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Abstract

Observations of photons at E > 550 GeV from the Crab Nebula are presented and used to assess the potential of
multi-telescope systems for y-ray astronomy.

The Whipple observatory 10 m and 8 m imaging atmospheric Cerenkov telescopes have been used to provide a stereoscopic
view of air showers to make a more complete measurement of air shower parameters. Here we present a measurement of
the spread in the arrival direction of primary vy-rays originating from a point source. The data show that the shower arrival

direction can be reconstructed with an accuracy of o = 0°14. © 1998 Elsevier Science B.V.

Keywords: Gamma Rays: General; Instruments; Observations: Crab Nebula

1. Introduction

The ground-based imaging atmospheric Cerenkov
technique has been successfully used to detect TeV-
photons (E > 300 GeV) from five galactic objects:
the Crab Nebula [42], Vela pulsar [45], PSR1706-
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44 [19], the supernova remnant SN1006 [20], and
the binary pulsar PSR1259-63 [38], and the two
extragalactic sources Mrk 421 [32,33] and Mrk
501 [35,6]. At MeV-GeV energies, results from
the Energetic Gamma-Ray Experiment Telescope
(EGRET) on the Compton Gamma-Ray Observatory
(CGRO) have established the field of MeV-GeV
y-ray astronomy through the detection of more than
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129 sources [40]. However, the EGRET observations
which cutoff at 30 GeV do not yet provide answers
to many basic questions regarding the origin of the
observed radiation.

The energy region above 50 GeV remains the
domain of ground-based Cerenkov telescopes, be-
cause they have huge collection areas (10*-10° m?)
in comparison to satellite experiments [30]. The
ground-based imaging atmospheric Cerenkov tech-
nique employs large optical light collectors focusing
the Cerenkov light emitted by secondary particles of
an air shower onto an array of fast photomultipliers
covering a 3-5° field of view. The two-dimensional
image of the Cerenkov light distribution in the fo-
cal plane is used to separate y-ray induced showers
from a background of cosmic-ray induced showers.
Cerenkov images generated by y-rays are charac-
terized by narrower widths and lengths compared
to cosmic-ray images, and for a point source at the
center of the field of view, they are aligned parallel
to the telescope optic axis, resulting in small angles
between the image major axis and the line joining
the image centroid and the center of the field of view
(the alpha parameter) [36].

Although substantial improvements in sensitivity
have been made by second generation Cerenkov de-
tectors such as the Whipple Observatory 10 m tele-
scope [7] and HEGRA [31] and CAT [4], new ef-
forts are underway to improve the technique further.
Different approaches are currently being investigated.
High resolution focal plane detectors are employed in
the CAT telescope [34] and will be used in the so-
called GRANITE III project of the Whipple Collabo-
ration [23]. A different approach is to better charac-
terize y-ray showers with a system of two or more tele-
scopes [13,1,16] which provide multiple viewpoints
of the same shower. The observation of air show-
ers by two or more imaging atmospheric Cerenkov
telescopes provides additional information that can-
not be achieved with a single telescope. The stereo-
scopic view permits the three-dimensional reconstruc-
tion of the Cerenkov light distribution of air showers
and could improve the imaging atmospheric Cerenkov
technique in a number of different ways:

(a) sensitivity;

(b) vy/hadron separation;
(¢) angular resolution;
(d) energy resolution;

(e) energy threshold.

The sensitivity is partially improved by the bigger
collection area of multiple telescopes as well as a bet-
ter background suppression for the coincident events.
Points (b),(c) are directly linked to improve the sen-
sitivity of multi-telescope systems. The accuracy of
measuring air shower parameters such as the arrival
direction and the energy of the primary photon will
improve the quality of those measurements. This may
lead to a sharper classification of the type of air shower
(7y-ray or hadronic), to distinguish a y-ray primary
from a cosmic-ray primary. In addition, the stereo-
scopic view provides information of the shower core
impact point on the ground which is currently missing
in measurements with a single telescope. The informa-
tion about the shower core is crucial to improve the en-
ergy resolution of the imaging atmospheric Cerenkov
technique. Stereo detectors may also play an impor-
tant role in lowering the energy threshold [22,16] of
atmospheric Cerenkov detectors. Large scale imag-
ing atmospheric Cerenkov detectors such as VERI-
TAS [44] and HESS [2], employing 9-16 telescopes
operating at an energy threshold of E > 50 GeV, have
been proposed as a major step to improve the sensi-
tivity of ground-based y-ray observatories. Some ex-
perimental data from multi-telescope installations are
present in the literature [9,21,2].

