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1 Introdu
tionIn this do
ument, I present the results 
on
erning the 
alibration of the on-axis and o�-axis PSF using in orbit data. Data 
on
ern both MOS 
ameras and in
lude observationsperformed in di�erent operating modes (Full Frame, Double Node, Large Window, SmallWindow) with di�erent �lters.The do
ument is organized a

ording to the following main topi
s:� In Se
. 2, I will des
ribe the data set used for the 
alibration;� In Se
. 3, I will review the pro
edures adopted for the 
onstru
tion and the �t of thePSF pro�les. A 
ompletely analyti
al modelization of the PSF will be introdu
edin x3.2.1.� In Se
. 4 the results of the 
alibrations will be presented and dis
ussed.2 The data set.The data set in
ludes observations taken both in the 
ommissioning phase and in the
alibration and performan
e veri�
ation phase. They 
on
ern revolutions from 22 to 96.The o�-axis angles of the observed sour
es range from 0.02 to 11.90 ar
min.I have also analyzed the star �eld OMC2/3 in revolution 237. Within this stellar �eld,I sele
ted all the sour
es with more than 20 photons in the peak. A

ordingly, 14 sour
eshave been sele
ted for the MOS 1 and 16 for the MOS 2. The sour
es with an unreliabledetermination of all the �t parameters for all the energies have been reje
ted: for theMOS 1, 3 sour
es have been reje
ted, for the MOS 2 none. For the resulting set of sour
esof this �eld, the o�-axis angles range from 2.03 to 10.42 ar
min for the MOS 1 and from0.34 to 10.44 ar
min for the MOS 2. So, this stellar �eld has the advantage of 
overing awide range of a�-axis angles; however the sele
ted sour
es are not intense and the wingsare not well sampled. Furthermore, often the small distan
e between the stars redu
es theradial range useful for the �t and makes the determination of the ba
kground un
ertain.Consequently, this �eld provides best �t parameters only for the energies from 1 to 4-5keV where the statisti
s is high enough to provide reliable �ts.Depending on the observation (presen
e of pile-up e�e
t, bad statisti
s on the wings,et
), it 
an o

ur that a measure 
an provide only informations on the 
ore or on the wings.A large fra
tion of the observed sour
es have a 
ount rate high enough to indu
e pile-upe�e
ts. In these 
ases, we don't have any information about the 
ore of the PSF, but the2



wings 
an be studied. If a 
orresponding observation (same sour
e and pointing positionbut di�erent �lter and/or operating mode, i.e. di�erent pile-up levels) exists, we 
anstudy simultaneously the 
ore and the wings. Often (espe
ially for o�-axis angles >� 50,where only Full Frame mode is possible) only piled-up data are available. As a result, wewill have a very pre
ise estimate of the wings of the PSF, but a poorer evaluation of the
ore.As the PSF depends on the energy, we divided the whole spe
tral range [0-12keV℄ in di�erent intervals: [200-400℄, [400-800℄, [800-1200℄, [1200-2400℄, [2400-5000℄, [5000-8000℄, [8000-12000℄ eV, 
orresponding to mean energies 0.3, 0.6,1, 1.8, 3.7, 6.5, 10 keV.As will be dis
ussed in x4.4, in the whole data set, no observation at large ( >� 40)o�-axis angles has enough 
ounts to allow an inspe
tion at high (6.5-10 keV) energies.Correspondingly, in these 
ases, no 
alibration data exist and no 
on
lusion
an be drawn.In Table 3, we list all the observations in
luded in the analysis, with their RUNID,the o�-axis angle (in ar
min), the operating mode (FF=Full Frame, DN=Double Node,LW=Large Window, SW=Small Window, TI=Timing). The observations listed withinthe same box in the table have been merged together. In fa
t, whenever it waspossible, we joined di�erent observations in order to enhan
e the statisti
s.The te
hniques used for the merging will be des
ribed in details in x3.1.1.Some observations have not been in
luded in the sample for di�erent reasons:� HR1099 in revolution 36 and 3C273 in revolution 94 with o�-axis angles � 60: themeasures are visibly piled-up within the 
entral 1500; the 
hoi
e of the range of �t(see x3.2.4) is deli
ate and it 
an a�e
t the best �t results. On the other hand, thehigh statisti
s of the measure produ
es a very small error on the best �t parameters.Su
h �t parameters must be reje
ted be
ause unreliable and having very small errors
an drive the �nal �t.� Capella in rev. 53 with o�-axis angles � 50 and � 100: these measures have a verystrong pile-up, produ
ing a large 
entral hole (about 4000 wide). Neither the 
orenor the wings 
an be investigated.� GX13+1 has a 
entral hole (1500) due to a strong pile-up. The pile-up probably af-fe
ts the pro�le also in the region just outside the 
entral hole, providing distortionsin the pro�le. The distortions are less important for the low ( <� 1 keV) and for thehigh energies (� 10 keV). Only points whi
h are not a�e
ted from the pile-up 
an beretained. This o

urs only in the very outer part of the pro�le (at a radius � 1:50)3



where the statisti
s and the dynami
 range are too small even for the evaluation ofthe wings.In the �eld of GX13+1, there is a small se
ondary sour
e whi
h has been in
luded inthe sample and whi
h is here referred to as GX13+1b. Analogously, Capella2 refers toa small sour
e visible in some pointings on Capella. The two sour
es in the pointings ofthe revolution 22 (05:37:04; -69:13:00.0) have been referred to as LMC1 and LMC2.3 The analysis pro
edure.Our main purpose is to 
onstru
t the radially averaged pro�le of ea
h sour
e of the sampleand for ea
h sele
ted energy range and su

essively to �t it with a suitable fun
tion. In thisse
tion, I will review the pro
edures for building and �tting (respe
tively in paragraphs3.1 and 3.2) the radial pro�les of the sour
es, starting from the sour
e events lists. Allthe analysis pro
edures are developed in IDL language.All the observations have been �ltered in order to have \
leaned" event lists, wherebright/dark pixels/
olumns have been removed and the events asso
iated to the softprotons have been dis
arded. For all the runs, only patterns � 12 have been 
onsidered.3.1 Building the radial pro�les.In this paragraph, we will des
ribe in detail the algorithm developed to build the radialpro�le of ea
h sour
e. The pro
edure 
an be divided into three main steps: i) merging ofsimilar observations; ii) determination of the 
entroid, and iii) 
onstru
tion of the radiallyaveraged pro�le of the PSF. Ea
h of these points is dis
ussed in detail in the followingparagraphs.3.1.1 Sta
king similar observations.In order to enhan
e the statisti
s whenever possible we merged together similar observa-tions. Spe
i�
ally, I joined observations having the following requirements:1. same sour
e target;2. same pointing dire
tion;3. same operating mode (FF, DN, LW, SW);4. same �lter position. 4



Obviously we merged together observations separately for the two MOS 
ameras.Usually, the merging operation simply 
onsists in sta
king the di�erent event lists. Of
ourse, the pointings of the observations to be merged together must be exa
tly the same.After this merging operation, we divided the data into groups. Merged data sets 
on-
erning the same target and with the same pointing position but with di�erent operatingmode and/or �lter position, i.e. with di�erent pile-up levels, are in
luded in the samegroup. We identi�ed 86 (39 for MOS 1 and 47 for MOS 2) groups, ea
h having the samesour
e target and the same pointing position (i.e. the same o�-axis angle).3.1.2 Getting the 
entroid.In order to build the radial pro�les, we must de�ne the 
entroid for ea
h image. The
entroid �nding is quite a deli
ate pro
edure. In fa
t, we 
annot simply identify the
entroid with the peak (the pixel with the greatest number of photons). It 
an lead tobiased results for faint sour
es where there are only few photons in the peak and thestatisti
al 
u
tuations are important. Besides, the method surely 
annot be applied topiled-up observations where the peak and the inner region are damped. In parti
ular,when the piled-up is strong a 
entral hole appears. In this 
ase, lo
ating the 
entroid isobviously diÆ
ult.However, also when the pile-up is absent or is weak, the 
entroiding must be a

