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Radio Scattering

* radio
scattering has
been used for
meteor
detection. See
WWW.Imo.net

* The burning meteor produces a trail of ionized air. The
free electrons retlect below the horizon electromagnetic
waves such as those from a TV station.
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I Radio Scattering for Cosmic
I Rays?!

® Sl mMu I at| ons log (Density) of fon pairs at 936 g/em’; 854 m. Time t=330716.7974 ns. Primary particle at 1x 10°° eV
Indicate the 2400
possibility of using ™
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radio scattering for
Cosmic rays.
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I Radio Scattering of CR

MARIACHI was
Initiated to check
the possibility of
studying CR
through Radio
waves.

* Proof of principle
experiment.

I * The project
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I Our Initial Experimental Setup

e Network access for
GPS time-stamping.
eRadio receivers to
demodulate signal.

*Setup sensible to
meteor events.
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e Gaps found in the

I data sample.
* Impossible to SN
obtain precise time-£ ,| || i |
stamping.

* CPU does
“something else” -/
Instead of servicing S e e oww
Interrupts.

Initial Experimental Setup

Amplitude
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Initial Experimental Setup

— first hd recording time

® The recordlng tO 10_—secondhdrecording’[ime | :
the hard disk can /| e asmesnmene]_ 7

impose a limitto ¢
the minimum size . T S
of buffer to be S R
used. s

* Number of Soal
channels and sf g™ A
sampling rate il

dependency. - - - - - -
[ ] S O m e I ate n Cy IS 0 2000 4000 600r(:u mbzorotz)f by;:oeogo 12000 14000 16000
unavoidable.
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Improvements to the DAQ

 Usage of DTV (fewer and with a catrrier).

* Inferior limit assigned to the buffer size.

e Software redesign : thread to capture samples from
sound card should be FIFO with highest priority.

e capture thread only perform one OS system call.

* Use of a GPL real time OS (rtlinux). See
www.rtlinux.org.

* Performance monitoring with GPS pps directly
connected to the sound card.

* Insertion of attenuated GPS bitstream as a signal to

sound card the sound card.
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I Improvements to the DAQ

of Digital TV
stations -> less
noise.

* Easier to detect
-> NoN-
suppressed
carrier.

I e Smaller number
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I Improvements to the DAQ

* New setup. GPS receiver

e GPS fed 1 pps signal
directly to the |, bitstream Real Time Linux

Workstation

sound card. —

. : LPDA =
workstation - Sound | .
not card | =
connectedto Radio L/« —
network Receivers — oo /_/I\

(linux single). [e=
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I Improvements to the DAQ

° the peak GPS receiver
persecond X/ [ =1 _tppssienal .

I (pps) signal e GPS Pezk-Per-Second (pps) Linux
allows to tion
check for fffffffffffffffffffffffffff |
data loss. coool| | S T e o

e The number , | | N RN

of samples O

should be 122 | e i

constant - 1

between ~ ‘ 5 Ve

Pps'es. _ able
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Improvements to DAQ

600

* Number of o
samples - _________ __________ __________ __________ __________ __________ __________ __________ _______
between pps'es s
shows e
Improvement of
the system. L

* |stime stamping ">~} R -
of individual S
samples now
possible?
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8
e
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I Improvements to the DAQ

e Bitstream GPS receiver
1 pps signal
-
I also fed to |, Dbitstream Real Time Linux
sound Workstation
card. LPDA o=

: Sound
e Serial ant. g;rr:i C

standard Radio

sign al Recelvers :

(baUd — 1 NIM Massive
9600). | cre emovable
disk unit
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Improvements to the DAQ

* Bitstream GPS receiver

also fed to Xéx{?/'"%f Ippssignal |

el
sound P il g 20100
card. L%

e Serial o AR
standard i | |
signal R¢ I I i
(baud = )

% 181VE
9600). © | ~ |vable
—— .1.2|8 I1 unlt
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Improvements to the DAQ

* When the
bitstream Is
decoded
offline, the
NMEA code
IS found.

e Time
precision Is
In the
millisecond
order.

L%

R«
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Improvements to the DAQ

e Usage of a
NIM crate
(four fold
coincidence of
scintillating
pads) for
offline CR
trigger.

* NIM crate
output fed to
the sound
card.

LPDA
ant.

