Supersymmetry at high luminosity LHC

Kairui Zhang![fl]
! Department of Physics and Astronomy, University of Oklahoma, Norman, OK 73019, USA

Abstract

Weak-scale supersymmetry (SUSY) is well motivated as a technically natural solution to
the gauge hierarchy problem. LHC limits on superpartners, however, have sharpened the
Little Hierarchy problem, raising the question of why myeax <€ Mgoft. We review current
collider and dark matter constraints and their implications for leading SUSY-breaking
scenarios. Electroweak naturalness is revisited using a weak-scale measure that avoids
ambiguities associated with high-scale fine-tuning. Also, within the string landscape, soft
terms are statistically favored to be large, while anthropic selection enforces a weak scale
near the observed value. This framework—often termed stringy naturalness—naturally
accommodates my ~ 125 GeV while placing sparticles above current LHC limits. Updated
HL-LHC projections for non-universal Higgs mass (NUHM) models—the most plausible
realization consistent with above picture—show that searches for higgsinos, stops, and
heavy Higgs bosons will soon begin to probe the core of the viable parameter space.

1 Introduction

The Standard Model (SM) successfully describes all established collider data. The discovery
of a Higgs boson with mass my ~ 125 GeV confirmed the mechanism of electroweak symme-
try breaking (EWSB) via a Higgs vacuum expectation value (VEV) and completed the SM
spectrum. Yet, the SM is not fundamental. It suffers from three fine-tuning problems: the cos-
mological constant problem, the strong CP problem, and the gauge hierarchy problem (GHP).
The most plausible solutions are, respectively, anthropic selection of a small vacuum energy in
a multiverse, the Peccei-Quinn mechanism with its associated axion, and weak-scale supersym-
metry (WSS). Under R-parity conservation, SUSY predicts a stable lightest supersymmetric
particle (LSP), a weakly interacting massive particle (WIMP), as a dark matter candidate.

WSS is also supported indirectly by several loop-level effects. For soft terms mgop ~ TeV,
the large top Yukawa coupling naturally triggers radiative EWSB |1,2]. The MSSM improves
gauge coupling unification [3] and predicts an upper bound m;, < 130 GeV for the light Higgs
boson [4]. Electroweak precision data also prefer heavy SUSY over the SM [5]. Despite these
motivations, direct LHC searches have not yet revealed superpartners. Most analyses employ
simplified models [6], which overstate the true reach since realistic SUSY spectra involve mul-
tiple production channels and cascade decays [7-10].

In most MSSM studies, R-parity conservation is imposed by hand to forbid rapid proton de-
cay. Discrete gauged R-symmetries Z arising from string compactification can instead forbid
the dangerous renormalizable RPV operators and simultaneously generate the Peccei—(Quinn
symmetry [11]. Recent work [12,|13] shows that implementing a Zfﬁs: non-renormalizable op-
erators induce small effective RPV couplings, which preserve collider £ signatures but allow
relic WIMPs to decay before BBN, leaving an axion-dominated cold dark matter universe.

Ton-scale noble-liquid detectors such as LZ [14] have now excluded well-tempered neutrali-
nos and most bino-like WIMPs by several orders of magnitude. Spin-dependent and indirect
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searches further disfavor wino-like dark matter. Thermally produced higgsino-like WIMPs
would also be excluded if they comprised all of the dark matter. In models with mixed ax-
ion/WIMP dark matter, however, non-thermal processes or small R-parity-violating decays can
alter the relic abundance, keeping such scenarios consistent with present bounds.

2 Electroweak naturalness and landscape expectations

2.1 Electroweak naturalness measure

The absence of superpartners at the LHC has sometimes been taken as a sign that SUSY is
unnatural. Earlier estimates based on high-scale sensitivity measures tended to exaggerate fine-
tuning because they neglected parameter correlations [15,16]. A more conservative and model-
independent criterion is obtained from the weak-scale Higgs potential minimization condition:
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where EZ:Z denote the one- and two-loop corrections. We define

max [terms on RHS of Eq. [I]
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and regard a model as natural if Apy < 30 |[17519]. This directly connects fine-tuning to
weak-scale parameters without reference to high-scale inputs. The upper bounds inferred from
Apw are (i)u < 350 GeV, leading to light higgsinos; (ii) stops are at most a few TeV range
and highly mixed since X%(#; ) is then reduced; (iii) gluinos up to ~ 6 TeV and first/second
generation squarks/sleptons < 40 TeV are allowed. Hence present LHC limits are compatible
with electroweak natural SUSY.

