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Abstract. The HEGRA system of imaging atmospheriorthe pulsar PSR B1706-44. In this paper, we present, as a case
Cherenkov telescopes provides for specially selected classegly, an investigation of the size of the emission region of the
of events an angular resolution of better thanB/ compar- Crab Nebula at TeV energies.
ing the measured angular distribution of TeV gamma rays from The Crab Nebula is one of the best-studied objects in the
the Crab Nebula with the distribution expected on the basissKy, in all wavelength regimes. It has been established as a TeV
Monte Carlo simulations, and with measurements of gamrmgamma-ray source by the Whipple group, using the imaging
rays from the point source Mrk 501, we conclude that the rrasmospheric Cherenkov technique (Weekes ét al.|1989, Vacanti
size of the VHE gamma-ray emission region in the Crab Nebwdaal [1991), and has been studied with many other Cherenkov
is less than 1/5 telescopes. The precise spectral shape of gamma-ray emission
from the Crab Nebula has been the subject of a number of recent
Key words: gamma rays: observations — ISM: individual obpublications (Hillas et al. 1998, Tanimori etlal. 1998, Konopelko
jects: Crab Nebula — ISM: supernova remnants 19994). The spectrum is consistent with a power-law extending
from afew 100 GeV out to energies of 50 TeV and beyond. Con-
trary to observations in the X-ray and GeV gamma-ray regimes,
the TeV gamma-ray emission does not show a pulsed compo-
nent attributable to a direct contribution from the Crab Pulsar;
Stereoscopic systems of imaging atmospheric Cherenkov tdlglsed emission is below 3% of the DC flux (Aharonian et al.
scopes (IACTs) such as the HEGRA IACT system (Daum &999c, Burdett et al. 1999). The commonly accepted model for
al. [T997) allow to reconstruct the directions and energies \WHE gamma-ray production in the Crab Nebula assumes elec-
TeV gamma-rays with high precision. The analysis techniquégn acceleration in the termination shock of the pulsar wind
the control of systematics, and the understanding of the angtia distance of about 0.1 pc (0.2rom the pulsar (see, e.g.,
lar resolution function of the instrumentifRihofer et al. 1997, Kennel & Coroniti(1984), De Jager & Harding (1992), Atoyan
Aharonian et al. 1999b, Hofmann etlal. 1999) has progressedtéharonian (1996), Aharonian & Atoyan (1998)). The elec-
alevel that one can start to study the characteristics of extendi@ds diffuse out into the Nebula and produce a characteristic
sources on a scale of a few arcminutes. These scales staftv@-component electromagnetic spectrum: synchrotron emis-
become interesting in disentangling the emission mechanis#ign dominates at most energies up to about 0.1 GeV, whereas
for Galactic TeV gamma-ray sources such as the Crab Nebtile inverse Compton process generates higher-energy gamma-
rays with energies from the GeV range up to 100 TeV and be-
Send offprint requests 19V. Hofmann yond. From the relative strength of the two components, values

(Werner.Hofmann@mpi-hd.-mpg.de) for the average magnetic field of 15-30 nT have been derived
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(Hillas et al/ 1998, De Jager & Harding 1992, Atoyan & AhatT 27

. ~ = L 0 o~ HWHM
ronian 1996). £ 1.8f o5 HEGRA

The Crab Nebula represents an extended source of elgc- 5 \ I
tromagnetic radiation. Since the electrons loose energy as they T \ MHD I
expand out into the Nebula, primarily due to synchrotron losse®, 1.4 oo \ (syner. rad.

) o ) ; L D f \ sy )

the effective source size is predicted to shrink with increasing 1.2} |\ \ 7///
energy of the radiation, with radio emission extending up to and a \ F“ame/r;ts
beyond the filaments visible in the optical, whereas hard X-rays " | o\ 7///
and multi-TeV gamma-rays should be produced primarily in the 0.8 E o\ &
direct vicinity of the shock (see, e.g., Kennel & Coroniti (1984), 0.6} o .
De Jager & Harding (1992), Atoyan & Aharonian (1996), Am- al ° a\
ato et al.|(1999)). At TeV energies, a second production mecha-"" | % ™ Ic r.nodel
nism for gamma-rays could be the hadronic production by pro- 0-2§
tons accelerated in the shock (Atoyan & Aharonian 1996) or gbeswu il uunn ]

