



































































































































3 Interacting fields

Time evolution

The dynamics of a quantum theory is determined by its Hamiltonian Hip g t

The time dependence of the matrix elements of any operator

if 241 0 147 241 I 0 71310
t
thecommutator is carried at time t

For conveniente H M t N N N are hermitian operators

if O I 0 M i 1414 N1414

separate eqs for time evolution of States and operators

Schrodinger picture M O N H

Then gs it Gsto 8s Psst 7310 Ps

if 14173 Hips 8s t 14413s

Define an operator Uct to the time evolutionoperator

141433 Ust to 1412033s

unitarity U at to Utc t to probability conserving

composition law Uct t's Uct to Ust to

U obeys if U it to Hips8s t Ui t.to with Uct t I

initial t composition law Ust to U to t

If It is time independent then Uct to e
i't't's 8s at to






































































































































Heisenberg picture M H N o

TheStates are defined to be time independent

We can identify the Heinsenberg states with the Schrodinger States at to

1414 A 1410134 141033

Thus

yea y Uc o t 14433s

The fundamental p andq operators are timedependent

quit Uft o face Uct o Utit o Esso Ust o
I
Guto Esco 8s

also

Oust Utc t o Oct Oct o Uco t Oscts Ufo t

dayOusts 2 I HiPatti Gitit t OH t






































































































































Interaction picture

M Hoop q Vet q t
Y interaction

t y

if 0214 Oz Ho

key eqns

Choose He is time independent

felt e'Holt's8s tqset e ittocps.qs.tl

I
get Esco

Change the states

144 e
He s 8s't

yet s

The operators

Oz it Ut Cto Osa Voeto e'Holt's 8stoga e
intocts 8s t

This ensures

144310243144122 541411 Oct 41433

For 14412

if 14417 I Pa Gs t 141472 with Vips GaT 11214

e tests 8s't y cps gs.t e i'tests 8s't

Note even Us is time independent It can be time dependent since Past East

Introduce Uzit to

144 Usct to 14140372

VI it to Usct to

Uz et t's Uzi t to Vast to

Us Ct to UI to t






































































































































All pictures coincide at t o

1410Sit 1410132 141023 OH10 0210 Oslo

Then

Uct o 141037 14417s

14417 e
tot
14142s Uz it o 141023

Uz it o e Hot Uct o

UI it to Us it o Ugo to

Vast o Ut to O
e t't v it o Ut to o e Hoto

e'HotUct to e iHoto

Finally
i Vast to Vast Uz it to with Uzito to I

Dyson's formular I proof see Sec 3.31

Us it to T exp I i de Walt's

time ordered product

Tc Oct Ozits Onctn Oi tin Oia tis Oinitin with ti ties tin






































































































































The S matrix

Consider a non relativistic Hamiltonian

H It Vasi

yest n
o no long rangeforce

In the very far past from Vix a wave packet moves towards Vix It

goes along as if it were a free wave packet c obeythe free Schrodingereqn

until it intersets Vix Andthen after a while one looks in the very

far future one has new free wave packets moving away from 11121

In the Schrodinger picture 14147 is the solution of free Schrodinger eqn

1414 e
Ho't t

1414 Voet t's1414
I

I Ho 11am
wave packet in the far past

solutions to Ho belong to a Hilbertspace Ho

H je

Ho is asumed to have the samespectrum as H

In H there is a state 14 it in in the past looks like 1414

fill e Hotlyco e
t
yio in 0

Similarly in the far future

If He Hot
pie e tipto out 11 0








































































































































Thinkof classical scattering

In scattering theory one wants to known onto 4 in

Note don't have to put t since ther inner production is independent of time

outsole ya n out
petale

t't to
e

t to
lytta pete yites in

Then define an operator in Ho thescattering matrix S Wheeler 37
Heisenberg 43

2415147
0
414 in

S matrix conservesprobability Sst Sts I

S matrix conserves energy I s He o






































































































































Take V and multiply it by a function fat T A

Then

H Hot 11 Hot fat T A V

a so called adiabatic turning on and off

of the interaction

then the in and out States are

14
in Is e

tt
e
Hot
14 E p Uzso t 14

I g out Ey e
tt
e
Hot
p f Us to t 14

In the farpastand far future fit o and H Ho the Hamiltonian thatgives

the evolution of the asymptotically simple state Ho is the full it So the

S matrix is written

S Fy Uz no x

re
AIT O

Note T x interaction on for a long time

A re turn V on and off adiabatically

A T o transient terms are trivial

