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Chapter 1Introdution1.1 SopeThe oded-mask imaging -ray spetrometer SPI on the INTEGRAL spaeobservatory will detet point soures and di�use extended emission with anangular auray of about 1Æ over its energy range of 40{8000 keV. Thepurpose of the software pakage desribed here is to represent the measure-ment in terms of pixelized models on the sky, inluding estimates of theunertainty. This tool is oriented towards large-sale surveys (eg. GCDE),whih ombine a large set of individual pointings of the spaeraft. It on-entrates on spatial as opposed to spetral information, although (throughusing the di�erent energy hannels of the measurement) it will be an impor-tant method to generate spetra of di�use emission.The prinipal use will be generating maps in lines and ontinuum. -rayemission. Examples are the 1809 keV 26Al line and di�use ontinuum -rays. The analysis of measurements with this tool is omplementary to imagemodel �tting (e.g. from spidiÆt) and methods spei�ally designed for pointsoures (e.g. spiros).The algorithm performs �tting of raw data (binned ounts for manyobservations) to a pixelated model using the full instrument response infor-mation. In addition to parameter estimation, a Bayesian statistial analysisis used to obtain pro�les (integrated intensities) with error estimates.The pakage is referred to as spiskymax . The pakage is losely relatedto other imaging pakages: response, onvolution, bakground treatmentsare ommon or similar.A presentation of spiskymax with example simulations inluding theGalati Deep Exposure (GCDE) an be found at3



spiskymax User Manual Issue 3 4http://www.gamma.mpe-garhing.mpg.de/�aws/integral.htmlThis manual desribes spiskymax Version 26.0.1.2 Referenes and LinksThis is not a omplete referene list, but the ited papers and links ontainvery extensive referenes.1. MAXENT5 User's Manual: http://www.maxent.o.uk (under `dou-ments')2. Gull, S.F. (1989) Developments in maximum entropy data analysis, in`Maximum entropy and Bayesian methods', ed. J. Skilling, Kluwer,Dordreht3. Skilling, J. (1989) Classi maximum entropy, in `Maximum entropyand Bayesian methods', ed. J. Skilling, Kluwer, Dordreht4. Sivia, D.S. Data Analysis: A Bayesian Tutorial, Oxford UniversityPress, 1997, ISBN 0 19 851889 7 Very useful self-ontained referene,paperbak and easily obtained.5. http://www.gamma.mpe-garhing.mpg.de/�aws/integral.htmlpresentations of simulations and alibration data analysed with spisky-max6. Cambridge MCMC Preprint servie : http://www.statslab.am.a.uk/ mm/1.3 Doument History1. 2 Mar 2002: Version 2: spiskymax Version 20.02. 18 Sept 2002: Version 3: spiskymax Version 26.0, with addition ofGTI and PSD datasets



Chapter 2The spiskymax algorithm2.1 IntrodutionThe aim of spiskymax is to generate images from SPI data. SPI is a oded-mask instrument, so diret deonvolution is in priniple possible, but in pra-tie the response is omplex and the data inlude many pointing diretions ofthe instrument, so `indiret imaging' is essential. The situation is similar toa radio inferometer telesope, where Fourier inversion is in priniple possiblebut inomplete and noisy data mean that methods like Rihardson-Luy or`lean' are used. Indiret imaging implies `forward-folding': for any andi-date image we onvolve with the instrument response funtion and omparethe result with the observed data. This gives the basis for any iterativemethod whih seeks to suessively improve the agreement of the preditedwith the observed data by adjusting the image. One approah is to regardthe image as made up of `point soures' and to adjust their positions anduxes to give a best-�t to the data. This is the basi priniple of the spirosmethod. Other methods extend the point-soure idea to more omplex ob-jets like wavelets or spline funtions and �t the data to a ombination ofthese `pixons'. These methods have relatively few basis parameters and soan be regarded as essentially `model-�tting'.spiskymax on the other hand regards the image as a pixelated skymap,and the aim is to obtain the intensity in eah pixel. The most important ideais that the data onstrain the image within some limits in an N-dimensionalspae, where N is the number of pixels. Hene there is no unique `best' imageand we have to make some hoie out of all the possible images within theonstrained region. Maximum Entropy as implemented here is one way ofdoing this, and of quanti�ng the unertainty of the result. Sine the number5



spiskymax User Manual Issue 3 6of pixels is usually large (e.g. 104-106) the tehniques involved are ratherdi�erent from those of model-�tting.2.2 Maximum Entropy MethodThe Maximum Entropy method (MaxEnt) is a general tehnique for de-onvolution of data, whih has been developed over the past 20 years withspeial emphasis on appliations in spetrosopy and imaging.The implementation in spiskymax is based on the MEMSYS5 pakagewhih uses advaned numerial tehniques to perform the omputations,whih are hard on aount of the large dimensionality of the problem. Thestandard papers on the method are Gull (1989) and Skilling (1989). Agood exposition of the priniples an be found in Sivia (1997) as well as theliterature assoiated with the MEMSYS5 pakage itself (see `Referenes andLinks'). The original 'maximum entropy method' as applied to imaging wasbased on the idea of smoothness, the idea being to obtain the 'attest imageonsistent with the data', where 'atness' is measured by the entropy de�nedas the sum over pixels S = �Pi pilnpi, where pi is the fration (proportion)of the image in pixel i. It an be shown that this form of S is the onlyone possessing the neessary properties like onsisteny under rebinning,partitioning et. These arguments are given in detail in the literature, butthe basi priniple is to generate a 'onservative' solution whih ontains'only struture for whih there is evidene in the data'. This approah,though very fruitful, ontained some logial problems (e.g. how to de�ne'onsisteny with the data', how to quantify the unertainties). The furtherdevelopments leading to MEMSYS5 ame from presenting the method as apartiular appliation of Bayesian statistis, with entropy providing the basisfor the `prior probabilities'. This 'Quanti�ed Maximum Entropy' or 'ClassiMaximum Entropy' is based on the onept of the posterior probabilitydistribution of the full N-dimensional spae of image pixels, and this allowsexpliit omputation of unertainties and a well-de�ned riterion for the'best' image.MaxEnt is desribed in detail in the MEMSYS5 User's Manual (to befound at http://www.maxent.o.uk), and the reader is referred to this foran extensive exposition. The notation in the present doument follows asfar as possible the MEMSYS5 User's Manual.



spiskymax User Manual Issue 3 72.3 MaxEnt FormulaeWe give here a brief summary of the main formulae involved, omitting teh-nialities. The posterior probability of the image I given the data D isP (IjD) / e�L+�S where L = �lnP (DjI) is (minus) the log-likelihood fun-tion and S = Pi(Ii �mi � Iiln Iimi ) is the entropy in the form appropriateto 'positive additive distributions'. Here mi is the default value to whih apixel will be assigned in the absene of onstraints from the data (S is max-imum at I = m). �, whih determines the balane between the inueneof the prior and the data on the result, is in priniple unknown; however inClassial MaxEnt � an itself be treated by Bayesian methods and ideally`marginalized' out, in pratie a best value is determined by maximizing theprobability of the data P(D). It an be shown that the best value orre-sponds to equating the amount of struture in the image with the `numberof good measurements' in the data. In ases where this estimate of � is notadequate, an option to treat it as a user-de�ned parameter an be invoked.m is generally taken to be a `at' image with a value approximately equal tothe mean expets intensity; the exat value is not ritial. (NB An optionto allow user-de�ned maps de�ning m based on physial models would bedesirable in future.)The MEMSYS5 pakage performs an iterative searh to obtain P (IjD).To make the entire method tratable, P (IjD) is represented as an N-dimensionalGaussian. This an be used to ompute `error bars` on any linear ombi-nation of the pixels, allowing pro�les aross the image or uxes of `pointsoures' with their assoiated unertainties to be generated.2.4 Appliation to Gamma-ray AstronomyThe MaxEnt method has been applied extensively to the CGRO/COMPTELCompton Telesope data (refs), in partiular was used to generate the 26Al1.8 MeV and ontinuum full-skymaps. It has also been used for CGRO/EGRETdata (ref).The experiene gained from COMPTEL was important for theSPI appliation. A straightforward appliation of MEMSYS5 to gamma-raydata is in fat not diÆult, the main problem as usual in gamma-ray astron-omy being the instrumental bakground whih is both large and in generalunknown. The approah taken in spiskymax is to �t the bakground alongwith the image, in fat to treat the bakground as an extension of the imageitself. This is quite natural sine the image is simply a set of parameters(intensity in eah pixel) and the bakground is another set (bakground per



spiskymax User Manual Issue 3 8detetor and pointing). Sine the entropy of the parameters de�ning thebakground should not be allowed to inuene the image, a saling fator isinluded whih an be invoked to redue to a negligible level the ontributionof these parameters to S.2.5 Appliation to SPIspiskymax is adapted to the partiular needs of SPI. The bakground tem-poral variations are treated via a template (data type SPI-BMOD-DSP-IDX) prepared by spibak, and the oeÆients are �tted during the imagingproess. The input ount spetra (SPI.-OBS-DSP) ontain data for manyenergy bins, and spiskymax will analyse a subset (or all) of these energiesas spei�ed by the parameters energy range min, energy range max. Thenumber of iterations an be spei�ed sine the automati stopping riterionis not always appropriate and in any ase may not be reahed in the CPUtime available. Soures to be analyzed are de�ned by their positions in theinput soure atalogue (SPI.-SRCL-CAT); only those with the SEL FLAGag =1 are analyzed, and their uxes and 1� errors written to the outputatalogue.2.6 Image and Data spae, likelihood funtionWe distinguish image spae and data spae in the usual way, and de�ne theinstrument response as the relation between them. The image is Ij and theexpeted data is dk. The expeted bakground is bk Let Rjk be the responseof data element k to image element j. Thendk =Xj RjkIj + bkSimilarly the bakground an be onstruted from omponents of a bak-ground model Bik bk =Xi �iBikwhere �i now introdues bakground parameters. In this way we an treatimage and bakground model in the same way in the subsequent analysis,and �i inludes both. The only formal di�erene between image and bak-ground model is that the image is onvolved with Rjk and the bakgroundis not:



