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» Definition: (V2 + k2) Gy(7, ') = 6%(F — 7')

» Fourier transform: Gk(7,7') = G (F —T') = fdaq 47" G ()

= Gr(G) = = (Here we wrote k 2 for k2 because eventually K will be identified
with the wave vector of the incoming wave.)

Gi(G) diverges at G2 = k2
— introduce an infinitesimal imaginary term to circumvent the pole:

AE) (7 1
G () = Frgeri
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» explicit evaluation of the Fourier integral (— exercises):

Lik|F—F'|

1e

(£) ;= =/
G ) =

» asymptotic behavior (— exercises):

(+) /2 =1 r>r 1 i:kr ZFIK/W =,
Gk(f,r)—>—ﬁre s k

k
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» GY: outgoing spherical wave — correct asymptotics
G

k
> 5( : incoming spherical wave — wrong asymptotics
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> UM = &5 B [ GYE T V) G(P)

k
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= R = =5t [ @ T V) i)
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2.4 The Born series s TECHNISCHE
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» So far:
Schrédinger equation not yet solved,
we just transformed an differential equation into an integral equation:
VplP) = €% + B8 [ r GO T V) v(F)

» Advantages:
» boundary conditions already incorporated
» starting point for numerical or approximative solutions:

For weak potentials the integral is only a small correction to the incoming
wave.

— jterative solution
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» Define U(7) = 3% V(7)
= () = &5 + [ dBr GP(FF) UF') (7))
= R [P GE ) U [
+ [ o G F) U UplF)|
= kT
+ [ GP(F P U €F T
+ [ [ GPFE ) UF) GO P UF") &%

+ ...
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— Born series:

K77 = GO P U

KT = [ GO T U KO(F", 7'
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— Born series:

K77 = GO P U

> Scattering amplitude: f(k’, k) = —= [dr e KT YR Ve(F')
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— Born series:

K77 = GO P U

> Scattering amplitude: f(k’, k) = —= [dr e KT YR Ve(F')

= KR = == { [ o e R T Uy &R

[P [Pr e T UF) G

)
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» Born series for the scattering amplitude:

KRy = = { [ o e 7 U e
+ f a3r f aBr’ e—il?’-?’ U(F" Gf:')(f”, 7' U(F”)e"k"’
+o ) = > k', k)

> Interpretation:

el

single scattering + double scat. + triple scat. + ...
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» Only consider the first term:

f(EI, E) ~ f(1)(/_(°/’ /_(') _ _# f a3 e—iE’~?’ U(,—:/) ei/?r
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» Only consider the first term:
f(EI, E) ~ f(1)(/_(°/’ /_(') _ _# f a3 e—iE’~?’ U(,—:/) ei/?r

_Z:hz fd3r' efi(!?’fl?)?’ V(7'
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» Only consider the first term:

2/

f(EI, E) ~ f(1)(/_(°/’ /_(') _ _# f a3 e—iE’~?’ U(,—:/) ei/?r

_ _Z:hz fd3r' efi(!?’fl?)?’ V(7'

fOK K) = — 5L V(G)
= | V(@ = [ e 47" V(") Fourier transform of the Potential

g=k'—k »-momentum transfer”
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» Only consider the first term:

f(EI, E) ~ f(1)(/_(°/’ /_(') _ _# f a3 e—iE’~?’ U(,—:/) ei/?r

_ _Z:hz fd3r' efi(!?’fl?)?’ V(7'

fOK K) = — 5L V(G)
= | V(@ = [ e 47" V(") Fourier transform of the Potential

G-k -

Eyt

,momentum transfer”

» central potential: V(r) = V(r) = V(G) = V(q)
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» Only consider the first term:

2/

K K) ~ AR K) = =& [P e %' T U’y ek

_ _2:# fd3r' efi(!?’fl?)?’ V(7'
(', K) = — 5t V()
= \7( ) = fd3 —igr! V(') Fourier transform of the Potential
G=k'—k »-momentum transfer”

» central potential:  V(F) = V(r) = \7(6) = V(q)
G2=(k'—k?2=k'?2+Kk2—2k'-
fi

+ K "2 2k2(1 — cos 0) = 4K? sin? 4
g=2ksin¢ = fOk’ k) =£"0)

depends only on k and 6
(holds for higher orders as well)

(¢
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) + fA(K', k)
> f(2)([(’/’[<’) - *417 (%)Zfdsr/ fdsr” efil?’-?’ V(7') GE:')(F’,F”) V(7" eil?-?"

> G;:)(F’,F”) =fd3k” ik".(F' ="

— fOK' K = — L (%)2 JER ([P e KT vy eF )

K2—K'"2+ic

1 (2u\2 [Pk Tyt B 1 Y
= T4r (?) f(27r)3 V(k —k )EQ—E”2+iE Vik

_ i RVIDTEY 1 e
- 2mh? f(27r)3 V(k k ) E—E' +ie V(k

. 2,2 2,172
with E=hz—l’; und E = K=
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