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UHECR Experiments
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 construction 

AGASA

HiRes-I & II

Auger 
– Starting the

Golden Hybrid Era –

Telescope Array

 planned 

JEM-EUSO

 analysis only 

 operating 

• Understand the origin of CRs
         • Find the most power cosmic
                                                 accelerators
                    • Learn about CR acceleration
                                • EHE particle physics
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Exposures 2007

Auger-SD
AGASA

HiRes I mono
(3°-17°; 9 yrs)

Note:
Flat for Ground Arrays
growing for
Fluorescence Telescopes

      HiRes II mono
(3°-31°, 6.5 yrs)

Auger-FD (1°-31°)

0.8 full Auger year
 5165 km2 sr yr ± 3% 



HiRes-II

HiRes-I

The HiRes Experiment
• HiRes-I

– 21 mirrors
– 1 ring, full azimuth, 3°-17° elevation
– Sample & Hold DAQ System
– Took data: June 1997-April 2006

• HiRes-II
– 42 mirrors
– 2 rings, full azimuth, 3°-31° elevation
– FADC DAQ System
– Took data: Dec. 1999-April 2006

• Both:
– 5.1 m2 mirrors, 16x16 PMTs

4slide from D. Bergmann
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HiRes Monocular Spectra
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Expect 39.9       , observe 13

P=7x10-7 (4.8σ)

1019.75 eV

 2.81 ± 0.03 3.26 ± 0.02
5.1±0.7

1018.65 eV

±3.3

 ; 6.5x10-6 (4.3σ)

GZK effect
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HiRes Aperture & Error Table
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HiRes I vs
HiRes II

HiRes Energy Scale Uncertainties
– Missing Energy 5%
– Energy Loss Rate 10%
– Fluorescence Yield 6%
– Atmospheric Conditions 4%
– Photometric Calibration 10%

• Total Energy Scale Uncertainty 17%
factor 70
per decade in E !

farther away from the detector, no significant difference is
seen in the aperture for iron and proton showers.

Using the pure iron and pure proton apertures, we have
calculated the effect of a change in the assumed proton
fraction on the aperture estimate. The proton fraction
f(E) is defined as the ratio of generated proton showers
over the sum of generated proton and iron showers in
the MC: f(E) = lp(E)/(lp(E) + lfe(E)). The acceptance for
a MC set with a proton fraction f in a given energy bin is

af ¼
mp þ mfe
lp þ lfe

¼ mpð1þ mfe=mpÞ
lp=f

¼ apðRþ f % ð1& RÞÞ ð8Þ

Here mp and mfe are the accepted, i.e. triggered and well
reconstructed, proton and iron events, respectively; af
and ap are the acceptances for a MC set with proton frac-
tion f and 1, respectively. R is given by the ratio of the
acceptances for pure iron and pure proton MC sets
mfe=lfe
mp=lp

! "
. This ratio can be determined directly from the

two curves shown in Fig. 9, since the apertures are just
the acceptances multiplied by a constant factor, the geo-
metrical aperture AX. With R known, Eq. (8) yields the
acceptance af for a given proton fraction f in a given energy
bin.

It can be seen from Figs. 9 and 8 that systematic uncer-
tainties in the aperture due to uncertainties in the proton
fraction are only of concern at the low energies covered
by the HiRes/MIA measurement. We have calculated the
systematic uncertainty in the proton fraction f(E) from
the relevant uncertainties in energy and Xmax quoted in
the HiRes/MIA PRL paper [20].

Sources for energy uncertainties in HiRes/MIA are the
detector calibration (<5% uncertainty in energy) and the
aerosol component of the atmosphere (<10% uncertainty
in energy). A 10% uncertainty in the fluorescence yield is
common to both HiRes and HiRes/MIA, and is therefore

not included in our calculation. Since both experiments
use the same assumptions on the fluorescence yield, a
potential error in this parameter would induce the same
bias in the reconstructed energies of HiRes/MIA and
HiRes. It would thus not change the shape of the aperture.
Given the measured elongation rate of 93 g/cm2 [20], the
uncertainties in energy from calibration and atmosphere,
added in quadrature, contribute <4.4 g/cm2 to the uncer-
tainty in Xmax.

