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Abstract: We have monitored multi-TeV cosmic rays by a small air shower array in Tehran (35°43' N,
51°20’ E, 1200 m =890 g cm_z). More than 1.1 x 10° extensive air shower events were recorded. These
observations enabled us to analyse sidereal variation of the galactic cosmic ray intensity. The observed
sidereal daily variation is compared to the expected variation which includes the Compton—Getting effect
due to the motion of the earth in the Galaxy. In addition to the Compton—Getting effect, an anisotropy has
been observed which is due to a unidirectional anisotropy of cosmic ray flow along the Galactic arms.
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1 Introduction

Cosmic rays have a remarkably uniform distribution over
the sky, yet small anisotropies do exist. The deviation from
isotropy is typically below 1% and can be as low as
0.03% (Smith & Clay 1997). The galactic anisotropy of the
cosmic-ray intensity is expected to carry information about
the origin and the propagation mechanism of galactic
cosmic rays, as it reflects the galactic magnetic field
through which they have passed and their energy spectrum
at source. It is presumed that the anisotropy at multi-TeV
energies is almost free from heliosphere disturbance, while
in the lower energy events the additional diurnal anisotropy
is probably due to solar modulation. Cosmic rays in the
lower energy range have gyro radii of about 1 pc or less in
typical galactic magnetic fields (a proton with an energy of
10" eV would have a gyro radius of 1 pc in a 1 pG field).
Because of low anisotropy, it is assumed that cosmic ray
propagation is diffusive in some way (Allan 1972). This
diffusion may be broadly along the magnetic field lines
which are in tubes of dimensions greater than the gyro
radii. If so, then the direction of the peak of the anisotropy
would indicate the direction back towards the cosmic ray
source, and the amplitude of the anisotropy would give
information on the scattering process involved in the
diffusion. Specifically, an estimate of the mean free path
might be obtained. A well known asymmetry effect is the
Compton—Getting Effect (CGE). The earth’s rapid motion
in space due to the rotation of our galaxy, results in
variations in cosmic ray intensity fore and aft of the earth’s
motion. Following Compton & Getting (1935), the
magnitude of the anisotropy is expressed as

n=(v+2)§cos(), (1)

where y denotes the power law index of the energy
spectrum of cosmic rays, u the velocity of the detector
relative to the production frame of the cosmic rays
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(where they are presumed to be isotropic), ¢ the speed of
light, and 0 the cosmic ray direction relative to u, i.e. cos 0
is the projection of the cosmic ray along the forward
direction of u. In fact the value of (y + 2) % is (fiax —fmin)/
(fmax + fmin) With fi.x being the counting rate along the
direction of the velocity and f,;, the rate along the
contrary direction. The magnitude of the anisotropy is
extremely small and independent of the cosmic ray
energy. Our data will be analyzed in a sun-centered frame,
and so if data accumulation is done over an integer
number of solar years, it is only necessary that the orbital
speed of the Earth around the sun (~30 km sfl) be
considered; the large effect due to the Galactic rotational
speed (220 km s_l) will cancel out as the data are
averaged over this time (Poirier, D’Andrea & Dunford
2001). Many experiments have been carried out for
detection of the former effect (Poirier et al. 2001;
Lin 1999).

Doppler effect studies of globular clusters and extra-
galactic nebulae have revealed a motion of the earth
of about 220 km s~' towards right ascension & ~ 21 h
and declination 6 ~ 47° N, due chiefly to the rotation of
the Galaxy. This motion, with a speed of about 0.1% c,
will affect the intensity of the incoming cosmic rays by
changing both the energy of the cosmic ray particles and
the number received per second. Using a value of 220
km s for u, and 2.7 for the spectral index, Eqn (1) gives
a CGE amplitude of 0.345 x 1072 for the fractional
forward—backward asymmetry caused by the motion of
the earth in the Galaxy. Because of the small anisotropy,
large data sets are required to make useful measurements
which overcome the statistical uncertainties of counting
experiments. A simple way of recording many cosmic
rays is to record coincidences between a number of
scintillation detectors. Few statistically significant
anisotropics have been reported from extensive air
shower experiments in the two last decades. Aglietta
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et al. (1996, EAS-TOP) published an amplitude of (3.7 £
0.6) x 10™ at E. &~ 200 TeV. Analyzing the Akeno
experiment, Kifune et al. (1986) reported a result of about
2 x 107 at about 5-10 PeV. An overview of
experimental results can be found in Clay et al. (1997).
We have operated a small air shower array on the roof of
the Physics Department at Sharif University of Technology
in Tehran (35°43' N, 51°20' E, at 1200 m = 890 g cm )
as a prototype for constructing an Extensive Air Shower
(EAS) array on Alborz mountain range ataltitude of
over 2500 m near Tehran. At the time of writing, more
than 1.1 x 10° showers have been recorded. In the
present paper we discuss the design of this scintillator
array and describe its operation. The main purpose of
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the experiment is to study the anisotropy due to the
Compton—Getting effect and a unidirectional anisotropy
of cosmic ray flow along the Galactic arms which was
observed in the sidereal time at energies in the decade
below 1 PeV.

