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Analysis of the GRB050713a data using the huge Markarian 501flareAuthors: Markus Garzarzyk MPI MunihMarkus Gaug IFAE BarelonaNovember, 2005AbstratWe analyzed the 2223 seonds of GRB050713a data taken on the 13th of July, 2005 andthe Markarian 501 are data from July, 1st using two absolute image leaning levels andsome of the newly developed image leaning methods employing the times information. Weobtain a 4� signal from one hour of Mrk501 are data in an energy bin of 65GeV averageenergy and 5� at a mean energy of 78GeV. Applying a similar analysis to the GRB050713adata, we do not see any signal and derive two di�erential ux limits on the �rst 90 s of datataken during the prompt emission phase of d�=dE < 1:3 � 10�17 ph m�2 keV�1 s�1 or 3.6Crab units at E = 150GeV and d�=dE < 2:3 � 10�18 ph m�2 keV�1 s�1 or 3.2 Crab unitsat E = 280GeV (99% CL). These limits inlude systemati e�ets due to the unknownspetral index of the inident photons, unertainties about the point-spread funtion ofthe telesope during the observation of the GRB, ineÆienies of some trigger ells andan overall absolute alibration error of 10%. A seond, semi-independent DISP -analysisyields very omparable limits, although at energies generally higher energies by about5GeV. The �rst limit is obtained at an energy about 20% lower than the lowest energybin given by N.Galante and A. Stamerra, while the other limit results a fator four or 2.5 �of the given error of their analysis lower than their results. Other di�erential and integralux limits are derived for longer time periods as well as possible transient emission duringany 100 s time interval.
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1 Prefae 31 PrefaeWe present an analysis of the GRB050713a data, taken on the 13th of July, 2005, independent from aprevious one presented by Niola Galante and Antonio Stamerra [1℄. This analysis is entirely foussedon low-energy events and introdues and ompares a series of non-standard analysis elements:� A signal larger extration window to get rid of the amera inhomogeneity.� Calibration of the GRB data, using the interleaved alibration events from the last run takenwith the previous soure.� A ouple of bug �xes found in and introdued to the Mars V0-10 branh.� New image leaning algorithms employing the time information extrated from the FADCs.� A new image reonstrution method weighting the seond moments by the individual SIZEvalues elevated by an exponent di�erent from one.� Training of the RANDOM FOREST exlusively on sizes smaller than 400 p.e.� An analysis using signals as low as 90 p.e.� A new method to hoose the best ut on HADRONNESS by maximizing the Li&Ma signalsigni�ane without the use of the (biasing) ON -data.� A di�erent way to derive an di�erential upper limit in a relatively �ne energy bin.These methods are not yet standard, for this reason we will prove their prinipal funtioning on theMrk501 are data, taken in the observation period, on the 1st of July, 2005.We will show that our analysis is able to redue the threshold and inrease the sensitivity of theMAGIC telesope well below 100GeV for low zenith angle observations like Mrk501, and well below200GeV for the GRB050713a, observed at a zenith angle of 49Æ.The resulting ux limit on GRB050713a an thus be plaed at an energy about 20% lower than thelowest limit obtained by [1℄, essential for a soure at very high redshift where the absorption by theMeta-galati Radiation Field is dominant.Beause of the avant-garde harater of this analysis, we deided to present two important additions:1. We tested the whole analysis on the Mrk501 are data, taken just one and a half weeks beforewith the same telesope onditions and show that if there is a sizable signal at low energies, ouranalysis is able to extrat it with high signi�ane.2. We present in the following a rather detailed doumentation of the methods needed to onvineourselves and others about the reliability and robustness of the results. We inlude many plotswhih we would have liked very muh to see from other analyses in MAGIC and whih we thinkare essential to judge the outome of a spetrum or an upper limit.For these two reasons, the sope of this doument is muh larger than e.g. the �rst analysis presentedon the GRB050713a data [1℄. For the busy reader, we have also inluded an exeutive summary offour pages whih summarizes the most important steps and results.This analysis is meant to be our future \standard" analysis for future GRB data and an be run soonon a stand-alone mode. This inludes all plots shown in this doument.



2 Exeutive Summary 42 Exeutive Summary2.1 IntrodutionGRB050713a was deteted on July, 13th, 2005, at 04:29:02.39 UTC by the BAT instrument on theSWIFT satellite. The alert was distributed over the GCN within 13 seonds (SWIFT trigger 145675).It was announed to the GCN 122 seonds after the detetion with unertainty of 3 armin radius [2℄.The XRT and the UVOT detetors, also loated on SWIFT, found a fading soure at RA: 21h 22m09.6s, De: +77d 04m 30.3s. The MAGIC telesope started to observe the position 40 se. after theonset of the burst (T0). While the brightest part of the keV emission ourred within T0+ 20s, threesmaller peaks followed at T0 + 50s, T0 + 65s and T0 + 105s, thus after the start of the observation ofMAGIC (see �gure 1). The burst position was observed by MAGIC for 2223 seonds in a zenith anglerange between 49Æ to 50Æ, additionally 2000 seonds of OFF data taken two days later are available.No optial telesope ould detet the afterglow and thus no diret measurement of the redshift isavailable, however a temptative measurement by the XMM-Newton ollaboration exists yielding z =(0:4 � 2:6) with a best �t value at z = 0:55 [3℄.For our analysis, we were using the GRB050713a ON and OFF data and additionally Mrk501 are datafrom July 1st to test our analysis on a strong signal taken under the same telesope onditions, howeverwith a muh lower zenith angle (14-Æ-24Æ). For ompleteness, also a dediated run triggering on sparksfrom the losed MAGIC amera was analyzed. Table 1 lists the used data sets. Unfortunately, theGRB050713a ON data was taken with a lower disriminator threshold (DT = 32) than the OFF data(DT = 40).Moreover, 122850 alibrated MC simulated gamma shower events were used for the Mrk501 refereneanalysis, 61042 events simulated with a point spread funtion of PSF (�) = 0:05Æ were used for theGRB050713a analysis and another 53571 events, simulated with PSF (�) = 0:07Æ, for the study ofsystemati e�ets due to possible degradations of the point spread funtion when the not yet soextensively tested lookup-tables mode was used by the AMC.
SWIFT Lightcurve of GRB050713a
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Figure 1: Light urve of GRB050713a. In blak, the BAT light urve in gamma-rays; in red, the XRT light urve in X-rays [4℄.The blue line shows the start of the observation with MAGIC. The blue points show the event rate (in 10 se bins) of MAGIC afterall uts.



