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1. Introduction

The result of the measurement of the anomalous magnetic moment of the muon aµ =

(gµ − 2)/2 by the E821 experiment at the Brookhaven National Laboratory (BNL) [1]

can be considered as a possible hint for physics beyond the Standard Model (SM). The

determination of the SM contributions to aµ requires – amongst others — to compute

the leading order hadronic contribution aHLO
µ , which is the main source of the present

SM uncertainty. Recent calculations of aHLO
µ via hadronic e+e− data [2 – 6] are in good

agreement, and lead to ∼ 3 standard deviations between the experimental value for aµ and

the SM prediction.

Alternatively, aHLO
µ can be determined from hadronic τ -decays [7, 8], leading to an

agreement within one standard deviation between the experiment and the SM prediction for

aµ. However, a comparison of the τ branching fractions into pions with the corresponding

e+e− spectral functions reveals a discrepancy of ∼ 4.5 standard deviations [6] and requires

assumptions on the pion form factor, isospin violating effects and vector meson mixings.

Since e+e− data is more directly related to aHLO
µ , it is advocated to use the hadronic e+e−

data only for a computation of aHLO
µ [5].

Additional contributions to aµ appear within supersymmetric extensions of the SM

(see [9] for a recent review). One-loop [10 – 13] and two-loop [14 – 22] contributions have

been evaluated within the Minimal Supersymmetric Extension of the Standard Model

(MSSM). The conclusion is that the MSSM is able to explain the 3 standard deviations

between the experiment and the SM, provided that the masses of the electroweakly inter-

acting supersymmetric particles are not far above the electroweak scale [12, 13, 19, 20, 9].

On the other hand, the measured value for aµ provides constraints on the parameter space

of the MSSM such as the positivity of the supersymmetric Higgs mass parameter µ.

The purpose of the present paper is the study of constraints from the measured value

for aµ on the parameter space of the Next-to-Minimal Supersymmetric Extension of the

– 1 –



J
H
E
P
0
7
(
2
0
0
8
)
0
7
9

Standard Model (NMSSM). First estimates of the contributions to aµ in the NMSSM have

been performed in [23] (see also [24] for aµ in a similar U(1)′ model), but subsequently we

aim at an accuracy comparable to the one in the MSSM (limiting ourselves, however, to

dominant logarithms at two-loop order). To this end, most of the corresponding formulas

can be translated in a straightforward way from the MSSM to the NMSSM.

Nevertheless, the numerical results in the NMSSM can differ considerably from the ones

in the MSSM: the NMSSM contains an additional gauge singlet superfield S, the vacuum

expectation value of which generates the Higgs mass parameter µ of the MSSM [25]. The

CP-even and CP-odd components of S will generally mix with the neutral components of

the two (MSSM) Higgs doublets Hu and Hd. Depending on the parameters of the NMSSM,

the lightest neutral CP-odd Higgs scalar can be quite light [26] and lead to numerous new

phenomena [27]. Such a light neutral Higgs scalar can also have an important impact on

aµ [28]. In section 3 we will study possible effects of a light neutral CP-odd Higgs scalar

on aµ in regions of the parameter space of the NMSSM, which satisfy present bounds from

LEP [29] and B-physics [30].

In the remaining part of the introduction we briefly review the various SM contribu-

tions to aµ in order to clarify, which additional contribution would be desirable. The SM

contributions to aµ can be split into pure QED contributions aQED
µ (known to four-loop

order), leading order hadronic contributions aHLO
µ , next-to-leading order hadronic contri-

butions aHNLO
µ (vacuum polarisation diagrams only) and aLBL

µ (light-by-light contributions

only), and electroweak effects aEW
µ . The sum is to be compared with the experimental

result [1]

aEXP
µ = 11659 208.0(5.4)(3.3) × 10−10 . (1.1)

The QED contribution is [31]

aQED
µ = 11658 471.8113(162) × 10−10 (1.2)

(taking into account estimated five-loop contributions [32]) with an error well below the

experimental one. The remaining difference is

aEXP
µ − aQED

µ = (736.2 ± 6.3) × 10−10 . (1.3)

Among the recent evaluations of the leading order hadronic contributions aHLO
µ [2 – 6]

