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Supersymmetric extensions of the Standard Model with scalar superpartners above 10 TeV are well
motivated since the Higgs boson mass can be explained by quantum corrections while maintaining gauge
coupling unification. If supersymmetry breaking is transmitted to gauginos via anomaly mediation, the
gaugino masses are loop suppressed compared to scalar masses, and the lightest supersymmetric particle is
the Higgsino or wino, which can be the dark matter. In this setup, we identify the regions of parameter space
that reproduce the observed Higgs boson mass and the thermal abundance of dark matter. We analyze the
effects of complex phases in the gaugino mass parameters on the electron electric dipole moment (EDM)
and the dark matter scattering cross section. We find that, for scalar masses up to 10 PeVand any size of the
complex phases, the model with Higgsino dark matter is within reach of planned experiments—Advanced
ACME via electron EDM and LUX-ZEPLIN via dark matter direct detection—with complementary
discovery potentials, and the model with wino dark matter is within reach of future electron EDM
experiments.
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I. INTRODUCTION

Supersymmetry (SUSY) remains a promising extension
to the Standard Model of particle physics. It provides for
unification of the gauge couplings [1], and the lightest
superpartner can provide an explanation for the abundance
of dark matter (DM) [2,3] if stabilized via R-parity.
Pressure from a number of experiments, including colliders
(see reviews [4–6]), flavor changing neutral current
(FCNC) experiments (see Refs. [7–9] or a review [10]),
and proton decay searches [11–13], tends to push sfermion
masses well above the TeV scale. While such heavy scalars
strain traditional notions of naturalness, there is no firm
empirical reason to exclude this possibility (further dis-
cussion on naturalness can be found in [14–16]).
In the minimal supersymmetric standard model

(MSSM), the lightest Higgs boson has mass less than
the Z boson at tree level. However, one-loop corrections
can be significant [17–20] and scale with the logarithm of
the separation of the SM and the SUSY scales. The
observed value of the Higgs boson mass may be explained
if the stop squarks are heavy, with masses of order
10–100 TeV. One possibility is that the scalars receive a

large, soft supersymmetry breaking mass of this size [21],
but the gaugino masses are suppressed, as can occur if there
is no singlet in the SUSY-breaking sector. In this case an
anomaly-mediated contribution to the gauginos is dominant
[22–24]. This generates gaugino masses suppressed by a
loop factor relative to gravitino mass, which we take to be
equal to a universal scalar masses, m0 ≃m3=2.

1

The anomaly-mediated contributions to gaugino masses
are proportional to the relevant gauge beta function, with
numerical values given by

M3 ≈ 3M1 ≈ 10M2 ≈m0=30; ð1Þ
with the wino mass being the lightest atM2 ∼m0=300, and
M1;3 being the bino and gluino masses respectively.
Under the above assumptions, we can specify the MSSM

spectrum with four parameters, the universal scalar mass
m0, the ratio of the Higgs boson vacuum expectation values
tan β, the Higgsino mass parameter μ, and the associated
soft term Bμ. We are agnostic to the origin of the μ term and
the Bμ term. Generically, in a pure anomaly mediation
setup, we might expect that Bμ would receive a contribu-
tion Oðm0μÞ from the conformal anomaly, but here we will
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1Anomaly mediation also generates one-loop suppressed
contributions to scalar trilinear couplings as well as two-loop
suppressed contributions to scalar ðmassÞ2. The former have
negligible effects in the scenarios considered here, and the latter
are subdominant to the universal piece considered above, though
both are included in this analysis.
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allow the possibility of additional contributions to this
term, and as discussed below, we will fix this term as well
as tan β by the requirement of proper electroweak (EW)
symmetry breaking.
In this setup, depending on the value of μ, either the

Higgsino or wino will be the lightest superpartner. As these
are both electrically neutral and weakly interacting, they are
candidates for DM that can be produced via thermal freeze-
out in the early universe [25,26]. In order for the lightest
superpartner to form the entirety of the known DM relic
density, it must have mass mχ ¼ 1.1� 0.2 TeV in the case
of Higgsino DM [27–30], or mχ ¼ 2.8� 0.2 TeV for wino
DM [30–32], implying μ ¼ 1.1 TeV or m0 ≃ 1.2 PeV,
respectively.
We will explore the model we have described above,