2 Experimental Setup

Figure 1 shows an array including four slab plastic
scintillators (100 x 100 x 2 cm’) arranged in a square
with an edge size of about 10 m (Bahmanabadi et al. 2003).
All scintillators are on a flat level surface. Each scintillator
is housed in a pyramidal steel box with a height of 15 cm.
The interior surface of each box is coated with white paint
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Figure 1 Arrangement of four scintillation detectors as a square array, and the electronic circuit.
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(Bahmanabadi et al. 1998) and a 5 cm diameter photo
multiplier tube (PMT, EMI 9813 KB) is placed at the vertex
of the pyramidal box. Figure 1 shows a schematic
diagram of the array and its electronic circuit which
logs each EAS event. If at least one particle hits a
detector, the PMT creates a signal with a pulse height
which is related to the direction, the number of
particles, and the location of the particle track in the
scintillator. The output signals from the PMTs are
amplified in a one-stage amplification (x 10) with an
8-fold fast amplifier (CAEN N412), and then trans-
ferred one by one to an 8-fold fast discriminator (CAEN
N413A) used in leading edge mode which is operated
at a fixed level of 20 mV. The threshold of each
discriminator is set at the separation point between the
signal and background noise levels. Each discriminator
has two outputs, one of them connected to a
coincidence logic unit (CAEN N455) which acts as a
trigger condition. The trigger condition is satisfied when
at least one charged particle passes through each of the
four detectors within a time window of 150 ns. The
other discriminator output is connected to one of three
Time to Amplitude Converters (TAC, EG&G ORTEC
566) which are set to a full scale of 200 ns (maximum
acceptable time difference between two scintillators).
The output of scintillator #4 is connected to the start
input of TACI1, whereas the output of scintillator #2 is
connected to the start inputs of TAC2 and TAC3. The
output of scintillator #3 is connected to the stop input of
TAC2, and that of #1 to the stop inputs of TACI and
TAC3. Finally the outputs of these three TACs are fed
into a multi-parameter Multi Channel Analyzer (MCA,
KIAN AFROUZ Inc.,) via an Analogue to Digital
Converter (ADC, KIAN AFROUZ Inc.,) unit. When all of
the scintillators have coincidence pulses, the TACs are
trigged by the logic unit and the three time lags between
the output signals of three pairs of the PMTs (4,1), (2,3),
and (2,1), where the numbers in parentheses are the start
and stop of the two TACsS respectively, are read out by a
computer and an EAS event is logged. All events with
zenith angles <60° are used in the present analysis. About
1.1 x 10° events remained after these selections.

3 Data Analysis and Discussion

Over a period of about 132 days (2002 Aug 01-Dec 10)
we logged more than 1.1 x 10° events. The mean
event rate of the experiment was 0.107 events per
second. The distribution of the time between successive
events is in good agreement with an exponential
function, indicating that the event sampling was
completely random (Bahmanabadi et al. 2003). We
refined the data by selecting out acceptable events, i.e.
those with good coincidence between the four scintilla-
tor pulses. To ensure reconstruction quality, only
showers well inside the detector field with zenith
angles smaller than 60° have been used. After the

https://doi.org/10.1071/AS06015 Published online by Cambridge University Press

selection, about 1.1 x 10° events remained for analysis.
Further, only sidereal days with continuous data taking
were used.