The quoted uncertainty in Xmax of roughly 25 g/cm2 due
to the calculation of the Cherenkov fraction is also com-
mon to the two experiments and is thus not relevant for
our calculation. Since the same assumptions on the Cher-
enkov light beam are made in the HiRes and HiRes/MIA
analysis, a potential bias in the HiRes/MIA reconstruction
would be corrected in the HiRes detector simulation before
the calculation of the acceptance. In other words, the
HiRes MC simulation positions showers on the average
at the same height where they were seen by HiRes/MIA.
A recent study of the fluctuations of the molecular density
profile using radio sonde data shows a small discrepancy
with the standard model used in both HiRes/MIA and
HiRes [22]. This introduces an additional uncertainty in
Xmax of <10 g/cm2.

Since the separation between the proton and iron lines
in the QGSJet01 model is '100 g/cm2, the uncertainties
in Xmax of 4.4 g/cm2 from the energy measurement and
of 10 g/cm2 from the molecular density fluctuations trans-
late to '4.4% and '10% uncertainty in the proton fraction
f(E), respectively. Finally, one has to add a '3% uncer-
tainty coming from the linear fit to the HiRes/MIA data
that is used to parameterize the proton fraction in the sim-
ulation programs. Those uncertainties in the HiRes/MIA

Pure Iron Aperture

Pure Proton Aperture
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Fig. 9. Apertures for pure iron and pure proton MC sets.
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Fig. 10. HiRes-II energy spectrum with systematic uncertainties (thick
error bars) corresponding to a ±11% change in the proton fraction of the
MC. Data included in the spectrum were recorded between December
1999 and September 2001.

R.U. Abbasi et al. / Astroparticle Physics 27 (2007) 370–381 377

protons

factor 10 between p & Fe
Depends on assumptions 
about models, mass and 
spectrum slope

Iron

exp. Resol.
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Pierre Auger Observatory

7

 August 1, 2007  

1482  deployed 
1436  filled 
1364  taking data 

~ 85%

All 4 fluorescence 
buildings complete,
each with 6 telescopes

Final: 1600 tanks

Hybrid
 Detector
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The Auger Hybrid Observatory

24 fluorescence telescopes...

...1600 Water Cherenkov tanks
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20 May 2007    E ~ 1019 eVQuadruple Event



Get T0 from SD tank!
Geometry uncertainties shrink!

TAUP 2007, Sendai (Japan) Karl-Heinz Kampert 

Arrival time at ground provided  by the 
SD, removes degeneracy in the FD 

geometry fit

Hybrid - Precise Shower Geometry
first step towards precise energy, depth of maximum
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The Power of Hybrid

 Hybrid SD-Only FD-only

Angular
Resolution ~ 0.2° ~ 1 - 2° ~ 3 - 5°

Aperture Flat Flat growing
 model ind. model ind. model depend.

Energy model ind. model dep. model ind.

11

The combination is 
more than

the sum of the ind
ividuals !
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FD-mono-Uncertainties: HiRes vs Auger
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Auger HiRes

 Fluorescence Yield 14% 6%

 Energy loss rate 10%

 p, T, & humidity effects
 on yield 7% 4%

 Photometric Calibration 9,5% 10%

 Invisible Energy 4% 5%

 Reconstruction 10% ?

Total 21% 17%

11,6 {

if reconstruction uncertainty is ignored: 19 %
Note: this causes an integral
flux uncertainty (γ=3.0) of:    46 %          37 %
(on top of effect of acceptance uncertainty)
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FD energy calibration
Fluorescence yield is at present the dominant error contribution
also: Auger uses Nagano et al, HiRes uses Kakimoto et al.

