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SUSY GUTS 
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SO(10):  V45 Vector +3 φ16 chiral  + H10 chiral +... 

Supermultiplets 
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Unification with gravity? 

  sin2θW = 0.23116(12) (Expt)

  α s = 0.134 ± 0.01− 4(sin2θW − 0.23116)   c. f . 0.1184(7) (Expt)

E 10 -60 

MP 

α 3,2,1

GN(Q) Q2 

SUSY gauge coupling unification 
	
  



10 2
4 3

4( ...)
' '

HS
eff i

iL d x ge R Trk Fφ

α α
−= + +∫

2' 1/  only scalestringMα =1
10α−

}	
  

4d xV∫

}	
  

4 3
10 10 '' ',
64 16 4

String
N String NG G

V V
α αα α α αα

π π
= = =

2 2

1 ln
( )

string
i i

i Z s

i

tring Z

M
b

g M g
k

M
⎛ ⎞

= + +Δ⎜ ⎟
⎝ ⎠

17. 3.6 10string string PlanckM g M GeV= = ×

Gauge	
  unifica4on	
  -­‐	
  Hetero4c	
  String	
  

  c. f .MU
"expt" = (2.6 ± 2).1016GeV



10 2
4 3

4( ...)
' '

HS
eff i

iL d x ge R Trk Fφ

α α
−= + +∫

2' 1/  only scalestringMα =1
10α−

}	
  

4d xV∫

}	
  

4 3
10 10 '' ',
64 16 4

String
N String NG G

V V
α αα α α αα

π π
= = =

2 2

1 ln
( )

string
i i

i Z s

i

tring Z

M
b

g M g
k

M
⎛ ⎞

= + +Δ⎜ ⎟
⎝ ⎠

17. 3.6 10string string PlanckM g M GeV= = ×

Gauge	
  unifica4on	
  -­‐	
  Hetero4c	
  String	
  

....close...but not close enough!

   Δ i ?..string threshold corrections,  
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Θ50 = 8,2( ) + 6,3( ) + 6,1( ) + 3,2( ) + 3,1( ) + 1,1( )

No (1,2) component 

 PMD = bΘΣ75Hu + b 'ΘΣ75Hd +M!ΘΘ

Σ75 ∝M breaks SU(5) to SM 

 PMD ⊃ bMΘ3HuT + b 'MΘ3HdT +M!Θ3Θ3

Triplets get mass 
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τ

p→e+π 0 >1×1034 yrs, M X >1016GeV τ
p→K +ν

> 3.3×1033yrs

Λ >1027GeV , 109MPlanck ???
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D=5 proton decay amplitude 

Δ B − L( ) = 0



SUSY extensions of the Standard Model 

W = hELHd E + hDQHd D + hUQHuU + µHdHu

+ λLLE + λ 'LQD +κ LHu + λ ''UDD

+ 1
M

QQQL +QQQHd +QUEHd + ...( L )( )



SUSY extensions of the Standard Model 

W = hELHd E + hDQHd D + hUQHuU + µHdHu

+ λLLE + λ 'LQD +κ LHu + λ ''UDD

+ 1
M

QQQL +QQQHd +QUEHd + ...( L )( )
e.g. LHu( )2



SUSY extensions of the Standard Model 

W = hELHd E + hDQHd D + hUQHuU + µHdHu

+ λLLE + λ 'LQD +κ LHu + λ ''UDD

+ 1
M

QQQL +QQQHd +QUEHd + ...( L )( )
R-parity: Hu ,Hd +1

L,E,Q,D,U, θ −1
SUSY states odd Z2

Weinberg, Sakai 



SUSY extensions of the Standard Model 

W = hELHd E + hDQHd D + hUQHuU + µHdHu

+ λLLE + λ 'LQD +κ LHu + λ ''UDD

+ 1
M

QQQL +QQQHd +QUEHd + ...( L )( )

Baryon “parity”: Q 1

D,Hu α

L,E,U,Hd α 2

LSP unstable Z3

Discrete gauge symmetry 
       -anomaly free 

Ibanez, GGR 

R-parity: SUSY states odd Z2
Weinberg, Sakai 



SUSY extensions of the Standard Model 

W = hELHd E + hDQHd D + hUQHuU + µHdHu

+ λLLE + λ 'LQD +κ LHu + λ ''UDD

+ 1
M

QQQL +QQQHd +QUEHd + ...( L )( )

Proton hexality: Z6 = Z
R
2 × Z

B
3

1
M
LLHuHu

Dreiner, Luhn, Thormeier 

Baryon “parity”: LSP unstable Z3

R-parity: SUSY states odd Z2

LSP stable 





SUSY extensions of the Standard Model 

W = hELHd E + hDQHd D + hUQHuU + µHdHu

+ λLLE + λ 'LQD +κ LHu + λ ''UDD

+ 1
M

QQQL +QQQHd +QUEHd + ...( L )( )

Proton hexality: Z6 = Z
R
2 × Z

B
3

1
M
LLHuHu

µ term, 
GUTs? 

Dreiner, Luhn, Thormeier 

Baryon “parity”: LSP unstable Z3

R-parity: SUSY states odd Z2

LSP stable 



SUSY extensions of the Standard Model 

W = hELHd E + hDQHd D + hUQHuU + µHdHu

+ λLLE + λ 'LQD +κ LHu + λ ''UDD

+ 1
M

QQQL +QQQHd +QUEHd + ...( L )( )

Proton hexality: Z6 = Z
R
2 × Z

B
3

Baryon “parity”: LSP unstable Z3

R-parity: SUSY states odd Z2

Z R
N R-symmetry N=4,6,8,12,24 

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

1
M
LLHuHu

LSP stable 

LSP stable 
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A unique solution :         discrete R symmetry 

⇒ N = 3,4,6,8,12,24

(R = 1)

Green Schwarz term 

Z4
R

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

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 

A unique solution :         discrete R symmetry Z4
R

N q10 q5 qHu
qHd

qN
4 1 1 0 0 2
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Nucleon decay outlook  

• Nucleon decay D=6 operators   

  
τ

p→e+π 0
SuperK >1×1034 yrs

Hadronic matrix element 

  c. f . MU = (2.5± 2).1016GeV

Operator renormalisation 

Giudice,	
  Romanino	
  