(including the most recent data from SND, CMD-2 and BaBar) we use — in order to

remain conservative — the largest estimate from [2, 5], leading to the smallest deviation

from the SM:

aHLO
µ = (692.1 ± 5.6) × 10−10 (1.4)

For aHNLO
µ we use the same reference [2, 5]:

aHNLO
µ = (−10.03 ± 0.22) × 10−10 (1.5)

The most recent determination of the hadronic light-by-light contribution [33] gives

aLBL
µ = (11.0 ± 4.0) × 10−10 . (1.6)
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Adding all errors quadratically, one obtains

aEXP
µ − aQED+HAD

µ = (43.1 ± 9.3) × 10−10 ; (1.7)

the remaining discrepancy should be explained by electroweak effects and/or contributions

beyond the SM as supersymmetry. Within the SM, the electroweak contributions are to

two-loop order [34]

aEW
µ = (15.4 ± 0.2) × 10−10 , (1.8)

which leads to the present discrepancy of about three standard deviations between the

experiment and the SM:

aEXP
µ − aSM

µ = (27.7 ± 9.3) × 10−10 (1.9)

In the next section 2 we will review the supersymmetric contributions to aµ, and specify

their dependency on the parameters of the NMSSM. Contributions to aµ which are very

similar in the NMSSM and the MSSM (without possibly light CP-odd Higgs scalars), and

contributions which involve the possibly light pseudoscalar of the NMSSM, are treated in

separate subsections. The formulas of section 2 will be made public in the form of a Fortran

code on the NMSSMTools web page [35]. In section 3 we present numerical results for aµ

in various regions of the parameter space of the NMSSM, amongst others regions with a

light CP-odd neutral Higgs scalar in the spectrum, and in the cNMSSM (with universal

soft terms at the GUT scale). At the end of section 3 we conclude with a short summary.

2. Supersymmetric contributions to aµ in the NMSSM

2.1 Contributions without pseudoscalars

The one-loop contributions to aµ in supersymmetric models are known to consist in char-

gino/sneutrino or neutralino/smuon loops [10 – 13]. The corresponding expressions are the

same in the MSSM and in the NMSSM, provided that the additional singlino state in the

neutralino sector (which includes now five states) is taken into account. Using the formulas

in [11], the chargino/sneutrino and neutralino/smuon contributions to aµ can be written

as follows:

δa1L χ±

µ =
mµ

16π2

∑

k

[

mµ

12m2
ν̃µ

(|cLk |2 + |cRk |2)FC
1 (xk) +

2mχ±

k

3m2
ν̃µ

Re[cLk c
R
k ]FC

2 (xk)

]

(2.1)

δa1L χ0

µ =
mµ

16π2

∑

i,m

[

− mµ

12m2
µ̃m

(|nL
im|2 + |nR

im|2)FN
1 (xim) +

mχ0

i

3m2
µ̃m

Re[nL
imn

R
im]FN

2 (xim)

]

(2.2)

Here cRk , cLk , nR
im and nL

im denote the couplings of the mass eigenstates of the charginos

or neutralinos to the sneutrino or smuons and the muon, which depend on the corresponding
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mixing matrices described below:

cRk = hµUk2 (2.3)

cLk = −g2Vk1 (2.4)

nR
im =

√
2g1Ni1X

µ̃
m2 + hµNi3X

µ̃
m1 (2.5)

nL
im =

1√
2

(g2Ni2 + g1Ni1)X
µ̃ ∗

m1 − hµNi3X
µ̃ ∗

m2 (2.6)

The conventions for the mass matrices and the resulting mixing matrices are as in [36,

37, 11, 35]:

• The neutralino mass eigenstates χ0
i , i = 1, . . . , 5 in the NMSSM (ordered in in-

creasing absolute mass) are given in terms of the interaction eigenstates ψj =

(−iλ1,−iλ2, ψ
0
d, ψ

0
u, ψs) by χ0

i = Nijψ
0
j .

• The chargino mass eigenstates χ±

k , k = 1, 2, are related to the charged gaugino and

higgsino interaction eigenstates ψ+ = (−iλ+, ψ+
u ) and ψ− = (−iλ−, ψ−

d ) through the

rotation matrices U , V : χ+
k = Vklψ

+
l , χ−

k = Uklψ
−

l .

