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Disclaimer
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This is a highly personal perspective; 
apologies in advance for not doing full 
justice to many ongoing advances in 

SUSY theory.


This is not intended as an uncritical 
cheerleading talk. I personally believe 
LHC null results should be a cause for 

much soul-searching by BSM theorists.


Nonetheless, I find myself coming out 
the other side of such soul-searching 
with a transformed interest in SUSY.



Why SUSY?
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The Origin of the Higgs Potential

Ginzburg-Landau Theory Low-Tc Superconductors (BCS)High-Tc Superconductors
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What is the BCS theory of electroweak symmetry breaking?  

Higgs potential becomes calculable in symmetry extensions of the Standard Model 
(supersymmetry, global symmetry, …)

A superconducting analogy
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Predicting the Higgs VEV
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Quadratic pressure for sparticles as close to the weak scale as possible. 
(Perhaps the least compelling argument at present, but still worth keeping in mind)

Some UV dependenceFairly UV independent

Higgsinos (tree level) Stops (one loop) Gluinos (two loops)
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Predicting the Higgs Mass
Measured Higgs mass provides a sharper 

target for supersymmetry. 

In some tension with natural expectations 
(i.e. quartic changes logarithmically with stop 

mass while vev changes quadratically). 
Clear target independent of naturalness. 

This plot: FeynHiggs  
mh = 125 GeV ± SM errors (95%)

μ = 1 TeV, m̃other = 5 TeV, tan β = 20
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(NB: advances in precision Higgs mass calculation an 
excellent example of ongoing SUSY theory progress.)



Where should we expect to find SUSY?

7Figure 8: Prediction for the spectrum of MGM after imposing the constraint from the Higgs mass (or better from
the top mass). For each superpartner we plot the allowed range of masses (in TeV) for four di↵erent combinations of
N = 1(3) and M = 104(1011) TeV. For each mass the lowest (highest) value corresponds to increasing (decreasing)
the value of the top mass by 2� with respect to its experimental central value. The values of tan� at the bottom
(top) side of each of the four bands, from left to right, are 58 (42), 49 (45), 56 (29) and 44 (46) respectively. The
three di↵erently shaded areas represent “pictorially” the existing LHC8 bounds and the expected reach at LHC14
and at a future 100 TeV collider, respectively from the bottom.

In MGM all soft masses are generated with the same order of magnitude by the gauge mediated
contribution, one gauge loop below the scale ⇤ = F/M (the ratio between the e↵ective scale of
SUSY breaking F and the mass of the messengers). Besides ⇤, the spectrum also depends, in a
milder way, on the actual mass of the messengers M , which determines the amount of running
of the soft parameters, and the number of messengers N (typically N = 1 or 3 for a vector like
messenger in the 5 or 10 of SU(5) respectively).

As mentioned before, the µ-term, being supersymmetric, would be an independent parameter,
but its value is fixed by requiring (tuning) the correct EWSB. Finally the A-terms and Bµ are
generated radiatively from RGE e↵ects. This fact has very interesting consequences [67,68]. First,
being A and Bµ terms generated at the quantum level from gaugino masses and µ-term implies
that the corresponding CP phases vanish, avoiding potentially dangerous bounds from EDMs.
Second, small suppressed A-terms imply that the stop mixing will never be large, while small Bµ
implies large values of tan �. These two predictions combined with the measured value of the Higgs
mass allows to fix also the overall scale ⇤, which must then lie at around the PeV scale to produce
the O(10) TeV SUSY scale required by the Higgs mass. The only remaining free parameters are
the messenger mass scale M and their number N , which a↵ect the properties of the spectrum in
a milder way.
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[Pardo Vega & Villadoro, 1504.05200]

(Minimal gauge mediation)



Dark Matter

• The most essential partner particle in 
supersymmetry is a minimal electroweak 
multiplet. 

• Thermal abundance at a mass scale 
(~1.1 TeV) compatible with direct limits; 
outstanding challenge for colliders. 

• Must be pseudo-Dirac to avoid exclusion 
by elastic Z exchange; guaranteed by 
SUSY! 

• Accidental cancellation puts remaining 
scattering rate in the neutrino fog:
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Forget “the WIMP is dead”. The “pure Higgsino” is the best dark matter candidate.

