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Abstract The electroweak (EW) sector of the Minimal
Supersymmetric extension of the Standard Model (MSSM),
assuming the lightest neutralino as Dark Matter (DM) candi-
date, can account for a variety of experimental results. This
includes the DM direct detection limits, the searches for EW
superpartners at the LHC, and in particular the discrepancy
between the experimental result for the anomalous magnetic
moment of the muon, (g —2),, and its Standard Model (SM)
prediction. The new “MUON G-2” result, combined with the
older BNL result on (g — 2),, yields a deviation from the
SM prediction of Aa, = (25.14£5.9) x 10710, correspond-
ing to 4.2 0. Using this updated bound, together with the
other constraints, we calculate the MSSM prediction for the
mass of the W boson, My . We assume contributions only
from the EW sector, i.e. the colored sector of the MSSM, in
agreement with the search limits, is taken to be heavy. We
investigate five scenarios, distinguished by the mechanisms
which yield a relic DM density in agreement with the latest
Planck bounds. We find that with the new (g — 2),, result
taken into account and depending on the scenario, values up
to M%SSM < 80.376 GeV are reached. The largest values
are obtained for wino DM and in the case of slepton co-
annihilation, where points well within the 1 o range of the
experimental world average of M‘e;,(p = 80.379+£0.012 GeV
are reached, whereas the SM predicts a too small value
of M%VM = 80.353 GeV. We analyze the dependence of
M VI\[’,ISSM on the relevant masses of the EW superpartners and
demonstrate that future My measurements, e.g. at the ILC,
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could distinguish between various MSSM realizations. Siz-
able contributions to M %SSM are associated with a relatively
light )210, accompanied by either a light chargino or a light
smuon, setting interesting targets for future collider searches.

1 Introduction

Recently the “MUON G-2” collaboration [1] published the
results of their Run 1 data [2] of the anomalous magnetic
moment of the muon, a, := %(g — 2),, which is within
0.8 o in agreement with the older BNL result on (g — 2),,.
The combination of the two results yields

a;” = (11659206.1 £4.1) x 1071 M

The Standard Model (SM) prediction of a,, is given by [3]
(based on Refs. [4-23)),

ai™M = (11659181.0 £4.3) x 10710 )

Accordingly, the discrepancy between the experimental
value and the SM prediction amounts to

Aay =a,® —aiM = (25.1£5.9) x 10710, 3)

corresponding to a 4.2 0 discrepancy. At the time of the
announcement of the MUON G-2 result, also a new lattice
calculation for the leading order hadronic vacuum polariza-
tion (LO HVP) contribution to aEM [24] has been published.
This result, however, had not been used in the new theory
world average, Eq. (2) [3]. In our analysis below we use
Aay, as given in Eq. (3). The comparison of the new lattice
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result with previous results in the literature and the assess-
ment of the uncertainty estimate used in Ref. [24] are still a
matter of debate, see e.g. Refs. [25,26]. Possible implications
of the new lattice result for the way physics beyond the SM
(BSM) could manifest itself were discussed in Refs. [27,28].
The impact of the new result for aZXp on possible scenar-
ios of BSM physics that address its deviation from the SM
prediction will clearly depend on how the theoretical pre-
diction within the SM will settle during the next years. If a
discrepancy at the level of Eq. (3) (or even stronger) will be
confirmed by future theoretical and experimental analyses,
a,, will be a key observable for narrowing down the possible
nature of BSM physics.

Among the BSM theories under consideration for accom-
modating a deviation at the level of Eq. (3), the Min-
imal Supersymmetric extension of the Standard Model
(MSSM) [29-32] is one of the most prominent candidates.
Supersymmetry (SUSY) predicts the existence of two scalar
partners for each SM fermion as well as fermionic partners
for all SM bosons. Contrary to the case of the SM, the theo-
retical structure of the MSSM requires two Higgs doublets.
This results in five physical Higgs bosons instead of the single
Higgs boson in the SM. In the C’P-conserving case, consid-
ered in this article, these are the light and heavy CP-even
Higgs bosons, & and H, the CP-odd Higgs boson, A, and
the charged Higgs bosons, H*. The neutral SUSY partners
of the neutral Higgs and electroweak (EW) gauge bosons
give rise to the four neutralinos, )??’2’3’ 4+ The corresponding
charged SUSY partners are the charginos, )~(1le~ The SUSY
partners of the SM leptons and quarks are the scalar leptons
and quarks (sleptons, squarks), respectively.