2.2 Landscape expectation

In the string landscape, the values of SUSY-breaking F- and D-term VEV can vary across
different vacua. The resulting distribution of soft terms then follows a power law,

fsusy ~ Mg, n=2np+np — 1, (3)

so that vacua with larger soft terms are statistically favored [20}21]. Yet, anthropic selection
then requires the derived weak scale in each pocket universe to lie within the ABDS window [22],

0.5 MO0 < Mupea < (275) Miiyy: (4)
Vacua predicting much larger weak scales are excluded, so the remaining ones cluster near the
largest soft terms still compatible with weak scale close to the observed scale. When mapped
to low-energy MSSM spectrum: (i) first/second-generation scalars with masses of tens of TeV,
naturally solving SUSY flavor and CP problem via a quasi-degenerate and decoupling way, (ii)
third-generation scalar at the few-TeV scale with large mixing — exactly what lifting the light
Higgs~ 125 GeV, (iii) gluino at TeV scale, (iv) a small p term near the weak scale.



model m(1,2) m(3)  gauginos higgsinos my, P,

SM - - - - - 7-107%7
CMSSM (Apw = 2641) ~1 ~1 ~1 ~1 0.1 -0.13 5-1073
PeV SUSY ~ 10? ~ 103 ~1 1-10% 0.125-0.155 5-107¢
Split SUSY ~ 108 ~ 10° ~1 ~1 0.13—-0.155 7-10712
HS-SUSY > 102 > 10? > 10? > 10? 0.125—-0.16 6-107*
Spread (ALSP) 10° 10° 102 ~1  0125-015 910710
Spread (wLSP) 103 103 ~1 ~ 102 0.125—-0.14 5-1076
Mini-Split (ALSP) ~10'  ~100 o~ 102 ~1 0.125—0.14 8-107%
Mini-Split (wLSP) ~ 102 ~ 102 ~1 ~ 102 0.11-0.13 4-107*
SUN-SUSY ~ 102 ~ 10? ~1 ~ 10? 0.125 4-1074
GoMSSM 30 —100 30— 100 ~1 ~1 0.11-0.13 2.1073
RNS/landscape 5—40 05-3 ~1 0.1-0.35 0.123 —0.126 14

Table 1: A survey of some unnatural and natural SUSY models along with general expectations
for sparticle and Higgs mass spectra in TeV units. Relative probability measure P, for the model
to emerge from the landscape is also shown. The table is taken from Ref. [27].

3 Update on dark matter in natural SUSY models

Natural SUSY models with a thermally underproduced higgsino LSP now appear excluded by
the 1.Z2024 limits on spin-independent WIMP-nucleon scattering [14]. However, SUSY—especially
string-motivated—frameworks contain several non-thermal mechanisms that can alter the neu-
tralino relic abundance or even replace WIMPs with other dark matter components |12}|13].
In natural SUSY, the axionic solution to the strong CP problem arises naturally. The
supersymmetrized DFSZ model includes a superpotential term
2
S H'qu7 (5)
mp
which solves the u problem via the Kim—Nilles mechanism [23] when the PQ charged field S
develops a VEV of order the PQ scale f, ~ 101 GeV: then a weak scale p term develops with

2

n= Aumap ~ Muyeak- (6)

WA\,

SUSY also stabilizes the PQ) symmetry against higher-order operators, addressing the axion
quality problem. Discrete gauged R-symmetries such as Z£6’8712724 [11},2426] can forbid renor-
malizable RPV, proton-decay operators, and p term at Planck scale. Under Z%,, PQ violation
arises only through operators of dimension > 11, ensuring a high-quality axion. The same
discrete R-symmetry involving PQ-charged hidden fields can regenerate tiny effective RPV
couplings [12,|13] and weak-scale p via Kim-Nilles above. These can cause relic higgsinos to
decay before BBN, resulting in an axion-only cold dark matter universe.

4 SUSY models on the plausibility meter

Given current LHC bounds, m; ~ 125 GeV, and the requirement of electroweak naturalness
Apw < 30, SUSY constructions can be divided into implausible models—those requiring hidden
fine-tuning—and plausible ones that naturally compatible with collider limits.