Figure 2: Scattering cross section for Majorana SU(2) doublet (Higgsino-like) WIMP on proton. Cor-
rections to this limit are parameterized by dimensionless Higgs coupling c̃H as discussed in the text.
The pure Higgsino limit (c̃H = �(3↵2

2
/4)[1 + 1/(2c4

W
)] ⌘ c̃0

H
) is shown as the lower violet band and

dashed central value curve. The impact of non-decoupled states in the UV completion are illustrated
with c̃H = c̃0

H
+ 0.01 g2

2
(middle, dark blue band) and c̃H = c̃0

H
+ 0.1 g2

2
(upper, light blue band). Also

shown are current dark matter direct detection experimental exclusion limits (solid lines) [21, 39, 40],
future projected detectors’ sensitivities (dotted lines) [22–25], and neutrino floor (dash-dotted line) for
Xenon detectors [26].
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Unification
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Figure 5: The Higgs mass (here chosen to be 125.5 GeV) constrains the scalar and fermion masses
to be in the shaded region, for varying tan �. The green bands are the 1� error from the top mass
measurement for the given value of tan �. Gauge coupling unification constrains the parameters
to be to the left of the solid bordeaux (1�) or dashed bordeaux (2�) lines as described in the text.
This plot was generated using the results of [9].

range from 10 TeV to 105 TeV. Figure 4 exhibits the relation between m0 and tan � fixing the
Higgs mass to its observed value. Note that heavy scalar masses above 103 TeV are only possible
for a limited range of small tan � . 2, whereas any value of tan � & 3 implies scalar masses
less than 100 TeV. This is a potentially exciting low mass range suggesting that the gauginos
and higgsinos may be LHC-accessible, independently of the WIMP miracle. The reason is that
in many models of SUSY breaking the gauginos are much lighter than the scalars, as they are
protected by R-symmetry. In fact one has to work hard to ensure that the SUSY and R-breaking
scales coincide. In simple models of anomaly mediation, for example, the gauginos are one loop
lighter than the scalars. Indeed, the range of m0 indicated by the Higgs mass is suggestive of a
one- or two-loop separation between scalars and gauginos.

Another constraint comes from unification, which prefers low values for the µ parameter. This
is underlined in Fig. 5, where we show the correlation between the scalar and the fermion masses
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[Arvanitaki, NC, Dim
opoulos, Villadoro, 1210.0555]

Gauge coupling unification in SM imprecise & too low; 
logarithmic pressure for new light particles.

SUSY with light higgsinos among the best explanations for precise unification at a viable scale.



Spanning BSM Signal Space

• disappearing tracks 

• R-hadrons 

•  HSCPs 

•  displaced photons 

• ....

γ ℓ τ j t W Z h ET

γ H,A H χ01

ℓ RPV RPV RPV RPV ℓ̃

τ H,A RPV RPV τ̃

j H,A RPV q ̃

t H,A t ̃

W H H± χ±

Z H A h ̃

h H h ̃

ET h

SUSY is  a phenomenal signal generatorSupersymmetry is a comprehensive signal generator
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Plausible basis of topologies for 
resonant (RPV) & non-resonant 

(RPC) anomaly detection



What now?
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Main takeaway: let’s bring the same level of attention and innovation to 
“vanilla” SUSY searches as we do to more fashionable searches. 

But on top of that…



Spandrels
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(From Gould & Lewontin’s seminal paper “The Spandrels of San Marco and 
the Panglossian Paradigm: A Critique of the Adaptationist Programme”)

Solutions to Standard Model puzzles likely accompanied by new particles 
irrelevant to the solution, but more likely to be discovered.

Binos and sleptons are “spandrels” of supersymmetry, essentially irrelevant to the Higgs 
potential but the most likely to be kinematically accessible in minimal scenarios. 

Hot take: these should be the “natural SUSY” of Run 3/4.

