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® 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

Get Hamiltonian

Go to quantum mechanics
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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 o

1:- primary constraint

F.(q,p)=0

because p=p(Q) only

l.e. then g & p will linearly independent

from
(11— = ()
T q, T a,

Important to note

1=0 for simple case L=q
l.e. not consistence
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Important to note:
> lagrangian is not
completely arbitrary



So Hamiltonian “ H"”

H=pq,-L
become
H =H +cf,_ because F_ =0

=> Hamiltonian is not uniquely determine
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(A B}y = A By — {A. X} Xoo { Xy, B}
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Usual field theories
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Non-commutative field theories
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XY
it
Correspondence transformation
® By transforming the physical variables as
(]ﬂ- . ,Q,ﬂ- — qﬂ- i Ho 3 D5
P e Pn = Pa
® By replacing all usual product with star
*-product
, » 0 o o
blg)xolg)=e * > 570 (q+E§)o(g+()
§=(=0

10:36 PM 10



Types of non-commutative field e
theories

|. General space-time non-commuutative theories, 1.6, f; #

). Particular space non-comniutative theories, i.¢., fy = 0
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CPT Symmetry

o Parity (P)
1. Parity transformation are same as usual QED for space-space non-

commutativety

but

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

Because we have to replace (J, by -(; along usual transformation

but there should be no changein (J i

10:36 PM 12



e Charge Conjugation

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

q® -g

along with usual transformation
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e Time reversal (T)

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

q® -q

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

Because we have to qij ® - qij

But there should no change in qu
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CP and CT Symmetry

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

2. CTis invariant

e 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

o, - - : , : oy
Foreach incoming electron : w,.(p]
- I . . / .
P For each outgoing electron @ u,.(p)
- Jo= . . - . ; .
P Foreach incoming positron @ ©,.(p ]

p > .

For each outgoing positron @ v.(p}
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For each incoming photon : =,.,(K)

H

AVAVAVAVAVAVAVAVAVAVY

For each outgoing photon : = (k)
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I. Fermion-fermion-photon vertex:

,D;- pf

Y

i
~H g PLXPS
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2. Photon-photon-photon vertex:

kL B
k,f ,L(gr

= —2¢ sin (;ffl o ) COFPY ey kol Regy)

= —XZesin (_:}J;I“q] = .Irl‘f Y |:| fx'l _ -'Fx'-‘g_:l'”_(l,{"”'

+ (ko — Ra)"g"" 4 (ks — ko ﬁjl"’_f_f“"“]
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Photon-photon-photon-photon vertex:

— die” [ (gt gt [}

.'Fxl /.'F'-.} .l?‘a;»;/ ‘a']
> =11 =111 >

-!rT L) L5 Ty
| | Irillr'l r L .' .,-r'l )

(.‘Fx.;/!rxl) (;;2/1'11)
> =11 _— =111 _—

N LA L Y
£ l!':f

+ (9" 9" — g

|I-! [ L* g» -.I

(fw] < ij) (sz > F‘i;-i)
> =11 e — Si1 e —— :|
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4. Ghost-ghost-photon vertex

— E’;r-']af;.hllli__—}fﬂ; X ,”;'_I'
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000
1
Radioactive correction
e One loop correction for
electron self-energy K

Figure 4.1: Electron self energy diagram

Figure 4.2: The diagram not possible
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Photon self-energy

Figure 4.3: Photon self energy due to fermion loop correction

k¥ ko

Figure 4.5: Photon self energy due to photon loop correction with one vertex
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Figure 4.4: Photon self energy due to ghost-loop correction

Figure 4.7: Photon self energy due to photon loop correction with two vertex
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Electron-Photon vertex correction

