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Muon (g — 2) in the Standard Model and supersymmetric extensions
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Abstract. Recent new results on the SM and the SUSY prediction for the muon (g — 2) are briefly reviewed,
and a SUSY scenario with particularly large contributions is discussed.

1 Introduction

In spite of the discovery of a Higgs boson, the first run of
the LHC has not revealed any significant sign for physics
beyond the Standard Model (SM). On the other hand, in
spite of tremendous scrutiny in the past years, the gap be-
tween the SM-prediction and the experimental value of the
muon anomalous magnetic moment has not been reduced.
As discussed in many other talks at this meeting, recent
progress on the hadronic contributions to (g — 2),, confirm
a deviation of more than 3 standard deviations or approxi-
mately 3 x 10, Hence the question remains whether this
deviation is due to physics beyond the SM.

In the following we first explain the key ingredients of
the more precise evaluation of the electroweak SM contri-
butions in Ref. [1]. Then we argue that precise predictions
are also necessary in models different from the SM, and
we discuss the status of the prediction in the minimal su-
persymmetric standard model (MSSM). Finally we show
that within the framework of the MSSM, very large con-
tributions to (g — 2),, are possible even if the masses of all
new particles are in the TeV region.

2 The electroweak SM contribution

The electroweak contributions to the SM prediction for
(g — 2), have been computed for the first time at the two-
loop level in Refs. [2, 3]. Two simplifications were used
in these computations: (1) the fermion-loop contributions
were evaluated using elementary light quarks. (2) the de-
pendence on the Higgs boson mass was approximated by
taking the Higgs boson mass either as equal to the top-
quark mass, or taking it to infinity or to zero.

Point (1) was improved in a series of papers which
evaluated the hadronic contributions using hadronic mod-
els and non-perturbative information; the currently best re-
sult and a discussion of other references has been given in
Ref. [4]. Ref. [4] also evaluated the leading three-loop log-
arithmic contributions.

Point (2) was improved in Refs. [5, 6], where in partic-
ular the bosonic electroweak two-loop contributions have

been evaluated taking into account the exact Higgs boson
mass dependence.

However, the results of these references were never
combined consistently, because the employed renormal-
ization schemes were different. Hence, in Ref. [1] the two-
loop computation of the electroweak contributions has
been repeated in the appropriate renormalization scheme,
so that a combination with the hadronic and the leading
three-loop results of Ref. [4] became possible. Fig. 1
shows sample Feynman diagrams and numerical results of
the bosonic and the Higgs-dependent fermionic two-loop
contributions.

Furthermore, the remaining sources of parametric and
theory uncertainties have been analyzed. The final result
obtained in Ref. [1] for the SM electroweak contributions
is

a,V =(153.6£1.0)x 107", (D

Here the parametric uncertainty due to the input values
of the Higgs boson, W- and Z-boson and top-quark is
negligible; the uncertainty is dominated by the one of
the hadronic contributions and has been taken over from
Ref. [4].

3 Contributions in supersymmetric
models

3.1 Motivation

Figure 2 provides motivation to consider a,, as a constraint
on the SUSY parameter space. In red it shows the predic-
tion for a5SY for the SPS benchmark points [7]. As can be
seen these well-motivated points lead to very different con-
tributions, and independently of the resulting value, the fu-
ture a,, experiments will exclude most points. In green the
figure shows “degenerate” points found in Ref. [8], which
correspond to distinct SUSY parameter scenarios which
however lead to the same LHC signatures. Combining
LHC-measurements with a,, will allow to select between
these points.
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Figure 1. Sample Feynman diagrams and numerical results for the full bosonic electroweak two-loop contributions a:f,\s/;:) (left) and for

the Higgs-dependent fermion-loop electroweak two-loop contributions ai‘?’frze)sm (right), both as a function of the Higgs boson mass. The

vertical band indicates the measured value of M. The dashed line in the left plot corresponds to the leading logarithmic approximation

as defined in Ref. [5]. The fat dots in the right plot correspond to the approximations for My = 60 GeV, m,, 300 GeV given in Ref. [2].
Figures from Ref. [1].
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Figure 2. The prediction for aEUSY for the case of the SPS benchmark points [7] and for the “degenerate” points identified in Ref. [8].