Figure 8: Prediction for the spectrum of MGM after imposing the constraint from the Higgs mass (or better from
the top mass). For each superpartner we plot the allowed range of masses (in TeV) for four di↵erent combinations of
N = 1(3) and M = 104(1011) TeV. For each mass the lowest (highest) value corresponds to increasing (decreasing)
the value of the top mass by 2� with respect to its experimental central value. The values of tan� at the bottom
(top) side of each of the four bands, from left to right, are 58 (42), 49 (45), 56 (29) and 44 (46) respectively. The
three di↵erently shaded areas represent “pictorially” the existing LHC8 bounds and the expected reach at LHC14
and at a future 100 TeV collider, respectively from the bottom.

In MGM all soft masses are generated with the same order of magnitude by the gauge mediated
contribution, one gauge loop below the scale ⇤ = F/M (the ratio between the e↵ective scale of
SUSY breaking F and the mass of the messengers). Besides ⇤, the spectrum also depends, in a
milder way, on the actual mass of the messengers M , which determines the amount of running
of the soft parameters, and the number of messengers N (typically N = 1 or 3 for a vector like
messenger in the 5 or 10 of SU(5) respectively).

As mentioned before, the µ-term, being supersymmetric, would be an independent parameter,
but its value is fixed by requiring (tuning) the correct EWSB. Finally the A-terms and Bµ are
generated radiatively from RGE e↵ects. This fact has very interesting consequences [67,68]. First,
being A and Bµ terms generated at the quantum level from gaugino masses and µ-term implies
that the corresponding CP phases vanish, avoiding potentially dangerous bounds from EDMs.
Second, small suppressed A-terms imply that the stop mixing will never be large, while small Bµ
implies large values of tan �. These two predictions combined with the measured value of the Higgs
mass allows to fix also the overall scale ⇤, which must then lie at around the PeV scale to produce
the O(10) TeV SUSY scale required by the Higgs mass. The only remaining free parameters are
the messenger mass scale M and their number N , which a↵ect the properties of the spectrum in
a milder way.
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Big vs. Little Hierarchy
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Frequently evoke “neutral naturalness” to render weak scale natural despite non-observation of 
partner particles. For example, the Twin Higgs [Chacko, Goh, Harnik hep-ph/0506256] 

Partner particles are present at the weak scale, but lack of SM quantum #s makes them hard to 
detect conventionally. Can produce subtle exotic signatures (neutral LLPs, …)

A Deep Connection to Naturalness
Minimal symmetry-based solutions to the Hierarchy Problem (SUSY, Composite Higgs/
RS) that directly reduce to the Standard Model at low energies robustly predict  TeV 
scale colored states that the LHC ~ should have seen. (Not quantitatively iron-clad.) 

However, the SM is far from minimal. Let’s make one (minimal?) concession to non-
minimality: Let SUSY/CH/RS spit out not the SM, but something like:

This solves the little hierarchy problem and predicts complex 
dark sectors coupled to the SM via the Higgs portal!

↔

3

or more generally    [SMA Ω SMB]∼2

G2

G1 ≲ SM1

GN

…

∼N or other 
discrete group   

G ⟷ G ⟷

Chacko, Goh, Harnik hep-ph/0506256

Burdman, Chacko, Goh, Harnik hep-ph/0609152 
Craig, Katz, Strassler, Sundrum 1501.05310 
Craig, Knapen, Longhi 1410.6808 
Barbieri, Hall, Harigaya 1706.05548
Barbieri, Greco, Rattazzi, Wulzer 1501.07803
Cai, Cheng, Terning 0812.0843
Cohen, Craig, Giudice, McCullough 1803.03647
…

Inconvenient truth: this only solves the “little hierarchy problem.”  
“Big” hierarchy problem transferred from SM-like Higgs to the Twin Higgs.  

Familiar naturalness arguments suggest new SM-charged particles solving “big” hierarchy 
problem appear at most at a factor of  higher than before.λℋ/λh ≲ 4π



Big vs. Little Hierarchy

14

Represents an opportunity for SUSY searches: familiar sparticles at the ~few TeV scale, 
but now decays proceed through both the SM and twin sector. 

tt̄S associated production as the dominant production modes, and the challenging S ! tt̄

decay as the primary prompt decay mode (for the prospects for this decay mode see e.g.

the recent studies [11, 59–65]). In this limit, LLP searches provide the main handle on the

additional Higgs states.

