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Abstract. A new method is described that permits quickly and easily, a 2-dimensional search for-feg\Msources over

large fields of view {6°) with instruments utilising the imaging atmosphdﬁerenkov technique. It employs as a background
estimate, events normally rejected according to a cosmic-ray background rejection criterion based on image shape, but with
reconstructed directions overlapping the source of interest. This so-teftfgdatebackground model is demonstrated using
example data taken with the stereoscopic HEGRA Systeéeménkov Telescopes. Discussion includes comparisons with a
conventional background estimate and limitations of the model. The template model is well suited to the search for point-like,
moderately extended sources and combinations thereof, and compensates well for localised systematic changes in cosmic-ray
background response.
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1. Motivation and introduction contaminated by other TeV sources and various systematic
. ~ biases are well understood.
The search for new astrophysical sources of fekay emis- Described here is theemplatebackground model (an ear-

sion today is well motivated by the multi-wavelength picturger version is described in Rowell 2000), designed to pro-
of candidate sources, and also by the high performafieesadl vide a background estimate for sources of interest at all posi-
by present and future instruments. Many of tH50 unidenti- tions in the FoV. The model is demonstrated on archival data
fied EGRET sources (MeV-GeV energies) have positional Uiom the HEGRA System o€erenkov telescopes (HEGRA
certainties approaching several degrees (Hartman et al. 1989),System). For detailed descriptions of this instrument and
presenting exciting opportunities for TeV instruments to idefts performance see Daum et al. (1997) anthlRofer et al.

tify possible counterparts over the coming years. The groung03). Comparisons are made between results of the template
based imaging atmosphei@erenkov technique presently of-model and those taken from a conventional background model
fers on-axis flux sensitivities better than (for energi@sTeV) presently in use in HEGRA CT-System data analysis. Some
~1072 erg cni? s for 50 hrs exposure, and can achieveeatures and limitations of the template model are described.
arc-minute scale angular resolution over fields of view ap-

pr_oaching 8 diameter (see e.g. Konopelko et al. 2002): Rather conventional background estimates and 2D
wide surveys fpr new TeV sources are th.erefore possible everbkymap generation

from singly pointed observations. Techniques to generate 2D
skymapsof event excess significance for such surveys hafgesent ground-based instruments utilising the imaging atmo-
therefore become more important in recent years. CriticatyphericCerenkov technique (100 GeV &80 TeV), must de-
important, for such skymap generation is an estimate of ttecty-ray initiated events against a background of vastly out-
cosmic ray background over the field of view (FoV). Manyiumbering isotropic cosmic-ray (CR) initiated events. First,
expected, and known sites of TeMay production, such as su-a set of so-called-ray cuts are employed to preferentially
pernova remnants, pulsgpierions, microquasars, and nearbgelect events conforming to gray hypothesis. These are
extragalactic sources will likely present complicated morphai-priori chosen, and based primarily @erenkov image shape
ogy for future instruments as sensitivities improve. Particularyarameters, for exampleidth, length(Hillas 1985), andnean-

in cases where combinations of such sources might be sgaled-width(w) (Konopelko 1995; Daum et al. 1997). Second,
pected in the FoV, it is vital that the background estimate is nexent arrival directions are also reconstructed based on the ori-
entation of recorde@erenkov images (see e.g. Buckley et al.
1998; Hofmann et al. 1999) and a so-called directional cut
* e-mail:Gavin.Rowell@mpi-hd.mpg.de made on the distanae(or analogous parameters) between the
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observations. A recent modification of the MNFF method,
however, is proposed by Petry 2003. The large camer&s${
diameter) and stereoscopic trigger employed by the HEGRA
CT-System achieves a quite flat FOPWHM ~ 3°) that is
amenable to displacement background models over the en-
tire FoV. In this paper, using example data from the HEGRA
CT-System, results from a combination of displacement meth-
ods 3 and 4 (termed here thesplacemenbackground model)
are used to compare with the template model. For source to
tracking distances larger thar0.4°, a ring segment or arc
(method 3) adjacent to the source region (within position an-
gles 135 to 165) is used, otherwise, method 4 is chosen. Ring
background regions rather adjacent to the source are often pre-
ferred to avoid global systematic changes~&dw percent) in
CR response across the FoV.

