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Disclaimer

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. | personally believe
LHC null results should be a cause for

much soul-searching by BSM theorists.

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




Why SUSY?



The Origin of the Higgs Potential

A superconducting analogy

High-Tc Superconductors Ginzburg-Landau Theory Low-Tc Superconductors (BCS)
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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, ...)
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Predicting the Higgs VEV

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)

Higgsinos (tree level) Stops (one loop) Gluinos (two loops)
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Predicting the Higgs Mass
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In some tension with natural expectations

(.e. quartic changes logarithmically with stop
mass while vev changes quadratically).

Clear target independent of naturalness.

This plot: FeynHiggs
m;, = 125 GeV x SM errors (95%)
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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?
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7 (Minimal gauge mediation)



Dark Matter

Forget “the WIMP is dead”. The “pure |

The most essential partner particle Iin
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 fogQ:

Iggsino” Is the best dark matter candidate.

. [Chen & Hill, 1912.07795]
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Unification
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Gauge coupling unification in SM imprecise & too low; O
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SUSY with light higgsinos among the best explanations for precise unification at a viable scale.
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Spanning BSM Signal Space

Supersymmetry is a comprehensive signal generator
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® gisappearing tracks

® R-hadrons

o HSCPs

e displaced photons

Plausible basis of topologies for

resor
(R

ant (

q

PV) & non-resonant

PC) anomaly detection



What now?

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...
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Spandrels

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

SPANDREL

I | ' (From Gould & Lewontin’s seminal paper “The Spandrels of San Marco and
the Panglossian Paradigm: A Critique of the Adaptationist Programme”)
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[Pardo Vega & Villadoro, 1504.05200]
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Mg,  mMq,, Mu,, Mp,, ML, ME,

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.
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Big vs. Little Hierarchy

Frequently evoke “neutral naturalness” to render weak scale natural desp
Higgs [Chacko, Goh, Harnik

partner particles. For example, the
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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
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Familiar naturalness arguments suggest new SM-charged particles solving “big” hierarchy
problem appear at most at a factor of \/ Aoyl Ay S 41 higher than before.
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Big vs. Little Hierarchy

Represents an opportunity for SUSY searc

nes: famil

but now decays proceed throu

gh both t

iar sparticles at the ~few TeV scale,

ne SM and twin sector.
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“Displaced decays of
a doublet Higgs”

from

[Alipour-fard, NC,
Gori, Koren, Redigolo
1812.09315

A “hidden valley” |Strassler, Zurek "06| where superpartners are the portal. Relatively unexplored.
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On the pMSSM

Phenomenological MSSM interpretation of CMS searches in e assess the current viability of weak-scale SUSY,

pp collisions at 13 TeV ¢ highlight interesting or uncovered regions of the model parameter space as a roadmap
for future searches,

e demonstrate the complementarity of different searches, and

The CMS Collaborati
€ oHaboration e identify parameter regions and points with the highest significance.

Outstanding! But there is some tension between fully realizing these goals

))

vS. asking the pMSSM scan to be a “theory of everything”. For example...

Models where the LSP Is not the lightest neutraﬁﬁ):)e(re removec

JHEP 2024 (2024) 106 CERN-EP-2024-021
DOI: 10.1007/JHEP05(2024)106 31st May 2024

ATLAS Run 2 searches for electroweak production Category Constraint L.ower bound Upper bound Notes
of supersymmetric particles interpreted within the — —
PMSSM DM Relic density b 0.12 Latest bound from PlanG¥]|

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.

15




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?

|[deal explanation for dark matter & unification + an unparalleled BSM signal generator.

aking the measured Higgs mass seriously poses a mild tension with naturalness but

answers the obvious question: why haven’t we seen SUSY yet”

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

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 compos
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ite
points to an enrichment of SUSY signals that remains to be f

ul

Ness at some scale;

vy explored.

Thank you!