• The smuon mass eigenstates µ̃m, m = 1, 2, with masses mµ̃m , result from the inter-

action eigenstates µ̃I = (µ̃L, µ̃R) and the rotation µ̃m = X µ̃
mnµ̃I

n. In the following,

this definition of the matrix X µ̃
mn will be extended to all sfermions f̃ , in which case

it will be denoted as X f̃
mn.

The µ-sneutrino mass is written as mν̃µ . xim and xk denote the following mass ratios:

xim = m2
χ0

i

/m2
µ̃m

, xk = m2

χ±

k

/m2
ν̃µ

. The functions FC,N
1,2 are given in the appendix. hµ is

the muon Yukawa coupling: hµ =
mµ

vd
, where vd is the vacuum expectation value of the

Higgs doublet which couples to down quarks and leptons.

Since contributions to aµ require a chirality flip, the formulae (2.1), (2.2) involve terms

— apart from the prefactor mµ — which are proportional either to the muon mass (if the

chirality flip occurs in the external legs) or to a chargino/neutralino mass (when it occurs

in internal lines). In practice, the numerically dominant contributions usually originate

from a chirality flip in the internal lines of the chargino/sneutrino contribution, i.e. the

second term in (2.1). It is proportional to cRk , and hence to the Yukawa coupling hµ ∼
mµ/ cos β ∼ mµ tan β (for tanβ ≫ 1).

An analysis of the chargino/sneutrino diagram reveals (see, e.g., [9]) that this con-

tribution carries the sign of the Higgs mass parameter µ (= µeff in the NMSSM), hence

a positive value for µ is phenomenologically favoured. The contribution decreases with

increasing sneutrino mass. For positive µ, the chargino/sneutrino contribution can well re-

solve the discrepancy (1.9), provided the muon sneutrino is relatively light or tan β is large;

see, e.g., figures 1–3 in section 3. (For a light sneutrino and large tanβ, this contribution

can even be larger than desired.)

It has been pointed out in [11, 12] that the neutralino/smuon contribution (2.2) could

also explain the 3σ discrepancy (1.9), if the bino is quite light and the smuon mass eigen-

states are not too heavy. This bino/smuon contribution has the interesting property to be

quite insensitive to tanβ.
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In the NMSSM, a light neutralino could also be dominantly singlino-like. However, in

this case its contribution to aµ is suppressed because of the weak couplings of the singlino

to the MSSM sector.

In addition to these one-loop diagrams, two-loop contributions to aµ in the MSSM have

been studied in [14 – 22]. First, we include large logarithms arising from QED corrections

to one-loop diagrams as computed in [14]:

δaSUSY +QED
µ = δa1L SUSY

µ

(

1 − 4α

π
ln
MSUSY

mµ

)

(2.7)

This leads to a reduction by a few percents of the LO contributions.

Additional bosonic electroweak two-loop diagrams were computed in [20], which can

be written as

δa2L Bos EW
µ =

5GF m
2
µ α

24
√

2π3

(

c2L Bos
L ln

m2
µ

M2
W

+ c2L Bos
0

)

. (2.8)

(Up to the more complicated Higgs sector of SUSY models, (2.8) contains two-loop elec-

troweak SM contributions included in (1.8). We took care not to count the SM contribution

twice.) Subsequently we confine ourselves to leading logarithmic contribution ∼ c2L Bos
L ,

which reads [20]

c2L Bos
L =

1

30

[

98 + 9chL + 23
(

1 − 4s2W
)2
]

. (2.9)

In the MSSM, the Higgs contribution chL is of the form (see eq. (27) in [20])

chL =
cos 2βM2

Z

cosβ

[

cosα cos(α+ β)

m2
H

+
sinα sin(α+ β)

m2
h

]

, (2.10)

where mh,H and α are the CP-even Higgs masses and the mixing angle in the MSSM.

In order to generalize the Higgs contribution to the NMSSM, it is convenient to re-write

eq. (2.10) in terms of elements of the (inverse) CP-even Higgs mass matrix M−2
S , here in

the basis (Hu, Hd):

chL = cos 2βM2
Z

[(

M−2
S

)

22
− tan β

(

M−2
S

)

12

]

(2.11)

(Now it is straightforward to verify the sum rule chL = 1 [20] with the help of the tree level

mass matrix M2
S .)