13

New (better) data will become available from:

Goal: reach 1 % level Data on abs. yields expected to be released
at workshop in Spain next week

AIRFLY using test beam at DAΦNE
and elsewhere measuring p, T, and
humidity  dependence of abs. yield

FLASH using test beam at SLAC

MACFLY using CERN-SPS test beam
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QGSJet & SIBYLL agree within a few percent

FD Systematics by Interaction Models
Drescher et al.; Astropart. Phys. 21 (2004) 87

 FD: energy obtained 
 from integral
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Effect of High-Energy
Interaction Model:
Sibyll / QGSJet (Gheisha)
 ~ 30 % effect to E

Effect of Low-Energy
Interaction Model:
GHEISHA & FLUKA / UrQMD
 ~ 10-20 % effect to E

GHEISHA 
produces

too many pions

~30 less μ‘s
in QGSJet

SD Systematics by Interaction Models
Drescher et al.; Astropart. Phys. 21 (2004) 87
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Auger: SD Calibration by FD

Fluorescence Det. Energy
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387 hybrid events

4·1019 eVNagano et al.
FY used

σ(EFD-ESD)= 19%
... improves as energy
increases !
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Energy Spectrum
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                   Exp         Obs
>1019.6     132 ± 9         51 
> 1020        30 ± 2.5        2

Slope = -2.62 ± 0.03

Auger E-Spectrum (Θ< 60°)

significance = 6σ

only statistical errors are shown
system: 6 % stat. + 22% syst.

Exposures
Auger: 5165 km2 yr sr
AGASA: 1619 km2 yr sr
HiRes:  ~ 5000 km2 yr sr

Pierre Auger Collab. @ ICRC 2007
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Energy Spectra: Comparison
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20

Energy of Auger scaled up by 15%

 Remember:
 Auger and HiRes quote
 uncertainties in E of ~ 20% 

Energy of AGASA scaled down by 15%
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Auger 2007

-3.30 ± 0.06 -2.62 ± 0.03
- 4.1 ±

 0.4

18.65

19.55

 Test of Berezinsky’s e+e- dip model 

GZK effect is modified by
 • E-distribution of source
 • source local overdensity/deficit
 • different values of Emax

 dip-model (Berezinsky et al.) can
describe E-spectra...
... as ankle model can do
... and mixed model
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Composition
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Supernovae ?

Ankle: Measurement of composition is crucial !
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p + γCMB → p + e+e−
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Mass from Xmax observations
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Auger 2007
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Systematic error of Xmax: <15 g/cm2 @ <1018 eV; < 12 g/cm2 @ > 1018 eV

syst. err.

Pierre Auger Collab. @ ICRC 2007
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Auger 2007
HiRes 2007

ankle-model
dip-mod.

Elongation rate will be the most 
sensitive tool to se!le quest

about G-EG-Transition

Mass from Xmax observations
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UHE Photons ? Expected by Top-Down models

26

e.g.: Super Heavy Dark Matter fit to AGASA

Gelmini, et al, astro-ph/0506128

AGASA Data

Bottom
up Protons

γ from SHDM
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SD-Data: rise-time & shower-front 
curvature ⇔ µ # ⇔ primary mass

γ-simulation

(median)

exp. data Auger

SHDM & TD models 
largely ruled out

UHE-Photon Limits from Ground Array

95% CL on photon fraction
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GZK-effect: Yes
UHE Photons: No

Top is Down
Bottom is Up
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Test of Lorentz Invariance Violation

29

Galaverni & Sigl
arXiv:0708.1737

cascading of UHE
photons suppressed

LIV ➙ may modify photon dispersion relation

ω2 = k2 + m2 + ξnk2(k/MPl)n

➙ affect the threshold for e+e– pair production

➙ p + γCMB → ∆→ n + π0

↳ γγ → e+e−

expect significant photon
fraction above ~ 1019 eV

γ-fraction
if LIV

no LIV ξ1 ≤ 2.4× 10−15

7 orders of magnitudes
be"er than previous limits!

ξ2 ≥ −2.4× 10−7
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UHE Photon Physics: Future
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ντ

ν

~30 atm

h

h

1 
at

m

em µ

‘old’ showers (h)
• Narrow time distribution
• Weak curvature
• Flat lateral distribution

‘young’ showers (ν) 
• Wide time distribution
• Strong curvature
• Steep lateral distribution

Only a neutrino can induce a young horizontal shower !

Neutrinos by Horizontal EAS



TAUP 2007, Sendai (Japan) Karl-Heinz Kampert 

Search for Earth-skimming ντ

32

HiRes: events ± 10° from horizon, background events in MC, ~100 laser events
Auger: Surface Det. ; using signal traces & direction, background-free

Neutrino Energy [eV]
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talk by
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(Wednesday)

Pierre Auger Collab. @ ICRC 2007
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Arrival Directions
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Angular Resolution

34

(40°)

factor 30 !