Since we cannot determine the energy of the showers
on an event-by-event basis, we estimate the lower
energy threshold by comparing our event rate to the
well-known Hillas spectrum (Gaisser 1990), which can
be represented as

ticle E o
F(> E)~2 x 1071022 2
(> E)~2x cm?ssr - \1000TeV) @)

with y = 1.7 for E < 1000 TeV.

We used corsika (Heck et al. 1998), using the
hadronic interaction models QGSIET and GHEISHA, to
determine the surface such that, if a primary particle passes
through it, our array could detect its EAS event. The energy
range for primary particles was selected to be from 1 TeV
to 5 PeV, with differential flux given by dN/dE oc E>7.
These simulations are in different directions, with zenith
angles in bins 0°-10°, 10°-20°,..., and 50°-60°, with all
azimuth angles in each 10° zenith angle interval. Since our
scintillation detectors are 1 m x 1 m in size, and if at least
one particle passes through a detector it is sufficient to
record a pulse, we used the condition of particle density
greater than 1 m™ (p > 1 m ) is used. Based on the NKG
formula (Gaisser 1990), the mean effective surface of EAS
events at Tehran level is about 2000 m”. With this result we
estimate the mean effective surface area of our array in the
upper level of the atmosphere (the surface such that if a
primary particle passes through it, the array could detect its
EAS event) to be about 1500 m?. The field of view of our
array to zenith angle 60° is r steradian. Therefore, based on
Eqn (2), the energy threshold is about 250 TeV. The mean
energy of cosmic rays, calculated by the differential
spectrum obtained by Eqn (2), is about 420 TeV.

If either temperature or pressure variations have Fourier
components in sidereal time, spurious components may be
introduced into the shower detection rate (Farley & Storey
1954). Various methods are used in order to study the
dependence of event rate on atmospheric ground pressure,
P, and temperature, T (Antoni et al. 2004). In a previous
paper (Bahmanabadi et al. 2003), we took only the
influence of the pressure into account. In the present
analysis, the influence of the atmospheric ground pressure,
P, and temperature, T, on the rate of extensive air showers
at ground level is taken into account by a second order
polynomial (Antoni et al. 2004),

R(P,T) = Ry + a1 (P—Po) + aa(P—Po)*
+O(3(T—T0) + O(4(T—T0)2
+as(P—Po)(T-Ty), (3)

The values of Ry, = 0.107 s, P, = 880 mbar, and
To = 18.5° C are the long-term mean values of rate,
pressure, and temperature, respectively, obtained from
the data. The parameters o, o, 03, ¢4, and o5 were


https://doi.org/10.1071/AS06015

132

108

= no atmospheric correction
= with atmospheric correction

107

Number of time intervals

10 e e

0.08 0.09 0.10 0.11 0.12 0.13 0.14
rate (s=1)

Figure 2 Distribution of rates before and after the atmospheric
correction for pressure and temperature. The line curve shows a fit
by a Gaussian function.

determined by a fit to the time-dependent rates for the
whole observed time, the results being:

)

o = —9.90x 10~* s~ ! mbar~!
oy = —4.12x 10~% s~ mbar~?2
a3 = —4.99x 10745~ 1°C 1,
ay = —4.51%x10"%s1°C~2, and

o5 = —5.11x 10~%s ! mbar~'°C~!.

)

The correction is done for time intervals of half an hour
(in sidereal time ~1795 SI seconds) by subtracting or adding
the necessary number of events calculated by Eqn (3). The
quality of the correction can be estimated from Figure 2
which shows the event rate distributions with and without
correction for atmospheric ground pressure and tempera-
ture. The distribution of uncorrected rates is asymmetric.
The distribution of corrected rates is compatible with a
Gaussian distribution, as expected for the remaining
statistical fluctuation of the event rate.

After the atmospheric correction is made, sidereal time
(8T) is calculated using the formula ST = STy + a(ZT —
ZT,), where ST, can be found in an almanac' for the time
ZT,, ZT is the solar time, and o« = 1.00273790935.