4.1 Implausible models.

CMSSM/mSUGRA, GMSB, minimal AMSB relying on heavy stops, due to tiny trilinear A-
terms, to reproduce my, ~ 125 GeV, giving Agy > 30 [28,29]. Likewise, split, PeV, or
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high-scale SUSY spectra abandon naturalness and are statistically disfavored in the landscape.
Gaugino-mediated (inoMSB)/no-scale SUGRA has similar situation [29] and often featured by
charged LSP.

4.2 Plausible: NUHM2-4, natural AMSB, generalized mirage me-
diation [30-33]

Gravity-mediation described by NUHM models: once we allow m7; and my;, to differ
from the matter scalars—as expected from generic SUGRA /string compactifications—one can
choose p ~ 100-350 GeV, obtain m;, >~ 125 GeV from large Ay, and keep mg ~ 2.5-6 TeV and
third-generation squarks at a few TeV, all with Agy < 30. The landscape pull to large but
not too large soft terms then favors precisely this corner, with first/second generation scalars
in the multi-tens—of-TeV range.

Natural AMSB (nAMSB): if AMSB is supplemented by non-universal bulk scalar masses
and bulk A-terms (as is reasonable in extra-dimensional or string setups), one can lower pu, raise
my, with large A-terms, and keep the wino heavier than the higgsino, yielding an EW-natural
spectrum still consistent with current LHC wino and gluino bounds.

Natural generalized mirage mediation (nGMM /GMM): when the mirage parame-
ters are treated as continuous—as is appropriate for generic Calabi—Yau compactifications—the
same pattern emerges: small p, large (but tuned-by-landscape) soft terms, m;, ~ 125 GeV from
sizable A-terms, and gaugino masses unifying at a mirage scale. These models sit comfortably
in the LHC-allowed, low-Apgy region.

4.3 Lessons

Imposing (i) m; ~ 125 GeV, (ii) present LHC limits on sparticles, and (iii) Agw < 30 ef-
fectively filters out the historically popular minimal models and leaves a small, well-motivated
set—NUHM-type gravity mediation, nAMSB, and nGMM—in which light higgsinos are guaran-
teed while the rest of the spectrum can be heavy. This is also the pattern preferred by landscape
arguments that cap the pocket-universe weak scale near the observed value. A survey across
different SUSY model is summarized in Table [

5 HL-LHC phenomenology of natural SUSY

We collect here the HL-LHC (pp at /s = 14 TeV, 3 ab™!) channels that are sensitive to natural,
landscape-motivated spectra.

Higgsino pair production. ISR-assisted dilepton + jet + F7 searches can probe my up to
~ 300 GeV for moderate mass gaps, covering most natural higgsino scenarios [34-36].

Top-squark pair production. For #; — ti%z and by, HL-LHC reaches up to ~ 1.7 TeV
for discovery and ~ 2 TeV for exclusion [37], covering much (but not all) of the parameter
space favored by landscape-selected natural SUSY.

Wino pair production. Combined reach of various channels can extend to My ~ 1.1 TeV
(50) and ~ 1.4 TeV (95% CL) [38], probing roughly half of the wino mass range favored by the
landscape.



Gluino pair production. For § — tf; leading to multi-b + Fr, followed by ; — by] or
t — t)Z(l)Q, HL-LHC can reach mj ~ 2.8 TeV [39], testing the lower end of the 2-6 TeV range
expected from landscape considerations.

Stau pair production. The process pp — 7475 — 7 7 + Fr has been studied in both
7,7, and 7,0 final states, allowing 95% CL exclusions up to several hundred GeV, though no
discovery reach is expected [40].

Discovery Plane, Vs = 14 TeV, 3000 fb~1
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Figure 1: Plot of 5o discovery projections for heavy SUSY Higgs boson searches at HL-LHC in

the ma vs. tan 8 plane for the m}?*(nat) scenario.

Heavy Higgs searches in natural SUSY include both the standard A, H — 777~ mode and
SUSY channels such as A, H — xx [41,/42]. Charged Higgs bosons have been examined in
H* — tb and 7v decays [43]. The combined HL-LHC sensitivity is summarized in Fig. [1]

6 Conclusions

SUSY remains the most coherent extension of the SM that stabilizes the weak scale and ac-
commodates the observed Higgs mass. The electroweak measure Agw provides a conservative
and model-independent way to assess naturalness, predicting light higgsinos, moderately heavy
stops and gluinos, much heavier first /second generation squarks/sleptons. Landscape consider-
ations reinforce this expectation statistically. The HL-LHC will test this paradigm, and explore
the simplest natural solutions to the hierarchy problem.