The Whipple collaboration has pursued the stereo
approach with the 10 m—8 m stereo system to test some
aspects of the performance in the few hundred GeV
region and results are presented here. The 10 m tele-
scope is routinely operated in an extensive observing
program of y-ray sources. The 8 m telescope (orig-
inally 11 m) was built as a low-cost test-experiment
and was used as an auxiliary telescope together with
the 10 m telescope. The investigations were limited
because the 8 m auxiliary telescope suffered from me-
chanical rigidity problems, had low UV reflectivity
and was located at the rather large distance of 146 me-
ters from the 10 m reflector (dictated by local geog-
raphy). Nevertheless, we were able to detect a coinci-
dent signal from the Crab Nebula and have explored
some aspects of the stereoscopic technique in the few
hundred GeV region. We were able to make a direct
measurement of the errors associated with inferring
the arrival directions of primary gamma rays.

In this paper we examine the simplest aspects of
the stereo technique using experimental data recorded
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with the Whipple Observatory 10 m and 8 m tele-
scopes, more detailed studies will be discussed else-
where. In Section 2 we describe the 10 m and 8 m tele-
scope system. In Section 3 the stereo observations of
the Crab Nebula are presented. The method of stereo-
scopic analysis is described in Section 4. The results
of the observations are presented in Section 5. In Sec-
tion 6 we summarize and discuss the implications of
these measurements.

2. The stereo detector

Measurements reported here were carried out with
two telescopes: the well-proven 10 m Whipple Obser-
vatory y-ray detector [7] and an auxiliary 8 m tele-
scope (see Table 1). The stereo detector has been con-
structed on the southern ridge of Mount Hopkins near
Amado, Arizona at a latitude of 31° 41’ and an alti-
tude of 2300 meters. Limited space on the ridge deter-
mined the location of the second telescope (8 m) rel-
ative to the existing Whipple Observatory 10 m tele-
scope and resulted in the spacing of 146 m between
the two instruments, The 8 m telescope was first put
into operation in December 1995 with a 91 pixel cam-
era for stereoscopic observations in conjunction with
the 10 m telescope.

The second telescope consists of a tessellated
parabolic reflector with an effective diameter of 8 m.
The mount and optical support structure (OSS) came
from a solar reflector built by McDonnell-Douglas
for solar energy research. The mechanical structure of
the OSS is less rigid than the existing 10 m telescope
and therefore the expected performance is below its
10 m companion.

The optical reflector consists of 390 individual mir-
rors mounted on a parabolic surface. The total reflec-
tive mirror surface is ~ 55 m?. Budget considera-
tions as well as the mechanical strength of the OSS of
the solar reflector precluded solid ground-glass mir-
rors and dictated an alternative mirror design. These
consist of second-surface 0.7 mm thick glass mirrors
bonded to foam glass blocks which had been machined
to the required radius of curvature [41].Their primary
reflectivity is in the 330-470 nm wavelength range.
While the reflectivity of the 10 m telescope extends
well into the UV-range (240 nm), the 8 m reflectivity
drops substantially below 330 nm. This causes the 8 m

Table 1

The stereo detector

Telescope 10 m 8 m
refiecior @ it m 8 m
reflector shape Davies-Cotton parabola
focal length 73 m 7.6 m
mirror area 75 m? 55 m?
PSF 0°12 0°22

# of pixels 109 91
light-cones yes yes
tracking accuracy 0°03 0°05
energy threshold 250 GeV 500 GeV

reflector to collect less light from an air shower per
square meter of mirror area than the 10 m reflector. Be-
cause the OSS flexes with elevation, it was necessary
to align the mirrors with the reflector directed close
to the zenith. A reasonable optical resolution of the
combined mirrors was achieved using a vertical mirror
alignment scheme with 2 lasers to adjust each individ-
ual mirror of the 8 m telescope. The two-dimensional
point spread function achieved with this method has a
FWHM of 0°22 for zenith angles 0-35°.