In Refs. [33-36] some of us performed an analysis of the
EW sector of the MSSM, taking into account all relevant
experimental data, i.e. data that is directly connected to the
EW sector. It was assumed that the Lightest SUSY Parti-
cle (LSP) is the lightest neutralino, )Z?, with the requirement
that it is in agreement with the bounds on the Dark Mat-
ter (DM) content of the universe [37,38]. The experimental
results employed in the analyses of Refs. [33-36] comprise
the direct searches at the LHC [39,40], the DM relic abun-
dance [41], the DM direct detection experiments [42-44]
together with the deviation on the value of the anomalous
magnetic moment of the muon. !

In Refs. [33-36] five different scenarios were analyzed,
classified by the mechanism that has the main impact on
the resulting LSP relic density. The scenarios differ by
the nature of the Next-to-LSP (NLSP). They comprise
)?li—coannhiliation, [%-coannihilation with either “left-" or
“right-handed” sleptons close in mass to the LSP (“‘case-L”

I In Refs. [33,34] the previous experimental result based on Refs. [12,
13] was used, while Ref. [33] was updated with the new world average
on (g —2), in Ref. [35].
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and “case-R”, respectively), wino DM, as well as higgsino
DM. In the first three scenarios the full amount of DM can
be provided by the MSSM, whereas in the latter two cases
the measured DM density serves as an upper limit. Requir-
ing Eq. (3) at the 20 level, together with the collider and
DM constraints, results in upper limits on the LSP masses at
the level of ~ 500 GeV to ~ 600 GeV for all five scenar-
ios. Corresponding upper limits on the mass of the NLSP are
obtained for only slightly higher mass values.

It is interesting to note that there is another EW high-
precision observable that shows a (slight) discrepancy between
the experimental result and the SM prediction, namely the
mass of the W boson, My . The experimental world average
is [45]

My,” =80.379 £0.012 GeV , 4)
whereas the SM predicts a value of
Ma,M = 80.353 £ 0.004 GeV . 5)

For the central value of M EVM we use the implementation in
the code FeynHiggs [46-48] (see below for details), while
the quoted theoretical uncertainty is based on an estimate of
unknown higher-order corrections [49] (in a comparison of
the result in the here used on-shell scheme with a result in
the MS scheme a difference of 6 MeV was reported [50]).
It is expected that this uncertainty can be reduced to ~
0.001 GeV within the next decades, see Ref. [51,52] and
references therein.

Concerning the MSSM, in Refs. [53-55] it was shown that
EW SUSY particles alone, provided that they are sufficiently
light, can induce significant shifts in the M ‘I}V/ISSM prediction
wrt. M a,M (taking into account the then valid lower limits on
the EW SUSY masses). Those results motivate a combined
analysis investigating whether the discrepancy in a,, as given
in Eq. (3) and the difference between the current value of
M %p as given in Eq. (4) and the SM prediction of Eq. (5)
could arise from loop corrections of the same type of SUSY
particles. While many papers interpreted the observed (g —
2),, discrepancy of 4.2 o in SUSY models [33-36,56-118],
none of those papers analyzed My in this context.

In the present paper we analyze the prediction of M %SSM
in view of the new world average of a,,". We focus on the
five MSSM scenarios presented in Refs. [33,34], well moti-
vated by DM constraints and characterized by relatively light
EW SUSY particles and a heavy colored supersymmetric
spectrum. Since the squarks and the gluino are assumed to
be heavy in those scenarios, in agreement with the experi-
mental bounds from direct searches, they yield a negligible
contribution to M %SSM. All analyzed parameter points are in
agreement with the experimental result on the relic DM den-
sity, which is imposed as an upper bound (for the scenarios
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with )Zli—coannhiliation and /% -coannihilation for case-L and
case-R this bound can be saturated, while for the scenarios
with wino DM and higgsino DM the obtained relic density
stays below the measured value), with DM direct detection
bounds, and with LHC searches for light EW SUSY particles.
In these scenarios we investigate the prediction for M wSSM
in combination with the contribution to Aa)SM w.r.t. the
new value for the discrepancy Aa,, as given in Eq. (3). We
assess how well the MSSM prediction agrees with the current
experimental value for M ;’,‘P. We analyze the dependence on
the relevant masses and parameters in the MSSM. Finally
we briefly discuss the impact of potential precision measure-
ments of Ma’,(p at future e"e~ colliders such as the ILC,
FCC-ee or CEPC.

The paper is organized as follows. In Sect. 2 we give a
brief description of the sectors of the MSSM relevant for our
analysis. We review the experimental constraints applied to
the MSSM parameter space and give a description of our
calculation of M%SSM. In the last part of this section we
briefly review the five scenarios that are analyzed in this
paper. The numerical results for the M VIY,[SSM prediction in our
scenarios, together with an analysis of the relevant parameter
dependences is given in Sect. 3. We conclude in Sect. 4.

