convergent perturbation
allows the systematic removal of all divergences from theexpansion, even though the number of diagrams increases
perturbative calculation of the magnetic moment of theat a factorial rateJ4] [?]. This diagrammatic expansion
electron. The radiative corrections alter the valuegof may be derived from a superstring perturbation
from 2 to a slightly larger value. expansion, since an exponential bound is derived yielding

The self-energy infinities are eliminated in a convergent series for sufficiently low values of the
supersymmetric quantum electrodynamics, which has amroupling [L6].
invariance generated by a superalgebra with an abelian The electric magnetic moment has been given by the
bosonic sector. The radiative corrections of the magneticoefficient of =-hsé in the coupling to the magnetic field

/ d3xdt i p/m(—Acfe) = — / d3xdt ipy/MAcfe,  (6)

which will cancel the variation from-eAgX, if yu = n% or
g=2.

The point-particle limit of the Lorentz mode3][is known

to coincide with the non-relativistic limit of the Dirac
equation. The self-energy infinities are evident in the
equations of motion of the point-particle theo#d} fvith

the action

| =—3/drx®+ [d* (A jH — =FuFHY) and

JH(x) = q [ 8% (x—x(1))x(1)dr,

wheree? is the world-line density. The reaction of the
radiation to the accelerated motion of the charge causes
divergence in the solution for the field. These infinities
can be partially removed wher? = 0 and entirely
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at zero orbital angular momentum in the renormalizedintegration ranges for the coordinates the light-cone
Lagrangian of quantum electrodynamics, wheris the  worldsheet20] and the Riemann surfaces and equal to
intrinsic spin quantum number argi$ the unit vector in B

direction of the spin vector. The coefficients of the 7 e | V3(0.7880624660860636 11144886275
diagrams in this expansion decrease with the ordef {nig@(sﬁ)e =vae o1

perturbation series ag" where a is the fine structure (10)
constant. The problem of the factorial divergence of theTpis factor will be cancelled in the ratio in Eq.(9). The
number of diagrams at" order can be resolved within series for the electron magnetic moment then can be

superstring perturbation theory. Initial  calculations eyqjyated to an arbitrary large order.
indicate that correction to the magnetic moment at one

loop vanishes when supersymmetry is preser@gd [

The magnetic moment can be calculated through
perturbation series derived from string theory since ther
may be contributions from higher loops. With a

? Per spective

perturbation series of the form Classical supersymmetry is sufficient to derive a
gyromagnetic ratio of 2. It also may be found through the
o gn2 kgKS’,m_ spin coupling term in the Dirac equation. When

PotCo y (—1)%7 o supersymmetry is present, spin sum rules tend to cause

g=1 ' the higher-order terms in the perturbative series for the

magnetic moment to vanish. Therefore, the computation
of the electron and muon magnetic moments through a
gauge coupling at electromagnetic scales, set equal to perturbation éxpansion will be valid only yvhen

ky represents a compensating factor that is from gSupersymmetry is broken. It follows that order estimates

combinatorial series related to the components of theof each term in the scattering matrix would contribute to
compactification divisor]8] at each genus the magnetic moment. _ _ _
The superstring perturbation series provides order

estimates for each term in a nonvanishing amplitude.

whereA is the leading-order vertex amplitude, the factor
of (—1)9 arises from the superstring measwkey, is the

3(3+) k-1

eg/x/ﬁ[lj; f% %ZQM (1711)---(1*%) There is a factor 0(—1)% the holomorphic part of the
L3 ’ . = superstring measure that yields alternating signs in the
+2 3 <71)27k'2<2n)972k+2(972k+2) (17})”(17@)9%%3] series expansion of the amplitude. When the
& ¢ 9 9 supersymmetry is present, the value of the effective string
coupling is close to the unified gauge coupling of the
and the relative weighting for the terms-iga : %ka?: minimal  supersymmetric  standard model.  The
—Lksad: kaat: .. conventional value of the electromagnetic coupling, the

‘Quantum deformations of surfaces in the string pathﬁne structure constant, is different from the unified gauge

integral have been found to contribute a factorcoupling, and therefore, it results from the
qg:1+nglf0r922[1g]. Since the amplitudes then enormalization group flow after supersymmetry

differ from the superstring perturbation expansion, thebtr?ak'ng' V\ll.'th the \r/1alue ol 'T p!ac;& of tlhde ef:[f'ecu;/e f
vanishing of radiative contributions by supersymmetry js StINg coupling, a phenomenoiogically valid estimaté o
no longer valid. There is a factor efl for each fermion the magnetic moment can be given to arbitrary precision.
loop. Settingy; — 1, the perturbative series is It therefore can be calculated with a finer resolution than
' 1= the current theoretical estimates of quantum
® 2 ke K9 electrodynamics.
n ghéem.

STy ®)

Ao+ Co

after cancellation of the factors ¢f1)9. The coefficient References
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