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Where we stand

Experimental status

– squarks and gluinos at best heavy

– stops not much lighter

– no unexplained missing energy

– (g − 2)µ begin checked [only relevant anomaly]

⇒ ‘Why, you are telling me it’s not dead?’

10
-2

10
-1

1

10

10 2

10 3

100 150 200 250 300 350 400 450 500

⇑

⇑ ⇑ ⇑

⇑

⇑
⇑

χ̃2
oχ̃1

+

t̃1t̃
−

1

q̃q̃
−

g̃g̃

ν̃ν̃
−

χ̃2
og̃

χ̃2
oq̃

NLO
LO

√S = 14 TeV

m [GeV]

σtot[pb]: pp → g̃g̃, q̃q̃
−
, t̃1t̃

−

1, χ̃2
oχ̃1

+, ν̃ν̃
−
, χ̃2

og̃, χ̃2
oq̃



Three Reasons

Tilman Plehn

Status

Future

Parameters

WIMP model

Precision

Where we stand

Experimental status

– squarks and gluinos at best heavy

– stops not much lighter

– no unexplained missing energy

– (g − 2)µ begin checked [only relevant anomaly]

⇒ ‘Why, you are telling me it’s not dead?’

10
-2

10
-1

1

10

10 2

10 3

100 150 200 250 300 350 400 450 500

⇑

⇑ ⇑ ⇑

⇑

⇑
⇑

χ̃2
oχ̃1

+

t̃1t̃
−

1

q̃q̃
−

g̃g̃

ν̃ν̃
−

χ̃2
og̃

χ̃2
oq̃

NLO
LO

√S = 14 TeV

m [GeV]

σtot[pb]: pp → g̃g̃, q̃q̃
−
, t̃1t̃

−

1, χ̃2
oχ̃1

+, ν̃ν̃
−
, χ̃2

og̃, χ̃2
oq̃

Theoretial status

– light Higgs, no sign of compositeness
hierarchy problem ... all but solved ...

– stop mass not slight
little hierarchy problem ... whatever ...
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Theoretial status

– light Higgs, no sign of compositeness
hierarchy problem ... all but solved ...

– stop mass not slight
little hierarchy problem ... whatever ...

Bottom line

– LHC model building practically dead

– dark matter still attractive

– new, data driven approaches to BSM physics?
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Theoretial status

– light Higgs, no sign of compositeness
hierarchy problem ... all but solved ...

– stop mass not slight
little hierarchy problem ... whatever ...

Bottom line

– LHC model building practically dead

– dark matter still attractive

– new, data driven approaches to BSM physics?

⇒ At least I am not interested in SM precision measurements!
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Driven by LHC achievements

Physics

– perturbative QFT appropriate framework

– Higgs physics now window to BSM physics

– case for (WIMP) dark matter not weakened [watch out for DD]

– resonance searches mostly good for flukes [local vs global CL]

Simulation

– jets and QCD no longer scare us

– precision predictions automized

– detector simulation etc standard

– simple signal-background studies no longer worth a paper

Analysis

– commmunication with experimentalists working

– jets being deconstructed for 10 years

– everything multi-variate, big data everywhere

⇒ LHC being turned into a flexible precision machine ...
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... and we have no idea what to do with it?
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Future plans

Personal, depressed take on the future of particle physics

– HL-LHC the path to eternal boredom [all systematics and theory limited]

– ILC/FCCee really intensity frontier [measure bunch of Higgs couplings for 20 years?]

– 3 TeV CLIC not even conclusive on WIMPS [what’s the case??]

⇒ but FCChh report was great fun!
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Personal, depressed take on the future of particle physics

– HL-LHC the path to eternal boredom [all systematics and theory limited]

– ILC/FCCee really intensity frontier [measure bunch of Higgs couplings for 20 years?]

– 3 TeV CLIC not even conclusive on WIMPS [what’s the case??]

⇒ but FCChh report was great fun!

SUSY-related topics at 100 TeV

– supersymmetry:
squarks, gluinos
electroweakinos
long-lived particles

– dark matter:
WIMP with SM mediators
WIMP with BSM mediators
non-minimal models and co-annihilation
super-WIMPS and gravitinos

– Higgs pairs, naturalness,...

⇒ in absence of better ideas: which of those need 100 TeV?
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1– Parameter-space-related patterns

Inspiration from parameter studies (sic!)

– observables mh,Ωχh2

add Hooperon for fun
decouple strongly interacting particles

– analysis of parameter volumes pointless(?)

– check DM-related MSSM patterns

– annihilation χ̃χ̃→ bb̄,WW , t t̄ possible

⇒ are XENON1T/LZ really MSSM killers?

Link to invisible Higgs decays

– possible in the MSSM

– linked to Hooperon in NMSSM

– probably ruled out by DD
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1– Parameter-space-related patterns

Inspiration from parameter studies (sic!)

– observables mh,Ωχh2

add Hooperon for fun
decouple strongly interacting particles

– analysis of parameter volumes pointless(?)

– check DM-related MSSM patterns

– annihilation χ̃χ̃→ bb̄,WW , t t̄ possible

⇒ are XENON1T/LZ really MSSM killers?

Direct/indirect BSM searches

– BSM and Higgs and flavor all mixed

– minimal vs non-minimal SUSY realizations

– ‘generic’ is not the question

– ???? [insert your best idea here]

– ???? [insert your friend’s idea here]

– ???? [insert some mediocre ideas here]

⇒ extrapolation to high scales still the theme
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2– Just a WIMP model

Electroweakinos only

– define DM through SU(2)L representation
singlet, doublet, triplet

– allow for general mixing

– add co-annihilation partners, if needed

– ignore squarks, gluinos

⇒ relic neutralino surface
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Majorana neutralino, different mediators

– SM Z -boson χχ→ Z → jets

– SM-like Higgs χχ→ h→ bb̄

– heavy Higgs H,A→ bb̄, t t̄

– t-channel chargino χχ→ WW → jets

– chargino co-annihilation χ0χ± → W

– stau co-annihilation τ̃χ→ τ + X

⇒ giving upper limit on neutralino mass

⇒ better than set of simplified models?
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Inspiring signatures

– charged tracks

– low-momentum photons/leptons

– combination of very soft and very hard objects

– ????

– ????

⇒ targeting signatures and analyses
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3– Benchmark for precision BSM physics

When signatures get tough

– SUSY in low rates

– SUSY in tails or rotten phase space

– SUSY in loops [fig: Goncalves, Han, Mukhopadhyay]

...or at least something SUSY-related
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Naturalness

New approach to BSM Physics

– it’s not going to be easy

– it might not be tree-level

– it might be hidden in the backgrounds

– it might not show up in resonance searches

– it might not show up in generic signatures

⇒ theory framework crucial

⇒ LHC physics will be hard, but once the pain goes...
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What’s next?

Supersymmetry serving as...

...not only classic and best but also only BSM model still standing

...an inspiration for BSM searches (1)

...a WIMP dark matter model (2)

...a benchmark for an era of precision BSM physics (3)

...whatever we can use it for (4-99)

Everyone under 40...

...this is your task!

...stop listen to old guys like me!

...stop re-writing your advisors’ theses!

...get up-to-date on experimental techniques!

...embrace whatever you find, and be convincing!
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