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7- Crogg-gection

Consider the general process for two-particle scattering :
a+tb - 14+2+...4+n

e States normalization : in NRQM usually one takes 1 particle per
unit volume. For KG solutions :

@ =Ne™=p =i ¢g(0an)-04)a|=2NE,

e Usual prescription (covariant normalization) :

2E particles per unit volume
[d°xp, =2E, = N, =V
V



7- Crogg-gection

The general expression of the cross-section reads :
- e - T[T
" 2E 2 2B, |V, - T A (2 2B,

 2E 2EF ‘\7a —\7b‘ IV ? is the flux factor (number of incident
particles per unit area reaching the target per unit time X
number of target particles) with normalization at 2E particles
per unit volume.

k=n \Vd°p,
o I is the final state available phase space (for one

<L (27)° 2k, particle in a volume V with a momentum in d*p
one has the usual expression : Vd°p/ (277)°




7- Crogg-gection

2
« (2m)*o*(p, - p )‘Tﬁ‘ is the transition rate per volume unit. It
is the part containing the physics of the interaction processes.

Each diagram’s line is associated with a normalization factor N,

(i=a,b,1,...,n) which induces an overall factor :
- 2
(\/—1/2)2x(\/—1/2)n :V—(n+ 2)

ab 1..n

balancing the contributions of the flux and the phase space =>
the cross-section is independent of the normalization volume!



7- Crogg-gection

Application : Rutherford scattering formula (2+2 process => n=2).
Pl factor : 26, 26,9, =%/ = 4 (b, p, ¥ ~mim?] = 4p7|/3
2

where the Mandelstam variable s has been used S= ( P, + B,

e 2-bodies phase space:

dQ, = [ (271)*3*(p; - p)

4

d’p, d’p,
(277 2E, (21} &,

3
D, dQ
= - ~ 2“31‘ d_, 1_, with (p; )= (P, + P,)
16 pl‘ ET - pl'pTEl

1 [P dQ,
16/ /s




7- Crogg-gection

Application : Rutherford scattering formula (2+2 process => n=2).

e Transition rate :
CM
‘Tfl‘ _(q j (pa+pb)(p1+p2) a e

—

¥
e Mandelstam variables :

:(pa+p1)2 t:(pa_pb)2 u:(pa_p2)2

amr Y’ d 1 P,
=[5 (o ana G =

e |nthe LAB frame (target at rest)



7- Crogg-gection

Application : Rutherford scattering formula (2+2 process => n=2).

e “Classical” case : ais a light particle (negligible m), 1 at rest
initially => use of the LAB frame

o-(f8) -
t=—4k| si ;) G-uy =16k M*
4 (p-p.Y ~mM 7] = 4K M 2

e  With the fine structure constant @ =€/ 47

one gets the standard Rutherford formula :
2

do _ a
dQ 4‘E‘25in4 )




7- Crogg-gection

Question : how one computes the transition rate

‘Tfi‘ :(_j (Pa+p)-(Py+ P2) a A

q2




2- Maftrix element

Classical theory : transition amplitude (covariant expression)
from initial (i) to final (f) state under the action of a
perturbation potential V.

Ty ==i[d"x g (V9 @ (%)

1t order K.G. potential : V = —ie(aﬂA” + A"aﬂ)

Integrating by parts introduces the transition current :
. : * x J  (fi)
T, ——|jd4xA”(—|e)[qqaﬂqq -0,4q | ~L P
. VI J W Q
Jih
AH
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2- Maftrix element

* (i) and (f) are taken as free particle solutions : @,(X) =N, (€

—ip X

 |[nserting the free particle solutions leads to

Tq =

[d*x A (~ie)| g0,4 —0,4 |

[ A“0) ()eNN (p +py ) oi(n-p)x

(fi)
‘Jﬂ
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2- Maftrix element

e Consider the process: a+1 - b+2

The intermediate field is no more a free particle
field but is induced by the motion of the bottom
part of the diagram.

The A#field is given by the photon propagation
equations in presence of a source :
v U AUl av N
(00, ) W1 0" (oA ) =3,
=0

in Lorentz
condition

e The currentis given by :
JA(112) — < pz‘jﬂ‘ P1> — —eNlNz( p,+ pz)ﬂ e—i(pl—pz).x
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2- Maftrix element

e The previous expression allows to compute the A# field :
_ 1@12) — —i(p=Py)X — iq.
oA, =357 = -eNN, (b, + p,), € = -eNN,( p+ ), €

A 1 19.X
= A, =(0|A,|0) = +¥eN1N2( p.+ P,), €

_gv

— M 1(12)

— A&I _?‘]v

e Replacing this expression in the matrix element :

Ry
T, =-i[dx 3 —32 302

e Namely: —g"
Ty = =i (-€)(~€)N,N,N,N, (p, + pb)ﬂ o7 (P pz),,

x(2m)*d*(p; — p, — k)
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3- Feynman rules for QED

Summary : “reading” a Feynman diagram
e The basic elements of a diagram are :
- the external lines
- the vertex operator

- the internal lines or propagators
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3- Feynman rules for QED

Including fermions into the game: same procedure
—> matrix element reduced expression

Ry
T, =-i[d%x 3 —32 362

—> with a current given by (see lecture on Dirac’s equation) :

‘]/(Jﬁ) = _e(‘pf Vylﬂi ) = —e(Uf YU, )ei(pf_pi)'x

— N.B. to be compared with the spinless case :

(fi) — _ i(Ps—p )X
Jy _ e(pf +pi),ue f
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3- Feynman rules for QED

Feynman rules for QED:
e Externallines:

- - (outgoing)
- fermions => ——— 2 () O
u(p,s) a(p',s)
- anti-fermions => ——— () O T
v(p,S) v(p',s’)

- spin-0 bosons => -----—--- —m e
" cst O © cst

£, (k,A) £ (k\A)

- photons =>
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3- Feynman rules for QED

Feynman rules for QED:

* Propagators: i i(p+m)
- fermions => =—
p—-m p°-m
i
- spin-0 bosons => ---------- |— >
P —Mm

- photons => "N
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3- Feynman rules for QED

Feynman rules for QED:
e Vertices:
- fermions — photon =>

- spin-0 bosons — photon =>

N
N
N

N,

P,

Ve
/s

~ 7

:

—ie(p+ p’)”
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