Magnetic De!ection
intergalactic O(2-3)°

       40 EeV 100 Mpc
galactic O(1-2)°

       40 EeV o" disc

       FD-mono:

     very bad for

point-source searches
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Anisotropy Searches

1 Galactic Center

35

(Large scale anisotropy)

(Autocorrelation)

E 1  <  E 2  <  E 3

3 Correlation BL Lacs

2 Multipole Search

4 Cluster Search

(more general: point sources)



Karl-Heinz Kampert TAUP, Sept. 2007, Sendai (Japan)

Galactic Centre

36

Agasa Collab., Astropart. Phys. 10 (1999) 303

E=1018-1018.4 eV nobs-nexp= 506/413.6

4.5 sigma excess (~ 22 %)

R. Engel and H. Klages ULTIMATE ENERGY PARTICLES IN THE UNIVERSE

the acceptance range of SUGAR. Whereas the AGASA excess seems to indicate an extended source, the

SUGAR data suggest a point like source within the angular resolution of the array ( , where

is the zenith angle). The direction of the point source location does not coincide with either the Galactic

Center or the AGASA excess region but is closer to the latter one (see Fig. 6).

Figure 6: Map showing the chance probability that the arrival directions observed by SUGAR [41] are compatible
with an isotropic arrival distribution. The heavy lines mark the , and contours from the AGASA analysis [40]

(from [41]).

An anisotropy study of Fly’s Eye data also revealed a small but statistically significant excess of cosmic

rays coming from the Galactic plane [42]. The chance probability of the correlation seen in the energy

range from to eV is estimated to be less than 0.06%. The Haverah Park and Yakutsk arrays

are located too far north to be able to see the excess regions of AGASA and SUGAR.

Below eV no significant anisotropy is found in the AGASA data [40]. This is in agreement with

an analysis of more than 135,000 showers of the Yakutsk array with energies from to eV

[88], which finds a dipole amplitude that is compatible with full isotropy.

At energies above eV the large scale structure of the arrival direction distribution appears, within

the limited statistics of the AGASA array, isotropic [40]. This finding agrees with a recent study of the

HiRes Collaboration, performing a global anisotropy search based on events observed by HiRes I

in monocular mode [43]. Showers with energies above eV were included in the analysis, whereas the

energy-dependent aperture of HiRes (see Fig. 2) leads to a significantly higher mean shower energy than

would be expected for a ground array measurement applying the same energy threshold. The HiRes data

are compatible with an isotropic arrival direction distribution.

By combining data from arrays of the northern and southern hemispheres a full sky anisotropy study is

reported in [89]. Considering in total 99 showers from AGASA and SUGAR with no large

scale anisotropy is found.

3.2. Small angle correlations

There is a very interesting small angle clustering reported by the AGASA Collaboration [44–46]. This

small scale correlation could be a hint for point sources in our cosmological neighbourhood.

8

SUGAR Collab., Astropart. Phys. 15 (2001) 167

2.9 sigma excess (~ 85 %)

H.E.S.S: gamma ray observation Sgr A and Molecular Cloud
Nature 439 (2006) 695
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Auger: Galactic Centre Region

37

0.1 < E < 1 EeV

Data: Jan 2004 - March 2007

E.M. Santos
30TH INTERNATIONAL COSMIC RAY CONFERENCE

search window size nobs/nexp n95
s

extended 10◦ (TH) 5663/5657 = 1.00 ± 0.02(stat)± 0.01(syst)
20◦ (TH) 22274/22440 = 0.99 ± 0.01(stat)± 0.01(syst)

point-like 1.3◦ (G) 192.1/191.2 = 1.00 ± 0.07(stat)± 0.01(syst) 17.9

Table 1: Summary of excess searches below 1 EeV around the GC (Sagittarius A*) in the form of extended
sources using tophat (TH) beams and point-like sources with Gaussian (G) beams. A 1% systematic contri-
bution from possible weather and detector deadtime induced rate modulation is included. The Gauss beam
matches the angular resolution (AR=1.5σ = 2◦ [8]) in this energy range. 408607 showers selected.