namely split SUSY with universal scalar masses equal to
the gravitino mass and with gaugino masses and trilinear
couplings specified by their anomaly-mediated values.
Within this framework we find the regions of parameter
space with thermally produced Higgsino or wino DM. We
assume that the unified scalar masses are specified at the
GUT scale and that the Higgs sector parameters μ and Bμ
take on values that meet the requirements for EW symmetry
breaking. The free parameters will then be the scalar mass
m0 and tan β. We will find the latter will be fixed by choice
of m0 if we require Higgsino DM, and the former will be
fixed by the anomaly-mediated formula for gaugino mass
for wino DM. We will explore the implications for relaxing
the assumption that the soft masses of the Higgs fields take
on this universal value. We will also explore the implica-
tions of allowing the relationship between the scale for
anomaly mediation and m0 to vary.2 Lastly, the physically
relevant CP-violating phase will be assumed to be order
one, though smaller values will be considered in the case of
Higgsino DM.
Similar split SUSY models have been studied previously

[29,33–36], some focusing on Higgsino DM [37–41] or
wino DM [42–44]. We identify regions in parameter space
that reproduce the observed Higgs boson mass. We will
discuss in Sec. II how in the Higgsino DM case, EW
symmetry breaking requirements limit our model into a
region with a somewhat tuned, unified scalar mass, and we
will analyze the general implications of the SM Higgs
boson mass, see also Ref. [21]. In Sec. III we will discuss
how electric dipole moment (EDM) and direct detection
experiments may reach the entirety of this space for
Higgsino DM. In Sec. IV we will similarly discuss how
EDM experiments may reach the entire space of wino DM
models. All of this work will be in the service of our central
point, which is to elaborate how this motivated model of
supersymmetry will either be discovered or entirely ruled
out in the near future.

II. FINE TUNING IN ELECTROWEAK
SYMMETRY BREAKING FOR LIGHT HIGGSINOS

A. Constraint from electroweak symmetry breaking

EW symmetry breaking imposes relationships between
the Higgs boson soft mass parameters mHu

;mHd
, the Z

boson mass, the Higgsino mass parameter μ, and Bμ. In our
setup, the former two of these are set at high scales to the
unified scalar scale, m0. As we will see, to achieve the
observed Z-boson mass, μ and B are comparable to m0

except in particular circumstances. We are interested in the
possibility that μ ≪ m0 so as to reproduce Higgsino dark
matter. We will discuss the precise relationship this requires
between m0 and tan β (see also Ref. [21]), along with the
constraints imposed by the SM Higgs mass, and how these
requirements can be eased by relaxing the requirement
of unification of the scalar sfermion masses and the
SUSY-breaking Higgs boson masses.
The potential for the neutral Higgs bosons is

VMSSM¼ðjμj2þm2
Hu
ÞjH0

uj2þðjμj2þm2
Hd
ÞjH0

dj2

−ðBμH0
uH0

dþc:c:Þþ1

8
ðg2þg02ÞðjH0

uj2− jH0
dj2Þ2:

ð2Þ

The minimum of this potential sets the two Higgs vacuum
expectation values (vevs), with the Standard Model vev
v ¼ 246 GeV given by v2 ¼ v2u þ v2d, and the ratio
between them defining β such that tan β≡ vu=vd. One
can find the minimum for this potential at the respective
Higgs vevs, giving

m2
Hu

þ jμj2 − Bμ cot β −
m2

Z

2
cos 2β ¼ 0;

m2
Hd

þ jμj2 − Bμ tan β þm2
Z

2
cos 2β ¼ 0: ð3Þ

These equations can be used to solve for μ and Bμ in terms
of MZ, tan β and quantities set by our chosen unified
scalar mass:

jμj2 ¼ 1

2

� jm2
Hd

−m2
Hu
jffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − sin2 2β
p −m2

Hu
−m2

Hd
−m2

Z

�
; ð4Þ

Bμ ¼
�
m2

Hu

2
þm2

Hd

2
þ jμj2

�
sin 2β: ð5Þ

Reproducing the observed Higgs boson mass requires stop
masses (and hence m0) much larger than the EW scale. We
therefore expect mHu

and mHd
to be similarly large, and

Eq. (4) then indicates that μ will generally be on the order
of the unified scalar mass, m0, unless cancellations occur.
In Fig. 1, we show contours of μ in the tan β −m0 plane.
Indeed, over much of the plane μ is of the same order asm0.