2.2 Calibration and Image Cleaning 52.2 Calibration and Image CleaningAll data was alibrated with the standard proedure using Mars version V0-10-8, exept for somerelatively small modi�ations:� The global extration window was enlarged aording to Patriia's �ndings about the triggerell timing o�sets [5℄.� An exlusion limit for arrival time utuations was enfored.� Quite some pixels were exluded expliitly, listed in table 2.� All exluded pixels were also exluded expliitly in the MC simulation data.� The alibration onstants were taken from the interleaved alibration events taken from the lastrun of the soure observed just before the GRB alert ourred.After this proedure, the gross amera inhomogeneity doumented in [5℄ has gone and only two tothree muh smaller voids are seen in the enter-of-gravity distributions (�gures 12 and 13).We leaned all data using four di�erent image leaning algorithms:1. Absolute leaning with thresholds of 10 and 5 photo-eletrons2. Absolute leaning with thresholds of 7 and 4 photo-eletrons3. An algorithm using a ombination of absolute harge levels and the FADC time information,provided by Nepomuk Otte4. An algorithm using a ombination of relative harge levels w.r.t. pedestal utuations and theFADC time information developed by Markus GaugThe last algorithm also modi�es the alulation of seond moments of the leaning images: It weightsevery pixels with the harge elevated by 1.5 instead of 1.0, as the three others.2.3 Data RedutionThe data was redued in three steps: First, a ouple of pre-uts were applied to the data, namely:� A strong ut in SIZE (eq. 1) removing all events with SIZE > 400 photo-eletrons (see �g-ures 15 and 16). This ut ensures that the subsequent analysis was entirely foussed on low-energy events.� A strong ut in DIST (eq. 2), also fousing the analysis on low energies (see �gures 17 and 18).� Further uts using the parameter CONC (eq. 3) to eliminate the events triggered by sparks inparts of the amera (see �gures 19, 20 and 21).� Further weak uts on the number of islands, the leakage and the number of ore pixels (eq. 6).



2.4 Results 6Tables 4 and 5 list the eÆienies of the applied uts where already a higher eÆieny at low energiesan be observed for the image leaning algorithms using the time information.The distributions in SIZE do not agree between GRB050713a ON and OFF data, as shown in�gure 22. We deided therefore to use only parts of the ON data for the subsequent step where theHADRONNESS parameter was alulated by training matries with the use of about one third ofthe simulated gamma sample. A di�erent training was performed with the help of another third ifthe simulated gamma events to obtain an energy estimation parameter (ENERGY ). The parametersused for the alulation of HADRONNESS were: SIZE, LENGTH, WIDTH, CONC, CONC4,DIST and sign(os(DELTA � ALPHA))*M3LONG. Distributions of eah of these parameters arefound in hapter 8. It seems that the relative importane of the CONC and espeially CONC4parameter inreases of the time image leanings are used (�gures 31, 38 and 39).The matries were then applied to all data and distributions of HADRONNESS and ENERGYare obtained (see �gures 40 and 49). A global energy resolution of about 34% was obtained below200GeV and of 28% above for the GRB050713a analysis. After investigation of the redued data sets,slightly more stringent uts were applied on DIST , SIZE and the number of ISLANDS, explainedin hapter 9 and found in eq. 9 and 12.In a �nal step, uts on the ALPHA and HADRONNESS parameter were evaluated simultaneouslyby optimizing the signi�ane obtained from simulated gammas and the orresponding data set usedas bakground. The resulting parameters are listed in table 6 for the Mrk501 analysis and in tables 7,8 and 9.An important point is that we expliitly tested all parameters entering in the alulation ofHADRONNESSwith a gamma-rih sample of Mrk501 are data and heked that the distributions agree between MCsimulated gamma showers and real gamma showers from that soure. We found that all parame-ters agree well, exept for CONC and CONC4 if an absolute image leaning with levels of 7 and 4photo-eletrons is used or, in less importane, using Markus' algorithm (�gures 41 to 46).2.4 ResultsWe splitted the Mrk501 data in four bins of reonstruted energy: 45GeV < ENERGY < 75GeV totest the smallest possible energy threshold, 60GeV < ENERGY < 100GeV, 100GeV < ENERGY <150GeV and 150GeV < ENERGY < 300GeV. In the smallest energy bin, a 4� signal was found ata mean energy of 65GeV using Markus' image leaning and a 3:8� signal at a mean energy of 61GeVusing Nepomuk's algorithm. Between 60 and 100GeV reonstruted energy, we �nd already a 4:9�and 5:5� exesses at mean simulated shower energies of 78GeV for the two image leaning algorithms(see �gure 2). Table 6 lists all the relevant parameters resulting from the Mrk501 test analysis, leadingto the onlusion that our analysis is very sensitive at low energies.The GRB050713a data was analyzed in four ways:1. Taking the �rst 90 s of observation whih orrespond to the prompt emission phases in eitherthe BAT and/or the XRT instrument on SWIFT. The remaining six runs (starting at about 7.7min after start) as OFF data.2. Taking the �rst three runs (about 16min) as ON data and the rest as OFF data.3. Taking the entire ON data, ompared with the dediated OFF data taken two days later.4. Searhing in time bins of 100 s ON data, using the data outside the orresponding time bin asOFF data.
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Figure 2: Distributions of the parameter ALPHA for the Mrk501 data, obtained with the Nepomuk's time image leaning(left) and Markus' image leaning (right). The distributions are obtained in the bin 60GeV < ENERGY < 100GeV yielding amean simulated gamma shower energy of 78GeV.None of these four searhes yielded a signi�ant exess over bakground (see tables 7, 8, 9 and 16for a full listing of all parameters), data analyzed with Nepomuk's image leaning algorithm yieldedthe lowest energy threshold (150GeV), followed by Markus' algorithm (161GeV). Upper limits wereplaed starting from the observed number of exess events and the number of bakground events inthe same \signal" region of the alpha distribution. In order to determine the 99%CL upper limiton the number of events in eah energy bin, we followed the approah outlined in [10℄. The upperlimit was alulated using di�erent power law test spetra and folding them with the distribution ofe�etive areas in the orresponding bin of reonstruted energy. All relevant formulae are outlined inhapter 9.4 and 9.5.The resulting di�erential limits (tables 10, 11 and 12) di�er by maximally 20% if the spetral indexhanges from -1 to -3. Integral limits (tables 13, 14 and 15) di�er even less. Also the hange of thepoint spread funtion from 0.05Æ� to 0.07Æ� hanges the limits by maximally 40%, although bothanalyses alulate the HADRONNESS and ALPHA uts independently.At last, a searh for peak emission in steps of 100 seonds was performed. To do so, the entireGRB050713a data sample was divided in 22 slies of equal time duration (of 101 seonds). OnlyNepomuk's image leaning was used for the analysis, every of the time slies was taken as ON datawhile the surrounding data set was used as OFF data. A seond searh was performed shifting thephase of the time slie by 50 seonds. Figure 4 shows the distributions of obtained signi�anes, withand without phase shift.The number of exess events are distributed in general randomly over time, as an be seen in �gure 5.Further systemati unertainties were investigated onerning less eÆient parts of the amera dueto trigger ineÆienies and absolute alibration errors. Inluding these e�ets raise all upper limitsby about 20%. Finally, the following di�erential upper limits were obtained, inluding statistial andsystemati unertainties:
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Figure 3: Distributions of the parameter ALPHA for the 90 s of the prompt GRB emission, obtained with the Nepomuk's timeimage leaning. The four plots orrespond to two slies of the ENERGY parameters: Left: 100 to 200 GeV and right: >200 GeVreonstruted energy; Top: with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�. The red line indiates theregion where a possible signal is expeted.
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Figure 5: Number of exess events vs. time for the peak searh. Left: 100 to 200 GeV reonstruted energy, right: 200 to 500GeV reonstruted energy. Top: Starting from T = 0 s, bottom: times shifted by half a period, starting from T = 50 s.
< d�dE > j150GeV < 1:3 � 10�17 ph=m2=keV=s � 3:6C:U: �rst 90 s< d�dE > j150GeV < 4:1 � 10�18 ph=m2=keV=s � 1:1C:U: �rst 1000 s< d�dE > j150GeV < 2:4 � 10�18 ph=m2=keV=s � 0:7C:U: entire 2223 s< d�dE > j150GeV < 1:8 � 10�17 ph=m2=keV=s � 4:9C:U: any 100 s interval< d�dE > j280GeV < 2:3 � 10�18 ph=m2=keV=s � 3:2C:U: �rst 90 s< d�dE > j280GeV < 7:7 � 10�19 ph=m2=keV=s � 1:1C:U: �rst 1000 s< d�dE > j280GeV < 5:3 � 10�19 ph=m2=keV=s � 0:7C:U: entire 2223 s< d�dE > j280GeV < 4:8 � 10�18 ph=m2=keV=s � 6:6C:U: any 100 s invervalThe rab unit (C.U.) was thereby assumed to be: 1C:U: := 1:5 � 10�3� EGeV��2:58ph=m2=TeV=s,measured by MAGIC and �tted from 300GeV to 5TeV. These limits inlude systemati unertaintiesdue to possible degradations of the point spread funtion, trigger ineÆienies in parts of the amera,hanges in the limits due to the unknown spetral index and a global 10% unertainty in the absolutealibration. Even inluding these systematis, the limit in the upper energy bin results to be abouta fator four better than the one presented by N.Galante and A. Stamerra in [1℄. However, theirpaper quotes an \error on the limit", so our limit lies within 2.5 � of their presented unertainty. This