For a given region in the FoV, the source evesitre de-

Source position

rived from within a nominal source region according to some
- directional cuty < 6., andy-ray cuts on image shape param-
e eters. The number of background evelmere derived accord-
(3) Ring/Ring Segment Background (4) Surrounding Ring ing to the above-described displacement background methods,
after also applying the sameray cuts. The statistical signifi-
abis then estimated from Eq. (17)

Fig. 1. lllustration of someconventionabackground estimation meth- can;eS of excess.counts—
ods. (1) Separate OFF source observations are taken at matcﬂfwb' & Ma (1983):

zenith angles to those of ON source data. (2) Discrete background 1+ a) b(1+a) 1
regions within the same FoV at a common source-to-tracking dig-= \/i(sln = |+ ) (1)
tance so as to match background response. (3) A continuous version a(s+b) s+b

of (2), ring or ring segments may be used instead. Regions adjacgiffere a normalisation accounts for the solid angle ratio be-

to the source (shaded) may be preferred to avoid global systemgfiaen the source and background regions when displaced back-
changes in response. (4) A ring region completely surrounding rt%f

source. Methods 2, 3 and 4 are termed displacement background §unds are used, or ftrent observation times if QRFF
els. Method 4 is used when the source is too close to the tracking cking Is used. Under the displaced background models ap-

sition to implement methods 2 and 3, or over the entire FoV. B?'ed to HEGRA CT—System data, typical_normaligation \{alues
of 0.05 to 0.3 are achieved, thereby considerably improving the
background estimate compared toaas 1.0 situation usually

reconstructed and assumed arrival directions. To assess thegghieved in ONOFF tracking.

tistical significance of any region in the FoV, an estimate of the |n 2D skymap generation, the above procedure is repeated

CR background surviving botjrray and directional cuts mustover the FoV at a series of grid positions. Directional parame-

be made. This background estimate can be derived from se#s such ag and those necessary to form the background es-

rate observations of flerent OFF tracking positions (Q8FF  timate are then re-calculated with respect to each grid position,

tracking), or control regions displaced within the same Fodhd excesses and significances are calculated accordingly.
containing the source region. The latter types of background

models.are termgd here displacement backgrounc_js, and a NgMe template background model
ber of diferent displacement background geometries are avail-

able. Background regions are chosen so that their CR respofike template background model invokes fiatient philosophy
matches as closely as possible, that of the source region (®ethat of displacement background models. Instead of select-
Fig. 1). In ONOFF tracking this is achieved by choosingng spatially diferent regions in the FoV for background es-
background regions with the same relative displacement fraimates, template model background events are comprised of
respective tracking positions as that for the source. For dikese with their arrival directions reconstructed in the same re-
placement backgrounds, such regions are mirrored throughgien as that for the source, yet separated in image shape pa-
tracking position (methods 2 and 3), except for sources vagmeter space. Such events can form a suitiohplateof re-
close to the tracking position in which a region surroundirgponse fory-ray-like CR events over the FoV.

completely the source can be implemented (method 4). In this As applied to data of the HEGRA CT-System, the shape
latter case an extra correction is applied to account fifedi parametemean-scaled-widttw ) is used to construct the tem-
ences in CR response. Provided the FoV is large compapate background estimate.is the imagescaled-width aver-

to the angular resolution and source size, and global systeaged over all images accepted for analysis. The scaled-width is
atic changes in CR response are minimal or can be alleviattty imagewidth scaled according to g-ray hypothesis. This
displacement backgrounds may be implemented. Displacemsedling is dependent upon the total photoelectron yield of the
backgrounds are favoured over the @WF method since image, the zenith angle of observations, and the impact param-
they do not require extra time taking dedicated OFF soureter or distance to the air-shower core. By design (see Fig. 2),
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and normalisation region (defined by radRin relation to various
source positions. The template background gnrety-like” events are
defined by thav (MSW) regimes B < w < 15 andw < 1.1 re-
spectively. Shown here un-normalised, the template regime contains
a factor 3~ 4 more events than that of theray-like regime. Source
regions of interest are defined by a cut on some directional parameter,
e.g.0 < Oy, and are spatially coincident in bothregimes. The nor-

malisation region should be Siciently large to encompass all such
Fig. 2. Normalised distributions o for y-ray and cosmic-ray (CR) source regions.