urateas small shifts 
an indu
e distortions in the radial pro�le.An additional diÆ
ulty is represented by the presen
e of the mask. In fa
t, the image
an have dark (no 
ounts) pixels be
ause of the mask. We must implement an algo-rithm able to 
onsider that the image \is not" zero in those pixels. Negle
ting the mask
an indu
e a shift in the �nal 
entroid 
oordinates. The problem of the mask be
omesparti
ularly important when the sour
e is spread a
ross two di�erent CCDs.The pro
edure I built goes through these steps:1. It starts from an initial 
entroid (x
0; y
0). It 
onsiders all the points within aradius rad
en of 150 pixels from this 
entroid.If: � the sour
e is near to the edge of the Field of View;� the sour
e is not on-axis and the operating mode is Large Window;� the operating mode is Small Window;� the distan
e of the sour
e with another sour
e is less than 150 pixels;5



and rad
en 
annot be so large, then rad
en is taken as large as possible. In the �rstthree 
ases it 
an be determined from the initial 
entroid and the dete
tor mask. Inthe last 
ase, it must be dire
tly provided as a parameter. This o

urs, for instan
e,for the sour
es of the stellar �eld OMC2/3.2. In order get a stable result, a 
ut-o� image is 
onsidered. This image is redu
edfrom the original one, assigning a null value to all the pixels having less than max/5
ounts, being max the highest number of 
ounts stored in the image pixels. Corre-spondingly, only the brightest pixels are 
onsidered in the evaluation of the 
entroid.Besides providing a more robust result, this te
hnique strongly redu
es the 
ompu-tational time.3. For the masked points, the algorithm assigns to the image an e�e
tive value obtaineda

ording the following pro
edure. Being (x; y) the masked pixel, the pro
edure
onsiders the values I2; I3; I4 of the image in the points (x; 2 � y
0 � y); (2 � x
0 �x; 2 � y
0� y); (2 �x
0�x; y) whi
h are symmetri
 to (x; y) with respe
t the 
entroid(x
0; y
0). Then, the algorithm assigns the the pixel (x; y) a weighted average I1:I1 = 14I2 + 12I3 + 14I4:More 
ompli
ated weighted averages are 
onsidered whenever one (or more) of thesesymmetri
 points has a null mask value.4. The new 
entroid is 
al
ulated a

ording to the formulae:x
 = Pi;j xiN(xi; yj)Pi;jN(xi; yj) ;y
 = Pi;j yjN(xi; yj)Pi;j N(xi; yj) ;where N(xi; yj) is the number of photons in the (xi; yj) pixel and the sum runs overthe pixels inside rad
en.5. If the shift of the new resulting 
entroid (x
; y
) with respe
t to (x
0; y
0) is toolarge (i.e., greater than rad
en/10 or than 6 pixels if rad
en is less than 100), thestarting value (x
0; y
0) is kept and the pro
edure is repeated with a slightly smallerrad
en.6. The (x
0; y
0) is set to be (x
; y
) and the pro
edure is repeated re
ursively (forrad
en progressively smaller) until the shift of the 
entroid is less than 1 pixel. Inmost of 
ases, this o

urs after a few steps.6



3.1.3 The radial pro�le algorithm.For the event lists of ea
h group, redu
ed event lists for the various energy ranges aresele
ted. The radial pro�les are 
al
ulated then separately for ea
h energy range.The pro
edure I developed for building the radial pro�les, evaluates for ea
h r thenumber of 
ounts in the annulus between r and r+dr, divided the annulus area. Di�erentbinnings have been used for di�erent radii. In the inner regions ea
h bin is set to be equalto a pixel, for outer radii, bins are set to several pixels. In fa
t, for large r, the number of
ounts is not very high and a large binning enhan
es the statisti
s making the integrationpro
edure faster without loss of a

ura
y. I divided the range (0-230) pixels in four regionswith the following number of bins:rmin: 0 rmax: 20 nbins: 20rmin: 20 rmax: 40 nbins: 10rmin: 40 rmax: 80 nbins: 10rmin: 80 rmax: 230 nbins: 15(rmin and rmax are in pixels units).In order to evaluate the number of pixels in ea
h annulus, the pro
edure basi
ally
onsists in storing, for ea
h pixel of the image, the bin whi
h the 
enter of the pixelbelongs to. It assigns the entire pixel to the 
orresponding bin updating the 
ounts in thebin and its area summing the 
ontribution of the pixel.For inner pixels near the 
entroid of the PSF, assigning a (squared) pixel to a (radial)bin, a

ording to the position of the pixel 
enter, may be a rough approximation and this
an introdu
e non negligible distortions in the �nal pro�le. In fa
t, near the 
entroid,where annuli 
urvatures are high, pixels 
an belong to di�erent annuli in 
omparablefra
tions. Hen
e, the basi
 algorithm has been improved adding a re
ipe suited to splitpixels whi
h are not 
ompletely in
luded within an annulus. More pre
isely, the pro
edureruns over all pixels within a region R en
losing the RMIN { RMAX region and slightlylarger than this. For ea
h pixel, it �nds the bin bi whi
h the pixel 
enter belongs to andit 
he
ks if the 
ir
le en
losing the pixel (same 
enter, r = p2=2) is fully en
losed in thebin bi. If so, then surely the same o

urs for the whole pixel. In this 
ase, the improvedpro
edure \uses" the basi
 one, and updates 
ounts in bi and the area of the bin summingthe 
ontribution of the pixel. Otherwise, if part of the 
ir
le is not in the same bin, thepixel too 
ould be partly inside another bin. In this 
ase, the pixel is split into nsubpixelssubpixels (set by the user); ea
h subpixel is pro
essed by itself and provides a 
ontribution7



to the 
ounts equal to image(pixel)=nsubpixels and to the area equal to 1=nsubpixels.In the inner region a large number of subpixels is needed and it 
an be redu
ed at largerradii where the 
urvature is smaller and the e�e
t is less important. Therefore, I setnsubpixels=100, 49, 16, 4 for the four binning ranges.3.2 Fitting the radial pro�les.On
e the radial pro�les have been built, they have to be suitably �tted. Sin
e the pro�lesare determined by radially averaging the 
ounts in ea
h bin, any angular distortion (whi
h
an be important for o�-axis sour
es) is a
tually negle
ted. Therefore, the PSF modelfun
tion f 
an be radially symmetri
: f = f(r). Starting from the ground 
alibrationresults, in x3.2.1, I build the analyti
al fun
tion whi
h is suitable to des
ribe the measuredradial pro�le.As previously pointed out, in order to have a more pre
ise estimation of the PSF,whenever possible, we use simultaneously informations at di�erent pile-up levels. Hen
e,I built an algorithm able to do a multi-�t, i.e. a simultaneous �t of several 
urves.The algorithm is des
ribed in detail in x3.2.2. The last two paragraphs of this se
tionx3.2.3 and x3.2.4 deal with two deli
ate aspe
ts of the �tting pro
edure: the ba
kgrounddetermination and the 
hoi
e of the good �tting range.3.2.1 Modeling the PSFA

ording to the ground 
alibration, the PSF 
ould be �tted with a King + Gaussfun
tion: PSF = A8>><>>: 1�1 + � rr
�2�� + Rq(2��2) exp "�� r��2#9>>=>>; ; (1)with 4 free parameters to be determined by �tting the data:� r
: the 
ore radius of the (main) King 
omponent;� �: the King slope;� �: the Gaussian amplitude;� R: the relative normalization of the two 
omponents.8



It is worth to note that both this fun
tion and its integral in rdr are analyti
.Correspondingly, both the PSF and the EEF are analyti
ally 
hara
terized.The Gauss 
omponent provides a 
orre
tion to the King slope in the outer part of thewings whi
h show a 
attening at r � �. The parameters depend on energy and o� axisangle. The total normalization A depends on the total 
ux of the observation.From ground 
alibration (on data 
on
erning FM1) the values of the parameters whereat 1.5 keV energy (on-axis pointing):r
 = 6:668� 0:640(ar
se
);� = 1:748� 0:021;� = 139:41� 3:40(ar
se
);R = 2:69 � 10�2 � 8:25 � 10�3:(see S.G. EPIC-MCT-TN-001, http://www.if
tr.mi.
nr.it/�simona/pub/ for details).In 
onsidering the in-orbit model, we must a

ount for two aspe
ts: �rst of all, ground
alibrations 
on
erned the FM1 whi
h is a spare 
amera. Thus, the parameters reportedabove 
annot be 
ompared to those from the in-
ight data as they refer to di�erentteles
opes. Furthermore, for the in-orbit data, the presen
e of the X-ray ba
kgroundhides the Gauss 
omponent and the �t be
omes insensitive to the Gaussian parameters.For this reason, we negle
t the Gaussian 
omponent and the �tting 
urve is redu
ed tothe King pro�le: PSF = A8>><>>: 1�1 + � rr
�2�� +BKG9>>=>>; : (2)A 
onstant des
ribing the ba
kground has been added. There are other possibilities toa

ount for the ba
kground. The details are dis
ussed in x3.2.3.A
tually, the �tting pro
edure uses the \
omplete" form of the fun
tion, King +Gauss + bkg, in
luding the Gaussian 
omponent and only when the �t fails to 
onvergeor returns nonsense (e.g. negative or extremely large) values, the \redu
ed" King + bkg(eqn. (2)) is adopted. The details of the pro
edure are reported in the next paragraph.3.2.2 Multi-�ttingAs already pointed out the (merged) observations have been divided into 86 (39 
on
erningthe MOS 1 and 47 the MOS 2) groups. In ea
h group, data sets 
on
erning the sametarget and with the same pointing position but with di�erent pile-up levels are in
luded.9