spiskymax User Manual Issue 3 9dk =Xj RjkIj + i=NI+NBXi=NI+1 �iBikwhere there are NI image omponents and NB bakground omponents,and N = NI +NB .The likelihood funtion is:P (DjI) =Yk e�dkdnkk =nk!where nk are the measured data (denoted olletively by D).2.7 spiskymax Outputspiskymax outputs four main types of information: diagnostis, skymaps,pro�les, soure uxes. In addition extensive `debug' information may beoutput to help traing problems. The diagnostis allow the user to judgethe progress of the iterative proedure and evaluate the analysis; they areoutput as simple ASCII. The skymaps and pro�les are output to FITS �leswith the ISDC template SPI.-SKY.-IMA, with an additional FITS �le forthe index with template SPI.-SKY.-IMA-IDX. The soure uxes and errorsare output to FITS �les with template SPI.-SRCL-RES.2.7.1 Image outputAll maps and pro�les are written as FITS IMAGE extensions to the SPI.-SKY.-IMA �le. Eah extension has its header de�ning the oordinates rele-vant to the map or pro�le so that they an be read by standard FITS toolslike fv. To assist, a sample plotting program in idl is provided in the delivery.The sequene is:skymap energy range 1skymap energy range 2....skymap energy range nprofile 1



spiskymax User Manual Issue 3 10energy range 1fluxflux errorenergy range 2fluxflux error....energy range nfluxflux errorprofile 2energy range 1fluxflux errorenergy range 2fluxflux error....energy range nfluxflux erroret.2.7.2 Soure atalogue outputThis is in standard ISDC soure atalogue format, with the �elds for soureID and position opied from the input atalogue, and the �elds for soureux and ux error �lled from the spiskymax analysis. Only soures aggedwith SEL FLAG = 1 in the input atalogue are proessed and output.2.7.3 Diagnosti outputThe diagnostis are output diretly from the MEMSYS5 pakage and fortehnial reasons go diretly to the standard output (sreen) unless piped toa �le (e.g. `spiskymax > myoutput'). The results of the soure analysis are



spiskymax User Manual Issue 3 11also output to the log �le (as well as to the soure atalogue). The followingis the output produed from the parameter �le desribed in the examplesetion `3C273' inluding the output to the log �le.Log_1 : CommonPreparePARsStrings status=0Log_1 : spiskymax_get_par endsLog_1 : >> spiskymax_proessing beginsLog_1 : read_SPI_OBS_DSP beginsLog_1 : read_SPI_OBS_DSP endsLog_1 : DALobjetFindElement status=0Log_1 : DAL3GENindexGetNumMembers status=0Log_1 : DAL3GENindexGetNumMembers NumMembers=1Log_1 : DAL3GENindexGetMember status=0Log_1 : image_definition beginsLog_1 : image_definition endsLog_1 : +++++++++ memsys5 analysis for energy range #1 +++++++++++++++Log_1 : Iteration 1Entropy === 0.0000e+00 Test === 0.0000 Chisq === 3.2388e+03LogProb === -4.0100e+03 Code === 0 Good === 0.0000e+00Omega === 0.003160 dist === 0.4316 Alpha === 5.6818e+01Ntrans === 7 Code === 001010Log_1 : Iteration 2Entropy === -1.1716e+01 Test === 0.6501 Chisq === 2.1016e+03LogProb === -4.1127e+03 Code === 0 Good === 6.7147e+00Omega === 0.005044 dist === 0.2495 Alpha === 5.6818e+01Ntrans === 18 Code === 010011Log_1 : Iteration 3Entropy === -4.6802e+00 Test === 0.0763 Chisq === 1.7072e+03LogProb === -3.5146e+03 Code === 0 Good === 5.6983e+00Omega === 0.010714 dist === 0.4428 Alpha === 2.2134e+01Ntrans === 30 Code === 001011Log_1 : Iteration 4Entropy === -7.8380e+01 Test === 1.2622 Chisq === 8.3256e+03LogProb === -8.2990e+03 Code === 0 Good === 9.1382e+00Omega === 0.002634 dist === 0.4546 Alpha === 2.2134e+01Ntrans === 40 Code === 010011



spiskymax User Manual Issue 3 12Log_1 : Iteration 5Entropy === -2.9232e+01 Test === 0.4026 Chisq === 8.3350e+02LogProb === -3.4630e+03 Code === 0 Good === 7.8946e+00Omega === 0.006101 dist === 0.1344 Alpha === 1.5306e+01Ntrans === 51 Code === 001011Log_1 : Iteration 6Entropy === -1.9820e+01 Test === 0.0666 Chisq === 7.2164e+02LogProb === -3.0641e+03 Code === 0 Good === 8.7264e+00Omega === 0.014383 dist === 0.1681 Alpha === 9.9552e+00Ntrans === 65 Code === 001011Log_1 : Iteration 7Entropy === -2.5671e+01 Test === 0.0134 Chisq === 5.9182e+02LogProb === -2.9530e+03 Code === 0 Good === 9.6517e+00Omega === 0.018883 dist === 0.0998 Alpha === 6.8541e+00Ntrans === 78 Code === 001011Log_1 : Iteration 8Entropy === -2.7975e+01 Test === 0.0103 Chisq === 5.4891e+02LogProb === -2.8691e+03 Code === 0 Good === 1.0833e+01Omega === 0.028250 dist === 0.1322 Alpha === 4.8103e+00Ntrans === 93 Code === 001011Log_1 : Iteration 9Entropy === -3.1926e+01 Test === 0.0043 Chisq === 5.0671e+02LogProb === -2.8113e+03 Code === 0 Good === 1.2034e+01Omega === 0.039180 dist === 0.1034 Alpha === 3.4599e+00Ntrans === 108 Code === 001011Log_1 : Iteration 10Entropy === -3.4267e+01 Test === 0.0015 Chisq === 4.8698e+02LogProb === -2.7679e+03 Code === 0 Good === 1.3224e+01Omega === 0.055768 dist === 0.1001 Alpha === 2.5213e+00Ntrans === 123 Code === 001011Log_1 : Iteration 11Entropy === -3.6729e+01 Test === 0.0013 Chisq === 4.7296e+02LogProb === -2.7364e+03 Code === 0 Good === 1.4298e+01



spiskymax User Manual Issue 3 13Omega === 0.077197 dist === 0.1016 Alpha === 1.8588e+00Ntrans === 140 Code === 001010Log_1 : Iteration 12Entropy === -3.9044e+01 Test === 0.0014 Chisq === 4.6339e+02LogProb === -2.7133e+03 Code === 0 Good === 1.5878e+01Omega === 0.109387 dist === 0.1198 Alpha === 1.3835e+00Ntrans === 160 Code === 001010Log_1 : Iteration 13Entropy === -4.1537e+01 Test === 0.0016 Chisq === 4.5620e+02LogProb === -2.6969e+03 Code === 0 Good === 1.8390e+01Omega === 0.160000 dist === 0.1208 Alpha === 1.0382e+00Ntrans === 183 Code === 001010Log_1 : Iteration 14Entropy === -4.4061e+01 Test === 0.0016 Chisq === 4.5049e+02LogProb === -2.6846e+03 Code === 0 Good === 1.9866e+01Omega === 0.217148 dist === 0.1296 Alpha === 7.8474e-01Ntrans === 208 Code === 001010Log_1 : Iteration 15Entropy === -4.6926e+01 Test === 0.0018 Chisq === 4.4578e+02LogProb === -2.6761e+03 Code === 0 Good === 2.2356e+01Omega === 0.303542 dist === 0.1351 Alpha === 5.9726e-01Ntrans === 234 Code === 001010Log_1 : Iteration 16Entropy === -5.0040e+01 Test === 0.0018 Chisq === 4.4182e+02LogProb === -2.6701e+03 Code === 0 Good === 2.4618e+01Omega === 0.411860 dist === 0.1363 Alpha === 4.5745e-01Ntrans === 260 Code === 001010Log_1 : Iteration 17Entropy === -5.3244e+01 Test === 0.0015 Chisq === 4.3851e+02LogProb === -2.6657e+03 Code === 0 Good === 2.5745e+01Omega === 0.528497 dist === 0.1337 Alpha === 3.5232e-01Ntrans === 287 Code === 001010Log_1 : Iteration 18