Eq. (2.11) can be interpreted as the result of the evaluation of the Higgs-dependent

two-loop diagrams, where Feynman rules in the interaction basis (Hu, Hd) have been used

and mass insertions were treated perturbatively — this procedure reproduces the leading

logarithms. Furthermore, in the interaction basis it is easy to identify the additional

contributions from the singlet scalar of the NMSSM, which decouples from the muon as

well as from gauge bosons. The only possible additional contributions arise from the

coupling of the singlet to charged Higgs bosons (involving always at least one power of

the Higgs singlet-doublet coupling λ), and the simultaneous presence of a mass insertion

transforming a doublet into a singlet (also of O(λ)). Since the coefficient of chL in (2.8) is

only ∼ −2 × 10−11, we neglect subsequently effects of O(λ2/g2) in chL. Then eq. (2.11) is

– 5 –
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equally valid in the NMSSM; all that remains to be done is to replace M2
S by the 3 × 3

mass matrix of the CP-even sector of the NMSSM. Returning, for convenience, to mass

eigenstates, chL is then of the form

chL = cos 2βM2
Z

3
∑

i=1

Si2 (Si2 − tan βSi1)

m2
hi

. (2.12)

Here, the conventions for the Higgs mixing matrices Sij are as follows [35] (for convenience

we discuss the complete Higgs sector here, which is useful for what follows below; note that

Hu and Hd are exchanged w.r.t. the conventions in [36, 37]):

• The CP even Higgs eigenstate hi, i = 1, 2, 3 (ordered in increasing mass) in the

NMSSM are a mixture of the real parts of the neutral Higgs components SI =

(HuR,HdR, SR): hi = SijS
I
j .

• The CP odd Higgs states ai, i = 1, 2 in the NMSSM originate from the imaginary

parts of the neutral Higgs components P I = (HuI ,HdI , SI) (after omission of the

Goldstone boson G0 = − sin βHuI + cos βHdI): ai = P ′

i1 (cos βHuI + sin βHdI
) +

P ′
i2SI .

• The charged Higgs boson H± is obtained from the charged Higgs components H±
u ,

H±

d as H± = cos βH±
u + sin βH±

d .

Two-loop diagrams involving closed sfermion and chargino loops were studied in [18, 19]

and [20], respectively. The leading contributions (photonic Barr-Zee diagrams) can be

found in [18, 9] in the context of the MSSM and can be generalized to the NMSSM through

a replacement of the corresponding couplings.

For the sfermionic diagrams we use the formula (5) of [18]:

δa2L f̃
µ =

GFm
2
µα

4
√

2π3

∑

f̃

3
∑

i=1

N f̃
c Q

2

f̃

Re[λhi
µ λ

hi

f̃
]

m2

f̃

ff̃

(

m2

f̃

m2
hi

)

(2.13)

where N f̃
c corresponds to the number of colors (3 for squarks, 1 for sleptons), Qf̃ is the

electric charge, and the Higgs/sfermion couplings in the NMSSM are given by:

λhi

T̃k

=
2
√

2MW

g2

[

ht {AtSi1 − λ (sSi2 + vdSi3)}Re[X T̃ ∗

k1 X
T̃
k2]

+

{

h2
t vuSi1 −

g2
1

3
(vuSi1 − vdSi2)

}

∣

∣

∣
X T̃

k2

∣

∣

∣

2

+

{

h2
t vuSi1 −

3g2
2 − g2

1

12
(vuSi1 − vdSi2)

}

∣

∣

∣
X T̃

k1

∣

∣

∣

2
]

(2.14)

λhi

B̃k
=

2
√

2MW

g2

[

hb {AbSi2 − λ (sSi1 + vuSi3)}Re[XB̃ ∗

k1 X
B̃
k2]

+

{

h2
bvdSi2 +

g2
1

6
(vuSi1 − vdSi2)

}

∣

∣

∣
XB̃

k2

∣

∣

∣

2

+

{

h2
bvdSi2 +

3g2
2 + g2

1

12
(vuSi1 − vdSi2)

}

∣

∣

∣
XB̃

k1

∣

∣

∣

2
]