2.4 Results 10is somehow expeted sine we developped a dediated low-energy analysis with the aim to improvesensitivity. The limit in the lower energy bin annot be ompared diretly with their results sine theiranalysis does not reah down so far in energy.Finally, a semi-independent DISP -analysis was performed, using the similar, but not the same, pa-rameters to alulate the HADRONNESS. Slightly di�erent uts were used there and a �nal uton the parameter �2. Comparing these two analysis yield generally higher energy thresholds for theDISP -analysis (about 5GeV for the GRB050713a prompt emission searh), but omparable sensitiv-ity and upper limits at higher energies. We noted that the so-alled \ghost-busting" eÆieny goesdown to 0.5 at very low energies and may be responsible for the higher threshold in energy.



3 Introdution 113 IntrodutionGRB050713a was deteted on July, 13thm, 2005, at 04:29:02.39 UTC by the BAT instrument onthe SWIFT satellite. It was �rst announed to the GCN at 04:31:34 UTC with the oordinatesRA: 21h 22m, De: +77d 04m with an unertainty of 3 armin radius [2℄. The XRT and the UVOTtelesopes, also loated on SWIFT, found a fading soure at RA: 21h 22m 09.6s, De: +77d 04m30.3s. The MAGIC telesope reeived the alert while it was observing a Galati soure (OFF-Sadr)and started observing the position 40 se. after the onset of the burst (T0). While the brightest partof the keV emission ourred at T0 + 20s, three smaller peaks followed at T0 + 50s, T0 + 65s andT0 + 105s, thus after the start of the observation of MAGIC (see �gure 6).The burst position was observed during 2223 seonds, two days later, another 2000 seonds of dediatedOFF data was taken at the same position. Its loation lies outside the Galati plane and no brightstars are found in the �eld-of-view of the MAGIC amera.Unfortunately, no optial telesope ould detet the afterglow and measure the redshift diretly. How-ever, the XMM-Newton ollaboration performed a �t to the observed afterglow spetrum in X-rays,ontaining a redshifted absorber omponent. With this method, the best �t value for the redshiftomes out to be z = 0:55 with the 90%CL ranges of z = (0:4 � 2:6) [3℄.
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Figure 6: Light urve of GRB050713a. In blak, the BAT light urve in gamma-rays; in red, theXRT light urve in X-rays [4℄. The blue line shows the start of the observation with MAGIC.We expet thus the gamma-ray horizon to lie somewhere between 100 and 200GeV, at energies abovewhih possible gamma rays are mainly aborbed by ollisions with the meta-galati radiation �eld. Ananalysis dediated on the lowest possible energy threshold is therefore desired to extrat some physialmeaning to a given signal or an upper limit.