search window size nobs/nexp n95
s Φ95

s (km−2 yr−1)
extended 10◦ (TH) 1463/1365 = 1.07 ± 0.04(stat)± 0.01(syst)

20◦ (TH) 5559/5407 = 1.03 ± 0.02(stat)± 0.01(syst)
point-like 0.8◦ (G) 16.9/17.0 = 0.95 ± 0.17(stat)± 0.01(syst) 5.6 0.018κ

Table 2: Same as table 1 for 1 < E < 10 EeV, including also 95% CL flux upper limits on a neutron source.
The Gauss beam used matches the angular resolution (AR=1.5σ = 1.2◦ [8]) in this energy range. 109101
showers selected.

We have done as well a search for extended ex-92

cesses around the GC on top-hat windows of 10◦93

and 20◦ and the results are presented in table 1,94

showing no significant excesses. The isotropy of95

the sky around the GC for 0.1 < E < 1 EeV can96
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with the expectations of isotropy. Given the statis-100
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Given the neutron lifetime at rest (885.7s), a con-
siderable fraction of neutrons produced in the 1 <
E < 10 EeV energy range at the GC would survive
and reach the Earth. Even though energies above
3 EeV are probably too high to be reached by parti-
cles accelerated by galactic objects, in this energy
range, the bulk of CRs will be below that value.
Unlikely the case of photons, if we assume here
that the composition of the bulk of the CRs in the
energy studied is similar to the source, so that the
source spectrum Φs has the same spectral index as
the CR spectrum ΦCR, we can obtain directly the
95% CL upper bound in the integrated flux (see
numbers in table 2 where we also show the results
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AGASA 22% excess
would give a 16 σ excess in Auger
SUGAR 85% excess
would give a 30σ excess in Auger
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1 < E < 10 EeV
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search window size nobs/nexp n95
s

extended 10◦ (TH) 5663/5657 = 1.00 ± 0.02(stat)± 0.01(syst)
20◦ (TH) 22274/22440 = 0.99 ± 0.01(stat)± 0.01(syst)

point-like 1.3◦ (G) 192.1/191.2 = 1.00 ± 0.07(stat)± 0.01(syst) 17.9

Table 1: Summary of excess searches below 1 EeV around the GC (Sagittarius A*) in the form of extended
sources using tophat (TH) beams and point-like sources with Gaussian (G) beams. A 1% systematic contri-
bution from possible weather and detector deadtime induced rate modulation is included. The Gauss beam
matches the angular resolution (AR=1.5σ = 2◦ [8]) in this energy range. 408607 showers selected.

search window size nobs/nexp n95
s Φ95

s (km−2 yr−1)
extended 10◦ (TH) 1463/1365 = 1.07 ± 0.04(stat)± 0.01(syst)

20◦ (TH) 5559/5407 = 1.03 ± 0.02(stat)± 0.01(syst)
point-like 0.8◦ (G) 16.9/17.0 = 0.95 ± 0.17(stat)± 0.01(syst) 5.6 0.018κ

Table 2: Same as table 1 for 1 < E < 10 EeV, including also 95% CL flux upper limits on a neutron source.
The Gauss beam used matches the angular resolution (AR=1.5σ = 1.2◦ [8]) in this energy range. 109101
showers selected.
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Earlier Results: Astropart. Phys. 27 (2007) 1

No Excess seen 
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Other Searches (Auger)
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No evidence for dipole
or multipole.

No correlation with BL-Lacs: Previously reported based on  data from AGASA, Yakutsk and HiRes E > 10 EeV

No significant observation of CR-Clusters: Previously reported by AGASA

But: Two prescriptions are running...

Pierre Auger Collab. @ ICRC 2007

despite of having collected 6 times more events above 10 EeV....



Where is Our Crab?

based on Angela Olinto (TeV 2007)

Whipple 1989

HESS, MAGIC, VERITAS, Cangaroo 2007



Where is Our Crab?
Exposures > 104 L

Exposures > 105 L

L = 1 km2 sr yr   - Linsley

AGASA, HiRes

AGASA = 1.63 103 L
based on Angela Olinto (TeV 2007)

Auger SOUTH 200?