2 The model, experimental constraints and My
2.1 The model

A detailed description of our conventions used for the EW
sector of the MSSM can be found in Ref. [33]. Here we just
list the input parameters and masses that are relevant for our
analysis. Throughout this paper we assume that all parame-
ters are real, i.e. we do not incorporate possible C’P-violating
effects that can be induced via SUSY loop corrections with
complex parameters.

The masses and mixings of the charginos and neutralinos
are determined by U (1)y and SU (2); gaugino soft SUSY-
breaking mass parameters M| and M>, the Higgs/higgsino
mass parameter u, and tan §, the ratio of the vacuum expec-
tation values (vevs) of the two Higgs doublets of the MSSM,

tan B = vp/v1. The four neutralino masses are ordered as
My < My < mgo < my. Similarly, the two chargino-
masses are denoted as m :t < mg. As explained in
Ref. [33], it is sufficient for our analy51s to focus on posi-
tive values for M, M, and .

For the sleptons, as in Ref. [33], we choose common soft
SUSY-breaking parameters for all three generations, m i and
mj,. We take the trilinear coupling A; (I = e, i, 7) to be
zero. We follow the convention that [} (/>) has the large “left-
handed” (“right-handed””) component. Besides the symbols
that refer to equal values for all three generations, m; and

my , we also explicitly use the scalar electron, muon and tau
masses, mg, ,, My, , and mz, ,.

We assume that the colored sector of the MSSM is signif-
icantly heavier than the EW sector, and does not play a role
in this analysis since it yields a negligible contribution to
aﬁ/[SSM and M ‘I)V/[SSM. Since the colored particles are assumed
to be very heavy, they are not affected by the LHC limits
from direct searches [39,40]. In particular we have chosen
the scalar top/bottom sector parameters in such a way that the
radiative corrections to the mass of the light CP-even Higgs
boson yield a value in agreement with the experimental data,
M), ~ 125 GeV (taking into account a theory uncertainties of
+ 3 GeV, which as a conservative estimate amounts to about
twice the value obtained in Ref. [119]). The determination
of the stop/sbottom MSSM parameters has been performed
with FeynHiggs-2.18.0 [46-48,119-124]. The result-
ing stop masses are found to be heavier than2 TeV [125,126],
in agreement with the above assumption of a heavy colored
sector.

The mass of the CPP-odd Higgs boson, My, has been
assumed to be heavy ( Z 2 TeV) which ensures its com-
patibility with the experimental bounds from the LHC. As a
consequence, effects from H-/A-pole annihilation of DM in
the early universe are absent in our analysis.

2.2 Relevant constraints

Concerning the experimental constraints taken into account,
we follow Ref. [33]. These comprise

e Vacuum stability constraints:

All points are checked to possess an EW vacuum that has
the correct properties and is stable, e. g. avoiding charge
and color breaking minima. This check is performed with
the public code Evade [127,128].

e Constraints from the LHC and LEP:

EW SUSY searches at the LHC are taken into account
as described in Ref. [33]. This has mostly been done
via CheckMATE [129-131], where many analyses were
newly implemented [33]. In this context also the code
SDECAY [132] as in included in SUSYHIT-1.5a has
been used. The points are furthermore required to satisfy
the )Zli mass limit from LEP [133].
e Dark matter relic density constraints:

We use the latest result from Planck [41] as an upper
limit. The relic density in the MSSM is evaluated with
MicrOMEGAs-5.0.8 [134-137].

e Dark matter direct detection constraints:

We employ the constraint on the spin-independent DM
scattering cross-section O’;I from the XENONIT [42]

@ Springer
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experiment, evaluating the theoretical prediction for o'
using MicrOMEGAs. A combination with other direct
detection experiments would yield only very slightly
stronger limits, with a negligible impact on our results.

e Weindicate in the plots the new result for Aa,, as given in
Eq. (3), which is applied at the £2¢ level as a constraint
that the parameter points have to pass. The evaluation
has been done with the code GM2Calc-1.7.5 [138],
incorporating two-loop corrections from Refs. [139—-141]

(see also Refs. [142,143]).

In addition, we have verified using
HiggsSignals-2.6.1 [144-146] that the properties of
the Higgs state at ~ 125 GeV, which could be modified by
presence of light SUSY EW states, are in agreement with the
current measurements.