(2.15)
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λhi

τ̃k
=

2
√

2MW

g2

[

hτ {AτSi2 − λ (sSi1 + vuSi3)}Re[X τ̃ ∗

k1 X
τ̃
k2]

+

{

h2
τvdSi2 +

g2
1

2
(vuSi1 − vdSi2)

}

∣

∣X τ̃
k2

∣

∣

2

+

{

h2
τvdSi2 +

g2
2 − g2

1

4
(vuSi1 − vdSi2)

}

∣

∣X τ̃
k1

∣

∣

2
]

(2.16)

while the muon/Higgs couplings are simply λhi
µ = Si2

cos β . vu, vd and s denote the vacuum

expectation values of Hu, Hd and S, respectively, in the normalisation where v2
u + v2

d =

1/(2
√

2GF ). λ is the Higgs singlet-doublet Yukawa coupling, and At,b,τ are the soft super-

symmetry breaking Higgs-sfermion trilinear couplings for the third generation.

For the closed chargino loop, we employ the formula (63) of [9]:

δa2L χ±

µ =
GFm

2
µα

4
√

2π3

2
∑

k=1





3
∑

i=1

Re[λhi
µ λ

hi

χ±

k

]

mχ±

k

fS





m2

χ±

k

m2
hi



+

2
∑

i=1

Re[λai
µ λ

ai

χ±

k

]

mχ±

k

fPS





m2

χ±

k

m2
ai









(2.17)

with the chargino/Higgs couplings of the NMSSM:

λhi

χ±

k

=

√
2MW

g2
[λUk2Vk2Si3 + g2 (Uk1Vk2Si1 + Uk2Vk1Si2)] (2.18)

λai

χ±

k

=

√
2MW

g2

[

λUk2Vk2P
′

i2 − g2 (Uk1Vk2 cos β + Uk2Vk1 sinβ)P ′

i1

]

(2.19)

The functions ff̃ , fS and fPS can be found in the appendix.

Among the missing contributions are one-loop diagrams with the exchange of a Higgs

boson between the muons, and two-loop diagrams with a closed SM fermion loop involving

Higgs bosons (and a photon). Since these can play a particular rôle in the NMSSM, they

will be treated separately in the next subsection.

2.2 Contributions including pseudoscalars

Higgs effects are usually negligibly small in the SM or the MSSM because of the existing

lower bounds on the Higgs masses. The SM one-loop Higgs/muon diagram is, indeed, about

four orders of magnitude below the sensitivity of the BNL experiment for a SM Higgs mass

above 114 GeV. However, this is not necessarily the case in the NMSSM: while the lightest

CP-even Higgs boson mass cannot be far below the LEP bound unless it decouples from

the SM sector, the lightest CP-odd boson a1 can be as light as a few GeV [26, 27]. Bounds

from B-physics [30], especially from BR(Bs → µ+µ−), can still be satisfied for low values

of tanβ or when the loop-induced b− s− a1 coupling is suppressed.

In the context of two-Higgs-doublet-models, the impact of light (pseudo-) scalars on

aµ was already pointed out in [15, 16, 28]. In the NMSSM, a short analysis of aµ has been

performed in [23].

In the following we include contributions from the Higgs sector to aµ up to the two-loop

level. One-loop scalar/fermion diagrams have been known for quite a while; see, e.g., [38].

– 7 –
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For completeness we detail all the SUSY Higgs contributions (CP-odd, even and charged):

δa1L CP even
µ =

Gµm
2
µ

4
√

2π2

3
∑

i=1

S2
i2

cos2 β

∫ 1

0

x2(2 − x) dx

x2 +
(

mhi

mµ

)2

(1 − x)
(2.20)

δa1L CP odd
µ = −

Gµm
2
µ

4
√

2π2

2
∑

i=1

P ′2
i1 tan2 β

∫ 1

0

x3 dx

x2 +
(

mai

mµ

)2

(1 − x)
(2.21)

δa1L charged
µ =

Gµm
2
µ

4
√

2π2
tan2 β

∫ 1

0

x(x− 1) dx

x− 1 +
(

m
H±

mµ

)2
(2.22)

For the two-loop Higgs diagrams involving a closed SM fermion loop (in contrast

to closed sfermion/chargino loops considered in the previous subsection), we follow the

analysis of [16] and generalize it to the NMSSM:

δa2L CP even
µ =

Gµm
2
µα

4
√

2π3

3
∑

i=1

[

4

3

Si1Si2

sin β cos β
fS

(

m2
t

m2
hi

)

+
1

3

S2
i2

cos2 β
fS

(

m2
b

m2
hi

)

+
S2

i2

cos2 β
fS

(

m2
τ

m2
hi

)]

(2.23)

δa2L CP odd
µ =

Gµm
2
µα

4
√

2π3

2
∑

i=1

P ′2
i1

[

4

3
fPS

(

m2
t

m2
ai

)

+ tan2 β

{

1

3
fPS

(

m2
b

m2
ai

)

+ fPS

(

m2
τ

m2
ai

)}

]

(2.24)

where the functions fS, fPS are defined in the appendix.

As noticed in [28], one-loop and two-loop light Higgs contributions are of opposite

signs and interfere, therefore, destructively. In the case of a CP-odd scalar, the one-loop

contribution is negative and worsens the discrepancy (1.9) correspondingly. However, for a

light CP-odd Higgs heavier than ∼ 3 GeV, the positive two-loop contribution is numerically

more important. The sum of both contributions is maximal around ma1
∼ 6 GeV, though

fairly constant in the range 4 − 10 GeV (see figure 5 below). Both one- and two-loop

contributions are proportional to the product of two muon Yukawa couplings, which leads

to an enhancement quadratic in tan β. They are also proportional to the square of the

mixing of the light pseudoscalar to the doublet sector (∼ (P ′
11 sin β)2, if we consider the

dominant Hd component only). In spite of the appearance of P ′
11, this coupling can be large

enough to allow the light pseudoscalar contribution to reach the experimental 2σ range of

aµ by itself, provided that tan β >∼ 30. Hence, this contribution can alleviate the upper

bound on slepton masses, which can be derived under the assumption that the chargino

contribution (2.1) explains the deviation (1.9).

Finally, we estimate the theoretical uncertainty following the analysis of [9], allowing

for a 2% error on the one-loop contributions and a relative error of 30% for the two-

loop results. Except for the light pseudoscalar contributions, which we include in the error

– 8 –
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Figure 1: The SUSY contribution to aµ as a function of tanβ for various slepton (sneutrino/smuon)

masses.

computation described above, we do not expect large sources of uncertainties different from

the MSSM. Therefore, we use the same additional constant terms as [9] for the evaluation

of the error.

3. Results

In this section we discuss a few phenomenological aspects of the supersymmetric contribu-

tions to aµ discussed above. First we consider the tan β and slepton mass dependences in

NMSSM scenarios without a light CP-odd scalar; as expected, these results are essentially

the same as in the MSSM. Then we examine the case of a light pseudoscalar and show

how relevant the Higgs contribution may become. Finally we study the cNMSSM (with

universal soft terms at the GUT scale), and conclude with a short summary.

In figure 1, we plot the supersymmetric contribution aSUSY
µ as a function of tanβ for

various slepton (sneutrino/smuon) masses. Here we chose, for simplicity, universal soft

slepton masses MSL at low energy. The gaugino soft terms are assumed to be hierarchical

(M3 = 3M2 = 6M1 = 900 GeV) and µeff is chosen such that the lighter chargino χ+ has

a mass of 175 GeV. The experimentally allowed 1σ and 2σ regions are indicated as an or-

ange and a yellow band, respectively. The full violet, blue or red curves (corresponding to

µeff > 0) and dashed violet, blue or red curves (corresponding to µeff < 0) include all SUSY

– 9 –
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Figure 2: Exclusion plot in the tanβ/slepton mass plane for a light chargino of 175GeV.

contributions. Next to them we plot as dot-dashed lines the one-loop chargino/sneutrino

contribution separately (corrected by large QED logarithms; for sneutrino/smuon masses

of 1TeV they differ hardly from the full SUSY contributions). As we mentioned in the

previous section, the chargino/sneutrino contribution is proportional to the Yukawa cou-

pling of the muon and thus to tan β. Since this contribution obviously dominates the total

SUSY contribution (the small difference is mainly due to the neutralino diagram), the total

SUSY contribution is also roughly proportional to tan β.

