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1 Simulation and analysis1.1 MC SampleFor the purpose of this study a dedi
ated Monte Carlo (MC) sample was generated by using the 6.5version of Corsika. The MC sample 
onsist of 100 000 gamma-rays with energies 30 GeV { 30 TeVwith a spe
trum index -1.5. Later in analysis events were re-weighted to obtain desired spe
trumindex (-2.62 for HEGRA-Crab-like sour
e). Simulations 
over the zenith angle range 10Æ � 30Æ.Showers were simulated for all azimuth dire
tions. To in
rease statisti
s ea
h of the events wasre-used 5 times with a di�erent, random impa
t point (up to 500m) at the Corsika level.Corsika events were used to produ
e four MC re
e
tor samples:� point sour
e ON events: the sour
e of gamma-rays is lo
ated in the 
amera 
enter� point sour
e wobble events: the sour
e of gamma-rays is lo
ated at the o�set of 0:4Æ fromthe 
amera 
enter� extended sour
e with radius 0:3Æ, the 
enter of the sour
e is lo
ated in the 
amera 
enter� extended sour
e with radius 0:3Æ, the 
enter of the sour
e is lo
ated at the o�set of 0:4Æ fromthe 
amera 
enterExtended sour
e is modeled as a 
at dis
 of a radius 0:3Æ. Inside the dis
, the 
ux from unitarea of the dis
 is 
onstant. There is no 
ux from radii larger then the radius of the dis
. In the
ase of extended sour
es, events were three times s
attered inside a view
one of a semiaperture0:3Æ. Re
e
tor �les were pro
essed with Camera simulation program with total PSF 11.7 mm.1.2 Analysis 
hainMC �les were pro
essed with MARS 1-5-4. Camera output �les were 
alibrated with Callistoprogram and then stari�ed. 6-3 time image 
leaning was used in extra
tion of images.For a part of the events the Leakage1 parameter (a per
entage of the size of the image 
ontainedin the outermost ring of the 
amera) has a large value. In this 
ase large part of the shower isoutside the 
amera, the Hillas parameters are wrongly 
al
ulated, and the estimation of the energyis more diÆ
ult. This e�e
t is more pronoun
ed for higher energies. Also if the image 
onsistsof multiple islands, separated from ea
h other, the Hillas parameterization is no longer valid. Toimprove the quality of the data and to get rid of spark events, a set of 
uts is usually aplied ina standard analysis. In order to a
hieve a 
ompatibility of MC simulations with the used data,several 
uts (a \sparks" 
ut, a maximal leakage 
ut and a 
ut in the number of islands) were apliedto the MCs:� 1:5� 4: � log(Con
) < log(Size)� Leakage1 > 0:2� NumIslands > 3The separation of gammas from hadrons was performed by using the Random Forest method.In a general 
ase the hadronness (a likelihood of a given event to be a hadron) 
an be estimated byusing both sour
e dependent and sour
e indepent parameters. The sour
e dependent parameterstake advantage of apriori knowledge of the sour
e position in the 
amera. In the 
ase of an extendedsour
e MC sample, we don't know the dire
tion (the position in the 
amera) of a given photon, weknow only the dire
tion of the 
enter of the sour
e. This is why only sour
e independent parameterswere 
hosen for training the hadronness Random Forest. A 
omplete list of used variables is shownbelow:� log(Size)� 2:5 + 5 � 
oor(Zd=5)� log(Size=(Width � Length))� Width 2
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Figure 1: True position in 
amera 
oordinates of gamma-rays surviving the 
uts. Left: the ON-OFF MC sample(the 
enter of the sour
e is in the 
enter of the 
amera). Right: the wobble MC sample, with the 
enter ofthe sour
e pla
ed at the o�set 0:4Æ from the 
amera 
enter. In both 
ases the sour
e was simulated with anextension radius 0:3Æ.� Length� Con
� RMSTimeBoth � and �2 analyses were done by using the generated MC sample. Hillas parameter � isde�ned for a point sour
e as an angle between the main axis of the image and a line 
onne
tinga 
entroid of the image with a sour
e position. This de�nition 
an also be used in the 
ase ofextended sour
e, if we 
al
ulate � angle with respe
t to the 
enter of the sour
e.In the 
ase of �2 the so 
alled DISP method is used. Based on the MC sample a relation betweenthe distan
e of the 
entroid of the image to the true sour
e position and elongation of images isestablished. A 
al
ulated value of DISP still gives two possible solutions in opposite sides of the