2.3 The W-boson mass

The mass of the W boson can be predicted from muon decay,
which relates My to three extremely precisely measured
quantities, namely the Fermi constant, G, the fine struc-
ture constant, «, and the mass of the Z boson, M. Within
the SM and many extensions of it, in particular the MSSM,
this relation can be used to predict My via the expression

2 2
My = M7

S N )
x {= _— r Mg, my, ... ,
2 V4T Gl w, Mz, m;

(6)

where the quantity Ar is zero at lowest order. It comprises
loop corrections to muon decay in the considered model,
where the ellipsis in Eq. (6) denotes the specific particle con-
tent of the model. Since Ar is a function of My itself, it is
convenient to evaluate Eq. (6) via an iterative procedure.
The SM prediction for Ar includes contributions at the
complete one-loop [148,149] and the complete two-loop
level [150-165], as well as partial higher-order corrections
up to four-loop order [166—175]. 3 Our prediction for My in
the MSSM is based on the full one-loop result for Ar [53-55]
(see also Ref. [180]), supplemented by the leading two-loop
corrections [181-183]. The leading one- and two-loop contri-
butions arise from isospin splitting between different SUSY
particles and enter via the quantity Ap, which receives contri-
butions from the W-boson and Z-boson self-energies at van-
ishing external momentum. At the one-loop level the squarks

2 See e.g. Ref. [147] for the case of a model where the lowest-order
prediction for My is modified.

3 See also Refs. [176-179] for further higher-order contributions
involving fermion loops.

@ Springer

enter only via self-energy contributions, i.e. predominantly
via Ap. The same is true for the corresponding contribution
of pure slepton loops, while the contributions of the chargino
and neutralino sector enter also via vertex and box diagrams.
In our MSSM prediction for My the contributions involving
SUSY particles are combined with all available SM-type con-
tributions up to the four-loop level as described above. This
ensures that the state-of-the-art SM prediction is recovered in
the decoupling limit where all SUSY mass scales are heavy.
For our analysis we use the implementation of the SM and
SUSY contributions in the code FeynHiggs as described
in Ref. [184].

Concerning the prediction for My in the SM, the central
value of M EVM quoted in Eq. (5) (which agrees with the result
obtained from the fit formula in Ref. [49] within the theoret-
ical uncertainty) has been obtained for the following input
parameters:

a(0)~! = 137035999084, Mz = 91.1876 GeV,

Gr =1.166378 - 107> GeV ™2,

Aal)(Mz) = 0.02766, m, = 172.76 GeV.,

MM =125.09GeV,

Adiepy = 0.031497686, mp(mp) = 4.18 GeV,

as(Mz) = 0.1179. 7

All these values are from Ref. [45], except for Aajepi, which
is taken from Ref. [185]. Besides the “intrinsic” theoretical
uncertainties from unknown higher-order corrections, see the
estimate in Eq. (5) for the SM, the predictions in the SM and
the MSSM are also affected by theoretical uncertainties that
are induced by the experimental errors of the input parame-
ters. For the SM case the latter “parametric” uncertainties can
be estimated by recomputing M VSVM for numerical values of
the input parameters that are shifted with respect to the ones
quoted in Eq. (7) by their experimental errors (where we use
the values given in Ref. [45] unless otherwise specified): for
the case of the top-quark mass, m;, a variation of &1 GeV *
changes M VSVM by &£ 6 MeV; a shift of £ 0.0010 from the cen-
tral value g (M7) yields a variation of 0.7 MeV in M SM,
the uncertainty on Mz is of +0.0021 GeV and its impact
on M a,M is of >~ £2.7 MeV; the uncertainty of 0.00007 on

the value of Aagﬁ(M 7) yields a variation of >~ 1.2 MeV,
finally, varying the Higgs mass by 1 GeV results in a shift of
~ 0.4 MeV.

4 This value is indicated for illustration. The parametric uncertainty of
the top-quark mass has to be assessed on the basis of the experimental
error of the measured mass parameter of £0.30 GeV atthe 1 o level [45]
in combination with the systematic uncertainty that is associated with
relating the measured quantity to a theoretically well-defined top-quark
mass.
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Concerning the theoretical uncertainties of the MSSM pre-
diction for My, our implementation described above is such
that in the decoupling limit the intrinsic and parametric the-
oretical uncertainties of the My prediction are the same as
for the SM case. If some of the SUSY particles are relatively
light the intrinsic theoretical uncertainties can be somewhat
larger, depending on the mass scales of the SUSY parame-
ters, see, e.g., the discussion in Ref. [53]. The sensitivity of
the My prediction to variations of the SUSY parameters is
usually not discussed as a parametric uncertainty, but as an
indication of the sensitivity of a precise measurement of My
for constraining the allowed range of SUSY parameters. In
our numerical analysis below the intrinsic theoretical uncer-
tainty of the prediction for My in the MSSM from unknown
higher-order corrections and the parametric uncertainty from
varying the SM input parameters will not be displayed. On
the other hand, we also show for comparison the SM predic-
tion, where the current intrinsic theoretical uncertainty from
unknown higher-order corrections of &4 MeV, see Eq. (5),
is indicated as a horizontal band.