Larger Experiments
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New Projects & Directions
Exposure: ~ 5 kL

~ 60-100 evts/yr
above GZK from Auger-South

want O(1000) events/source(?)
for E/A/θ-spectroscopy...

➙ need much
    larger expts
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2nd-knee to
ankle region

precise mass
measurement
needed

Auger-North (10000 - 25000 km2)

JEM-EUSO (~106 km2)

(Auger-South) HEAT & AMIGA 
(TA) TALE Telescope Array
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Telescope Array (TA)

Surface detector:
512 scintillation counters      
on 1.2 km grid (~ 600 km2)
95% deployed
Commissioning in progress.

Fluorescence detectors 
3 sites; 100% deployed
Commissioning in progress.
Study spectrum, composition, 
anisotropy
Will be taking data in October, 
2007. 
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Scintillator Detector

GPS antenna

Solar panel (120W)
Wireless LAN

antenna
(2.4GHz)

stand

roof

TA Surface Detectors (SD)

Electronics box
    Main board with FADC / GPS /   wireless 

LAN modem / charge controller 
  & battery
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TALE @ Telescope Array
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TALE @ Telescope Array
prototype
up to 72° elevation

• standard TA: 1.2 km grid
• Surface infill: ~ 100 detectors

                       on 0.4 km grid
• Muon stations: 16 on 0.2 km 

InFill Array

proposedLow Energy
extension
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HEAT & AMIGA in Auger-South
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Figure 8:   Schematic telescope layout, shown in both positions - for installation and 

maintenance, and (in the lower right figure) for “normal” data taking in the “up” position. 

   

 

 We intend to monitor the dynamic behavior and possible distortions of the telescopes 

optical system inside the enclosure during the rotation to the “up” position or when it is 

subject to strong winds or large temperature changes as a students hardware analysis task.  

We plan to install an automatic monitoring system with Slow Control readout using 

inclinometers and laser based tape measures to verify our design goals. If this monitor should 

reveal some critical deformations, the modular frame of the enclosure can be easily reinforced 

ven more to reach sufficient stability. e

 Coupled to the steel frame is the shutter system. In contrast to the other FD buildings 

these shutters will be industrial standard folding gates (garage doors), not rolling gates as still 

indicated in the schematic drawings in figure 8. The reason for this new solution is to save 

space and gain reliability. In addition, installing a folding gate is less labour-intensive.  

The new design of the shelters with a partly inclined front wall would allow the use of 

an even smaller window opening than at the FD buildings. For simplicity reasons, however, 

we will keep all mechanical dimensions of the aperture (i.e. filter and corrector ring frames, 

fail safe curtain mechanics and connections to the calibration drum) as they are now.   

 Some minor modifications and necessary improvements in the connection of the drum 

to the enclosure are described in the calibration chapter below. For the operation of the fail 

safe curtains in the “up” position, a gravity operated system will give support to the drive. 
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High Elevation Auger Telescopes (HEAT) 30° - 60° elevation
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Figure 11: Geometry of the additional telescopes with 40 degree separation in azimuth. 

 

 

Lateral shower distribution 

 

 At low energy, only nearby showers trigger the fluorescence detector. For these close-

by showers, the lateral distribution of the energy deposit becomes important. The light 

emitted at a certain depth is distributed over several camera pixels perpendicular to the 

shower axis. To be able to predict the correspondingly different trigger conditions, the light 

calculated from the one-dimensional CONEX profiles is distributed according to the lateral 

energy deposit distribution as given in [23]. An example of a simulated close-by event is 

shown in Fig. 12. The profile reconstruction algorithm [22] was modified accordingly to 

allow for an age dependent correction of the lateral light fraction not used to calculate the 

total amount of light at the aperture. 