entroid. Choosing of the 
orre
t one (ghostbusting) 
an be done using asymmetry of the image.Then for every event we 
an estimate a sour
e position. This method seems to be more natural inthe 
ase of an extended sour
e. If the error in �2 estimation was negligible, then from the �2 plotwe would get a dire
t information about the morphology of the extended sour
e.Training of hadronness and DISP optimization were done with standard MAGIC MC sampleswith 
orresponding observation mode (ON or wobble), and o�-sour
e data.1.3 Comparison of wobble and ON MC sampleIn the 
ase of an extended sour
e every event is 
oming from a slightly di�erent dire
tion. Aftertransformation of a 
oordinate system, ea
h of this dire
tions is 
orresponding to one point in the
amera plane. Then for every extended sour
e event, whi
h survives the 
uts, we 
an proje
t itsdire
tion in the 
amera (�g. 1). The 
amera a

eptan
e 
an also be des
ribed in terms of twovariables � and �
am, whi
h are de�ned as (
ompare also �g. 2):� o�set �: a distan
e of the event from the 
enter of the sour
e (�g. 3)� 
amera angle �
am: an angle between the o�set of the event from the 
enter of the extendedsour
e and 
amera X axis (�g. 4). For wobble sample, �
am = 180Æ in the dire
tion of the
enter of the 
amera, and �
am = 0Æ in the dire
tion of the outer part of the 
amera.The teles
ope pointing dire
tion 
an be des
ribed by azimuth and zenith angles 't and �t, andshower pointing by 
orresponding angles 's and �s. Then the o�set � 
an be 
al
ulated from aformula: 
os � = 
os('t � 's) � sin(�t) � sin(�s) + 
os(�t) � 
os(�s) (1)3
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Figure 2: De�nitions of the angular distan
e � and the 
amera angle �
am. Camera and sour
e 
enters areshown by bla
k and red dots respe
tively. The true gamma-ray position is marked by a green dot.
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Figure 3: The distribution of �, the angular distan
e between ea
h simulated gamma-ray and the 
enter of theextended sour
e for ON (left �gure) and wobble (right) MCs.
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Figure 4: Distribution of the angle in the 
amera between the o�set of the simulated gamma-rays from the
enter of the extended sour
e and the 
amera X axis for ON (left �gure) and wobble (right) MCs.4



In the 
ase of ON MCs, as it would be expe
ted, for a given gamma-ray o�set, a

eptan
edoesn't depend on the angle in the 
amera (a 
at distribution in left �g. 4). A slow de
rease ofthe 
olle
tion area with the distan
e from the 
amera 
enter is 
learly seen in a left part of �g. 3.It is due to the �nite size of the trigger area of the MAGIC 
amera.On the other hand for the wobble MCs there is a 
lear anisotropy with more events from thedire
tion of the 
enter of the 
amera (right �g. 1). Also the distribution of the angular distan
e �is slightly less steep for the wobble 
ase that for ON (
ompare left and right �g. 3).The 
olle
tion area in the 
ase of wobble mode is smaller than in the 
ase of ON observations.Nevertheless the di�eren
e is rather small: only � 20% de
rease in the 
olle
tion area of thewobble mode observations with respe
t to ON). This result is more optimisti
 than the result ofMAGIC-TDAS 07-01 in whi
h the drop in the gamma eÆ
ien
y at the wobble position 0:4Æ wasexpe
ted to be around 50%. One of possible reasons for this dis
repan
y 
ould be that in this workthe hadronness Random Forest and the DISP optimization used for ON and wobble sample weretrained on wobble and ON MCs respe
tively, while in TDAS 07-01 no optimization for the sour
eo�set was performed.This de
rease of sensitivity in wobble mode observations is 
ompensated by the fa
t that theon-sour
e and the o�-sour
e data are taken simultaneously, so the time whi
h 
an be spend onON observations is in
reased. Moreover, in the 
ase of wobble mode observation multiple OFF-positions 
an be 
hosen. This in
reases the ba
kground statisti
s.2 � and �2 plotsGamma-rays from a sour
e 
an be dete
ted as an ex
ess of signal events at low values of � or�2 over the ba
kground. In the 
ase of extended sour
es there is a natural broadening of thosedistributions, whi
h in
rease the ba
kground, and de
rease the sensitivity. To 
he
k how big isthe e�e
