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Observation of the Crab Nebula with the HEGRA system of IACTs
using an advanced topological trigger
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Abstract. The HEGRA system of 5 imaging atmospheric ronian (1996)) predicts the substantial flattering of its spec-
Cerenkov telescopes (IACT) has an energy threshold of aboutum down to energies of 200-300 GeV, whereas above 1 TeV
500 GeV in observations of-rays at zenith. We have made the spectrum has rather a power-law shape of a spectral in-
observations of the Crab Nebula for a total time of about 15dex 2.6. The measurement of such change of the spectrum
hrs using theopological triggerwhich allows to reduce no-  slope will constrain the IC models afray emission. Even
ticeably the energy threshold of the system. The expectedhough there were measurements of thy fluxes at 190
detection rates of cosmic rays andrays, as well as the GeV with STACEE (Oser et al., (2000)) and at 250 GeV with
corresponding energy thresholds, were calculated using th€ELESTE (Barrau et al. (1997)), these results inherited a
Monte Carlo simulations. The test runs with the HEGRA certain systematic and statistical uncertainties which unable
IACT system have been done in order to establish the minito make final joint fit of these data together with the mea-
mum threshold for the topological trigger. The final results surements provided by the IACTs usually above 1 TeV. Here
of the data analysis will be presented at the conference.  we propose a new approach to detect the low energgys

with the system of HEGRA IACTs by use oftapological
system triggewhich allows to reduce the trigger threshold
and correspondingly the energy threshold down to 300 GeV.

1 Introduction

The system of 5 imaging atmosphefierenkov telescopes
(IACTs) was built by the HEGRAHigh Energy Gamma-Ray
Astronomy collaboration at La Palma, Canary Islands. Each
of 5 telescopes has a reflector of 845 area and is equipped
with the imaging camera, which consists of 271 pixels of an

2 Monte Carlo studies

Most of its operational time the HEGRA IACT system was
running using the two-level trigger. The system telescopes

angular size of 0.25each. The HEGRA IACT system was trigger“loca_lly" when the signals in at least two pixels (PMTs)

effectively used for the observations of theays from the exce“ed a g,l,ve_n threshold of 7-8 ph.e., whe_reas for_the Sec-
galactic sources, i.e., Crab Nebula, Cas A, Tycho’s SNR etcon.d global trigger tW.° telescopes are required to tngg(_er n
(for review see Vlk et al. (1999)), as well as the extragalac- comc_ndenpe (see Bulian et al., (1.998))' Any of two neigh-
tic objects, in particular Mkn 421, Mkn 501 (e.g. see Kohnle bouring pixels out of 271 could trigger the camera, and the

. trigger zone embraces entire camera field of view, which is
et al, (2001)). The estimated energy threshold of the SYSo 4.3 in diameter. The detailed comparisons of the actual

tem is about 500 GeV. The effective dynamic energy 'aN9%, ardware event rate with the simulations for a different trig-

expands from 500 GeV up to 20 TeV, as it was shown in ) . ; .
the long-term observations of the well established Terdy ger configurations and threshold was given in Konopelko et
al. (1999).

source - Crab Nebula (Aharonian et al. (2000)). Note that the ) . .

HEGRA data allowed to measure the Crab Nebula spectrum Here using the HE.GRA Monte Carlo.S|muIat|ons we have
with high accuracy over the entire dynamic energy range.eSt'mated the detection rates of cosmic rays amdys, as
The Inverse Compton (IC) modeling of theray spectrum well as the energy threshold of therays for the HEGRA

from the Crab Nebula, taken along with the EGRET detec-lﬁ‘CT arrlay _runlning with theopologicr?l system triggerFor_ q
tion at GeV energies (de Jager et al., (1996); Atoyan, Ahal e topologica _sy_stem trigger one has tc_) use t_e restricte
trigger zones within the camera field of view, which are ad-

