


LOOP AMPLITUDES
-

till here we focussed on tree - level amplitudes .

In e t expansion , we know this usually

means
"

considering only the chemical approximation
"

[ subtleties with chemical contributions coming from

loop diagrams ]

In next few lectures ,we'll move to consider loop corrections
.

We will focus mainly on 1-loop corrections

to scdtémg Amplitudes .

the starting point is how to handle

LOOP INTEGRALS
,

which one the backbone

of#-ttRlNGAMPL1TUDES_
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Inside Feynman Diagrams d- loop level
,

one

" hidden " hoop integrals ,

which bring new type of

complexity , compared to tree - level

Imf + TOY = >a

>my = ☒
Kk = De

Ff = I
IT

In this business
,
we deal • lotwith Sohn Feynman

IIpaE
Let's see an example of this :
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Inside here hidden integrals of the type

{ KMKV ; temp
'

; KVPM pmpv} prep,+pz

f d¥i-it" ( pinkie ) Ah-put - uixis)
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Trist step towards their calculation is w called

tensor - reduction

1. Notice that ITN ( pi )
Eon depend
only on

T
9=(17+13)
-

2
.

Lorentz Goi once implies that

IT"cqY = Fsqmqv + Fzgmv

I
Scohr FORM FACTORS
-

1pm

3. m④m✓ must be gouge invariant
-
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this means word Identity must be satisfied

qMÑµ = 9km = o

⇒ Fn 92g ' + Fzqv= o

⇒ Fn = - Egg = - ¥
IT" = F ( guv - 9m¥ )

1-
numeratorof transverse photon jropeptr !

there is only one form factor ⇒ combination
=

of SCALAR integrals .
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Explicitly , we can define a projector :

F- a ( 9,9, - gµ) such thot

in
-92

Put
"
-

-

F ⇒ of 19;÷_gµ)µ;÷ - g.)

=
of [I - I - I + D) = F

⇒ C =¥ so
tht

Prr = ¥ ( %g÷ - gµ)
is the projector
to only on

Feynman Digs .
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Apply Ppv on integrals of the type seen before :

fid.IY-ltitiikyjwqjqnqy.lk?mi+ie)Ah-9Y-ui+is)
get

" SCALAR INTEGRALS
"

:

✓onions powers

/ ¥Éz tkkik-9.g.gg#-roised+oCk2-m2-iis)Gh-gJ-ni+ie)

ohcilody for 3- point and 6- point

{ k- k
, h.pe , pi

- pj }
"

#
= 1,2"

~ f ?÷☐n µ .my, )¢npnFm÷i{)Kh-PÑ-m¥e)P2

" "

~ f ??÷,hhhik.fi/Pipjbi.j--yqsp
, pu

C-milch -pit-mi) (K-Pri-my)(u(-piyY-mail
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Note that @ 1 loop all sudor products

can be rewritten of denominators !

PY p, →
P3 Morden

¥]Da = / ¥¥z1-
✗ De Xp ,

k
' Ch -Paku -patch- pm , /

2 BOI

pi
D
, Dz Dz Dg

Kk = Di

{÷:}
""'t

it.

k.pe
sudor products

⇒ h.pe = Dz-D⇒p2

Introduce a general notation for Feynman lists

f ¥÷% p.ms#..DiE*=ICmn3:-.hr= )I
# external

legs
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let's pause to
have a look at these integrals :

simplest integral TADP0lE= D= /¥¥÷¥ñ+;D
Tomes for example four

s÷÷%÷.ie#-my--ndF-mi'÷,/
T

h→ te -19 →

Issues
. Divergence fn KIM

'

, regulated by tie

⇒ Wick Rotten consider Euclidean

~

Imho)

Integrals

. |¥"÷m¥m'
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2. more subtle problem , for physio hunter

of dimensions D= 4 most of these ruts
.

one not well defined CDIVERGENT )

/ d"¥Tz ¥5m, ~ fd¥÷, ¥ ki> ma

UV

region
✗

- rY¥→ fdk te
"'

←
diverges if
DZ 2

this is called on UVdivnyeuas_

We know from RENORMAUSATRON THEORY thot

if theory is renormolnble Cos QED or QCD

or SM )

then these divergences can be reabsorbed in FINITE

number of physical quantities no



We need a REGULAR ISATON procedure in order

to extract these divergences and properly
"
Dispose

" of than no

Noticing that tadpole converges for D. <2. we

could imagine
to perform computation in general

D
,

and then collect divergences as POLES µ

④ - u ) . This procedure is avg.twllydeh.ca#-
let's see why .