I developed a �tting pro
edure 
apable of �tting simultaneously the di�erent 
urvesbelonging to the same group, 
onstraining the �t parameters r
 and � (and eventually� and R) to be the same for all the pro�les. Of 
ourse, the total normalization and theba
kground 
onstant are di�erent for the di�erent 
urves. For a set of n 
urves the �tparameters are therefore r
; �; (�;R); A1; : : : ; An; bkg1; : : : ; bkgn.More pre
isely the pro
edure runs over the following steps:1. It determines the \starting ba
kground" bkg1; : : : ; bkgn for ea
h pro�le �tting witha 
onstant the external points of the pro�le (where it be
omes 
at). These valuesare used as input parameter for the ba
kgrounds in the �nal �ts.2. It �ts with a King + bkg fun
tion, providing r
; �; bkg1; : : : ; bkgn. If it exists, this �tis performed only to the non piled-up 
urve of the groups. Otherwise, it is performedon the 
urve with the smallest degree of pile-up. If the 
urve has no pile-up thedetermination of the r
 is quite a

urate, otherwise if only piled-up measures areavailable, the 
ore will be in any 
ase un
ertain.3. It freezes r
; � and �ts all the 
urves of the group with King + Gauss + bkg, getting�;R; bkg1; : : : ; bkgn. This hopefully provides some output parameters whi
h are nearto the best �t ones.4. It thaws all the parameters and �ts with King + Gauss + bkg. The output parame-ters of the previous step r
; �; bkgi; �; R are used as initial input parameters for this�nal �t.5. If the �t is \nonsense" (negative parameters or extremely large Gaussian parame-ters) the pro
edure is repeated with starting parameters obtained slightly shiftingthe previous ones. If, after 20 iterations, the �t is still nonsense, the pro
edurereje
ts the output values and �t the pro�le with King+ bkg.The steps 2 and 3 are needed as the Gaussian 
omponent is quite small with respe
tto the King main 
omponent (also when the ba
kground is absent). Correspondingly, theinitial guess of �tting parameters for the step 4 must be a

urate. Su
h a sequen
e ofsteps su

essfully �ne-tunes the input parameters in order to assure the �t 
onvergen
e.By applying this pro
edure to all the pro�les, I got that in no 
ase the Gaussian
omponent 
ould be determined. In all the 
ases, the pro
edure adopted the\redu
ed" �t fun
tion King+bkg. In fa
t, also in the best measures, the ba
kgroundis too high to distinguish the Gaussian 
omponent. The ba
kground value is roughly 10�4times the King 
omponent (this is just a rough estimation, a
tually the ba
kground varies10



Figure 1: Simultaneous �t of three radial pro�les having three di�erent pile-up levels. Theobservations refer to LMC X-3 with an o�-axis angle of 1.78 ar
min.The sele
ted energyrange 
orresponds to a mean energy of 1.8 keV.measure by measure), whi
h is of the same order of magnitude of the Gaussian 
omponent(from on-ground estimations) at r � 100� 150 ar
se
.In Fig. 1, as an example, I report the simultaneous �t of three 
urves having threedi�erent pile-up levels. The sour
e is LMC X-3. Data refer to MOS 2 
amera. The energyrange sele
ted 
orresponds to a mean energy value of 1.8 keV. The o�-axis angle is 1.78ar
min. The three 
urves refers to� Double Node with �lter Thin: this 
orresponds to the bla
k 
urve in �gure with nopile-up e�e
ts;� Large Window with �lter Medium: this 
orresponds to the blue 
urve in the �gurewith some pile-up;� Full Frame with �lter Medium: this 
orrespond to the yellow 
urve in the �gurewith the higher level of pile-up. 11



When �tting separately the three 
urves, the best �t parameters derived are (r
 is inar
se
): r
 = 5:325� 0:118;� = 1:423� 1:389E � 02; (3)for the �rst 
urve, using a �tting range of [0:1� 200℄ pixels (1 pixel=1:100);r
 = 6:238� 4:244;� = 1:436� 0:109; (4)for the se
ond 
urve, using a �tting range of [20� 230℄ pixels andr
 = 9:028� 1:618;� = 1:509� 2:437E � 02; (5)for the third 
urve, using a �tting range of [30� 230℄ pixels.Using the simultaneous �tting pro
edure and adopting for ea
h 
urve the same �ttingrange employed above: r
 = 5:591� 0:079;� = 1:449� 0:006: (6)As far as the 
ore is 
on
erned, only the �rst 
urve result (3) 
an be 
ompared withthe multi-�tting result (6), sin
e the other two 
urves are a�e
ted by pile-up. The 
oreof the �rst 
urve agrees within 2� with the result obtained from the multi-�tting. Ea
hslope parameter � obtained from the single �ts (3-5) also agrees within 3� with the resultobtained with the multi-�tting; the multi-�tting pro
edure provides a result whi
h is inagreement with all the single-�t results with the additional advantage of a redu
ed erroron the best �t parameters thanks to the simultaneous use of the data points of the threepro�les.The same pro
edure has been applied to ea
h group for ea
h energy band. A set ofbest �t parameters (depending on energy and on o�-axis angle) for ea
h MOS has beenderived.3.2.3 The ba
kgroundA 
ru
ial point for the �tting pro
edure is the determination of the ba
kground. Of
ourse, an in
orre
t evaluation of the ba
kground 
an negatively a�e
t the estimation of12



the other best �t parameters. For example, an underestimation of the ba
kground leads toa best �t fun
tion with 
atter wings as it tries to represent the plateau of the ba
kground.Hen
e, the �t returns a smaller slope parameter (�) and 
onsequently a smaller 
ore (r
).Two di�erent methods 
an be adopted to evaluate the ba
kground. The �rst one 
on-sists in adding a ba
kground 
onstant to the �t fun
tion (as already spe
i�ed in the pre-vious paragraphs). Another method 
onsists in estimating the ba
kground in a \empty"region of the Field of View far away from the sour
e. In this 
ase, the radial pro�le isdetermined on the ba
kground subtra
ted image. The resulting pro�le is �t simply witha King (+Gauss) fun
tion.Both methods present advantages and disadvantages. The main advantage in workingon the ba
kground subtra
ted image is the redu
tion of the number of �tting variables(one bkg per ea
h 
urve in the group). However, this method 
annot be used on thestellar �eld (an \empty" region 
annot be identi�ed). Besides, the ba
kground must be
orre
ted for the vignetting. The vignetting must be 
onsidered also when subtra
tingthe ba
kground, 
onsidering that the radial pro�le extents out of about 4 ar
min fromthe 
entroid.On the 
ontrary, the evaluation of the ba
kground from a region away from the sour
e
an be useful when the sour
e pro�le extension is not very large and the ba
kgroundestimation on the outer part of the wings is un
ertain (or when Large/Small Windowoperating mode is used and wings are trun
ated before the 
attening of the pro�le). Inthese 
ases the ba
kground from the �t with the King + bkg fun
tion is badly estimated.In any 
ase, the two methods 
an be 
ombined to verify the goodness of the ba
kgroundestimation. In my analysis, I adopted the method whi
h in
ludes the ba
kground in the�tting fun
tion. However, I dire
tly veri�ed that for all the 
ases (when both methods
ould be used) the two methods provided values in agreement within 1-2 �.3.2.4 Good �tting rangeWhen �tting a radial pro�le we must determine whi
h points of the pro�les must be usedin the �tting pro
edure, i.e., a good �tting range must be de�ned. If the pile-up is absentthe 
ore 
an be easily evaluated, but often the statisti
s on the wings is poor. Therefore, it
ould be useful to reje
t the outer points and restri
t the good �tting range for su
h a 
urveto the internal region. If some piled-up measure exists in the same group, it will supplythe informations on the wings. Analogously, for a piled-up measure, the 
entral pointsmust be reje
ted and the good �tting range must be restri
ted to the external part of thepro�le. For ea
h 
urve to be �tted, its good �tting range must be a