The interaction picture is suitable






































































































































3 1 The Lehmann Symanzik Zimmermann reduction formula Schwartz 6 I

The 252 reduction formula relates S matrix to the quantum fields

JIS i I fax e c a mi I ifdtxne.it ca'tm3

x Lr T diaspora dans In

NOTE 10 the i in the exponent applying for initial states
i final

20 T a time ordered product

30 In is the vacuum of interacting theory

40 I 2 tm's varnishes for the asymptotic States so it removes

all terms in the time ordered product except those with

poles of the form Is
50 to study interacting theories one assumes

I
4cal f yawp

I apses e P apetseip

this assumption is modified inthe presence of bound states

Operater Product Expansion OPE Factorization theorem






































































































































Proof I is in state I free state at t re in S picture

125 dawdaw aptc resatpc x Ir

If out state a freestate at t x in S picture

I f JI daw dawnatp ctr Atpastres Ir

Then the S matrix is

JI SI i 2 dwwa whirl Apere apachesaptc x Atpc ne tr x

Thekeyformula if a x e c o'tm'spix Twp I aperes ape res

with pre cup F

To derive this we need to assume that thetheory is free at t In

Proof if duxe't a't m pox

isd x e s ai ai tm'spox

ifd x e fifty wa c
ai tiki'tmi I arctse it take eh

if de e'we f I dwn ca tiki't m I arcede tht cats o P K
aptet e'whtcan o s R

if dt e'w't camp castif't'tm I apese
west

atpasewet

It's true to show that

do e'wet i dotwp I apsese
t
t atpiesempty

e'w'tc soWptiwp I I e Pt i28twpso I

i e
t
c of Wp I apet e

West
agetse wet

Sdt camp do e
t
ciao twp I apsese

wet algae empty

Sdt camp t do e'wetcamp apses e wet t o

i
do9pct o at t In

awpYa I apetre ape no






































































































































by taking the Hermitian conjugate

if ax e c oem'spox Twp I atpers ateno

In x theoperators are in timeorder so

JI SI i 2 dw w Wn Cr Tapcos apachesaptc as af c res r
I

timeordering operator later are left ofearlier
Thus

if I 51 i 2 dw Wn Lr T Iap ere apseres Iapacres apai res

x I apices apter I apicres Apic res In

f S i I fax e e y'tmi I ifdtxne.it ca'tm3

Then we have

er t did4

NOTE Pulling 2 through TS is technically not allowed






































































































































3 2 The Feynman propagator Schwartz 6.2

Thefreefield operator fix f hw cake ik apteik

Then lol text locks o S 11 y w twp solar artto e'k k k

Ifip É

fmgalwneik.ca xis

We are interested in ol T 4104141421310 so

Lol T 4cal 414 o ol fix 414 o Oct ta t oldiespix o Oct ti

SEEIwa eik est ta eik acts to

Jfk In ethic é re on e
ik c

e
iure ee z

e ti ta

Spyah e Ric eiwk ee z e where

taking ks k in thefirstterm

Then we need the identity go III f wYeti e'we e whoa e'where

Proof twig stop I ie w cwitie t






































































































































Then f Ma.ie ein ati e'Wh ee z

ft dw
W cWatie e

at ie ink gaz

w witie e e on e'wkgeeS du

Putting it together we find

ol T disasters to Spystone ok É É Jaw awn
Zhi whiptie e'we

Sigh pain erk
ca as

AFCx x2 Feynman propagator

NOTE 10 AFCK ks has apole at k'sm cancelledbytheprefactors in the 1st

reduction formula in the projection onto one particle states

20 1204Wh Tim integration variable

30 ie prescription is just a trick for time ordering






































































































































3 3 Perturbation expansion of correlation functions I Peskin 4.2

We first consider two point correlation function c two point Green Junction

Lol TI doesply Ir

NOTE 10 pix is not free field

20 Irs is theground stateof theinteracting theory

We consider the Hamiltonian of 4 theory as

H Ho t V Hk a fdisc I 4 s consider it independent on t

In the Heisenberg picture the field is pox e
t
lock e

t
c reference time

field operator in the
t

Schrodinger picture

We want to express both fix and in in termsof food and 10

In the above equation we choose to to define the Heisenberg and the Schrodinger

picture More generally we could have

t e e
t't to

factoe e
t t

reference time t to 3

Atany fixed time to we can expand factoK

cat d w Ape
I apte ipeto I dip

Thefield operator in the interaction picture is givenby

it I e'Holtto p to e
intact to

I
freefields fulfill K G equations

Then
get.se f d

aAwp Ape tape't ya y y






































































































































Theproblem now is to express the full Heisenberg field 4 in termsof 4
Formally Oct I e