Acknowledgments. The author acknowledges support from the Homer L.Dodge Department
of Physics and Astronomy at the University of Oklahoma. The author thanks his collabora-
tors H.Baer, V.Barger, J.Bolich, J.Dutta, D.Martinez, S.Salam, and D.Sengupta for the work
Ref. [27] this talk is based on.



References

1]

[10]

[11]

[12]

L. E. Ibanez, G. G. Ross, SU(2)-L x U(1) Symmetry Breaking as a Radiative Effect
of Supersymmetry Breaking in Guts, Phys. Lett. B 110 (1982) 215-220. doi:10.1016/
0370-2693(82)91239-4.

L. Alvarez-Gaume, J. Polchinski, M. B. Wise, Minimal Low-Energy Supergravity, Nucl.
Phys. B 221 (1983) 495. doi:10.1016/0550-3213(83)90591-6.

S. Dimopoulos, S. Raby, F. Wilczek, Supersymmetry and the Scale of Unification, Phys.
Rev. D 24 (1981) 1681-1683. doi:10.1103/PhysRevD.24.1681.

M. Carena, H. E. Haber, Higgs Boson Theory and Phenomenology, Prog. Part. Nucl. Phys.
50 (2003) 63-152. larXiv:hep-ph/0208209, ldoi:10.1016/S0146-6410(02)00177-1!

S. Heinemeyer, W. Hollik, D. Stockinger, A. M. Weber, G. Weiglein, Precise prediction
for M(W) in the MSSM, JHEP 08 (2006) 052. arXiv:hep-ph/0604147, doi:10.1088/
1126-6708/2006/08/052.

D. Alves, Simplified Models for LHC New Physics Searches, J. Phys. G 39 (2012) 105005.
arXiv:1105.2838, doi:10.1088/0954-3899/39/10/105005.

H. Baer, V. D. Barger, D. Karatas, X. Tata, Detecting Gluinos at Hadron Supercolliders,
Phys. Rev. D 36 (1987) 96. doi:10.1103/PhysRevD.36.96.

M. Drees, H. Dreiner, D. Schmeier, J. Tattersall, J. S. Kim, CheckMATE: Confronting
your Favourite New Physics Model with LHC Data, Comput. Phys. Commun. 187 (2015)
227-265. arXiv:1312.2591, doi:10.1016/j.cpc.2014.10.018.

S. Kraml, S. Kulkarni, U. Laa, A. Lessa, W. Magerl, D. Proschofsky-Spindler, W. Wal-
tenberger, SModelS: a tool for interpreting simplified-model results from the LHC and
its application to supersymmetry, Eur. Phys. J. C 74 (2014) 2868. |arXiv:1312.4175,
doi:10.1140/epjc/s10052-014-2868-5!

P. Athron, et al., GAMBIT: The Global and Modular Beyond-the-Standard-Model Infer-
ence Tool, Eur. Phys. J. C 77 (11) (2017) 784, [Addendum: Eur.Phys.J.C 78, 98 (2018)].
arXiv:1705.07908, |doi:10.1140/epjc/s10052-017-5321-8.

H. Baer, V. Barger, D. Sengupta, Gravity safe, electroweak natural axionic solution to
strong C'P and SUSY g problems, Phys. Lett. B 790 (2019) 58-63. |arXiv:1810.03713,
doi:10.1016/7.physletb.2019.01.007.

H. Baer, V. Barger, D. Sengupta, K. Zhang, All axion dark matter from supersymmet-
ric models, Phys. Rev. D 111 (11) (2025) L111702. arXiv:2502.06955, doi:10.1103/
1n3m-g69m.

H. Baer, V. Barger, J. Bolich, D. Sengupta, K. Zhang, Aspects of the WIMP quality
problem and R-parity violation in natural supersymmetry with all axion dark matter,
JCAP 10 (2025) 072. arXiv:2505.09785, doi:10.1088/1475-7516/2025/10/072.