Figure 3 shows percentage variation in intensity of the
cosmic rays with sidereal time. The data have been fit to Eqn.
(4) which describes a curve with first and second harmonics
(i.e. with a once-per-day and a twice-per-day variation),

2n 2n
y= Acos[24 (t-B)] + Ccos[12 (t-D)], (4)
where ¢ is in hours. The results of fitting the data are
summarized in Table 1. This analysis shows that the

! e.g. tycho.usno.navy.mil/sidereal.html
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Figure 3 Observed sidereal time variation in intensity of the
cosmic rays (points). The curve is the best fit to Eqn. (4) with the
coefficients as listed in Table 1.

Table 1. Parameters of the best fit coefficients found for
Eqn. (4)

Amplitude (%) Phase (h)

A=043%0.09
C=0.27%£0.09

B =21.63+0.77
D =2227+0.63

anisotropy has a peak close to the sidereal time 21 h,
when the zenith is toward the direction of the earth’s
motion. The amplitude of the anisotropy is of the order
of 0.43%. A definite sidereal time variation is seen,
whose phase and amplitude are close to those predicted.
In order to calculate the magnitude of the anisotropy due
to CGE, i.e. the value # in Eqn (1), a mean value for
cos 0 is needed (Figure 4). Figure 4 shows the celestial
sphere of an observer at latitude 1. If ¢ is the declination
of the direction of earth’s motion, A the latitude of the
observer, and H the hour angle between the observer’s
meridian and the direction of motion, then the angle ¢
between the observer’s zenith and the direction of
earth’s motion is given by

cos¢ = sind sind + cosé cosA cosH, (5)
On the other hand, cos 6 is calculated by
cosl) = cos¢ cos’ + sing sing’ cosa, (6)

where ¢’ is the zenith angle of the cosmic ray and o the
difference between the azimuth angle of the direction of
motion and of the cosmic ray that is, & = A; — A,, where
A and A, are obtained from the equations

sind = sinA cos¢ + cosd sing cosAy, (7)

sind’ = sin/ cos¢’ + cos/ sing’ cosAs, (8)

where ¢’ is the declination of the cosmic ray. Following
Eqns (5)—(8), the 24-hour mean of the component of
cosmic rays in the direction of motion (cos ) may be
obtained. The differential zenith angle distribution of
cosmic rays can be represented by dN = constant
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Figure 4 Celestial coordinate, C = Cosmic ray, M = direction of
earth’s motion, Z = zenith, P = direction of pole.

(cos¢’)" sing’” d¢’ with n = 6; (Khakian et al. 2005). By
this distribution, we calculated the mean cos¢’ value
which is 0.93. Also the mean values of A; and A, were
obtained by using 1 = 35° 43/, ¢’ = 47°, and the mean
value of ¢/ ~ 30° (Bahmanabadi et al. 2003). A value of
0.39 is obtained for cos 0 and this is multiplied by the
expected CGE amplitude of 0.345% to yield a predicted
effect of expected value of 0.135% and the value
obtained from experimental data, 0.43%, is about
0.30%. This remaining asymmetry of 0.30% should
have a different origin than CGE.

Since the data were recorded in Tehran at latitude
35°43' N, the majority of cosmic rays are from the Galactic
spiral arm inwards direction, which is at about 20 h in right
ascension and 35° in declination (Jacklyn 1986). Therefore
the remaining asymmetry is probably due to a unidirec-
tional anisotropy of cosmic ray flow along the Galactic
arms. A simple diffusion model (Allan 1972) suggests that
the value of this asymmetry, 0.30%, would be roughly
equal to the ratio of the scattering mean free path to a
characteristic dimension of the containment region (i.e. the
central Galactic region, with a scale of 10 kpc). With the
amplitude of the anisotropy found in this work being
0.30%, we obtain a mean free path of about 30 pc which is
perhaps about 30 gyro radii.

Since the anisotropies are low, it is necessary to
consider the effect on the measured counting statistics
for a finite data set. If there are N events, then the
probability of getting a fractional amplitude greater than
r is given by (Linsley 1975),

P(>r) =e ™ whereky = r’N /4, 9)

with ky being a convenient parameter for characterizing
the anisotropy amplitude probability distribution. We
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can take ﬂrrms, which corresponds to ky = 1, as the
noise amplitude.