4 The Data Samples 124 The Data SamplesThis hapter ontains information about the data �les whih were used for the analysis of the Gamma-Ray Burst GRB050713a. These are the following samples:� GRB050713a: ON and OFF� Two samples of Monte-Carlo simulated gamma showers from GRB050713a:1. Period 21 with 0.05Æ�2. Period 25 with 0.07Æ�� Markarian 501: ON and OFF� Monte-Carlo simulated gamma showers from Markarian 501� Two dediated spark runsTable 1 lists all the run numbers used for this analysis.Unfortunately, the OFF-data for GRB050713a was taken with a di�erent disriminator threshold (DT )ompared with the ON-data. We believe that this disrepany ourred beause the soure observedprevious to GRB050713a was a galati soure, taken with DT = 40. When the GRB alert ourred,the disriminator thresholds were not set bak to the value, usually used for extra-galati soures(DT = 32), in order not to lose any time. Two days later, the shifters took the O�-GRB050713adata applying the disriminator thresholds of DT = 32 beause they saw that it was an extra-galatisoure. From the di�erent DT's follow also di�erent raw trigger rates (see �gure 7). Figure 10 showsthe distributions of (\fundamental") pedestal RMS for the GRB050713a data sets. One an see herealso that the mean pedestal RMSs are di�erent between ON and OFF data. Moreover the spread inpedestal RMS is muh bigger for the data samples than the one used in the simulation, a disrepanyalready known sine a long time.In the ourse of this analysis, more fundamental disrepanies will be found between the two data sets,and we predit already at this point that we ould not make muh use of the OFF data, therefore.A similar problem ourred when observing Mrk501: During the observation, the shifters realizedthat the rates had passed 400 Hz and thought it would be safer to raise the disriminator thresholds.Therefore, the Mr501 ON data set is also split into two parts: About 20 minutes taken with DT = 32and another half an hour taken with DT = 40. Apart from that problem, the Mrk501 data resultedto be of very good quality, exept for the O�-data taken on July, 6th.



4 The Data Samples 13
GRB050713aInformation Start End Runtype Day zd. angle DT Remarksalibration 61317 P 2005-07-13 25 40 O�-Sadr ped. run61318 C O�-Sadr al. run61344 D O�-Sadr interl. al.target 61345 - 61351 D 49 - 50GRB050713A OFF dataalibration 61529 P 2005-07-15 3261530 Co� target 61531 - 61544 D 49 - 50Markarian501alibration 59833 P 2005-07-01 3259832 Ctarget 59834 - 59839 D 21 - 24 32 extra-galati DT59840 - 59851 D 14 - 21 40 galati DTMarkarian501 OFF dataalibration 59711 P 2005-06-29 3259712 Ctarget 59713 - 59718 D 15 - 2459720 - 59723 D 12 - 15alibration 59938 P 2005-07-02 3259939 Ctarget 59940 - 59948 D 16 - 20alibration 60397 P 2005-07-06 3260398 Ctarget 60399 - 60412 D 16 - 23alibration 60630 P 2005-07-08 3260631 Ctarget 60632 - 60637 D 15 - 18 exluded 60636Spark Eventsalibration 52634 P 2005-04-11 32 TeV-L3+C ped. run52635 C TeV-L3+C al. run52630 P pedestal run52632 P pedestal run52631 - 52633 D spark runsTable 1: Colletion of the data samples used for this analysis. P stands for \Pedestal Run", C for\Calibration Run", D for \Data Run" and DT for \Disriminator Threshold".
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Figure 7: Raw Event Rates of GRB050713a (top) and O�GRB050713a (bottom) after suppressionof the interleaved alibration events. The inset shows the distribution of time di�erenes betweenonseutive events.
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Figure 8: Raw Event Rates of Mrk501 ON data, taken on July, 1st, 2005. The derease in ratehappens when the shifters deided to inrease the disriminator thresholds.
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Figure 9: Raw Event Rates of Mrk501 OFF data: Top: data, taken on June, 29th, 2005; enter:data, taken on July, 2nd, 2005; bottom: data, taken on July, 8nd, 2005. The period with the high ratesorresponds to run 60636 whih was exluded. The insets show the distribution of time di�erenesbetween onseutive events.
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5 Calibration 175 CalibrationThe alibration of a GRB data set is slightly di�erent from the standard alibration due to the fatthat there is no time to pedestal and alibration runs before the soure is observed. Instead, we havethe interlaed alibration events from the previous soure observation whih we an use to alibratethe �rst minute of the GRB data set. It would not be a big issue wasn't it for the fat that the �rstminute is the most important part of the data set, the time where the signal expetation is highest.We desribe in the following a rather detailed proedure of how we alibrated the data, mainly beauseother GRB data sets should be treated in the same way.5.1 Modi�ations and BugsWe used the MARS release V0-10-8 with digital �lter to extrat and alibrate all data. Thisrelease was espeially made after we had found and eliminated a ouple of bugs:1. All MARS releases of the V0-10 family do not yet have an entirely automized Monte Carlo �lereognition. This onerns the weights for the digital �lter (whih are di�erent for the MC)and the high-gain vs. low-gain inter-alibration (whih are also di�erent for the MC). We �xedtherefore the allisto m.r �le used by Pratik Majumdar and ommitted it to the CVS.2. We had found that the reader of the alibrated Cherenkov photon ontainer (\MReadMarsFile"reading \MCerPhotEvt") set the ag \ore pixel" to true if ROOT version 3.05.07 is used,ompiled with g-3.3. The subsequent image leaning lasses set this ag if a pixel hargeexeeds the �rst threshold (\leaning level 1"), but do not reset it before applying theleaning level 1. In the ase that the ags are not set to zero before the image leaning starts,individual island pop up in the leaned image and distort the Hillas parameters. We ould notsee suh an e�et with ROOT-3.10, but did not have the time to test the bug in more detail.Instead, we hose to reset the \ore-pixel" ag before starting any image leaning operation.3. After Patriia's investigations about the inhomogenities of the trigger ell timing windows [5℄,we deided to make the global extration window larger. This means, modifying the followingparameters in allisto.r:� MJPedestalY2.ExtratWinLeft: 4.5� MJPedestalY2.ExtratWinRight: 5.04. As there were about �ve pixels with rather large arrival time utuations during the alibrationruns, we made one exlusion limit more stringent:� MJCalibration.MCalibrationChargeCal.ArrTimeRmsLimit: 1.7All pixels utuating with more than 1.7 FADC slies RMS with respet to the alibrationtrigger were thus exluded.5. We alibrated the Monte Carlo simulation �les exluding the same pixels as those exluded bythe data �les alibration.