t we �rst 
ompare � and �2 plots for sour
es with di�erent extension radii rext with
orresponding plots for a point sour
e. Sample MC � and �2 distributions for both point andextended sour
es of radius rext are presented on the upper part of �g. 5. All distributions arenormalized to the rate from HEGRA-Crab-like sour
e with spe
trum index -2.62. A 
ut in size(> 200phe) and in hadronness (< 0:15) are applied. For 
onsidered zenith range (10 � 30Æ), the
ut in size is 
orresponding to threshold energy � 200 GeV.In the 
ase of an extended sour
e a broadening of both distributions is 
learly visible. For �2 a
hara
teristi
 broadening s
ale is equal to �2b � r2ext+�2PSF , where �PSF = 0:1Æ is the MAGIC pointspread fun
tion for gamma-rays from a point sour
e. A 
orresponding 
hara
teristi
 �b value 
anbe estimated as: �b � ar
tan(pr2ext + �2PSF =1:2Æ) In the 
ase of rext = 0:3Æ, �2b � 0:1Æ2, �b � 15:Æ.�2 and � distributions look di�erent for a very extended sour
e. The signal peak is mu
h morepronoun
ed in the 
ase of �2 than in �. Sin
e �2 is the squared distan
e between the sour
e 
enterand the re
onstru
ted sour
e position, it 
an be just broadened by sour
e extension squared. Onthe other hand in the 
ase of �, if individual sour
e position is o�-
enter in one dire
tion, and theimage itself is on the other dire
tion, � values 
al
ulated with respe
t to the 
enter of extendedsour
e 
an be quite big. Then peak in � distribution be
omes 
at at low � angles.Using 
umulative distributions we 
an 
al
ulate a value of the 
ut in � or �2 for a given gamma-ray eÆ
ien
y. Results of this 
al
ulation are shown in �g. 6.Compared to the point sour
e, there is no visible 
hange in the 
ut eÆ
ien
y up to a sour
eradius 0:05Æ. For a dis
 of radius 0:1Æ the 
ut value is slightly in
reased (by about 20-30%). Fora sour
e extension � 0:3Æ the 
ut in � has to be in
reased even 3 times, while in �2 only about 2times 
ompared to a point sour
e.In the 
ase if it is desired to have a high gamma eÆ
ien
y (
eff = 0:8), the �2 analysis is notso optimal, be
ause of the very loose 
uts. 1.1Ghostbusting method in � 15% 
ases fails to 
hoose a 
orre
t dire
tion of the sour
e, produ
ing large(> 0:5 deg2) values of �2. So if requested gamma-ray eÆ
ien
y is high (� 80%) almost all gamma-rays with
orre
tly estimated dire
tion of the DISP have to be in
luded in the 
ut, whi
h results in very loose 
uts.
5
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Figure 7: Distributions of � (left �gures) and �2 (right) for the OFF data. Upper �gures for the ON MCs, andlower for the wobble MCs.3 Sensitivity redu
tion for an extended sour
e.3.1 Quality plotsA good quantity to 
ompare a teles
ope's performan
e for an extended sour
e with that of a pointsour
e is the quality fa
tor de�ned as: Q = 
effpheff ; (2)where 
eff , heff are respe
tively gamma-ray and ba
kground eÆ
ien
ies of � or �2 
ut. The gammaray eÆ
ien
y was 
al
ulated dire
tly from the produ
ed MCs. In prin
iple the hadron eÆ
ien
y
ould be also estimated from a dedi
ated MC sample. Unfortunatly simulations of hadroni
 showersare mu
h more CPU time 
onsuming and less robust than for purely ele
tromagneti
 showers. Onthe other hand hadroni
 showers 
an be obtained dire
tly from the data. Estimation of � and�2 
ut eÆ
ien
ies for ba
kground hadrons were obtained using a small sample (� 1h) of the OFFdata of a similar zenith angle distribution as the MCs.Sour
e depended parameters for this sample were re
al
ulated two times, to obtain both wobbleand ON/OFF mode. Ba
kground � and �2 distributions are shown in �g. 7. Be
ause of the �nitesize of the trigger region in the MAGIC 
amera, � and �2 plots look di�erent for the ba
kgroundin the 
ase of wobble and ON-OFF observations.The quality fa
tors are ploted in �g. 8. As in the 
ase of 
al
ulated values of the eÆ
ien
yof 
uts, up to the sour
e radius 0:05Æ there is no signi�
ant drop in the quality fa
tor and one
an observe only a small one for a sour
e with a radius 0:1Æ. For sour
e extention radius 0:3Æthe de
rease in the quality fa
tor is already signi�
ant: � 40%. The quality fa
tor only weaklydepends on the eÆ
ien
y 
ut in the range 0.5-0.7. In the 
ase of �2 
ut with an eÆ
ien
y 0.8, thequality fa
tor is mu
h lower, be
ause of above-mentioned mis