resulting from decays of secondary neutrons produced in the 10" 10° 10° 10° 10 10

pulsar magnetosphere (Bednarek & Protheroe 1997); gammc. Energy [eV]

rays are produced in interactions with the surrounding material,

e.g. in the filaments (Atoyan & Aharonian 1996). This contriig. 1. Angular size of the Crab nebula at different frequencies. Full
bution might be enhanced due to a trapping of protons in |Oé‘1|;‘r|cles: rms size, averaged over directions. Open circles: half width at
magnetic fields associated with the filaments, increasing the g maximum (HWHM, defined as FWHM/2), averaged over the long

teraction probability. Given that the size of the Crab Nebulaa—nd short axis. Open squares: HWHM along 88" direction. See
text for references. The dashed line indicates the frequency dependence

with its about 4by 3 gxtensm_n in the optical - is comparableof the size of the (synchrotron-radiation) emission region as given by
to the angular resolution achieved for TeV gamma rays by tR@nne| & Coroniti (1984), and the full square shows the rms size

HEGRA system of imaging atmospheric Cherenkov telescopggdicted for inverse-Compton gamma-rays at TeV energy (Atoyan
(IACTs), a study of the size of the TeV emission region of thg Aharonian 1996). The dashed region indicates the rms size range of
Crab Nebula is now possible with meaningful sensitivity. Thige filaments, the likely scale for hadronic production mechanisms. The
paper reports such an analysis, based on data collected ovetrttwgles show the upper limits on the rms source size at TeV energies
last years with the HEGRA IACT system. derived in this work.

For comparison and later reference, we will briefly summa-
rize the existing information on the size of the Crab Nebulg

15

€300° direction (open squares). A clear trend for decreasing
: P . : | source size with increasing energy is evident, considering ei-
lem n sucha comp|l_at|on 'S that there is no unique defm't'otﬂer the rms size values, the averaged FWHM size values, and
of 'size’. For comparison with the_TeV “_’5““5 given Iat_er, th_f%e fixed-direction X-ray widths. Included as dashed line is the
most relevant quantity is an rms size, gained by approx'mat'ﬂ’%quency dependence of the synchrotron emission region as

the intensity distribution by a two-dimensional Gaussian, or tQﬁetched in Kennel & Coroniti (1984). The size of the emission

_directly ca!cul_atin_g the rms Width. by projecting or slicing .th?egion for inverse-Compton TeV gamma rays can be predicted

Lptensg dlstr!zgr:lonlalon% an SX'S’ gng: veradgmg Otvervs.'lreﬁéing the average magnetic field to relate synchrotron photon

|on§. Ms widin values base on‘_ < radio data ( " S%rf'lergies to electron energies and to inverse-Compton gamma

1972), optical data from Woltjer (1957) as displayed in Wilso ys; from such arguments, one concludes that the size for TeV
4 _ i ‘ ; ,

(1972), and 0.1-4.5keV X-ray data (Harnden & Seviard 1198 mma-rays should correspond to the X-ray size. The rms size

a[ﬁ com dp;ledtrl]n ggI?iAth al, (3.9%8){ Adfdglo:alr:n?s V?“:e(si \évge redicted for the TeV gamma-ray emission region by the de-
obtamnedfor the Zradio cata ot bietennolz etial, (1 iled calculations of Atoyan & Aharoniah (1996) is included

and for the 22—-64 keV X-ray data of Makishima et al. (1981) Fig.[l. Basically, inverse-Compton TeV gamma-rays should

These data are shown in Fig. 1 as full circles. The bulk of tré?nerge from the toroidal X-ray emission region clearly visible

size values quoted in the literature refer to a different measure .
) X . the ROSAT data (Hester etlal. 1995) and in the recent Chandra
the full width at half maximum (FWHM), which unfortunately. ( ) !