The focal plane detector consists of a two-
dimensional hexagonal array of 91 1-1/8” photo-
multipliers. (Hamamatsu R1398). The camera also
includes light-cones to improve the light collection
efficiency in the focal plane. The pixel spacing is
0°25 and covers a 2°75 wide field of view. The sig-
nals are transmitted through RG-8 coax-cable for the
inner 37 phototubes (originally designed for a 37
pixel camera) and RG-58 for the outer channels to an
electronics hut 50 feet from the telescope. The sig-
nals have a FWHM of less than 9 ns when they reach
the data acquisition electronics. The signals feed into
custom-built amplifier-discriminator modules [25].
The discriminator outputs go into a coincidence logic
consisting of 32-channel majority logic units (LeCroy
4532) and a trigger logic controlled by the data
acquisition computer (Vax Station 4000/90). The
trigger logic requires two channels out of 91 pixels to
exceed a discriminator threshold of 55 mV within a
coincidence gate of 30 ns.

The interface to the data acquisition is based on
the CAMAC system and is very similar to the 10 m
telescope system [37]. The data acquisition is de-
signed to operate both independently and in coinci-
dence with the 10 m telescope. For the data reported
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here, both telescopes have been operated indepen-
dently. The tracking of the 8 m telescope is performed
by a PC-controlled tracking system which consists of
3-phase AC-motors and motor controller. The motor
controller was upgraded in summer 1996, to allow
ramping for smooth acceleration and deceleration. The
aciual position of the telescope axes is given by 15-
bit gray-coded absolute-encoders with an accuracy of
0°01.

For the observations presented here, the 10 m tele-
scope was equipped with a 109 pixel camera and is
described in detail elsewhere [7]. It is important to
emphasize that the performance of the stereo tech-
nique depends on the particular configuration of the
telescopes. The telescopes used are not identical and
the following points are relevant for the performance
of the stereoscopic system.

(1) The FWHM of the point spread function of the
8 m telescope reflector is broader by a factor of
2 than for the 10 m telescope. This property im-
pacts on the image quality and diminishes some-
what the distinction between hadronic and -
ray initiated showers. However, the point spread
function of the 8 m telescope (FWHM = (0°22)
still matches the pixel spacing in the focal plane
(0°25) and therefore only a marginal degrada-
tion of the imaging technique is expected.

(2) The spectral range of the light reflected by the
8 m telescope is much less than that reflected by
the other telescope: while the 10 m reflectivity
extends well into the UV-range (240 nm), the
8 m reflectivity begins to drop substantially be-
low 330 nm [41]. As aresult, the energy thresh-
old (defined as the energy where the detection of
gamma-rays has its maximum) of the 8 m tele-
scope is higher than for the 10 m telescope. The
energy threshold of the 8 m telescope is quoted
here relative to the 10 m energy threshold and
the details of the calibration are given in Sec-
tion 4.3. Furthermore, the lack of UV-light re-
duces the r.m.s. width of hadronic showers due
to a smaller contribution from local particles and
therefore reduces the capability of distinguishing
hadron showers from y-ray induced showers.

(3) The tracking accuracy, provided by an analyti-
cal correction for mechanical deflections, is such
that a source stays within 0°05 of the telescope
optical axis. This is similar to the tracking accu-

racy of the 10 m telescope (0°03) and the effect
on the angular resolution of the stereo system is
negligible.

(4) The 8 m telescope is limited by the mechan-
ical strength of the solar collector design and
could not be operated if wind speeds were more
than i5 miles per hour. Furthermore, due to the
low thermal conductivity of the mirrors, con-
densation is a severe problem during the winter
months excluding this instrument from regularly
scheduled observations.

The sensitivity of the stereo system is limited by the
sensitivity of the weakest member, in this case the 8 m
telescope. However, the 8 m has a relatively low energy
threshold 550 GeV (see Section 5.2), a reasonable
optical resolution and a good tracking accuracy and
thus it is well suited to explore some aspects of the
stereoscopic imaging technique.

3. Observations

The stereo system was tested using observations of
the Crab Nebula. Since y-ray emission from the Crab
Nebula is steady [43], it has become the standard can-
dle for ground-based y-ray astronomy, and it is the
ideal source to test the performance of the stereo sys-
tem. A total of 5.45 hours ON-source observations
and the same amount of OFF-source measurements
under clear-sky conditions were recorded during Oc-
tober and November 1996. Since we are exploring a
new technique, the most conservative method of mea-
suring the background was used: for each ON-source
run lasting 28 minutes a corresponding OFF-source
run was recorded at the same elevation and azimuth
region. For each telescope the contemporaneous data
were recorded individually and 10 m + 8 m events
identified with an absolute time accuracy of 250 us,
provided by two GPS clocks.