The chargino contribution to aµ carries the same sign as the SUSY parameter µ (µeff

in the NMSSM). Hence, the case µ < 0 (dashed curves in figure 1) is disfavoured by the

sign of the difference of the BNL result and the SM (1.9). When µ is positive (full curves

in figure 1), the SUSY contribution to aµ is able to account for the 3σ deviation. When

sleptons are heavy (the red curve), however, large values of tan β are necessary. On the

other hand, for light sleptons (violet curve) the chargino contribution can be large enough

even for moderate values of tanβ, or even too important when tan β is large.

In figure 2 we present an exclusion plot in the tan β/slepton mass plane for a light

chargino of 175 GeV. In the red and yellow hatched domains the muon magnetic moment

differs from the BNL result at the 2σ and 1σ level, respectively. (In the excluded dark

hatched region a slepton would be the LSP, or violate constraints from its non-observation

at LEP.) Two different domains are excluded by aµ:

– 10 –
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Figure 3: Exclusion plot in the tanβ/slepton mass plane for a heavier chargino of 450GeV.

• In the bottom right-hand corner of figure 2, tanβ is large and sleptons are light. In

this case, the chargino/sneutrino contribution is strongly enhanced and becomes too

large.

• When sleptons are heavy and tanβ is low (top and left-hand side of figure 2), the

chargino contribution to aµ is suppressed, and SUSY cannot explain the BNL result.

In order to see the impact of the chargino mass, we consider the case of a heavier

chargino of 450 GeV in figure 3. Here we chose M3 = 3M2 = 6M1 = 1.5 TeV. One sees

that light sleptons and large values of tanβ are required in order to account for the BNL

result.

These results confirm that the chargino/sneutrino contribution can explain the 3σ

deviation between aSM
µ and aEXP

µ in the NMSSM as well as in the MSSM, provided that

the supersymmetric particles are sufficiently light or tan β is large.

Next we consider the NMSSM with a light pseudoscalar a1 in the spectrum. From

the formulae (2.21) and (2.24) one finds that its contribution to aµ depends essentially

on the pseudoscalar mass ma1
and its coupling to (down) fermions Xd = P ′

11 tan β, where

P ′
11 describes the mixing of a1 with the Higgs-doublet sector. Subsequently we chose

parameters in the Higgs sector such that P ′
11 remains approximately constant ∼ 0.52; then

Xd is entirely determined by tanβ.

– 11 –
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Figure 4: Higgs contribution to aµ as a function of tanβ or Xd for ma1
= 6.5GeV.

In figure 4, we plot the contribution to aµ which originates from the NMSSM Higgs

sector only against tanβ (lower axis) or Xd (upper axis) for ma1
= 6.5 GeV; then the

contributions in section 2.2 are dominated by the light pseudoscalar. We indicate separately

the negative one-loop contribution (green curve), and the positive two-loop contribution

(red curve). For ma1
= 6.5 GeV the two-loop contribution dominates, so that the total

result (black curve) has the same sign as the desired contribution (1.9). The contribution

behaves as tan2 β (or X2
d ) and we find that the Higgs contribution alone can reduce the

discrepancy (1.9) below the 2σ (1σ) level for Xd >∼ 15 (22.5).

In figure 5 we show the contribution to aµ from the NMSSM Higgs sector as a function

of ma1
for various values of Xd. As we mentioned in the previous section, the negative one-

loop contribution dominates below ma1
∼ 3 GeV, while the two-loop diagram dominates

for larger masses. Since both contributions decrease when the pseudoscalar becomes heavy,

the total Higgs contribution becomes maximal around ∼ 6 − 7 GeV.

Constraints from B physics (essentially from B̄s → µ+µ− and ∆Ms) depend mainly

on the loop-induced b−s−a1 coupling [30], and are particularly strong for ma1
∼MBd,s

∼
5 GeV. For fixed Xd (and sfermion masses and trilinear couplings at 1TeV, λ = 0.3, µeff =

200 GeV, and M3 = 3M2 = 6M1 = 1.2 TeV) we varied the remaining parameters tanβ, κ

and Aκ in the Higgs sector of the NMSSM and obtained regions near ma1
∼ 5 GeV, which

are always excluded — these regions are indicated as dashed parts of the curves in figure 5.