spiskymax User Manual Issue 3 14Entropy === -5.6472e+01 Test === 0.0011 Chisq === 4.3579e+02LogProb === -2.6629e+03 Code === 0 Good === 2.8029e+01Omega === 0.704359 dist === 0.1407 Alpha === 2.7266e-01Ntrans === 315 Code === 001010Log_1 : Iteration 19Entropy === -6.0165e+01 Test === 0.0009 Chisq === 4.3356e+02LogProb === -2.6613e+03 Code === 0 Good === 2.9639e+01Omega === 0.903395 dist === 0.0351 Alpha === 2.4667e-01Ntrans === 346 Code === 001000Log_1 : Iteration 20Entropy === -5.9494e+01 Test === 0.0001 Chisq === 4.3327e+02LogProb === -2.6604e+03 Code === 0 Good === 3.0358e+01Omega === 1.034315 dist === 0.0398 Alpha === 2.5276e-01Ntrans === 380 Code === 001000Log_1 : Iteration 21Entropy === -6.0327e+01 Test === 0.0000 Chisq === 4.3281e+02LogProb === -2.6603e+03 Code === 0 Good === 2.9854e+01Omega === 0.978911 dist === 0.0050 Alpha === 2.5276e-01Ntrans === 415 Code === 000000Log_1 : +++++++++Statistis+++++++++Entropy === -6.0286e+01 Test === 0.0000 Chisq === 4.3283e+02LogProb === -2.6602e+03 Code === 0 Good === 2.9783e+01Omega === 0.977243 Alpha === 2.5276e-01Ntrans === 435 Code === 000000Log_1 : Good = 29.8 = [ 28.6 , 30.9 ℄Log_1 : Evidene = -2660.2 = [ -2660.5 , -2660.0 ℄ = Log[e℄Prob(Data)Log_1 : ------------------- soure fluxes and error analysis -----------------Log_1 : ------------------- soure flux units: photons m^-2 s^-1 ------------Log_1 : === Testing for soure 1 at 0.00 0.00 ON radius= 0.50 OFF radius= 2.00 : flux=4.396e-04 +-4.760e-05 sigma= 9.24Log_1 : ------------ end of soure fluxes and error analysis -----------------Log_1 :------------- Analysing soure atalogue for energy range 100.00-200.00 keVLog_1 : total number of soures in input atalogue=5Log_1 : total number of soures in output atalogue=1



spiskymax User Manual Issue 3 15Log_1 : === Testing for soure 1 at 0.00 0.00 ON radius= 0.50 OFF radius= 2.00 :flux=4.396e-04 +-4.760e-05 sigma= 9.24Log_1 :----------End analysing soure atalogue for energy range 100.00-200.00 keVLog_1 : +++++++++ end of memsys5 analysis for energy range #1 +++++++++++++++Log_1 : +++++++++ memsys5 analysis for energy range #2 +++++++++++++++Log_1 : Iteration 1...and so on for all energy ranges.This run illustrates how the value of Chisq (de�ned as -2 ln L, see `Max-Ent Formulae') dereases with iteration as Alpha (�) dereases, so that theinuene of the entropy is redued and the �t to the data improves. At thesame time LogProb (ln P(D)) inreases until the stopping riterion Omega=1 is satis�ed. The diagnostis an best be understood by referene to thesetions in this doument desribing the algorithm, but for a proper un-derstanding we reommend onsulting the MEMSYS5 User's Manual whihgives full explanations and examples.The soure analysis for the �rst energy range is shown at the end of thisoutput; the soure is deteted at 9.24� with ux 4.396�0.476 10�4 m�2s�1 .2.7.4 Debug outputThere are many reasons why a run an fail, for example the input data maybe inonsistent or missing. In these ases setting debug = 1 will printoutinformation to assist in understanding the problem, inluding the inputdata. Setting debug =2 prints out even more and is only neessary when theproblem lies deeper. debug = 1 also invokes a test of the orret funtioningof the onvolution routines whih an be useful when the program runs butgives unexpeted results related e.g. to an inorret IRF.



Chapter 3Software Spei�ation3.1 Software Requirements3.1.1 Funtions and Controlsspiskymax uses SPI measured data to generate intensity images. In detail,this enompasses the funtions of:1. Obtain data2. Obtain instrument response3. Obtain instrumental bakground model4. Perform maximum entropy analysis5. Generate pro�les with error estimates6. Generate soure uxes with error estimates7. Output maps, pro�les and soure atalogueThese funtions are ontrolled in detail through user settings of the param-eters:1. Data range seletions2. et TBW
16



spiskymax User Manual Issue 3 173.1.2 InterfaesInput1. SPI binned event data (as produed by spihist)2. SPI pointing data3. SPI energy bounds data4. SPI dead times data5. SPI good times data (used only to obtain detetor IDs)6. SPI bakground model7. SPI response (IRF)8. SPI PSD eÆienies9. SPI PSD reponse10. soure atalogue11. �tting parameters spei�ationOutput1. maximum entropy skymaps as FITS extensions in SPI.-SKY.-IMA2. intensity pro�les as FITS extensions in SPI.-SKY.-IMA3. soure atalogue as SPI.-SRCL-CAT3.2 Software Arhiteture and DesignspidiÆt is implemented in independent sub-modules, whih an be testedseparately:� Prepare data, models, and response� Perform maximum entropy analysis� Prepare outputs and results



spiskymax User Manual Issue 3 183.3 Development and Testing3.3.1 Relation to other SPI softwarespiskymax has muh in ommon with other SPI programs. It uses the samedata and response funtion Rjk as spidiffit and spiskynv.3.3.2 Development Plan3.3.3 TestingStandard test ases are de�ned to measure the siene validity and perfor-mane of the pakage. These are based on simulated data for the asesof: � GCDE exposure pattern �t in 5 spetral bands� Galati Centre Deep Exposure in 1809 keV line band3.3.4 PerformaneTo be written.



Chapter 4ExamplesThe examples illustrate how to run spiskymax for various typial ases. Theyrefer to spiskymax Version 20.0; later versions have some additional param-eters (see Setion `Help File' for latest version and list of hanges) but thepriniples are idential. The data is either simulated with ISDC InstrumentSpei� Software (ISSW): gensky, spiskynv, spisimprep, spidead, spibakor omes from the Bruyeres-le-Chatel alibration and was generated withspihist. The full datasets and spiskymax.par �les an be found at TBD. Forthe �rst example the parameters are disussed in a `tutorial' fashion.4.1 `3C273'This uses a standard 5o � 5o dither pattern with total time 106 s entredon the soure, ux = 0.2 (E/keV)�2 m�2 s�1 keV�1 in the 400-1000 keVband. This is a very rough approximation to the spetrum of 3C273 based onCOMPTEL results and is hosen for illustration only. The input datasets arethe detetor spetra, pointing, deadtime, bakground and soure atalogue.The output is the image and any required pro�les, and a soure ataloguewith uxes of the soures seleted in the input atalogue. The image oor-dinates and pixel size are spei�ed with image-fov = SURVEY whih meansthat the range of (l,b) or ( �; Æ) are expliitly given via hi 0, hi 1, d hi,psi 0, psi 1, d psi in degrees. (In this ase entre-long et. are not used). Inthis example the soure is entred on (0,0) rather than the atual elestialposition of 3C273. No pro�les are requested so n pro�les =0. The soureux from the input atalogue is derived using soure ON radius 1=2.0o andsoure OFF radius 1=5.0o using the method desribed in the hapter `Help�le'. 19



spiskymax User Manual Issue 3 20The spiskymax.par �le is as follows:################################################################################# =#= spiskymax 20.0 =#=# ~aws/integral/spetrometer/simulations/soures.3debug ,i,h,0,0,2,"0=silent,1,2 gives more verbose output"display,i,h,0,0,2,"1,2 displays input sky using root "title ,s,h,"3C273, 400-1000 keV, 10^6 se ",,,"title to write as omment to FITS header"rogroup,s,h,"",,,"xxx R/O Group"rwgroup,s,h,"",,,"xxx R/W Group"ounts_input_file,s,h,"SPI-OBS-DSP.spiskynv_14.fits[1℄",,,"xxx input ount file"pointing_input_file,s,h,"SPI-OBS-PNT.spisimprep_2.fits[1℄",,,"xxx input pointing file"ebounds_input_file, s,h,"SPI-EBDS-SET.spiskynv_14.fits[1℄",,,"xxx input energy bounds file"deadtime-dol,s,h,"SPI-OBS-DTI.spisimprep_2.fits[1℄",,,"xxx DTI deadtime/livetime input file"bakground_input_file,s,h,"SPI-BMOD-DSP-IDX.spibak.fits[1℄",,,"xxx input bakground file"irf_input_file,s,h,"/afs/ipp/mpe/gamma/integral/isd/data/spi/IRFs/spi_irf_grp_0007.fits[GROUPING℄" ,,," input IRF file 85 detetors"soure-at-dol,s,h,"SPI-SRCL-CAT.test_atalogue.fits[1℄",,,"input atalogue of soures "image-idx,s,h , "SPI-SKY-IMA-IDX.spiskymax_19_bak1.fits(SPI.-SKY.-IMA-IDX.tpl)",,,"output skymap image index file"image-int,s,h , "SPI-SKY-IMA.spiskymax_19_bak1.fits",,," output skymap images file"soure-res-dol,s,h,"SPI-SRCL-RES.spiskymax_19_bak1.fits(SPI.-SRCL-RES.tpl)",,,"output atalogue of soures "skymap_system,s,h,G,,,"input skymap oordinate system C=elestial, G=Galati"image-fov,s,h,"SURVEY",,,"Image field of view: SURVEY USER POINTING POINTING+FCFOV POINTING+ZCFOV POINTING-CENTER"enter-long,r,h, 1.0,,,"Longitude of entre pixel (degrees) [image-fov= USER℄"enter-lat ,r,h, 2.0,,,"Latitude of entre pixel (degrees) [image-fov= USER℄"image-pixel-long,r,h,0.5,,,"Longitude pixel size (degrees) [image-fov= USER,POINTING*℄"image-pixel-lat,r,h,0.5,,,"Latitude pixel size (degrees) [image-fov= USER,POINTING*℄"image-dim-long,i,h,40,,,"Longitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄"image-dim-lat ,i,h,41,,,"Latitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄"hi_0, r,h, -20.0,,,"Longitude of first pixel (degrees)[image-fov= SURVEY℄"hi_1, r,h, +20.0,,,"Longitude of last pixel (degrees)[image-fov= SURVEY℄"d_hi, r,h, 0.2,,,"Longitude binsize (degrees)[image-fov= SURVEY℄"psi_0, r,h, -20.0,,,"Latitude of first pixel (degrees)[image-fov= SURVEY℄"psi_1, r,h, +20.0,,,"Latitude of last pixel (degrees)[image-fov= SURVEY℄"d_psi, r,h, 0.2,,,"Latitude binsize (degrees)[image-fov= SURVEY℄"



