
Jong-Phil Lee 
Korea Institute for Advanced StudyKorea Institute for Advanced Study

SUSY08SUSY08
16~21 Jun, 2008

COEX, SEOUL



•Unparticle Brief
•New scalar potential•New scalar potential
•EWSB with scalar potential
•Mass spectrum•Mass spectrum
•Conclusions

SUSY08, SeoulSUSY08, SeoulSUSY08, SeoulSUSY08, Seoul JongJong--Phil Lee(KIAS) Phil Lee(KIAS) JongJong--Phil Lee(KIAS) Phil Lee(KIAS) 



3



H. Georgi,  PRL98; PLB650

S l  IS l  IWeakly interacting
SM SectorSM Sector

Scale Inv.Scale Inv.
SectorSector

Weakly interacting

Particles with 
definite masses

NO particles 
definite masses With definite 

nonzero masses

Unparticle!
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energy

BZ
Banks-Zaks(BZ) Theory

Massless fermionic gauge theory

MU

BZ Massless fermionic gauge theory
With an infrared-stable fixed point.

Dimensional
transmutation

ΛU matching

Scale inv. 
emerges.

SM

MW ; EWSB
; scale inv. breaking
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Two-point function

Spectral density functionSpectral density function
Fixed by scale inv.

Normalization factor
Unparticles with dU looks like a 
Non integral number of Non-integral number of 
massless particles.
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Scalar Unparticle Propagator

Vector Unparticle Propagator
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Relevant Interaction

New proposal

SM scalar Hidden scalar New interaction
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Ordinary Higgs mechanism Coleman-Weinberg mechanism

Gildener-Weinberg mechanism
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SMSM HiddenHiddenSMSM HiddenHidden
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Delgado, Espinosa, Quiros, JHEP0710

SM potential

Deconstruction

U-sector contribution

IR g l tIR regulator
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EWSB
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Coleman-Weinberg turned on
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New Potential
SMSM UnptlUnptl

Stationary Condition

Φi=(Φ, φ )=ρNi

Find the minimum 
along this ray
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for unit vector  Ni



Stationary Condition satisfied when

(dU =2−2ε)

Unit Vectors
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ρ0 is fixed: 

Stability condition for ρ0
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From the weak boson mass: 

If we choose μ = v0: 

SUSY08, SeoulSUSY08, SeoulSUSY08, SeoulSUSY08, Seoul JongJong--Phil Lee(KIAS) Phil Lee(KIAS) JongJong--Phil Lee(KIAS) Phil Lee(KIAS) 



SMSM
Scale Scale 

SMSM
Scale Scale SMSM

Inv.Inv. SMSM
Inv.Inv.

f(x y)=x4+y4 f(x y)=x4+y4 3x2y1.3
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Fields redefined 

Potential of h and s
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ψi=(h,s)
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mh : Higgs boson
ml  : New light scalar
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λ0= 1.00

λ  1 0

λ0= 0.1
λ0= 0.2

λ0= 1.0

λ0= 0.1
λ0= 0.2
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•Unparticles inspire a new scalar potential.

•EWSB occurs when the unparticle sector begins to 
interact with the SM sector.interact with the SM sector.

•If the hidden sector were not scale inv., 
the EWSB occurs via CW mechanism.

When d starts to depart from 2   •When dU starts to depart from 2,  
a new scale is introduced to break EWS.

•After the EWSB, a new light scalar d210GeVappears.
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