2Namely, we add an enhancement factor to the gaugino masses
and trilinear couplings.
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However, up to corrections of the order of mZ, when mHu

runs to a value at the symmetry breaking scale given by

mHu
ðmSUSYÞ ¼

mHd
ðmSUSYÞ
tan β

≃
m0

tan β
; ð6Þ

μ vanishes at mSUSY. Here mSUSY indicates the parameters
are run from their GUT-scale value m0 down to the SUSY
scale,

mSUSY ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mt̃Lmt̃R

p
: ð7Þ

Since mHd
runs negligibly, it is approximately m0 at the

SUSY scale. For mHu
greater than the condition in Eq. (6),

EW symmetry is preserved due to the large values of the
SUSY breaking Higgs masses. For masses below this
condition, EW symmetry is broken either by the Bμ term
or by m2

Hu
running negative. Within the purple region of

Fig. 1, m2
Hu

runs sufficiently slowly relative to the value of
m0 that EW symmetry is in this way preserved. At the
boundary, the contributions from m2

Hu
and m2

Hd
in Eq. (4)

cancel, leaving very small μ. For Higgsino-like thermal
DM, the Higgsino mass is 1.1� 0.1 TeV ≪ m0, in a split
SUSY model [27–30].
Shifts in m0 at the GUT scale tend to cause similarly

sized shifts in the value of mHu
ðmSUSYÞ. Because we are

interested in m0 ≫ μ, the allowed fractional change in m0

that maintains a small μ is quite small for fixed tan β. This is
why the curves for μ ¼ 0 and for the desired DM mass
μ ¼ 1.1 TeV are imperceptibly close to one another in
Fig. 1. In this figure, we also show two contours for M2.
The contour for M2 ¼ 2.8 TeV, determined by the AMSB
relation from m0 ≃m3=2 should be taken as indicative of
the parameter space that reproduces wino DM [30–32].
If the dark matter is to be Higgsino with mass 1.1 TeV, the
wino must have a larger mass, so m0 must lie above the
M2 ¼ 1.1 TeV contour.
As alluded to above, in this setup, Higgsino dark matter

requires a particular value of m0 for each value of tan β.
This is emphasized in Fig. 2, where we have displayed the
value of μ as a function of m0 as determined by the
relationship of Eq. (4) for different choices of tan β. Note
that μ falls off rapidly as the tuning condition is achieved.
We can rewrite Eq. (4) as

FIG. 1. Contours of μ (purple), M2 (red), and Bμ=μ (cyan),
where the gaugino masses are set by AMSB at high scale and μ is
set as needed for EW symmetry breaking, assumingmHu

andmHd

are m0 at the GUT scale. EW symmetry is unbroken in the purple
shaded region. The contour with μ ¼ 1.1 TeV, of interest for dark
matter, is indistinguishable from the μ → 0 boundary, see text
for details.

FIG. 2. Upper: the value for μ needed for EW symmetry
breaking given m0 and tan β. The curve rises following roughly
μ2 ≈m2

0=ðtan2 β − 1Þ then drops off rapidly at large m0, as mHu

runs close tomHd
= tan β at the SUSY scale. At any largerm0, EW

symmetry breaking fails. Lower: Δm0 as the width of m0 that
corresponds to 1 TeV ≤ μ ≤ 1.2TeV. This narrow parameter
space is a result of requiring an appropriate μ for Higgsino DM.
As tan β gets larger, the range of possible m0 values for small μ
gets thinner.
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mHd
−mHu

tan β ≈
jμj2ðtan2 β − 1Þ
mHd

þmHu
tan β

∼
jμj2
m0

: ð8Þ

This implies that as tan β decreases (and hence them0 value
needed for small μ gets larger), the difference of mHd

and
mHu

tan β is enhanced by a factor of m0=μ, so the degree to
which they must match to maintain small μ gets larger. This
is reflected in the lower panel in Fig. 2, as the range
of values for m0 that reproduces a Higgsino mass within
10% of the value needed for DM at a given tan β value
has a width that grows narrower at smaller tan β. While the
tuning apparent in this model may indicate a low prior
[15,45], the issue of naturalness can be nuanced, and the
connection between probability and tuning may not be
so direct [46–48].
The value for B within the small μ regime can be intuited

by simplifying Eq. (5). For μ ≪ m0, mHd
≃m0 and

mHu
≃m0= tan β, we get

B ∼
m2

0

μ
cot β: ð9Þ

Indeed, even far from the EW symmetry preserving region,
B follows roughly as m0 when μ gets large, but near that
region, μ falls off. In particular, along the contour of
μ ¼ 1.1 TeV, imperceptibly close to the μ ¼ 0 contour
in Fig. 1, B ranges from 107 GeV to 1011 GeV along the
regime of interest. This corresponds to ð102–104Þ ×m0,
which is a relatively conspicuous enhancement.