Figure 4.8: Vertex correction for QED like diagram

Figure 4.9: Vertex correction for QCD like diagram
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UV/IR Mixing
(UV —ren) _qer ! | |
[ = —/ (]Hldfl'gfifl';;f\llil—Zlf‘r,-;l\
i J0
lﬂ'{ —1 I:n-j +ii3 :ljr:,r}
X — — =+
a2 + (g + ag)'m? — a0
A9(] = gilaztas)pip=ipxp')
_|_ — . : — . — : — — —
n(ay —ay — ag) + mfmz +ag) +m¥ (g + 03)* — ap0s?
Mputer( B~ 0208y 7 o giloatosipg o mpxey |
+AR ((oetletaslni _ o lortasinig-insy (4.2.66)
ef fl Ff e
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1 ~-~ 1 L
For UV limit F<< dq P Lg ~==  (Termisfinite)

1 -~
For IRlimit —=>049P L ~L?

(Seems to lead IR divergence)

2
But L <1 ipiRIimit

Therefore (C° terms areirrelevant. (Term is again finite)
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Photon deflection by coulomb field

Figure 4.10: Photon deflection by coulomb Field

For fg — ths =0 and 5 — 1

do  Z2a2E? (1 + 2sin?(d/2))(1 — sin®(o/2))
d) | \4 sin®(¢/2)
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Figure 4.11: The behavior of differential cross section with the scattering angle ¢ for scat-
tered photon due to coulomb field with 2 — 1, a0 — 1 /128 & A — 1500 GeV with different
values of E = 400, 2000 and 3000,
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Interpretation to radioactive 4
correction

e Vertex correction

Correction to the electron response to a given
applied field

e Loop correction
Correction to the electro magnetic field itself
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Interpretation of different terms of non- | e
commutative vertex

in higher order

v q in leading order

Figure 5.1: Vertex correction
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Figure 5.2: Vertex correction
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o000
o000
o000
Y )
o
M = ieu(p )y ul p'];—’i# (] In higher order M = deu(p 1T ul p']}i# (q)
Where for usual QED
. . )
List of vectors :  p*, p™, ~*. List of scalars : ¢°, m, €.
Therefore we have
9, g, o
* = Fy(g* )" Fy(g7)
1 2m 1
At tree level Fi(g?) = 1 and Fy(g?) — 0,
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In coulomb gauge Aulq) = (A, 0)
M = ied(q) Fi(0)
Vix) EEmlql Fi(0)

F1(0) represents the electric charge of the electron
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For static vector potential Aulq) — (0, Ay)
. s =1 . R IR
M = ie 2m S'QE?’J'!"%U;; [Flll[]j | FQI:“J] £A;(q)

B*(q) — —ie*q;Ai(q)
M = ie&loy [F1(0) + Fy(0)] B (q)

Vi) — —(p).Blz)

L1

oy P s B s
() FL(0) + F5(0) Il}—ll Elgk
2
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Vertex in non-commutative field e0o°
theory

o -
[# at tree level ezl Tt

. ; 2 _— ~ ¥ A . - f \ -
List of scalars : ™ ¢ ¢: 44 79 P4 |jst of vectors: V' (PPN, ¢ &

[* — AvH 4 B(p + p* + Cg" + Dg"

Lt g,

"~ Fi( ¢, pg, 747" (¢, p.q, v.q) + D ¢ p.q. v.q)¢"

2m

, .. 10" gy
[H Fl.:ﬂ:.’}'# | I.Fl,:b:,p.qll’":r'#|

[FE[Q'} | ':.FEI:-:':IT-@:'] | Dl:ﬂ:lt.?#

2m
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e The term containing F’ 1a) "

— FEAP
Fl[aj'fqzj CEEE [ d[}_fldﬂgdﬂgﬁl | — Z ,r_'}_r1| e ([ e |:Ct*a+cr3:|P¢IE, ip xp)

(2p'.p — (g r:]:-g"jnip’ Fp)?) o+ mPlag + as)? — asasg?) o tas)p.d
X Y 2 f V2D 2y - VYEuller | €
2l ms + (g + Qe SN — (¥a ks~ |
iy W " l::| F F W W P
I (g + ag)(p' + p)? — 3m? — m?(ag + as)? + apasg?) IYVEulier
m2(ay — ag —ag) +m2{as + ag) + mAag + ag)? — asasg? 2 !
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The term containing (/' p.q i+

