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Experimental tests of QED

1. From the matrix element to the 
measurement

2. e+e- annihilation experiments

3. Casimir effect  

4. Anomalous magnetic moment
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1. From matrix element to measurement
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1.1 Transition rate and cross section
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Phase space density
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Quantum mechanics restricts the number 
of final states of particle in a volume V 
with momentum

For particle C and D scattered into 
momentum elements d3pC and d3pD

With i. e. probability to find 
particle in  volume V is 2p0 one has to 
introduce a factor 1/2E = 1/2p0 to normalize
probality to 1:
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Differential cross section:
F

dwd fi=σ

Cross section =
Transition rate / unit volume

incident particle flux F

Incident particle flux  F

Choose system where particle B is at rest

F =   (flux density A) × (density B) 
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1.2 Lorentz invariant phase space factor
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Lorentz invariant 2-particle phase space factor dΦ2Particle flux F

Remark: unit volume V drops out !

F
dwd fi=σPutting everything together
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Final state See also PDG
http://pdg.lbl.gov/2007/reviews/kinemarpp.pdf
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Phase space factor dΦ for two-particles final-state

D

D

C

C
DCBADC E

pd
E
pdEEEEppdd

22
)()(

4
1 33

3
222 ∫∫ −−++=Φ⎯→⎯Φ ∫ δδ

π
rr

DCBA pppp
rrrr

−=−=
:System CM

Ω=Φ ∫∫ d
s

p
d f

44
1

2

r

π 2)( BA

DCf

EEs

ppp

+=

−==
rrr

A B

C

θ

ϕθddd cos=Ω



Standard Model: V. Experimental Tests of QED

J. Pawlowski / U. Uwer

7

1.3 Differential cross section …putting everything together
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2.  e+e- annihilation experiments
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2.1 Myon pair production
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Spinors decribe a specific 
spin state of the fermions

For non-polarized ingoing particles and for non-observation of final state 
spin one observes unpolarized cross sections  ⇒ need to average over 
possible initial spin states and sum over all final spin states.
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Kinematics for high-relativistic particles
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2.2 Experimental methods

int
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bNffee ff
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~200 pb-190 GeVCERNLEP

2 – 8 GeV
→29 GeV

12 - 47 GeV
50 – 60 GeV

SLAC
SLAC
DESY
KEK

SPEAR
PEP

PETRA
TRISTAN

220 - 300 pb-1

~20 pb-1

~20 pb-1

Lint / Exper.LabAccelerator s

e+e- accelerator (selection)

Cross section (experimental definition)
• Nff number of detected e+e-→ ff events

• b background fraction

• ε acceptance / efficiency

• Lint integrated luminosity of collider
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PETRA, 1978 - 1986
Circumference 2.3 km
Emax = 23.4 GeV / beam

Experiments:

Pluto, Tasso, 
Jade, Mark J, 
Cello
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Japan – Deutschland – England
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Experimental Signatures:
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Determination of integrated luminosity
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small angle Bhabha scattering                  
(low momentum transfer, QED works !!):
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Effect of flange 
in beam pipe

Small angle Bhabha scattering is 
t channel dominated: theoretical 
cross section σtheo well known.
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At LEP:                  
typ. errors < 0.5% 
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2.3 −+−+ → µµee

Good agreement with QED!

Quantitative limit for new physics ? Effect of bremsstrahlung:

)(γµµ −+−+ →ee

There will be always
additional photons
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Possible deviation from QED:

• additonal heavy photon 

Λ corresponds to the 
mass of new photon
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Clear deviation from QED:

⇒Effect of electro-weak γ/Z interference
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2.4 Bhabha scattering

−e −e

+e +e

k k ′

p p ′

−e

+e
−e

+e

k

p p′

k ′

=M +

2 2
+ +interference=

2M
−+−+ → µµee−−−− → µµ ee

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ +
++

+
=

Ω 2

222

2

222 2
2 s

ut
ts
u

t
us

sd
d ασ

−+−+ → eeee

s channel
t channel



Standard Model: V. Experimental Tests of QED

J. Pawlowski / U. Uwer

21

−e +e

−e

+e

θ

CM system:

with x=cosθ

222

22

2

22

cos1
cos3

2

2
1

1
)1(

)1(
)1(4

2

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−
+

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
+

−
+

−
−
++

=
Ω

θ
θα

ασ

s

x
x
x

x
x

sd
d

22

222

cos1
cos3

2 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−
+

=
Ω θ

θασ
sd

d

divergent for cosθ→1

QED
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Form factor modifies differential cross section:

Tasso: Λ+ >370 GeV

Λ- > 190 GeV

Fit to combined PETRA e+e- data:
Λ+ >435 GeV @ 95% CL
Λ- > 590 GeV

In the “space picture” form factor 
corresponds to modified Coulomb 
potential at small distances:

)1(11 re
rr

Λ−−→

i.e. Λ measures point-like nature of 
eγ interaction (size of electron).
Λ> ~500 GeV ⇔ re< 0.197/500 fm

Electr. < 0.5 ×10-18 msubstructure