. f a structured intensitv distribution d ds al éB‘uage (Weisskopf et al., 2000), as already speculated earlier by
I case of a structured intensity diStnbution depends aiso on Aepeanpach & Brinkmanri (1975). The projected semi-major
resolution of the instrument. In some cases, data are only av.

ald semi-minor axes of the emission torus aré a8d 1¢,

able along a specific direction, and do not allow to average 0\fgrspectively. Due to the nonuniform strength of X-ray emission

L ong the torus, the resulting emission profile is roughly ellip-
X-ray data, the contributions of the pulsar and of the surrou 9 g P gnly etip

X bul i ted 1 includ ircl cE?I, and its center is shifted N relative to the pulsar location
INg nebula are not separated. Fig. 1 includes (as OPEN CIrCHeG)ahout 0.3 Hadronic production mechanisms are expected
FWHM size data, averaged over the long and short axis, at ragio

. 2 . . I izes, of th le of the si f th
wavelengths (Wilson 1972) and in the optical, NUV, FUV, an eg&ge(gzdi;gzgﬁgﬁﬁepZe{; of the scale of the size of the
X-ray, as given in Hennessy et al. (1992). Also shown are X-ray e

data compiled in Ku et al. (1976), which refer to the width along

as a function of the energy of the radiation. An obvious pro
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2. Observations of the Crab Nebula resultingmean scaled widthc 1.2 retains most gamma-rays,
with the HEGRA CT system but rejects the bulk of the cosmic-ray showers.
: : . In detail, the reconstruction of shower geometry differs
The HE.GRA system of imaging atmospheric Cherenkov tel&;)mewhat from the techniques used so far. Whereas the nor-
scopes is located on the Canary Island of La Palma, on the Site

. mal reconstruction procedure combines images from all tele-
of the Observatorio del Roque de los Muchachos. The telecopée P g

. . . . P3pes regardless of their qualit , the new procedure assigns —
system consists of five telegcopes, with a mirror area of 8.5 tF;]e bagis of the Monte qCarloysimulationps of Konopelkg et
gnd afocallength of 5m. A.S'Xth prototype telescope.|s operat% . 11999Db) — errors to the relevant image parameters (the loca-
;?ef;agf]'ealsogfemﬁgg 225 'essr;tegsr?;nfoerotlgf tﬁgilgrsrlnsegzﬁzq ﬁof the image centroid and the orientation of the image axis).

) y P 9 uf]plege errors depend on the intensity and the shape of the images

center of a square of about 100 m side length. The alt-azimut . :
an? are propagated through the geometrical reconstruction, re-

mounted telescopes are equipped with cameras consistin L . : : .
P quipp L4 ing in error estimates (or, to be precise, a covariance matrix)

ZIZ ! F;g";g?“ (;J_Itlpll(etrs-(;M:sl)a E?C.h PMfT wek\]/v S an area Olf) t"?ir the shower parameters. Details of the algorithm are given
SKy 00, lameter, the ield ot View of éach camera ls abowl o anann et al. (1999). Depending on the characteristics of

4.3°. Cherenkov Images of air shower§ are r_ecorded W.h.ene\é%revent, an angular resolution betweéra2d more then 10
two telescopes trigger simultaneously; the trigger condition re-

. - ) . redicted, with aver val lightl lot.6I'h ilit
quires that two neighboring PMTs exhibit signals equivalent $ predicted, with average va ue sig tly be ofl.&rhe ab Yo

. . select subsets of events with better-than-average resolution
8 or more photoelectrons. Typical trigger rates are around

Hz, for an energy threshold of 500 GeV for vertical gamm\é\yrlnl be used extensively in the analysis of the size of the VHE

rays. Details about the HEGRA IACTs and their performance

can be found in Daum et al. (1997), Aharonian etlal. (1999%), o . o .
Hermann[(1995), Bulian et al. (1998). . The limit on the size of the emission region

The Crab Nebula was observed in each season since ghi@n if the size at radio wavelengths — about tn3s — is used
HEGRA IACT system commenced operation in late 1996, iniss a most extreme possibility for the size at TeV energies, the
tially with three telescopes, later with four and since late 199§,rce size, is still smaller than the angular resolutiep for
data taken in the years 1997 and 1998 were used, acquired Witenerate a detailed map of the source. Instead, an extended
at least four telescopes und_er goo.d weather conditions; IN @knission region of (rms) size, would primarily show up as
der to be able to compare with earlier Mrk 501 data taken W|g15|ight broadening of the angular distribution of gamma-rays,

four telescopes, data from the fifth telescope was not usedygyond the value determined by the experimental resolution:
the most recent five-telescope data sets. The quality-selected

data set amounts to an integral observation time of about 155 Vv ol +o3 1)

h, and includes about 6.3 million events. For the final analysis;, for -, small compared te,,

only data taken at zenith angles of less thahwere included, )

