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•
– Visual Studio .NET2003
– C++
– Win32API

•
– PGM class

•
•
• PGM

• FFT
– Complex Class

•
•

– BaseFFT class
• FFT
•

– ComplexFFT class
• BaseFFT class
• FFT

– FFT DSP
Interface2004 2

• WaveForm audio API
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–
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–
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• 100km 10km/s 70km/s

• (0.1g 10g

• (

• 10cm m 10 15km

• 2

• 1014 m-1

• 1014 m-1

• 50MHz HAM

• W

•

•HRO project

• MU

•

• HRO

•

•CQ

• particlephycsis 2001

P.Gorham ,”On the possibility of 
radar echo detection of UHECR 
and v induced EAS”

•RADHEP2000, T.Vinogradova 

Proposed experiment to detect 
AS with the Jicamarca radar 
system

HRO

• MH

• HAM

•PC A/D

• HROFFT

100km

HROFFT
• Xm,Ym,Zm
•
• Eo
• dE/dx

:
•
•
•
SN
• 10km
•
• s:

• ~20 km @ 1019 eV, 10 per day
• ~60 km @ 1020 eV, 2 per day

• 2000
:

•
•
•

P.Gorham

Issues:
•
• RF(radio frequency)

Advantages:
•
•
•

)

P.Gorham

LAAS Radar

• LAAS EAS-array
– Scinti
–

• LAAS/OU-OUS multiple array concept
– Baseline :100 m to 1000 m / OU-OUS
– Baseline :up to several km /OU-OUS-OSU
– Simultaneous detection of the peripheral of large EAS.

Detection rates depend on EAS size.

– Energy spectrum measurement
• Issues for Energy spectrum measurement

– Lack of information on
• Core position, the number of EAS particles, e/muon ratio

• Radar detection of EAS would provide the information on 
– Core position, Xmax or something

•
– P.Gorham EAS

1
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due to the Gerasimova-Zatsepin effect
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The photodisintegration of cosmic ray nuclei by Solar photons
proposed by Gerasimova, Zatsepin in 51’s,60’s 

as an alternative way to determine UHECR mass composition. 

• Processes 
– Cosmic ray heavy nuclei above 1017eV and  solar photons(~1eV)

• at the rest frame of nuclei, photon energy be Lorentz-boosted to1MeV
– Fragment nuclei Z/A=0.5),proton Z/A=1),neutron(Z/A=0)

• traveling towards the Earth and deflected by the interplanetary magnetic field
• resulting deflections depend on their rigidities

– At the Earth
• Multiple and simultaneous EASs observed in the very large area

• Experimental tasks
– large S T time synchronization s with GPS),

angular resolution 
– Low threshold energy for detectors because of fragment originated EASs
– Energy resolution required to estimate the energies of primary 

particles

Suwa (Aoyama)(95) 
Median-Tanco Watson(99),Epele et al., (99),
Fujiwara (04),Lafebre et al.,(08)



Numerical approaches to estimate GZ event rates.
• assumptions

– Trajectories of fragments in Solar system magnetic fields Akasofu-Grey-Lee) from 5AU 
towards to the Earth  10-8 AU step with the correction of the field strength.

– Primary elements Iron nuclei Oxygen He
– Photodisintegration cross section Epele et al.
– Energy 1016~1020eV
– Energy spectrum

– GSL were used in numerical integration this time.

3

Results
the probability of GZ events GZ and expected flux ratio JGZ/J (separation<2RE)

dominated at more than 1017eV but very low probabilities :10-4 10-5
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Numerical result :separation distance vs. primary energy

4

Typical <separation>  ~ LAAS experiments
Fe primary 1018eV 1200km 1019eV 150km

• The EAS distance between proton and 
nuclei fragments at the Earth
– independent of nuclei
– simply shifted distribution
– Average separation proportional to E-1

5

The correlation of solar direction of 
fragmentation probabilities Kanai,Fujiwara(2004)

• The probabilities P
– Enhanced at day-side and night-side 

0 )(
1exp1 dP

Nearest distance from the sun (RSUN=0.005AU)
10deg. 0.17AU
20deg. 0.34AU

Too strong field strength to detect GZ EAS pair 
at the earth.                         Lafebre et al.(2008)
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e)
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GZ events

Experimental Setup of 
LAAS projects:
8 sets of compact EAS-array 
were deployed in Japan. 
– The baseline of arrays from 

0.1km to 1000km
– Typically, 8 plastic 

scintillation counters 
(50cm x 50cm x 5cm)

– 300 to 400 m2 EAS array size 
at the flat roof in each 
campus.