B. Constraint from Higgs boson mass

In addition to discussing constraints from EW symmetry
breaking, we must also consider implications from the
constraint of obtaining the 125 GeV mass of the SM-like
Higgs boson. In the MSSM, this mass can be calculated in
terms of known SM quantities and SUSY loop corrections.
We compute the Higgs mass and theoretical errors using
SusyHD [49], a package designed to calculate the Higgs
mass to two-loop order within an MSSM model with
parameters specified at the SUSY scale. We take the SUSY
breaking scalar masses to be m0 at the GUT scale and
take gaugino masses set by the AMSB relations with
m0 ¼ m3=2, and find the required SUSY scale masses
through renormalization group evolution. We find tan β,
μ, and the pseudoscalar mass mA0

through EW symmetry
breaking requirements, and calculate the unified trilinear
coupling described by anomaly mediation [23].
Given the resulting SUSY scale masses, SusyHD finds the

mass of the SM-like Higgs boson and gives the remaining
theoretical uncertainty to the Higgs mass calculation, which
is close to 1 GeV across our parameter space of interest.
Additional parametric sources of uncertainty, dominantly
the experimental uncertainty in the mass of the top
quark, 172.76� 0.30 GeV [50], contribute an additional

uncertainty of approximately 1 GeV. Accounting for
these sources of uncertainty, we restrict our model to
regions with a calculated Higgs mass of 125� 3 GeV at
2σ, shown in contours over the full scope of the parameter
space of m0 and tan β in Fig. 3. For the Higgsino DM case
(along the boundary of the purple region), the viable
parameter space is constrained to the segment above the
M2 ¼ 1.1 TeV contour so the Higgsino is in fact the LSP.
Values of m0 higher than 108 GeV that have tan β < 1.8
are less motivated due to concerns over the perturbativity
of the top quark Yukawa coupling and the degree of
gauge coupling unification. For wino DM (long theM2 ¼
2.8 TeV contour), the Higgs mass constraints also sig-
nificantly limit the available region to tan β ≳ 2. On the
other hand, the requirement for a wino LSP requires
tan β ≲ 2.35.

C. Easing the tuning with Higgs sector freedom

In Sec. II A, we found that our ansatz of universal scalar
masses, combined with the requirement of Higgsino DM,
led to both very particular choices of m0 and large values
for B=m0. Here we explore the robustness of this con-
clusion when the Higgs sector parameters mHu

and mHd

vary independently of the universal scalar mass.
These parameters cannot take on arbitrary values. In

particular, m2
Hu

cannot be too much larger than m2
0;

FIG. 3. The parameter space of interest for split SUSY with
AMSB gauginos, where the black contours are labeled (text
above each curve) by the computed mass of the SM Higgs boson,
and the gray region is then excluded at 2σ. The red lines are
contours of constant M2, the purple contour is constant
μ ¼ 1.1 TeV, with a thin, not discernible separation to the
boundary of the purple region, in which EW symmetry is not
broken, making the theory no longer viable.
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otherwise it will induce tachyonic masses for the stop
squarks. To see this, note that at large them2

Hu
, the one-loop

beta function of the right-handed stop squark soft mass is
dominated by the up-type Higgs mass,

βð1Þm2
u
¼ 4m2

Hu
jλtj2 þ � � � ; ð10Þ

for top Yukawa coupling λt. This running implies any
increase in m2

Hu
will cause m2

u to deviate farther from m2
0

due to running from the GUT scale to the SUSY scale. For
unified sfermion mass values around the PeV scale speci-
fied at a GUT scale ∼2 × 1016 GeV,m2

Hu
≳ 3m2

0 will imply
tachyonic right-handed stop squarks at the SUSY scale.
There is a similar effect with a heavy down-type Higgs, but
the running is suppressed by g21=ð5jλtj2Þ as compared to the
up-type Higgs effect.
The Higgs soft masses also cannot be made arbitrarily

small. If m2
Hu

runs below zero at the SUSY scale,
then Eq. (4) forbids μ parametrically smaller than
jmHu

ðmSUSYÞj ∼m0. This observation places a lower bound
on the GUT scale value of mHu

that will be roughly 90% of
m0. To aid in intuition, we observe that m2

Hu
runs roughly

linearly with the log of the energy scale between the SUSY
scale and the GUT scale form0 between 105 and 108 GeV.3

It runs through m2
0= tan

2 β ≈m2
0=4 near the SUSY scale.

