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Hierarchy problem 

µ, B , L } SUSY 
+further symmetry ⇒ Higgs  

structure 



SUSY extensions of the Standard Model 
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Z R
N R-symmetry N=4,6,8,12,24 

Lee, Raby, Ratz, Ross, Schieren, Schmidt-Hoberg, Vaudrevange 
Babu, Gogoladze,Wang 
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MSSM spectrum 

A unique solution : discrete R symmetry 

No perturbative μ term 

Commutes with SO(10) 

Anomaly cancellation 

A3 − A2 ⇒

A3 − A1 ⇒

⇒ N = 3,4,6,8,12,24

No D=4 B , L

Lee, Raby, Ratz, Ross, Schieren, Schmidt-Hoberg, Vaudrevange 

(R = 1)

Green Schwarz term 

N, N odd 
N/2, N even 

c.f.Hyun Min Lee’s talk 



Z4R Phenomenology 

MSSM spectrum 
No perturbative μ term 
Commutes with SO(10) 
Anomaly cancellation 

Residual fine tuning? 

SUSY breaking 

W , λλ R=2 non=perturbative breaking 

 µ  m3/2 ,

Z4R → Z2
R R − parity

O(m3/2

M 2 QQQL)Domain walls safe 

µ, B , L

Mhiggs ≈ MSUSY 

1
M
LLHuHu

Weinberg operator 

1
M
QQQL⇒ ⇒ ×

D=5 operators 
up and down Yukawas allowed 



Relic density unrestricted 

ΔMin = 9, mh = 114 ± 2GeV

1 h0  resonant annihilation	
  

 2 h  t-channel exchange	
  

 3 τ co-annihilation	
  

 4 t co-annihilation	
  

• 5 A0 /H 0 resonant annihilation	
  

ΔMin = 15, mh = 114.7 ± 2GeV
Within 3σ  WMAP:

ΔMin = 18, mh = 115.9 ± 2GeV
< 3σ  WMAP:

Relic density restricted 

The CMSSM  
λv2 = −µ2 + 0.34(mQ

2 + mU
2 ) +1.86M 3

2 − 0.22M 2
2 + ... SPS1a	
  

Cassel, Ghilencea, Kraml,Lessa,GGR 



LHC – Regions of low fine tuning 	
  Δ <100 :

CMS 

Atlas 

DM 



Reduced fine tuning – singlet extensions 

ΔΔ

mh mh

GNMSSM 

c.f. NMSSM 

µS >> m3/2

ς12
µ0
M*

h1
2 + h2

2( )h1h2
Weff

SMSSM = HuHd( )2 / µs + µHuHd

Cassel, Ghilencea, GGR 
Dine, Seiberg, Thomas 
Bastero-Gill, Hugonie,King, 
Roy, Vempati 
Delgado, Kolda, Olson, Puente 

v2 = −
m2

λ

GNMSSM (NMSSM) unnatural .....discrete R-symmetry….. 



R-symmetry guarantees tadpoles under control Abel 

W =WNMSSM + ΔW

Lee, Raby, Ratz, Ross, Schieren, Schmidt-Hoberg, Vaudrevange 

Singlet extensions with R-symmetry 



General-NMSSM phenomenology 

GNMSSM 

c.f. NMSSM 

GGR, Schmidt-Hoberg  (preliminary) 

MSSM

 µs  µ MSSM SUSY structure 

SUSY phenomenology 
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c.f. NMSSM 
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SUSY phenomenology 

 µs  µ MSSM SUSY structure 

 µs  µ  can be LSP  S
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General-NMSSM phenomenology 

GGR, Schmidt-Hoberg  (preliminary) Higgs structure 

MSSM

hu , hd , s( )

 µs  µ MSSM Higgs structure 

Δ significantly reduced even for   µs  5TeV



General-NMSSM phenomenology 

GGR, Schmidt-Hoberg  (preliminary) Higgs structure 

MSSM

 µs , ms , bs  µ

hu , hd , s( )

h, s mixing, reduced production cross section    

 µs  µ MSSM SUSY structure 



General-NMSSM phenomenology 

GGR, Schmidt-Hoberg  (preliminary) Higgs structure 

MSSM

 h1  Hu + εS, h2 = S − εHu Mh1
 Mh2

, ε 1

 
BR h1 → SS

h1 →γγ ,bb
⎛
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 1

Invisible Higgs decay 

 µs  µ MSSM SUSY structure 

 µs , ms , bs  µ

hu , hd , s( )



e+e− → h 0ZLEP: invisible Higgs searches 

Aleph, Delphi, L3 and Opal combined  



….no invisible Higgs LHC sensitivity reported yet 

gg→ h0 forward-backward jets 

qq→ h 0Z X 10-1 

LHC: 



Summary 
• Hierarchy problem ⇒ Low-energy SUSY + further symmetry 

…Light Higgs search may provide the first crucial test! 

• CMSSM Complementary DM & LHC searches	
  

DM	
  

LHC	
  

Δ ≤100 Sensitivity × (10 −100)

 Δ ≤100  LHC 7TeV 1 fb−1

Full region LHC  14TeV  10 fb−1( )

Z4R : µ, B , L

• NMSSM Z4R , Z8RReduced ⇒ GMSSM ⇒Δ

SUSY states can be heavier 
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