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Brief Introduction

Unparticles have fractional scaling dimension
Fractional dim. appears in physics in the context of 
Dim. Reg. 
It is common in math, Fractals
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Brief Introduction
The magnification of the last image relative to the first 
one is about 60,000,000,000 to 1
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Vector Unparticles

There are unitarity constraints on gauge invariant 
primary CFT operator of scaling dimension, d

where j’s are Lorentz spins

For gauge invariant primary vector operator
we have with IFF



Vector Unparticles

The 2-point function for is determined by

and going to momentum space then

Hence,



Integrating out M between Unparticles and SM

Integrating out M between SM operators

These terms contribute to B mass difference

FCNC Effective Interactions
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Experimentally

Hence

In the numerical analysis we will be using

FCNC Effective Interactions



But Scale Invariance is Broken

Shirman et. al, Phys. Rev. D76 (2007) 075004
Shirman et. al, Phys. Rev. D76 (2007) 115002

We will take

T. Kikuchi et al arXiv:0711.1506 [hep-ph]

V. Barger et al Phys.Lett.B661: 276-286,2008



B to K + Missing energy
SM 

Effective Interaction
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Theoretical estimate

Inami Lim fn.



B to K + Missing energy



B to K + Missing energy
Plotting the spectrum                  where

d=1.9
d=1.1

d=3.1

Following unitarity constraints

previous analysis done for vector
Unparticle



B to K + Missing energy
The difference between using the correct treatment 
of vector Unparticle and the old one can be 
parameterized by

d=3.1

d=3.5

d=3.9



B to K + Vector Unparticle

Dependence of the branching ratio on M and L in GeV



B to g + Missing energy
SM 

Effective Interaction

Experimental Bound

Theoretical estimate



B to g + Missing energy



Dependence of the branching ratio on M and L in GeV

B to g + vector Unparticle



Invisible Decay of Z boson

Effective interaction

The decay rate of Z into vector Unparticle is

Bounds on M from effective contact interactions



New physics contribution to invisible Z decay is 
severely constrained

Invisible Decay of Z boson



Invisible Decay of Z boson into Vector 
Unparticle 



Conclusion

•We have studied missing energy signals in the b to s 
FCNC transition in B to K + missing energy and B to 
gamma + missing energy.

•These channels cannot be used to constrain vector 
Unparticle because the branching ratios are very small 
for reasonable values of parameter space

•High energy probes as in Z decay are also very suppressed
•Unparticles as sub classes of hidden valleys, HEIDI, 
Infraparticle, self interaction, gauged unparticles

•More studies are needed for models that are scale
invariant but not conformal invariant