t't to
peto e

i't't to

eittet to e iHolt to get I eittoct
to
e
it t to

IIetto set
time evolution operator unitary operator

Obviously Uit to fullfills a simple differential equation

if Uct to Vast Vet to Uetoto I x

with the interaction Hamiltonian in the interactionpicture

Kee I eittoct
to
y e

to't to
fax 41of

The equation x has theformal solution as

Uct to T expI if de Vast's

J
i g yet to eittdtto y Ho e

IH t to

eittact to y e
it it to

eittoctto y e
iHostto eittoct to giltet to

I Vs t Uet to

Thesolution can beexpressed as power series in R

Uct to I t c is SÉdtVast t c is'fÉdtIdt Vict Vz ta t

See Ect to c is Vale t C it VactsSEdesVectist
IVact Uft to

Note that the factors of Va in the abovesolution stand in time order

Therefore one can simplify it using time ordering operator TE






































































































































eg The V5 term

Idt Idt VectisYalta IfdtIdt T act V cts

A similar identity holds for the higher terms

Idt fÉdt I dtn Vectis Vz tn I fÉdtdes den T Vets Vetus

Using this identity we can write Uct to in a compactform

Uct to I t c is fide Vectis Idt Its T Vectis to t r

T exp I i de Vact's

When we do real computations we will keeponly the first few termsof the series

It's convenient to generalize thedefinitionof U allowing its second arguement

Ect t's T exp I if de Vsat's it t

It's easy to verify i yett's Veit Uctt's xx

Now the initial condition is U 1 for t t Then you can show that

Proof From A wehave Halt I Uct.toUIct.to

Then xx is expressed as

if L 44,444if yett's it Ugtto Ectto Uct t

if Iugftauft.to
Uctt's i yet to to t.to yett's

Since Uct t's I Fito t's Utct to

Yet t's Usctto UI t to

eittoct to e
iAct to gilt t to e intact to

eiltoct to e it t t's e intact
to






































































































































Us at t's Uj's t t Us it ti

for t ta t yet ta Uct t Uct ts

use e suits

Relation between 10 and Ir

Starting from lo andevolving with H

e
i't t

lo I e thin an 07 f En are eigenvaluesof Hin are eigenstatesof H
E In in I

In theperturbation theory assume Lolo to Ho107 0

Then e Tio e Tin into I e
Entin into

thegroundstate Therstates
Since En Eo for no we can get rid of all the neo terms by sending T to re