This means for it to pass through zero at the SUSY scale,
m2

Hu
would have to be reduced by roughly one quarter its

value, so mHu
≈ 0.87m0. While this description ignores

details, it is accurate within roughly 10%. For any GUT
scale value of m2

Hu
below this, m2

Hu
would run below zero

at the SUSY scale, which would forbid a Higgsino
mass significantly lighter than m0 as is required for
Higgsino DM.
Allowing m2

Hu
and m2

Hd
to vary while imposing the DM

Higgsino constraint μ ¼ 1.1 TeV, we arrive at the contours
shown in Fig. 4. Taking advantage of the freedom in the
Higgs soft masses, m0 need no longer be specified as
precisely, but as can be seen from the figure, the require-
ments on mHd

at a given mHu
;m0, and tan β remain strict.

The value for B varies substantially as the SUSY scale
Higgs sector parameters vary. In particular, there is a
narrow regime in which B is of similar order to m0, to
the left and below the leftmost blue contours in Fig. 4. By
comparing the two panels, we can see, as tan β gets larger,
the region allowed by the Higgs boson mass constraints
(between the black contours) is at lower m0 and smaller
B=m0 value.

III. EXPERIMENTAL SEARCHES FOR
HIGGSINO DARK MATTER

We will focus on two experimental probes for split
SUSY with AMSB gauginos and thermal Higgsino DM
models, the direct detection of dark matter and searches for
the electron EDM. We will discuss how next generation

FIG. 4. Contours of B=m0 with tan β ¼ 2 (upper) or 2.4
(lower). At each value of m0 and mHu

, mHd
is chosen to give

μ ¼ 1.1 TeV. All three of these input parameters are taken at the
GUT scale, 2 × 1016 GeV and run down to find μ and B at the
SUSY scale based on the requirements for EW symmetry
breaking. m2

Hu
< 0 is excluded as μ is near m2

0 in this regime,
and the region significantly above the displayed range is excluded
due to tachyonic stop squarks. Contours of constant mHd

=m0 are
included in orange to aid in intuition, and the outer bounds and
preferred value for the calculated SM Higgs mass are included as
well. For larger tan β, both the lower and upper bounds for
mHu

=m0 shift further down, and the calculated SM Higgs mass
increases, pushing the allowed region left.

3While this holds true beyond this range, as seen in the
previous sections this is the range between models that are ruled
out by colliders and models that require tan β small enough to
imply perturbativity issues in the top Yukawa.
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experiments have the potential to explore the entirety of the
available parameter space, which itself is constrained by
requiring a 125 GeV Higgs boson.
The interaction between DM and nucleons on which

direct detection depends is dominated by the tree-level
scattering mediated by the light Higgs boson for Higgsino
and wino DM [51–53]. We calculated the nucleon scatter-
ing cross section with micrOMEGAs5.0 [54] and compared
against limits placed by Xenon1T [55] and against the
expected reach for LUX-ZEPLIN (LZ) [56]. Loop order
effects tend to be subdominant in this regime [57,58]. For
m0 ≳ 106 GeV, we have M2 ≫ μ ≫ mZ, which implies a
small wino-Higgsino mixing angle, so the tree-level dark
matter-nucleon scattering cross section is highly sup-
pressed. Interactions mediated by Z bosons are also sup-
pressed by a similar factor of mZ=μ. While they have a
higher dark matter-nucleon cross section, the spin inde-
pendent interactions result in stronger limits [59–61]
because the Higgs-mediated interactions described here
scale up with the size of the atomic nucleus due to coherent
interactions across nucleons.
For the electron EDM, the dominant contribution at this