with about 3.5 million events remaining. The Crab Nebula wa8? _ 7 — % ~ s @)
observed in the so-called wobble mode, with the source offseb Oo 203

by 0.5° in declination relative to t_he telesc_ope axes. The sign gfy an intrinsic resolution of'3in a projection) and a 1/5ms

the offset alternated every 20 min. A region offset by the sanggyce size, one would find a 3Wide angular distribution; for
amount, but in the opposite direction, is used for backgrouggh g resolution, the resulting width is 8.2n order to pos-
estimates, avoiding the need for special off-source observatiqg§e|y detect a finite source size, or to derive stringent upper
Since the sterepscopic r'econstr.uction of air showers prov'ideqiﬁnts, one has (a) to measure the width of the angular distribu-
angular resolution of typically 6signal and background regions;on, of gamma-rays with sufficient statistical precision, and (b)
are well separated. to quantitatively understand the response function of the instru-

The techniques for data analysis are similar to those dofant at the same level, and to control systematic effects which
umented, e.g., in Aharonian et &l. (1990b, 1999d). Directigf ence the resolution.

and impact point of an air shower are reconstructed from the o, 5 given numben of events from the source, and ignor-
stereoscopic views of the shower. Based on the measured jigr for the moment the effect of background under the signal,
pact point and the known (Aharonian etlal. 1999a) distributiqRe statistical error on the width of the (projected) angular dis-
of Cherenkov light as a function of the distance to the showgfution isAc /o = 1/(2n1/2). In case the angular distribution
axis, an energy estimate is derived, with a typical resolution @f .o nsistent with a point source, EGh. 2 then implies a (1 stan-
20%. Gamma-ray candidates are selected on the basis of imgge deviation) upper limit, < o,n~'/4. Therefore, one will
shapes. Given the core distance and the intensity (the Hiltas \yant to minimizer, by selecting a subset of events with partic-

parameter (Hillas 1985)), the expectettith of a gamma ray jarly well-determined directions, even at the expense of event

image is determined. The measungidith values are normal-

ized to this value, and averaged over telescopes. A cut on tHeHere and in the following, “angular resolution” is defined as the
Gaussian widtlr of the distribution of reconstructed shower directions,
projected onto one axis of a local coordinate system.

ission region in the Crab Nebula.
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Table 1.Width of the angular distribution of events relative to the source, comparing the Mrk 501 and Crab data sets with Monte Carlo simulations
using the measured gamma-ray energy spectrum as an input. Data sets are selected according to the estimate of the angular resolution, as provided
by the shower reconstruction algorithm. The quoted width values are derived using a Gaussian fit to the projected angular distribution. For the
last two rows of the table, only the central part of the distribution is fit; there are significant non-Gaussian tails (both in the Monte Carlo and in

the data).

Selection on Mrk 501 MC  Mrk 501 data Crab MC Crab data

angular resolution [arc min] [arc min] [arc min] [arc min] [arc min]

<24 2.43 +£0.05 2.46 £ 0.06 241 +£0.05 241+0.14

<3 2.81 +£0.04 2.83 £ 0.05 2.81+0.04 2.70+0.10

<6 358+0.03 3.63+0.04 3.64+0.04 3.70+0.09

all events 4.234+0.04 4.264+0.04 4.304+0.04 4.37+0.10

statistics. More critical are, in general, Systematic errors. Poirg- 20; . . . ..

ing imperfections, changes in mirror alignment, etc. can cauge
differences in the angular resolution between data sets takgn

at different times, under different conditions, and between thg 10}. e .
data and the simulation. If, e.g., the intrinsic resolution of the i oo e e
instrument is known and reproducible to 10%, the minimum °f * - . -'.";;.,?.: . :
source size which can be reliably detected.i#6o,, accord- of ¢ . ) ..;57’5&,3 :

ing to Eqs[1 oER. Once more, a selection towards smgais e o e TRE
preferred. Among gamma-ray events, we find that about 1% -5| . 3 e

