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Conservation of Angular Momentum
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How close do nuclel have to be to react?

160+208p separated by the Strong absorption radius
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Range of nuclear force ~ 1 fm
Rea=ro(A Y+ A7) +D  (D~2-3 fm) -
correspond to a grazing collision, nuclei just
touching




The circular aperture
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Scatterad intensity larbitrary units)
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Angular Scattering Scattering

Momentum Angle Amplitude
l>1g: q< G 19[=1
=g q= Gy 19]=0.5
| <lg: q> g |Sl<<1

Transmission coeff:|=1-|S||2




Elastic Scattering Low E, High Z

Coulomb Scattering Sommerfeld parameteh :'—?152 e’
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But... this is too simple...

-the scattering potential must reflect the forces V(r)
iInvolved - phase shifts and amplitude changes '

for each partial wave.

Would not expect a sharp cut-off as attenuation
should increase exponentially we decreasing
impact parameter, reflecting diffuseness.

Phase Shifts
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V(x) -ve .... gives positive phase shift
V(x) +ve .... gives negative phase shift
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A plane wave can be expanded m terms of sphencal
waves

¥
#

AY

jj.
[
=
=

Lol

1-\..I:D (S
‘vffw;;r \
%ﬂ%mg?m
=]

e (=)

SR

hao B

g
5
=,

L ]

L]
R

—
|
b

r‘?
VAW
[
o
(="

®
\

Wz'nc:'dsm = Aeﬁx = Az I.I (zi + 1).}1 ("rc'r) PI (CO.":C S)

=0
sm(kr —im/2) 1' gl miZ) _ ille=iai2)

kr 2kr

Jilkr) =

R (cos&) =1, R(cos &) = cos&, B(cos8) =%|3cosz.§'—1|

where ( 15 the ‘partial’ orbital angular momentum.

But not all parts of the plane wave contribute to the
scattermng process.

Consider part of the wave at distance b from the beam
axis:

b 1s the impact parameter and the orbatal
angular momentum associated with this part of
the wave 1s
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At low energy, (=1 refers to umpact parameter ==
nucleon rads, so s-waves ({=0) contnbute only
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SUIEAITRE-WaYe IMEMIHE-Wave

But in the presence of a scattering potential (and low
energies) we can get a change m phase of the outgomge
wave.
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Scatterig Theory (bagic)

do 2
ol |F(6,E)|

Partial wave decomposition

f(8,E)— Scattering amplitude

o

S(6.E) = ;} (21+1)(S,(E) ~1) P,(cos 6)

S,(E) are the scattering amplitudes for eqch partial wave
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(note, this agrees with geometric cross section)

S, deternunes not only scattering prob, but also reaction prob.

If

SI‘ <1 then number of particles going out < going 1n
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hence absorption o 1-

There 15 an intimate link between absorption and refraction

. i 2
G = 7 2 21+ D-[5:)
Note: 1f §, =1 then g, =0 and a___, =0, 1.e. the partial

wave did not interact with the target.




Maximum possible reaction cross section if |[S;|=0
oo
w
i =_N"2
ie G e e = Py (21+1)
I=0

- the geometric cross section.

Maximum possible scattering cross section if S; = -1

dr 2
3 = 7
1.e o.scazr,mx - 4.2 Z (""f+ 1)
I=0

- 4 timesg the geometric cross section!!
In this caze o, = 0.

But we need a mechanisim to generate S; = -1

(Resonance -see later)

Form of Scattering Amplitudes
(JLA. McIntyre et al. PR 116(1959)1212).
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Note the Coulomb component gives a phase chahge (o)

but no attenuation
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Lastly:-
if the energy iz very high, then the recuced de Broglie

wavelength

A.=E << Nuclear radius ....

So the projectile and target behave like classical objects.
It the nucleus behaves like a blackbody

(1.e. absorbs all of the particles mcident on it)

then all particles will react if the unpact parameter 1z lesg
than R
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Thig gives amethod for determinimng the nuclear
radius from total reaction cross sections - see

halo nuclei later.




How to parameterise the reflection coeffs and phase shifts?
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Fixed angle: as energy increases sample
Angle at which the ratic  smaller angular momenta .

drops by 4, 1.e. S=0.5 - Angular Distributions

to the grazing collision  As energy increases grazing angle
decreases
Low energy (weak absorption Coulomb

repulsion dominates) ). Grazing
Collisions

High Energy greater absorption
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But... there are different Y
scattering regimes
depending on the
magnitude of the Coulomb WA
repulsion and the energy
of the beam. Anan s
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What 1s the Nature of the mterterence m
nuclear scattering?
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Rambows Ny
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analysis of
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Require wealk absorption to see Nuclear Rainbow and Airy min/max




Wave-like Approach

Need to Solve the Schrodinger eqgn. to

get scattering amplitude f(g). Solved

using the Born approx. - scattering can 5
be treated a perturbation and the ) N2 + (r) c(r) =
scattered wave can be approximated 2/
using the incident wave.

Effective
Interaction
Potential

Ue(r) =V (r) +V (1) +V ()
Coulomb Centrifugal Nuclea
Z,Z, 1+ ?
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Inelastic scattering 1
small ct elastic scattering
Use perturbation theory

Use optical imodel to generate distorted waves.
Derivative of the optical potential for transition form
factor (nucleons i the interior don’t

participate as they are tightly bound

— only the weakly bound valence

nucleons can absorb low energy).




Nuclear Vibrations

O= (A +A4)+B(AT 5+ A, .

Ouadrupole Octopole

A 2, A, are phonon annihilation and

creation DpEI‘E’ltDI‘S







Coupled Oscillations







Resonant Scattering
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