  

 

 
 

 

Figure 12:  Simulated close-by shower with energy 10
17.5

 eV  and  Rp = 1.2 km. 
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• standard Auger: 1.5 km grid
• infill 1: ~ 42 detectors

              on 750 m grid
• infill 2: ~ 24 detectors

              on 433 m grid
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Auger North
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!Retain features & functionality of Southern Site
!Hybrid detection & energy calibration
!Water Cherenkov surface array

!4000 stations, 10,370 km2

!Square mile grid

!Hybrid detection & energy calibration
!Water Cherenkov surface array

!1600 stations, 3000 km2

!1.5 km triangular grid
!Completion end 2007
!Science flowing – 38 papers here
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JEM-EUSO Telescope on ISS
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JEM-EUSO Telescope will be attached to Exposure Facility of Japanese 
Experiment Module (JEM/EF) of ISS in 2013

Vertical Mode Tilted Mode
Larger effective area (x5) with ~35°tilt

talk by Y. Takahashi 
(Wednesday)



Karl-Heinz Kampert TAUP, Sept. 2007, Sendai (Japan) 48

JEM-EUSO Telescope on ISS
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Radio Emission from Air Showers 
First discovery:
Jelley et al. (1965), Jodrell Bank at 44 MHz. 

A 1017 eV airshower produces a 1 GJy radio 
flare in 25 ns (40 MHz bandwidth)!

The brightest radio source, the sun, has 1MJy.

BEarth

LOPES @
KASCADE-Grande

broadcast signals and strong interference phenomena
(storms, etc.), expected to irradiate widely separated
antennas with more or less uniform power.

RF signal amplification (1–200MHz, gain 35 dB) is
performed using commonly available low-noise electronic
devices which have a negligible impact on the overall noise
of the electronic chain. The five grouped antennas are
linked via 150m coaxial cables (RG214U) to LeCroy
digital oscilloscopes (8 bit ADC, 500MHz frequency
sampling, 10ms recording time). The Distant antenna
requires a different signal transmission technique, an
optical fiber link approximately 1 km long which intro-
duces significant attenuation (a factor of 10), a 5:5ms delay
as well as a low-frequency cutoff at 10MHz from the
analog/optical transceiver. Special attention is paid to the
shielding both of the electronics itself and the acquisition

room in order to minimize interference coming from data-
taking activities.

3.2. Trigger definition

A trigger with minimum bias was chosen in order to
select potentially interesting events. It is sensitive to the
unusual frequency contributions which come from tran-
sient signals. The amplitudes of these contributions are
compared to the normal sky background level, whose
frequency content has been precisely measured on site with
one of the antennas using the complete acquisition chain.
The power spectral density from this measurement is
shown in Fig. 6. Above 90MHz, peaks associated with FM
radio signals are clearly observed. Between 20 and 90MHz,
a rather quiet band is found reaching 10!3 V=MHz. Below
20MHz, numerous transmitter spectral lines result, with
our spectral resolution, in a quasi-continuous contribution
far above the minimum. Nevertheless, a quieter band
ð’ 2:10!3 V=MHzÞ can be found between 1 and 5MHz as
shown in the inset of Fig. 6. Evaluations of the noise
characteristics have also been done in several other places

ARTICLE IN PRESS

Fig. 4. Photograph of the logarithmic antennas of the Nanc-ay DeCA-
metric Array. The CODALEMA experiment uses some of these antennas.
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Fig. 5. The CODALEMA setup, first phase.
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Fig. 6. Average Fourier transform jSðnÞj of the background voltage. The
correspondence with the power spectral density in a 50O load impedance
is shown on the right scale. This spectrum has been obtained by averaging
power spectral densities of 900 random events recorded with a sampling
frequency of 500MHz during 10ms every 10 s. A zoom covering the
0–10MHz band is presented in the inset.

D. Ardouin et al. / Nuclear Instruments and Methods in Physics Research A 555 (2005) 148–163152

CODALEMA @
Nançay

Auger Radio

Geo-Synchrotron Effect ?
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Cosmic Rays in the Radio
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‣ Enormous progress during last two years !
GZK established ; Top-Down models almost ruled out

‣ Need to understand

‣ Multi-Messengers: started by ν and γ limits
if CR sources seen ➩ verify in ν and γ telescopes

‣ Spectrum from 1018 to >1020 eV: Ankle or Dip
                                                   GZK or Emax ?

‣ Need for precise mass measurements (ankle region) 
and for much larger experiments (trans Greisen region)

‣ Get prepared for charged particle astronomy @ TAUP09

Concluding Remarks

51

- Energy spectrum
- Mass composition
- Angular distribution

consistently !⎬
⎭

⎫