J. Aalbers, et al., Dark Matter Search Results from 4.2 Tonne-Years of Exposure of the
LUX-ZEPLIN (LZ) Experiment (10 2024). arXiv:2410.17036.


https://doi.org/10.1016/0370-2693(82)91239-4
https://doi.org/10.1016/0370-2693(82)91239-4
https://doi.org/10.1016/0550-3213(83)90591-6
https://doi.org/10.1103/PhysRevD.24.1681
http://arxiv.org/abs/hep-ph/0208209
https://doi.org/10.1016/S0146-6410(02)00177-1
http://arxiv.org/abs/hep-ph/0604147
https://doi.org/10.1088/1126-6708/2006/08/052
https://doi.org/10.1088/1126-6708/2006/08/052
http://arxiv.org/abs/1105.2838
https://doi.org/10.1088/0954-3899/39/10/105005
https://doi.org/10.1103/PhysRevD.36.96
http://arxiv.org/abs/1312.2591
https://doi.org/10.1016/j.cpc.2014.10.018
http://arxiv.org/abs/1312.4175
https://doi.org/10.1140/epjc/s10052-014-2868-5
http://arxiv.org/abs/1705.07908
https://doi.org/10.1140/epjc/s10052-017-5321-8
http://arxiv.org/abs/1810.03713
https://doi.org/10.1016/j.physletb.2019.01.007
http://arxiv.org/abs/2502.06955
https://doi.org/10.1103/1n3m-g69m
https://doi.org/10.1103/1n3m-g69m
http://arxiv.org/abs/2505.09785
https://doi.org/10.1088/1475-7516/2025/10/072
http://arxiv.org/abs/2410.17036

[15]

[16]

[17]

[18]

[19]

[20]

[21]

22]

[23]

[24]

[25]

J. R. Ellis, K. Enqvist, D. V. Nanopoulos, F. Zwirner, Observables in Low-Energy Super-
string Models, Mod. Phys. Lett. A 1 (1986) 57. doi:10.1142/S0217732386000105.

R. Barbieri, G. F. Giudice, Upper Bounds on Supersymmetric Particle Masses, Nucl. Phys.
B 306 (1988) 63-76. doi:10.1016/0550-3213(88)90171-X.

H. Baer, V. Barger, P. Huang, A. Mustafayev, X. Tata, Radiative natural SUSY with
a 125 GeV Higgs boson, Phys. Rev. Lett. 109 (2012) 161802. larXiv:1207.3343, doi:
10.1103/PhysRevLett.109.161802.

H. Baer, V. Barger, P. Huang, D. Mickelson, A. Mustafayev, X. Tata, Radiative natural
supersymmetry: Reconciling electroweak fine-tuning and the Higgs boson mass, Phys. Rev.
D 87 (11) (2013) 115028. arXiv:1212.2655, doi:10.1103/PhysRevD.87.115028.

A. Mustafayev, X. Tata, Supersymmetry, Naturalness, and Light Higgsinos, Indian J.
Phys. 88 (2014) 991-1004. arXiv:1404.1386, doi:10.1007/s12648-014-0504-8.

M. R. Douglas, Basic results in vacuum statistics, Comptes Rendus Physique 5 (2004)
965-977. arXiv:hep-th/0409207, doi:10.1016/j.crhy.2004.09.008.

M. R. Douglas, Statistical analysis of the supersymmetry breaking scale (5 2004). arXiv:
hep-th/0405279.

V. Agrawal, S. M. Barr, J. F. Donoghue, D. Seckel, Viable range of the mass scale of
the standard model, Phys. Rev. D 57 (1998) 5480-5492. arXiv:hep-ph/9707380, doi:
10.1103/PhysRevD.57.5480.

J. E. Kim, H. P. Nilles, The mu Problem and the Strong CP Problem, Phys. Lett. B 138
(1984) 150-154. doi:10.1016/0370-2693(84)91890-2.

H. P. Nilles, Stringy Origin of Discrete R-symmetries, PoS CORFU2016 (2017) 017. arXiv:
1705.01798, doi:10.22323/1.292.0017.

H. M. Lee, S. Raby, M. Ratz, G. G. Ross, R. Schieren, K. Schmidt-Hoberg, P. K. S.
Vaudrevange, Discrete R symmetries for the MSSM and its singlet extensions, Nucl. Phys.
B 850 (2011) 1-30. arXiv:1102.3595, |doi:10.1016/j.nuclphysb.2011.04.009.