urately determined.13



Parti
ular attention must be paid for those pro�les whi
h are slightly piled-up and it isnot obvious where the pile-up starts redu
ing the 
ounts. A wrong estimation of the good�tting range 
an lead to a biased result, sin
e in
lusion of piled-up points leads to anoverestimation of the 
ore radius.First of all, I divided roughly the 
urves in four main groups: no pile-up, weak, strongand very strong pile-up. As a general rule, the following good �tting range 
an be adopted:no pile-up 0.1 - 200,weak 20 - 200,strong 30 - 230,very strong 40 -230,(units are here in CCD pixels).However, in most 
ases, some modi�
ations are needed. Several methods have beenadopted to 
orre
t these basi
 values.If di�erent pile-up levels are present in the same group, we 
an work as follows. We
an plot the ratio between a pro�le and the pro�le with a smaller pile-up degree. Theratio will in
rease initially (where the two di�erent pile-up levels di�erently a�e
t thepro�le) and, moving towards the outer radii, �nally the ratio should be
ome 
at, wherepile-up does not a�e
t the pro�les any more. This 
at range 
an be identi�ed as the good�tting range.When the simultaneous �t is not possible, e.g. for sour
es on the external CCDs, thegood �tting range must be determined in a di�erent way. By in
reasing the lower limitof the 
uto� the output parameters 
an 
hange signi�
antly, as we progressively ex
ludepart of the \damped" points. This e�e
t fades progressively as we rea
h the point wherethe pile-up distortion is less important. The good �tting range is determined when theoutput �t parameters rea
h a \stationary" (within errors) behavior.For GX13+1 observations, I 
ould not �nd a good �tting range. As shown in the tablebelow, moving the lower 
uto� from 3000 to 4000 in the GX13+1 observation at 1.5 ar
mino�-axis angle, at 1.8 keV, we �nd:lower 
uto� r
 �r
 � ��3000 5:4900 1:7100 0.882 6.37E-033500 4:5100 3:5200 0.937 8.96E-034000 4:6100 5:1900 0.968 1.188E-02
14



Apart from the 
ore (whi
h is in any 
ase unreliable for su
h a pile-up level), the �parameter 
ontinues to in
rease with the o�-axis angle and the di�eren
es between thebest �t values largely ex
eed 3�. It is impossible to �x the lower limit for the good �ttingrange and, 
orrespondingly, I reje
ted all those observations.4 ResultsThe previously des
ribed pro
edures provide two sets (r
 and �) of best �t parameters
orresponding to di�erent sele
ted energies and o�-axis angles.Before analyzing and modeling r
 and �, we 
an outline the expe
ted behavior of boththese shape parameters with the energy and the o�-axis angles.The 
ore radius is expe
ted to de
rease when the energy in
reases, be
ause the photonswith higher energy will be re
e
ted and fo
used only by the inner shells of the X{rayteles
ope. The redu
ed number of involved shells diminishes the sour
e of \dispersion";furthermore, the inner shells are probably less irregular. Both these e�e
ts improve theability of fo
using by the teles
ope with in
reasing energy.Unlike the 
ore, whi
h be
omes smaller when moving towards higher energies, thewings should be
ome broader as energy in
reases. This is expe
ted as high energy pho-tons have a wavelength nearer to the roughness size of the teles
ope shells than lowenergy photons, with an enhan
ed probability of s
attering pro
esses. This e�e
t givesprominen
e to the wings of the PSF, whi
h be
ome, for higher energies, more important.Consequently, the slope parameter � should de
rease with in
reasing energy.When moving o�-axis, in general, the shape of the PSF will be distorted. Nevertheless,in this analysis we 
onsider radially averaged pro�les and the distortions are negle
ted.Moreover, for large o�-axis angles, the teles
ope will lose ability of fo
using and the PSFwill be broadened; 
orrespondingly the slope should de
rease for in
reasing o�-axis angles.In the following paragraphs (x4.1 and x4.2), I will analyze the behavior of the 
oreradius and of the slope versus energy and o�-axis angle, respe
tively. In x4.3, instead, r
and � are 
onsidered as 2-d fun
tions of both energy and o�-axis angles and an analyti
almodelization of these parameters will be provided. In x4.4, I will dis
uss the reliability ofthe �nal output model and I will de�ne the range of appli
ation, i.e., those energies ando�-axis angles for whi
h the model 
an be applied. In x4.5, the En
ir
led Energy Fra
tionis studied, also for piled-up sour
es.
15



4.1 The 
ore radius and the slope as a fun
tion of the energyFor ea
h observation group, and, 
orrespondingly, for ea
h o�-axis angle, we 
an derivethe 
ore radius and the slope as fun
tions of the energy.In Fig. 2, I plotted some examples of 
ore radius versus energy, for MOS 1 (left
olumn) and for MOS 2 (right 
olumn) at three di�erent o�-axis angles. The 
ore radiusis in ar
se
 and the energy is in keV.As expe
ted, the general trend of the 
ore is to de
rease as energy in
reases. A
tually,when moving toward large o�-axis angles, the number of points available is smaller, butin any 
ase the trend holds.We 
an also observe that a linear behavior with the energy 
ould be a fair modelizationof the 
ore trend. The line overplotted in the graphs is not the best �t, but the result ofa 2-d �t whi
h will be introdu
ed and widely dis
ussed in x4.3.Analogously, in Fig. 3, I plotted the slope (�) versus energy (in keV) for some o�-axis angles. The dependen
e of � on the energy is small. There is a slight tenden
y tode
rease (as expe
ted) when energy in
reases. Like for the 
ore radius, also � 
an be wellrepresented as a linear fun
tion of the energy. The �t overplotted is again the result ofthe 2-d �t dis
ussed in x4.3.4.2 The 
ore radius and the slope as a fun
tion of the o�-axis angleFor ea
h energy, we 
an 
onsider all the di�erent observations 
orresponding to di�erento�-axis angles and we 
an plot the 
ore radius and the slope as fun
tions of the o�-axisangle.In Fig. 4, I plotted, for the energies 1, 3.7, 6.5 keV, the 
ore radius (in ar
se
) versus theo�-axis angle (in ar
min). The left 
olumn refers to MOS 1 data and the right 
olumn toMOS 2 data. Data are quite s
attered and the large o�-axis angles are no longer sampledwhen 
onsidering high energies. For small energies, where measurements at large o�-axispositions are available, the 
ore does not show a signi�
ant variation for in
reasing o�-axis angles. When 
onsidering higher energies, few points are available for large o�-axisangles, and in general they have a large error bar. Points show a slightly de
reasing trend,but a 
onstant behavior 
an mat
h as well. The reliability of the modelization for theseo�-axis angles and energies will be dis
ussed widely in x4.4. Note that the solid lines arenot here the best �ts, but they have been obtained by means of the 2-d �t des
ribed inx4.3. A linear trend 
an be used to model the 
ore behavior.In Fig. 5, the slopes vs. o�-axis angle (ar
min) are plotted for the energies 1.0, 3.716



Figure 2: King 
ore radius (ar
se
) vs. energy for some o�-axis angles. Left 
olumn refersto MOS 1 observations and right 
olumn to MOS 2. The solid lines refer to a 2-d �t (seex4.3).
17



Figure 3: King slope vs. energy for some o�-axis angles. Left 
olumn refers to MOS 1observations and right 
olumn to MOS 2. The solid lines refer to a 2-d �t (see x4.3).
18



Figure 4: King 
ore radius (ar
se
) vs. o�-axis angle (ar
min) for 1., 3.7 and 6.5 keV.Left 
olumn refers to MOS 1 observations and right 
olumn to MOS 2. The solid linesrefer to a 2-d �t (see x4.3).
19