D= / d☐÷%(k¥mz , = ¥¥f?dkkCeline)

no

=p ¥.cm# f. Y¥
in

CI - 1) ! if Dz - i integer ! 1- (E) gives onohtc
tout

. fr all D
n



GAMMAFUNCTION-geuerobsah.eu of
✗

Mx) = f. e- tt×→dt Factorial
well def if 1¥ TIE!

no

n ! = Tcn -11 ) =/g-ttndt for new

In fat
•

✗
•

TG+x1= f.e- tt×dt= -
e- tt* ! + ✗ / e-

+ E-
'

dt

t tf TT
g
' ÷E

PIHX)= ✗ Mx )
re

and since TG) =/oétdt = I

1^121--1.1^111=1

Pts)= Mr -121=2 - 1^121=2 etc
. . . . Factorial
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IMPORTANT
=

1^(1+11) ear be used to
1-(✗ I = I

analytically continue

Plz ) to whole complex

place ! (out fastto ✗ co ! )

poles of ✗= 0
,

-1
,

-2

,
-3 etc

but well defined for example for ✗ = -£
=

Ptt )=T.ly?-=-zTCtz)=.zfdte-tt*:-t*--Udu--+tzt-*dtdt=2Udu
✗ 6

f. 24 du e-
"

¥ = 21
,

due
-
"
"

= 2 Eg = MT
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so we have Tl-1,1=-2 A ( example of
analytic continuities)

→

let's continue with the TADP0lE_ .

0 = ¥÷}¥. em I?Y¥
* ⇒ I

= * fat t± ( Ht)

=÷÷÷%t¥*÷
. .am..

function ⇒ BETAFUNC.TO#s-



Indeed

Pdt ¥÷,*y = B9H|="¥¥÷ }
0

, ,
SEE BELOW

1- = In
dt =

(Eup
du

t.HU#upKY-.u)YlI-)-nt=
1

= f)du un c-a)
"Y " -✗ - 2.=/ du un G-a) Y

"

=
other integral

representation .
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it's
easy

to prove
that

✗ ✗

TIHPIyt-f.at/,due-lttHE-1uY-iU--ZW
y = (

w Z

- W i - z)
1- = d- 2- 1W

dit] = WH -2-1 +WZ = W

l ✗

PAINT) = f.dz/odwwe-Wc-z1Hwx-lzY-1wy-i
✗ 1

= / dw e-W w"" it
-1 / dz z 't

"

G-zj
✗-1

:
= f ,dw e-

W
w
"'t" BCX, g) = Party / BY g) !
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so finally

o=i÷÷f:t¥÷,
✗ = Dz

Bay)=f?dt *y ✗+y =L y -- l
- E

so

D= ¥¥ ¥¥¥⇒=cñ if:)
1-

result we bore obtained

lutegdimg assuming D
< 2

ear how be extended everywhere
except poles it



For example use PIHH = ✗ Mx )

D= (my Tfa - Dg ) = (my
M3 -E)
-

) I

= 4 (me ) P(6¥ ) 1-
CD -2)(D-4)

I
see explicit poles for
D=2,4 etc .

. .

what about D= 3 ?

f. 9¥, ¥. - f^d÷ - A liner .

divergence
in UV
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13¥

D= em if -3 )=cmD±pf§ )
= - 2ft Me
←

KNIFE &

NEGATIVED
fmiln to ⇐ Is -

- 51st R'

www.5etasc-D-E?..n---tzg!
⇒ In Dimensional Regulation the INTEGRAL

REPRESENTATION Represents the final result

oN#_ if it converges . Otherwise it has

NOTHING to do with it !
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