We furthermore indicate in our plots below the current
experimental value for My and its £ 1o band as given in
Eq. (4). For illustration also a projected future uncertainty
that can be expected at the ILC of SM{;C = 0.003 GeV [186]
is shown. In principle an even higher precision of O(1 MeV)
could be achieved at the FCC-ee [187,188] or at the
CEPC [189,190], but in the projections that were carried
out theory uncertainties affecting the measurement were not
taken into account. Those theoretical uncertainties may give
rise to a systematic experimental uncertainty that dominates
over the expected statistical uncertainty [51,52].

2.4 Parameter scan

We use the parameter sets that were obtained in Refs. [33-35]
from a scan of the EW MSSM parameter space making use
of the code SuSpect-2.43 [191]. The applied constraints
discussed above, in particular the compatibility with Aa,, as
given in Eq. (3) at the 2o level and with the upper bound
on the DM relic density, give rise to lower and upper limits
on the relevant neutralino, chargino and slepton masses. As
detailed in Refs. [33,34] five scan regions cover the relevant
parameter space:

(A) Mixed bino/wino DM with )Zli-coannihilation

100 GeV < M| <1TeV, M| <M <1.1My,

1AM <p <10M;, 5 <tanp <60,

100 GeV < mj < 1 TeV, mj =mj . (8)

Bino DM with /*-coannihilation region
(B) Case-L: SU(2) doublet

100 GeV < M| <1TeV, M| < M; <10M;,

1.IM; < p <10M;, 5 <tanp <60,
M < ml'L <1.2M;, M, Sml*R < 10M; . )

(C) Case-R: SU(2) singlet

100 GeV < M; <1TeV, M, <M, <10M,,
1AMy < pu < 10M;, 5 <tanpB <60,
leminl.ZMl, lemiLfloMl. (10)

(D) Higgsino DM

100 GeV < u < 1.2 TeV, 1.1lpu<M; <10u,
1.lp < My < 10p, 5 <tanp <60,
100 GeV < mi ,mj, < 2 TeV. (11)

(E) Wino DM

100 GeV < M < 1.5TeV, 1.1M> < M; < 10M>,
1.1My < u < 10M,, 5 <tanpB < 60,
100 GeV < mj ,mp < 2 TeV. (12)

For each of the five scenarios a data sample of 0107
points was generated by scanning randomly over the input
parameter ranges specified above, using a flat prior for all
parameters. Since we have assumed the colored SUSY sector
to be heavy, the parameters of the squark and gluino sectors
are not varied in the scan (see above for the prescription that
was used for obtaining a prediction for the mass of the SM-
like Higgs boson that is in agreement with the experimental
result). We have checked for our scan points that the con-
tribution from colored SUSY particles to M%SSM is indeed
negligible.

3 Results

In the following we present the results for the scan points that
are allowed by the experimental and theoretical constraints
specified in Sect. 2.2 in the five scenarios defined above. In
particular, the displayed scan points are in agreement with
Aay, as given in Eq. (3), at the 1 and 2 o level.

In Fig. 1 we show in the Aa%SSM—M w plane the results
for the five scenarios corresponding to the /*-coannihilation
case-L and case-R, the )Zli-coannihilation case, the wino and
the higgsino case. The prediction for Aall\fSSM has been eval-
uated with the code GM2Calc-1.7.5 [138]. The vertical
solid blue line indicates the value of Aa,, as given in Eq. (3),
while its &+ 1 o range is indicated by the blue dashed vertical
lines. The displayed points are restricted to the +2 o range of
Aay,. The horizontal lines indicate the current central value
for My,” (solid green), the current &1 o uncertainties (green

@ Springer
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Fig. 1 Results for the five considered scenarios in the Aa}\fSSM—MW
plane, where the prediction for Aa%SSM has been evaluated with the

code GM2Calc-1.7.5 [138]. The points for the [%-coannihilation
case-L and case-R, the )Zli-coannihilation case, the wino and the hig-
gsino case are shown in green, blue, red, orange and violet, respectively.
The vertical blue lines indicate the central value of Ag, as given in

dashed) and the anticipated ILC +1 0 (red shaded) uncer-
tainties. The SM prediction is shown in gray, including the
theoretical uncertainty from unknown higher-order correc-
tions.