1
Fip 'l"i"fEuuer:'/ dﬂ'ldﬂzdﬂ'sfﬁfl—i ;)
0

& . r R . - o
(l —e ) (2 — g — ag)e 'lo2tesipd
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* * ‘i.i-l:rH["IqL.- )
The term containing ——= F5
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The term containing = q”| Foteyv.q)

e E

ez P ! ) .
Fg[,::, VEuller / dﬂld&'gdﬂgﬂ[l — Zﬂij 4
0

. . ; = . v il P
(.;j — g — ag)e TP (] 4 g, | qg)elle2TosiPdg P p)

This term gives electric dipole moment of the form
'HP?, -’—JEFE[f:ﬂjz
Néda Sadooghi and M.Soroush, “Noncommutative Dipole QED™, hep-th/0206009,
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The term containing D"

—[};‘E%P “Pf

Dia) —

fl!

1
1m TEuiier/ dﬂldﬂ'gdﬂgﬁi] — Zﬂ'izl X
0
X (Irl o | oag)e tleeteslpd (0 g0 gg)elleeteslpdeip “pj)
This term gives magnetic moment of the form

§ . D —
l|||-£|,' T‘:'ﬂjgl with gz = Eijkgjk

Therefore it is straight forward to see that the magnetic moment due to this term does
not depend upon the spin. It is pure non-commutative aspect.

J.Gamboa. M.Loewe, F.Méndez and J1.C.Rojas, “The Landau problem and noncom-

mutative quantum mechanics™, hep-th/0104224,

H. O. Girotti, “Noncommutative quantum mechanics™, Am. J. Phys. 72(5), May
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We have observed that magnetic moment in non-commutative electron photon vertex has

two parts

1. One spin dependent part,

2. Other is spin independent part, which is proportional to ## and have lost contribution

in the limit & — 0,
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Loop correction .
(The Lamb Shift in NCQED)

e Hydrogen atom in
NCQOM (at tree level)

Mec’ b | | o
Ak | Za) }-L;—f"h (l T 20 I) (n-@e’[e’ (T I;"ﬂ])ﬂwﬂ“’”‘i

J=7
For n fJ

2Py 25,

Polarized lamb-shift

; 'HEI . » Y ; _.Iﬂl o) O
2 F‘I‘-“E’ ﬁlb-;l..? 2 I?P.IJIIE 2'\\"_-1.;..2
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One loop correction

e Vertex correction (two different types of diagram)

i Ze2 (. 2\ L
I"E'H'ff.r — ] “ﬁ.lEuff:l' T =1 &9
',

T hrs

e Loop correction (four different types of diagram)

) K | o I!TE(?E 9 ETE
Vieon(7) — —Ze*a— [ d*q—se @70 |1 F——
Loop! T | rh] IEI-_:' [ ( i D5 2

I [ () Lew 253
Vioop(T) _TﬁjZE alu(@A?) — WZE AZd
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Energy Spectrum of NC Hydrogen | s2:2¢
atom

Em ¢ .-:"LE .-I'n |

iz 3h nlag |5k

|Z{]_-9Ef-..- * (-; E) ( | ) ( | )
. [Euler J=z | 2 3 21 1 ngflf | ]II!T | l,-’h-_j:'

IRV AL ),
- [_[J|,Za,| (A2} | 2o Z
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Bound on the value of q

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

By comparing with available experimental data

0 < (100GeV) 2
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Contribution to Stark effect

_"*-.EN CStark i}_(; W g ]'r”rlljji | .[E;| I frjj_,

nlj- 9k

NCStark )
lEnfj_- W

Contribution to Zeeman effect

2
r e £ ¥y T 5, TN —
1'l|.' i : i E f 5
\ ' Zeeman Euler'te (| — (g~ ) P) HE

Onel _ _ |
nesoop 2m,c  3mh .,
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