Figure 5: King slope vs. o�-axis angle (ar
min) for 1., 3.7 and 6.5 keV. Left 
olumn refersto MOS 1 observations and right 
olumn to MOS 2. The solid lines refer to a 2-d �t (seex4.3).
20



and 6.5 keV (left 
olumn: MOS 1; right 
olumn: MOS 2). The slope shows a de
reasingbehavior for in
reasing o�-axis angles, whi
h is more pronoun
ed for higher energies. Theerror bars for the slopes are smaller than those for the 
ore radius, but again points athigh energies and large o�-axis angles are not sampled. In the panel 
orresponding to 3.7keV energy, the points at large o�-axis angles have large error bars if 
ompared to theother points in the plot. These points refer to some stars in OMC2/3, where a
tually theslope is not really well sampled. See x4.4 for a dis
ussion on the reliability of the modelin these points.Again, we 
an see that a linear trend is suitable for des
ribing the behavior of theslope for ea
h energy as a fun
tion of the o�-axis angle.In general, we 
an infer that the 
ore and the slope don't show any signi�
ant variationwith the o�-axis angle, at low energies. At larger energies, a de
reasing trend holdsfor both the shape parameters but, as will be dis
ussed in x4.4 for these energies, themodelization 
on
erns only nearly on-axis positions.4.3 The King 
ore radius and the slope as fun
tions of energy and o�-axisangleRather than �tting separately with linear fun
tions, it is worth to 
onsider r
 and � as2-d fun
tions of energy and o�-axis angles.A

ording to Figs. 2 { 5, we 
an 
on
lude that, whenever one of the two independentvariables (energy or o�-axis angle) is �xed, r
 and � vary roughly linearly with the othervariable. More pre
isely: �r
�E ������ = A = 
onstant;�r
�� �����E = B = 
onstant:being E the energy and � the o�-axis angle. Similar equations are valid for �. By meansof simple integrations, it 
an be seen thatr
(E;�) = a+ b �E + 
 ��+ d � E ��; (7)and analogously �(E;�) = x + y � E + z ��+ w � E ��: (8)Fitting the available set of r
 and � with eqs. (7) and (8), we obtained the valuesreported in Table 1: 21



Table 1: r
 and � best �t a

ording to eqns. (7) and (8)MOS 1r
 a = 5:074� 0:001 b = �0:236� 0:001 
 = 0:002� 0:001 d = �0:0180� 0:0006� x = 1:472� 0:003 y = �0:010� 0:001 z = �0:001� 0:002 w = �0:0016� 0:0013MOS 2r
 a = 4:759� 0:018 b = �0:203� 0:010 
 = 0:014� 0:017 d = �0:0229� 0:0133� x = 1:411� 0:001 y = �0:005� 0:001 z = �0:001� 0:002 w = �0:0002� 0:0011The �t has been performed 
onsidering the energy in keV units and the o�-axis anglesin ar
min units; r
 is in ar
se
. The 
oeÆ
ients a and x give the order of magnitude ofr
 and � respe
tively. The other 
oeÆ
ients give the variations with energy and o�-axispositions.In Figs. 6{9 we draw the parameters r
 and � in a 3-d plot and in a 
ontour plot.It 
an be seen that the variations of � are quite small. For ea
h o�-axis angles, � isde
reasing with the energy, and, if an energy is �xed, � de
reases for in
reasing o�-axisangles. However, it is worth to noti
e that the variations are always modest.From Table 1 and Figs. 7 and 9, we 
an see that the slope of the MOS 2 PSF issmaller than the slope of the MOS 1 PSF.The 
ore radius shows a similar behavior for the two MOS 
ameras. The MOS 2 PSFhas a slightly smaller 
ore radius with respe
t the MOS 1 PSF.On
e r
 and � have been obtained, ea
h radial pro�le determined with the algorithmsdes
ribed in Se
tion 3, 
an be �tted with a King + bkg fun
tion, where the 
ore and theslope are �xed a

ording to the sele
ted energy and the o�-axis angle of the pro�le.In Figs. 10 and 11, I plot, as an example, the pro�les of some observations (with dif-ferent pile-up levels) with the �nal King + bkg best �t, where only the total normalizationand the ba
kground have been retained as free parameters.In Fig. 10, 
on
erning three observations of LMC X-3 (at 1. keV nearly on-axis), it
an be seen that the best �t mat
hes the data points very well. In Fig. 11, we plottedsome pro�les of HR1099 (at 1 keV, nearly on-axis). In this 
ase, there are only piled-uppro�les. However, also in this 
ase, the slope mat
hes the data and also the �t of the 
oreseems suitable.
22



Figure 6: King 
ore radius as a fun
tion of the o�-axis angle and energy for MOS 1.

Figure 7: King slope as a fun
tion of the o�-axis angle and energy for MOS 1.23



Figure 8: King 
ore radius as a fun
tion of the o�-axis angle and energy for MOS 2.

Figure 9: King slope as a fun
tion of the o�-axis angle and energy for MOS 2.24



Figure 10: Data referring to observations of LMC X-3 at 0.25 ar
min o�-axis position.Solid lines are the �ts with r
 and � are �xed a

ording to the Table 1.4.4 Reliability of �nal output model.As previously outlined, Figs. 2{5 show that, when moving toward large o�-axis angles,the data available are redu
ed and in general (be
ause of the small e�e
tive area at highenergies) the points 
orresponding to high energies (say >� 5 keV) disappear. As a matterof fa
t, no informations are available at high o�-axis angles and high energies, hen
e the
alibration for these regions is not available.In Figs. 12{15, I plotted the same �gures as Figs. 6{9 with the sample data pointsmarked on. The eqns. (7) and (8) with values listed in Table 1 are valid only withinregions 
overed by asterisks in Figs. 12{15. The regions 
overed by the asterisks de�nethe range of appli
ation of the model. The high energy and high o�-axis angleregion (top-right part of the plot) is ex
luded from the range of appli
ation.The model 
annot be used there. 25



Figure 11: Data referring to observations of HR1099 at 1.72 ar
min o�-axis position.Solid lines are the �ts with r
 and � are �xed a

ording to the Table 1.
26



Figure 12: King 
ore radius as a fun
tion of the o�-axis angle and energy for MOS 1.Superimposed 
rosses 
orrespond to measured data points.

Figure 13: King slope as a fun
tion of the o�-axis angle and energy for MOS 1. Super-imposed 
rosses 
orrespond to measured data points.27



Figure 14: King 
ore radius as a fun
tion of the o�-axis angle and energy for MOS 2.Superimposed 
rosses 
orrespond to measured data points.

Figure 15: King slope as a fun
tion of the o�-axis angle and energy for MOS 2. Super-imposed 
rosses 
orrespond to measured data points.28



Apart from the region where points are missing, some problems arise also at inter-mediate o�-axis angles (� 50) where points are available but have also large errors andthey do not 
onstraint signi�
antly the modelization of the PSF. Often points at largeo�-axis angles refer to stars in the �eld OMC2/3, or some small sour
es whi
h are presentin the �eld of view (referred in Table 3 as LMC2, Capella2 or sour
es in HCG016) whosestatisti
 is not very high. In Fig. 16 we report an example for an 11:570 o�-axis imageof a sour
e in HCG016 at 1.8 keV. It 
an be seen that the 
ore and the slope 
an bedetermined with a quite large error. In Fig. 17 we report the pro�le at � 50 o� -axis for3.7 keV, for a star in OMC2/3. Again, it 
an be seen that the statisti
 is not very highand be
ause of the high ba
kground, only points within 45 pixels (� 5000) are retained.The measure is un
ertain and the best �t parameters have a large error bar (see �gs.4{5). These points give an un
ertain modelization of the �nal PSF. So the King fun
tionwith 
oeÆ
ient given in eqns. (7) and (8) and Table 1 must be used for these values with
aution.In Fig. 18 we divided the spa
e energy{o�-axis angles in three regions. The modeliza-tion of the PSF in the region marked in green is safe. A large set of well sampled pointsis available and the inferred parameters are reliable. The modelization 
annot be used forvalues belonging to the red region: no 
alibration points are there available. For pointsbelonging to the yellow regions the modelization must be used with 
aution. Calibrationpoints for these regions have large error bars and the 
alibration is un
ertain. More 
ali-bration sour
es must be observed in these regions to obtain a more pre
ise evaluation ofthe parameters. Note that the regions at low energies ( � 1 keV) are green, even if theerror bars of the points are large (see for example, the panels in �gs. 4 and 5 
orrespond-ing to 1 keV). Although the points at large o�-axis angles have large errors and are rathers
attered around the best �t line, there are a lot of measures; hen
e the modelization isgood.Note: two di�erent 
olors in Figs. 12{15 have been used for the 
rosses only todistinguish them from the ba
kground 
olors.4.5 En
ir
led Energy Fra
tionAn important quantity 
hara
terizing the PSF is the En
ir
led Energy Fra
tion, whi
hspe
i�es the fra
tion f of energy 
olle
ted within a 
ertain radius R.This quantity is de�ned a

ording to:
29



Figure 16: Pro�le of a point sour
e in HCG016.