One can observe in all scenarios a lower limit on
that for small Aa})’[SSM, corresponding to heavy EW SUSY
masses, recovers the SM prediction (within ~ 1 MeV; this
offset would be absent for even smaller values of Aa})’[SSM).
The lower limit rises for increasing Aa}YISSM by up to ~
3 MeV. Thus, the relatively light SUSY particles that are
required for larger values of Aaﬁ/ISSM give rise to a slight
increase in the prediction for My that is independent of the
variation of the other parameters in the scan. While this lower
limit on the predicted value of My is very similar in the five
DM scenarios, there are important differences in the high-
est MVI\{,ISSM values that are reached. The largest predicted
values of M ‘I}V/ISSM, nearly reaching the current central value
of M;’,‘p, are obtained for the wino DM case. Accordingly,
for the wino DM case the electroweak sector of the MSSM
behaves in such a way that the predicted values for My and
the anomalous magnetic moment of the muon can simultane-
ously be very close to the present experimental central values,
while respecting all other constraints on the model. For the
[*-coannihilation case-L the highest obtained M ‘I)V/[SSM values

MSSM
MW

@ Springer

Eq. (3) (solid) and its =1 o range (dashed). The displayed points are
restricted to the £2 o range of Aa,. The horizontal lines indicate the
current central value for M;f,(p (solid green), the current 1 o uncer-
tainties (green dashed) and the anticipated ILC 1 o (red dot-dashed)
uncertainties. The SM prediction is shown as a point for AaMSSM =
while the gray band indicates the theoretical uncertainty of the SM
prediction for My from unknown higher-order corrections

)

are somewhat lower but still within the current + 1 o range
of M (;’:,(p. On the other hand, for the other three scenarios we
find significantly lower predicted values of My .

These results open interesting perspectives for discrimi-
nating between different DM scenarios with the anticipated
future accuracy on My . Depending of course on the future
central value of My, the wino DM scenario could potentially
be singled out as the only scenario yielding a good agreement
with the My measurement. As we will discuss in more detail
below, an M %SSM prediction near the current experimental
central value implies that at least some of the SUSY parti-
cles have to be relatively light, offering good prospects for
the SUSY searches at the LHC and future colliders. If instead
the future central value of M ;:,‘p turns out to be substantially
lower, outside of the current =1 o range, all the considered
DM scenarios could still be in agreement with the My mea-
surement. On the other hand, a higher central value of M ;’,‘p
would require larger contributions from the EW SUSY states,
possibly via further relaxed assumptions on the EW SUSY
parameters, or additional contributions from the colored sec-
tor (as discussed above, the latter possibility is not considered
in the present study).

In Fig. 2 we analyze in more detail the origin of the contri-
butions to M %SSM. We show the My prediction as a function



Eur. Phys. J. C (2022) 82:474

Page 7of 14 474

Fig. 2 Results for the five FoT
scenarios in the ApMSSM_pfy, 80.41F
plane. The horizontal lines and E
the color coding are as in Fig. 1
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of ApMSSMwhich denotes the SUSY contributions from
sfermions to the quantity Ap. As discussed above, the con-
tribution of pure slepton loops enters only via self-energies,
and in particular via the SUSY contributions to Ap. On the
other hand, “mixed” slepton/chargino/neutralino contribu-
tions enter via the vertex and box corrections to Ar. One
can see in Fig. 2 that the largest corrections to M %SSM that
were found for wino DM and the /*-coannihilation case-L
in Fig. 1 have different origins. Wino DM, which naturally
has at least one light neutralino and one light chargino in the
spectrum, can yield sizable contributions to M %SSM even
for small ApMSSM. On the other hand, for = -coannihilation,
which naturally has light sleptons in the spectrum, large cor-
rections to M%SSM are correlated with large contributions
of Ap, while the vertex and box contributions in this case
are sub-dominant. We have explicitly verified these features
by enabling and disabling the respective contributions in the
M %SSM calculation.

Consequently, in the following we discuss the depen-
dence of M IV\VASSM on the various SUSY particle masses. We
will focus our discussion on the two scenarios that show an
appreciable contribution to M IV\V’[SSM, wino DM and the /*-
coannihilation case-L. For the other scenarios the impact of
an improved accuracy of the My measurement on the param-
eter space can be summarized as follows: for an experimental
central value that is close to the SM prediction the discrimi-
nating power between different SUSY scenarios will be lim-
ited; on the other hand, if the experimental central value stays
close to the current value those scenarios will be disfavored
by the My measurement (unless relatively light colored par-
ticles would yield an upward shift in the My prediction).