level is from two-loop, Barr-Zee diagrams [62], in which a
chargino runs in an internal loop, connected by EW bosons
to a lepton line. One-loop diagrams have a much smaller
contribution for scalar masses above 10 TeV [63,64]. The
degree of CP violation in such two-loop contributions can
be simplified to two irreducible phases, Imðg̃0�u g̃0�d M1μÞ and
Imðg̃�ug̃�dM2μÞ, following the notation of Ref. [65]. These
will be referred to as ϕ1 and ϕ2 respectively, as they can be
thought of as phases on the respective gaugino masses. In
this work, the gaugino masses are proportional to the
gravitino mass, so both of these phases are the same.
Specific calculations of these diagrams can be found in
Ref. [66]. The electron EDM is compared against the limit
placed by ACME II [67] and against the expected reach of
Advanced ACME [68,69], at roughly one order of magni-
tude lower EDM values than ACME II.
For Higgsino-like DM, μ ≃ 1.1 TeV, which requires a

precise relation between m0 and tan β as shown in Fig. 1.
The range of m0 values for a given tan β with μ set to allow
thermal Higgsino DM has width Δm0 ≲Oð100Þ GeV as
seen in the lower panel of Fig. 2. The fractional width of
this range of m0 values is at most 0.1%. Similarly, the
precision of the requirement that Higgsino DM thermally
produce the relic abundance is an Oð10%Þ requirement on
μ. Neither of these ranges for m0 or μ offers substantial
changes to our experimental limits.
One of the advantages of split supersymmetry scenarios is

that flavor and SUSY CP problems are relaxed, in which
case one might suspect that the CP violating phase,
ϕCP ¼ ϕ1 ¼ ϕ2, is expected to be of order one, though
for this study we include a range down to 10−3. The full set
of constraints and discovery potential from existing and
planned experiments within this space is shown in Fig. 5.

The calculated mass of the Higgs boson is relatively large
but is within a 95% confidence interval from theoretical
errors and uncertainties propagated from the top quark mass.
The electron EDM is sufficiently high that, for maximal CP
violation, the entirety of the parameter space is excluded
due to limits from ACME II [67]. The projections and limits
for electron EDM experiments weaken as ϕCP decreases
since the electron EDM scales with sinϕCP. Advanced
ACME will reach into Oð0.1Þ CP violation.
The dark matter direct detection projections and limits,

on the other hand, scale as cosϕCP and strengthen to an
asymptotic maximal reach alongm0 at small ϕCP, as we can
see in Fig. 5, for ϕCP ≲ 0.1, Xenon1T exclusion and LZ
projections reach 1.7 × 106 GeV and 1.0 × 107 GeV
respectively. This builds an interesting complementarity,
as further refinement on the measured top quark mass,
which would refine the Higgs mass limits, could reduce the
error on the calculated Higgs mass as far as to ≈1 GeV,
which would reduce the 95% exclusion curve in Fig. 5 to
127 GeV, well inside the Xenon1T and ACME II exclusion
regions. Alternatively, results from LZ and Advanced
ACME would have the potential to reach the entirety of
the remaining parameter space, with discovery potential

FIG. 5. Constraints for models with thermally produced Higg-
sinos composing the entirety of DM, with constraints marked as
colored solid lines and filled regions denoting exclusions, and
dashed lines denoting projections. de represents the electron
EDM, Xenon1T (LZ) is the direct detection bound (prospect),
mcalc

h is the calculated Higgs boson mass, and the wino LSP
region is shaded as our assumption of Higgsino DM is false. As
the regime for m0 that gives the needed values for μ for a given
tan β is a narrow, monotonic band, we display the corresponding
tan β value as the top x-axis.
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well beyond the 95% exclusion region for calculated Higgs
mass. In either case, we expect near future experiments to
provide a definite answer as to the validity of this model.
In the case with nonuniversal Higgs scalar masses, there is

no longer as tight a mapping between the scalar masses and
tan β for the Higgsino dark matter case. However, Fig. 5
still roughly applies, using now only the m0 as the x-axis.
Throughout the range of m0 shown, tan β varies over only a
modest range, so the regions of dark matter direct detection
and EDM constraints are still approximately valid.