For larger Xd and corresponding larger values of tanβ, the forbidden regions are larger. For
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Figure 5: Higgs contribution to aµ as a function of the pseudoscalar mass.

Xd = 24, the forbidden region extends up to ma1
∼ 6.5 GeV. The region ma1

>∼ 6.5 GeV,

where the total Higgs contribution can be relatively large, can be consistent with B physics

constraints, however.

The previous results concern certain regions of the relatively large parameter space of

the general (low energy) NMSSM. Next we consider the impact of aµ on the cNMSSM with

universal scalar and gaugino masses (m0 and M1/2) as well as universal trilinear couplings

(A0) at the GUT scale. Such a model is motivated by flavour-blind, supergravity-induced

SUSY breaking scenarios.

A recent study of the cNMSSM parameter space spanned by λ, m0, M1/2 and A0 [39]

showed that LEP constraints on Higgs scalars and, notably, a dark matter relic density

in agreement with WMAP constraints require λ ≪ 1, m0 ≪ M1/2 and that A0 is deter-

mined in terms of M1/2. Consequently, the complete Higgs and sparticle spectrum depends

essentially only on M1/2, which can a priori vary between 400 GeV and 2–3 TeV (where

all other constraints on sparticle masses and from B-physics are satisfied; the lower limit

on M1/2 originates simultaneously from the lower experimental bound on stau masses and

LEP constraints on Higgs scalars).

Using the most recent version of NMSSMTools [35], we have computed the spectrum

and the supersymmetric contributions to aµ in the cNMSSM as a function of M1/2, with

the result shown in figure 6.
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Figure 6: δaµ as a function of M1/2 in the cNMSSM

We see that the constraint from aµ confines the allowed range of M1/2 to M1/2
<∼ 1TeV

at the 2σ level, and to 400 GeV < M1/2
<∼ 700 GeV (where the sparticle spectrum is not

too heavy) at the 1σ level. In fact, the present experimental value could be matched to

arbitrarily high precision, and a more precise measurement of aµ could determine M1/2

completely.

In the cNMSSM, the leading SUSY contributions to aµ originate from the MSSM-like

one-loop diagrams. Besides the chargino/sneutrino loop, the bino/smuon contribution is

also quite significant. On the other hand, contributions from the Higgs sector are always

negligible in the cNMSSM, since the lightest pseudoscalar is not very light.

To summarize, the deviation (1.9) of the measured value of aµ from the SM can be

explained in the NMSSM as in the MSSM since – in the absence of a light CP-odd Higgs

scalar — the corresponding contributions are practically the same. In the presence of a

light CP-odd Higgs scalar the NMSSM specific contributions to aµ are not negligible in

general (depending on Xd and ma1
, see figures 4 and 5) and, for ma1

> 3 GeV, can allow for

a heavier sparticle spectrum. The mSUGRA-like cNMSSM is consistent with constraints

from aµ, which can help to confine the remaining free parameter M1/2.
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A. Loop functions

The functions appearing in the one-loop contributions (2.1), (2.2) are given in [11]:

FN
1 (x) =

2

(1 − x)4
[

1 − 6x+ 3x2 + 2x3 − 6x2 lnx
]

FN
2 (x) =

3

(1 − x)3
[

1 − x2 + 2x lnx
]

FC
1 (x) =

2

(1 − x)4
[

2 + 3x− 6x2 + x3 + 6x ln x
]

FC
2 (x) = − 3

2(1 − x)3
[

3 − 4x+ x2 + 2 ln x
]

,

The functions appearing in the two-loop contributions (2.13), (2.17, 2.23, 2.24) are as in [9]:

ff̃ (z) = −z
2

∫ 1

0

x(1 − x)

x(1 − x) − z
ln
x(1 − x)

z
dx =

z

2
[2 + ln z − fPS(z)]

fPS(z) = z

∫ 1

0

1

x(1 − x) − z
ln
x(1 − x)

z
dx

=
2z√

1 − 4z

[

Li2

(

1 − 1 −
√

1 − 4z

2z

)

− Li2

(

1 − 1 +
√

1 − 4z

2z

)]

fS(z) = −z
∫ 1

0

1 − 2x(1 − x)

x(1 − x) − z
ln
x(1 − x)

z
dx

= (2z − 1)fPS(z) − 2z (ln z + 2)
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