In Fig. 5, we show the reach of the several LHC displaced searches performed so far in

the alignment limit � = 0 (for which prompt di-boson and di-Higgs searches are ine↵ectual).

The several dashed contours correspond to the cross section for a new signature that could

be looked for at the LHC in the coming years: tt̄S, S ! XX (2 displaced). For a matter

of simplicity we fix �displaced = �visible and �invisible = 0, where in �visible we include all SM

decays of the S boson 4.
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Figure 5. Parameter space of the doublet Higgs scenario as a function of mS and tan� overlaid
with current and projected constraints from direct searches. For the plot, we assume the alignment
limit � = 0, the branching ratio into invisible equal to 0 and equal branching ratios into displaced
objects and visible final states (mainly tt̄). On the left/right panel we show results for mX =
50 GeV/mX = 300 GeV. The shaded regions and solid lines are as in Fig. 4. Gray contours
represent the rate for tt̄S, S ! XX (2 displaced). The blue shaded region on the bottom left of the
plots is the region probed by the measurement of b ! s�, under the assumption mS = mH± .

5 Neutral Naturalness

The simplified models presented in the previous sections capture the salient features of a

wide variety of compelling scenarios for physics beyond the Standard Model. Particularly

notable among these scenarios are approaches to the hierarchy problem such as Neutral

Naturalness, which provide a motivated target for LLP searches at the LHC. Successfully

addressing the hierarchy problem in these models requires:

(1) a hidden sector with a QCD-like gauge group whose confinement scale is close to that

of the Standard Model.
4Additional (relatively weak) constraints on the parameter space of Fig. 5 can arise from the measure-

ment of flavor transitions. For example the measurement of the b ! s� transition leads to a bound at

low values of tan� and light charged Higgs masses in Type-I 2HDMs: mH± & 250 GeV (550 GeV) for

tan� = 2 (1.5) [66]. See the blue region in Fig. 5.

– 15 –

A “hidden valley” [Strassler, Zurek ’06] where superpartners are the portal. Relatively unexplored.

“Displaced decays of 
a doublet Higgs” 

from  

[Alipour-fard, NC, 
Gori, Koren, Redigolo 

1812.09315] 



On the pMSSM
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1. Introduction 1

1 Introduction

From 2016 to 2018, the CMS experiment at the CERN LHC collected and certified 138 fb�1 of
proton-proton (pp) collision data at a center-of-mass energy of 13 TeV. These data provide a
key window into possible physics beyond the standard model (BSM), and offer the potential to
detect new particles, or else constrain or exclude candidate hypotheses.

One important hypothesis that has shaped the theoretical and experimental branches of fun-
damental physics is supersymmetry (SUSY) [1–6], which can address puzzles related to fine-
tuning, the unification of the known forces, dark matter, and various others. SUSY predicts
new fields and particles with masses around the TeV scale, in principle within the observa-
tional sensitivity of the LHC experiments. Despite a robust search program carried out by
the ATLAS and CMS collaborations, and despite several interesting experimental findings, no
direct indication of SUSY particles has yet been found. It is the aim of this work to provide
a characterization of the status of the R-parity conserving minimal supersymmetric standard
model (MSSM) in light of the CMS data.

The range of phenomenology predicted by the MSSM, a model space that spans over 100 di-
mensions, is broad and can correspond to a wide variety of final states and signatures. To probe
a comprehensive subspace, the CMS collaboration has performed a multitude of searches in
different final states looking for a wide variety of signatures. For each analysis individually,
it is useful to interpret results in terms of simplified models, where only 1-3 free parameters
describe an idealized scenario. An advantage of simplified models is that they allow for a
straightforward interpretation of the results of the data analysis. Additionally, they provide a
way to benchmark the progress of searches over time and across different experiments. How-
ever, drawbacks of simplified models include that they often lead to conclusions that do not
hold in the context of more realistic models, and they they do not allow for sensible conclusions
about dark matter or fine-tuning. The presented study interprets a broad set of CMS searches
in terms of a more general model that represents the MSSM, taking a 19-parameter realization
of the phenomenological MSSM (pMSSM) as a proxy. This study offers a complementary set
of information compared with the previous interpretations carried out in the SMS paradigm,
with the objectives to

• assess the current viability of weak-scale SUSY,
• highlight interesting or uncovered regions of the model parameter space as a roadmap

for future searches,
• demonstrate the complementarity of different searches, and
• identify parameter regions and points with the highest significance.

