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DEFINITION 2

LANDAU-POMERANCHUK-MIGDAL EFFECT:

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



INTUITIVE APPROACH

coherence length or interaction length = It

ty increase




INTUITIVE APPROACH

increase particles energy —> increase coherence length or interaction length
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Uncertainty principle
becomes rellevant!!!



Uncertainty principle AxAp > h 7
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Gives room for other
interactions to take place!
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increasing the number of interactions... S —>
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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



Multiple scattering of the e-
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Material / p (g/em?) Xy (cm) E;py (TeV) Vdie E

/)

Hydrogen (liquid at BP) 0.07 865 6.6 PeV 1.4x10°° 4.6 PeV
Helium (liquid at BP) 0.125 755 5.8 PeV 1.5%10°° 4.3 PeV
Carbon 2.2 19.6 151 5.5%10°° 410 TeV
Aluminum ; 2.70 8.9 . 6.0x10° 205 TeV
[ron « 7.87 1.76 3. 1.0x10 TeV
Lead 11.35 0.56 4. 1.1X10 4 TeV
Tungsten 19.3 0.35 1.5%10 TeV
Uranium 18.95 0.35 1.4X10 TeV
Gold 19.32 0.33 . 1.5%10 TeV
Air (STP) 0.0012 30400 1.3x10°° 5 PeV
Water 1.00 36.1 3.9%10°° 540 TeV
Std. rock 2.65 10.0 6.0x107° 230 TeV
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Dielectric effect

plasma frequency medium
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Material / p (g/em?) Xy (cm) E;py (TeV) Vdie E

/)

Hydrogen (liquid at BP) 0.07 865 6.6 PeV 1.4x10°° 4.6 PeV
Helium (liquid at BP) 0.125 755 5.8 PeV 1.5%10°° 4.3 PeV
Carbon 2.2 19.6 151 5.5%10°° 410 TeV
Aluminum ; 2.70 8.9 . 6.0x10° 205 TeV
[ron « 7.87 1.76 3. 1.0x10 TeV
Lead 11.35 0.56 4. 1.1X10 4 TeV
Tungsten 19.3 0.35 1.5%10 TeV
Uranium 18.95 0.35 1.4X10 TeV
Gold 19.32 0.33 . 1.5%10 TeV
Air (STP) 0.0012 30400 1.3x10°° 5 PeV
Water 1.00 36.1 3.9%10°° 540 TeV
Std. rock 2.65 10.0 6.0x107° 230 TeV

() l_\) !\)
N ~] ]




Pair production
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Material / p (g/em?) Xy (cm) E;py (TeV) Vdie E

/)

Hydrogen (liquid at BP) 0.07 865 6.6 PeV 1.4x10°° 4.6 PeV
Helium (liquid at BP) 0.125 755 5.8 PeV 1.5%10°° 4.3 PeV
Carbon 2.2 19.6 151 5.5%10°° 410 TeV
Aluminum ; 2.70 8.9 . 6.0x10° 205 TeV
[ron « 7.87 1.76 3. 1.0x10 TeV
Lead 11.35 0.56 4. 1.1X10 4 TeV
Tungsten 19.3 0.35 1.5%10 TeV
Uranium 18.95 0.35 1.4X10 TeV
Gold 19.32 0.33 . 1.5%10 TeV
Air (STP) 0.0012 30400 1.3x10°° 5 PeV
Water 1.00 36.1 3.9%10°° 540 TeV
Std. rock 2.65 10.0 6.0x107° 230 TeV
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Erpy (TeV)

.\" die
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Hydrogen (liquid at BP)
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Uranium

Gold
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Total supression...
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FIG. 9. Energy-weighted differential cross section for brems-
strahlung, Xyny do; py/dy, for various electron energies in a
lead target, showing how the spectral shape changes: top curve,
electrons of energies 10 GeV; remaining curves, 100 GeV, 1
TeV, 10 TeV, 100 TeV, 1 PeV, and 10 PeV (bottom curve).
The units are fractional energy per radiation length.




source of supression:

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

FIG. 10. Differential cross section for pair production,
Xondoypy/dy, in lead for various photon energies, showing
how the spectral shape changes. Cross sections are plotted for
photons of energies 1 TeV (top curve), 10 TeV, 100 TeV, 1
PeV, 10 PeV, 100 PeV, and 1 EeV (bottom curve).




lfo ox 1/8 —> less room for interference of other interactions

supression small emision angles

increase angular spread




Improvements by Migdal:

Approach:
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LPM EFFECT ON ELECTROMAGNETIC SHOWERS IN WATER:

10 e- ShOWEFSI Epnm - 185 GeV, Nshowers_averaged=1
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[Simulation CORSIKA-6600-IW]



LPM EFFECT ON ELECTROMAGNETIC SHOWERS IN WATER:

10 e- ShOWEFSI Epnm - 187 GeV, Nshowers_averaged=1
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LPM EFFECT ON ELECTROMAGNETIC SHOWERS IN WATER:

10 e- ShOWGFSl Epnm = 189 GeV, Nshowers-ave(aged=l

_2)

.
(o))
o
™
~—
>
L
)
-
o
S
uv
o
Q
U
e
>
(o))
—
)
=
w

2000 3000 4000 5000 6000 7000 8000
Shower depth (gcm ~?)

[Simulation CORSIKA-6600-IW]



LPM EFFECT ON ELECTROMAGNETIC SHOWERS IN WATER:

10 ShOW@FSI Epnm -— 1811 GeV, Nshowers_averaged=1
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