Proceedings of the 30th International Cosmic Ray Conference ID 1041
Rogelio Caballero, Juan Carlos D’Olivo, Gustavo Medina-Tanco,

Lukas Nellen, Federico A. Sanchez, José F. Valdés-Galicia (eds.)

Universidad Nacional Auténoma de México,

Mexico City, Mexico, 2008

Vol. 4 (HE part 1), pages 437-440

30TH INTERNATIONAL CosMIC RAY CONFERENCE

ICRCY

Mérida, México

Search for Coincidences in Time and Arrival Direction of Auger Data with Astro-
physical Transients

LuisS ANCHORDOQUH, FOR THEPIERRE AUGER COLLABORATION?

! Department of Physics, University of Wisconsin-Milwaylk&®. Box 413, Milwaukee, Wi 53201, USA
2pierre Auger Observatory, Av. San MartNorte 304, (5613) Malaiige, Argentina

anchordo@uwm.edu

Abstract: The data collected by the Pierre Auger Observatory are analyzed tthdeaicoincidences
between the arrival directions of high-energy cosmic rays and thiégusin the sky of astrophysical
transients. Special attention is directed towards gamma ray observaticosied by NASASs Swift
mission, which have an angular resolution similar to that of the Augersaidatectors. In particular,
we check our data for evidence of a signal associated with the gianttiltreame from the soft gamma
repeater 1806-20 on December 27, 2004.

Introduction a distance~ 15 kpc [7]). The origin of the flare
can be explained as global crustal fractures du
It has long been known that two of the highest B-field rearrangements liberating a high fluxX#
energy cosmic rays came from directions that are rays andy-rays [8]. The exceptional energetic
within the error boxes of two remarkable gamma of this hyperflare makes of SGR 1806-20 an
ray bursts (GRBs) detected by BATSE, with a de- tractive candidate source of UHECRSs, high ene
lay of roughly 10 months after the bursts [1]. How- neutrinos, and gravitational waves [9]. Given tt
ever, all searches for coincidences between the ar-the source is in our Galaxy, if it were to genere
rival direction of ultra-high energy cosmic rays high energy neutrons a significant fraction of the
(UHECRSs) and GRBs from the Third BATSE cat- could arrive at Earth before decaying and wot
alogue yield a negative result [2]. These searches, point back to the source. Moreover, neutrons t
of course, may have been distorted by the poor decay in flight would produce antineutrinos that i
angular resolution (about 3 degrees) of the GRB herit directionality [10]. Searches for neutrino al
measurements. A sensitive anisotropy analysis is gravitational wave emission have been reportec
now feasible using data collected by the Swift mis- the AMANDA [11], AURIGA[12], and LIGO Sci-
sion [3] and the Pierre Auger Observatory [4]. In entific [13] collaborations. In all these searches-
the first part of this paper we present the results of data revealed no significant signals.
such an analysis.

In the second part of the paper, we search for a sig- Cosmic Ray Data Sample
nal from the direction of the soft gamma repeater

(SGR) 1806-20, which on December 27, 2004
emitted a hyperflare that saturated many satellite
~-ray detectors [5]. This unique flare lasted about
5 minutes (the duration of the initial spike was

0.2 s), had a peak luminosity of 2 x 10%7 erg/s,

and a total energy emission ef 5 x 10*¢ erg [6].
The model proposed is that of a “magnetar” (i.e.,
a neutron star with a huge magnetic field, ~
10'5 G) located on the far side of our Galaxy (at

In our analysis we use data collected with t
Pierre Auger Observatory, located in Argenti
at Southern latitudg5.2° and Western longitude
69.3°. We consider events with zenith angle<

Omax = 60°, detected from January 1, 2004
April 1, 2007. We employ the reconstructic
procedure discusssed elsewhere [14]. A total
609,161 CRs have passed the selection criteria
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Figure 1. The dots indicate the positions of 284 well-latadi GRBs (equatorial coordinates J2000) «
served from January 1, 2004, to April 1, 2007. 192 of them dthkimvthe f.0.v. of Auger with a zenitt
angle< 60°, and 234 with a zenith angle 80°. The boundary of Auger f.o.v. fdh,., = 60° is defined
by declination =24.8°. The position of SGR 1806-20 is indicated by an open square.

UHECRsand GRBs may lie within30° of more than one GRB. Differ-
ences between the observation times of the G
A catalogue of 284 GRBs observed with an accu- and the arrival times of CR events in the same
racy of better than ° (from Januray 1, 2004 to  gular bin were determined. In Fig. 2, we show t
April 1, 2007) was compiled using data primarily rates of CR events as function of the GRB-CR tit
from the Swift mission complemented by measure- difference for the two angular radii..,, around the
ments from additional GRB observing satellites, positions of GRBs. We consider a 100-day peri
including HETE, INTEGRAL, and others. Out of before and after the GRB observation. The
the total GRB sample, 192 bursts are within the togram corresponds to38° cut and the points cor
field of view (f.0.v.) of Auger and only 62 were responds to &° cone. No significant excess aft:
in the Auger f.o.v. at the time of their bursts, i.e. the time of the bursts is evident in the data.
OcrB < Omax.- The GRB sky distribution is given
in Fig. 1. As expected [15], they cover the whole
sky isotropically.
We bin CR events coming from directions defined
by spherical caps of raditse, = 5° anddsep, =
30° around each GRB position. We determine the
total number of coincidence candidates by count-
ing the number of CRs found within each of the
specified cones. The number of coincidence can-
didates for30° is M590 = 1,980, 577 whereas for
5°, Nso = 57,053. Note that for30° the number
of coincidence candidates is larger than the total
number of CRs in the sample, since a given CR

UHECRSs from SGR 1806-207?

