Scattering Theory

Schrsdinger Equation of Scattering Problem
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Scattering Cross Section

Differential Scattering Cross Section

do _ Rate of particles scattered into solid angle d€Q2

dQ incident particle flux

Particle flux

we obtain
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Partial Wave Expansion

For spherically symmetric scattering potential we can write (partial wave decomposition=

Yk = ZA| R (cos )R (r)
|=0

For every angular momentum |, we obtain radial wave equation

2 2

I

For free particle motion (U=0), this corresponds to the differential equation
of the spherical Bessel functions.

Ri(r) ! cosoyj(kr)+ sinon;(kr)

This yields in the far field limit:
4

| T
R (r) r'_) Esm(kH—& — | 5)

Sunday, February 7, 2010



Scattering Phase Shift & Scattering Amplitude

We can relate the scattering phase shift  to the scattering amplitude, via:

-

f(e)= % " (21 +1)e™ sin &P, (cos O)
[=0

scattering cross section

AT « ,
0= 13 |;)(2I +1)sin’ §

unitarity limit for partial wave cross sections
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s-Wave Scattering

Far field radial wave function

1
Ry(r) ri:oo o sin(kr+ 1)

For ro <r<1/k we can approximate the above to
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Scattering Length

Scattering amplitude (including effective range)

-

1 . a

~ keotlo(K)! ik 1! arek?/2+ika

f (K)

\.

Sunday, February 7, 2010



Scattering from Attractive Square Well Potential

u) A

Xo = rRo(r)
Incoming particle energy Ansatz:
2,2
range of E = E X()(l’) =A Sil’l(k_|_l”) forr<ro
potential p 2m
> Xo(r) = B sin(kr + p) forr>rg

Wave vector in inner region of potential
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Scattering Wave Functions

no bound state
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Scattering Phase Shifts, Scattering Length

(Box Potential)

Scattering phase shift% 0.0
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Scattering length
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Weakly Bound OHaloO States

Very extended Balo statesOare formed close to a Feshbach Resonance for a>0.
These correspond to weakly bound states that enter the potential well.

Binding energy of Halo state
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Scattering of Bosons

s-wave (1=0) d-wave (I=2,m=0)

4

from. Ch. Buggle (thesis UoA 2005)
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Pseudopotential

For ultracold collisions, scattering between particles is characterized by a single
parameter - the scattering length.

We can replace the molecular scattering potential with alternative potential that
gives same scattering length!

e.g. Pseudopotential

ATTh? 0 Amtha 0

:2mrkcot505(r)$rmkjo 2m, o(r)7or

U(r)(-+)

For regular functions at the origin, this latter derivative may be omitted:
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ldentical Particle Scattering

For scattering of identical particles, the scattering wave-function has to obey the right
symmetry under particle exchange!

-

1 eikr

Y (r) = 7 e+ e ™ 4 (£(0) % fi(0+ 1))

\_

+ for Bosons, - for Fermions

Leads to constructive or destructive interference in partial wave amplitudes!

Identical Boson:s,d,f... wave scattering (even partial waves)
Identical Fermions:p,g,h... wave scattering (odd partial waves)

_/\f )+ £( ein\de——fZ 21 +1)2sin §

S-wave scattering

distinguishable particlesc = 47ma?
indistinguishable particlesg — 8 742

Conseguenceno s-wave scattering for identical fermions!

Sunday, February 7, 2010




Some s-wave Scattering Spheres

Multiple scattering spheres become between different momentum components become visible!

o

Images shown after time of flight period.
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Feshbach Resonance
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Feshbach Resonances - Experiment

10 | | | | | = | |
o FY e 4 8 s a) 1 a1l (@)
=l & ' ° L\
> 3r ': -
) L o ° i 0 : ! :
g el o * ® . - .
< o 2 | (b))
e 1F S = Q1+t -
g : —— } ; —————— : > V\/\\A
E : e ! g 0 .
Z B : field ramp e o field ramp : - -
| ‘ (c)
0 qF -
10F 1 I I | I = o |
. . :
" g : b) : O : 1 :
II'C, 3r 7 ) 1 N
™ i 1 O . -
< gt .
g ' —
g 1Fe 8 o« o ® = - (€)1
g E E 0 9+t -
: f - ' o L N
3 oal | | | | | : s
895 900 905 910 915 .O 20 N 100
Magnetic field (G) Horizontal Position (1m)
S. Inouye et al. Nature S. Cornish et al. PRL
LM Jisisss

Sunday, February 7, 2010



Converting Atoms Pairs into Bound Molecules

Adiabatic Feshbach Ramp
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Creating Molecules via Adiabatic Ramps
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Measuring Binding Energies of the Molecules

free atom resonance

molecule resonance /
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Creating a MBEC out of a Fermi Gas

Ebinding

O

molecules BEC
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Molecular Bose-Einstein Condensates

M. Greiner, C. Regal and D.
Jin

Nature, 2003

(JILA)
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and J. Thomas (Duke)



