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Scotting thery is the second Main Topic of
this coursee.

Till now we have considered time-dependent

processes as emission labsorption of light by atoms

= SPECTROSCOPY important to understand

Atoms & molecules

we concluded last lechne with the decoy of
2p + 1s of a Hydrogen Ahom

,
and elimated

a LIFETIME Tw 1 . 6 . 10-9s

We could see this as some sort ofScatterwa & some

projectile hits Atom
,
excites it

,

tile it decays

=> IMPORTANT POINT interaction Gome-scale MUCH
-

SHORTER thou "life-timeof Atom
- -

-

time fr e-
Thorsterstic ~ 2 . 10

to revee

sound nucleus
,



So we can imague to "separate" DECAY

far EXCITATION such that details of how

state decoys are independent four the actual

process that generated excited state

Im Scattering [COLLiSion] Theory we

don't make thisorumption anymore

=> We discuss the processat Once as a

WHOE
-

Lucia to understand Nucker structure,

high-energy scattering (CERN CHC etc (

Scattered "free"IDEA : rale

=>From Final StateInitial state
infer details of

CKNOWN)
" free

Y "scattering event
"

-
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In back of our minds
,
we imagne to work

with WAVE PACRETS- Longer thou targetE smaller thou Laboratory

In practice ,
we simplify our treatment working

with PLANE WAVES E solutions of Free-
SCRODINCER EQUATION
-

Let us recop some details

it t = 4( ,t) 3Dim Schrod . Eg.

H = VIE) ER

Remember that PROBABILITY DENSITY f = 44 :

(*) = 4* - + V4]

- - +V4]4 =
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= (4+ 84 - 844]

= 8 . ((4+ 4 - (54)4)]

(54-484) = & = -5 . J
ot
-

CURRENT CONSERVATION
CURRENT

-
iCEt_p.)/t

if PLANE WAVE I : Ae

I = 1A1 L velocity
of were !

= IAI he --

J currentalso called FLUX = # of pollides

per
unit time waring a unit area normal to

incident direction
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=>S = -J d ESv f(r)

& (P] = -J .d
ability to man

~

In Unit time

launder following set-up DETECTOR

r E AREA dA = rid2~ I&
5
---

f -> ⑦ To g--z
-D in 9

↑ Target could recoil
" Il

intial flux f in genera
InE drectiou => IGNORE RECOL

luse reduced mos M

see exluce 2 ! )
& Pote ANGL

S detamine direction

Y AZIMUTHAL ANGLE of scattered particle
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If the dector measures In particles/second
,

then

J
drin =·[ -

↓ Art is ridR = dAI (notica no da here ! )

INCOMING ↑ affenental
FLUX CROSS-SECTION (pen solid ougle drt)

can be

In measurableene [ computedY = in Q .
M.

J
DEPENDS ON

POTENTIAL V

We can then turn problem around and

use measured do toaPotential v !

Start for Schrodinger Equation

1- + V()]4 = E4
6



·If ECO bound state in VCX)

=> Hydrogen Atom
,
no Scattering !

·If EXO continuum of solutions fr E

Defne E= ;
VI= M(x)

zq

so Schrodinger Equation becomes

=>
(52+ k2)4 - ((x)4 = 0

SCATTERING EQUATION

Now onuming
interaction happens in SMALL

REGION where V 0
,
we start looking

of frm of solution ASYMPTOTICALLY FAR AWAY

where V = 0 !
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Start with INCIDENT PLANE WAVE doug z

E= Time = Beekz
normalization

=> (52+ 42 (tinc = o of course

Frame of this time continues unscattered ! ]

After interaction Iscat => particles came out
-

"In any
direction" solution should somehow
- -

still solve FREE SCATERING EQUATION

Let's write it in Special COORDINATES

(R2(4 = (E (re) + 124]

-
+ stre I

I S ·
go



of we are interested inasymptoticrolution (r +d)
we try the following Ausatz

↑sat = eihr[f(04) (2) " =(Finir)
= ein[fr(e) + O(t)]

2 ( e Aule)) = - kefuld,)O

Jer g)]c-ea
higher order + O(ts)
corrections

2[-)](efr,4) +0 (r)) < 0(t)

=> Yat colves scottling equation ouptdically ! a



full ,4) is a function of the ongles only and

of the moment is unconstrained

full,4) called TENGAMPLITUDE

↓ full solution asgueptoically (VCE) = o] is

4 = eikzefu(0,u)(1 + 0(r))

Now let's compute the current I jeikzin

Y = - (4 54 -454)

=
ineif

- complex conjugated Y
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evaluating the products we get

-

= Of

-> interference terms with eiker & eikz !

· O(ts) clearly suppressed of large distance !

·

What about Interference TERMs ?

they contain both types of exponentials

ikp _
ikz

ji+ CAe
-

e +2 .
C.

