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•  NOTE: we are integrating the night sky bkg over a wide fov. S/sqrt(N) 
significantly worse than conventional FD, but  

  - we are focusing on the highest energies  >1019.5 eV 

  - we can work on the design parameters of the telescope and the array to 
achieve this energy threshold: lens collecting area, fov, more than one 
pixel, filters, distance between eyes.  

  

  

Fresnel lens 
30o x 30o fov 
1 m2   

Filter 

NOTE: in the conventional design, aberrations (e.g. coma)  spread the signal over several pixels 
reducing the S/N, and considerable effort was put in improving the design (Schmidt optics ,  
spherical camera in Auger). Aberrations are much less important in this simplified design, since  
light is distributed over the large PMT photocathode but at the same time    

8”-10” PMT+  
electronics  

A mirror or a Winston cone  
would work too 

GZKĈġİČĶ��ñ�$åê:²�|�1ķ$

:²
�SDĄı

ąĻ�

:²
�FDĄı

ąĻ�

Ñ�ñüÿ@B¥³��

ÖĈġİČĶ$=$½�;�ó�Ð� 3®|�1(
•  3®íó�m-�PĂ³�(
•  24qÏACåê³�(
•  MCñ�?åêĈġİČĶ�C(

:�¬�uÈÍ(
•  ¦m-�ÇĂ³�(
•  ĊĲįĪĝįĚčðĈġİČĶ�C(
•  Duty(~10%(



Ñ�ñüÿ��ĒīĳĶ³��
Askaryan$effect$
D  ęćıĴĐĥ!x(
D  :��íôèó�óÑ�ß�#(
D  Ñ�ñFåìÁoð=¼ĸ�ØM
6ØsÒĹßF»�

Geo2synchrotron$radia6on$
D  ��ĒīĳĶ¢>ß3��ñOà

ÛìĒĴčĲĝĲĴhH(

D  10D100(MHz(
D  ĒīĳĶÅ­m-ñBeaming(

Molecular$Brems.$
D  ��ĒīĳĶ¢>(<10eV)ß�>í
�"hHĂ½ãåìÑ�Ăh�(

D  1D10(GHz(
D   m�ðhH(=(¦m-�Çóg�(

Ñ�ñüÿ³�(
•  Duty(100%(
•  :��íó�¯ôöîăï�Û(
•  A�ĸĻĹ(

Bi2sta6c$radar$
D  «��ñÑ�ĂÀ�åØ��Ēī
ĳĶÞýó&H�Ă³�(

D  ��ĒīĳĶßÂÆåêYñW`ä
ĀÿÑ>zßĘĶďĚĝ(

D  ~50MHz(



Ñ�ñüÿ��ĒīĳĶ³��
Askaryan$effect$
D  ęćıĴĐĥ!x(
D  :��íôèó�óÑ�ß�#(
D  Ñ�ñFåìÁoð=¼ĸ�ØM
6ØsÒĹßF»�

Geo2synchrotron$radia6on$
D  ��ĒīĳĶ¢>ß3��ñOà

ÛìĒĴčĲĝĲĴhH(

D  10D100(MHz(
D  ĒīĳĶÅ­m-ñBeaming(

Molecular$Brems.$
D  ��ĒīĳĶ¢>(<10eV)ß�>í
�"hHĂ½ãåìÑ�Ăh�(

D  1D10(GHz(
D   m�ðhH(=(¦m-�Çóg�(

Ñ�ñüÿ³�(
•  Duty(100%(
•  :��íó�¯ôöîăï�Û(
•  A�ĸĻĹ(

Bi2sta6c$radar$
D  «��ñÑ�ĂÀ�åØ��Ēī
ĳĶÞýó&H�Ă³�(

D  ��ĒīĳĶßÂÆåêYñW`ä
ĀÿÑ>zßĘĶďĚĝ(

D  ~50MHz(



GeoDSyncrotron�LOPES(
LOFAR(
CODALEMA(
AERA(
EASIER(
RASTA…�

15-02-2012 AMvdB:  Results from the Auger Engineering Radio Array 5

LOPES,(Nature(435,(313D((2005)�
Ñ�ąĪĶē(

ĸR�¶ñüÿ�+`Ĺ�
Ñ�UT(–(¢>j(
(LOPES(–(KASCADE)�

Ñ���ĪĊĠĕĩó�µõ�

2005S(LOPESñüÿ³�5.�

CODALEMA(D(AUGER�

³�` (
Ñ���ĪĊĠĕĩó�µ(
ĸêëå|�1ĂEñ¨á\±ßÚþØ:²�|�1ñô�ÉĹ(



Ñ�ñüÿ��ĒīĳĶ³��
Askaryan$effect$
D  ęćıĴĐĥ!x(
D  :��íôèó�óÑ�ß�#(
D  Ñ�ñFåìÁoð=¼ĸ�ØM
6ØsÒĹßF»�

Geo2synchrotron$radia6on$
D  ��ĒīĳĶ¢>ß3��ñOà

ÛìĒĴčĲĝĲĴhH(

D  10D100(MHz(
D  ĒīĳĶÅ­m-ñBeaming(

Molecular$Brems.$
D  ��ĒīĳĶ¢>(<10eV)ß�>í
�"hHĂ½ãåìÑ�Ăh�(

D  1D10(GHz(
D   m�ðhH(=(¦m-�Çóg�(

Ñ�ñüÿ³�(
•  Duty(100%(
•  :��íó�¯ôöîăï�Û(
•  A�ĸĻĹ(

Bi2sta6c$radar$
D  «��ñÑ�ĂÀ�åØ��Ēī
ĳĶÞýó&H�Ă³�(

D  ��ĒīĳĶßÂÆåêYñW`ä
ĀÿÑ>zßĘĶďĚĝ(

D  ~50MHz(



Molecular(Brems.�AMBER(
MIDAS(
CROME(
OCU(
MAYBE…(

ĤĶĩUT(–(Ñ�UT�

MAYBEñüÿĤĶĩ¹Õ@SLAC�

9×1016 eV, 3.8°, 126 m

R. Šmída – Microwave emission from EAS as seen by CROME

Δt ≈ 10 ns

14 dB above mean
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TARA¶�� Transmiger((6m(Yagi)(
Receivers(

((LogDperiodic(antenna(x4)(

DAQ:(ėĥĝĆćĄĮēĉ(USRP2(
•  12.5MHz(sampling(rate(
•  FPGAñüÿ�Z(

Station WF2XHR: Transmitter

“Channel 2” transmitter

donated by KUTV-2, broadcasting 

54.1 MHz sine wave at 2 kW.

Antenna mast and 6-meter Yagi

broadcasting towards 

Telescope Array observatory 
¡2ĄğĲĎTV(2ch(

54.1MHz,(2kW(

  18

Hardware 

USRP2 NI PXIe / FlexRIO
● 12.5 MHz sampling rate

● little control over FPGA

● small FPGA

● slow USB data link

● 100 MHz clock

● 250 MHz ADC

● complete control of FPGA

● large FPGA

● 256 MB DRAM (data buffering)

● computer and FPGA in same chassis

● 400 MHz clock  

Trigger:(Self(/(FD(

SD(

FD(
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● Integrate echo contributions from each 2ns longitudinal section

● Each contribution has the same frequency but different phase
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Chirp Production Mechanism
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● Integrate echo contributions from each 2ns longitudinal section

● Each contribution has the same frequency but different phase
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Chirp Production Mechanism

● |L'| ~ chirp rate

● sign(L') > 0: freq < radar

● sign(L') < 0: freq > radar

● sign(L''): direction of change of frequency

TX RX

t=4

d
1

d
2
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SD/Self-triggered Radar Coincidence 

Search, ~8 Months Data at 2 kW

 
● Event timing good to 

100 microseconds

● Self-trigger rate ~2 Hz

● ~20 M triggers, 
compare timing to SD 
events > 1 EeV.

SD/Self-triggered Radar Coincidence 
Search, ~8 Months Data at 2 kW

 
● Event timing good to 

100 microseconds

● Self-trigger rate ~2 Hz

● ~20 M triggers, 
compare timing to SD 
events > 1 EeV.

● No coincidences above 
background seen (or 
expected).
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Shot:(Sep.(5,(2010,(4:30UTC(
Energy:(41.1(MeV�

Longitudinal� Lateral�

ELS: Electron Accelerator

ELS

BlackRock 
Fluorescence Site

100m

Electron beam

Event Display of ELS Shower 

Data  :  Sep.5th .2010.  AM04:30 (  UTC  )

Energy : 41.1MeV

DATA

First Shot              
in Sep.2010

•40MeV, 109 electrons
•E2E calibration of FD 
energies
•First shot in Sep.2010
•Analysis ongoing

T.Shibata
Oral 1252 (Aug 17)

ELS(Electron(Light(Source)�
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Antenna Design Goals

Specifications given to Mike Staal,

M2, Inc.:
● 22° x 15° (azi x elev) main lobe
● 10° elevation tilt/arbitrary tilt
● optimized for 54.1 MHz
● 100 kW power handling
● horizontal polarization (?)
● 100 mph winds
● 60 ft, self-supporting mast
● VSWR < 1.4
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Theoretical Radiation Pattern

Federal radiation exposure guidelines for 54.1 
MHz:
● uncontrolled: 0.2 mW/cm2

● controlled: 1.0 mW/cm2

40 kW transmitter, 60 ft mast
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Hardware 

USRP2 NI PXIe / FlexRIO
● 12.5 MHz sampling rate

● little control over FPGA

● small FPGA

● slow USB data link

● 100 MHz clock

● 250 MHz ADC

● complete control of FPGA

● large FPGA

● 256 MB DRAM (data buffering)

● computer and FPGA in same chassis

● 400 MHz clock  
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