events, based on Monte Carlo simulations (solid histograms) and real
data (error bars). Adapted from Konopelko (2002).
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effects is normally seen at the FoV edge. Ignorideyenkov
images whose centroid distance from the camera ceigex-

true y-ray events have values centred at unity, leaving theceeds 17° effectively suppresses this pile-up, and allows fitting
generally broader CR events to fill higher values. In the searghthe FoV response to the physical camera limits. The choice
for weak, background-dominated sources in CT-System dag@R s limited by event statistics, and practically, can reach val-
the cutw < 1.1 has been found optimal. Template backgroungks up to 3. Fitting such polynomials assumes that the radial
events should be derived fromuaregime containing little or response is azimuthally symmetric. However, a second system-
no truey-rays, i.ew > 1.1. Experience has found that eventatic efect, a gradienf(A2) correlating with the dference in
within the regime B3 < w < 1.5 work well, although regimes zenith angleAz between the event and tracking position, is also
containing highew values have proved adequate. To apply thfenerally present. This can be described by a linear function
template model practically however, two dominant systematjg. Az, of the ratio of FoV responses betweentheay-like and
effects must be corrected: templatew regimes. This linear fit is made after first correcting
for the radial profiles. Thus the template correction functions

— Radial Correction: Differences in the radial CR accep-are enerated in a two-sten process (Appendix A summarise
tance between the two regimes. 9 ' Wo-step p ss (Appendix A su ISes

_ Zenith-Correlated Correction: Differences in CR accep_these corrections for a particular example discussed shortly).

tance between the two regimes which correlate with theTCer rﬁilursrr? T}Isoti dr?];mt(ies vth]e nFOVtirlf?i(:\ n \(lde;(terr)r:mmg t:g
zenith angle of reconstructed event directions. overall normalisation rati when estimating event excess a

significance (e.g. according to Eqg. (1)). If the total number of
For a nominal region in the FoV defined by a &t 6., eventsin each regime out to a radiuR is given byPs andPy
v-ray-like eventsare selected according#o< 1.1. Similarly respectively, the template normalisatiets given by:
after applying thesamecut oné, template backgro_und everits « = P./Py, 4)
are defined as those satisfying the conditidh4w < 1.5. In
summary template background events are assigned a wgighf\lternatively, one may also integrate outRpthe polynomial

B functions (un-normalised)s and py, to obtain a similar result.
S= Zwi wi =10 w<11) (2) Typical a values achieved are quite similar to that of the dis-

i placement background model. The template model philosophy
is illustrated in Fig. 3. A caveat is that the normalisation region
must encompass all source regions. This will set a natural limit
on the size of any source region, although systemdfects
for eventsi in the source region. The correction terms appliegect. 5) usually dominate for large source sizes. Note that the
tob can be described with suitable parametrisations as followsmplate model correction terms generated from a given dataset
The radial acceptance of theray-like (w < 1.1) and template should strictly be applied only to these same data.

(1.3 < w < 1.5) regimes over the entire FoV arefBciently

fitted put to radiugR, wit_h 8th-order polynon”_nialspS andpp re- 4 Template model performance on real data

spectively and normalised. Both polynomials are functions of
the event distance to tracking positi@pck. A strong increase 2D skymaps of excess significance are shown in Fig. 4, illus-
or pile-up of reconstructed event directions due to camera edgating the template model performance at various stages of

2
b= Zwi wi = M f(Az) (1.3<w< 15) 3)

pb (Htracki )
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(c) Significance S: Template full correction
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Fig. 4. 2D Skymaps and 1D distributions of significan8eusing the template background estimate after various correction lajet&
correctionw; = 1.0 b) radial correction onlyf (Az) = 1.0 c) full correction as per Eq. (3). White star: nominal position (SIMBAD) of Tycho's
SNR, White dots: tracking positions, Dashed line: Gausgiaa .0, o = 1.0), Solid line: fitted Gaussian. Events are summed within a circle
of radius 0.12 at each grid position (120 120 grid), in 005° x 0.05° steps.
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Table 1.Event excesses- ab and significanceS derived using the template and displacement background models for a number of established
TeV y-ray sources. The source region is defined by th&dcutd,. S. y-ray-like eventsp: background estimate;: normalisation. Datasets

are from the HEGRA CT-System archive; Cas A (212 hours), H1428 (42 hours, 1992000), 1ES1959650 (94 hours, 2002001), Crab

(33 hours).