spiskymax User Manual Issue 3 21energy_range_min,i,h, 1,,,"minimum energy range sequene number as in ebounds file: 1,2,3..."energy_range_max,i,h, 1,,,"maximum energy range sequene number as in ebounds file: 1,2,3..."max_iter,i,h , 30,0,1000,"maximum number of memsys5 iterations"image_default, r,h,1.0e-3,,,"image default intensity, m-2 sr-1 s-1"bakground_saling_default,r,h,1.0e-0,,,"bakground saling default"bakground_entropy_fator ,r,h,1.0e-0,,,"bakground fator to redue ontribution to entropy"bakground_method,i,h,1,1,2,"bakground method:1=free 2=fixed"memsys_iBayes,i,h,1,1,3,"memsys Bayesian method ode: 1= lassi, 3=ad ho speified by fAim "memsys_iEntropy,i,h,1,1,5,"memsys entropy type: 1= standard, 5=fixed total=sum over defaults"memsys_fAim,r,h,1.0e-00,1e-10,1e10,"memsys stopping riterion: lassi: 1/Omega =1.0, ad ho: alpha "n_soure_fluxes,i,h,1,0,100,"number of soure fluxes with errors"soure_hi_1,r,h,0.0,,,"longitude (degrees) of soure 1"soure_psi_1,r,h,0.0,,,"latitude (degrees) of soure 1"soure_ON_radius_1, r, h, 2.00 ,,,"ON radius (degrees) for soure 1"soure_OFF_radius_1,r,h, 5.00,,,"OFF radius (degrees) for soure 1"n_profiles,i,h,0,0,100,"number of intensity profiles with errors"profile_hi_0,s,h,"-20.0",,,"Longitude of first pixel of profiles (degrees)"profile_hi_1,s,h,"+20.0",,,"Longitude of last pixel of profiles (degrees)"profile_d_hi,s,h," 2.0",,,"Longitude binsize of profiles (degrees)"profile_psi_0,s,h," -0.0",,," Latitude of first pixel of profiles (degrees)"profile_psi_1,s,h," +0.0",,," Latitude of last pixel of profiles (degrees)"profile_d_psi,s,h," 2.0",,," Latitude binsize of profiles (degrees)"The following explains tutorial-style the meaning and reasons for thehoie of these parameters. Note that the full explanation of eah parameteris in the hapter "Help File".################################################################################# =#= spiskymax 20.0 =#=# ~aws/integral/spetrometer/simulations/soures.3These are omments, the user is free to modify them for doumentingthe run.



spiskymax User Manual Issue 3 22debug ,i,h,0,0,2,"0=silent,1,2 gives more verbose output"Output to log �le (e.g. setenv COMMONLOGFILE mylog); however thediagnosti output will go to the sreen unless piped to a �le.display,i,h,0,0,2,"1,2 displays input sky using root "title ,s,h,"3C273, 400-1000 keV, 10^6 se ",,,"title to write as omment to FITS header"The display option is limited, useful for testing. The title is used to writeto the FITS header of the output image �le and hene useful for identifyingthe run.rogroup,s,h,"",,,"xxx R/O Group"rwgroup,s,h,"",,,"xxx R/W Group"These DAL groups are not used in this run, but ould be used as alternativeto speifying the datasets as below.ounts_input_file,s,h,"SPI-OBS-DSP.spiskynv_14.fits[1℄",,,"xxx input ount file"pointing_input_file,s,h,"SPI-OBS-PNT.spisimprep_2.fits[1℄",,,"xxx input pointing file"ebounds_input_file, s,h,"SPI-EBDS-SET.spiskynv_14.fits[1℄",,,"xxx input energy bounds file"deadtime-dol,s,h,"SPI-OBS-DTI.spisimprep_2.fits[1℄",,,"xxx DTI deadtime/livetime input file"bakground_input_file,s,h,"SPI-BMOD-DSP-IDX.spibak.fits[1℄",,,"xxx input bakground file"gti-dol,s,h,"SPI-OBS-GTI.spisimprep_3.fits[1℄",,,"GTI goodtime input file"psd-effiieny-dol,s,h,"SPI-OBS-PEF.spisimprep_3.fits[SPI.-OBS.-PEF℄",,,"input PSD effiieny file"psd-response-dol,s,h,"SPI-OBS-PRF.spisimprep_3.fits[SPI.-OBS.-PRF℄",,," input PSD response file"The input data as desribed in Chapter "Help File". The `gti' and two `psd'entries are required from Version 26.irf_input_file,s,h,"${ISDC_TEST_DATA_DIR}/i_tree/4.5/i/spi/rsp/spi_irf_grp_0011.fits[GROUPING℄" ,,," input IRF file 85 detetors"This Instrument Response Funtion ontains response for single, doublesand triples (detetors 0-84), and spiskymax uses the SPI-OBS-GTI (goodtimes) dataset for the de�nition of the detetors present in the SPI-OBS-DSP detetor spetra. This IRF is available at the ISDC under the "i"(Instrument Charateristis) diretory.



spiskymax User Manual Issue 3 23soure-at-dol,s,h,"SPI-SRCL-CAT.test_atalogue.fits[1℄",,,"input atalogue of soures "The atalogue of soures for whih the ux is required. The user typiallyedits this �le with fv to de�ne the soure positions, and sets the SEL FLAGolumn to 1 for the hosen soures (the latter is onvenient if the ataloguealready exists and only a seletion is being made).image-idx,s,h , "SPI-SKY-IMA-IDX.spiskymax_19_bak1.fits(SPI.-SKY.-IMA-IDX.tpl)",,,"output skymap image index file"image-int,s,h , "SPI-SKY-IMA.spiskymax_19_bak1.fits",,," output skymap images file"The user is free to hoose the name of the output image �les, both for theindex and the atual images and pro�les. Note that while the index needsthe template SPI.-SKY.-IMA-IDX.tpl, the atual images do not.soure-res-dol,s,h,"SPI-SRCL-RES.spiskymax_19_bak1.fits(SPI.-SRCL-RES.tpl)",,,"output atalogue of soures "The output atalogue ontaining the uxes and errors of the soures seletedin the input atalogue.skymap_system,s,h,G,,,"input skymap oordinate system C=elestial, G=Galati"In SURVEY mode the user has the hoie of speifying whether the skymapshould be in the Celestial or Galati system. The oordinates of the map(hi 0 et) are interpreted as belonging to the respetive system.image-fov,s,h,"SURVEY",,,"Image field of view: SURVEY USER POINTING POINTING+FCFOV POINTING+ZCFOV POINTING-CENTER"SURVEY enables expliit de�nition of the �eld. The other options are usefulfor automati proessing and are inluded for onsisteny with spiros.enter-long,r,h, 1.0,,,"Longitude of entre pixel (degrees) [image-fov= USER℄"enter-lat ,r,h, 2.0,,,"Latitude of entre pixel (degrees) [image-fov= USER℄"image-pixel-long,r,h,0.5,,,"Longitude pixel size (degrees) [image-fov= USER,POINTING*℄"image-pixel-lat,r,h,0.5,,,"Latitude pixel size (degrees) [image-fov= USER,POINTING*℄"image-dim-long,i,h,40,,,"Longitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄"image-dim-lat ,i,h,41,,,"Latitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄"



spiskymax User Manual Issue 3 24Sine we have seleted SURVEY, the image will be de�ned by the 6 param-eters (hi 0 et), and entre-long.....image dim lat will be ignored.hi_0, r,h, -20.0,,,"Longitude of first pixel (degrees)[image-fov= SURVEY℄"hi_1, r,h, +20.0,,,"Longitude of last pixel (degrees)[image-fov= SURVEY℄"d_hi, r,h, 0.2,,,"Longitude binsize (degrees)[image-fov= SURVEY℄"psi_0, r,h, -20.0,,,"Latitude of first pixel (degrees)[image-fov= SURVEY℄"psi_1, r,h, +20.0,,,"Latitude of last pixel (degrees)[image-fov= SURVEY℄"d_psi, r,h, 0.2,,,"Latitude binsize (degrees)[image-fov= SURVEY℄"The boundaries of the image and the binning are de�ned here. Although la-belled "Longitude" et. the oordinates are interpreted aording to skymap system.energy_range_min,i,h, 1,,,"minimum energy range sequene number as in ebounds file: 1,2,3..."energy_range_max,i,h, 1,,,"maximum energy range sequene number as in ebounds file: 1,2,3..."The input ounts �le may ontain many energy ranges, and here we hooseto analyse just the �rst one.max_iter,i,h , 30,0,1000,"maximum number of memsys5 iterations"image_default, r,h,1.0e-3,,,"image default intensity, m-2 sr-1 s-1"The maximum number of iterations should normally be set to a number like30 for the �rst run, but it is normal to try di�erent values up to 200 to seethe e�et on the image. The image default should not have muh inueneon the �nal image, but it should also be varied to test the e�et. The valueused here is found to be satisfatory.bakground_saling_default,r,h,1.0e-0,,,"bakground saling default"bakground_entropy_fator ,r,h,1.0e-0,,,"bakground fator to redue ontribution to entropy"bakground_method,i,h,1,1,2,"bakground method:1=free 2=fixed"The bakground saling fator is here hosen to be 1 so that the entropyof the bakground will have a relatively large inuene on the result. It isworth trying smaller values and in this ase it is reommended to usebakground saling default=bakground entropy fator.The bakground method is here hosen "free", i.e. the bakground is�tted based on the input template. If the bakground were aurately knownfrom some other method then it might be appropriate to hoose "�xed".



