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" INTRODVCTION

Slectromagneric  shower :
a pancake of charge with
° ﬁ_n_'\_‘\! width
o finite, wavelength of vadiation
o finite, longitudinal spread

+ oorg history of cohevert vadio
Cherenkov emission studies
= No careful treatment of evolving
chavge distrbutions |

o FRANK=—TAMM (1937) infinite trock
o TAMM (\939) finite tvack
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Strong oscillations
anquiar distribitions
TAMM mode! is not veliable !
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« ALLAN (\G71) Wrong use of one of
FEVNMAN'S formulas in
electvodynamics



COHERENCE ZONE

- Seeond variation : N
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FRAUNHOFER AND FRESNEL
TWO limits:
o <K Akeoy ¢ Cohwcc. \S over the

FRAUNHOFER. (SPHERICAL) vegime : % « |

0 M Aoy : COMerence 18 over only a
small part of the track

B~ W AZcon -& -~ \rg
FRESNEL (CYLINDRICAL) vegime: Y »I

Both ave far fields: RR >\

CHERENKOV vadiation is fundawmentally
FRESNEL none effect



WHEN i& FRESNEL \MPORTANT ?

RICE :
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FACTOR\ZATION
Sxact solution to Maxwell's equations:
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- Very general model for the curvent

J(t X) = vn.(zD f(z-vt, 3)
'-y-' ‘——w

chavge evstion 0"\“"’99 density

n al cosmic Yy applications the
Jishedoution is much sma\hr than m
Mﬁ over which ithe chavge develops.







RESULTS 3Y THE SAIDLE POWNT METHOD |
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FRESNEL - FRAUNHOFER INTEGRAL

numerical ntegration
s : analytic fif

ARETERS : Q=1.5m, Raslem
v=\,2,5,10 GH3

GREEMENT S SPECTAQULAR:
QR_ << \°A




FRAUNHOFER,
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MAGNITUDE OF THE RESCALED
ELECIRIC FIELD AS A FUNCTION
OF ANGLE
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RED LINE ¢ EXACY RESULLT
BLUE LINE: FRAUNHOFER APPROXIMATION
PRRAMETERS : a=1.5m, R=50m  v=1GH:

CONSERVATION OF ENEBRAY




MAGNITUDE OF THE RESCALED
ELECIRIO FIELD AS A Funcrion
OF FREGLUENCY
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Rev LINE: ExacT RESULLT
BLUE L\NE : FRAUNHOFER APPROXIMATION
PARANETERS: ar 15w, Rz100m, 0=1°

ARTIFICIAL WGH FREQUENCY CUT-OBE
(NOT A FORM-FACTOR BRFECT) FOR
THE FRAUNHOFER APPROXIMATION



THE FORM-FACTOR IS DEVIDED ouT

MAGRITUDE OF THE RESCALED
ELECTRIC FIELD AS A FUNCTION
OF FREQUEBNCY
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RED LINE : EXACT RESLLT |
BLUE LINE: FRAUNHOFER APPROXIMATION
PARAMNETERS : a=1.5m, R=1000m, §=023°

FRAUNHOFER. APPROXIMATION
BEGINS TO APPLY |



MAGNITUDE OF THE ELEQIRIQ FiELD

Z,Mm
PARAMETERS: a=5m, V=100MH2
EVOLUTION FROM CYLINDRICAL TO

SPHERICAL BEWAVIOUR.




MAGNITUDE OF THE ELEQIRIC FIELD
IN THE FRAUNHOFER APPROXIMATION
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PARAMETERS : a=5m, V=\OOMHR

LACKS THE R\CHNESS OF STRUCIURE
OF PREVIOVS FIGURE



PHASE OF e ELECTRIC FIEWD

e ' M
PARAMETERS : Q=5m, v= I0OMHz



PHASE OF ELECTRIC EIELD

200 -100 o 700
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PARAMETERS : a=5wm, Y= 100MH2

IN THE FRAUNHOEER ASPROXIMATION
WAVEERDNTS RECONE SPHERICAL



CAUSAL FBATURES
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 CONCLUSIONS

PROVIDES FRAMEWORK FOR THBORETICAL
STLUDY ‘
« FIRST PRINCAPLE CALCULATIONS
+ STMMETRIES AND DIMENSIONAL ANALYSIS

NEW FBATURES

* ADDITIONAL CONTROLLINE VARIABLES

« FASCINATING STRUCTURES AT "i
R4 o0 NOT ACCESSIB\E BY MCQ

ROLE COMPLEMENTARY TO NUMERICAL
CALCULATIONS

« MG 1S STiLL IMPORTANT

» CONBINATION OF B8OTH 1S IDEAL
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