of the events have a predicted resolution below 1083°), e RN

6% below 2.4 (0.04°), 15% below 3(0.05°), and 60% below ~ “10F  °
6" (0.1°), respectively. In particular the samples with resolu- _15f .
tions better than 2/4or 3 combine good angular resolution LT T,
with acceptable statistics. The cuts on angular resolution have-20,br-—teboo b e b
the additional benefit on enhancing the gamma-ray sample rela- -20 -15-10 -5 0 5 10 15_ 20
tive to the cosmic-ray background; cosmic-ray showers generate x [arc min]
more diffuse images and have a worse angular resolution. Figrig. 2. Angular distribution of reconstructed showers in a local coordi-
shows the angular distribution of events retained after a cutnate system centered on the Crab pulsar. Events were selected on the
3’ resolution in both projections, applying only very loose adasis of the predicted angular errer 8’ in both directions) and on the
ditional cuts on event shapes (a cut on thean scaled width basis of image shapesi¢an scaled widtk: 1.2).
at 1.2, which retains over 80% of the gamma-ray events). The
selection also biases the sample towards higher energies, since
high-energy events produce more intense images, with smailédth of the projected angular distribution of events. Excellent
errors on the image parameters. In the overall data sample,dlgeesement between data and Monte-Carlo is seen for all data
median energy of reconstructed events is 0.9 TeV, after a cutamis. We note that the resolution estimates given by the recon-
the resolution at‘3this value rises to 2.0 TeV. struction algorithm are low by 10% to 15%, for the samples
While the evaluation of statistical errors is straight forwardelected for good resolution. The 2.4 sample, e.g., should
the control of systematic errors is more difficult. The pointinghow a 2.2resolution, compared to the measured value 0f'2.46
of the telescopes is referenced to and corrected offline on tairen the relatively crude parametrization of image parameter
basis of star images {#lhofer et al. 1997), and the achievablerrors used in the reconstruction (Hofmann et’al., 1999), a de-
pointing precision has been investigated in considerable detaiation at this level is not unexpected, and in any case the effect
We are confident to achieve a pointing deviation of less th@nfully reproduced by the simulations.
+0.6’ in each coordinate. Indeed, when the Crab data set was After these preliminaries, we can now address the Crab data
subdivided into seasonal subsets, the reconstructed source agi-Fig[Ba shows the background-subtracted angular distribu-
tion was in all cases consistent with the nominal source locatition of reconstructed showers relative to the source direction,
— the position of the Crab pulsar. projected onto the axes of a local coordinate system, after a cut
To evaluate the level at which the angular resolution is uon the estimated error of less thanSuperimposed is the corre-
derstood, we use the sample of gamma-rays from the AGN Msgonding distribution of Monte-Carlo events, generated with the
501 as a reference set (see Aharonian et al. (1999b, 1999d)f@asured Crab spectrum. Hify. 3b shows the corresponding com-
details on this data set), assuming that Mrk 501 represents a ppantison with gamma-rays from Mrk 501. In particular after the
source. Tablgll, Columns 2,3 compare the measured angularsi$ection on good angular resolution, the two event samples are
tribution for different subsets of events with the Monte-Carleery similar in their characteristics (mean predicted resolution,
predictions. ‘Angular resolution’ again refers to the Gaussianean number of telescopes contributing to the reconstruction,
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etc.) and can be compared directly, despite the differencesdn 300F
the energy spectrum of the two sources. Table 1, Columns%, i @
5 list the widths of the distributions for the Crab gamma-rayg 250+ i
and the corresponding simulations. In general, we find, withig f i

the statistical errors, good agreement between the Crab and NMyk 200 7
Z L

501 data sets, and between Crab data and Monte-Carlo.
Another option to allow a direct comparison of the Mrk 501 +/ Crab data
and Crab data sets is not to look at the angular deviationg 1501
between a gamma-ray and the source, but rather to normalize i ? T MC
these quantities with the angular resolutieps, o, , predicted 100L
event-by-event by the reconstruction algorithm. Ideally, one ex- I * ?
pects to see a Gaussian distribution of unit width, independently i $

of the energy spectrum, the number of telescopes active for a S0
given data set, etc. The observed distributions are indeed Gaus- I

sian; as mentioned above, their widths differ by up to 10% to 0 o W
15% from unity, depending on the selection of events. Most im- C AR AR Al b AT Py
portantly, however, these width values are consistent between -25-20-15-10 -5 0 5 10 15 _20 25
all four sets of events (Mrk 501 MC, Mrk 501 data, Crab MC, X,y [arc min]
Crab data), within errors of 1.5% or less for the large-statistics 300F
sets where all events are included. This agreement demonstriges

thatthere are no uncontrolled systematic effects between the t®o 50k i (b)

experimental data sets, or between the experimental data andthe I

simulations. © I $ — Crab data
Since the width of the angular distribution of gamma—ray§ 200

from the Crab Nebula is consistent with the expected width, I i AN Mrk 501

and with the width observed for Mrk 501, we can only give an 150} o i data

upper limit on the source size. Taking into account the statistical
errors on the Crab sample and on the reference samples, we find

— following Caso et al.[{1998) — 99% confidence level upper 100¢ *

limits of 1.0 for the sample with a cut at’ 3esolution, and I ?