A previous version of this study [7] was conducted based on analysis of the pp collisions
recorded at

p
s = 7 and 8 TeV during the years 2011�2013, a period designated Run 1. A

recent study published by the ATLAS Collaboration analyzed the impact of Run 2 searches on
the electroweak production of SUSY particles within the pMSSM [8, 9].

The pMSSM model, along with the choice for parameter ranges and constraints from previous
experimental results, is discussed in Section 2. The incorporation of CMS analyses into the
interpretation is discussed in Section 3.2. The methodology for the statistical analysis employed
in this interpretation is described in Section 4. The results are given in Section 5, where we
characterize and contrast the posterior density with the prior, the survival probability, and
upper percentiles of the Bayes’ factor. Section 6 summarizes the strongest conclusions reached
in the study.

Available on the CERN CDS information server CMS PAS SUS-24-004

CMS Physics Analysis Summary

Contact: cms-pag-conveners-susy@cern.ch 2024/08/08

Phenomenological MSSM interpretation of CMS searches in
pp collisions at 13 TeV

The CMS Collaboration

Abstract

A number of searches for new physics performed by the CMS experiment during
years 2016-2018 of the CERN LHC data taking are interpreted in terms of a 19-
parameter scan of the phenomenological minimal supersymmetric standard model
(pMSSM). The data sets are of proton-proton collisions collected at

!
s = 13 TeV and

correspond to an integrated luminosity of 138 fb" 1. The pMSSM is a generic realiza-
tion of the MSSM with Lagrangian parameters defined at the supersymmetry (SUSY)
scale (order 1 TeV), which captures most of the observable features of the general
R-parity conserving weak scale MSSM and allows more general conclusions to be
drawn about SUSY compared with simplified models. A global Bayesian analysis
incorporates data from CMS as well as indirect probes, estimating the marginalized
posterior probability densities of model parameters, masses, and observables based
on the CMS results. The CMS data highly suppress the phase space with colored
superpartner masses below 1 TeV, considerably constrain natural SUSY and the elec-
troweak sector, and weakly constrain SUSY dark matter.

c# 2024 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license

Outstanding! But there is some tension between fully realizing these goals 
vs. asking the pMSSM scan to be a “theory of everything”. For example…

Possible loose rule of thumb: unless the pMSSM scan is meant to be a “theory of 
everything,” relax bounds that can be changed by physics totally invisible to the collider.

2 Analysis strategy

This section describes the analysis strategy used. This includes a description of the framework used to
scan over the pMSSM parameters, the external constraints considered, the simulated samples produced for
selected models, the choice of the scan ranges for the pMSSM parameters, and the ATLAS searches and
measurements considered.

2.1 Scanning framework

A portion of the pMSSM parameter space is randomly sampled to produce a set of models. Two separate
samplings (scans) are used as described in Section2.2. In both scans a ßat prior is chosen as the relevant
parameter ranges are relatively narrow (< 2 TeV) with most of the interest in the range of O(50GeV) to
O(1 TeV). These models are then evaluated using a workßow chain summarised in Figure1.

The models are Þrst passed through several programs to calculate various observables:

¥ SP!"#$ 4.0.5 [43, 44] is used to calculate the mass spectra and decays of the SUSY particles.

¥ F"%#H&''( 2.18 [45Ð52] is used to calculate relevant Higgs sector variables, such as the masses
and branching fractions of the SUSY and SM Higgs bosons. As the masses of the SUSY particles
strongly impact the Higgs boson masses, FeynHiggs automatically takes these into account. The
changes to the Higgs sector masses, in turn, inßuence the branching fractions of SUSY particles.
Hence, the resulting spectrum determined with FeynHiggs is reprocessed bySP!"#$ , which allows
the calculation of SUSY branching fractions while keeping both the SUSY and Higgs sector masses
constant.