Radio
Receivers

GPS receiver

1 pps signal
L~ Dbitstream

Sound |
card

Real Time Linux
Workstation

D
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Improvements to the DAQ

* The NMEA millisecond
mark Is updated of 1
msec at around
150/180 seconds.

* Using this one can
Interpolate and get a
higher precision.

* A comparison with a
HP+expensive GPS
(ns precision) was
performed.
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Experimental Results

Long Island Sound

* two receiving
stations (BNL
and SCCC
were
assembled In
Long Island.

e DTV channels
2 and 4 were
studied In

I Eassl
= - -'..- “Sg Hagerman 3:. -' P*"‘na..f__.l-:-"‘\‘ o Rl B
"“av n:_' = | . Patchof '- - o o . —
. ] Point : : Ballpo astic
both receliving o | B
[ - ‘ﬂs‘ %%.‘;- . GREAT souTH BaY ol |-
: R ey

Azdmarrs Mervan
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Experimental Results

Offline Analysis performed

Two—Pass
Split-Window
Algorithm

Power Sum

Sound FET Spectra
—_— . -
waves analysis lines
TPSW for Zero
_ .| theentire mean _ |
1 minute power
power

local variance

estimative for
each spectrum

Y

restricted band

Power sum in time
|, for one minute of
data acquisition

New local var.
estimative for
power < 2 prev.
local std var.
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».0f the local (in time)

standard deviation.
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Experimental

e Coincidence
event found
between
stations 19 Kms
apart.

e No local noise
can be the
source.

e Same situation
on channel 4
recelver. No
transmitter
effect possible.
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Experimental Results

-
|

e Detall of the
same event.

* The event
took a few
milliseconds -
to finish. il

e saturation In
DTV 1
channel 2. tma(re

=
th

Amplitude DTV at SCCC
=]

Amplitude OTW at EML
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Experimental Results

e Power of the
event
spectra. AN AL

* This Is our T emey
trigger 2 R
variable. > =T

e Similar
results found © =i e Db Vo LV VN
for DTV

time{ms)
channel 4.
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Experimental Results

BrlL date and tima= 100004 32371082374

We also looked for 01

events in coincidence s

with the NIM crate 27,

signal. e

NIM crate trigger s m s m ms  m

received at 0.5s.

Event duration ~=

=

1ms -> Cosmic Ray?!
Large delay with
relation to the NIM
Crate (PCR delay?!). ™

SCOC DTV 2
&
h i A =) b

L &
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I Experimental Results

. Detection Haﬁm ______________ _____ /\ _____ ______________ ______________ _
I during the ?m L 10 0 O T

Perseids Ezﬁm ............................................................................................ il
meteor TS0 Y I 1 T SO S N _
shower. :

e Earth E
hides us g
from :E = ; ; ; : : ; ;
meteor

time in days from Aug ‘lDth. 2004 (19:01 hs UTG)

shower.
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Experimental Results

4]

40300

e Earth's
rotation
effects can be
seen.

B | e L R A

12
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Experimental Results

GPS

" Bitstreatn
e Same DAQ receiver
technology (RT + lpps
OS, software F
design, GPS Sound
usage) o Card
* Online

coincidences
between
photomultiplier
signals.
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Experimental Results

e A mean of
48.33 events
per minutes

e Scintillating
pads of 0.25
m* one on
top of other.

* Three fold
coincidence
required.
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I Conclusions

Extreme Energy Cosmic Rays were
presented within the framework of the
MARIACHI project.

* For the radio scattering detector system,
major improvements to assure data quality
and the capacity to measure such quality
were performed.

* A real time operating design was studied.

I  Two systems that can be used to investigate

IEEE NSS 2004 conference October 20th, 2004



I Conclusions

sampling periods was achieved.
 Two radio receiving stations 19 Km apairt
were assembled and operated for 14 days.
* Many signals were received Iin coincidence
netween both stations (non-local signals) by
noth stations (no particular transmitter
oroblem).
* Tens of millisecond or less events found ->

discrimination.
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I * Time stamping with a precision of two




I Conclusions

* A four receiving stations run is being
envisaged to find meteor/EECR position.

* MARIACHI is associated with Quarknet ->
GRID like experiment being developed.

e Setup with phototubes can be acquired in the
sound card.

e Setup cheaper than US$ 4000.

* http://www.cosmicray.bnl.gov.

e http://www?2.bnl.gov/~damazio/log/.
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I e The Perseids meteor shower was detected.



