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Foreword
To frame these lectures in the background

of the school they have been designee
as workshops with a main central problem
in each lacture .

The students are

encouraged to work through them &

the solutions will be given in the
features or provided later .

This does

not mean however that the motto is

shot
up
& calculate ; each problem

is supposed to illustrate an aspect
of EFT so that you use it to

show to yourself how things work
rather than being told .

As such

some problems with be more academic

adlor present simplified version of a

current-research-type computation yet
all the elementory skills should be

covered so that you
learn not only

now to but also what & why .

Problems for you to try are marked in

purple .
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Conventions & Formulae
Natural outs & the mostly-minus metric :

yo = J' +

..

+ I
a quantized complex field will read

! =

21 (ae
+ p. x

+ btzipx)
with 1993 = TEAY(8 - E) etcP

while the Fourier transform

( =J qe
& at times we'll use shorthand

Sidel = (t =
while in dimensional regularisationmth d = 4-2E

E +a-b

↳fe Ndaba one



Introduction & 
features of EFT in simple systemsLt

We will take a look at simple systems
to ilustrate features of EFT , highlighted
in
green below.

One has that EFTs are founded on

·Identifyin relevant degrees of freedom
· Symmetries/redundancie
· An expansion parater

While some of their properties are

· Limited raye of validity (Unitarity)
· Model independence (Matching)

· Panormalisable order by order

Lexperimental injuts
· Predictive



A) 1-d Scattering in QM
The following example serves to

illustrate a number of features &

all we have to do is solve Schrodinger's
eg

. & work through boundary conditions &

This is taken from Kaplan's notes)

square well
Consider a square-well portatial
and and an incident wave or particle

~ # C

i(kx -Et) N -

~here F is the flex of particles
coming in and E = 12/2m .

The wave encounters a square-well
rotantial as

- 04X = L

= I
O

2

elsewhere

I
X= 0



Some of it will reflect back & So-

will continue forwards to x = 00,

to determine eachme solve the

'tie-independent) Schrodger eg

EX(X) = 1- + V() 4(I

Y
=

= pikx+ re- ikx I 4 = teikx

Yo =ae4 +

+ be
- 17 +

where q = kz + /x/L)o
One B

.
C. we have already put in since

+ has one term only /nothing is cary

then + 00) & we have divided by F

everywhere to make this sinder.
Your first assignment is to solve

Schrocknger's e .



That is (24 is discutinous so ↑ is (H)

Y (0) = 4
,
(0)

,
4
.
(L) = Y , (2) ,

from
2
,
4 (0) =2

,

4
· (0) ,

2
,
Yo(L) = 2

,

4
+
(L)

,

obtain

x. =
eikx

+
-q2)e-ikX
(k) + q7) - ziqkc +z

ik(x - L)

4
+

=
Fe
(2qk) xqL + (e + q)isinge

An the reflection & transmission coefficients
I t

=

= 1 -

=

r
2
=

I i
-

You can check this
(2qf)

I & why do you
think

[sin(q2)(= - =~ this is satisfied ?



You might have guessed it , flux or probability
conservation demands t + j2= 1

.

In fact we can define an S matux

in this set up

S
+ =

= t
,
5

+ z

= r
.

There are only two possible out states,

backwards - or towards- with E-1

the limit of 10 scattering R S = 1. Umtanty
Men demands (55t

= -

= 1 = 1 +I
.

One more thing ,
the rost relevant

for us
,

is that the limt L-0,

that is a narrow well
,

one can identify
the expansion parameter E = KL

.

so that

& 1 % 2 L

1 = = +O(kL)) k

↓
and the reflection confficient

r = 1- OLY



Delta function
We are going to do it again but easier.

Replace the previous potential for

V(x) = - (2x)
1 m L

following the very same steps ,
the

solution on either side

↑ - iRx i K

4-(x) = 2 + UC x
+(x) = te

but now
ExY contains a Dirac delta so

24 has a discontinuity .
In any case

you can ston that from

↑
-

(0) = 4
+
10)

,

2
+
4
-
10) - 2, (0) =

E-X(0) ,



it talls

r= 1 t =
+

1-15
22

This setup makes it a little easier to

calculate and further ,
in an expansion in

L

(4)N
=2

= 1 - 3) + 0)
·

can reproduce the square-well if we

identify

g
= abo

In EFT jargon this isMatching
,
& it

is important to realise that this only works

to a certain order in KL
,

our expansion

parameter . To reproduce higher order terms

wereed more terms as 2381X) ·



One of the use of EFT is that we don't

need to know gasing to make predutions.
In fact it's better to leave it free came

what ifNe potential looked life

2 ↓-& ↑ -t
-><

L
-Y

2

We would have different matching conditions
but still the EET will Gold provided
2 & we can Taylor expand & capture

K
the model's in the coefficients
This is what is neat by EFTs being
model independent. One could be

more precise to say EFT package
~odil dependence in coefficiente that can

↑ tly come along for the ride in

calculations of the Ex) regime.



This exagle captures the essence of EFT ;
within its regime of validity *

The EFT captures physics of a

scale not directly observable (L) In the

coefficients of local terms (2 SS) ·

At a given order
, including all possible

terms will allow the EET to describe on

limit of any theory

Even it one might be tempted to

obtain OCLY results from 82 ,
He

EFT only makes sense when all

grantities are expanded in E.

The EFT will signal its own

breakdown
,
take

what goes wrog it

v
= 1 -
42
I increasearbitrarily ?

g2



Yes
,
conservation of probability/Untority

in HEP parlanes) would not follow !
we need the full wodd .

Other examples to amuse yourself

B) Nuclear shapes
One has that probing the nucleus

with alpha particles

= (F(L)
~ Ze Zuc

4
16 Er sin(/)

with the form factor F

F(q4 = (dx e

- i =

f(x)
withf the ruders charge distribution ,

ror-alized to /dxf(x) = 1 so that

Vem() = dem EneEra(dix



A ball-model gives f() = G1O (1) L

Using polar coordinates for the integral,
show this gives

F(k)=( (L)
-

F(x) = 1 - E + O((LP)

While if we Forvier tranfor back the

first two terms we get

F((7) = 1 +<E

↳ f(x) = 3(z) - CLX> S
This is an example of a case with a local

term and a higher order term .

In fact we could have O(5)
in between

,
can

you
think of a reason

why the ball example doesn't have it ?



Again we find an expansion in local

terms which is a mitpole experie
You can show that the higher order gives

f(x) = (1 - 2223333 =)
Returns a potential

V(r) =
E=en(1 +2

S SuperconductivityI
One last example illustrates that

even identifying degrees of freedom
is not a straightforward task .

Kapla Las a neat discussion of this

in SCLHon 3 .

4
o

So condensed matter systems Love that

starting from a description in terms

o electron
,

the theory might develop
a instability (agualed on a



break-down in
your expansion) in which

the atractive interaction mediated by

plorous (the lattice of routine charge
ions) gets stronger . The actione is

a theory that looks nothing like
the original one where the quanta,
the degrees of freedom , are bosons !

These are Coopan pairs made
up of

two electrons & are relevant to

understand superconductivity , for example
their size is much larger then the
typical Ax for the orig inal electron so

they can
go through the defects that

cause resistance and conduct electricity
much mone efficiently .