IV. EXPERIMENTAL SEARCHES
FOR WINO DARK MATTER

In the case of wino DM, the limits from next generation
electron EDM experiments are more modest, but are not far
from the sensitivity needed to reach the entire space. By
setting M2 ¼ 2.8 TeV to thermally produce the right DM
relic density [30–32], up to Oð10%Þ precision, we require
m0 to be 1.2 PeV. This level of imprecision does not change
any of our qualitative conclusions appreciably. As we can
see in Fig. 3, requiring a ∼125 GeV Higgs boson and EW
symmetry breaking places the constraints tan β > 2.02 and
tan β < 2.35 respectively. The direct detection limits and
projections are negligible here, as we will discuss later in
this section, and Advanced ACME projections will reach
tan β > 2.33, but the entire regime allowed by the Higgs
mass constraints will have electron EDM > 10−31 sinϕCP
e cm, so will be discoverable in next-to-next generation
experiments.
We can make a more interesting exploration by loosen-

ing the rigidity of our model. In particular, we allow our
scales to float relative to one another in the following way.
Given the gravitino mass, we set the scale used for AMSB
masses, relevant for gauginos, and the scale for the scalar
masses as

mAMSB ¼ χ1m3=2; m0 ¼ χ2m3=2; ð11Þ
for some suppression or enhancement factors χi. We can
then define the ratio

ϒ ¼ χ1
χ2

; ð12Þ

as a net relative enhancement factor of the gaugino masses
with respect to m0, which contains all measurable effects
from χ1 and χ2. In the previous sections, the scale for
anomaly-mediated mass contributions is taken the same
as m0, i.e., ϒ ¼ 1. In practical terms, ϒ will vary inversely
with m0 for fixed wino mass, so we can explore the effects
of different scalar mass scales, and thereby different
Higgsino masses, on the winolike DM regime. The effects
of different ϒ are shown in Fig. 6.
For large values of ϒ, Advanced ACME stands to reach

the entire available parameter space after Higgs mass
constraints. To reach the entirety of the space will require

more futuristic EDM experiments with 1-2 orders of
magnitude more precision.
In contrast to the Higgsino DM case, most of the

parameter space in Fig. 6 is difficult to reach via direct
detection. This is because the cross section falls off rapidly
with the mixing angle between gauginos and Higgsinos,
as over most of this figure, μ ∼m0 ∼ 103 ×M2. For
M2 ¼ 2.8 TeV, Xenon1T only constrains models with
μ≲ 3 TeV, and LZ reach extends this to μ ≲ 5 TeV.
The direct detection limits and projections are then in a
narrow band along the boundary of the purple region of
Fig. 6. This band has width much less than a percent of the
order of magnitude of the axes so is not visible.
In general, indirect detection limits tend to be heavily

dependent on the nature of the dark matter distribution, and
as such we do not explore them thoroughly in this paper.
However, in the case of winolike DM, the limits have been
shown to be rather severe [43,44]. In particular, the entire
parameter space is excluded by the High Energy
Spectroscopic System [70] unless the DM distribution
shows extremely cored behavior.4 Even for such cored

FIG. 6. Constraints for models with thermally produced winos
composing the entirety of DM. The gray region is excluded by
Higgs mass measurements, and the purple region is excluded as
EW symmetry is preserved. The dashed curve is the projected
reach for a future electron EDM experiment, the dotted curve
below is a contour of electron EDM attainable by more distant,
unspecified future experiments, and the mcalc

h curves are contours
of calculated Higgs mass. Electron EDMs are calculated assum-
ing maximal CP violation.

4Cored behavior indicates a wide region about the center of the
galaxy with a relatively flat DM distribution. One distribution
sufficiently cored for wino annihilation to remain undetected by
current satellites is a 10 kpc core Burkert profile [71].

DISCOVERY POTENTIAL FOR SPLIT SUPERSYMMETRY WITH … PHYS. REV. D 106, 095001 (2022)

095001-7



models, however, the entire parameter space is expected to
be reachable by future CTA measurements [43].

V. CONCLUSIONS

We have shown that split SUSY models with AMSB
gaugino masses and thermally produced DM will be
entirely discoverable within the next generations of planned
experiments in DM direct detection and electron EDM
measurements. The available parameter space is narrow
and is of limited scope due to EW symmetry breaking
requirements and the consistency with the 125 GeV SM-
like Higgs boson mass. While the Future Circular Collider
and similar experiments may be able to detect signatures of
such models [72], the Large Hadron Collider has difficulty
exploring the models discussed here, as it must rely on
missing energy searches that are expected to reach

Higgsino masses of roughly 350 GeV at most [73,74].
In the nearer future, the signatures we have discussed
within this paper are expected to be fully probed by
experiments such as LZ and Advanced ACME. Indeed,
if within this framework the DM is composed of Higgsinos,
the next generation of experiments will provide a definitive
answer on the existence of such new physics. If it is
composed of winos, the theory will be discovered or
entirely ruled out within the next few generations of
electron EDM or indirect detection experiments.
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