– TDC signals for EAS angle 
determinations
angular resolution ~7degree

– GPS maintained 10MHz UTC 
timestamp system 
( time resolution ~1 s)

Institute name Latitude 
(N)

Longitude
(E)

Distance
from HU 
(km)

Hirosaki Univ. HU 40 35’ 140 29’ -------

Kinki Univ. KU 34 39’ 135 36’ 786.8

Nara Univ. of Industry NUI 34 35’ 135 41’ 787.9

Okayama Univ. OU 34 41’ 133 55’ 872.7

Okayama Univ. of Science OUS 34 42’ 133 56’ 871.6

Event rate profiles at 4 arrays

Homogeneous observation at each EAS array
7

Simulation: primary energy regions
• Effective Area dependences for single array, OUS123 

combinations and OU-OUS123 combinations.

• Response functions single OUS-OUS
(~100m)

OU-OUS
(~km)

Eth ~ 0.1-1PeV

8

9

Data Analyses
to search for the intensity anisotropy and 
simultaneous and parallel EAS events such as 
GZ effects

• Period for both analyses
– 1996/Sep (2 arrays) -2007/Jan(9 arrays)
– 65M events 

• FOR GZ analysis
– Event selection criteria

• Ethreshold>5 PeV ( >5 coincidence ) 
• Baseline combinations

– more than 100km
Hirosaki U.-Okayama U. 800km
Hirosaki U.-Nara U and Kinki U. 700km
Okayama –Nara U and Kinki U. 150km

– EAS arrival time difference (T.D.)
• within 5 millisecond due to geographical features

(considering separation elongation factor pointed out by Lafebre et al. 
2008)

– EAS angular distance (A.D.)
• within 15 degree (typical angular resolution of arrays :7degree

Hirosaki-OKY:800km

KINKI-OKY:160km

10

Results on the anisotropy analysis
in case of track-type plot criteria Nt 4, 45deg.,12M events

Sidereal time

Before atmospheric correction

Solar time

Spurious sidereal time

After atmospheric correction
Sidereal time

Solar time

Spurious sidereal time

11

Results on the anisotropy analysis
in case of zenith-type plot criteria Nt 3 18M events

Sidereal time Sidereal time

Solar timeSolar time

Spurious sidereal time Spurious sidereal time

Before atmospheric correction After atmospheric correction
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Comparisons with diffusive propagation model 

12.095.2
1 amplitude R in diffusion model 

Tada et al. (Zenith-type)

13

Anisotropy map in celestial coordinate
Before atmospheric correction

After atmospheric correction

14

Experimental results
• 287EAS pairs were selected among 65M events

– within T.D.  <5ms and A.D.<15deg

Time difference (T.D.) distribution 
of selected EAS pairs

Angular distance (A.D.) 
distribution of selected EAS pairs

15

Angular distance correlation to the Sun 
287 pairs 574 EASs

• head-on collision of photon with nuclei  in day-side and night-side
– In the direction near the Sun, trajectory deviation became large to be detected.

Lafebre 2008

DAY-SIDE NIGHTSIDE

16

Conclusions

• Numerical calculation have been performed for LAAS experimental setting.
• LAAS data  from up to Jan. 2007 have been analyzed.

– Conventional anisotropy analyses have been carried out in term of  zenith-type and track-
type methods. 

– GZ candidates  defined as T.D.<5millisecond and A.D.<15degree
287 EAS pairs were selected and analyzed for the  correlation of arrival direction 
to the Sun.

– T.D and A.D. distributions themselves were uniform.
– Their were no significant GZ event enhancement in the day-side and night-side 

direction. The distribution still seems to be uniform, instead of GZ effect indeed. 

– Energy estimation for each EAS were not completed because of restricted array 
size.

• Plan
– The new EAS array(OUS5) in Okayama Univ. of Science(2.5km distance form 

our campus) have started observing EAS events from Dec/2009.
– Linsley’s  EAS time structure methods for EAS energy estimation with compact 

arrays have been  implemented for LAAS EAS arrays

Poster ID: P-401 Linsley’s EAS time structure method
• E>1016eV

– EAS core position can not be determined by lateral structure analysis with small 
array(20m x 20m).

– The outskirts of EAS will be hit to the EAS array.
– Linsley predicted the relation between core distance r and EAS thickness 

empirically.
– The EAS thickness measurement system were installed.

• Status
– OUS1 array maintained 

with Linsley’s method.
– OUS4 array were 

implemented with 
zenith angle restriction 
system.

– OUS5 array started 
observation, located at 
2.5 km distance from 
the OUS campus.

17