lassi�ed DISP events. On average�2 analysis provides � 20% higher quality fa
tors than the � analysis. The presented here analysisis 
ommited to extended sour
e studies, no sour
e dependent parameters were used in training ofthe Random Forest. 8
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sour
e ON-OFF observations Wobble observationsradius �2 � �2 �point 16 15 14 12.50:1Æ 15 13.5 13 110:2Æ 13 11.5 11.5 90:3Æ 11 9.5 10 7.5Table 1: Values of the signi�
an
e (in sigmas) for di�erent radii of a sour
e extension. The observation time isequal to 1h ON and 1h OFF (for ON-OFF mode) or 1h of simultaneous ON and OFF (in the 
ase of wobble)3.2 Dependen
e of the sensitivity on the sour
e sizeThe quality fa
tor as de�ned in eq. 2 
annot be used for 
omparing dire
tly the wobble and the ON-OFF observarions, be
ause it doesn't take into a

ount that the 
ole
tion area in the 
ase of wobbleobservations is smaller than in the 
ase of ON-OFF observations. One 
an do this 
omparison by
al
ulating the signi�
an
e obtained from 1h of observations of a Crab-like imaginary sour
e.Assuming a given � or �2 
ut (
al
ulated for a �xed gamma eÆ
ien
y) a number of expe
tedex
ess events in the given time 
an be 
al
ulated from the MC �les. Using the information on theremaining ba
kground events after given 
uts one 
an 
al
ulate the signi�
an
e a

ording to theLi & Ma formula. Results of this 
al
ulation are shown in �g. 9 (the dip for sour
e radius 0:05Æ isonly 
aused by the la
k of statisti
s) and are summarized in table 1. In both 
ases the ratio of theOFF data to the ON data was set to be one.Estimated from the MCs, the sensitivity for one hour of Crab-like point sour
e observationsin a ON-OFF mode is up to 16�=ph in the 
ase of �2 analysis. In wobble mode observationsthis signi�
en
e is de
reased to 14�=ph. Cal
ulated sensitivity for ON-OFF mode assume thatex
ept of the ON data, the same amount of the OFF sour
e data is already available. If theobservational time have to be split between ON and OFF observations, then the value of thesensitivity for ON-OFF observations, observed equal time, should be de
reased by a fa
tor ofp2. Moreover in the wobble analysis we used only one OFF position. Using additional OFFpositions will in
rease ba
kground statisti
s, whi
h will in
rease the signi�
an
e in the wobblemode observations. Those values are obtained using size 
ut > 200 phe, whi
h in this analysis
orresponds to energy threshold � 200 GeV. At very low energies (< 100 GeV) di�eren
es betweenwobble and ON-OFF observations might be more 
omplex.The � analysis gives 10�20% lower values of the signi�
an
e then the �2 analysis. Dependen
eof the signi�
an
e on the sour
e extension is more or less the same for both analysis types andobservation modes. Up to the sour
e extension radius of the order of rext = 0:1Æ signi�
an
e dropsslowly (only � 10%). For 0:1Æ < rext < 0:3Æ the slope of the dependen
e is steeper. For rext = 0:3Æ,the signi�
an
e is redu
ed only by � 40%.4 Dete
tion 
apability for an extention of the sour
e4.1 MC sampleThe MC sample used in this se
tion is slightly di�erent than the one des
ribed in 1.1:� a total number of generated showers is two times more,� only a wobble mode is 
onsidered (both point and extented sour
es),� a simulated value of the mirror PSF is slightly lower: 10.6mm.4.2 Des
ription of the methodLet's 
onsider two � (or �2) distributions: one for a point sour
e, and an another one for a sour
ewith a not known extension. In order to 
he
k if the se
ond distribution is also 
onsistent with apoint sour
e, we 
an do a �2-test. The test should be done not for the full histogram, but onlyfor the bins in whi
h one 
an �nd a signal. Extending the test to the full histogram doesn't bringany new information, and in 
ontrary, it is in
reasing statisti
al 
u
tuations whi
h de
rease thedistinguishing power of the test. 10
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Figure 9: The signi�
an
e (in sigmas per square root of hour of the sour
e observations) as a fun
tion of anextention of the sour
e. Di�erent 
olors stand for di�erent � (solid lines) or �2 (dashed) 
ut eÆ
ien
ies: 0.5(bla
k), 0.6 (red), 0.7 (green), 0.8 (blue). Hadronness 
ut < 0:15, size 
ut > 200 phe. Upper �gure for theON position, and lower �gure for the wobble position.