Source RA[hr} Dec[deg} 6. [deg] S b a s—ab S[ol®

— Template background (full correction: Eq. (3)) —

Cas-A 23.390 58.82 0.12 1364 4649 0.258165 +4.2
H1426+428 14.476 42.67 0.12 385 954  0.295 104 +5.1
1ES1959650  20.000 65.15 0.12 571 2236 0.210 101 +4.1
Crab 5.576 22.01 0.12 1756 884 0.2821507 +48.9

— Displacement background —

Cas-A 0.12 1364 6092 0.197 164 +4.2

H1426+428 0.12 385 997 0.283 103 +5.1

1ES1959650 0.12 571 2437 0.201 81 +3.2

Crab 0.12 1756 1281 0.226 1466  +48.2
aJ2000 epoch.

b Statistical significance from Eq. (1).

correction. About 50 hours of CT-System exposure on Tychaisodels are given for comparison. In all cases a normalisa-
SNR out to a radiuR = 2.24° (V5.0°) were used in generatingtion radius for the template background modelRof= 2.24°
these skymaps. Previous analysis of these data are describeghth minimum number of imagese > 2 have been used.
Aharonian et.al (2001b). At each grid point in08° steps, a The template model provides derived excessesab quite

6 < 0.12° cut defines both the source (which is applicable faonsistent with those obtained from the displacement model.
point-like sources) and template background regions. The sijnce the example sources of Table 1 lie quite close to their
nificanceS is estimated using Eqg. (1). It is apparent the Tych@spective tracking positions, the zenith-correlated correction
skymap statistics approach that of a Gaussian distribution ordym of the template background has littlfeet, and hence
after correcting for both the radial and zenith-correlated syesults only for the fully corrected template background are
tematics. A quite strong zenith-correlated gradient of 9% pshown. For the Crab, a slight modification regarding the tem-
degree is present, which if not corrected, leads to biases in giate correction is made to the fit limits of the polynomials
excess significance peaking at the declination edges of the FmVand py,, to exclude regions containing this strong source.
(Appendix A summarises these template correction termsThe polynomial fits areféected by strong sources neaf(5°)
more detail). The bin statistics in these skymaps are somewtina tracking position and these should be avoided. It should
correlated, and lead to a slight overestimate in the widthf be stressed that the derived excesses and significances for the
the 1D distribution of significances. The level of this overe€as A and H1426428 and 1ES1958650 here are generally
timate is taken from a 2D skymap of significances from bidewer than those of presently published analyses (Aharonian
that have no overlap with neighbouring bins. The 1D distribet al. 2001a, 2002; Horns et al. 2002), which employed the
tions of significances for this skymapds= 0.93 + 0.03, im- more sensitive reconstruction algorithms #2 and #3 (Hofmann
plying that the template background is slightly over-correcteet al. 1999), and in some cases a higher mininmgmThe tem-
effectively underestimating slightly the significance in the Fo¥ilate model does reproduce published results when employing
Overall one may conclude however that the template modetli® corresponding analyses.

quite suitable for point source searches over the FoV in these Finally, a particularly useful feature of the template model
data. In this example, the minimum number of telescopes {§-demonstrated against a problematic systemdfecearis-
quired for stereoscopic direction reconstruction antalcula- - ing when camera pixels view bright stars in the FoV. Increased
tion has been chosen g > 2, and the stereo reconstructiompjse fluctuations (and corresponding anode currents) in cam-
algorithm #1 of Hofmann et al. (1999) was used. The templaigs pixels viewing bright stars can distort derived image param-
model performs equally well however under higher choices gfers. Afected pixels, usually the same for all five cameras, are
Neer (U to 5), varying choices of FowWormalisation radiu®,  therefore removed from a camera trigger dynamically during
and various reconstruction algorithms. data taking and also from image analysis at a software level.
The template model was also tested with a number of a piny pixel with anode current3 A is not considered in esti-
ori chosen positions in the FoV corresponding to establishetition of image parameters and consequent event direction re-
y-ray sources. Presented in Table 1 are the excess significamoestruction (Bulian et al. 1998; Daum et al. 1997). A residual
for a representative sample of Teday sources with a variety effect of this latter step is to leave a systematic deficit of re-
of signal to CR background ratios. Results using backgrouaanstructed event directions in a region broadly centred on the
estimates from both the template and displacement backgrooffénding star. Thisfect was verified by artificially removing
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Table 2. Event excesses— ab and significance$ at star positions within the Cralj-{Taurii, 161 hrs) and Cas-A (AR-Cas, 212 hrs) fields of
view. Compared are results using the template and displacement background models.