in a slightly imaginary direction T rect ie

Then e
to
dies slowest and we have

Ir Eye ie c e Torio j e itTio

Since T is very large we can shift it by a small constant

Ir leg ie I e
to Ttto rio e

ite Tttod
yo

lyfe I e Eocto
c t

cryo te ihc to cthe iHoc T to

Holo o

wee I e
Eo to

arlo Uscto T 10 I GellMann Low theorem

Similarly

rt Fine ColUsctto e
to't to

or j

or in in Uss ne to 10 see Schwartz 17.53 Weinberg 13.1.13






































































































































Let us put together the pieces of the two point function

Assume that so yo to Then

all deadly In fg ie
ie

t to
cold 5 collect to

x UICXO to Az x UscKo to UICyo to Azcy Ufyo to

x Uscto T lo e
Eocto c t n o g i

It is
I sold 1 e

Eocat j
l

x Lol UscT K 4 x Uscsoyo hey Ugyo T 107

Toget rid of theprefactor we apply thenormalization condition of Ir

I r Ir gig is Kole t e to Lol UscT T o

For so yo

cat doesgeysers Eadie Ii 143.95dayUgo Tolo

in timeorder

Finally for any so andyo

CRI TI din fly J Ir Lyne
lol Tfdaex daly e

i dt kit

so I Tf e ifidt it z lo






































































































































3 4 Wick's theorem and Feynman diagrams I Peskin 4.3 4.4

Consider Lol T 4 ex days o

We first decompose 4 into positive and negative frequency parts

d ex picks pico

45 fat aw ape it fi fi.glwgajeit
x 103 0 Lolpick o

Consider the case so yo The time orderedproduct of two fields is then

T losesdays Ego picksdays doesdicy dicepity picksdicy

N daisesdays t otters pigs

If yo so we have

T tax okay N Acadays I 4Icys 45ex

The contractionof two fields is defined as

prosy total Keys for noyo t wedropthesubscript I

I Otey Foo for yo x

Thecontractionof two fields is the Feynman propagator

fix day Af x y Decky

For two fields wehave

T goodly N derisory toys
Wick'stheorem

T doesdiscs poems N deadlock diam t all possible contractions






































































































































Eg for m 4

with
N Fro 44 Dec4 Xs N 4244

Since LolNcanyoperator 107 0 only fully contracted terms survive

S

ol T 42404310 Deck X2 DEC24 24 DeC4 D DF1212 04

DECK Xy De Ks Ks

Theresult can be represented as the sum of three diagrams c Feynmandiagrams

Now let's evaluate thetwo pointJunction Crl T 4044193 Irs We first ignore

thedenominator

RI T I 4in fly J Ir fine
lol Tfdaex daly e if

dt kit

soI Tf e ifidt it z t o

Thenumerator can beexpanded as

Lo T doesdays toopay I ifdevices t o

Thesecondterm in 4 theory is

LolT doesdays É d's4oz 41334oz diz o

Nowapply Wick's theorem There are 3 12 ways to contract six d operators

doespay dez dez 4oz4oz pix pays4oz piz piz piz

g 4 3 12






































































































































Thus LolT deadly If Sd's44oz lo

3 IT Decky Sd'zDeez z DFCz3 12 ti SdgDecag Deyj Deez 3

Externalpoints x y

Internal points z associated with C it 4 vertices

Thedenominator is

ol T e
Sdt 107 It Lol T É d's443 lo t

I 3 It Sd43DFCz 3 DFCz 3
Therefore thecontributionfromthe disconnected diagramms cancel between the numerator