4. Stereo analysis
4.1. Event selection
Stereo coincidences are found in the off-line anal-

ysis by matching the time of the events in both tele-
scopes. Events from the data of the two telescopes are
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Table 2
Cuts used in stereo analysis

Parameter 10 m 8m

width: 0°07 < width < 0°17 -

length: 0°16 < length < 0°34 -

distance: 0°51 < distance < 1°1 0°30 < distance < 0°85

size: size > 200 d.c.

size > 100 d.c.

accepted as coincidences if their recorded times differ
by less than 500 us. This time window has been cho-
sen to be efficient in suppressing random coincidences
to a fraction of <10% at the trigger level and to al-
low for 100% efficiency of air shower coincidences.
A size cut (size = total amount of light of the image
measured in digital counts by the Analog-to-Digital-
Converters) for both telescopes reduces random coin-
cidences caused by night-sky noise significantly. The
size selection also ensures a minimum image quality
to provide a robust image parametrization.

Table 2 shows the selection criteria used for the
subsequent analysis. The image analysis of the stereo
events has been developed with emphasis on the supe-
rior imaging quality of the 10 m telescope: shape cuts
such as width and length have been applied only to the
10 m telescope images to select candidate y-ray events.
A distance cut for the 10 m and 8 m images has been
used in order to reject images that are truncated at the
edge of the field of view. The 8 m telescope camera
with 91 photomultipliers requires a smaller distance
cut than for the 10 m telescope equipped with 109
photoelements. The cuts shown in Table 2 are applied
in the following analysis. These cuts differ from the
standard ‘Supercuts’ to allow for a bigger collection
area.

4.2. Reconstruction of the arrival direction

For a single telescope, the orientation parameter al-
pha [36] provides one projection of the arrival direc-
tion. A single telescope does not allow the unambigu-
ous reconstruction of the arrival direction, however,
methods have been developed [3,24,10] to derive the
point of origin for a sample of events.

The stereoscopic view of the Cerenkov light dis-
tribution of air showers from two telescopes allows

Field of View

‘\\
.
N
N
Gamma Ray I\Ne

\.

|
.

Angular Resmutyn

Gamma Ray Image

Fig. 1. Showing the principle of the arrival direction reconstruction
using the two images of a stereoscopic event recorded by two
telescopes. The two images characterized by their elliptical shape
as they occur in a common coordinate system with respect to
the sky provide information about the arrival direction of the air
shower. The intersection of their major image axes points towards
the arrival direction. If the origin of the coordinate system is
pointed towards a y-ray point source, the intersection points are
expected to cluster in the center of the coordinate system.

the unique derivation of the arrival direction (Fig. 1)
from the intersection of the major axes of the two
superimposed images. This intersection point corre-
sponds to the arrival direction of the shower on the sky
with an accuracy that can be quantified by the angular
resolution. This reconstruction only fails for showers
falling close to the connecting line between the two
telescopes.

The parameter & describes the angular distance of
a reconstructed shower direction from the source po-
sition. A cut on @ reduces the isotropic background
from cosmic-ray induced showers. The search for
point sources with the maximum sensitivity is deter-
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mined by the angular resolution of the instrument.
We define the angular resolution g7, from a two-
dimensional Gaussian function as shown in Eq. (1),

] P R P
- — (&) /20"
8(0) = —— 7 (1)
2o
We define the angular resclution as
a7 = \/EU (2)

and corresponds to the radius of an aperture containing
72% of all events. This search window gives optimum
sensitivity for point sources.

For the arrival direction reconstruction of showers
of the data we chose as a reference system a grid cov-
ering a space angle of 3° x 3° on the sky. This corre-
sponds roughly to the field of view of the 10 m tele-
scope. The grid system is divided into 30 x 30 bins with
a cell size of 0°1. We form a two-dimensional his-
togram by testing for each cell on the grid if a shower
passes the shape cuts and a @-cut consistent with the
source originating in the center of the individual cell.
By carrying out this process for every shower in the
data sample a two-dimensional histogram is formed
(similar to [3]). The ®@-cut has been determined from
simulations as described in Section 4.3.

It should be pointed out that the angular resolu-
tion defined here is a measure of the error associated
with the reconstruction of individual y-ray primaries.
The accuracy for point source location increases with
statistics and can be substantially better than the an-
gular resolution.

In Section 5.1 we examine observations of the Crab
Nebula regarding the arrival direction of the excess
events using the analysis described.

