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Multiple Approaches to understand

radio wave emission
* Microscopic:

- Follow orbit of each electron %m‘on
+ Add fields of individual p %
Examples:
egzm?e aspect
indi x&&ual particles

% CLL@;‘&TS and calculate fields

;gﬁﬁsuc structure radio signal

Q phgnbmenon - determined by length scales
Y\° % Examples: MGMR, EVA

* Macroscopic, Emp

- Average m
- Add
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Understanding Radio-wave emission
Basic mantras:

currents or charges to
emit electromagnetic
waves

1) Variation causes electric T
Z

2) Coherence when
wavelength is larger
than length scale charge : :
distribution d t=d2/2cz

u larger distance - broader signal
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Macroscopic GeoMagnetic Radiation
> The Basic picture <

Horizontal drift velocity of
electrons creates current

Air shower

Pancake =|e* e plagma

jo(2) = Jope(2)ml

Electric cufrent
develops when T
plasma magves
through magnetic

field of the |Earth /

Radiation mittec/
by time varying . ’

d [ :, . ‘—' """"" - J— — - """" }
E*(t,d) = —A*(t,d) o 50 ct[m] 100

Pulse sensitive to shower
development prior to maximum
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Timing Radio pulse

t=d?/2cz Large, sharp pulse

rijksuniversiteit UHECR - Olaf Scholten 13-16 February 2012 5

groningen




Generic pulse @ Cherenkov distance
A-typical exampl
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27° shower

Cherenkov v.s.
‘normal’

Timing !

0.1 nsv.s. 10 ns

Time spectrum

1 GHz v.s. 10 MHz
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Cherenkov distance larger distance >

- pancake thickness profile above —
shower max.
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Chemical composition

K.D. de Vries et al, Astropart.Phys.34:267(2010) for n=1; realistic case to be publ.
Ratio of power in
measuring window
for two distances

E=10""eV
Iron

E(1V/m/Mhz)

protons have shower f fron
max closer to ground 5 oL Fo [ | Proton

> lower frequency 2 )

-> sooner out of juice E . proton g

with increasing d e é

5 7/ // %

7 9 Y% 7
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Polarizations
at different observer positions

E-field E“*-field
N N
\<V—<—<——<—<—<— . W E
- o d=300m S polarization:
c}=§99m S polaflzagon:
Geomagnetic Charge excess polarization:

olarization ~ .
P Depending on observer

BxB position. Pointing inwards
K. Werner et al.,Astroparticle Physics 29 (2008) 393
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Pulse can be understood based on
simple geometrical arguments

Radio sensitive to electron content

&
3
=2
3
i : - T ; n Q
Radio provides multiple information of S 3
shower evolution: é“i
Cherenkov distance: ® =

: Q
Shower pancake thickness & < ® —
T . ® C
position shower maximum Q9
Larger distances: 5 (9’:
Early shower profile < %
Polarization > geomagnetic/charge excéss ®
- o
Timing 7
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Pulse details

2
N i Sharp pulse >
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Pancake thickness
Determining length scale at Cherenkov distance:

distribution of particles near shower front.
Small size 2 narrow pulse 2> high frequencies

'normal’ = derivative

Cherenkov, D~O,
longitudinal current

derivative pancake

|

K.D. De Vries et al., PRL 107, 061101 (2011)
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Generic pulse @ larger distances

Shower max = - n=1 27°
\Z/SQ\ [\
=0

Refinements:
- polarization N ]

- Cherenkov effect

-0.15
Multiple variables determined

for a single shower: 02
- large distance > profile
above shower max.
- short distance - pancake
thickness
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