1.5 2.0 2.5
ApMSSM

X

X

2
L

We start our discussion of the SUSY mass dependences
of M%SSM in Fig. 3 with the prediction of the W-boson
mass as a function of m 70+ In our scan we find values of
the LSP mass between ~ 100 GeV and up to ~ 600 GeV,
where the specific values depend on the scenario (see also
the discussion in Refs. [33-36]). In particular, only for =

coannihilation and wino DM very low values of m 7o are

realized. The large contributions to M}>5M in the wino DM
scenario and for the /*-coannihilation case-L are reached
only for m 70 < 150 GeV. For larger LSP masses the MSSM
prediction for My approaches the SM limit, indicating a
decoupling effect of the SUSY contributions. The low m 70
values that can bring the My prediction close to the experi-
mental central value provide an interesting target that can be
probed via SUSY searches at the LHC and future colliders.

In Fig. 4 we show the dependence of MVIY,[SSM on
the lightest chargino mass, m; £, The largest contribu-

tions to MI\W/ISSM are obtained for the smallest chargino

masses, m i]:t < 200 GeV. On the other hand, for the =
coannihilation case-L. My values within the current 1o
bound are reached for masses up to m iE < 800 GeV. The

visible “hole” in this scenario for 200 GeV < My <
350 GeV, where no scan points passed the applied con-
straints, is due to the experimental constraints from the LHC.
In particular, the strongest impact comes from the ATLAS
31+ Fr search [192], which is sensitive to the production of a
pair of )Zli f(g with subsequent decay via sleptons.

Next, in Figs. 5 and 6 we show the dependence of the
M %SSM prediction on mj, and m,, respectively. For the
[*-coannihilation case-L naturally a light fi; is present in
the particle spectrum, close in mass to the LSP, as can be

@ Springer
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Fig. 3 Results for the five F LI T T T T T T T T T ]
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seen in Fig. 5. Consequently, see Fig. 3, the largest con-
tributions to M%}V/ISSM are reached for the lowest values of
mg, . Thus, the low values of fi; that are required in this
scenario in order to bring the My prediction close to the
experimental central value offer interesting prospects for
upcoming searches for SUSY particles. The case is different
for wino DM. Here M %SSM values within the 1o interval
of M;’,‘p are reached for 200 GeV =< mp, < 1200 GeV,
which will make it difficult to conclusively probe this sce-
nario at the HL-LHC or the ILC, see also the discussion in
Refs. [33-35]. Clearly visible is also a “hole” in the m,
parameter space at 250 GeV < m AL < 400 GeV, where
no scan points are allowed by the applied constraints. We

@ Springer

R Ll Ll Ll
600 800 1000 1200

M+ [GeV]

Ll
400

found that this is due to the experimental constraints from
the LHC, specifically from slepton pair production searches
in the 21+ Frchannel [193].

As shown in Fig. 6, for the wino DM scenario an My pre-
diction close to the experimental central value is correlated
with a similar range of fig values as it was the case for iy
in Fig. 5. On the other hand, for the [*-coannihilation case-L
scenario the My prediction is only weakly sensitive on fig
in contrast to the case of jiy. Values of M %SSM within the
1o experimental limit are reached for the whole range of
200 GeV < Mg < 1300 GeV.

As final step of our analysis we show in Fig. 7 the depen-
dence of MVI\[’,ISSM on tan 8. In Refs. [33-35] it was shown
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that low values of m o can yield a prediction for a)'SSM in

the preferred region for effectively the whole allowed tan
range. Consequently, no pronounced dependence of M %SSM
on tan B is expected, see also Refs. [53,55]. This is con-
firmed in Fig. 7. Values of M %SSM in the experimental 1 o
range are found for 5 < tan 8 < 60(50) for the wino DM
(l~ *_coannihilation case-L) scenario.

4 Conclusions and outlook

The new result for the Run 1 data of the “MUON G-2”
experiment confirmed the deviation from the SM predic-

tion found previously. The combination of the experimental
results yields a discrepancy with the theory world average for
the SM prediction of Aa, = (25.1 £5.9) x 10719, corre-
sponding to a 4.2 o effect. Contributions from the EW sector
of the MSSM, consisting of charginos, neutralinos and scalar
leptons, can bring the theoretical prediction into very good
agreement with the new combined average of a,efp , while at
the same time complying with all other experimental and
theoretical constraints on this sector. In particular, identify-
ing the lightest neutralino, f(?, with the LSP, a prediction for
the CDM relic abundance can be obtained that is in accor-
dance with the experimental observation, while respecting

@ Springer
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Fig. 7 Results for the five T
scenarios in the tan S—My 80.41 £
plane. The horizontal lines and F
the color coding are as in Fig. 1 .
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the bounds from DM direct detection experiments as well as
from direct searches for new particles at the LHC.

