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What is COREA?

• COsmic ray Research & Education Array 
in Korea

• School-array of CR detectors to study 
UHECR spectra
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Cosmic-Ray energy spectrum

● Flux above 1019 eV :
  ~0.5 particle/km2/year/sr

● Flux above 1020 eV :
   ~1 particle/km2/century

● Composition (109 ~ 1015): 
      50% protons
    ~25% alpha particles
    ~13% C/N/O nuclei
      <1% electrons
     <0.1% gammas 

● For > 1015 eV: Detecting  “Extensive
    Air Shower” at ground by sampling
    shower secondary
     Energy, Direction, Particle ID
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Extensive Air Shower
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Detection of Shower Particles

Shower particles form a thin disc m

oving at the speed of light
   (only a few meters thick)

• energy ! particle density
• angle   ! shower timing

• ID       ! muon number

Detector Type :

      Plastic Scintillator : AGASA

      Water Cerenkov   : AUGER

      Liquid Scintillator



Detection Techniques

11

Detection techniques

! Ground arrays – scintillators

• oldest, simplest technique

• Determine the approx. lateral dist. of EAS by sampling

! Ground arrays – Cherenkov counters

• Electrons in EAS emit Cherenkov light; E_th ~ 21 MeV

• Easy to increase areal acceptance

! Air fluorescence

• Shower particles exciting N2 molecules

• 300 ~ 400 nm, mostly " atten. Length ~ 15 km

• “stereoscopic” binocular method
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School Array approach

High cost for UHECR experiment

• land use; data network; personnel

Physicists provide equipment and experiences

schools provide sites; internet infrastructure and 
personnel for operation & monitoring

Most of all, training for scientists of next-generation

Pioneered by U. Alberta (ALTA) and U. Nebraska 
(CROP)
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NALTA

North American

Large area
Time coincidence

Arrays 

School arrays for UHECR
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WALTA/SALTA Detector : Simplest OptionWALTA/SALTA Detector : Simplest Option

3 detectors, each 1 m2 * 1 inch

poor light collection efficiency (number of 

   reflection, signal attenuation in the light path)

      (BC-408 att. length ~ 200cm)

variation of signal height depending on the 

   hit position



COREA Status



The Collaboration
• First organizational meeting @ Ewha W.U. in  

2004/12

• Currently, ~20 professors (in physics, 
astronomy, science education) & ~80 high-school 
teachers

• had 9th Collab. Meeting in Feb. 2006

• no big-scale funding yet; but government 
funding for small-scale R&D has just started
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Detector R&D

• Detector type & Efficiency test

• DAQ / GPS

• coincidence measurements...
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Detector types considered
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Thin scintillator with WLS fibers:

●  Need machine work for grooves
●  Careful assembly process
●  Small diameter PMTs ok

Thick scintillator in a big tube w/ 
PMT at the top:

●  Simple assembly
●  Scintillator price vs. photon 

collection efficiency
●  need large-diameter PMTs



Tube type

Used for KASCADE, AGASA ... 

Homogeneous detector 
response over whole area

Poor light collection effi. ➙ 
need good reflectivity of 
container & thick scintillator

High cost for thick plastic

Difficult for muon detection

15

KASCADE : stainless steel
 container, 4cm thick scintillator

AGASA : 5 cm thick scintillator,
             single PMT



Fiber type

Light collection effi. increases 
with

• thick WLS fiber

• more fibers

Muon detection with electron 
shielding b/w layers

• early AUGER option
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1x1 m2 x 10 mm, 2 layers of polystyrene scintillator plates
5x5x2=50 plate of 194x194 mm2 size, 5 mm thickness and 4 grooves  
Maximum light emission at 420 nm, decay time 2 nc.
22 WLS-fibers of Y-11 type of 1 mm in diameter. 
4x5=20 fibers glued in plate grooves + 2 additional fibers glued  on side of  the layer 
Far end of each fiber has Al-mirror. 
Fiber light attenuation length about 330 cm. 
Light output homogeniety along the counter sensitive area about 6%. 
For homogenization of the light output (along the WLS-fibers) 
Small PMT (FEU-115M), Test measurements : 20 photoelectrons for a MIP 

Russia IHEP 
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Scintillator Effic’y Test
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scintillator to be tested

!

"#! $%%&'&()'*! +,! -&./! 01234.(! !

!

