
Abstract 
 
The non-commutative space-time is the space-time in which the coordinate X1 

and X2 do not interchange. This phenomenon means that there is a minimum unit 
in the space–time. We call the minimum unit θ which has two dimensions in terms 
of physical length. The idea of the minimum unit in space-time was considered 
to resolve ultraviolet divergences in quantum field theories at the beginning. 
And the idea is closely related with the effect of quantum gravity. Recently, 
Yang-Mills theories on a non-commutative geometry have been shown to appear 
as a low energy limit of string theories on D-brane with some background tensor 
field.  
  When we treat the dynamics of quantum field theories on non-commutative 
space-time, we discuss by rewriting the theories on non-commutative space for 
commutative space. Therefore, though we treat the theories on commutative space, 
the theories includes an effect of non-commutativity θ. Instead of usual 
product, peculiar product which is called star product appears with respect 
to the product of the fields. We call the theories non-commutative field theories. 
In non-commutative field theories, there are some peculiar phenomena in 
ultraviolet and infrared region.  
First we describe the phenomenon in ultraviolet region. Using perturbation 

theory for these theories, the Feynman diagrams separate into planer diagram 
and nonplaner diagram. The planer diagram is the same one as we write in usual 
commutative theories. The nonplaner diagram is different from the diagram in 
commutative case and includes the effect of the non-commutativity θ. There 
is a phenomenon that the nonplaner diagrams disappear in maximal 
non-commutativity. In the condition, we send the θ to ∞. This phenomenon has 
become an established theory. Then we investigate whether nonplaner diagrams 
vanish in the condition that θ is finite and the external momentum of the 
diagrams goes to ∞ (i.e. ultraviolet region). Obviously, this statement holds 
at one loop level of the diagram. But going to two loop level, since there is 
UV (ultraviolet) divergence at subdiagram, we have to consider a renormalization. 
That whether the statement holds after the renormalization is not obvious. We 
adopt non-commutative φ cubic theory as the model in which we calculate the 
diagram simply. And we perform explicit two loop calculation and confirm that 
nonplaner diagrams after renormalization do vanish in the ultraviolet region. 
Secondly we describe the phenomenon in infrared region. In non-commutative 

field theories, UV divergences in commutative case change into IR (infrared) 
divergences due to the effect of non-commutativity θ. That is some infrared 
singularities. We call this phenomenon UV/IR mixing. We adopt non-commutative 
U(1) gauge theory to see an instability of the theory due to the infrared 
singularity. We calculate the effective action of the non-commutative U(1) gauge 
theory to find a critical point where the instability occurs in the theory. 
The detail of the calculations are as follows. We need to fix gauge and introduce 
ghost field at the level of action. In the calculation, planer and nonplaner 
part occur. We calculate a effective coupling constant from the planer part 
and find infrared singularities from the nonplaner part. We balance the kinetic 
term which includes the effective coupling constant with the infrared singular 
potential terms which condence at a low momentum mode to find the critical point. 
We have investigated the ultraviolet and infrared behavior in non-commutative 

field theories. In the ultraviolet region, we could ignore the effect of 
non-commutativity θ from the diagrammatic view. In the infrared region, we 
found some infrared singularities instead of ultraviolet divergences. We have 
to consider where these phenomena in non-commutative field theories apply. We 
are interested in restoring the phenomena of non-commutative field theories 
to D-brane physics with respect to string theories. And when we consider a 
physics in the region of plank length, we may develop quantum gravity on 
non-commutative space-time. In the technical side, we can also change the 
treatment with star product into the treatment with matrix. When it is difficult 
to calculate by using star product in non-commutative field theories, we often 



use a matrix model instead.           
      