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Let's now ask a question: what minimum sour
e size 
an be dete
ted by MAGIC ? The answeris obviously dependent on the observation time and on the 
ux from the sour
e.Another important parameter is the spe
trum index of the sour
e. For a 
at spe
trum thereare many high energy events, for whi
h determination of the Hillas parameters is more pre
ise,and resulting � and �2 distributions are narrower. In this 
ase it is easy to �nd extension of thesour
e. Also PSF of the mirrors of the teles
ope has an e�e
t on the natural broadening of the �and �2 distributions.Let's 
onsider now two MC samples: one for a point sour
e, and a se
ond one for a sour
e witha given extension radius rext. Both samples are weighted by a HEGRA-Crab-like spe
trum withan index -2.62. We 
an assume an observation time of t hours. Then with a proper normalizationone 
an obtain the expe
ted � and �2 distributions.Sin
e we are dealing with weighted histograms, we should use a �2 formula as presented in [3℄:�2 = rXi=1 (W1w2i �W2w1i)2W 21 s22i +W 22 s21i ; (3)where w1i; w2i stand for weights of the �rst and the se
ond histogram in the bin number i ands1i; s2i are the estimated errors of those weights. Wj = Pri=1 wji are sums of weights. If bothdistributions are the same then �2 follows a �2r�1 distribution.The 
al
ulated value of �2 
an be represented also as a probability p that di�eren
es betweentwo 
ompared histograms are only be
ause of statisti
al 
u
tuations:p = Z 1X2 �2r�1(x)dx: (4)On the other hand the value of a probability 
an be transformed into more intuitive \signi�
an
e"S in the units of sigma, whi
h is de�ned by the relation:p = Z 1S N (0; 1)(x)dx; (5)where N (0; 1) is a gaussian distribution with a mean 0 and a standard deviation 1.4.3 Two types of errorsWhat should be keeped in mind is that we have now two sets of errors asso
iated with our MCsample. The distributions of gammas in the real data should 
u
tuate around the predi
ted � and�2 distributions with a poissonian error (in every bin the error is the square root of the 
ontentof this bin). Moreover sin
e the 
-ray signal in the real data is extra
ted from a ba
kground, thiserror should be appropriately enlarged. If in a given bin the expe
ted number of gammas is equalto Ng, and the expe
ted ba
kground is equal to Nb, then the total error of the extra
ted gammadistribution 
an be 
al
ulated as: �Ng =pNg + 2Nb (6)This error will be used in the �2 test as a measure of statisti
al 
u
tuations whi
h deterioratethe power of �nding if the sour
e has an extension.On the other hand sin
e only a �nite amount of MC showers is used for 
al
ulation of theexpe
ted � and �2 distributions, there is a statisti
al error on the estimation of those distributions.Let's 
all it a \MC error". This error is only a measure how pre
ise are the simulations. If \MCerror" is larger than the predi
ted poissonian error it means that the di�eren
es between point andextended sour
e MCs 
an be a result of statisti
al 
u
tuations of the MC sample rather than theintrinsi
 di�eren
e between those two distributions.On �g. 10 both types of errors are 
ompared for the 
ase of 1h observations of a sour
e with aCrab spe
trum.Now let's 
onsider how those errors 
hange if we in
rease the observation time. Sin
e theestimated gamma ex
ess will in
rease linearly with time, the estimated relative poissonian errorwill de
rease as a square root of time. On the other hand, the � or �2 distribution is still estimatedfrom a full MC sample, and the dependen