The bands indicate the current deviation between experiment and the SM prediction, and the expected precision of future measurements,
assuming the same central value. Figure from Ref. [9].
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Figure 3. Sample two-loop diagram contributing to the
fermion/sfermion-loop contributions of Refs. [12, 13].
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3.2 Precision prediction for a,

In view of these prospects and of the expected precision
of the future experiments, it is also motivated to aim for a
SUSY prediction for a, with a theory uncertainty which is
as small as possible, ideally smaller than the future exper-
imental uncertainty. This requires the computation of the
full two-loop contributions to a3”%Y, see Ref. [10].

This goal has not been reached, but significant
progress has been achieved in the past years. A computer
program has been published in Ref. [11], which imple-
ments the currently best prediction of aEUSY, including all
corrections discussed below.

Here we highlight in particular the computation of the
fermion/sfermion-loop contributions in Refs. [12, 13]. A
sample diagram is shown in Fig. 3. This computation has
two interesting qualitative consequences. The first is that
it reduces the theory uncertainty resulting from the possi-
bility to choose different renormalization schemes for the
finestructure constant @ and the weak mixing angle sin 6.
The one-loop contributions directly depend on these input
parameters and thus on the scheme choice. The leading
differences between the usually considered schemes orig-
inate from fermion or sfermion loops in gauge boson self
energies. These terms are precisely included in the coun-
terterm computation of Refs. [12, 13]. The sum of the
one-loop contributions and the two-loop contributions of
these references is essentially scheme independent (up to
3-loop effects and effects from non-fermion/sfermion-loop
contributions).

A second qualitative outcome of that computation is
that the contributions from fermion/sfermion loops involve
potentially large logarithms between different SUSY par-
ticle masses. Particularly very heavy stops in the multi-
TeV region can lead to non-decoupling corrections of the
SUSY one-loop contribution to a,, which can amount
to more than 10%. These non-decoupling logarithms
also allow to obtain a compact approximation of the
fermion/sfermion-loop contributions.

3.3 aEUSY for tanf8 — oo

It is well known that the leading SUSY contributions to
a,, are proportional to tan 8. However, this proportionality
is not exact — in fact for large tan 3 higher-order effects
modify the behaviour, and the limit tan8 — oo exists and

is viable [14, 15], and it is intriguing to study how large
a, can become in this limit. Here we briefly review the
study of Ref. [16]. In order to understand the behaviour it
is useful to write the muon mass and the muon magnetic
moment as

my = y,vq + yﬂvuAlrfd +..., 2)

red
ZSUSY = YuLudy

" mﬂ +..., 3)
where m,, and y,, are the muon pole mass and Yukawa cou-
pling, v, 4 is the up/down-type Higgs vacuum expectation
value, and the dots denote terms proportional to v, instead
of v,. The limit tan8 — oo is equivalent to v; — 0, and in
this limit we obtain

ared

SUSY M
a> = L (4)
H Aﬂed

Here ¢ and At are given by calculable, finite loop dia-
grams, which depend (at the one-loop level) on the gaug-
ino, Higgsino, and smuon mass parameters M », i, my .

Figure 4 shows the resulting a;"3" as a function of two
mass ratios. The gray area shows the region with negative
a3%8Y, which cannot explain the currently observed devi-
ation between experiment and SM-prediction. The case
with universal SUSY masses (all mass ratios equal to one)
belongs to the region. However, if there are mass splittings
(either Higgsino mass or left-handed smuon mass much
larger than the other masses), the resulting a;"5Y becomes
positive.

Two sample parameter choices (with mass values

given in TeV) and the results for a5 are as follows:

M M, M, myp  mp aﬂ/10‘9
15 1 -1 1 1 3.01
1.3 1.3 -1.3 26 1.3 2.90

The table and the figure show that the limit tang — oo
provides a promising example of a scenario which could
explain the deviation in a, even though all new particle
masses are at or above the TeV-scale.
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Figure 4. The minimum SUSY mass Msysy min =min(M,, | M|, my,, mg, 1) for which aEUSY fully explains the current deviation between
experiment and SM in the limit tanB8 — oco. Equivalently the value C, defined by aEUSY = Cmfl /MéUSY’mm, is given. The black lines
denote values of the muon Yukawa coupling, and the blue squares denote benchmark points. The figure has been taken from Ref. [16].
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