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Abstract: The Pierre Auger Observatory, with an array of currently more th@ Therenkov detectors
filled with 12 nm?® of water, can detect the putative high energy emission of a GRB (phdtams to a few
hundreds of MeV) by the so-called “single particle technique”, througbheerent increase in the average
background particle rates over the whole array, due to seconddiglgsim the photon-induced showers.
We present a search for bursts on data collected since Septemben2@@4| as a search for excesses in
coincidence with bursts observed by satellites.

Introduction to get individual GRB spectra up to 300 GeV. Inft|
meantime, the only way to detect the high enel
Since their discovery at the end of the 60s[1], emission of GRB is to work at ground level.
Gamma Ray Bursts (GRB) have been of high in- A classical method to use is called “single partic
terest to astrophysics. A GRB is characterised by a technique”[2]. When high energy photons from
sudden emission of gamma rays during a very short GRB reach the atmosphere, they produce cos
period of time (between 0.1 and 100 seconds). The ray cascades that can be detected. The enel
total energy emission during this flare is typically are not enough to produce a shower detectabl
betweenl0°! and10°° ergs, should it be isotropic.  ground level (even at high altitudes). However
Good source candidates for this bursts are coales-|ot of these high energy photons are expected tc
cence of compact objects (for short bursts, less rive during the burst, in a short period of time. O
than 2 seconds) and gravitational supernovae (typewould therefore see an increase of the backgro
Ib and 11, for LONG BURSts). Mechanisms based rate on all the detectors on this time scale. T
on internal shocks of relativistic winds in compact technique has already been applied in INCA[3]
sources give good agreement between theory andBolivia and ARGO[4] in Tibet. A general stud
observations. of this technique can be found in [5]. Up to no
A large data set of GRB was provided by the it has only been applied to arrays of scintillatc
BATSE instrument on board the Compton Gamma or RPCs. We have already proposed using inst
Rays Observatory (1991-2000). More GRB were Water-Cherenkov Detectors [6, 7]. Their main &
then detected by BEPPO-SAX (1997-2002). Cur- vantage is their sensitivity to photons, which rep
rently, GRB are registered by HETE, INTEGRAL sent up to 90% of the secondary particles at grot
and SWIFT. In the last 5 years, afterglows were ob- level for high energy photon initiated showers.
served allowing a much better understanding of the The Pierre Auger Observatory[8] spans o\
GRB phenomena. Most observations have how- 3000knt in Malargie (Argentina), at 1400n
ever been done below a few GeV of energy, and the a.s I, investigating the ultra high energy cosn
presence of a high energy (above 10 GeV) compo- rays. Its surface detector (SD), when complet

nentis still unknown. GLAST will be the nextgen-  will consist of 1600 Water-Cherenkov Detectol
eration of GRB satellite experiment and should be making it the ideal test-bed for the above me

launched in fall 2007. Its sensitivity should allow tioned technique.
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Scalers data of the Pierre Auger Obser- 2900 F—— ‘ e
vatory cleaned data -

2150 pressure —

. . 2100
The final version of the scalers was deployed over

the whole array on 20 September 2005, after 6
months of tests and improvements. These scalers
are simple counters that can be set like any other
trigger. They are read every second and sent to the
Central Data Acquisition System, where they are
stored. They record the counting rates of events 5 0 15 20
above 3 ADC counts above baseline and below Time [hours]

20 ADC counts (approximately between 15 and

100 MeV deposited in the detector). This has been Figure 1: Average scaler rate for the first day
determined to be the cut optimising signal to noise data, using all data (crosses), and after clear
ratio, given the expected signal extracted from sim- (dots). All the artefacts caused by misbehaving
ulations [9], and the background signal derived tectors have been removed. The global trend
from real data histograms. With these cuts, the av- the cleaned data is mainly correlated with press
erage scaler rate over the array is of about 2 kHz (thin line).

per detector.

The first necessary step is to do some data cleaning
Some individual detectors quite often get abrupt
increase in their counting rates, and the average
counting rate over the array can be influenced by
only a few misbehaving detectors (noisy or un-

stable baselines, unstable PMTs, bad calibration,
etc.). Detectors with less than 500 Hz of scaler

counts are discarded (this discards a few badly cali- Many artificial bursts are found in the cleaned d:
brated detectors). For each individual second, only Set, due to lightning. Lightning strikes produt
95% of detectors are kept, removing the 5% with high frequency pick-up noise on the Auger ph
extreme rate counting (2.5% on each side). This totube cables, and this noise is misinterpreted
removes outliers which could impact on the aver- succession of numerous particles. This signal ¢
age rate of a specific second, without affecting the triggers the Auger central trigger, producing <
GRB detection capability, as GRB would appear called lightning-events in the SD main data stree
as an increase of counting rates in all the detectors. We can therefore use the SD data to flag lightn
An example of the effect of such cleaning is given Periods, independently of the scaler data.