e on time is done with simple s
aling. It means thatthe relative \MC error" remains the same. We perform our 
al
ulations as long as the \MC error"is less than 50% of the poissonian error. For higher values of the observation time produ
ed MCsample is not enough for drawing 
on
lusions. 12
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Figure 10: Expe
ted �2 (upper �gures) and � plots (lower �gures) for MC gammas. Di�erent 
olors standfor a di�erent sour
e extensions: a point sour
e (bla
k), a dis
 of a radius rext = 0:1Æ (red), 0:2Æ (green),0:3Æ (blue). In left �gures verti
al error bars show a statisti
al un
ertainty of the MC sample. In right �guresthose errors represent real poissonian errors 
al
ulated a

ording to (6). Observational time 1h, hadronness 
ut< 0:15, size 
ut > 200 phe.sour
e � analysis �2 analysisradius h�2i ndof h�2i=ndof p(h�2i) S h�2i ndof h�2i=ndof p(h�2i) S0:1Æ 6.8 3 2.3 8 � 10�2 1.4� 10.9 6 1.8 9 � 10�2 1.3�0:2Æ 24. 5 4.8 2 � 10�4 3.5� 37. 9 4.1 2 � 10�5 4.1�0:3Æ 40. 8 5.0 3 � 10�6 4.5� 68. 12 5.7 9 �10�10 6. �Table 2: The mean �2, a number of degrees of freedom, the 
u
tuation probability and the signi�
an
e of asour
e extension. for di�erent radii of a sour
e. 1h of a wobble mode observation. a 70% gamma eÆ
ien
y
ut, a hadronness 
ut < 0:15 and a size 
ut > 200 phe.4.4 �2 distributionsTo 
he
k 
apability of MAGIC to dete
t the extension of a sour
e we 
ompare a point sour
e � (or�2) MC distribution with a similar distribution for a dis
 sour
e with a given radius rext. Afters
aling the distribution to a given observational time we 
al
ulate errors a

ording to eq. 6 in everybin, and then we s
atter the value with this error. Both histograms are then 
ompared using the�2 value de�ned by eq. 3. Only bins ful�lling a gamma eÆ
ien
y 
ut are used for 
omparison ofboth histograms. The entire pro
edure is repeated 104 times.Sample distributions of �2, obtained in the 
ase of observing a sour
e with a Crab-like spe
trumfor 1h, are shown in �g. 11. The 
orresponding 
u
tuation probability p(�2) distributions are shownin �g. 12.From a distribution of �2 we obtain a mean value h�2i, and the 
orresponding probabilityp(h�2i) a

ording to eq. 4. The probability is 
onverted into a signi�
an
e using eq. 5. Valuesobtained from distributions shown in �g. 11 are presented in table 2.4.5 Dependen
e on the observational time and sour
e 
uxOn �g. 13 a signi�
an
e of the extension of the sour
e is shown as a fun
tion of time for 
ux ofa sour
e equal to 0.25, 1 and 4 Crab Units. Let's 
onsider a sour
e with a Crab-like 
ux and anextension radius rext = 0:3Æ. After 70 min of the observation time a 5� dis
repan
y between thesour
e � plot and an � plot for a point sour
e 
an be seen. If the �2 analysis is used this time isde
reased to only 45 min. For a mu
h smaller sour
e extension (rext � 0:1Æ) both methods seemto give similar results: 5� obtained in � 5-6 h. Ne
essary observational times for a 1 C.U. sour
eare summarized in table 3. 13
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Figure 11: The �2 distribution of a 
omparison of a point sour
e with an extended one. Upper �gures areobtained with a �2, lower with a � analysis. Di�erent 
olors stand for di�erent radii of an extended sour
e:rext = 0:1Æ (red), 0:2Æ (green), 0:3Æ (blue). A thi
k bla
k 
urve in every �gure is the �2 distribution in the 
aseif both 
ompared histograms are from the same distribution. The observational time 1h, hadronness < 0:15,size > 200 phe.