~ A eikrie-ad)
+ c.. Going Eat (

NOTICE : we always care about 00 (there

is no way
to distinguish scattered

from unscattered particles in FORWARD
Direction !) 11



Now in aRealistic Experiment we must integrate

I over some sick do

iter(n-2nd)
A~ Somet de glo,e) e

↑

unspecifiedrmooth "acceptance" function for
the DETECTOR

when res , integral of some smooth function
times a RAPIDLY Oscillatina one enterland)

Riemann-Lebesque Lemma says
this

Integral vanishes Faster Than Any En !
(See Exercises ! )

So we can neglect all interference tams and

TOTAL

#+ fu FLUXI FAR AWAY !
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Using this current in our famila for the

cross-section gues

driv
,4) =". Jan-dA=
Y
II

M
↑
AREA SUBTENDS

INCIDENT

JE FLUX~I I SOLID ANGE R
SATERING RATE E FLUX SANTEED !

~ tile
Cross=Ifuld ,4)l"den I searon

Notice that terms COCts) in I would

contribute to non-section with < O(d) due

to the r2 at the numerator of integration

measures -> confirms it is ok to neglect them ! 13



more explicitly : our starting femola was

IIn = je a whichimplies

= now In is rate

measured by detector

= On = Jax dA dA = rdM

area sustended

by do at detecte !

=>
= Ifuldes
= Ifu(d,g))"
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=> in order to compute cross-section
,
we need
-

thecottling emplode

To compute it , we need to solve Schrodinger Eg .
and see what information is brought in by the

potentia VCX)
.

To do that
,
weree the

GREEN'S FUNCTION method, that you should
know
-

pour Electrodynamics.

Start fou (82+ 144 = 0
-

Fee Schrodungen Operator

Green's function G(X) is defied as

(8th) G(z) = 5 (E) =
DirAC & function
in 3-dus

5'() = J(x)G(x2)G(Xs) = = (x2
,
x2
,
x3)

~ (x , y , z) 15



Indeed
, if we have E(* )

,
then we can write

-=401 + JPGCE-i) U(y(41)/
with (512) Ho( * ) = 0

there reling on 4) withThe we get

( +12) = 0 + Sa (*+r)6(-)U(j)417)

= Saj r s Hig) 41
= u(E)4()

to boxed equation above is a solution of the

Schrodinger Equation => we still need to make we

We E BoundAny Condition to get physical solution I
↓

Yo(x) & -El
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Before thinkingdout how to compute G(X),

Notice that this equation is again on interol

Equation , veryfivila to the one we wrote

when studying time-dependent perturbation thery .

It becauses USEFUL If we osume that U(g) is

"small" and we can then ITFLATE the

equation to get aSeies Expansion in U

I
=> BORN" Expansion (SedES)

4(x) = 40(x) + (dig((E -j) U(j)+o(5)(
- Si((y)U(j) (d(15-E) UIE) 40(E)
+ O(u(x)) etc

= useful because 4o(E) is known !
ikz

↑ (x) = e Incoming (unscattered) wove
17



The first order is called

(first)
_

HORN Approximation

C= EG) ia
iky

1

back to

j ISTANDARD POTENTIAL

Incoming wore

[T = 10, 0 ,2) ; Y =(ye,yzys)]
To make res of this famula , we need GCF-) !

We will prove more properly in next lecture that

+ ik)
e

G (f) = ECIT1) = - -
GTIE

is right solution for OuTGOING SPHERICAL WAVE
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to prove
it

,
we should see that :

(2+ x)G(IF)) = (0 + kt)G(r) )
t

spherical coordinates

or long as O we can just differentiate :

= 1(rG(r)) +GC
+ik

I

-
= -to dyeing seeGir
=+

etikr
- neir ~↳ GTT

=> ev = 0 - etc all ill defined
or

We should fund (E) = distribution,

makes sense only you integration or sour

regon of space = Some sphele Centred e =u
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Sav 82G(r) = Sa sphere of

Se rodius E

= DIVERGENT = [ .Giro

·
nowI ~ Girl=O

= -]eir

-See
surfre er !
fixed = S ↳0(E2)

20



↳ we fund that as 2-0
, /Ed-

which is excelly what we expect from "(*)

= for other smooth funcion integral would

go
to zen when volume shinks

&

Now
, using GCF) =

etkil
in frmula fr- -

Gπ1X/

FIRST ORDER Born Approximation

= EG-j) h ess
tikl-j)

=- Vij) ebys

Cremember y3 = z.y ; etc)
21



Typically VII) O in some bounded

region 11 /R => FINITE RANGE POTENTIAL

n*
-
-1R !

R
-> ①

M -i Y In this regon

then we can simplify the intepal using

=-18-j1 -z=

= IF) - E . j +0() and

↑ El--Mindy eiyit
ik .Y

Keye Y
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-

(

=
- J -Y , se

Vij)

where Ei = 10
,
0
, k) worerector of incident particle& Eg = k wore reche of scattered particle

notice that this is exactly in fam

4 = eikzefu(0,u)(1 + 0(r))

with

f(04) =-
=> The Scattering Amplitude In Born Approx

is given by the FORIE TRANSFORM

#
of the Scattering POTENTIAL

⑨
-
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