Correspondence tdr. Lucarelli justed to the regions of the most frequent appearance of the
lucarel@mickey.mpihd.mpg.de ~-ray images. For instance the restriction on the impact dis-
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tance from the center of the IACT system at 50 m determinegate measurements (due to a certain pointing error) as well
the specific distribution of the-ray events in the telescope’s as slight difference between a Monte Carlo assumed trigger
camera focal plane (see Fig. 1). One can see in Fig. 1 that théreshold and actual one (e.g., due to the reduced mirror re-
events are localized within the angular area corresponding télectivity etc) one can conclude a rather good agreement in
19-37 camera pixels. The position of the trigger zone differsmeasured and calculated rates.

for each telescope and it is determined by the geometrical
layout of the telescopes in the system.

Cosmic Rays
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Fig. 2. Detection rates of the cosmic rays for two different trigger
modes (1) — 4 telescopes out of Jyn/271 > qo, and (2) — 4
telescopes out of nn/19 > qo, whereqp is a trigger threshold

Fig. 1. Two-dimensional distribution of the centroid positions for ;
measured in photoelectrons.

the v-ray showers, which triggered the HEGRA IACTs array and
passed the selection of the impact distance from the center of the
system by less than 50 m given for two of the telescopes of the

system — CT2 and CT5. Simulations have been done for the showers
at zenith.

Gamma-Rays
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2.1 Rates

We made calculations for two different trigger modes: (1)
4 telescopes out of 5 have to trigger by an event under the ~1.410% Hz
local trigger conditior2nn/271 > qo, whereq is a trig- REEEEEE e ‘
ger threshold measured in photoelectrons; (2) 4 telescopes 10 ‘
out of 5 have to trigger but under the local trigger condi-
tion 2nn/19 > qo, whereas 19 pixels have been selected for
each telescope according to the established trigger zone. The
detection rates of cosmic rays aneays calculated for the
different trigger thresholdsy() are shown in Fig. 2. Most of 3
its observational time the HEGRA system of IACTs was run- 10
ning with the trigger threshold setat8 ph.e. It corresponds
to the detection rate of about 4 Hz for the 4-telescope coinci-
dences. Note that the detection rates of the cosmic rays differ_ . . )
by a factor of about 10 for two trigger modes (see Fig. 2). It Fig. 3. De_tectlon rfs\tes of the-rays for two different trigger modes
also roughly agrees with the simple estimate based on th&€€ caption for Fig. 2).
number of the pixels in the trigger271/19 = 14. In reality
the effect of the camera edge introduce a certain reduction of For the same topological trigger (2) the calculatethy
the rate in standard trigger mode. rate is of aboutl.4 - 1072 Hz (53 4’s per hr) (see Fig. 3).

For the topological trigger (2) with the trigger threshold Here we assume the Crab Nebula energy spectrum of-the
at 4 ph.e. the cosmic ray detection rate is about 1.15 Hzrays. The peak of the differential detection rate corresponds
That is somewhat higher than the measured rate. Howevetp the effective energy threshold of the system for a particular
given a not perfect adjustment of the trigger window for the trigger mode. Thus the dependence of the evaluated energy

\\‘/ Ll

10
4-Ph-e. rrigger threshold, ph.e.
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threshold on the trigger threshold might be well fitted as

log(E) = —1.0634 + 0.89 - log(qo)- 1) Table 1. Summary of the test runs taken with the HEGRA system
of IACTs.