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Figure 12: As in �g. 11, but the distribution of the probability that di�eren
es between two histograms are onlybe
ause of statisti
al 
u
tuations (
al
ulated a

ording to eq. 4 )rext �2 analysis � analysis0:1Æ 7� 80:2Æ 1.4 1.80:3Æ 0.8 1.2Table 3: The observational time (in hours) needed for 
laiming an extension of a sour
e with a 5 � 
on�den
elevel. Both � and �2 analyses are 
onsidered. rext stands for the radius of the sour
e. Values marked with astar are obtained using an extrapolation and therefore 
an have a large systemati
 error.14
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Figure 13: The in
rease of the signi�
an
e (in the units of sigma) of the sour
e extension with the observationtime in the wobble mode. Di�erent 
olors stand for di�erent radii of an extended sour
e: rext = 0:1Æ (red),0:2Æ (green), 0:3Æ (blue). Total 
ux from the sour
e is equal to 0.25 C.U. in �gure (a), 1 C.U. in (b) and 4C.U. in (
). Results from the � analysis are ploted with solid lines, and from the �2 analysis with dashed lines.For a sour
e with a lower 
ux the needed observation time is greatly in
reased (
ompare �g. 13(a) and (b) ). A rext = 0:3Æ extension of a sour
e 
an be dis
overed after 16h or 9h in the 
aseof � and �2 analysis respe
tively. If predi
ted sour
e extension is of the order of a MAGIC PSF(0:1Æ), it 
an be distinguished from a point sour
e after � 70� 100 h of observations.5 Con
lusions� Redu
tion of the sensitivity for an extended sour
e:{ If a given sour
e has an extension of rext � 0:1Æ, for obtaining the same gamma eÆ
ien
yas in the 
ase of a point sour
e, one should 
ut the angular parameters by � 20� 30%looser. This results in only modest (� 10� 15%) loss in sensitivity.{ Even in the 
ase of a signi�
antly extended sour
e (rext = 0:3Æ) the loss in the sensitivityis only about 40%.� Comparison of the wobble mode with the ON-OFF mode:{ Comparing with the ON-OFF mode, the redu
tion of the sensitivity in the 
ase of thewobble mode observation is only � 20%. The value is 
onsistent with the value quotedin [2℄ (� 15% for pre-MUX data). This result is still valid even in the 
ase of an extendedsour
e with a radius 0:3Æ.{ The drop in the sensitivity is smaller than the gain be
ause of taking OFF data simul-taneously. This is why, even in the 
ase of a slightly extended sour
e (an extensionradius . 0:2Æ) the wobble mode observations seems to be a better option than the ON-OFF observations. For bigger extentions of the sour
e leakage of the signal into theba
kground region 
an be
ome a problem.� Sour
e independent � and �2 analysis:{ In presented here type of analysis (the Random Forest was trained with no sour
edepended parameters) a �2 
ut is more powerful that an � 
ut both for a point-like andextended sour
es. The di�eren
e in the sensitivity is of the order of 20%.� Dete
tion of sour
e extension{ For a homogeneous dis
 sour
e with a Crab-like spe
trum, an extension radius of theorder of rext � 0:3Æ 
an be dete
ted after 45min.{ In the 
ase of a very extended sour
e the � analysis needs up to 50% more observationtime than the �2 analysis. For a small extension both methods give similar results.6 Work still to be doneA few se
ondary e�e
ts are still not 
overed in this TDAS note and will be addressed in the nearfuture. 15



� The extra
tion of an extended signal in a presen
e of a point sour
e. This situation o

ursfor example in a 
ase of a theoreti
al AGN halo 2.� How mu
h a performan
e of the MAGIC teles
ope for extended sour
es is dependent on theteles
ope PSF.� Dependen
e of the � and �2 plots on the sour
e spe
trum index.� Extended sour
es with a di�erent pro�les than a 
at dis
.Referen
es[1℄ MAGIC-TDAS 07-01[2℄ MAGIC-TDAS 07-03[3℄ Gagunashvili N.D., Comparison of weighted and unweighted histograms, (2006),arXiv:physi
s/0605123v1

2Primary gamma rays 
oming from a sour
e are absorbed in a pair produ
tion pro
ess. Those pairs then s
atterthe CMB radiation produ
ing a se
ond generation of gamma-rays, but sin
e leptons 
ould be de
e
ted in a magneti
�eld, se
ondary gamma rays will 
ome from a di�erent dire
tion than the primary gamma rays, produ
ing a haloaround the point sour
e. 16