in figure 1. The whole SD data set was scanned, and the 1

One then needs to have the array operating prop-stamp of the lightning events was kept. To remc
erly. Losing suddenly a significant fraction of the lightning periods, one has to define a time arot
array will cause jumps in the scaler rate, as this each |Ightn|ng event which is considered as stor
rate is not uniform over the whole Observatory. and should not be used. The characteristic ti
A relevant parameter is the total number of active scale of these lightning storms is found to be
stations at each moment, compared with the max- @ few thousands of seconds, and a cut at 7200
imum number of stations that had been active at ©nds (2 hours) was chosen, producinga 2.3%d
any time before. Ideally one would just cut ask- time.

ing for more than a fixed number of stations to be

operating, but given the growing array one needs

to use the afore-mentioned parameter. Cutting at

97% (3% of stations not operating), one keeps 90%

2050
2000 f;j S

1950

Average scaler rate [Hz]

1900 |
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‘of the data. To recover the missing 10% a spe!
analysis would be needed.

Finally, one asks for at least 5 continuous minu
with data, in order to be able to compute reasone
averages and see eventual bursts. This rem
less than 1.5% of the remaining data set.
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Search for bursts

o — 6 method

10 5 0 5 10 15 4

To search for bursts, the average rate for each sec- g
ond as well as a longer term average rate have to 2
be computed. As a burst would produce a similar ©
increase in all stations, a good estimator of the av-
erage rate for each secongd,is the median of the 1l
rates of all the stations. It is much less sensitive ‘ ‘ ‘ ‘
to misbehaving detectors than the arithmetic aver- -10 -5 0 5 10 15
age. Then, to estimate a long term averdgea Scaler rate deviation A

o — § method is used withr = 0 andd = 0.1 Hz,

meaning that every second the average fates Figure 2: HiStOgram of the deviation& of the
moved by 0.1 Hz towards the current rateAfter scaler counting rates. Inset is the version bef
30 seconds of data, this average converges to thelightning rejection, where a large number of spu
expected average value, and one can compute thedUs bursts can be seen. The finahistogram after
variationA of the rater of a specific second using: ~ all cleaning only presents one significant exces:

\/r/ij\f Only one significant burst is observed. In order

be related to a GRB, the increase of the rate shc
where N is the number of active detectors at that pe uniformly distributed over all the detectors. O
second. can therefore check that each individual detec
Theo — § parameters chosen above ensure that thehas on average an increase at the moment of
R parameter follows any variations on a time scale burst with respect of the previous seconds. 1
larger than a few tens of seconds. TRigarame-  observed burst does not present such a feature
ter can therefore be used for long term monitoring, only a fraction of the array sees a significant ¢
and to detect events on large time scales such ascess (about 40 stations in a compact configura
solar flares. A precise modelling of the evolution With a large increase of the rate, above 3 kHz ou
of R with weather parameters is however needed. 1000). The burst is therefore artificial and canr

The A parameter can be used directly to search for 2€ attributed to a GRB.

bursts, and its histogram can be seen on figure 2,

both before and after applying the lightning veto. Search for satellite-triggered bursts

The underlying Gaussian has a width of 1.4 (it

would have a width of 1 if the arriving flux of parti-  In the period studied, 36 bursts detected by sa
cle was poissonian, the fluctuations of each detec- lites occured in the field of view of Auger (zenit
tor were independent, the baselines of the detectorsof less than 90 degrees). For all these bursts,
were not fluctuating, and the— § method gave the  scaler data were checked within 100 seconds of
true average at each moment). One sigma of devi- burst for a one second excess. The period co
ation corresponds roughly to 1.5 particles per de- sponding to thel'90 reported by the BAT instru-
tector, i.e. a flux at ground level of 0.15Ths™*. ment of SWIFT[10] was also integrated. No e
cesses were found and the resulting Sluence
limits were computed assuming a GRB spec
dN/dE < E~2inthe 1 GeV - 1 TeV energy rang

Once all the cuts defined above have been applied, (@S In [3])- The limits are reported on figure 3.
a total of 79% of the data period (21 September

2005 - 30 April 2007) is available for a search for

bursts. The resultingx histogram is shown on fig-

ure 2.

Search for self-triggered bursts
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Figure 3: Top: histogram of the deviatiods of

the scaler counting rates within 100 seconds of the
bursts reported by satellites. No significant excess
is observed. Bottom: b-fluence limits in the 1
GeV - 1 TeV energy range from Auger for these
bursts, for a single second burst or for a burst of
duration7'90, assuming a spectral index of -2.

Conclusion

A method to clean the Auger scaler data in search

10~% ergcn1 2 in the energy range considered[1
12]. To reach such a sensitivity, it is mandatory

cover a significant surface at higher altitude[13]
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a half of data taking. Given the size of the array
in the period studied, a signal would be expected
for a detectable flux of secondary particles of about
1m~2s! at Auger ground level.

No burst with characteristics similar to those ex-
pected for GRBs was observed in the period anal-
ysed. Fluence limits of up tb.3 x 10~° erg cn1 2
(depending on the burst zenith and duration), were
deduced for the 1 GeV - 1 TeV energy range. Note
that models do not generally favor fluences above
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