P. N. Bhattiprolu, S. P. Martin, High-quality axions in solutions to the y problem, Phys.
Rev. D 104 (5) (2021) 055014. arXiv:2106.14964, doi:10.1103/PhysRevD.104.055014.

H. Baer, V. Barger, J. Bolich, J. Dutta, D. Martinez, S. Salam, D. Sengupta, K. Zhang,
Prospects for supersymmetry at High-Luminosity LHC, Rev. Mod. Phys. 97 (4) (2025)
045001. larXiv:2502.10879, doi:10.1103/bzwl-gfsl.

H. Baer, V. Barger, D. Mickelson, M. Padeffke-Kirkland, SUSY models under siege: LHC
constraints and electroweak fine-tuning, Phys. Rev. D 89 (11) (2014) 115019. arXiv:
1404.2277, doi:10.1103/PhysRevD.89.115019.

H. Baer, V. Barger, J. Bolich, K. Zhang, Implications of Higgs mass for hidden sector
SUSY breaking (12 2024). larXiv:2412.15356.

H. Baer, V. Barger, S. Salam, D. Sengupta, Landscape Higgs boson and sparticle mass
predictions from a logarithmic soft term distribution, Phys. Rev. D 103 (3) (2021) 035031.
arXiv:2011.04035, doi:10.1103/PhysRevD.103.035031.

7


https://doi.org/10.1142/S0217732386000105
https://doi.org/10.1016/0550-3213(88)90171-X
http://arxiv.org/abs/1207.3343
https://doi.org/10.1103/PhysRevLett.109.161802
https://doi.org/10.1103/PhysRevLett.109.161802
http://arxiv.org/abs/1212.2655
https://doi.org/10.1103/PhysRevD.87.115028
http://arxiv.org/abs/1404.1386
https://doi.org/10.1007/s12648-014-0504-8
http://arxiv.org/abs/hep-th/0409207
https://doi.org/10.1016/j.crhy.2004.09.008
http://arxiv.org/abs/hep-th/0405279
http://arxiv.org/abs/hep-th/0405279
http://arxiv.org/abs/hep-ph/9707380
https://doi.org/10.1103/PhysRevD.57.5480
https://doi.org/10.1103/PhysRevD.57.5480
https://doi.org/10.1016/0370-2693(84)91890-2
http://arxiv.org/abs/1705.01798
http://arxiv.org/abs/1705.01798
https://doi.org/10.22323/1.292.0017
http://arxiv.org/abs/1102.3595
https://doi.org/10.1016/j.nuclphysb.2011.04.009
http://arxiv.org/abs/2106.14964
https://doi.org/10.1103/PhysRevD.104.055014
http://arxiv.org/abs/2502.10879
https://doi.org/10.1103/bzw1-gfs1
http://arxiv.org/abs/1404.2277
http://arxiv.org/abs/1404.2277
https://doi.org/10.1103/PhysRevD.89.115019
http://arxiv.org/abs/2412.15356
http://arxiv.org/abs/2011.04035
https://doi.org/10.1103/PhysRevD.103.035031

[31]

32]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

H. Baer, V. Barger, K. Zhang, Living dangerously with decoupled first/second generation
scalars: SUSY prospects at the LHC (11 2024). |arXiv:2411.13541.

H. Baer, V. Barger, D. Sengupta, Anomaly mediated SUSY breaking model retrofitted
for naturalness, Phys. Rev. D 98 (1) (2018) 015039. arXiv:1801.09730, doi:10.1103/
PhysRevD.98.0150309.

H. Baer, V. Barger, H. Serce, X. Tata, Natural generalized mirage mediation, Phys. Rev.
D 94 (11) (2016) 115017. arXiv:1610.06205, doi:10.1103/PhysRevD.94.115017.

Z. Han, G. D. Kribs, A. Martin, A. Menon, Hunting quasidegenerate Higgsinos, Phys.
Rev. D 89 (7) (2014) 075007. arXiv:1401.1235, doi:10.1103/PhysRevD.89.075007.

H. Baer, A. Mustafayev, X. Tata, Monojet plus soft dilepton signal from light higgsino
pair production at LHC14, Phys. Rev. D 90 (11) (2014) 115007. arXiv:1409.7058, doi:
10.1103/PhysRevD.90.115007.