spiskymax User Manual Issue 3 25memsys_iBayes,i,h,1,1,3,"memsys Bayesian method ode: 1= lassi, 3=ad ho speified by fAim "memsys_iEntropy,i,h,1,1,5,"memsys entropy type: 1= standard, 5=fixed total=sum over defaults"memsys_fAim,r,h,1.0e-00,1e-10,1e10,"memsys stopping riterion: lassi: 1/Omega =1.0, ad ho: alpha "See the MEMSYS5 manual for explanations of these parameters. They anbe safely left at these values in the normal ase. If it is found that theautomati riterion stops too early, or if it is required to make a `deeper'image, i.e. �tting the data better at the expense of more noise, then usememsys iBayes =3 and set memsys fAim = 1.e-10; the iterations will thensimply ontinue up to the maximum sine the automati stopping riterionwill never be satis�ed. In fat for memsys iBayes =3 , memsys fAim de�nesthe value of � (see `MaxEnt Formulae') at whih the iterations will stop,so reduing it fores the iterations to ontinue beyond the `Classi MaxEnt'riterion.n_soure_fluxes,i,h,1,0,100,"number of soure fluxes with errors"soure_hi_1,r,h,0.0,,,"longitude (degrees) of soure 1"soure_psi_1,r,h,0.0,,,"latitude (degrees) of soure 1"soure_ON_radius_1, r, h, 2.00 ,,,"ON radius (degrees) for soure 1"soure_OFF_radius_1,r,h, 5.00,,,"OFF radius (degrees) for soure 1"The soures are atually de�ned in the input soure atalogue, but onesoure has to be spei�ed here in order to de�ne the ON and OFF radius.See the Chaper "Help File" for details of the method and meaning of theseparameters. Sine the atalogue is used, soure hi 1,soure psi 1 are atu-ally ignored.n_profiles,i,h,0,0,100,"number of intensity profiles with errors"profile_hi_0,s,h,"-20.0",,,"Longitude of first pixel of profiles (degrees)"profile_hi_1,s,h,"+20.0",,,"Longitude of last pixel of profiles (degrees)"profile_d_hi,s,h," 2.0",,,"Longitude binsize of profiles (degrees)"profile_psi_0,s,h," -0.0",,," Latitude of first pixel of profiles (degrees)"profile_psi_1,s,h," +0.0",,," Latitude of last pixel of profiles (degrees)"profile_d_psi,s,h," 2.0",,," Latitude binsize of profiles (degrees)"No pro�les are requested in this ase so these parameters are ignored. Fora ase with pro�les see `511 keV di�use emission'.
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The image shows the soure learly at the orret position (entred).Note the pixel size is 0.2o.4.2 511 keV di�use emissionThis example is a simulation of the GCDE observation of the di�use 511keV line based on OSSE results. 2 GCDE yles of 4.8 106 seonds eah areused. Two pro�les, in longitude and latitude, are generated, illustrating theusefulness of the error-bar generation funtion.The spiskymax.par �le is:################################################################################# =#= spiskymax 20.0 =#=# ~aws/integral/spetrometer/simulations/gde.18debug ,i,h,1,0,2,"0=silent,1,2 gives more verbose output"



spiskymax User Manual Issue 3 27display,i,h,0,0,2,"1,2 displays input sky using root "title ,s,h,"GCDE 511 keV ",,,"title to write as omment to FITS header"rogroup,s,h,"",,,"xxx R/O Group"rwgroup,s,h,"",,,"xxx R/W Group"ounts_input_file,s,h,"SPI-OBS-DSP.spiskynv_14.fits[1℄",,,"xxx input ount file"pointing_input_file,s,h,"SPI-OBS-PNT.spisimprep_2.fits[1℄",,,"xxx input pointing file"ebounds_input_file, s,h,"SPI-EBDS-SET.spiskynv_14.fits[1℄",,,"xxx input energy bounds file"deadtime-dol,s,h,"SPI-OBS-DTI.spisimprep_2.fits[1℄",,,"xxx DTI deadtime/livetime input file"bakground_input_file,s,h,"SPI-BMOD-DSP-IDX.spibak.fits[1℄",,,"xxx input bakground file"irf_input_file,s,h,"/afs/ipp/mpe/gamma/integral/isd/data/spi/IRFs/spi_irf_grp_0005.fits[GROUPING℄" ,,," input IRF file 19 detetors"soure-at-dol,s,h,"SPI-SRCL-CAT.test_atalogue.fits[1℄",,,"input atalogue of soures "image-idx,s,h ,"SPI-SKY-IMA-IDX.spiskymax_20.fits(SPI.-SKY.-IMA-IDX.tpl)",,,"output skymap image index file"image-int,s,h ,"SPI-SKY-IMA.spiskymax_20.fits",,,"xxx Output skymap images file"soure-res-dol,s,h,"SPI-SRCL-RES.spiskymax_20.fits(SPI.-SRCL-RES.tpl)",,,"output atalogue of soures "skymap_system,s,h,G,,,"input skymap oordinate system C=elestial, G=Galati"image-fov,s,h,"SURVEY",,,"Image field of view: SURVEY USER POINTING POINTING+FCFOV POINTING+ZCFOV POINTING-CENTER"enter-long,r,h, 1.0,,,"Longitude of entre pixel (degrees) [image-fov= USER℄"enter-lat ,r,h, 2.0,,,"Latitude of entre pixel (degrees) [image-fov= USER℄"image-pixel-long,r,h,0.5,,,"Longitude pixel size (degrees) [image-fov= USER,POINTING*℄"image-pixel-lat,r,h,0.5,,,"Latitude pixel size (degrees) [image-fov= USER,POINTING*℄"image-dim-long,i,h,40,,,"Longitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄"image-dim-lat ,i,h,41,,,"Latitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄"hi_0, r,h, -40.0,,,"Longitude of first pixel (degrees)[image-fov= SURVEY℄"hi_1, r,h, +40.0,,,"Longitude of last pixel (degrees)[image-fov= SURVEY℄"d_hi, r,h, 1.0,,,"Longitude binsize (degrees)[image-fov= SURVEY℄"psi_0, r,h, -20.0,,,"Latitude of first pixel (degrees)[image-fov= SURVEY℄"psi_1, r,h, +20.0,,,"Latitude of last pixel (degrees)[image-fov= SURVEY℄"d_psi, r,h, 1.0,,,"Latitude binsize (degrees)[image-fov= SURVEY℄"energy_range_min,i,h, 1,,,"minimum energy range sequene number as in ebounds file: 1,2,3..."energy_range_max,i,h, 1,,,"maximum energy range sequene number as in ebounds file: 1,2,3..."max_iter,i,h , 30,0,1000,"maximum number of memsys5 iterations"image_default, r,h,1.0e-3,,,"image default intensity, m-2 sr-1 s-1"bakground_saling_default,r,h,1.0e-0,,,"bakground saling default"



spiskymax User Manual Issue 3 28bakground_entropy_fator ,r,h,1.0e-0,,,"bakground fator to redue ontribution to entropy"bakground_method,i,h,2,1,2,"bakground method:1=free 2=fixed"memsys_iBayes,i,h,1,1,3,"memsys Bayesian method ode: 1= lassi, 3=ad ho speified by fAim "memsys_iEntropy,i,h,1,1,5,"memsys entropy type: 1= standard, 5=fixed total=sum over defaults"memsys_fAim,r,h,1.0,1e-10,1e10,"memsys stopping riterion: lassi: 1/Omega =1.0, ad ho: alpha "n_soure_fluxes,i,h,1,0,100,"number of soure fluxes with errors"soure_hi_1,r,h,0.0,,,"longitude (degrees) of soure 1"soure_psi_1,r,h,0.0,,,"latitude (degrees) of soure 1"soure_ON_radius_1, r, h, 0.50 ,,,"ON radius (degrees) for soure 1"soure_OFF_radius_1,r,h, 2.00,,,"OFF radius (degrees) for soure 1"n_profiles,i,h,2,0,100,"number of intensity profiles with errors"profile_hi_0,s,h,"-40.0 0.0",,,"Longitude of first pixel of profiles (degrees)"profile_hi_1,s,h,"+40.0 0.0",,,"Longitude of last pixel of profiles (degrees)"profile_d_hi,s,h," 5.0 80.0",,,"Longitude binsize of profiles (degrees)"profile_psi_0,s,h," -0.0 -20.0",,," Latitude of first pixel of profiles (degrees)"profile_psi_1,s,h," +0.0 +20.0",,," Latitude of last pixel of profiles (degrees)"profile_d_psi,s,h," 5.0 1.0",,," Latitude binsize of profiles (degrees)"The only part of this parameter �le whih is not overed in the `3C273'example onerns the pro�les. Here we have hosen 2 pro�les, one in longi-tude and one in latitude. Eah parameter entry is a vetor giving the valuesfor eah pro�le, e.g. pro�le hi 0,s,h,"-40.0 0.0" means that the �rst pro-�le has a value -40.0, the seond pro�le has a value 0.0 for this parameter.The longitude pro�le extends from l=-40o to +40o with a binsize of 5o inlongitude and latitude, entred on b=0. The latitude pro�le extends fromb=-20o to +20o with a binsize of 80o in longitude (i.e. integrated over thefull longitude range of the map) and 1o in latitude.Note that pro�les do not have to be one-dimensional as here; the spe-i�ation above allows 2D pro�les (i.e. rebinned images) to be de�ned andthey will be orretly omputed and output.
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The input image (left) and the spiskymax image (right).
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Longitude and latitude pro�les.



