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Introduction

• Renormalizability at short distance

• Quantum Gravity

• String Theory

• UV-IR Mixing
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Steps to develop any Q.F.theory

First get  Langrangian from action integrand

Go to quantum mechanics  

Get Hamiltonian
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Why, don’t short-circuit

1:- Hamiltonian  (difficult to make relativistic invariant )

2:- We have rule only for Lagrangian quadratic in velocity
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Constraint on Hamiltonian formalism

( , ) 0m q pΦ =

( )p p q
•

= only

1=0 for simple case L=q  
i.e. not consistence

1:- primary constraint

i.e. then q & p will linearly independent 
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because

Important to note

Important to note:
lagrangian is not 
completely arbitrary

=====>
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So Hamiltonian “ H ”

*
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•= −

= + Φ =

=> Hamiltonian is not uniquely determine
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Usual field theories
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Non-commutative field theories
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Correspondence transformation

• By transforming  the physical variables as

• By replacing all usual product with star
*-product
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Types of non-commutative field 
theories
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CPT Symmetry

l Parity (P)

1. Parity transformation are same as usual QED for space-space non-
commutativety

2. For  general space-time non-commutativety, Parity (P) is broken  

but

Because we have to replace 0iθ−by0iθ

but there should be no change in ijθ

along usual transformation
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l Charge Conjugation

θ θ→ −

For both space-space and  space-time non-commutivity

along with usual transformation
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l Time reversal (T)

θ θ→ −

1. For space-space non-commutativety along usual Time reversal 
transformation, we have to replace 

2. For  general space-time non-commutativety, Time reversal (T) is broken  

ij ijθ θ→ −Because we have to

But there should no change in 0iθ
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CP and CT Symmetry

l For Space-Space non-commutativity
1. CP  violate

2. CT is invariant

l For Space-Time non-commutativity

both CP and  CT is broken as C, T and P are all separately broken 
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Feynman rules for NCQED
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Radioactive correction

l One loop correction for 
electron self-energy 
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Photon self-energy
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Electron-Photon vertex correction
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UV/IR Mixing
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and
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% % % %2
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.effq q
q q

⇒ Λ
Λ

= ∼For UV limit

For IR limit
% % 2

2

1
. effq q ⇒ Λ Λ

Λ
? ∼

(Term is finite)

(Seems to lead IR divergence)

But % 22 1qΛ = in IR limit.

Therefore                terms are irrelevant.Cσ (Term is again finite)
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Photon deflection by coulomb field

For and
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Interpretation to radioactive 
correction

l Vertex correction
Correction to the electron response to a given 

applied field

l Loop correction
Correction to the electro magnetic field itself



10:36 PM 31

Interpretation of different terms of non-
commutative vertex
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Where for usual QED

List of vectors : List of scalars :

Therefore we have

At tree level
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In coulomb gauge
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For static vector potential
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Vertex in non-commutative field 
theory

List of vectors :List of scalars :
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This term gives electric dipole moment  of the form
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This term gives magnetic moment  of the form
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Loop correction
(The Lamb Shift in NCQED)

l Hydrogen atom in 
NCQM (at tree level)

For

Polarized lamb-shift 
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One loop correction

l Vertex correction (two different types of diagram)

l Loop correction (four different types of diagram)
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Energy Spectrum of NC Hydrogen 
atom
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Bound on the value of θ

For this purpose we have to consider only the shifting only at tree level

By comparing with available experimental data
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Contribution to Stark effect

Contribution to Zeeman effect 
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Thank You

?