Figure 17: Pro�le of a star in OMC2/3 �eld.30



Figure 18: Plot showing the reliability of the modelization of the PSF. The red regionmarks the points for whi
h 
alibration measures are not available and 
orrespondinglythere is no 
alibration. The green region 
orresponds to those energies and o�-axis anglesfor whi
h the 
alibration is well-sampled and the modelization provides a good des
riptionof the PSF. The yellow region 
overs the points for whi
h data have large errors and themodelization is un
ertain. The modeled PSF in these regions must be used with 
aution.31



EEF (R) = Z R0 PSF (r)rdrZ RN0 PSF (r)rdr :RN de�nes the total normalization. If we assume that the King pro�le holds to in�nitythen RN = 1. A
tually data pro�les never go beyond 5 ar
min. Therefore, for largerradii, the modelization of the PSF pro�le is impossible, also be
ause of the ba
kgroundwhi
h be
omes important and hides other possible 
omponents of the PSF (e.g. theGaussian 
omponent that we saw in the ground 
alibration data). For this reason, wede
ide to �x RN = 5 ar
min. Using the King fun
tion (see eqn. (2)),
EEF (R) = Z R0 1�1 + � rr
�2�� rdrZ 500 1�1 + � rr
�2�� rdr : (9)This quantity 
an be easily integrated and EEF 
an be written as follows:EEF (R) = 1� 1h1+( Rr
 )2i��11� 1h1+( 50r
 )2i��1 = f : (10)We 
an 
ompare the results on the EEF when using RN = 5 ar
min and RN = 1(whi
h is the largest possible radius). f we measure a 
ux Fmeas: within a radius R thetotal 
ux FTOT within RN is, by de�nition:FRNTOT = Fmeas:f(R) :We 
an 
ompare F 50TOT and F1TOT :F 50TOT (R)F1TOT (R) = fRN=1fRN=50 = 1� 1�1 + � 50r
�2���1 :The two parameters r
 and � are given in eqns. (7) and (8) and in Table 1. Note thatthe ratio does not depend on the radius R. 32



Figure 19: Radius en
losing 50% of energy (ar
se
 units) for MOS 1.

Figure 20: Radius en
losing 80% of energy (ar
se
 units) for MOS 1.33



Figure 21: Radius en
losing 50% of energy (ar
se
 units) for MOS 2.

Figure 22: Radius en
losing 80% of energy (ar
se
 units) for MOS 2.34



For the MOS 1 
amera, the ratio hereabove varies from 0.965 to 0.985 within the rangeof appli
ation de�ned in x4.4, and for the MOS 2 it varies from 0.960 to 0.967. On thewhole, the di�eren
e between the two estimations is of the order of 2-4%.Starting from eqn. (10), we 
an easily derive the radius R at whi
h a fra
tion f ofenergy is en
ir
led.R(f ; r
; �) = r
8>>>><>>>>:266641� f 0BBB�1� 1�1 + � 50r
�2���11CCCA37775 11�� � 19>>>>=>>>>;12 : (11)In Figs. 19 { 22, we show the radii en
losing 50% and 80% of the energy, for MOS 1and MOS 2. Considering that � is roughly 
onstant with energy and o�-axis angles, themain behavior of R is similar to that of r
. Note that, like the PSF, the EEF de�ned ineqn. (10) is valid only within the range of appli
ation introdu
ed in x4.4 and representedin �g. 18.In Figs. 23{26, we show the radius en
losing 50% and 80% of the total energy, for theon-axis position, for MOS 1 and MOS 2. The radius is plotted in ar
se
 unit. Superim-posed 
rosses refers to the data set. The range of appli
ation des
ribed in x4.4 andrepresented in Fig. 18 must be a

ounted.At low energies, R(50%) is � 900 for MOS 1 and slightly larger (� 9:500) for MOS 2. Rde
reases with energy and, at 10 keV, R(50%) is � 6:300, for both the MOS 
ameras.Analogously, R(80%) is � 2500 and � 29:500 for MOS 1 and MOS 2 respe
tively. Athigh energies, R(80%) goes to ' 2100 for both the 
ameras.In Table 2 the values of R(50%) and R(80%) are reported for the energies 1.5, 8, 9keV, for MOS 1 and MOS 2.4.5.1 EEF for piled-up sour
es.For piled-up sour
es the 
entral part of the pro�le of the PSF is damped and it 
an be
ompletely missing if the pile-up is very strong. In these 
ases, a di�erent de�nition ofthe EEF 
ould be useful. A lower 
uto� RL in eqn. (9) 
an be added in order to ex
ludethe inner points. RL 
an be 
hosen a

ording to the pile-up level of the observation.A

ordingly, the energy fra
tion EEF en
losed in the annulus [RL�R℄ 
an be written:
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Figure 23: Radius en
losing 50% of energy (ar
se
 units) for the on-axis position for MOS1.

Figure 24: Radius en
losing 80% of energy (ar
se
 units) for the on-axis position for MOS1. 36



Figure 25: Radius en
losing 50% of energy (ar
se
 units) for the on-axis position for MOS2.

Figure 26: Radius en
losing 80% of energy (ar
se
 units) for the on-axis position for MOS2. 37



Table 2: Radii en
losing 50% and 80% of the energy for MOS 1 and MOS 2 at the energiesof 1.5, 8 , 9 keV, for the on-axis PSF. MOS 1R(50%) R(80%)1.5 keV 8 keV 9 keV 1.5 keV 8 keV 9 keV8:600 6:700 6:400 24:500 21:500 20:900MOS 2R(50%) R(80%)1.5 keV 8 keV 9 keV 1.5 keV 8 keV 9 keV9:100 7:000 6:600 27:700 23:100 22:300
EEF (R) = Z RRL 1�1 + � rr
�2�� rdrZ RN0 1�1 + � rr
�2�� rdr : (12)

By integrating this equation, we obtain:EEF (R) = 1�1+�RLr
 �2���1 � 1h1+( Rr
 )2i��11� 1�1+�RNr
 �2���1 : (13)From this equation, the radius R en
losing a fra
tion f of the energy 
an be derived:
R(f ; r
; �) = r
8>>>><>>>>:26664 1�1 + �RLr
 �2���1 � f 0BBB�1� 1�1 + �RNr
 �2���11CCCA37775 11�� � 19>>>>=>>>>; 12 ; (14)whi
h redu
es to eqn. (11) for RL = 0. 38



Figure 27: Energy fra
tion en
losed in the annulus within [500 � 3000℄ for MOS 1 (solidline) and MOS 2 (dashed line).

Figure 28: Energy fra
tion en
losed in the annulus within [1000 � 3000℄ for MOS 1 (solidline) and MOS 2 (dashed line). 39



A

ording to the di�erent pile-up levels, RL 
an be 500; 1000; 2000 or 3000. In Figs. 27and 28, I plotted the energy fra
tion en
losed within the annulus [RL; R℄ for R = 3000 andRL = 50; 1000 (plots refer to the on-axis position). Other plots for di�erent values are givenin Appendix A.These �gures show that the EEF within [RL; R℄ de
reases as energy in
rease. This isexpe
ted sin
e, at higher energies the ability of the teles
ope in fo
using photons in
reases.Correspondingly, a larger fra
tion of the energy is 
olle
ted within RL and the fra
tion in[RL; R℄ diminishes.4.5.2 MOS 2 vs. MOS 1Figs. 23-26 and Table 2 show that, at ea
h energy, the energy fra
tion en
losed withina 
ertain radius R is smaller for the MOS 2 (or equivalently, the radius en
losing a
ertain fra
tion of energy is smaller for the MOS 1). So, the MOS 1 behavior is slightlybetter than that of the MOS 2, 
ontrary to expe
tations from ground 
alibration. Alsopreliminary results on in-orbit data by As
henba
h et al. (2000; Pro
. SPIE, 4012, pg.731) argued that MOS 2 had the best performan
e. However, their Table 2 shows thatthe di�eren
e between MOS 1 and MOS 2 from preliminary in-orbit data analysis, wasredu
ed with respe
t to that found from ground 
alibration. Moreover, As
henba
h etal. (2000) data in
luded only Small Window measures. Our data set is surely wider andSmall Window measures su�er of a poor estimation of the ba
kground whi
h 
an a�e
tthe best �t parameters.The di�eren
e in EEF for the two 
ameras lies in their di�erent slope behavior. Valuesreported in Table 1 show that MOS 2 has a smaller 
ore but also a smaller �. The 
attertrend on the wings for MOS 2 diminishes the en
ir
led energy fra
tion at large radii.The 
atter wings for MOS 2 
an be 
learly observed in Figs. 29 and 30. In thetop panels the pro�les of the two sour
es HR1099 and LMC X-3 are plotted, for MOS1 (bla
k points) and MOS 2 (magenta points). In the bottom panels, the ratios of thepro�les MOS1/MOS2 are plotted. In both 
ases, it 
an be seen 
learly that on the wingsthe ratio is de
reasing. Correspondingly the pro�les are 
atter for MOS 2 than for MOS1.
40



Figure 29: Comparison between the pro�les of HR1099 for MOS 1 and MOS 2.