Thus for the topological trigger mode and conventional trig-

ger thresholddy, = 8 ph.e.) the energy threshold is about

500 GeV whereas for the reduced trigger threshaolg £ GG E]r;v] g‘;le 2@3{2] :;E?ﬁg? € 2?: I[Hz]
4 ph.e.) the energy threshold is of 300 GeV. This esti- 10 8 67 | 041 1=7 300
mate of the trigger might have a systematic error due to the 153 | g 4.38 | 0.64 5-92 2000
extrapolation to the lower threshold of about 50 GeV. 145 | 7 4.04 | 0.89 8-320 4000
143 | 6 3.51| 0.94 371800 10000
2 3 207 | 8 3.24| 0.19 2207700 15000
Eon b ¢ 1.89 | 7 3.10 | 0.02 14000:-85000 | 30000
r / 240 | 8 2.79 | 0.00 15+-3700 40000
-l
.
0.15 — é
- % ) The selzns_itivlity _of thefHEﬁRA (IJIACTdsy§tem rlrj]nnir;]g |\(,3|Vith
B the topological trigger for the reduced trigger threshold can
o i % be estimated as
L % Protons
s |- % S/N = R, /(Ren)'/2QE @
L //é For 1 hr observation the signal-to-noise ratio is expected to
o L /52 s Mo ol be of aboutS/N =~ 2.05¢. The observations for 15 hrs will
0 01 02 03 04 05 06 allow a detection of the Crab Nebula abave300 GeV at the
<Width>, degree confidence level of- 8¢. Searching for a pulsegiray emis-

sion using additional phase analysis gives an improvement of
a Q-factor in two times, which determines the sensitivity at

Fig. 4. Distributions of the parametet W > for the cosmic ray N ~ 4.00 per 1 hr
~ 4.U0 .

and~-ray showers. The vertical solid line indicates the cut applied the level ofS/
in the analysisg W >< 0.12°.

3 Tests on trigger threshold

2.2 Analysis _ _ .
In September 2000, the configuration for the lowest possi-

The triggered cosmic ray andray events can be plotted over ble threshold and the stability for ON-OFF viewing mode
mean Width< W >, weighted with the image size, for each were tested for the HEGRA IACT system. The threshold
individual event: was lowered both by decreasing the threshold of the discrim-
inator as well as by increasing the high voltage (HV) of the
al al PMTs. 19 pixels were included in the trigger for each cam-
<W>= ZAiWi/ZAi (2) era, with the position of the 19 pixels calculated from the
! ! altitude and azimuth of the viewing angle and the position of
whereW,; and A; are image Width and image size for each the telescopes in the array. The system was running in the
telescope out of N (N=4 or 5). The mean image size is giverd-telescope coincidence mode. The data runs were taken in
by normal data taking mode (wobble mode), with the altitude
of about 80. The Table 1 gives an overview of the config-
1 & urations that were tested. Listed are the gain of the PMTs
<A>= N Z A . C) with respect to the nominal gain as calculated from the mean
! anode currents, the discriminator threshold in mV, the thresh-
Both distributions of cosmic ray angiray events are shown old in photoelectrons, and the system, telescope, and typical
in Fig. 4. One can see in Fig. 4 that the parametdl” > single pixel rates. The rati&/G, shows the change of the
enables rather good cosmic ray rejection. The correspondingain after decreasing the threshold, is the nominal value
quality (enhancement) factor is Q = 2.5. The after-guy of gain.
acceptance and cosmic ray contamination fare~ 0.72, The lowest stable trigger threshold was 4.0 photoelectrons,
kcr ~ 0.082, respectively. In this analysis ajiray events  with a PMT gain of~1.5 times the nominal and a threshold
were concentrated at small impact distances and additionadf 7 mV (listed in bold type in the table). The system trigger
scaling of the Width parameter over the impact distance doesate was 0.9 Hz. The nominal threshold is 6.7 photoelectrons,
not make any difference in the results. with a threshold of 8 mV, and 1.2 mV/photoelectron.
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The stability of this configuration was tested again later
for three 10-minute runs being taken each at altitude 6f 80
Within given statistics, the system trigger rate was the same
for all three runs.

4 Conclusion

Using the Monte Carlo simulations and the test runs with the
HEGRA system of 5 IACTs we have shown the possibility
to perform the observations of therays with the energy
threshold as low as 300 GeV. The Crab Nebula data were
taken in fall of 2000 for a total of 15 hrs to check the perfor-
mance of the system in such observational mode. The results
of the analysis will be presented at the conference.
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