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» Lippmann-Schwinger equation: T=V+ VG, T
VG VGV + (= Born series)

= T= \7+ VGOV+
> Scattering amplitude: f(k', k) = — 52 (k'|T(E + i¢) |k) = > fO(k”, k)
j=1
» Born approximation: (! (k k)
» nth-order Born approximation:
(k' K) = —5tes (k'| VGV Go... VIK)  (ntimes )

Insertion of 2(n — 1) complete sets of momentum eigenstates

— same result as in section 2.4
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» Green’s operator: Go(z) = (z — I:lo)71

» Define: G(z) = (z—I:I)_1
= (z-FHo) "4 (z—Fo) [ @ F) -2 F)|(z— A)

=H-FHy=V

= ‘ G(2) = Go(2) + Go(2) VG(2) ‘ LSE for the Green’s operator

— Born series: G= Go+ GoVGo + GoVGo V
=éo+éo(ﬂ+\ﬂ/éo\’\/+...

<>

Go +
)Ao“A
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v ul P v
T = Ve \5/. +iV i‘.’ o = 4 'T = V-t 3
v

G: full propagator <+ propagation of the wave from r'to r’

Gy: bare propagator <> free propagation without interaction
T: full interaction

vV v v v

V: Dbare interaction
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» continuity equation: 3—9 +V.j=
» probability density: p= |¢\2
» probability current density: f_ B (w Vw wvw*)

> stationary state: 22-=0 = V.j=0

Vo (V0 - Ve ) = VR - V27 = 0
» incoming + scattering wave: () = ¢(r) + ¢s(r)
= ¢*V2— V24" + Vs — s V20}
+ ¢* Vs — OVYS + YiV26 — 1hsVEg* = 0
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> incoming wave:  ¢(F) = ek 7
= VP¢=—k?9, V24" =—k?¢" = ¢"VP9—V?%6 =0 (¥
i.e., ¢ satisfies the continuity equation by itself.
= YV — YV = — (6" V21 — ¢V207) — (01V20 — ¥sV26*)
= —2iIm(¢* V2 — sV2¢*) (since a— a* = 2ilma)
Y 2iim(¢ V2 — V26"
= —2ilm¢* (V2 +k2)y

= 2% Ime Ve (since (— V24 v)y = ZEy)
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» integrate over an (infinite) volume V:
][dSr (V2 V205 — 1hsV24) = —2i 2 Im 1[o@r ¢V

» left-hand side
= [P (s = vV u) = B [0V L= 8 [ dsiic]

%’” x total number of scattered particles per time
2ui

2 giot [in ot = 0 = total cross section, || = %
=2ik Otot

> right-hand side = —2i 2% Im [ d®r e~ K7V(7) 4)(F) = 8riIm (K, K)

scattering amplitude:  f(k’, k) = —5te [dr e k"7 V(r) (1)
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= Ot = T Imf(k, k)

» f(k, k) = f(§ = 0) = £(0) : scattering amplitude in forward direction

4
= “optical theorem”: | gyt = % Im £,(0)

» qualitative interpretation:

The scattered particles are missing in forward direction.

In the wave description this corresponds to a destructive interference

of incoming and scattering wave, which is related to the imaginary part of the
scattering amplitude.
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» Bornseries:  f(6,¢) = 3. £7(8, ©)

n=1

» Write V() = gv(r), g = const. (,coupling constant”), e.g. g =€

= f,gn)ocg”
d 1 2 2 1),2 1 2 1) £(2) *

= B[P P P (P 1) 4
N——"
xg? oxg®

1 2

= Ot = ol +-- =T Im (£(0) + £2(0)+...)

S~
0(92 xg o<92

Compare powers of g:
> Im£"(0) =0

> o = [dQf0, )2 = = ImfP0) = Im£D(0) #0, unless £."(8, v)
vanishes for all angles.
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