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   “Just” the SM (JSM)? 

V (H ) = m2 |H |2 +λ |H |4 Espinosa and Strumia talks 

λ βλ
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JSM - Hierarchy problem? t,W ,
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Field theory:  δm2 not measureable 

…only m2 = m0
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c.f. heavy state corrections, e.g. GUTS 
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Gravity? 	
  •

νR
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Strong CP problem: 

No heavy thresholds? 

1011GeV ≤ fa ≤10
12GeV



KSVZ axion: New vectorlike quarks, complex singlet, S  

ζ ≤10−9 1012GeV
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L ⊃ζψ Lψ RS + h.c.

ψ =Q +Q( )

Farina, Pappadopulo, Strumia 

	
  

S = (| S | + fa )e
−a/ fa

(To avoid unacceptable Higgs mass contribution) 

Strong CP problem: 

No heavy thresholds? 
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DFSZ axion: 2 Higgs doublets H1,2, complex singlet, S  
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Ultra weak sector: 

Strong CP problem: 
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Ultra weak sector: 

ζ i multiplicatively renormalised 

(Underlying shift symmetry S→ S +δ )	
  

Origin of large vev? 

Dimensional transmutation (Coleman Weinberg) 

Start with  m = m0 +δm = 0 (Classical scale invariance) 
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Pseudo-dilaton K.	
  Allison,	
  C.Hill,	
  GGR	
  	
  | S |
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Phenomenology 

Collider signals  
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Cosmology 

If inflation scale below PQ phase transition   
 
…. no cosmological constraints 
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If inflation scale above PQ phase transition   

…. potential Polonyi problem: 

 
V SI( ) ∼ + 1

64π 2 ζ 2 | SI |
2( )2 − 1

2
+ ln | SI |

2

fa
2

⎛
⎝⎜

⎞
⎠⎟

(stored energy after inflation) 



S rolls when 
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(if dilaton stable) 
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mH2
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During inflation |S| performs a random walk of step size  HI / 2π

 e.g. If HI = 1014GeV (BICEP2), SI ∼ HI N / 2π ∼1014GeV
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For dilatonic dark matter  Ωs = 0.23, si = 4 ×10
11R−2/3GeV

Stable dilaton case: 



For   Ωa
hot <10−5

Unstable dilaton case: 
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<10−10 dilaton decays 

(CMB bound) 



Unstable dilaton case: 

fa = 2 ×10
9GeVFor  dilaton          briefly in thermal equilibrium 

TTE < 200GeV ⇒
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W ± ,Z,h,t

→ h

Dilaton energy  → SM states ✔	
  

TTE > MW ,Z ,h,t
✔	
  

(Consistent with BICEP 2 inflation scale – but needs more careful study) 

^	
  

may be 
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…stable vacuum but loses simplicity of SM 

H = hSM(1+O(1/R2) 
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Energy dependence of couplings  
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SM: 

DFSZ: 
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Summary 

“JSM” requires ultra-weak sectors – chiral and shift symmetries •
• ⇒ faDFSZ axion + dimensional trasmutation 

…consistent with classical scale invariance (not KSVZ model) 

• Requires two Higgs doublets (type II couplings), light pseudo-dilaton  

• GUTS ⇒ SUSY GUTS 

“Real” hierarchy problem 

…SUSY DFSZ scale invariant generalisation straightforward:  

✔	
  
	
  



A SUSY version 

•  W =WMSSM +ζ S!H"1H" 2
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mS ≪ mH1,2

Dilaton properties essentially unchanged 

c.f.Dreiner, Staub, Ubaldi   
Rajagopal,	
  Turner,	
  Wilczek	
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…SUSY DFSZ scale invariant generalisation straightforward:  