Star RA[hrsf Decdegf mS 6y [deg] s b a s—ab So]°

— Template background (full correction: Eq. (3)) —
£-Taurii 5.627 21.14 2.4 0.15 970 3399 0.290 -16 -0.4
AR-Cas 23.501 58.55 438 0.15 1294 5293 0.258-72 -1.7

— Displacement background —
Z-Taurii 2.4 0.15 970 6241 0.201 -290 -7.6
AR-Cas 4.8 0.15 1294 7358 0.213 -273 -6.4

@ J2000 epoch.
b B-band star magnitude.
¢ Statistical significance from Eq. (1).

certain pixels before image parametrisation. In practise, updgor of ~+4% in units of the normalised backgrount) is

two to three pixels may be removed during data taking at anglculated.

given time depending on the star brightness. The Crab field,

with ¢-Taurii (mg = 2.9) and the Cas-A field with AR-Cas  The Tycho’s SNR dataset is representative of many in the
(mg = 4.8), are ideal examples to illustrate such steficits CT-System archive of order 50 hrs exposure, with tele-
Quantitatively, star deficits amount to a reduction in CR everitgopes of the CT-System in operation. Such an exposure is
up to~20% over a diametey0.2°. Table 2 summarises the tem-generally found not diicient to reveal higher-order system-
plate (after full correction only) and displacement backgrouric &fects. The Cas A dataset comprises a deeper exposure
model performance at theTaurii and AR-Cas positions. Since(>200 hrs). The fully corrected template model skymap of
the template background closely follows the CR backgroufftese data (Fig. 5) shows a strong deviation from Gaussian
response of gamma-ray-like events, star deficits are considighaviour (1Do- = 1.126 + 0.008) already when searching
ably reduced when using the template model. The displacemi@tpoint sourceséc,: < 0.12°). A “hotter” group of bins is
background however, which does not include the star regi®@en at RA> 235 h, Dec 58 to 59, representing an addi-
produces a strong negative bias. Conversely, if displacemB@pal systematic excess of order few percent in units of nor-
background regions (app“ed to another source region) Wéﬁ@llsed background. The source of this Systematic is as yet
to overlap star deficit(s), some positive biases could be intfft fully understood. It may be linked to a “missing” telescope
duced. A large number of bright stars in the FoV would ifCT2 is not presentin large fraction of these data) which is un-
general render application of displacement background m&@vering inhomogeneities in trigger response correlating with
els problematic. Overall the template model appears ablecgjtain telescopes, although this gradient does not align with

match localised systematic Changes in responsﬁm_"ke the CT-System geometry. It is seen in these data that artifi-
CR events in the FoV. cial removal of other telescopes for example, can also intro-

duce further similar-scalefects which may or may not be re-
lated. Changes in average skynoise across the FoV may also
contribute. Care should therefore be taken when searching for
The template model as designed here employs corrections adyrces in fiected regions, employing alternative background
for large-scale systematic changes in CR response, correlasimates such as displacement backgrounds as a check. All
radially from the tracking position and with event zenith angl®ackground methods will of course also f&eated by large-
Higher-order systematics (correlating with alternate system paale systematics of various types and so the above-mentionec
rameters) arising from, say, fiBrences in telescope camergroblem is not particular to the template model. Extra correc-
response can also reasonably be expected, despite long-tewmterms could be added to the template model to accommo-
efforts to maintain a homogeneous response in the HEGRAte such higher ordeffects but this has not yet been explored
CT-System (seewilhofer et al. 2003). Since systematiteets in detail. Experience has shown that for large exposures, higher
will grow in proportion to the size of the source region and alsarder systematicféects can be averaged out or considerably re-
exposure, these are better revealed in deep exposure datadeted by employing a variety of tracking positions, for exam-
For the Tycho's SNR dataset however, significance skymage in a mosaic fashion. All of the example datasets presented
generated with larger source sizes in mind (&g.up to 0.6) here employed the so-call@gbbblemode in which only two

do not show behaviour significantlyftring from a Gaussian tracking positions were alternate®.5° in declination with re-
distribution. An upper limit to the systematic error in the despect to the primary source of interest. Investigation of higher
rived excesss — ab across the Tycho FoV can be estimatedrder dfects and their origin is presently continuing, in the
by using subjectively-chosen “hot” and “cold” regions (of sizeontext of a search for TeV sources from the entire CT-System
~1.0°) of the fully corrected skymap. In this way a systematiarchive (Rihlhofer et al. 2002; Aharonian et al. 2003).

