
 

Solutions Exercise 2

1a we will analyze all integration by part
identities of the form

fax on fib 0

boludary term

p so forxp
a

Short hand notation

Defrp

Using these identities allows us to

reduce the number of terms in

Left



Example Kinetic term

o deltoid 9604

On pop
the only tenwitttwo fields

and two derivatives

only one of the two terms needs

to be included in

we now repeat the procedure for
the dimension six operators

suppressed by At d 6

we have

i Four derivatives two fields
ii Two derivatives four fields
iii No derivatives six fields



i Four derivatives two fields

Possible terms 01

On 0 02

03

On 00 p 04

Identities

O dub b Dob 240

03 02

03 02

d old 0 DO 613

02 01

02 0



O f dy dub 00 04 02

0 4 02

Therefore

04 03 02 I

Only one independent operator

Can choose 01

ii Two derivatives four fields

On n 1 deb

Sufficient to consider derivatives

on a single fields

Possible terms 12m 0h4 02 0
3

02



On foot
3 1.43

dip 0,0
3

3

3 0,00 42

02 30

0 I 02

Only single operator is needed we can

choose Op In the lecture we

used I On 2604

2029900 203

20 202

02



iii six fields

only possible term is
6

I 2004 02 4

5b P

is the most general Left up to

dimension 8 terms



16 Field redefinition

b be E

only need to plug this into

List 19404

since contributions from other terms are

suppressed by 4 or more

Left Let 0m 0 4

m be E be

E bi E b f 01

Now we can used the identities from la to

bring all terms into the same form as the



ones in the original Left

Left Left 4 onto'd 44

be b

After the transformation the

coefficient of is

2 f 2.4 22

so choosing α C2 4 2 eliminates



this term The coefficient of 2

is

4 5 can 32 α β

Choice β 4,2 312

4,2 32 I 62,4

eliminates this term

The remaining terms from the field

redefinition can be absorbed into

redefinitions of the parameters



1C EFT

7 0
4,2

4

not present if these

terns were eliminated

Note we only draw connected IPI

one particle irreducible

diagrams

Full theory

I 2 E



Id EFT w o C 4 Cy

X I

Full theory

X OK DT

JR FI
FT FX

permutations of
external legs



2 To get gauge invariant
results

one can work with the field strength
tensor and derivatives of it
Or equivalently with products of covariant

derivatives

Fmv On Av duty Fmu 2

EOM 2h Fm j 0 in our case

a
only 9 4 operator is

In Fmv

6 candidates at d 6

0 FM Fu FP 0



vanishing reflects C parity An i Ar

Because of the EOM terms of the

form of Fh etc can all be eliminated

This leaves

02 Op Fu Of F

03 Fmu F E 02

Jacobi identity D Cdm Dv cyclic 0

OpFmv OnFrp du Tpr

02 defrp d Fp IP F

Frp
OPon F Fp 0 d F

IF IT EOM

I



No physical a 6 operators

3 we can either discuss total derivatives

or momentum conservation

a In momentum space two fields

with pit pz 0 p Pi

Invariants

pi pi 5 pi

only a single operator

Position space

dm dm dm b di de b

1 1



6 Momentum space n fields i j 1 n

Symmetric quadratic inverients

Q Epi Q Prp

Momentum conservation

Q Pi f pi 0

only a single invariant 0

c Quartic invariants

0 PE

Q P P

03 En Pi pj.ph Pip
0 02



04 Pi p

05 EE Pi Pi Pk Pe

E E p pi 0 Oz

EEE Pi Pi Pu Pe

EET Pi Pi f Pip pup

pi

FE Pi pi pi pip

Pi p pi

Epi Epi

2 PT 2 Pi P pi pi



no Everything linear in a momentum can

be eliminated using momentum construction

It appears to me that 0 02 04

are the only independent structures