Chapter 5FAQ, Tips and triksThis setion is intended to ollet questions and answers, tips and experi-enes arising from use of spiskymax .1. Q: how many pointings are neessary to get a good image ?A: if the bakground is known then one pointing and bakground method= 2 (�xed) will generate some kind of image, but several pointings im-proves things a lot. If the bakground is unknown then more than onepointing is absolutely neessary sine it has to be �tted with bak-ground method = 1 (free) and there is not enough information to dothis from a single pointing.2. Q: What value for `maximum iterations' ?A: Try 30 and look at the diagnostis. If the iterations stop automati-ally before this number then it is suÆient. If not try more. Examinethe image for signs of `over-�tting' (lumpiness) and artefats. Forsoures uxes, inrease the iterations until a onstant value is reahed.Experiment with the image and bakground default values.3. Q: is spiskymax good for analysis of soures?A: Soures are deteted as well as in other methods, in partiular mul-tiple soures are no problem. For uxes, if the position is known thenthere is no reason for the results to be inferior to other methods. Onedisadvantage is that the `ON' and `OFF' regions have to be de�ned.4. Q: what if the CPU time is very long?A: this an our if the pixel-size is small and the map is large. Tryinreasing the pixel-size. Generally start with 1o pixels and when themap is satisfatory redue the size to 0.5o or 0.1o.31



spiskymax User Manual Issue 3 325. Q: are pseudo-detetors (i.e. multiple events) an advantage over singleevents?A: de�nitely. They inrease the data available espeially at higherenergies, and have lower bakground than singles. They do inreasethe CPU time but this is not normally a problem.6. Q: what does an error message from `ommon prepare pars' indiate?A: often it means that some input data annot be found, or thatthe output data already exists (always delete old output �les beforerunning - applies to any ISDC exeutable).7. Q: who to ask for more information?A: either the ISDC help desk or the developer of spiskymax : aws�mpe.mpg.de



Chapter 6Simulating observationsSimulation is an important part of understanding data analysis, both fortesting methods, planning observations and their analysis, and understand-ing the atual results. Although not part of spiskymax , a desription ofhow to do simulations is given here sine anyone using spiskymax (or otheranalysis tools) will often need it. The proedure di�ers from the usual onefor analysing real data due to the need to reate all the relevant data �les`from srath'. The steps are:1. Generate a pointing �le (ATTI) using os pdefgen2. Generate a model intensity skymap (SKY-IMA) using gensky3. Generate a good time intervals, dead times, good times, PSD eÆieny,PSD response, pointing and energy bounds (GTI,DTI,GTI,PEF,PRF,PNT,EBDS)�les using spisimprep4. Generate a bakground template (BMOD )using spibak5. Generate simulated ount spetra (DSP) using spiskynv6. Run spiskymax (and/or spiros, spidiÆt)NB The generation of GTI and PSD data (required by spiskymax 26.0)is new in spisimprep 3.0, spiskynv 16.0.os pdefgen is part of the ISDC Observation Simulator and allows a fairlyexible de�nition of pointing sequenes, inluding raster sans of any di-mension and pith. gensky allows skymaps to be de�ned as a funtion ofenergy. It builds the map out of any number of user-de�nable omponents,whih inlude point-soures, extended Gaussian soures, input maps like HI,33



spiskymax User Manual Issue 3 34CO surveys, as well as onstant, line and power-law spetra. spisimprep is autility whih is required just to satisfy some interfaes needed by followingprograms like spibak. spibak generates the bakground template. spisky-nv onvolves the input map with the instrumental response for eah ofthe de�ned pointings with their observation times (allowing for deadtime)and generates Poisson simulated ount spetra. This ompletes the datapreparation, whih is now ready for spiskymax analysis.The details of how to run eah of these exeutables are given in therespetive help �les (exeutable name.txt) whih an be viewed by typingeg `os pdefgen -h'Provided all the �le names are onsistently de�ned, and the parame-ter �les are present in diretory given by $PFILES, the following one-lineommand will perform the entire simulation + analysis:os pdefgen; gensky; spisimprep; spibak; spiskynv; spiskymax



Chapter 7Help FileThis is a opy of the `help �le' spiskymax.txt, whih is maintained in detailfor eah version of spiskymax and should be onsulted for preise de�nitionsof parameters and usage, and for version-spei� hanges.NAMEspiskymax v26.0USAGEspiskymaxNB For simulations, this exeutable depends on previous runsof gensky, os_pdefgen,spipoint, spidead, spibak andspiskynv. (More onveniently simulations an be performedwith spisimprep instead of spipoint and spidead espeially forlarge survey appliations.)For real data, depends on previous runs of spipoint, spidead, spigti,spi_psd_effigen, spi_psd_respgen, spibak and spihist.Manual: The spiskymax Users Manual, inluding desription of the methodand parameters, with examples, is inluded in thisdelivery (spiskymax_manual_v3.ps).The urrent version of the manual an befound at http://www.mpe.mpg.de/~aws/integral.htmlAlgorithm: Users interested in a omplete explanation of the35



spiskymax User Manual Issue 3 36priniples of the method should onsult the MEMSYS5 User'sManual (to be found at http://www.maxent.o.uk)Platform: the makeisd1.in over both Solaris and Linux ases** using isd_onfig and makefiles-2.4.9 **. This was *new* in spiskymax v24,(previous version required manual editing of makeisd1.in)The ISDC GUI tool param_gui an be used;to run the GUI: "param_gui spiskymax.par"DESCRIPTIONProdues an intensity skymap from ount data by deonvolvingwith the SPI instrument response using the Maximum Entropymethod. Analyses soures at speified positions.The instrument response is in the form of IRF (InstrumentResponse Funtion) data as provided by GSFC using GEANTsimulations. From spiskymax Version 26.0 on this is flexible:the detetor IDs are taken from the SPI.-OBS.GTI dataset.Hene use an IRF for detetors 0-84 whih overs all ases(singles, doubles, triples).Creates skymaps in form of SPI.-SKY.-IMA-IDX (index)and SPI.-SKY.-IMA (images) dataset.The pointings are defined by a SPI.-OBS.-PNT dataset.Deadtime is defined by a SPI.-OBS.-DTI dataset.Detetor ID definitions are taken from a SPI.-OBS.GTI dataset.PSD effiieny and response are defined bySPI.-OBS.-PEF and SPI.-OBS.-PRF datasetsThese are used for detetors 85-141 whih use PSD information.Bakground is defined by the output of spibak, in the form ofSPI.-BMOD-DSP-IDX (index) and SPI.-BMOD-DSP (data). Thebakground values for eah detetor are determined, relative to



spiskymax User Manual Issue 3 37the input values, as part of the reonstrution proess ,ifbak_method=1. They may also be fixed at the values in theinput bakground dataset (bakground_method=2); this isappropriate if the bakground was determined by someINDEPENDENT method suh as, for a line, interpolating betweenadjaent (non-line) ranges.The input ount data may ontain multiple energies, in whihase the deonvolution is performed for a range of energieswhih an be speified.Soure fluxes:After the image is produed, the flux and its error for anumber of user-defined soures an be optionally determined.Eah soure is speified in terms of a position and 'ON' and'OFF' radii. The ON region is the irle entred on the soureposition with radius ON and the OFF region is the annulusbetween the ON and OFF radii. The soure flux is defined assum(intensity in ON region)/sum(intensity in OFF region)*solid angle(ON)/solid angle(OFF).The error is based on a Bayesian analysis whih marginalizesover all the unwanted degrees of freedom, so the signifianeof a soure by this method may not orrespond to a 'lassial'signifiane level. In general signifianes inrease forsmaller skymaps sine the degrees of freedom derease.Soure fluxes an be generated based either on the list in theparameter file (with output only to LOG_1) or based on an inputatalogue speified in the parameter file. The atalogue methodis better sine the output is stored and existing ataloguesan be used. An output atalogue is produed ontaining thesoure fluxes and errors (olumns FLUX and FLUX_ERR) for allenergies speified in the SPI-EBDS-SET file. The inputatalogue must be in the standard ISDC format defined inSPI.-SRCL-CAT.tpl and desribed in the DAL3CAT librarydoumentation (see ISDC WWW site). The output atalogue usesSPI.-SRCL-RES.tpl (whih is essentially the same for this purpose asGNRL-REFR-CAT). The only information used from the input