¥ M&)*OMEGAS 5.2.1 [53, 54] is used to calculate the predicted DM relic density, annihilation
cross-sections, and spin (in)dependent weakly interacting massive particle (WIMP)Ðnucleon cross-
sections. Limits on WIMPÐnucleon cross-sections from direct detection experiments assume a DM
candidate that saturates the observed relic density! ! 2 = 0.12 whereas the majority of pMSSM
models considered here under-predict the observed relic density. Therefore all WIMPÐnucleon
cross-sections are scaled by(! ! 2/ 0.12) for each model below the observed relic density to correct
for this assuming that a second DM component makes up the remaining relic density without
contributing to the DMÐnucleon scattering cross-sections.

¥ S+,"* ISO4.0 [55] is used to calculate a variety of ßavour observables.

Models that fail to be processed properly by one or more of these programs or contain unphysical spectra
are removed. Models where the LSP is not the lightest neutralino (÷" 0

1) are removed as are models
with charginos that are excluded by LEP, i.e.,# ( ÷" ±

1 ) < 103GeV for " # ( ÷" ±
1 , ÷" 0

1) ! 3GeV [56] and
# ( ÷" ±

1 ) < 91.9GeV for " # ( ÷" ±
1 , ÷" 0

1) < 3GeV [57]. Finally, a loose bound is applied to the predicted mass
of the SM Higgs boson:120GeV < # (! ) < 130GeV. The bound on the Higgs boson mass is wider than
the mass measurement precision due to the larger theoretical uncertainties in the calculation for the MSSM.
A loose bound also improves the e! ciency of the model generation, while the bound keeps simulated
Higgs boson decays consistent with other experimental constraints. When presenting the Þnal results,
additional external constraints complementary to the ATLAS search constraints are considered based on
the observables calculated by these programs. These include constraining the mass of the$ boson to a
window around its measured values, spin (in)dependent LSPÐnucleon cross-section limits, constraints

4

Table 2: Constraints from electroweak precision measurements, ßavour physics observables and direct-detection DM
searches. When used in the results in Section3, the ßavour and precision electroweak constraints together correspond
to the Ônon-DMÕ external constraints, whilst Ôall external constraintsÕ includes the ßavour, precision electroweak and
DM constraints. In addition to these constraints, unless otherwise stated, all models considered in this paper include
the LEP constraint on the chargino mass and a Higgs boson mass constraint as described in the text.

Category Constraint Lower bound Upper bound Notes

Flavour B(! ! "# ) 3.11 " 10#4 3.87 " 10#4 2022 PDG average (2$ window) [58].
B(%! ! &&) 1.87 " 10#9 4.31 " 10#9 Most recent LHCb result (2$ window) [59].
B(%+ ! '( ) 6.10 " 10#5 1.57 " 10#4 2022 PDG average (2$ window) [58].

Precision ! ) #0.0004 0.0018 Updated global electroweak Þt byGF!""#$ group [60]
electroweak (not including CDF* mass measurement [61]).

" BSM
inv (+ ) Ð 2 MeV Beyond-the-Standard Model contributions to precision electroweak

measurements on the+ -resonance from experiments at the SLC and
LEP colliders [62].

, (* ) 80.347 GeV 80.407 GeV 2022 PDG result (excluding CDF* mass measurement [61]) [58]
but with the 2$ window expanded by 6 MeV to allow for uncertainty
due to the top-quark mass in the MSSM Higgs calculation [63].

DM Relic density Ð 0.12 Latest bound from Planck [64].
$ Spin-independent Exclusion contour on direct detection of DM from the

LZ Collaboration [65].
$ Spin-dependent Exclusion contour on direct detection of DM from PICO-60 [66].

on electroweak precision observables and constraints on! -physics observables. These constraints are
summarised in Table2.

The cross-sections for each electroweakino pair-production process are calculated at next-to-leading-order1

usingP$%&'!(%[68] for each model that passes the initial constraints. At this stage, a Þlter is applied
to halt the processing of models that the ATLAS searches are very unlikely to have sensitivity to. This
Þlter requires" ( ÷#±

1 ) < 1200GeV, as the analyses considered have no sensitivity to scenarios with a
÷#±
1 mass above this limit, and that the total cross-section for electroweak production of SUSY particles

$EWK > 7 " 10#5 pb, as lower cross-sections would be expected to yield less than ten events in the full
Run 2 data sample. In addition models with predicted stable or e! ectively stable÷#±

1 and ÷#0
2 are also

Þltered, as the event generation cannot handle additional stable charginos and neutralinos. Models rejected
by this Þlter are included in the Þnal model sets used in Section3, but are considered to be not excluded
here, even if some might be excluded by dedicated long-lived particle searches (for example the ATLAS
search for heavy long-lived charged particles with large ionisation losses has sensitivity to long-lived
charginos [69]).