Using the Planck measurement of the DM relic density
as an upper limit on the DM content that is associated with
f(?, we analyzed the prediction for the W-boson mass in
the MSSM, M%V’ISSM. We assumed that the colored sector of
the MSSM is heavy such that it is in agreement with the
LHC limits from direct searches for SUSY particles and at
the same time yields a negligible contribution to M‘I},/[SSM.
In general, the direct search limits in combination with the
requirement to obtain a prediction for M), that within the
theoretical uncertainties is in agreement with the measured
mass value of the SM-like Higgs boson of about 125 GeV
yields a lower bound on the scale of the stop masses of < 1—
1.5 TeV. While the squark contributions to M %SSM tend to be
relatively small in this mass region, they are not necessarily
negligible if the third generation squark masses happen to be
close to this lower bound and/or if large mixing is present.
We have checked the numerical impact of those contributions
and found that an upward shift of M %SSM of about 20 MeV
or more is possible for the case of the parameter sets in this
study where the stop and sbottom masses are near 1.5 TeV
and the constraint on M}, is satisfied, see also the discussion
in Ref. [55]. Accordingly, an analysis targeting the lowest
possible mass values of the third generation squarks in the
MSSM should take into account also the contribution of the
colored sector to M %SSM. We leave such an investigation for
future work.

We analyzed five scenarios, depending on the mechanism
that brings the relic density in agreement with the observed
upper bound: bino/wino DM with x llL-coannihilation, bino
DM with [*-coannihilation with the mass of the “left-

@ Springer

handed” (“right-handed”) slepton close to m 70 case-L (case-
R), wino DM and higgsino DM. We find that only the scenar-
ios of wino DM and the /*-coannihilation case-L can give
rise to sizable contributions to M ‘I}VASSM, up to ~ 25 MeV and
~ 20 MeV, respectively. Accordingly, in those scenarios the
predicted values for My and a,, can simultaneously be very
close to the present experimental central values. As a conse-
quence, the anticipated future accuracy on My offers inter-
esting prospects for discriminating between different DM
scenarios, depending on the future experimental central value
for My .

For the /*-coannihilation case-L the numerically impor-
tant corrections stem mostly from the self-energy contri-
butions, whereas for wino DM the vertex and box con-
tributions are most relevant. In these scenarios the largest
MVI\[’,ISSM values are reached for the smallest experimentally
allowed f(? masses, m 70 < 150 GeV. Concerning the other

MSSM
MW

EW SUSY masses, sizable contributions to require

a light chargino, My < 200 GeV for wino DM, or a

light “left-handed” smuon, mg, < 250 GeV for the [*-
coannihilation case-L. The combined analysis of a,, My
and the DM relic density therefore leads to preferred mass
regions of the specified SUSY states that can serve as targets
for searches at the (HL-)LHC and future e*e ™ colliders, such
as the “second stage” ILC with /s = 500 GeV.

The complementary information from future searches for
new particles and from an increased sensitivity of the preci-
sion observables a;, and My will giverise to stringent tests of
the theory of the electroweak interactions. We have indicated
in our plots the prospective improvement on the precision for
M 3;,(]3, displayed for the example of the expected accuracy at
the ILC, 6 M g;c ~ 3 MeV. If the future central value of M ;’,‘p
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stays close to the present value, the SM would be strongly
disfavored, and also various MSSM scenarios would yield
a large discrepancy between the theory prediction and the
experimental value of My . On the other hand, the scenarios
with light EW SUSY particles yielding predictions of a,, and
My close to the current experimental central values would
clearly offer very good prospects for future e™e™ colliders.

Note added

Shortly after submission of this paper a new measurement
of My was reported by the CDF collaboration [194], corre-
sponding to Mg>" "V = 80.433540.0094 GeV, which lies
substantially above the experimental PDG average, Eq. (4).
The main emphasis of this article is the correlation between
the EW SUSY sector giving a good description for (g —2),
and the corresponding effects on the My prediction from
these EW particles, focusing on the current PDG value of
M ;’,‘p (no new official average including the recent CDF mea-
surement is available so far). In the future it will be mandatory
to assess the compatibility of the different measurements of
My and to carefully analyze possible sources of system-
atic effects. However, if an experimental value substantially
above the current PDG value (as indicated by the new CDF
measurement) is confirmed, an analysis including the effects
of SU(2) breaking in the stop/sbottom sector will be neces-
sary, as discussed in Sect. 4.
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