5. Limitations
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Significance S: Template full correction
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Fig. 5. Skymap (2D and 1D) of significanc® using the fully corrected template background estimate for Cas-A data. White star: Nominal
position (SIMBAD) of Cas-A, White dots: tracking positions. Dashed line: Gausgian@0, o = 1.0). Details for skymap construction are
the same as for Fig. 4.

The estimation of energy spectra from source excessesureertainties in the derived event excess of less than 4% of
quires that the background estimate be comprised of evettts normalised background are achieved when searching for
with a similar distribution of estimated energies to that afources of size less thai®.6° radius in many datasets.
events from the source region. The template background es-It should be possible to extend the template model philos-
timate however does not meet this criterion sinceuth@lues ophy to analyses which use other means to reject CR back-
comprising the background estimate willféir in estimated en- ground, for example maximum likelihood methods, multi-
ergy from those in the-ray-like w regime. Thus alternative dimensional cluster analyses, applied to either single or
background models should be used for spectral analysis. multi-telescope systems. Issues relating to systematic gradients

over the FoV and star deficits will be important for the next
generation IACTs such as H.E.S.S., VERITAS, CANGAROO
6. Conclusions Il and MAGIC. In these new systems, CR event rates of or-

ibed in thi . hod , h der 500 Hz are expected, likely revealing higher-order sys-
Describe n this paper Is a new method to esUmaFe t € ?&natic gradients in response after observation times signifi-
background in 2D searches for sources of fekéy emission

cantly shorter than that required in HEGRA CT-System data.

with groun_d-based detectors. This so_—called template ba‘filﬁrthermore, the larger mirror areas of these future experi-
ground estimate, demonstrated here with HEGRA C.T'SySt?ments will also increase considerably the number of stars that
data_, employs a subse_t of CR events normally rejected @6uld cause detrimental systematics in the FoV response. The
cording to theCerenkov image shape parameter mean-scalggy plate background model could therefore be quite useful

width w . These template events spatially and temporally over skymap construction, in future searches for Tevay
lap with CR events considered “gamma-ray-like”, and thus %1 rces
the '

dedicated OFF source observations are required. Applying

template model successfully to HEGRA CT-System data iRgknowledgementsHEGRA colleagues are thanked for advice with
volves correction over of the field of view for: (1)ftBrences cT.System data analysis and valuable discussions on this topic (in
in radial response and (2)ftérences in a zenith-correlated graparticular Niels ®tting, Dieter Horns and GerduRlhofer). GPR ac-
dient, both between the CR events of the twaegimes. A knowledges receipt of a von Humboldt Fellowship.

particularly useful feature of the template model is its abil-

ity to compensate well for localised systematic changes in CR o .
event density due to the presence of stars in the field of vigiPPendix A: Template background corrections

It is well suited to cases where many stars and TeV Soure§$mmarised here are the two template background correc-

are present. The template model applicability is limited by thgy, terms calculated specifically for the HEGRA CT-System
presence of systematic gradients in CR event density which g{gho's SNR dataset (Fig. 4).

presently not corrected. All background models will however
sufer to various extent from weak, large scale systematict. Radial Correction: The radial event density for the entire
Further investigation of these aspects is ongoing. Systematic dataset, centred on the various tracking positions may be
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fitted with 8th-order polynomials out to a radiRs= 2.24°: a zenith-dependent scaling, the tracking zenith angle in-
(1) ps for the “gamma-ray-like” ¢ < 1.1), and (2)py for stead of that for each individual event. Here, the template
the template regime 3 < w < 1.5): model is demonstrated for a type of worst-case-scenario,
8 without removing component (2). Component (1) is usu-
i lly of order few percent per degree for data taken at zenith
— ) 92 i Al ally | p p g
Psb ; 9 (Grac) (A1) angles such in the Tycho’s SNR dataset.

where for Tycho’s SNR data one fits: It should also be noted that Eq. (1) takes no account of statis-
tical errors in the normalisatiam, and the template correction
terms. These errors are however generally less than one per-

Ps Po cent (for obs. time-10 h) and can be neglected given the high
90 2153+ 0.7 8153+09 significance levels to which these parameters are estimated.
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