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Schedule:
(i) elementary scattering theory

(ii) Rotations, Spin and Pauli matrices,

addition of[

(iii) Perturbation theory.
Il
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~Nature ofchanged.
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· Trajectories of 1 and I change as a result of "internation"

·Free particle states before,after



· Further reading:

- L' vol 3: QM

- John Taylor"Scuttering theory"

-Original Rutherford paper (x-particle scattering)

· 456:NRQM, Elastic scattering withoutspin/spin saws.

"Hardcore"

is. Particles 1.2 interact vice a potential VII5-rell.
/

corloub, gravitational
Yokama

Let me,m, VII-E) define the interaction.

-> Go to CM frame. In CM frame, study motion of 1

particle (reduced mass m=me) and this particle moves

in V(r) where r=151:15,-Fz).
central pot.

· Consider now: the particles on top of each other
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*
Deflected

incoming
in----- i

V(r)I"short-ranged" im V(r=0.

F=0

Approximate: itto it i



"Differential Scattering area"
"

(with no r2..."

AKA "Solid Angle"

-ji..------mean
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"Scattering
angle"

free-moving
"annulus"
(initial) freemoving "annuite

b:impact parameterEXEo):scattering angle, a function of X/b, E =2mval

↳ (Find X by solving CM problem

· Imagine we have a beam of particles moving along the E

axis with some Uz" and b's

A incoming particles passing a unit

flux I (intensity) =area -to 3axis with unittime,

all same E or V2.

#particles deflected

dN(0,4) = in d(8,4) for
away from to in

unit time.

Intuitively, de(84) x I(more particles = more scattering).

Thus dN(8,4) =dOC8,4) 8 where do 18,4) is the differential

scattering cross section.

Also, alone is also called the differential scattering cross-section.

↳ has same units as da(0.4), since solid angle is

dimensionless.



We find that has dimensions of area (2
-s

[dependsondelayare 1 -A =2.

Classical Intuition:we have E=Imus where V =V= (z--x).

Angular momentun 2 =mvob

Exi
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:
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As before, solving trajectories means finding

x(b,V
x =0 -> Assume central potential,

Motion is planar

⑭ifs" ⑧ fe
48

!
↳"All particles incidenton - i
this ring and up in this ring
(Azimuthal symmetry assumed)

We also assume a steady state process, in to
(Iparticles conserved) and follow deterministic trajectories.



# observed in scuttered ring x, x+dX.

-

Hence ded.
#particles in b, btdb
end up

in x,x+dX

We know thatx=x (b), so b =b(x)

(We assume for simplicity thata particle scattered

at X comes from a given b)

Thus: dN= 2T b Idb

=2+Ib(x)db(x)

which immediately implies

=> do(x) =24b(x) db(X)

=2+b(x)/d/dx
↑

sign doesn't matter

(usually b'(x) <0 brcause

smaller b means bigger X

Since you're closer to the

(X
=

0) potential/utom)

Or dus=(axde
de

=>I =e) (a problem:solve x(b), b(x))
=differential cross-section.



This characterizes scattering, beam intensity factored

out; depends on V(r) and x (X:o) for central potentials.

Use!

# scattering events

die HF -

in do.
↑
Length of

Intensity experiment
(flux)

But is thistheory correct?

ord1909-191: Gold foil. -
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z
=4(2-particle) -I-L z =nucleus charge

-small fraction scatter a lot!

Afamous formula in Cach and - Measure as function of E;

distance of closestapproach

Q-mech (Born approximation) and QED. ~?size of nucleus.

Last few comments before QM:

1) HARD DISK:

Then o: HR2
-> lis
E Itlattered area of disk)



2) FOR RUTHERFORD:

/de0 = Idx,E
which means that in Coulomb potentials, all particles scatter,

even as b-r (notfinite rangel)

QM:use SE (not trajectories) to describe scattering.

Mechanics:

- Use Steady-state description of scattering

- Let0,8 interact with V(Ir.-fel).

m, M2
- Separate CM-motion, consider a single particle of mass M:mitren

in

V((r))

H =E +V(r), let P(r,t) =e
- *Y*

y(r)

where y(r) satisfies (n =V(r))4 =Eg.

Use standard notation E=E
We wantstates describing particle motion <> i

=

0, so ECO

and not bound states:



wirl:V(E) and a steady state process should be

-
described by a stationary solution

182 +12 - x(r)) Y(F) =0.1
to the Schrodinger equation.
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incoming bram:/ 11xorowremotent
free particles, so

Y(r) - eit

We therefore want scattering solutions far from =0.

10
"

+12 - u(r)) 4(5) =0 therefore solves our equation for

15) - , since u() is assumed tobe finite range.

scattered component: atr+ 3 (0 +k24(r) =0

so p: eikt solves.

Other solutions:consider radial- only components

22 =inf)ro) (fix 5,41

Claim: (it() +x2) =o I.
E

[E30).



(or) (t + 2 +x2) e = 0.

↳> acting Ionlyeilr
cancels 123 drop. Rest is:

We have that:

-eir.It att watereit

- Es -

2

12

=0.

↑

outgoing spherical

Therefore itwould be that y
wave

1k-energy,

9(5))ei* +f,0,e r-radius from V(r))

↑ ↑
incoming
plane ="Scuttering
wave Amplitude"

which is what we want. Recall our definitions:

E =Ee

(8
2
+k" - x(r)) 4(5) =0

ucit=E vi)

:Our y(5), with asymptotics, is called the scattering solution.



How is a related to do(0,4)?

Use probability currents associated with **!

Recall:P(r,) =*** (5,H) with IR =EU.

Let jCr,H= -: (**44-48x*): "probability current".

Then SEimpliceprobability conservation

8 +0.5 =0.

In other words,

i)r pirit) = - 95.I

(See fut of notes).


