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SUSY Reality

2

…which is essential to recognize in any discussion of future experiments.



Why SUSY (in the future)?
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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)
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Some UV dependenceFairly UV independent

Higgsinos (tree level) Stops (one loop) Gluinos (two loops)



Why SUSY (in the future)?
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Predicts the Higgs mass.

[Pardo Vega & Villadoro, 1504.05200 ]

[Degrassi et al.,1205.6497]

https://arxiv.org/abs/1504.05200


Why SUSY (in the future)?
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Running of couplings in the Standard Model 
tantalizingly hints at unification, but the 

intersection is imperfect & scale too low.

New particles at TeV energies sharpen the 
prediction & raise the scale; SUSY furnishes 
natural candidates in higgsinos & gauginos

[Giudice, Rattazzi, Strumia 1204.5465]

Unification.



Why SUSY (in the future)?
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Highly predictive, bounded scenarios that can be discovered or decisively excluded.
[Pardo Vega & Villadoro, 1504.05200 ]

e.g. Minimal Gauge Mediation

https://arxiv.org/abs/1504.05200


Why SUSY (in the future)?
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•disappearing tracks 

•R-hadrons 

• HSCPs 

• displaced photons 

•....
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SUSY is  a phenomenal signal generator



SUSY at a Muon Collider?
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[arXiv: 2103.14043] 
Coarse-grained approach to 
phenomenology: interested in 

rates, simple parton-level 
analyses, setting aside beam-

induced background & 
reconstruction issues.

Broad goal: to figure out what 
energies & luminosities might 

provide a comprehensive physics 
case, bring new targets into focus.

Various luminosity 
assumptions & energies:

p
s [TeV] 1 3 6 10 14 30 50 100

Lopt
int [ab�1] 0.2 1 4 10 20 90 250 1000

Lcon
int [ab�1] 0.2 1 4 10 10 10 10 10
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Two channels for new physics
Combination of annihilation and VBF offers kinematic reach and considerable rate

c.f. [Costantini et al. 2005.10289] 

[ SG]μ
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Higgsinos
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Sharp target 
Pure Higgsino poorly 

constrained by HL-LHC
Nontrivial background @ Muon Collider

[Han, Liu, W
ang, W

ang, 2009.11287]



Higgsinos
[Han, Liu, Wang, Wang, 2009.11287, updated for SG]μ
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* Pure Higgsino case may be overly conservative, if other gauginos are light then signals become more striking.
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[Capdevilla, Meloni, Simoniello, Zurita  2102.11292] 
Detailed treatment of reco & BIB 

Conclusions somewhat more optimistic.

Higgsinos



Stops
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[ SG]μ

[ SG]μ

The flagship LHC SUSY search…



Stops

For sufficiently distinctive final states, production in muon annihilation ~sufficient to give limit at kinematic threshold 

95% CL exclusion in simplified parton-level analysis w/ optimized invisible pT cut, VBF  backgroundtt̄
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ℒcon
int

[ SG]μ
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Gluinos
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[ SG]μ
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Absence of electroweak 
quantum #s requires higher-

order production 
(revisit w/ hadronic PDFs? 

[Han, Ma, Xie, 2103.09844])



Higgs Sector
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[Djouadi, Maiani, Polosa, Quevillon, Riquer, 1502.05653]

Background after cuts

Signal after cutsRemains largely open after HL-LHC 
(especially at moderate/low ), due 

to S/B and difficulties of  final state 
tan β

tt̄

2HDM at muon colliders  
[Han, Li, Su, Su, Wu 2102.08386] 

Charged Higgs pair production in muon annihilation 
sufficiently distinctive up to ~kinematic threshold



The Gravitino
Never interesting at pp machines 
compared to MSSM searches. 

Cross section  makes it 
much more promising at C.
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Sensitive to “strong” low-scale SUSY-breaking  
Discover SUSY via SUSY breaking
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[ SG]μ

18



Conclusions
• We must be realistic about the implications of LHC SUSY searches and careful in 

framing SUSY motivation for a high-energy muon collider. 

• Abundant motivation remains: prediction of Higgs mass, unification, bounded 
scenarios, signal generation (and dark matter…).  

• Suggests new particles around ~few TeV scale, naturalness considerations aside. 
(Similar things can be said about composite Higgs models.) 

•  Many places where a muon collider at ~10-14 TeV significantly improves upon LHC 
sensitivity, hits targets in the ~few TeV range. 

• Some places where a muon collider covers entirely new ground (gravitino). 

• Current studies give a decent sketch of sensitivity, with room for improvement.

19 Thank you!