4.3. Monte Carlo simulation of the stereo detector

We have simulated the response of the 10 m/8 m
telescope configuration using Monte Carlo programs
developed at Towa State University [29], which are
based on the KASKADE shower simulation code writ-
ten by Kertzman & Sembroski [18]. The 10 m and
8 m detectors are simulated including their individual
mirror reflectivity as a function of the wavelength and
their different optical design — the Davies-Cotton de-
sign of the 10 m [11] and the parabolic reflector de-
sign of the 8 m telescope. The simulation [26] repro-
duces the measured point spread functions of FWHM

|
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-15 - N — e

-1.5 -1 -0.5 0 0.5 1 1.5
x (degree)

Fig. 2. Showing the arrival direction for simulated y-rays coming
from a point source aligned with the origin of the focal plane
coordinate system. The intersection method has been used to
reconstruct the arrival direction as described in Section 4.2. More
than 72% of all the events fall within a circle of 0°20.

= 0°12 for the 10 m and FWHM = 0°22 for the 8 m,
respectively. The simulations have been used to derive
two basic parameters of the stereo detector: (a) the
angular resolution for the detection of a point source
and (b) the energy threshold of the telescopes for co-
incident y-ray induced air shower events.

Angular resolution To calculate the angular resolu-
tion, we have reconstructed the arrival direction of
simulated coincident y-ray events using the intersec-
tion of the major image axes. The image selection cri-
teria as described in Section 4.1 have been used. Fig. 2
shows the pointing direction of images from 7y-ray
induced air showers originating from a point source
which is aligned with the center of the focal plane co-
ordinate system. As can be seen from Fig. 2, most re-
constructed events (72%) fall within a radius of 0°20
from the source. Fitting a two-dimensional Gaussian
function to the event distribution in Fig. 2 shows that
the accuracy of reconstructing the arrival direction is
o=0°14,

Energy threshold The energy threshold of the § m
telescope and the stereo system can be calibrated by
using the relative size ratio size(8 m)/size(10 m)
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of 10 m images and 8 m images. Considerable ef-
fort has gone into the energy calibration of the 10 m
telescope [5,29,17]. Here we assume that the energy
threshold of the 10 m telescope has been estimated
correctly and relate the threshold of the 8 m telescope
directly to this value. The biggest uncertainty in the
derivation of the energy threshold of the detector itself
arises from the knowledge of the conversion of photo-
electrons into digital counts (pe/dc-factor hereafter).
The unit digital counts is used to measure the light of
each pixel or the total light of an image with Analog-
to-Digital-Converters (ADCs). The pe/dc-factor for
the 10 m telescope has been carefully determined us-
ing different methods [29,17] and is consistent with
1 pe/dc = 1.05 £ 0.1. This factor is used to convert
the number of photoelectrons produced by a simulated
v-ray shower into the number of digital counts con-
tained in a real air shower image. The pe/dc-factor of
the 8 m telescope can be derived by a cross-calibration
with the 10 m telescope using coincident y-ray shower
images. Since we use the same phototubes operated at
the same average voltage, the same amplification fac-
tor and ADCs (LeCroy 2249A) as in the 10 m tele-
scope, we expect the pe/dc-factor for the 8 m tele-
scope to be also close to 1, however in the following
we derive this number from a cross-calibration based
on the known 10 m energy threshold.

The size of an air shower image can be used as
a means of estimating the energy of the primary -
ray. In measurements with a single telescope, the en-
ergy/size correlation is diminished by averaging over
a range of shower core distances. With two telescopes
the shower core distance can be reconstructed and
therefore the energy/size correlation is better defined.
Here we make use of the energy/size correlation to
cross-calibrate between the two telescopes to deter-
mine the pe/dc-factor of the 8 m relative to the 10 m
telescope. We reconstruct the shower core position and
then use only events that have a shower core distance
of 60-120 m from each telescope, a region where the
lateral Cerenkov light distribution for y-ray induced
air showers is relatively flat. We compare the size ra-
tio size 8 m[dc]/size 10 m[dc] of y-ray images from
the data with size ratio size 8 m{pe]/size 10 m[pe] of
simulations in units of photoelectrons. Since we know
the pe/dc-factor for the 10 m telescope, the pe/dc-
factor for the 8 m telescope can be derived. In Section
5.2 the results of the calibration using a y-ray signal

Declination

230

22°30

21°30 |2

21°0 |5

g28" 530" 532° 5347 5360 538"
Right Ascension (42000.0)
Fig. 3. The two-dimensional reconstruction of the arrival direction
of air showers is shown for 5.45 hours of ON-source observations
minus the OFF-source observations of the Crab Nebula. It can be
seen that a clear signal is present in the data. The gray scale indi-
cates the number of excess events (ON-source minus OFF-source)
passing the cuts of Table 2. Both telescopes have been pointing at
source position during the ON-source runs corresponding to the
center of the camera. The excess in the contour plot coincides with
the source direction of the Crab Nebula as indicated by the cross.