H. Baer, V. Barger, D. Sengupta, X. Tata, New angular and other cuts to improve the
Higgsino signal at the LHC, Phys. Rev. D 105 (9) (2022) 095017. arXiv:2109.14030,
doi:10.1103/PhysRevD.105.095017.

H. Baer, V. Barger, J. Dutta, D. Sengupta, K. Zhang, Top squarks from the landscape
at high luminosity LHC, Phys. Rev. D 108 (7) (2023) 075027. arXiv:2307.08067, doi:
10.1103/PhysRevD.108.075027.

H. Baer, V. Barger, X. Tata, K. Zhang, Winos from natural SUSY at the high luminosity
LHC, Phys. Rev. D 109 (1) (2024) 015027. arXiv:2310.10829, doi:10.1103/PhysRevD.
109.015027.

H. Baer, V. Barger, J. S. Gainer, P. Huang, M. Savoy, D. Sengupta, X. Tata, Gluino reach
and mass extraction at the LHC in radiatively-driven natural SUSY, Eur. Phys. J. C 77 (7)
(2017) 499. arXiv:1612.00795, doi:10.1140/epjc/s10052-017-5067-3.

H. Baer, V. Barger, K. Zhang, Stau pairs from natural SUSY at high luminosity LHC, Phys.
Rev. D 110 (1) (2024) 015017. [arXiv:2403.18991, [doi: 10.1103/PhysRevD.110.015017.

H. Baer, V. Barger, X. Tata, K. Zhang, Prospects for Heavy Neutral SUSY HIGGS Scalars
in the hMSSM and Natural SUSY at LHC Upgrades, Symmetry 14 (10) (2022) 2061.
arXiv:2209.00063, doi:10.3390/sym14102061.

H. Baer, V. Barger, X. Tata, K. Zhang, Detecting Heavy Neutral SUSY Higgs Bosons
Decaying to Sparticles at the High-Luminosity LHC, Symmetry 15 (2) (2023) 548. larXiv:
2212.09198, |doi:10.3390/sym15020548.

H. Baer, V. Barger, X. Tata, K. Zhang, Prospects for Charged Higgs Bosons in Natural
SUSY Models at the High-Luminosity LHC, Symmetry 15 (8) (2023) 1475. larXiv:2306.
05207, doi:10.3390/sym15081475.


http://arxiv.org/abs/2411.13541
http://arxiv.org/abs/1801.09730
https://doi.org/10.1103/PhysRevD.98.015039
https://doi.org/10.1103/PhysRevD.98.015039
http://arxiv.org/abs/1610.06205
https://doi.org/10.1103/PhysRevD.94.115017
http://arxiv.org/abs/1401.1235
https://doi.org/10.1103/PhysRevD.89.075007
http://arxiv.org/abs/1409.7058
https://doi.org/10.1103/PhysRevD.90.115007
https://doi.org/10.1103/PhysRevD.90.115007
http://arxiv.org/abs/2109.14030
https://doi.org/10.1103/PhysRevD.105.095017
http://arxiv.org/abs/2307.08067
https://doi.org/10.1103/PhysRevD.108.075027
https://doi.org/10.1103/PhysRevD.108.075027
http://arxiv.org/abs/2310.10829
https://doi.org/10.1103/PhysRevD.109.015027
https://doi.org/10.1103/PhysRevD.109.015027
http://arxiv.org/abs/1612.00795
https://doi.org/10.1140/epjc/s10052-017-5067-3
http://arxiv.org/abs/2403.18991
https://doi.org/10.1103/PhysRevD.110.015017
http://arxiv.org/abs/2209.00063
https://doi.org/10.3390/sym14102061
http://arxiv.org/abs/2212.09198
http://arxiv.org/abs/2212.09198
https://doi.org/10.3390/sym15020548
http://arxiv.org/abs/2306.05207
http://arxiv.org/abs/2306.05207
https://doi.org/10.3390/sym15081475

	Introduction
	Electroweak naturalness and landscape expectations
	Electroweak naturalness measure
	Landscape expectation

	Update on dark matter in natural SUSY models
	SUSY models on the plausibility meter
	Implausible models.
	Plausible: NUHM2–4, natural AMSB, generalized mirage mediation Baer:2020dri,Baer:2024hpl,Baer:2018hwa,Baer:2016hfa
	Lessons

	HL-LHC phenomenology of natural SUSY
	Conclusions