5.2 Extrating the onversion fators from the interlaed alibration events of the previous soure 185.2 Extrating the onversion fators from the interlaed alibration events of the pre-vious soureFirst, we alibrated the data �le nr. 61344 taken o�-soure Sadr using its own pedestal and alibration�le. The interlaed alibration onstants are then getting stored in a signal00061344.root-�le. Fromthat �le, the alibration onstants an be retrieved. The proedure has been made automati in theurrent Mars-Development branh using the option:� allisto {signal�le=signal00061344.rootIn Mars V0-10-8, the extration was made by hand and the retrieved storage ontainers written intoa separate root-�le, alled alib00061345.root . From that moment on, the alibration of the GRBdata �le an be started using the ags:� allisto -y5.3 Exluded PixelsApart from the entral and the blind pixel, the following pixels were exluded by the alibration:ID reason ID reason0 entral pixel 53 dead97 utuation arr. times 105 very low signal, hot spot115 very low signal, hot spot 150 very low signal, hot spot157 dead 160 probably dead162 very low signal, hot spot 209 dead211 dead 230 utuating arr. times239 dead 279 very low signal, hot spot307 utuating gain 312 utuating gain334 utuating arr. times 345 dead352 very low signal, hot spot 377 utuation arr. times395 no signal 419 very low signal, hot spot420 very low signal, hot spot 472 pedestal very high524 utuating arr. times 544 no signal551 utuating gain 556 very low signal, hot spot559 blind pixel supply 574 utuating gainTable 2: Exluded pixels from alibration: The ategories are: Dead : Previously known dead pixels;Probably dead : Pedestal RMS is 4.5� smaller than the average pedestal RMS; Flutuating gains:Previously known pixels with highly utuating gains; RMS of absolute arrival times is bigger than 1.7FADC slies; Flutuating arrival times: RMS of absolute arrival times is bigger than 1.7 FADCslies; Very low signal, hot spot : The mean reonstruted harge is smaller than half the meanharge average of the amera, at the same time a \hot spot" is seen at the position of the pixel afteralibration of the data; No signal : Mean reonstruted signal of the alibration light pulses is smallerthan 3.5 pedestal RMS.
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Figure 11: Results of the alibration: left: Average pedestal RMS, enter: Mean interpolated signalin photo-eletrons (outer pixels multiplied with 0.25), bottom: Mean signal pulse arrival time.In total, 27 pixels were exluded plus the not equipped entral pixel and the supply of the blindpixels. Table 2 gives an overview of the exluded pixels. All given exlusion reasons types wereapplied automatially exept for the type of pixels alled \Very low signal, hot spot". These pixelswere found to yield a very low signal for the alibration pulses, but then an on average muh too highsignal for the osmis pulses. These pixels belong to the lass of hannels where the distribution ofhigh-gain signals from the alibration pulses go into saturation too often, hene that distribution is notused, however the distribution of low-gain signals is also aw sine the low-gain swith has not beenapplied often enough. The reonstruted mean signal is therefore too low and the derived onversionfator too high. Atually, the development branh of MARS inorporates an automati hek for thesehannels. We had to exlude them \by hand" in all further analyses. Moreover, there were 37 pixelsdelared as \unreliable", mostly beause the �-square of the Gauss-�t to the signal distribution wasnot satisfatory. We treated these hannels like ordinary hannels.All exluded pixels were ross-heked with the amera hardware experts [6℄ and found to be identialto their list of mal-funtioning pixels, exept for some outer pixels.Figure 11 shows the most important summary plots obtained from allisto. On the left side, thepedestal RMS shows that there is no obvious bright star in the �eld-of-view of the GRB, howeverabout 5-6 outer pixels appear to be quite a bit noisier than the rest. This does not a�et our analysismuh sine our uts will remove most of the signal ontained in the outer amera. The entral ameraof �gure 11 shows the mean alibrated signal, interpolated in ase of the \bad pixels". The signalsof the outer pixels were multiplied with 0.25 in order to get the amera response per pixel area unit.One an see that the amera response is at exept for the already known \spark" events and somesmall de�it of 5{10% at the lower right part of the inner amera, overing a group of �ve pixels. Thisde�it will remain until the end of the analysis and onstitute a true ineÆieny whih will have tobe orreted for. The right side of �gure 11 shows the mean pulse arrival times for pulses exeeding athreshold of about 15 photo-eletrons. The di�erenes in the average Cherenkov signal arrival timesare probably due to the time o�set of the trigger ell at the upper right part of the amera (see also [5℄),but do not have any e�et on the signal reonstrution eÆieny, as an be seen omparing �gure 11enter and right. We onlude therefore that by making the extration big enough, the inhomogenityof the amera response seems to be gone.
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Figure 12: Averaged signal per pixel in photo-eletrons after image leaning: From left: (a) absoluteleaning with levels 10 and 5 photo-eletrons, (b) absolute leaning with levels 7 and 4 photo-eletrons,() Nepomuk's image leaning using times, (d) Markus image leaning using times.6 Image CleaningWe leaned all alibrated data using two standard leaning algorithms and two new algorithms whihtake advantage of the pulse arrival time information { one written by Nepomuk Otte and anotherwritten by Markus Gaug. As we wanted to ahieve the lowest possible threshold in energy, but havereliable and tested analysis for ross-heks, all further analysis was therefore split into four partsaording to the four leaned data samples. Table 3 lists the hosen parameters used for the fourleaning algorithms. The algorithms di�er by the thresholds applied to the reonstruted harge, thetime windows and later the weights used in the alulation of the moments of the statistial Hillasellipse reonstrution: The �rst three algorithms weighted the �rst and seond moments with thealibrated harge, while the last one used the harged elevated to 1.5 as weight. To do so, the Hillasalgorithm was modi�ed as shown in [7℄.Algorithm harge harge harge time win. global max. nr. weightreferene level 1 level 2 neighbors time win. rings imagemode par.Abs 10 5 absolute 10 phe 5 phe { { 1 1Abs 7 4 absolute 7 phe 4 phe { { 1 1Nepomuk absolute 4 phe 1 phe 1.0 ns 6.6 ns 4 1w.r.t. bias from mean isl.Markus saled 3 � 0.75 � 2.3 ns 3.3 ns 1 1.5w.r.t. bias single pairsTable 3: Tested image leaning algorithms.Figure 12 shows the averaged signal after image leaning for the four leaning algorithms. One ansee \hot spots" whih we heked to oinide all with the sparking pixels. It seems that the relativeimportane of the sparks to the signal is less pronouned if the time image leaning algorithms areused. At the lower right edge of the amera and the rightmost part, lear de�its are seen within allleaning algorithms. We heked thoroughly our alibration results for these parts of the amera, butould not �nd deviating behavior there. We suspet therefore that two trigger ells were not workingas eÆiently as the rest, but annot prove this assumption.Figure 13 shows the averaged enter of the reonstruted ellipse (\enter of gravity") after image
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Figure 13: Average enter of the reonstruted signal ellipses after image leaning for theGRB050713a data: From left: (a) absolute leaning with levels 10 and 5 photo-eletrons, (b) ab-solute leaning with levels 7 and 4 photo-eletrons, () Nepomuk's image leaning using times, (d)Markus image leaning using times.
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Figure 14: Average enter of the reonstruted signal ellipses after image leaning for Monte Carlosimulated gamma showers: From left: (a) absolute leaning with levels 10 and 5 photo-eletrons, (b)absolute leaning with levels 7 and 4 photo-eletrons, () Nepomuk's image leaning using times, (d)Markus image leaning using times.leaning for the four leaning algorithms. One an see that the amera gets illuminated more uniformlywhen dereasing the threshold.From �gures 12 and 13, one an onlude that the large ineÆieny observed in the upper rightpart of the amera, obtained in previous analyses seems to be gone ompletely. This onlusion wasalready foreseeable given the results obtained in the previous hapter whih indiated that the largerextration window e�etively removes the gross ineÆieny. However, two to three smaller voidsremain at the upper right part, the rightmost part and the lower right part of the inner amera. Theimportane of these voids dereases however with usage of the time image leanings. The reason forthese ineÆienies is still unlear to us, and we did have time to investigate this issue in further detail.In later hapter, we will see that the ineÆieny is very energy-dependent. It will be taken into aountin the derivation of an upper limits.



