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lectures on thursdays 08:15 - 09:45 PH

or 08:30 - 10:00 ] 334h
Exercises Fridays 16:15 - 15:45 C3202-
Tomorrow lecture to make up for

hntwee# .

•

Tutors Max Deeto

Nikolas Syrrahos

• NO BONUS BUI Exercises ore ccuportout

fn¥# , questions can cover

also thot material
.

BOOKS : First port mainly four ✗ then brien

-
PAPERS !

I. Hean
,
7. C. Peefke , scattering Aupehdes

Iu gouge theres



WHATWKLWEDO-i.ae
One loop Amplitudes { Integrand reduction

Omitaity

• Multi loop angel . { methods fir tensor decomposition
and reduction to master iutepds

• Integrals ⇒ Analytic structure
Differential Equations

Special Functions ( Pdylogs )

• Bonus / Extra .

Remain rufous and Iatgds
Elliptic functions , modular forms

•

Intersection theory ( generalist
en

of loop
Untoiiy ! )



INTRODUCMONINOTATION.luthis course we'll deal with one. and multi- loop

scattering oeupbtudes .

In the first post , we will be mainly concerned

with ONE -LOOP Amplitudes and we will derive

general results and methods that moke it

possible to simplify their calculation

*

÷
.

to All incoming (or outgoing )"! Kinematics

Pim momenta external polices

N

⇐, Pi =0 momentum

conservation
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Minkowski metric Mµ =

gµ= dioglt
- - - )

We use ⑨ for loop momentum (sometimes km )

we use dimensional regulars Sakon ⇒ -id,¥
,

1m¥.

lMPoRTA-NT_
or

g.dz?f-yDam--pl.fdIeiiu-%e2-ma+ie---/¥¥É q¥mz
✗ wide rotation

to switch to euclidean

Pu
voi elles .

Pose-934 '

'

\
,

there are different

7ms ' mosses and

l-191 nmi N -1 different
←

inn
on,
MET Piri

I feel
REGION Yahata
a:-.< pi

pn PN k=1
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Notice that

pit = 9in - 91, where 9! = O

N

Also
,

momentum conservation ⇐ pI=o becomes

→ 9NM= o lost region momentum = 90M

we allow for now external momenta to be off-shell

Pi= Mit-oiugeuaol-n.HU#JoR--sheee-FeyumouDiepoeesgenerate then expressions of this fun

I =/DI rce?B?CUTP ④+qFmi+iE ) . . . Klink Mcvitie ) ( l?mñ+ie)

f Dn - -
-

DN- n DN

T
"physio

"

integration alternative compact

measure f- ¥µ, notation
3



NIV ) is e polynomial ice loop momentum
external momenta

AND all eauoimy
extend

dote Cpoloindious ! )

• for pure Yong Mills obvious I{qmFg
etc

• Fermion loops as well ⇒ I ⇒¥11m |tweeo
f-m

• External Fenian dues gve sinner structures + 8M notices

"

§÷ = ñ%E¥÷i¥"] ""> we

pn
contains also gm
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]{%:u=ñcmTmmuim|¥¥¥¥IT
all ymmdias

QUESTlON-_ can we put a upper limit on

powers of loop momentum of numerator?

⇒ yes ! in Peuormolisoble Field theories
,
• YM

,

it turns out that at one#p we can have

ot most Ncea) -Ll]§-

# external

legs

numerator momenta come from - 3- gluon vein
- fermion props

- ghost vertices
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a

Ii"=f÷⇒④÷÷!!;e:m ,T

N- point
we call this a IÉÉ of route 2

power counting okas that HII
if 2=0 then we talk about scAotREGAL

reason

"

tensor
"

⇒ because Uj = could be anything CJYEY. .)

Ii"= II. "j" t.dk#JslM--.&DnDz. -
. DN

this is a tensor of routed
.
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Fondly notice that gveu general graph

☐ 3 Pu
r
t -

.

.
.

83 l-193

7mg '

D) l-191 nmi
←

inn
on,
MET Piri

Dnh I flew
pawn pn~Dn- i

DN

d. 9; = ! [④+9:P- mi ) - limit - Lei-mil -mil

! = { [ Di - Dn - 9,?+ mi - mi ]

s color prods between loop mom and region moment

one
, of course , 1¥ of PRoPAuRS_
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CNET.ONDIVERAENCES.VN
divergences come four regions IM→ ✗

Power counting is straightforward way to check if ou

integral diverges or not
-

(e)
E iuuvtimrtIi

"

- 11¥. #

so we bore told power from

- Idris foie / =
e
"" -

my
^

if 9 TD -1 -2N I -1 ⇒ 222N - D UV

divergence

in our case D-⇒ UI 2N -4
g



Ama EE N fore given number of " points
"

⇒ N E IN -4 ⇒ N E 4

to only integrals up to he points ( boxes )

can generate UV divergences rue RENONYACISABLE11 QPT like QED
,
N=4 SYM

,
SM etc . . .

IR divergences one trickier in general

•
SOFT ones IM→ 0

• COLLINEAR ones IM 11 PM p2= o

already of one loop , they can overlap generating

or
to ¥, .

~ ¥ pees

D. = Le - 2 E ⇐ usual def in DlMRE9_ . q



* mean

p}= m2 on -shell electrons !

I 1¥. eyu.p.im#e-cp.i-m4

=/ ÷.-i ( el- el .pe ) (del - pn)
^

• it ↳ true
~ 11¥. ÷.ie -1¥

f

log dreigene

soft anybody @ hoop gives te pole
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IMAGINE Pi=o (no men, m=o too )

• if 111 p, then d.pin cpino and we get

like pin 1% cpi no aswell

this means

-fd@YFpeice_pzpce-ipDifEFPieF.ee4ya.e)
¢1T )D
#

* ¥ eilei-zp.eu ,
because

a- I - pi - o
Gelinas + Aft if l.pe ~pi~o
IM-70 of the some

time
, goes • {①
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