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DEFINITION

Supression of the Bremsstrahlung and Pair Production 
cross-section at high densitites or high energies.

LANDAU-POMERANCHUK-MIGDAL EFFECT:
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INTUITIVE APPROACH 3
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INTUITIVE APPROACH 4

increase particles energy  —> increase coherence length or interaction length 
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COHERENCE LENGTH OR INTERACTION LENGTH

q

Bremsstrahlung interaction
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Some numbers to illustrate….

E = 1 EeV ,  k = 100 PeV   —>  q = 10^-9 eV/c

Pe

P’e

k

  as higher E  —>  smaller momentum transfer
  as lower k    —>  smaller momentum transfer

Uncertainty principle 
becomes rellevant!!!



COHERENCE LENGTH OR INTERACTION LENGTH

Uncertainty principle 

  coherence length or interaction length:
space the interactions need to take place

  as higher E  —>  higher lf

Continuing the “some numbers to illustrate…”

E = 1 EeV ,  k = 100 PeV   —>         lf = 200 m
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Gives room for other 
interactions to take place!



q        —>      2q

lf        —>      lf / 2

Radioation intensity:                    —>         

COHERENCE LENGTH OR INTERACTION LENGTH 7

Bremsstrahlung interaction
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Double Bremsstrahlung interaction

increasing the number of interactions…

Radiation intensity             lf



SUPRESSION OF BREMSSTRAHLUNG

3 sources of supression:

1. Multiple scattering of the e- 

2. Interaction of the emitted photon with the medium (dielectric effect) 

3. Pair creation by the emitted photon
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SUPRESSION OF BREMSSTRAHLUNG

Multiple scattering of the e-

  as bigger its contribution  —>  smaller lf   —>  more supressed cross-section 

Condition for supression:

,

higher E —> higher limit for photon energy

medium dependent

Supression:
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SUPRESSION OF BREMSSTRAHLUNG 10



Condition for supression:
, ,

SUPRESSION OF BREMSSTRAHLUNG

Dielectric effect

  as bigger its contribution  —>  smaller lf   —>  more supressed cross-section 

plasma frequency medium

permitivity
,
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Supression:



SUPRESSION OF BREMSSTRAHLUNG 12



SUPRESSION OF BREMSSTRAHLUNG

Pair production

Condition for supression:

Supression:

,
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SUPRESSION OF BREMSSTRAHLUNG 14



SUPRESSION OF BREMSSTRAHLUNG 15



SUPRESSION OF BREMSSTRAHLUNG 16

Total supression…



PAIR PRODUCTION SUPRESSION

source of supression:

Partically produced e- and e+ undergo Bremsstrahlung. 

Bremsstrahlung. 

Supression:
Identical approach as for multi-scattering, but 
now the contribution to the momentum transfer 
is given by the Bremsstrahlung of e- or e+ 

17



OTHER EFFECTS OF SUPRESSION…

+ not only effect on particle 
spectrum, also effect on 
angular distribution ! 

(by all types of supressions)

lf0           1/ θ     —>  less room for interference of other interactions

supression small emision angles

increase angular spread
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FANCIER WAY OF COMPUTING THE SUPRESSIONS…

Improvements by Migdal: 

- No use of an average scattering angle 

- Addition of quantum effects: electron spin and photon polarization 

Approach: calculation of averaged radiation per interaction and the following  

interference between radiation from different collisions. 

Bremsstrahlung:

Pair production:
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ELECTROMAGNETIC SHOWERS

LPM EFFECT ON ELECTROMAGNETIC SHOWERS IN WATER:
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[Simulation CORSIKA-6600-IW]



ELECTROMAGNETIC SHOWERS 21

[Simulation CORSIKA-6600-IW]

LPM EFFECT ON ELECTROMAGNETIC SHOWERS IN WATER:
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LPM EFFECT ON ELECTROMAGNETIC SHOWERS IN WATER:

[Simulation CORSIKA-6600-IW]



ELECTROMAGNETIC SHOWERS 23

LPM EFFECT ON ELECTROMAGNETIC SHOWERS IN WATER:

[Simulation CORSIKA-6600-IW]
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