7 Cuts 227 CutsIn this setion, we desribe the uts applied to the data, before random forest and energy estimationis performed. These uts are thought to be either neessary in any ase (e.g. to exlude the \sparkevents" or to make the alpha-distribution at) or they are so loose that pratially no signal loss anbe expeted. We obtain then a leaned data sample whih we an use for ross-heks and as inputto the following analysis steps.7.1 SIZEAs we are only interested in low-energy events, we apply a strong ut on the parameter SIZE:60 p:e: < SIZE < 400 p:e: (1)The lower SIZE limit is simply due to the fat that we ould never observe any signals below 70 photo-eletrons, so a ut on 60 p.e. was therefore onsidered to be safe. Conerning the upper limit, we wantedto perform a dediated training of uts on low energy events. This ut makes an important di�ereneto previous analyses sine we do not expet to ahieve good gamma-hadron separation eÆieniesabove this SIZE value.Figures 15 and 16 show the distributions of log(SIZE) for the GRB050713a and the Mrk501 datasamples, respetively, together with the region whih is left after the SIZE ut. Like in followingplots, the results of all four image leaning algorithms are shown for omparison.In the ase of the distributions obtained with the GRB050713a data, one an see that unfortunately,the ON data sample distribution is shifted with respet to the distribution obtained from the OFFdata sample, ertainly beause of the di�erent disriminator threshold settings. Shown in �gure 15 isalso the distributions obtained from simulated gamma showers with the naively assumed point-spreadfuntion (PSF) of 0.05Æ FWHM (histogram \MC") and another one with the slightly worse PSF of0.07Æ FWHM (histogram \MC (PSF)"). A loss of events at low sizes an be observed if the PSFworsens.Figure 15 shows also a lower gamma eÆieny if the absolute image leaning using thresholds of 10and 5 photo-eletrons is used. As expeted, the eÆieny is highest for the image leaning algorithmsrequiring time oinidenes, espeially if Nepomuk's algorithm is used.Figure 16 shows the distributions of log(SIZE) for the Mrk501 data sample. Here, the ON datasample distributions agree niely with the ones obtained from the OFF data sample, if the data takenwith the lower disriminator thresholds are taken, otherwise a shift is obtained, similar to one observedin �gure 15.The log(SIZE) distributions of both data samples, �gures 15 and 16 show a strange bump between300 and 1000 photo-eletrons, less pronouned with the absolute image leaning using 10 and 5 photo-eletrons. The origin of this bump has not yet been investigated, but should raise some onern.
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Figure 15: Normalized distributions of the parameter log(SIZE) for the various image leaningalgorithms and the GRB050713a data. The blue lines show the uts applied previous to the furtheranalysis: 60 p:e: < SIZE < 400 p:e:. Top left: absolute leaning with levels 10 and 5 photo-eletrons,top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus image leaning using time oinidene.
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Figure 16: Normalized distribution of the parameter log(SIZE) for the various image leaning al-gorithms and the Mrk501 data. The red lines show the uts applied previous to the further analysis:60 p:e: < SIZE < 400 p:e:. Top left: absolute leaning with levels 10 and 5 photo-eletrons, top right:absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaning usingtime oinidene, bottom right: Markus image leaning using time oinidene.