Events are then simulated using Monte Carlo (MC) techniques for each model that passes these Þlters.
Events are simulated at leading-order usingM)* G$)'+ 5_) MC@NLO2.9.5 [70] andP,"+!) 8.306 [71].
Only electroweak production processes are generated, and coloured sparticles are not included in the
subsequent decays. Assessing the detector e! ects on simulated events requires them to be processed either
through a full simulation of the ATLAS detector [72] based onG#)(" 4 [73], or a faster version of the
simulation (A"- F)&"II ), which relies on a parameterisation for the response of the calorimeters and on
G#)(" 4 for the other components of the detector, then reconstructed with the same algorithms as those
used for the data. Producing such Ôdetector-levelÕ reconstructed samples is computationally expensive, so
instead events are initially simulated at particle-level using theS!.'-# A()-,&!& framework [38]. This
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B(%+ ! '( ) 6.10 " 10#5 1.57 " 10#4 2022 PDG average (2$ window) [58].
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on electroweak precision observables and constraints on! -physics observables. These constraints are
summarised in Table2.

The cross-sections for each electroweakino pair-production process are calculated at next-to-leading-order1
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simulation (A"- F)&"II ), which relies on a parameterisation for the response of the calorimeters and on
G#)(" 4 for the other components of the detector, then reconstructed with the same algorithms as those
used for the data. Producing such Ôdetector-levelÕ reconstructed samples is computationally expensive, so
instead events are initially simulated at particle-level using theS!.'-# A()-,&!& framework [38]. This

1 For simpliÞed model results published by ATLAS,R#&/..!(% [67] is used to provide additional next-to-leading-logarithm
corrections to the production cross-section. To reduce resource usage,R#&/..!(% has not been applied here which could cause
small di! erences in cross-sections for similar processes.
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A summary of the constraints from searches performed by the ATLAS Collaboration for the
electroweak production of charginos and neutralinos is presented. Results from eight separate
ATLAS searches are considered, each using 140 fb! 1 of protonÐproton data at a centre-of-mass
energy of

"
! = 13TeV collected at the Large Hadron Collider during its second data-taking

run. The results are interpreted in the context of the 19-parameter phenomenological minimal
supersymmetric standard model, where" -parity conservation is assumed and the lightest
supersymmetric particle is assumed to be the lightest neutralino. Constraints from previous
electroweak, ßavour and dark matter related measurements are also considered. The results are
presented in terms of constraints on supersymmetric particle masses and are compared with
limits from simpliÞed models. Also shown is the impact of ATLAS searches on parameters
such as the dark matter relic density and the spin-dependent and spin-independent scattering
cross-sections targeted by direct dark matter detection experiments. The Higgs boson and#
boson Ôfunnel regionsÕ, where a low-mass neutralino would not oversaturate the dark matter
relic abundance, are almost completely excluded by the considered constraints. Example
spectra for non-excluded supersymmetric models with light charginos and neutralinos are also
presented.
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Closing thoughts
• SUSY is one of the only frameworks to satisfactorily answer the central question of our 

era: what is the origin of the Higgs potential? 

• Ideal explanation for dark matter & unification + an unparalleled BSM signal generator. 

• Taking the measured Higgs mass seriously poses a mild tension with naturalness but 
answers the obvious question: why haven’t we seen SUSY yet? 

• Much attention devoted to the sparticles required by naturalness, but SUSY “spandrels” 
may have the greatest potential for discovery. 

• Attempts to improve naturalness still have SUSY or compositeness at some scale;  
points to an enrichment of SUSY signals that remains to be fully explored.

16

SUSY searches warrant at least the same attention as fashionable signals. 

Thank you!