The giant flare of December 27, 2004 from SC
1806-20 represents one of the most intrigui
events captured in almost three decades of ir
itoring the v-ray sky. Such an energetic eve
clearly constitute a potential candidate for accel
ation of UHECRSs. Secondary neutrons can be |
duced in collisions of relativistic protons (and n
clei) with the ambient plasma. Interestingly, tho
produced with an energ¥y > 10'® eV have a
boostedcr,, sufficiently large to serve as Gala
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Figure 2: Rates of CR events as a function of the
difference between the GRB time and the CR ar-

rival time. Data falling within30° of a GRB are
indicated by the histogram and with? by the

points. For clarity, statistical errors are only shown

for the 5°-distribution.
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Figure 3: Rates of CR events from the direction

of SGR 1806-20 as a function of theCR time

difference. Conventions are the same as in Fig. 2.
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tic messengers. The decay mean free path «
neutron iscl',, 7, = 9.15(E/10'® eV) kpc, the

lifetime being boosted from its rest frame valu
Tn = 886 s, to its lab value by, = E/m,,. Be-

cause of the exponential depletion, about 20%
the neutrons survive the trip 20'2 eV, and about
58% at10'%- eV.

The location of the source, right ascensi
18h 08m 39.34s and declination—20° 24’ 39.7”,
is within the f.0.v. of Auger, and below0° for
about 9 hours per day. At the flaring emissi
21:30:26.5 UTC, its zenith angle waggr =
70.3°, and it remained for a 50 minute interv
above the horizon. Unfortunately, this is outsi
the currently best understood region of the det
tor, i.e.0pax = 60°.

We have repeated the analysis described in the
vious section for this exceptional burst. In Fig.
we show the results of such an analysis, indicat
that no significant excess in the CR flux is evide
after the burst. (The number of events coming fr
the direction of SGR 1806-20 within3®° cone is
N3go = 5,596 whereas fo°, N5 = 139.)

By extending our data analysis to higher zenith
gles, we have verified that no events have been
served within a5° cone during thél’ = 300 s
of the flare, wherddsqr =~ 70°. The abscence
of a signal can then be exploited to place an |
per bound on the primary neutron flux, witho
assumptions on the Galactic magnetic field.
do so, we must determine the effective detect
areaA and the trigger efficiency(E). We adopt
the elementary hexagonal cell approach discus
in Ref. [16]. On December 27, 2004 an ave
age of 364 Auger hexagones were fully acti
each counting foit.95 km? on the ground (which
amounts t00.66 km* as seen with an angle ¢
~ 70°). Hence, the experiment presentdd~
239 km? to the potential "beam” of neutrons en
anating from the source. The trigger efficiency 1
70° is shown in Fig. 4.

Using the diffuse flux of cosmic rays we estimate
background« 1, thus Poisson statistics implies ¢
upper bound of 3.09 events at 95% CL from ne
tron fluxes,d®/dFE [17]. Equivalently, for some
interval A,

dd
TA/AdEd—Ee(E)<3.09. 1)
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Figure 4: The rising dot-dashed line indicates the

trigger efficiency of Auger fordf = 70°. The

arrowed circles indicate upper limits on the en-
ergy weighted flux of neutrons from SGR 1806-20

(valid in a logarithmic intervalA = 1).

In a logarithmic intervalA where a single power
law approximation (for the integrand) is valid, we
obtain [18]

do 3.09

B, 2= b
" dB|, T T A (B

)

where E is the energy at the center of the loga-

rithmic interval and we have takeh = 1 (corre-
sponding to one-folding of energy). The 95%CL
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Conclusion

We used the Auger data sample to search for UHE-
CRs which are consistent with the position and
time of astrophysical transients. No such coinci-

dences were found in the data.

References

[1] M. Milgrom and V. Usov, Astrophys. 349,
L37 (1995).

440

Phys. Rev. Lett95, 081103 (2005).

[13] B. Abbott [LIGO Scientific Collaboration],
arXiv:astro-ph/0703419.

[14] C. Bonifazi [Pierre Auger Collaboration]
Proc. 29" ICRC, Pune7, 17 (2005).

[15] C. A. Meegaret al, Nature355, 143 (1992).

[16] D. Allard et al.[Pierre Auger Collaboration]
Proc. 29" ICRC, Pune7, 71 (2005).

[17] G.J. Feldman and R. D. Cousins, Phys. R
D 57, 3873 (1998).

[18] L. A. Anchordoqui, J. L. Feng, H. Goldber
and A. D. Shapere, Phys. Rev.@, 103002
(2002).