Table 3
Results for coincident events for the Crab Nebula observations

Energy Excess Significance

0.550 TeV 85+11 190

from the Crab Nebula are shown.

5. Results from the Crab Nebula observations
5.1. Angular resolution

Fig. 3 shows the results of the two-dimensional anal-
ysis (as described in Section 4.2) of the arrival direc-
tion for coincident, candidate y-ray events from stereo
observations of the Crab Nebula. The gray scale in the
histogram indicates the number of excess events (ON-
source minus OFF-source) passing the cuts of Table 2
and @ < 0°20. The contours show the likelihood ra-
tio test statistic in 1o steps based on the method of Li
and Ma [27] as derived from the number of counts
ON-source and OFF-source. For this analysis (see Ta-
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MONTE CARLO (dashed fine)
DATA (solid line)

number of events

2 2..5 3
Size(8m)/Size(10m)

Fig. 4. The size ratio (size(8 m)/size(10 m)) is being used to
test the relative calibration of the photoelectron to digital count
the conversion factor for the 8 m telescope. Since both distribution
of the size ratio, the simulated events and the data are centered at
the same value, the pe/dc-factor of the 8 m telescope is close to 1
(0.96 £0.1). It can also be seen that the average size of the 8 m
images is by a factor of 2 smaller than for the 10 m telescope.

ble 3) the significance is 7.90 (85+11 excess events).
The excess is consistent with the source position as in-
dicated by the cross in Fig. 3. The angular resolution
o2 = 0220 (o = 0°14) for the two-dimensional anal-
ysis at the given size threshold (size 10 m > 200 d.c.,
size 8 m > 100 d.c.) has been derived from the data
and is consistent with the prediction from the simula-
tion results showing the maximum significance for a
search window of 0°20.

5.2. Cross-calibration of the energy threshold

In Section 4.3 we have described the method to de-
rive the energy threshold of the 8 m telescope from a
cross-calibration with the 10 m telescope, for which
the energy threshold is known. The shower core has
been reconstructed for the coincident events using the
cuts as mentioned above. Only events with a recon-
structed shower core distance of 60-120 m from each
telescope have been accepted to compare the size ratio
size 8 m[dc]/size 10 m[dc].

Fig. 4 shows the size ratio for the ON-source data
(in units of dc) and for the simulations (in units of
pe). The center position of the two distributions agree
within 5% and we conclude that the pe/dc-factor con-
version factor of the 8 m telescope is consistent with
0.96+0.1. Fig. 4 also shows that the 8 m telescope de-

tects about two times less light than the 10 m telescope.
Therefore, the energy threshold of the 8 m telescope
is consistent with 500 GeV at a given trigger condi-
tion similar to the 10 m trigger. The energy threshold
for coincident events is consistent with 550 GeV for
events passing a threshold of size 8 m > 100 d.c. and
size 10 m > 200 d.c., whereas the energy threshold
for the 10 m alone is 250 GeV at the trigger level.

6. Discussion and summary

The Whipple observatory stereo detector has been
used to test some aspects of the stereoscopic imag-
ing atmospheric Cerenkov technique in the 500 GeV
region. It has been demonstrated by using Crab Neb-
ula observations that the stereoscopic approach of re-
constructing the arrival direction of y-rays from a
point source can be used to improve the resolution
of imaging atmospheric Cerenkov telescopes. With a
system of two telescopes with a pixel spacing of 0°25
an angular resolution of 07,=0°20 (0=0°14) can be
reached. Extrapolating this result for arrays like VER-
ITAS where 9 telescopes with pixel sizes of 0°12 and
0°23 are proposed, an accuracy of o72= 0°03-0°206
seems achievable. This is based on the extrapolation
with the square root of the number of telescopes pre-
suming that 9 telescopes contribute to the stereoscopic
view. A limit to this extrapolation occurs due to the
shower development itself and Hillas [ 14] has shown
that the limit is in the range of 0°025 for 500 GeV
y-ray primaries. By standards of other y-ray detectors
on the CGRO (E < 20 GeV), the ground-based imag-
ing atmospheric Cerenkov technique offers a superior
angular resolution to resolve y-ray sources.
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