Figure 30: Comparison between the pro�les of LMC X-3 for MOS 1 and MOS 2.41



A Appendix: Plots.In this Appendix, I 
olle
ted some useful plots.A.1 Plots for the PSF

Figure 31: On-axis PSF for the two MOS 
ameras at the energies: 1:5; 5; 8; 9 keV. Solidlines refer to MOS 1; dashed lines to MOS 2.
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Figure 32: Same as Fig. 31, in logarithmi
 s
ale.
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Figure 33: PSF for MOS 1 at the energy of 1.5 keV, at 0; 1; 2; 5; 10 ar
min o�-axis angles.Note that at low energies the PSF doesn't show signi�
ant variations with the o�-axisangles. In fa
t, at these energies variations of the 
ore radius and of the slope with theo�-axis angles are really modest.
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Figure 34: PSF for MOS 2 at the energy of 1.5 keV, at 0; 1; 2; 5; 10 ar
min o�-axis angles.As for the MOS 1, at low energies the PSF doesn't show signi�
ant variations with theo�-axis angles. In fa
t, at these energies variations of the 
ore radius and of the slopewith the o�-axis angles are really modest.
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Figure 35: PSF for MOS 1 at the energy of 5 keV, at 0; 1; 2 ar
min o�-axis angles. Also inthis 
ase the variations of the PSF seems negligible, but be
ause of the range of appli
ation(see x4.4) only o�-axis angles up to 20 
an be 
onsidered at these energies.
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Figure 36: PSF for MOS 2 at the energy of 5 keV, at 0; 1; 2 ar
min o�-axis angles. Also inthis 
ase the variations of the PSF seems negligible, but be
ause of the range of appli
ation(see x4.4) only o�-axis angles up to 20 
an be 
onsidered at these energies.
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A.2 Plots for the EEF

Figure 37: EEF for the two MOS 
ameras at the energies: 1:5; 5; 8; 9 keV, for the on-axisposition. Solid lines refer to MOS 1; dashed lines to MOS 2.
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Figure 38: Same as Fig. 37, in logarithmi
 s
ale.

Figure 39: EEF for MOS 1 at the energy of 1.5 keV, at 0; 1; 2; 5; 10 ar
min o�-axis angles.49



Figure 40: EEF for MOS 2 at the energy of 1.5 keV, at 0; 1; 2; 5; 10 ar
min o�-axis angles.

Figure 41: EEF for MOS 1 at the energy of 5 keV, at 0; 1; 2 ar
min o�-axis angles.50



Figure 42: EEF for MOS 2 at the energy of 5 keV, at 0; 1; 2 ar
min o�-axis angles.
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A.3 Plots for the radius R en
losing a fra
tion f of the energy.

Figure 43: Radius en
losing 50% of the total energy for the two MOS 
ameras for0; 1; 2; 5; 10 o�-axis angles. Solid lines refer to MOS 1; dashed lines to MOS 2. Foro�-axis angles the lines are trun
ated a

ording to the range of appli
ation de�ned inx4.4.
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Figure 44: Radius en
losing 80% of the total energy for the two MOS 
ameras for0; 1; 2; 5; 10 o�-axis angles. Solid lines refer to MOS 1; dashed lines to MOS 2. Foro�-axis angles the lines are trun
ated a

ording to the range of appli
ation de�ned inx4.4.
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Figure 45: Radius en
losing 90% of the total energy for the two MOS 
ameras for0; 1; 2; 5; 10 o�-axis angles. Solid lines refer to MOS 1; dashed lines to MOS 2. Foro�-axis angles the lines are trun
ated a

ording to the range of appli
ation de�ned inx4.4.
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A.4 Plots for the EEF for piled-up sour
es

Figure 46: Energy fra
tion en
losed in the annulus within [500 � 6000℄ for MOS 1 (solidline) and MOS 2 (dashed line).
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Figure 47: Energy fra
tion en
losed in the annulus within [1000 � 6000℄ for MOS 1 (solidline) and MOS 2 (dashed line).
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Figure 48: Energy fra
tion en
losed in the annulus within [2000 � 3000℄ for MOS 1 (solidline) and MOS 2 (dashed line).
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Figure 49: Energy fra
tion en
losed in the annulus within [2000 � 6000℄ for MOS 1 (solidline) and MOS 2 (dashed line).

58



Figure 50: Energy fra
tion en
losed in the annulus within [3000 � 6000℄ for MOS 1 (solidline) and MOS 2 (dashed line).
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Figure 51: Energy fra
tion en
losed in the annulus within [3000 � 12000℄ for MOS 1 (solidline) and MOS 2 (dashed line).
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Table 3: List of the observations (see Se
. 2 for details).sour
e RUNID MOS o�-axis (ar
min) OP. modeCapella 00430119700301EMOS1U009 1 1.70 FFCapella 00430119700401EMOS1S005 1 1.70 DNCapella 00430119700401EMOS1S007 1 1.70 LWCapella 00430119700401EMOS1S009 1 1.70 LWCapella 00430119700401EMOS1S013 1 1.69 FFCapella 00460120900201EMOS1S005 1 1.16 DNCapella 00460120900201EMOS1S008 1 1.16 LWCapella 00460120900201EMOS1U029 1 1.16 DNCapella 00460120900201EMOS1S010 1 1.20 FFCapella 00540121920101EMOS1U009 1 0.12 FFCapella 00430119700201EMOS2U009 2 1.49 FFCapella 00430119700301EMOS2U004 2 1.49 FFCapella 00430119700401EMOS2S006 2 1.49 DNCapella 00430119700401EMOS2S008 2 1.49 LWCapella 00430119700401EMOS2S010 2 1.49 LWCapella 00430119700401EMOS2S014 2 1.35 FFCapella 00460120900201EMOS2S007 2 1.24 DNCapella 00460120900201EMOS2S009 2 1.24 LWCapella 00460120900201EMOS2U027 2 1.24 DNCapella 00460120900201EMOS2S011 2 1.49 FFEXO0748-67 00440119710201EMOS1U013 1 1.14 FFEXO0748-67 00440119710201EMOS2U013 2 0.94 FFEXO0748-67 00550122310301EMOS2U004 2 0.76 FF61



Table 3 (
ontinue). List of the observationssour
e RUNID MOS o�-axis (ar
min) OP. modeEXO0748-67 00370118300401EMOS1S003 1 0.71 FFEXO0748-67 00370118300501EMOS1S003 1 0.71 FFEXO0748-67 00370118300601EMOS1S003 1 0.71 FFEXO0748-67 00370118300701EMOS1S003 1 0.71 FFEXO0748-67 00380117900801EMOS1S006 1 0.71 FFEXO0748-67 00380117900801EMOS1U002 1 0.71 FFEXO0748-67 00380117900901EMOS1S006 1 0.71 FFEXO0748-67 00400118700601EMOS1S003 1 0.71 FFEXO0748-67 00370118300401EMOS2S004 2 0.77 FFEXO0748-67 00370118300501EMOS2S004 2 0.77 FFEXO0748-67 00370118300601EMOS2S004 2 0.77 FFEXO0748-67 00370118300701EMOS2S004 2 0.77 FFEXO0748-67 00380117900801EMOS2S007 2 0.77 FFEXO0748-67 00380117900801EMOS2U002 2 0.77 FFEXO0748-67 00380117900901EMOS2S007 2 0.77 FFEXO0748-67 00400118700601EMOS2S004 2 0.77 FFHR1099 00279002700001EMOS1U009 1 1.72 FFHR1099 00280116340601EMOS1S002 1 1.72 FFHR1099 00300116710901EMOS1S008 1 1.72 LWHR1099 00310116890901EMOS1S006 1 0.17 FFHR1099 00310116890901EMOS1S007 1 0.17 SWHR1099 00310116890901EMOS1S011 1 0.17 SWHR1099 00310116891001EMOS1S005 1 0.17 LWHR1099 00279002700001EMOS2U009 2 1.78 FFHR1099 00280116340601EMOS2S004 2 1.78 FFHR1099 00300116710901EMOS2S012 2 1.78 FF62