1.3 for the < 2.4 sample. To be conservative, and since itwas 50} ¢ +
always planned to use the2.4 sample as a safest compromise i $ ig 4

between statistical and systematic uncertainties, we adopt the Eig! : PW $ g +$
1.3 limit. Adding in additional systematic uncertainties due to 0 i i SR

pointing precision, we quote a final limit of 1.for the rms -25-20-15-10 -5 0 5 10 15 _20 25
source size at a median energy of 2 TeV. X,y [arc min]

A pQSSIbIe contribution of gamma-rays from hadrqnlc PrQig 3. aFull points: background-subtracted angular distribution of
cesses is generally expected to be most relevant at higher e ima-rays, projected onto the afesy) of a local coordinate sys-
gies, in the 10 TeV to 100 TeV range. Therefore, the Source stgg, centered on the Crab pulsar. Events are selected to provide an
was also studied for an event sample with reconstructed engfgular resolution of better thah Superimposed, as open points, the
gies above 5 TeV, data are consistent with a point source ajfresponding distribution of Monte-Carlo events, normalized to the
the corresponding limit on the rms source size ig.Limited same areeb Comparison of the angular distributions of gamma rays
statistics prevent studies at even higher energies. from the Crab Nebula (full points) and from Mrk 501 (open points).

The elliptical shape of the X-ray emission region suggests
to perform the same analysis in a rotated coordinate system,
with its axes aligned along the major and minor axes of th@rrent systematic errors prevent such a measurement at TeV
X-ray profile. Results obtained for the width in the major angnergies.
minor direction do not show any significant difference. Given  The limits obtained in this work are included in Fig. 1.
the fact that the limits are large compared to the (rms-)size of we note in passing that also the widths of the distributions
the X-ray emission region, this observation is not surprisingptained for the AGN Mrk 501 are consistent with MC ex-
The TeV source is reconstructed 0ftom the location of the pectations, indicating the absence of a halo on the arcminute
pulsar, and is consistent both with the location of the pulsar, agghle. Potential halo types for AGNs include wide pair halos
with the center of gravity of the X-ray emission region, withifaharonian et al. 1994) or narrow halos caused by intergalactic
the systematic errors in the telescope pointing (less#@f’ magnetic fields (Plaga 1995). For a relatively near source such
in each coordinate). While the statistical error alone is smal Mrk 501, a pair halo would be much wider than the field of
enough to resolve a shift of 0.8s observed in the X-ray image view of the camera and could not be detected as an increased
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apparent source size; the other type of halo speculated in (PIRgderences
1995) would be well below our resolution. We do not see any - ronian F.A. Coppi P.S..alk H.J., 1994, ApJ 423, L5

time-dependence of the source size, or any correlation with %gamnian FA., Atoyan AM., 1998, In: Shibata S., Sato M. (eds.)

TeV gamma-ray flux. Details will be given elsewhere. Neutron Stars and Pulsars. astro-ph/9803091
Aharonian F.A., Akhperjanian A.G., Barrio J.A., et al., 1999a, As-
4. Concluding remarks troparticle Phys. 10, 21

Aharonian F.A., Akhperjanian A.G., Barrio J.A., et al., 1999b, A&A
The size limits given in this work illustrate the precision which 342, 69
can nowadays be reached in TeV gamma-ray astrophysic#gharonian F.A., Akhperjanian A.G., Barrio J.A., et al., 1999c, A&A
number of potential galactic and extragalatic sources are pre-346, 913
dicted to be extended sources on this scale. Aharonian F.A., Akhperjanian A.G., Barrio J.A., et al., 1999d, A&A

A few remarks concerning the interpretation of the limits; 349,11

the values quoted above refer to the rms source size, with m@ztgfl"lgglva“ M., BandieraR., etal., 1999, submitted, and astro/ph-
implicit assumption that source strength is distributed over A henbach B.. Brinkmann W.. 1975 AGA 41 147
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