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Naturalness of hierarchy of mass scales
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Higgs Bosons in Supersymmetry
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Towards Grand Unification
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Simplest Grand Unified Theory
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LEP Data 
Consistent with
Supersymmetric 

Grand Unification
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• Supersymmetry must be broken, many models, no clear 
guidance from theory
• Assume universality at GUT scale? (CMSSM)
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• Alternatively: treat particle masses as free parameters 

(pMSSM)



Smuon

Neutralino DM

MasterCode, E. Bagnaschi, …, JE et al, arXiv:1710.11091

! ! " # in Phenomenological
Supersymmetry (pMSSM11)

No problem accommodating BNL/FNAL result
Neutralino DM, smuon masses ∼ 300/400 GeV

Can accommodate
𝑔! − 2 result

No relation between squark/gluino masses
and slepton/neutralino masses
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Electroweak Symmetry Breaking 
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Gluinos
Squarks



Nothing (yet) at the LHC
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• Stable in many models because of conservation of R parity:
!"#"$%&'"!"#$%#&#'(#

where S = spin, L = lepton #, B = 
baryon #

• Particles have R = +1, sparticles R = -1:
Sparticles produced in pairs

Heavier sparticles ! lighter sparticles
• Lightest supersymmetric particle (LSP) stable



Lightest Sparticle as Dark Matter?
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The Dark Matter Hypothesis
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>'88()$%5,&&'.(0%'-%$"(%<-'D(0)(2

Collision between 2 clusters of galaxies:
Gas interacts, heats and stops
Dark matter passes through
Dark matter weakly self-interacting
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The Content of the Universe
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• B66,0.'-8%$,
– Microwave 

background
– Supernovae
– Structures (galaxies, 

clusters, …) in the 
Universe



Strange Recipe for a Universe
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Dark Matter Generated Structures
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1/,%-&*)0
! They exist! !
! They have weak interactions !
! They have masses !

! B3*&76&+$#)6*%F*7)1#,&7-*-3+&''$#&-73
! But their masses are very small "

! Q*R*)O*ST*RURLLL;LLL;LLL*-4*5,-#-7*2$33V
! Not able to grow all structures in Universe "

! S,17*$.$F*4,-2*32$''*3#,1+#1,)3V
! Maybe some other neutrinos beyond the 

Standard Model?
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‘Standard’ Thermal History of Early 
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Direct Dark Matter Searches
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Direct Dark Matter Searches
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We still believe in supersymmetry 