and thedenominator

Inpractice onealways drawsthediagram first then writes downtheanalyticexpression

What is theoverallfactors

Thegeneric vertexhasfourlines coming infromfourdifferentplaces so thevarious

placements of these contractions into generates afactor of 4 which cancels the

denominator in C in 4 Therefore it is convenient to associate fd4zc in

witheach vertex

IF 4 3 2 placementof contractions

Symmetry factors Togetthecorrect overallfactor for adiagram one needs to divide

by its symmetry factor which is in general the number ofways

of interchanging components withoutchanging the diagram






































































































































Eg the interchange of thetwoends of a line

the interchange of two lines

the equivalence of two vertices

In theory the Feynman reales are c position space

NOTE The integral Sd's indicates sum of all points where the process

can happen

What happened to the large time T x cl ies

Ep p
a fd4ze P 3 3 3 t 743

eye ie fidzofaz e ice PatPs 74 3

The exponent blows up as 30 x or no unless we take po to have a small imaginary

part po a cities This is the same as the Feynman boundary condition

eizopo eitzoicl ie poicities eiiz9poi ci e's eilzoIpo
divergence disappears






































































































































at T I 4in fly J Ir Lyne
lol Tfdaex daly e

i dt kit

so I Tf e ifidt it to

Numerator

The sum of all diagrams is equal to the sum of all connected diagrams

times the exponential of the sum of all disconnected diagrams

fine ie ol T 42cmGacyexp I if de V24 o

e t ee t it t

x ext 8 8 t

Denominator

Lol T exp I if deVacts to exp I 8 8 t

Finally

er TI deadly r sum of all connected diagrams with two external points

t ah
k y x y

t

The generalization to higher correlation functions is easy

art T Ideas pan In sum of all connected diagramms
with n external points






































































































































3 5 Crosssections and the S matrix L Peskin 4.5

In almost all experiments we scatter two objects

A common cross sectional area area of impact

The number of scattering events a fit la LB LB and A

Then define the cross section G as

6 of scatt events
SALA JBLB A

Note the dimension of 6 is Io
I 12123 2123 12

L i.e area

The simplest way to define the cross section is to define it as the effective

size of each particle in the target

Cross section Effective size of target particle

Cross sections are often measured in terms of barns c I barn 10 24cm

A nucleon is about onefermi or 10 em Its area is 10 cm or o.o barns

In classical theory the cross section is

g of particles scatteredpertime AN At AN at
Amin atAj

AN

flux NB

Here NB is the number of incident particles per area

The flux of III fBVB






































































































































For NA targets Na Jala A Then to find the cross section defined

pertarget we must divide by Na getting

5
AN At
d Na

AN
1013 t JB Talaat

AN

TBLBLala A

Note if both thetarget and projectiles are moving u refers to the

relative velocity 0 1 É FBI

A more useful quantity is the differential cross section do
d3p d3pn

Decay rate

Consider the decay of an unstable particle at rest

P of decay pertime
Of particle

AN
N At

In QFT the propagator is modified as

I

p m2 imp






































































































































Cross sections from u

Consider a wavepacket

10 for12h33Her RE
in one particle state in the

Fourier transform interaction theory
of thespatialwavefunction

Normalization 14147 1 III I lock t 1

Thescattering probability

P 1044da Iload int

Considering the spatial translation between Ola and dB

15 no
The initial state

dad in S b B Fifi
it

ikakBsin

Note e it can be absorbed into OB

B is perpendicular to the collision direction

The S matrix

outspPa IKaRB PPs I 51RARB

Define the T matrix to isolate the interaction

S I it

Define the invariant matrix element M

P Pa 1 IT IKARB 2K 8 s RatRB IPy IMCRARB PFa
t

4 momentum conservation






































































































































Calculate the probability for 1dad to 1 p p fans in dsp den

PC AB 12 n I wg
I outcp Pnl da413 t

For one target i.e Na I the number of scattering events is

AN fab IB Pib
number density

Then the cross section I assume NB is constant

do If fab Pcb

Replacing the form of Pcbs we have

do I f Sab Ia 5 1,5 1 4 f
xeib RB RB outsspy ski

in out pg ski in

Drop the I in It it negelecting forward scattering

outsspy ki in ill c ski spy at S s Iki IP

04spy ki in ill't ski spy at s s Iki IP

fabeib
RB RB 2 58 sRBs RBs

Use 81 IRI B RsB and 8 s Iki IPy to perform the R integrals

Sdk dri ScRattRE IPF SCWI Do Ing

Sdk 8C Timi Timi IWF pig Ipf IF

ftp.T ycft.o o with J Atma t 5 5 Iwf

TI É relative velocity in the labframe






































































































































Put everything together

do I to stiff Fist I dacha I darkest

x at 8 s ka t RB IPg

For states with wavefunctions centered on a give momentum R P

2Wh2W Va Up IM RA RB Pg dry

defin dry I GT o s P P Ipg I I I Lorentz invariant phasespace

Note
WAWB1VA UBI 1WBPR WAPII I Euxyo PIP I

is not Lorentz invariant

if there are n identical particles in thefinal state we must either restrict the

integration to inequivalent configurations or divideby n after integrating over

all sets of momenta

The differential decay rate c I n process

dt 2m 1Mt den I define in the restframeof p

Note an unstable particle cannotbe sent into the infinitely distantpast

We will discuss the meaning of this formula latter






































































































































Cross section another derivation Schwartz 5 I

The simplest way to define the cross section is to define it as the effective

size of each particle in the target

Cross section Effective size of target particle

Cross sections are often measured in terms of barns c I barn 10 24cm

A nucleon is about onefermi or 10 em Its area is 10 cm or o.o barns

In classical theory the cross section is

g of particles scattered
time x flux The

In QM the cross section is do dp
T E

do and dP aredifferential in kinematical variables Cangle or energy

We first consider the 2 n process P tf 3Dj
In the centerofmass frame of p and pa I f 181