!5! 6/7(8/129:;! <=>$?@A(3('317:!BCD!EFG:!HI!JKL!CMN!OPQR!S

TU!VWQ!XYZ![\#!

!

]!5! 3/7(8/129:;!-+:!H^! (%%&'&()'*! _!

!

JKL!`a!bc!dQ! e#fL!ghij! 3/7(8/129`! kfl+LP!LE!-+!mn`! eoff+! !

LpLq!JKr! f#s!Lpc!tRU\#! !

!

!

!

!

!

!

!

!

!



Scintillator Effic’y Test
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Scintillator Effic’y Test
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DAQ / GPS
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Scintillator + PMT 

DC power

DAQ

PC

Detector Box

Power

To Network

USB

        coaxial
(PMT analog)

coaxial

GPS

(send data)
FADCPMT

(sampling: 10ns)

memory

(ask data)

The Set-up

22



The COREA DAQ box
100 MHz, 10bit ADC

simultaneous record & send

one board for 4 PMT channels

control trigger logic configurations

USB2.0

capable of external trigger I/O

Status
“Full” (of all 10 channels) --> DAQ deadtime
“Ready” : event(s) in ≥ 1 channel

1 event ↔ 20 sampling ↔ 200 ns

simultaneous handling of 4 channels



Power Supply (+/- 12V)

4 PMT signals

Xilinx FPGA chip
With internal mem.

Oscillator 100MHz

4 ADC 100 MHz 10 bit

OP amps

Parallel port I/O buffer

Ext. Trigger In/Out

Parallel port connector

Signal Buffer

inside the DAQ box

Trigger modes
0     -->  1*2*3*4 
1 -->  1*2*3 or 1*2*4 or 1*3*4 or 2*3*4  
2 -->  1*2*3 or 1*2*4
3 -->  1*2*3
4 -->  1*2 or 1*3 or 1*4 or 2*3 or 2*4 or 3*4
5 -->  1*2 or 1*3 or 1*4
6 -->  1*2 or 1*3
7 -->  1*2
8 -->  1 or 2 or 3 or 4
9 -->  1 or 2 or 3
10 -->  1 or 2
11  -->  1   // the default
12  -->  2
13  -->  3
14  -->  4 



GPS Receiver

•  M12+ Oncore™ Timing Rcvr.

    - from Synergy Systems, USA
    - 3 Volt, low power consumption
    -  timing performance < 2ns



GUI for control

26

- Control over Trigger mode and 
threshold

- Internal functions
SET_THRES, READ_THRES,
READ_THRES_ADC
RUN_ADC, SEND_TRIMODE
MEM_READ



Triggered, GPS-tagged data

27

Data Records
1.  Sampling point
2.  Signal – channel 1
3.  Signal – channel 2
4.  Signal – channel 3
5.  Signal – channel 4
6.  Time
7.  Read address
8.  Size of data
9.  Flag for memory full



Simulation Study

for a small-scale detector array

strategy: where & how many?

• geography of school distributions

28
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Cluster E
Cluster EY
Cluster S1, S2
Cluster EYS1, 2

Cluster D

Avg. inter-station distance 
for the clusters
• E (71m), EY (122m)
• S1 (224m), S2(736m)
• D (334m)

Seoul --  the capital city of Korea
● ~600 km2 with ~500 HS + more JrH
● adding Kyonggi Prov. shall help a lot
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Cluster B



Cluster E (30 stations)



Cluster EY (30 stations)
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School locations for Clusters S1, S2

30 schools chosen, for both S1 and S2 in the simulation study
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Candidate arrays
Cluster D(30)

Cluster EY(30)-S2(30)



Simulation set-up
CORSIKA package

primary particle: proton

• vertical entry (zenith angle = 0)
• energy: 1016, 1017, 1018, 1019, 1020 (eV)

shower particles: e, µ
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Results: S1 vs. EY
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Results: EY-S1 vs. EY-S2
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What we have learned

hybrid (30+30, e.g. EY-S1) array covers wide 
energy range (1016 ~ 1019 eV)

with only 30 stations

• EY for low-E (1016 ~ 1017 eV)

• S1 for med-E (~1018 eV) 
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from this simulation study



Summary
COsmic ray Research & Education Array 

A school array for UHECR program has been 
formed in Korea

Key R&D activities going on

• Single station tested with home-made DAQ 
including GPS

• Simulation study for initial operation strategy

But, still long way to go; need your encouragement



Thank you!