For the number of events that we have accumulated,
1.1 x 10° the total amplitude of 0.43% calculated in
this work could have arisen by chance with a probability
of ~6.2 x 107, corresponding to ko = 5.08 and
indicative of an apparently significant anisotropy (ko> 1)
at the sidereal period. We conclude therefore that this
data set provides evidence of anisotropy of the cosmic
ray intensity additional to the CGE.

4 Conclusion

Cosmic ray data obtained at the Alborz observatory clearly
shows an anisotropy in sidereal time at energies in the
decade below 1 PeV, with the energy threshold of ~ 250
TeV and the mean energy of ~420 TeV. One part of this
anisotropy is due to Earth’s motion around the Galaxy (the
CGE), but our measured asymmetry suggests the possible
existence of some other additional effects, probably a
unidirectional anisotropy of cosmic ray flow along the
Galactic arms. The amplitude of our total measured
anisotropy is about 0.43%. The CGE contribution to this
anisotropy is about 0.135% and the rest, 0.30%, is predicted
to be due to the flow along the Galactic arm. The latter
anisotropy suggests a mean free path of about 30 pc for these
high-energy cosmic rays. The evidence for these aniso-
tropies is based on the value of the parameter kj, as suggested
by Linsley (1975) and found in this work to be 5.08, that is,
more than ky = 1, the value for the noise amplitude.

The EAS-TOP experiment reported somewhat lower
limits in the energy range below 1200 TeV (Aglietta
et al. 2003). The relatively large amplitudes published
by the Akeno experiment (Kifune et al. 1986) and our
experiment are difficult to reconcile with the results of
the EAS-TOP experiment.

Acknowledgements

This research has been partly supported by Grant No.
NRCI 1853 of the National Research Council of the
Islamic Republic of Iran.

References

Aglietta, M., et al. 1996(EAS-TOP Collaboration) 1996, ApJ, 470, 501

Aglietta, M., et al. (EAS-TOP Collaboration) 2003, Proc. 28th ICRC,
Tsukuba, Japan, HE 1.1, 183, edited by T. Kajita, Y. Asaoka, A.
Kawachi, Y. Matsubara, M. Sasaki, Tokyo, University Academy
Press, Inc.

Allan, H. R. 1972, ApJL, 12, 237

Antoni, T. et al. 2004, ApJ, 604, 687

Bahmanabadi, M. et al. 1998, ExA, 8, 211

Bahmanabadi, M. et al. 2003, ExA, 15, 13

Clay, R. W., McDonough, M. A. & Smith, A. G. K. 1997, Proc.
25th ICRC, Durban, South Africa, 4, 185

Compton, A. H. & Getting, I. A. 1935, PhRv, 47, 817

Farley, F. J. M. & Storey, J. R. 1954, PPS, A67, 996

Gaisser, T. K. 1990, in Cosmic Rays and Particle Physics (New
York: Cambridge University Press)

Heck, D. et al. 1998, Report FZKA 6019, Forschungszentrum
Karlsruhe

Jacklyn, R. M. 1986, PASA, 6, 425


https://doi.org/10.1071/AS06015

134

Khakian Ghomi, M., Bahmanabadi, M. & Samimi, J. 2005, A&A,
434, 459

Kifune, T. et al. 1986, J. PhG, 12, 129

Lin, T. F., Fields, B., Gress, J. & Poirier, J. 1999, Proc. 26th
ICRC, Salt Lake city, Utah, USA, HE3.2.09, 100, edited by
D. Kieda, M. Salamon, and B. Dingus, High Energy Astro
Physics institute University of Utah

https://doi.org/10.1071/AS06015 Published online by Cambridge University Press

M. Bahmanabadi, M. K. Ghomi, F. Sheidaei and J. Samimi

Linsley, J. 1975, PhRvL, 34, 1530

Poirier, J., D’Andrea, C. & Dunford, M. 2001, Proc. 27th ICRC,
Hamburg, Germany, 3930, edited by K. H. Kampert, G.
Hainzelmann, and C. Spiering, Copernicus systems and
Technology GmbH, Berlin, Germany

Smith, A. G. K. & Clay, R. W. 1997, AuJPh, 50, 827


https://doi.org/10.1071/AS06015


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