spiskymax User Manual Issue 3 38atalogue is the soures' RA and de; the rest is simply opiedto the output atalogue. Only soures with SEL_FLAG=1 in theinput atalogue are seleted for analysis and plaed in theoutput atalogue. The ON and OFF radii for all ataloguesoures are taken from soure_ON_radius_1, soure_OFF_radius_1in the parameter file, so that at least one soure must also bespeified in the parameter file (an have a dummy position). TheON and OFF radii are reorded in the COMMENTS olumn of theoutput atalogue.Profiles:After the image is produed, profiles of intensity may begenerated from a number of user-defined speifiations. A'profile' is an image with both intensity and error onintensity. Normally it is one-dimensional but may begeneralized to a 2D map for whih eah pixel has intensity anderror. Eah profile is defined by the start and end points inboth dimensions and the pixel size in both dimensions. Theprofiles are output to the same SPI.-SKY.-IMA dataset as theimages, and are indexed in SPI.-SKY.-IMA-IDX. For eah profilethe intensity and error oupy separate extensions with IMATYP='intensity' and 'error' as foreseen for this data type.CHANGESVersion 12 Output skymap image index parameters hanged to image-idxOutput skymap image index template hanged toSPI.-SKY.-IMA-IDX for ompatibility with ISDC v2.1Version 13 ISDC v2.1 with Templates 2.1.3 : ompatible with gensky 6.0 spiskynv 11.0.however still using old SPI.-BMOD-IDX.tpl ie. ompatible with spibak 1.2Version 14 Fully ompatible with templates 2.1.3 inluding SPI.-BMOD-DSP-IDX.tplHene use only with spibak >1.2Version 15 hanges in makeisd1.in for root v3.00.06. Works with isd v2.2Version 16 improved makeisd1.in for more portability and Sun Workshop 6.1Version 17 analysis of soures in atalogue - NB requires dal3at Version >=3.0 to orretly write the output atalogue; improved olour bar for graphis output. LINUX ompatibility hanges, but makeisd1.in does not link for LINUXVersion 18 General ode readability improvements and ompatibility with spiskynv v14. Link with spibham v1.3.1 (v2.1 not yet working).Version 19. Catalogue input SPI.-SRCL-CAT instead of GNRL-REFR-CAT.All output via RIL, exept for output from MEMSYS5 pakage.Version 20. Correted handling of bakground_method=2: fixed bakgroundVersion 21. Correted FITS head of first image when profiles requested (SPR-1161)



spiskymax User Manual Issue 3 39Version 22. makeisd1.in inludes linux optionSPR1169 fixed (blanks in spiskymax.par)SPR1171 fixed (dal_element=NULL)Use $ISDC_TEST_DATA_DIR for IRFs in spiskymax.parNB requires dal3at v3.1.1 (3.0.1 does not work orretly)Version 23 spiskymax.par ompatible with isdroot (SPR-1221)write_SKY_IMA.pp, write_profiles.pp: remove multiple timestamps (SPR-1235)Version 24 avoid zero-divide problems when soure flux error =0 (SPR-1604)makeisd1.in uses isd-onfig for automati f90 support under Solaris/LinuxNB needs makefiles 2.4.9 and $ISDC_ENV/bin in $PATHGUI: isd param_gui an be used on spiskymax_gui.par as deliveredVersion 25 SPR-1691: Y_axis.pp problem solved. SPR-1238 ITE_NUM keyword written.Version 26. SCREW-779 flexible input IRF: detetor IDs from SPI-OBS-GTI.PSD response handled using SPI-OBS-PEF and and SPI-OBS-PRF datasets.===============================================================================================PARAMETERSdebugenables debugging. Normally 0.0=silent. 1,2 gives more verbose outputdisplayenables display of skymaps. Normally 0.1,2 displays output skymaps using root. 1=image format, 2=image and lego formats.The displays an be output to postsript and other formats via the interative anvaswhih is presented.titleuser's desription of the run: serves 2 purposes1. identifies this run (via the par file)2. used to write as omment to FITS header of the output skymap datasets.



spiskymax User Manual Issue 3 40rogroupread only group for input. If empty, uses the filenames diretly.rwgroupwrite group for output. If empty, no group is reated.ounts_input_fileinput detetor ount spetra file (template SPI.-OBS.-DSP)pointing_input_fileinput pointing file (template SPI.-OBS.-PNT)ebounds_input_fileinput energy bounds file (template SPI.-EBDS-SET)deadtime-dolinput dead time file (template SPI.-OBS.-DTI) reated by spidead.gti-dolinput good time file (template SPI.-OBS.-GTI) reated by spigti.irf_input_fileinput IRF index file whih ontains the SPI response informationas generated by GEANT simulations at GSFC. The urrent IRF inludingsingles+doubles+triples is spi_irf_grp_0011.fitsThese IRFs are in the i (Instrument Charateristis) area at ISDC.At present this an be found at (under standard ISDC environment)${ISDC_TEST_DATA_DIR}/i_tree/4.5/i/spi/rsppsd-effiieny-dolinput PSD effiieny file (template SPI.-OBS.-PEF) reated by spi_psd_effigen.psd-response-dolinput PSD response file (template SPI.-OBS.-PRF) reated by spi_psd_respgen.bakground_input_fileinput bakground index file (template SPI.-BMOD-IDX)



spiskymax User Manual Issue 3 41soure-at-dolinput atalogue dataset (template SPI.-SRCL-CAT)This speifies the soure positions to be analysed. Selet soures using SEL_FLAG.[A soure list in this format an be generated from GNRL-REFR-CAT (using ISDC tools ?)or output from spiros an be used.℄image-idxoutput skymap index file (template SPI.-SKY.-IMA-IDX.tpl)image-intoutput skymap images file (template SPI.-SKY.-IMA.tpl)soure-res-doloutput soure atalogue ontaining flux spetra with error bars (template SPI.-SRCL-RES.tpl)skymap_systeminput skymap oordinate system C=elestial, G=Galati"This tells spiskynv how to treat the input skymap, whih does notitself speify the basis system. Usually Galati is used.hi_0Longitude of first pixel (degrees). Centre of pixel (as FITS onvention)hi_1Longitude of last pixel (degrees). Centre of pixel (as FITS onvention)d_hiLongitude binsize (degrees).psi_0Latitude of first pixel (degrees). Centre of pixel (as FITS onvention)psi_1Latitude of last pixel (degrees). Centre of pixel (as FITS onvention)d_psiLatitude binsize (degrees).energy_range_minminimum energy range sequene number as in ebounds file: 1,2,3...energy ranges energy_range_min to energy_range_max are proessed.



spiskymax User Manual Issue 3 42energy_range_maxmaximum energy range sequene number as in ebounds file: 1,2,3...
image-fovChoie of how the image field of view is defined.Must be one of: SURVEY USER POINTING POINTING+FCFOV POINTING+ZCFOV POINTING-CENTERSURVEY: maps limits and binsize using hi_0,hi_1,d_hi,psi_0,psi_1,d_psiUSER : map entre and dimensions using enter-long enter-lat et as belowPOINTING : use extremes of pointing diretionsPOINTING+FCFOV: use extremes of pointing diretions + fully oded FOV ( 7 degrees)POINTING+ZCFOV: use extremes of pointing diretions + zero oded FOV (17 degrees)POINTING-CENTER: use average pointing and dimension defined by image-dim-long,image-dim-latApart from SURVEY the pixel size is defined by image-pixel-long,image-pixel-lat.USER POINTING POINTING+FCFOV POINTING+ZCFOV POINTING-CENTER are spiros-ompatible definitions.enter-longLongitude of entre pixel (degrees) [image-fov= USER℄enter-latLatitude of entre pixel (degrees) [image-fov= USER℄image-pixel-longLongitude pixel size (degrees) [image-fov= USER,POINTING*℄image-pixel-latLatitude pixel size (degrees) [image-fov= USER,POINTING*℄image-dim-longLongitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄image-dim-latLatitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄
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max_itermaximum number of memsys5 iterations Normally the programshould finish automatially (using a stop riterion) within 50iterations. If not this parameter an be inreased. If thelimit is reahed without the stop riterions being attained,the skymap is normally still a good approximation.image_defaultimage default intensity, m-2 sr-1 s-1. The value to beassigned to pixels whih are unonstrained by the data. Set tothe expeted average intensity. This parameter an be adjustedto optimize the maps but the result should not be too sensitiveto its value.bakground_saling_defaultbakground saling default value, normally 1.0. Required sinethe bakground is determined in the imaging proess by the sameproess as the skymap. A value 1.0 indiates that the inputbakground model is default.bakground_entropy_fatorbakground fator to redue ontribution to entropy. Normally1.0 Sine image and bakground are treated in the same way fromthe viewpoint of entropy while the bakground should stritlynot ontribute to the entropy, this saling an be used toredue this ontribution to a negligible levelbakground_methodDetermines whether the bakground is to be fitted ('free') orfixed at the level of the input bakground. bakgroundmethod:1=free 2=fixedmemsys_iBayesmemsys Bayesian method ode as defined in the MEMSYS5 User'sManual (see SEE ALSO) 1= lassi, 3=ad ho speified by fAim