7.2 DIST 257.2 DISTIt is neessary to make a ut on the DIST parameter, mainly beause of an observed higher triggereÆieny for events with a low ALPHA-parameter at the edges of the trigger area of our amera [8℄.Inluding these events would result in an exess of ON - and OFF data at low ALPHA values. Also,events at low DIST annot be reonstruted properly and show almost at alpha-distributions. Frominspetion of the alpha-distributions after preliminary analysis, we onluded that a strong ut onDIST was neessary sine the beginning of the analysis:0:33 < DIST < 0:86 (2)Note that the DIST variable has the units \degree (Æ)". In order to transform what is obtainedfrom the MARS parameter ontainer \MHillasSr.fDist" to DIST , we divided by a fator 297 Æ=m.Figure 17 and 18 show the distribution of the DIST parameter versus the logarithm of SIZE, togetherwith the applied uts for the GRB050713a and the Mrk501 data samples, respetively. One an seethat the uts on DIST remove some of the MC-simulated gamma signal, however relatively muhmore of the ON and OFF data sine the maximim of their DIST distributions lies at a highervalue. It is also learly visible that the mean DIST for the expeted gamma signals is lower using forGRB050713a data than for the Mrk501 data, an e�et of the di�erent zenith angle. For this reason,the �nal (even tighter) uts on DIST will be slightly di�erent for the data samples.
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Figure 17: Distributions of the parameter DIST for the various image leaning algorithms and theGRB050713a data. The red lines show the uts applied previous to the further analysis: 0:33 <DIST < 0:86(Æ). First: absolute leaning with levels 10 and 5 photo-eletrons, seond: absoluteleaning with levels 7 and 4 photo-eletrons, third: Nepomuks image leaning using times, bottom:Markus image leaning using times.
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Figure 18: Distribution of the parameter dist for the various image leaning algorithms and theMrk501 data. The red lines show the uts applied previous to the further analysis: 0:33 < DIST <0:86(Æ). Top: absolute leaning with levels 10 and 5 photo-eletrons, seond: absolute leaning withlevels 7 and 4 photo-eletrons, third: Nepomuks image leaning using times, bottom: Markus imageleaning using times.



7.3 CONC 287.3 CONCWith an energy-dependent ut on the parameter CONC, one an remove the spark events whihotherwise seriously a�et the analysis. Unfortunately, the Monte-Carlo simulated events and the realdata do not always agree too well in the parameter CONC [9℄. We want to show however in thefollowing �gures that we found a way to remove almost all spark events without utting away signal:log(CONC) < 0:65 � 0:45 � log(SIZE) (3)Figures 19 and 20 show the applied ut in the log(CONC) vs. log(SIZE) plane for the GRB050713aand the Mrk501 data, respetively. One an see that almost no (simulated) signal is ut away, butalso hardly any real data events, exept for the branh at the right upper part of the distributionswhih are due to the sparking events.Figure 21 shows the ut applied to the spark events data. Almost all events are removed, either bythe ut on log(CONC) or the one on SIZE.
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Figure 19: Distributions of the parameter log(CONC) for the various image leaning algorithms andthe GRB050713a data. The DIST ut from the previous hapter has already been applied. The redlines show the uts applied previous to the further analysis: log(CONC) < (0:65�(0:45� log(SIZE)).First: absolute leaning with levels 10 and 5 photo-eletrons, seond: absolute leaning with levels 7and 4 photo-eletrons, third: Nepomuk's image leaning using times, bottom: Markus image leaningusing times.



7.3 CONC 30

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

100

200

300

400

500

600

700

800

900

ON DATA  Absolute 10 5

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

500

1000

1500

2000

2500

OFF DATA  Absolute 10 5

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

50

100

150

200

250

300

350

MC GAMMA  Absolute 10 5

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

100

200

300

400

500

600

700

800

ON DATA  Absolute 7 4

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

500

1000

1500

2000

2500

OFF DATA  Absolute 7 4

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

50

100

150

200

250

300

350

400

450

MC GAMMA  Absolute 7 4

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

100

200

300

400

500

600

700

ON DATA  Times-Nepomuk

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

OFF DATA  Times-Nepomuk

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

100

200

300

400

500

MC GAMMA  Times-Nepomuk

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

100

200

300

400

500

600

700

ON DATA  Times

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

200

400

600

800

1000

1200

1400

1600

1800

2000

OFF DATA  Times

log10(SIZE) (p.e.)
1 1.5 2 2.5 3 3.5 4

lo
g

10
(C

O
N

C
)

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-0

0

50

100

150

200

250

300

350

400

MC GAMMA  Times

Figure 20: Distribution of the parameter log(CONC) for the various image leaning algorithms andthe Mrk501 data. The DIST ut from the previous hapter has already been applied. The red linesshow the uts applied previous to the further analysis: log(CONC) < (0:65 � (0:45 � log(SIZE)).Top: absolute leaning with levels 10 and 5 photo-eletrons, seond: absolute leaning with levels 7and 4 photo-eletrons, third: Nepomuk's image leaning using times, bottom: Markus image leaningusing times.
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Figure 21: Distribution of the parameter log(CONC) for the dediated spark event runs. Theblue lines show the uts applied for the GRB050713a and Mrk501 data samples: log(CONC) <(0:65� (0:45 � log(SIZE)). Top left: absolute leaning with levels 10 and 5 photo-eletrons, top right:absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaning usingtimes, bottom right: Markus image leaning using times. With this uts almost all spark events areremoved form the data.



