Electron-electron scattering, in the LO of
perturbation theory, at low energies.
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Next : Calculate the scattering cross section.



/6/ The transition probability /7/ Unpolarized scattering

The transition probability for1 — f is Sum over the final spins (s, and s, );

average over the initial spins (s, and s, ).
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(Born approximation)

So next we need to calculate A =124 I A®
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/8/ The scattering cross section,
in the center of mass frame of reference
Recall the definition of cross section:

o = transition rate / incident flux

We have transition rate = 6P / 2T
(Remember: time € (-T, T) and eventually we'll
take the limit T — .)

and

incident flux = # of particles / 5A / 5t

# of particles = density * volume

density=1/Q
(one particle in the volume Q)

volume = the volume of particles

passing area A in time 5t

= 0A Vv ot;
in the center of mass frame,
replacevbyv =v-(-v)=2v;
So,

relative

5P / 2T
(17 Q) (2v 5A 5t)/(5A &t)

= QOoP
4Tv
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We'll calculate the center-of-mass cross

section
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Various ingredients ...

2 S (B-py b=l
‘F? I h = B*ﬁ."'ﬁ}

Z b _‘& a.:s' PI (l?f?fﬂﬁ'e.

Fj Can)? Jbﬁnd"d{fl
ﬁ":.rﬁ

| +2

=1 (2e,1) = v SC &, - )

(E A - Fsinzo + p*(1-a8)®
= Q&z (t'-- ﬁg:ﬂ)
CE}“FH].. = pzfrf&' + P(H- mm]l

a I -
Lvigp & ‘flf ‘I'b"' C?H.}J’

| o] el —
{ Trmay “Temer ~dramdlimd

2p* (1 + es6)




We st Fl'lk?r(,'ﬁ! oYeyr IEI’)
43& = pidp A2,

-

G AN St ;}?’ i
{6 Lepondence }

T Oreryy ,Eh!,.m{;
v=£ and £’f=5§xl

evaluate carefully!

M E; n..ELLH"'z_

[ Blnuitg-s-[ M

‘;4_3,?;4:-5,}

—ﬂd.ﬁ: t{{{; 'f.)
(pim)p*
w B o W
2 (p/m) p* 2p"

(ia{)uxpal - %q 'J_P'i

P:Sim

{ [ cfd"fc-,fm rr}

Y G |
= E{ {@-,_,__,,) CHc-ﬂP)" f“‘&:#}

L El = ££+F:‘7_ = I“h,f Erevpsy.
v e Crfer y Wrnaq Frame

These calculations were done with h-bar=1.
Now we need to restore the factor of h-bar to
get the correct units.

e* / E2 has units of area, so the factor of h-bar is
(h-bar)”0; i.e., no h-bar factor needed.




The cross section for e e scattering, at low energies, in
the center of mass frame of reference is

(do/ dQ)unpol. =
e’ { 1 + 1 _ 1 }
4E*>" (1-cosB)? (1+cosB)? 1—-cos?0

Recall the Rutherford cross section (SI units)
do — Z1Zye” : esc! (E) ’
d§2 8megmud 2/

ie, e*/(16E %) *4/(1-cosB)’in Gaussian units,
withZ =2 =1.  (lab frame)

E = total initial kinetic energy
in the center of mass frame;
E=2"*p?/(2m)

BThe cross section for ee
scattering is a symmetric
function of 6—symmetric about
0 = /2—because the two
particles are identical.

B Note the destructive
interference !
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Moller scattering cross section 2/ T2 212
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from relativistic Q.E.D. ay =
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In these equations,

I o = the fine structure constant

I E = the total (relativistic!) energy in the
center of mass frame (E +E,)

I h=1landc=1

I 0 = the center of mass scattering angle




Homework Problem due Friday, February 19
Problem 23.
Use computer graphics.

(a) Plot the Mgller cross section do/dQ(E,0) as a
function of 9, for E =1.05 MeV, 1.2 MeV and 2.0
MeV. Here E is the total relativistic energy in
the center of mass frame; 0 = the center of mass
scattering angle. Put all three functions on the
same plot by making a logarithmic plot.

(b ) Similarly, plot the low-energy approximation
that was derived in class, for the same three
values of E. Does the low-energy
approximation agree with the Mgller cross section
at low energies?

Plot 6 in degrees from 0 to 180. Plot d6/dQ in mb

(millibarns). Use a logarithmic axis for the cross

section. Use an appropriate range for the vertical
axis.

m_=0.511 MeV/c?
0.511+0.511=1.022