spiskymax User Manual Issue 3 44memsys_iEntropymemsys entropy type as defined in the MEMSYS5 User's Manual1= standard, 5=fixed total=sum over defaultsmemsys_fAimmemsys stopping riterion as defined in the MEMSYS5 User's Manuallassi: 1/Omega =1.0, ad ho: alpha "n_soure_fluxesnumber of soure fluxes with errors to be omputedThe soures are speified in the following parameters:soure_hi_1,longitude (degrees) of soure 1See the DESCRIPTION setion for explanation of this and following parameters.soure_psi_1latitude (degrees) of soure 1soure_ON_radius_1ON radius (degrees) for soure 1soure_OFF_radius_1,OFF radius (degrees) for soure 1soure_hi_2longitude (degrees) of soure 2et. for all souresn_profilesnumber of intensity profiles with errorsprofile_hi_0Longitude of first pixel of profiles (degrees); vetor of valuesas string separated by spaesprofile_hi_1Longitude of last pixel of profiles (degrees); vetor of values



spiskymax User Manual Issue 3 45as string separated by spaesprofile_d_hiLongitude binsize of profiles (degrees); vetor of valuesas string separated by spaesprofile_psi_0Latitude of first pixel of profiles (degrees); vetor of valuesas string separated by spaesprofile_psi_1Latitude of last pixel of profiles (degrees) ; vetor of valuesas string separated by spaesprofile_d_psiLatitude binsize of profiles (degrees) ; vetor of valuesas string separated by spaes
EXAMPLE################################################################################# =#= spiskymax 26.0 =#=################################################################################debug ,i,h,0,0,2,"0=silent,1,2 gives more verbose output"display,i,h,0,0,2,"1,2 displays input sky using root "title ,s,h,"Version 26.0 unit test Detetors 19-84, 123-141 ",,,"title to write as omment to FITS header"rogroup,s,h,"",,,"xxx R/O Group"rwgroup,s,h,"",,,"xxx R/W Group"ounts_input_file,s,h,"test_data/SPI-OBS-DSP.spiskynv_16.fits[1℄",,,"xxx input ount file"pointing_input_file,s,h,"test_data/SPI-OBS-PNT.spisimprep_3.fits[1℄",,,"xxx input pointing file"ebounds_input_file, s,h,"test_data/SPI-EBDS-SET.spiskynv_16.fits[1℄",,,"xxx input energy bounds file"deadtime-dol,s,h,"test_data/SPI-OBS-DTI.spisimprep_3.fits[1℄",,,"xxx DTI deadtime/livetime input file"gti-dol,s,h,"test_data/SPI-OBS-GTI.spisimprep_3.fits[1℄",,,"GTI goodtime input file"
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#irf_input_file,s,h,"${ISDC_TEST_DATA_DIR}/i_tree/3.2/i/spi/rsp/spi_irf_grp_0008.fits[GROUPING℄",,,"input IRF file 19-84"irf_input_file,s,h,"${ISDC_TEST_DATA_DIR}/i_tree/4.5/i/spi/rsp/spi_irf_grp_0011.fits[GROUPING℄",,,"input IRF file"psd-effiieny-dol,s,h,"test_data/SPI-OBS-PEF.spisimprep_3.fits[SPI.-OBS.-PEF℄",,,"input PSD effiieny file"psd-response-dol,s,h,"test_data/SPI-OBS-PRF.spisimprep_3.fits[SPI.-OBS.-PRF℄",,," input PSD response file"
bakground_input_file,s,h,"test_data/SPI-BMOD-DSP-IDX.spibak.fits[1℄",,,"xxx input bakground file"soure-at-dol,s,h,"test_data/SPI-SRCL-CAT.test_atalogue.fits[1℄",,,"input atalogue of soures "image-idx,s,h ,"out/SPI-SKY-IMA-IDX.spiskymax_26.fits(SPI.-SKY.-IMA-IDX.tpl)",,,"output skymap image index file"image-int,s,h ,"SPI-SKY-IMA.spiskymax_26.fits",,,"xxx Output skymap images file"soure-res-dol,s,h,"out/SPI-SRCL-RES.spiskymax_26.fits(SPI.-SRCL-RES.tpl)",,,"output atalogue of soures "skymap_system,s,h,C,,,"input skymap oordinate system C=elestial, G=Galati"image-fov,s,h,"SURVEY",,,"Image field of view: SURVEY USER POINTING POINTING+FCFOV POINTING+ZCFOV POINTING-CENTER"enter-long,r,h, 1.0,,,"Longitude of entre pixel (degrees) [image-fov= USER℄"enter-lat ,r,h, 2.0,,,"Latitude of entre pixel (degrees) [image-fov= USER℄"image-pixel-long,r,h,0.5,,,"Longitude pixel size (degrees) [image-fov= USER,POINTING*℄"image-pixel-lat,r,h,0.5,,,"Latitude pixel size (degrees) [image-fov= USER,POINTING*℄"image-dim-long,i,h,40,,,"Longitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄"image-dim-lat ,i,h,41,,,"Latitude dimension (pixels) [image-fov= USER,POINTING-CENTER℄"hi_0, r,h, -20.0,,,"Longitude of first pixel (degrees)[image-fov= SURVEY℄"hi_1, r,h, +20.0,,,"Longitude of last pixel (degrees)[image-fov= SURVEY℄"d_hi, r,h, 1.0,,,"Longitude binsize (degrees)[image-fov= SURVEY℄"psi_0, r,h, -20.0,,,"Latitude of first pixel (degrees)[image-fov= SURVEY℄"psi_1, r,h, +20.0,,,"Latitude of last pixel (degrees)[image-fov= SURVEY℄"d_psi, r,h, 1.0,,,"Latitude binsize (degrees)[image-fov= SURVEY℄"energy_range_min,i,h, 1,,,"minimum energy range sequene number as in ebounds file: 1,2,3..."energy_range_max,i,h, 1,,,"maximum energy range sequene number as in ebounds file: 1,2,3..."max_iter,i,h , 30,0,1000,"maximum number of memsys5 iterations"



spiskymax User Manual Issue 3 47image_default, r,h,1.0e-3,,,"image default intensity, m-2 sr-1 s-1"bakground_saling_default,r,h,1.0e-0,,,"bakground saling default"bakground_entropy_fator ,r,h,1.0e-0,,,"bakground fator to redue ontribution to entropy"bakground_method,i,h,2,1,2,"bakground method:1=free 2=fixed"memsys_iBayes,i,h,1,1,3,"memsys Bayesian method ode: 1= lassi, 3=ad ho speified by fAim "memsys_iEntropy,i,h,1,1,5,"memsys entropy type: 1= standard, 5=fixed total=sum over defaults"memsys_fAim,r,h,1.0,1e-10,1e10,"memsys stopping riterion: lassi: 1/Omega =1.0, ad ho: alpha "n_soure_fluxes,i,h,1,0,100,"number of soure fluxes with errors"soure_hi_1,r,h,0.0,,,"longitude (degrees) of soure 1"soure_psi_1,r,h,0.0,,,"latitude (degrees) of soure 1"soure_ON_radius_1, r, h, 0.50 ,,,"ON radius (degrees) for soure 1"soure_OFF_radius_1,r,h, 2.00,,,"OFF radius (degrees) for soure 1"#n_profiles,i,h,1,0,200,"number of intensity profiles with errors"#profile_hi_0,s,h,"-20.0 -20.0 -20.0 +1.0 +1.0 0.0",,,"Longitude of first pixel of profiles (degrees)"#profile_hi_1,s,h,"+20.0 +20.0 +20.0 +1.0 +1.0 6.0",,,"Longitude of last pixel of profiles (degrees)"#profile_d_hi,s,h," 1.0 2.0 5.0 4.0 2.0 2.0",,,"Longitude binsize of profiles (degrees)"#profile_psi_0,s,h," -0.0 0.0 -0.0 -20.0 -20.0 -20.0",,," Latitude of first pixel of profiles (degrees)"#profile_psi_1,s,h," +0.0 +0.0 +0.0 +20.0 +20.0 +20.0",,," Latitude of last pixel of profiles (degrees)"#profile_d_psi,s,h," 2.0 2.0 3.0 1.0 2.0 1.0",,," Latitude binsize of profiles (degrees)"n_profiles,i,h,0,0,100,"number of intensity profiles with errors"profile_hi_0,s,h,"-20.0",,,"Longitude of first pixel of profiles (degrees)"profile_hi_1,s,h,"+20.0",,,"Longitude of last pixel of profiles (degrees)"profile_d_hi,s,h," 2.0",,,"Longitude binsize of profiles (degrees)"profile_psi_0,s,h," -0.0",,," Latitude of first pixel of profiles (degrees)"profile_psi_1,s,h," +0.0",,," Latitude of last pixel of profiles (degrees)"profile_d_psi,s,h," 2.0",,," Latitude binsize of profiles (degrees)"
BUGS- Index of images is not written orretly (write_SKY_IMA:DAL error -1207) insome ases if n_profiles>0 and a subset of energies is requested.When all energies are proessed there is no problem. Origin of error unlear,but it is not ritial.



spiskymax User Manual Issue 3 48Compilation of entire ode with "CC -fast " leads to DAL error -1207 as aboveand failure to write keyworks to output SPI-OBS-IMA. Origin is unlear.However only the routines vopus.pp, vtropus.pp, memsys5.pp and vetor.pp needto be optimized (and indeed should be for faster performane) and these ause no problem.Send all bugs to aws�mpe.mpg.deAUTHORA.W.Strong, MPE, 18 Sept 2002aws�mpe.mpg.deSEE ALSOSPI ICDgensky.txtspipoint.txtspihist.txtspibak.txtspiskymax.txtMEMSYS5 User's Manual (to be found at http://www.maxent.o.uk)spiskymax User's Manual (http://www.mpe.mpg.de/~aws/integral.html)


