the first-harmonic modulation from Table 1,
which displays good agreement with the data
(c2/n = 10.5/10); the dashed line shows a
constant function.
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making it possible to use events with only five
active detectors around the one with the largest
signal. With this more relaxed condition, the effective exposure is increased by 18.5%, and the
total number of events increases correspondingly from 95,917 to 113,888. The reconstruction
accuracy for the additional events is sufficient
for our analysis (see supplementary materials
and fig. S4).

Fig. 2. Map showing the fluxes of particles in equatorial coordinates. Sky map in equatorial
coordinates, using a Hammer projection, showing the cosmic-ray flux above 8 EeV smoothed with a
45° top-hat function. The galactic center is marked with an asterisk; the galactic plane is shown
by a dashed line.

Rayleigh analysis in right ascension
A standard approach for studying the large-scale
anisotropies in the arrival directions of cosmic
rays is to perform a harmonic analysis in right
ascension, a. The first-harmonic Fourier components are given by
N
2 X
w i cos ai
aa ¼
N i¼1

upgraded PAO will
measure
N
ba ¼

2 X
w i sin ai
N i¼1

(E, ⇠ Z, ✓, )

ð1Þ

The sums run over all N detected events, each
forwith
each
cosmic
raythe normalization
right ascension
ai, with
XN
factor N ¼
w . The weights, w i , are introi¼1 i
duced to account for small nonuniformities in
the exposure of the array in right ascension and
for the effects of a tilt of the array toward the
southeast (see supplementary materials). The average tilt between the vertical and the normal to
the plane on which the detectors are deployed is
Jörg
Hörandel
0.2°,R.
so that
the effective area of the array is slightly larger
for showersNijmegen,
arriving from
the downhill
Radboud
University
Nikhef,
Vrije

0.38
-90

E —> E/~Z
Fig. 3. Map showing the fluxes of particles in galactic coordinates. Sky map in galactic
sky maps
intheenergy
in with
rigidity
coordinates
showing
cosmic-ray —>
flux forsky
E ≥ 8 maps
EeV smoothed
a 45° top-hat function. The
galactic center is at the origin. The cross indicates the measured dipole direction; the contours
denote the 68% and 95% confidence level regions. The dipole in the 2MRS galaxy distribution is
indicated. Arrows show the deflections expected for a particular model of the galactic magnetic
field (8) on particles with E/Z = 5 or 2 EeV.

larger than those observed could arise by chance
from fluctuations in an isotropic distribution.
These probabilities are calculated as Pðra Þ ¼
expð–N r2a =4Þ (28). For the lower-energy bin (4
EeV < E < 8 EeV), the result is consistent with
isotropy, with a bound on the harmonic ampliqﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
tude of <1.2% at the 95% confidence level. For the
ra ¼ a2a þ b2a
events with E ≥ 8 EeV, the amplitude of the first
harmonic is 4:7þ0:8
%0:7 %, which has a probability of
ba
arising by chance of 2.6 × 10−8, equivalent to a
ð2Þ
tan ϕa ¼
two-sided Gaussian significance of 5.6s. The evoaa
lution of the significance of this signal with time
Universiteit Brussel http://particle.astro.ru.nl
of the relative exposure to correct these effects
(fig. S2).
The amplitude ra and phase ϕa of the first
harmonic of the modulation are obtained from
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On 2017 August 17 a binary neutron star coalescence candidate
designated GW170817)
merger
time
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Next-generation cosmic-ray experiment
if upgraded PAO finds p-fraction >10%
--> source hunting
see talk by Arjen van Vliet
Key science questions
•isolate protons, photons, neutrinos
—> astronomy
•
•identify sources of CRs
•particle physics at extreme energies
40000 km2 (>10 times PAO)
2 km spacing
--> 10000 detectors
~120 M€
e/m to muon ration
—> mass sensitivity
for vertical and horizontal EAS
see also K.-H. Kampert at

radio antenna

segmented water Cherenkov
detector
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