Table 3 (
ontinue). List of the observationssour
e RUNID MOS o�-axis (ar
min) OP. modeHR1099 00310116890901EMOS2S009 2 0.11 FFHR1099 00310116890901EMOS2S010 2 0.11 SWHR1099 00310116890901EMOS2S012 2 0.11 SWHR1099 00310116891001EMOS2S007 2 0.11 LWLMC X-3 00280113620201EMOS1S004 1 1.65 FFLMC X-3 00280113620301EMOS1S007 1 1.65 DNLMC X-3 00280113620301EMOS1U003 1 1.65 LWLMC X-3 00280113620301EMOS1S008 1 1.81 FFLMC X-3 00300116900501EMOS1S007 1 0.27 LWLMC X-3 00410118900401EMOS1S003 1 0.25 SWLMC X-3 00410118900401EMOS1S005 1 0.25 LWLMC X-3 00410118900401EMOS1S007 1 0.25 SWLMC X-3 00450120300201EMOS1S003 1 0.25 FFLMC X-3 00450120300301EMOS1S007 1 0.25 LWLMC X-3 00410118900401EMOS1S010 1 0.35 FFLMC X-3 00280113620201EMOS2S009 2 1.78 FFLMC X-3 00280113620301EMOS2S012 2 1.78 DNLMC X-3 00280113620301EMOS2U003 2 1.78 LWLMC X-3 00280113620301EMOS2S013 2 1.86 FFLMC X-3 00300116900501EMOS2S009 2 0.13 LWLMC X-3 00410118900401EMOS2S004 2 0.08 SWLMC X-3 00410118900401EMOS2S006 2 0.08 LWLMC X-3 00410118900401EMOS2S008 2 0.08 SWLMC X-3 00450120300201EMOS2S004 2 0.08 FFLMC X-3 00450120300301EMOS2S008 2 0.08 LWLMC X-3 00410118900401EMOS2S011 2 0.13 FF63



Table 3 (
ontinue). List of the observationssour
e RUNID MOS o�-axis (ar
min) OP. modePKS0312 00570122520201EMOS1S001 1 0.08 FFPKS0312 00570122520201EMOS2S002 2 0.31 FFPKS0558-504 00300116700301EMOS1S005 1 1.70 FFPKS0558-504 00300116700301EMOS1S006 1 1.70 DNPKS0558-504 00320117500201EMOS1S017 1 0.24 DNPKS0558-504 00320117500201EMOS1S018 1 0.24 LWPKS0558-504 00330117710601EMOS1S039 1 0.24 FFPKS0558-504 00330117710601EMOS1S040 1 0.24 LWPKS0558-504 00330117710601EMOS1S041 1 0.24 SWPKS0558-504 00330117710601EMOS1S042 1 0.24 LWPKS0558-504 00330117710601EMOS1S043 1 0.24 SWPKS0558-504 00420119100201EMOS1S003 1 0.24 FFPKS0558-504 00420119100201EMOS1U002 1 0.24 FFPKS0558-504 00420119100301EMOS1S019 1 0.24 LWPKS0558-504 00420119100301EMOS1U008 1 0.24 FFPKS0558-504 00420119100301EMOS1U009 1 0.24 SWPKS0558-504 00450120300801EMOS1S005 1 0.24 FFPKS0558-504 00450120300801EMOS1S009 1 0.24 FFPKS0558-504 00300116700301EMOS2S008 2 1.74 FFPKS0558-504 00300116700301EMOS2S009 2 1.74 DNPKS0558-504 00330117710701EMOS2S043 2 0.17 FFPSR0540 00320117510201EMOS1S005 1 0.31 FFPSR0540 00320117510201EMOS1S006 1 0.38 SWPSR0540 00320117510201EMOS1S017 1 0.38 SWPSR0540 00350117730501EMOS1S014 1 0.27 FFPSR0540 00350117730501EMOS1S016 1 0.27 SW64



Table 3 (
ontinue). List of the observationssour
e RUNID MOS o�-axis (ar
min) OP. modePSR0540 00410118900701EMOS1S003 1 0.34 SWPSR0540 00320117510201EMOS2S007 2 0.19 FFPSR0540 00320117510201EMOS2S009 2 0.36 SWPSR0540 00320117510201EMOS2S021 2 0.36 SWPSR0540 00350117730501EMOS2S015 2 0.09 FFPSR0540 00350117730501EMOS2S017 2 0.09 SWPSR0540 00410118900701EMOS2S004 2 0.14 SWPKS0558-504 00320117500201EMOS2S021 2 0.02 DNPKS0558-504 00320117500201EMOS2S022 2 0.02 SWPKS0558-504 00330117710701EMOS2S038 2 0.02 FFPKS0558-504 00330117710701EMOS2S039 2 0.02 LWPKS0558-504 00330117710701EMOS2S040 2 0.02 SWPKS0558-504 00330117710701EMOS2S041 2 0.02 LWPKS0558-504 00330117710701EMOS2S042 2 0.02 SWPKS0558-504 00420119100201EMOS2S018 2 0.02 FFPKS0558-504 00420119100201EMOS2U002 2 0.02 FFPKS0558-504 00420119100201EMOS2U003 2 0.02 FFPKS0558-504 00420119100301EMOS2S020 2 0.02 SWPKS0558-504 00420119100301EMOS2U009 2 0.02 FFPKS0558-504 00420119100301EMOS2U010 2 0.02 FFPKS0558-504 00420119100301EMOS2U018 2 0.02 FFPKS0558-504 00420119100301EMOS2U019 2 0.02 SWPKS0558-504 00450120300801EMOS2S006 2 0.02 FFPKS0558-504 00450120300801EMOS2S010 2 0.02 FFLMC1 00220115740201EMOS1U009 1 11.89 FFLMC1 00229999990019EMOS1U002 1 11.89 FF65



Table 3 (
ontinue). List of the observationssour
e RUNID MOS o�-axis (ar
min) OP. modeLMC1 00220115740201EMOS2S007 2 11.90 FFLMC1 00220115740201EMOS2U002 2 11.90 FFLMC1 00229999990019EMOS2U003 2 11.90 FFLMC2 00220115740201EMOS2S007 2 5.56 FFLMC2 00220115740201EMOS2U002 2 5.56 FFLMC2 00229999990019EMOS2U003 2 5.56 FFHCG016 00230115810301EMOS1S009 1 11.52 FFHCG016 00239999990021EMOS1U002 1 11.52 FFHCG016 00230115810301EMOS2S007 2 11.57 FFHCG016 00230115810301EMOS2U002 2 11.57 FFPSR0540 00410118901101EMOS1S003 1 9.83 TIPSR0540 00410118901201EMOS1U002 1 9.83 TIPSR0540 00410118901101EMOS2S004 2 9.85 TIPSR0540 00410118901201EMOS2U002 2 9.85 TICapella2 00530121500301EMOS1S003 1 9.48 FFCapella2 00530121500301EMOS2S004 2 9.57 FFGX13+1b 00560122340501EMOS2S004 2 3.15 FFGX13+1b 00580122340701EMOS1S003 1 2.74 FFGX13+1b 00580122340701EMOS2S004 2 2.71 FF3C273 00940126700201EMOS1S001 1 1.55 FF3C273 00940126700201EMOS2S002 2 1.54 FF3C273 00950126700701EMOS1S001 1 0.15 SW3C273 00950126700701EMOS2S002 2 0.15 SWOMC2/3 02370093000101EMOS1S001 1 [2.03 - 10.42℄ FFOMC2/3 02370093000101EMOS2S003 2 [0.34 - 10.44℄ FF66