1 7

Then
do Y E p dp I 5 1570

the probability dP is

dp 14151231
fly it

d

IT is the regionoffinal state momenta

dit T V
j stepd'S I Wedefine our state

within a boxofvolume
V

Wedefine 157 15 1ps if TIP

Thenormalization of the state Ip plp at sup 8co

is replacedby fly 2WpV within a box I can O cos V






































































































































Diracdelta Kroneckerdelta
I

See cats soap false e at o I face
Rs

VSpp

Ca 8 cos false V SEE V 8532 1

Similarly 2134814 o VT

Then we have Lili CLE V ZEV if If IC2EjV
Wedefine transfer matrix T as S I t it

NO INTERACTION

It is helpful to factor an overall momentum conservation

T 2k É c p 82 IgPg M

Thus we have
JI S 11 i 27348 p p Jpg Lf IM i

For If Ii

Lf I 51231 24388T p p Jpg O o IcfiMti t

cat 8 s pitP2 FPI T MI 1mi I flutist
Therefore the differential probability is

dp 2K O Pitt Pg TV
GEV LEX IcaEgv

1Mt I É dPg
T I
V CLE Caz IMI day

with dTly I Can o s P P Ipg I I I Lorentz invariant phasespace

Finally we have

ZE
CLE

ip g Ml dry
Note if there are n identical particles in thefinal state we must either restrict the

integration to inequivalent configurations or divideby n after integrating over

all sets of momenta






































































































































E g for one particle state

Sdk f as
Patpas p

at3zÉ 2k 8 Pat P p

S1,4 Scf m'sOcp can s'tPatt p

at OCP m Ocp

for two particle States PA t PB Pi t Fa

Sdt f É f d't2t3zE
CT 8 PatPo p pay

In the center of mass frame I f o

so Sdt f dsp
at3zE 2

CT 8 Em F E I Ecm totalenergy

with E Titi and Ea ftp.T e I t pi o

Since dip Ip dipl sinede dy

SdTla Sdip sinededy It
Corpse2 1278CEam E E

ScEm dmTipT EPT

fsina.dedy É It






































































































































3 6 S matrix and Feynman rules in momentum space Peskin 4.6

Schwartz 7.3
Formula

got find it IPAPB

This Ept pit T expL i dt 11214 11 7 2 connected

amputated

We first consider the free term

oh PilPI So 112W 2W 12Wh12W Lol a as a aptto

12WA 2013 12770 I 813IPA P 8 PB12 t 813 PAPa 8 sPB Pil

The corresponding Feynman diagrams

A a I

B B 1

They correspond to the I in s it it therefore should be excluded

We next consider the first order term in X

spit it c i d's44s pi s

Consider lot acting on an external state

4th ipso GET are't Twpaptto

SyFy e ik Twp at O ik p 10

e t lo

Wedefine the contraction with an external state

45153 e't Eton e it

We now analyze the firstorder term in S matrix






































































































































For IT or we have

i fax offof it PalPaPB
whichgives vacuum bubble times free term so it is adisconnected

piece It contributes to I not to it

For IT 44 After applying thenormal ordering operator we have

atat data a a

but only the term with the same number of at and a contribute

e.g cppal atatpapa n cot aa at o n Ea at3 colatatlo o

so we have

i fax 2 EPpal 4 4 1PAPBo

Doing the contraction with external states we have

El
Again it contributes to 1 is disconnected

Finally for only contraction with the enteralstates

If Pal 4 of 4 4 1PaPB

Since all 4s are at the samepoint so thisgives a term e
PatPB F K

The total result is

4 C i fax e B P
in 12T 814 PatPB pi Fa

A 1

B 2

since it at 8Mt Pa PaPa in we have M R






































































































































Let's apply 25Z formula directly

We consider Lf Pal it If Pa or Crl T peaspastas41041311

Eg the leading order process

X fd.kzC in DECK 3 DECK3 DECK 3 DFC24 3
x 24

ki tie e'ki
ca z

a 4c in faz É S d

y p on iThen

p ftp.pp jlfifd s e

m n
eiki.ca 3i

c in Satz f d ki

c in faz y f d kiat kidie fax e Pi
T
c hi

x e'ki ca z

c in Say I f d ki e ki d o c ki piri
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E g One loop process
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Amputated diagrams
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After integrating over p we have Ém I
PB is themomentumof an external particle

Theformula for S matrixonly makes sense afterexcluding these diagrams
I proof latter

We define amputation as






































































































































Finally we have momentum space Feynman rules as

ill sumof all connected amputated diagrams






































































































































37 Examples

Let's consider 4 theory

I I comp Im p't p

At the leading order there are three diagrams
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Then the differential cross section
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S t t t n 4m

In the s channel the intermediate state s o The t and u channels are scattering

diagrams and have too Uco
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If we have an interaction with derivatives in it
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