7.4 Further Cuts 327.4 Further CutsThe following ouple of uts are either standard uts or do not remove any (simulated) signal suhthat we simply state them in the following list. As we are interested only in low-energy events, wealready set a ut on the LEAKAGE parameter and further proven standard quality uts:LEAKAGE < 0:01 (4)CORE PIXELS > 1 (5)ISLANDS < 4 (6)7.5 Cut EÆieniesTables 4 and 5 list the seletion eÆienies for all leaning steps applied until now. In general,Nepomuk's image leaning algorithm yields the best eÆieny for the Monte-Carlo simulated gammasamples, followed by Markus' algorithm and the absolute leaning with levels 7 and 4. More thanabout half the triggered gamma events do not enter the further analysis, mainly beause of the utsin SIZE.The hadron samples (OFF Data and ON Data) yield slightly higher eÆienies, also due to the utsin SIZE. Important is the mathing of eÆienies between OFF and ON data, whih is the ase forthe absolute leaning with levels 7 and 4 and Markus' algorithm, a bit less for Nepomuk's algorithmand worst for the absolute leaning with levels 10 and 5. Curiously, the mathing is better for theGRB05013a data samples than for the Mrk501 data sets.In the last row of table 4, the ut eÆieny for the spark runs is shown: The last ut on log(on)e�etively removes all sparking events. For the absolute leaning algorithms, only one event remains,in Markus' algorithm two events and in Nepomuk's one �ve spark events. From these numbers, weonsider the ut in log(on) eÆient enough to remove the sparking events.
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Seletion EÆienies GRB050713aImage MC MC OFF ON SparksCleaning gammas gammas Data Data DataAlgorithm PSF=0:05Æ PSF=0:07ÆTotal events 61042 53571 571414 258250 564Event surviving Image CleaningAbs 10 5 0.59 0.50 0.81 0.86 0.97Abs 7 4 0.87 0.79 0.93 0.93 0.98Nepomuk 0.98 0.97 0.95 0.97 0.91Markus 0.91 0.90 0.91 0.91 0.99Event surviving after SIZE utAbs 10 5 0.39 0.34 0.56 0.61 0.15Abs 7 4 0.49 0.46 0.63 0.64 0.13Nepomuk 0.50 0.51 0.63 0.66 0.15Markus 0.58 0.58 0.63 0.63 0.15Event surviving after all pre-utsAbs 10 5 0.37 0.32 0.50 0.56 0.002Abs 7 4 0.47 0.44 0.57 0.58 0.002Nepomuk 0.47 0.48 0.55 0.59 0.009Markus 0.54 0.55 0.52 0.53 0.004Table 4: Seletion eÆienies for the GRB050713a data samples



7.5 Cut EÆienies 34
Seletion EÆienies Mrk501Image MC OFF OFF OFF ON ONCleaning gammas Data Data Data Data DataAlgorithm 29/06 02/07 08/07 DT=32 DT=40Total events 122850 272040 344819 218245 263812 451979Event surviving Image CleaningAbs 10 5 0.52 0.78 0.85 0.83 0.84 0.93Abs 7 4 0.81 0.90 0.97 0.96 0.95 0.98Nepomuk 0.98 0.93 0.99 0.99 0.97 0.99Markus 0.90 0.89 0.96 0.96 0.93 0.97Event surviving size-utAbs 10 5 0.34 0.55 0.60 0.57 0.59 0.68Abs 7 4 0.44 0.61 0.67 0.65 0.65 0.70Nepomuk 0.48 0.66 0.71 0.71 0.69 0.68Markus 0.56 0.62 0.67 0.67 0.65 0.67Event surviving pre-utsAbs 10 5 0.26 0.38 0.41 0.40 0.41 0.48Abs 7 4 0.34 0.42 0.45 0.44 0.44 0.49Nepomuk 0.37 0.44 0.47 0.47 0.46 0.46Markus 0.42 0.38 0.41 0.40 0.40 0.42Event surviving �nal utsAbs 10 5 0.20 0.20 0.22 0.00 0.22 0.25Abs 7 4 0.26 0.18 0.19 0.19 0.19 0.21Nepomuk 0.36 0.16 0.17 0.18 0.18 0.18Markus 0.27 0.13 0.14 0.14 0.13 0.14Event surviving �nal uts and alpha<15Abs 10 5 0.15 0.03 0.04 0.00 0.04 0.05Abs 7 4 0.19 0.03 0.03 0.03 0.03 0.04Nepomuk 0.23 0.03 0.03 0.03 0.03 0.03Markus 0.20 0.02 0.02 0.02 0.02 0.03Table 5: Seletion eÆienies for the Mrk501 data samples



7.6 SIZE after pre-uts 357.6 SIZE after pre-utsFigure 22 shows the distributions of log(SIZE) for the GRB050713a data sample after all pre-uts.One an see that the ON data sample distribution remains shifted with respet to the distributionobtained from the OFF data sample. Looking at the distributions obtained from simulated gammashowers with the point-spread funtion (PSF) of 0.05Æ FWHM (histogram \MC") and the other onewith the slightly worse PSF of 0.07Æ FWHM (histogram \MC (PSF)"), one observes a loss of eventsat low sizes for the simulation using the worse PSF, but no general shift towards higher sizes. Thesetwo distributions agree well above about 100 photo-eletrons, in the ase of Nepomuk's image leaning,they agree even well below 100 photo-eletrons. From these observations, it seems rather unlikely thatthe di�erene in PSF is a reason for the disagreement between the ON and the OFF data sample. Wetend to attribute it entirely to the di�erene in disriminator thresholds. Note also the big di�erenein the shift between Nepomuk's and Markus's image leaning algorithm. This disrepany is still notunderstood and requires further investigation.In �gure 22, one an see even more the lower gamma eÆieny for the absolute image leaning usingthresholds of 10 and 5 photo-eletrons. Again, the eÆieny is highest for the image leaning algorithmsrequiring time oinidenes, espeially for Markus algorithm.Figure 23 shows the distributions of log(SIZE) for the Mrk501 data sample after all pre-uts. Hereagain, the ON data sample distributions agree well with the ones obtained from the OFF data sample.Also, the relative eÆienies agree very well between ON and OFF sample. Again here however, thisagreement applies only for the ON -data taken before the raise of the disriminator thresholds. If theentire ON sample is taken, a similar piture as in �gure 22 is obtained.
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Figure 22: Normalized distributions of the parameter log(size) for the various image leaning algo-rithms and the GRB050713a data after pre-uts. Top left: absolute leaning with levels 10 and 5photo-eletrons, top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepo-muk's image leaning using times, bottom right: Markus image leaning using times.
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Figure 23: Normalized distribution of the parameter log(size) for the various image leaning algo-rithms and the Mrk501 data after pre-uts. Top left: absolute leaning with levels 10 and 5 photo-eletrons, top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk'simage leaning using times, bottom right: Markus image leaning using times.



7.7 Center of Gravity after pre-uts 387.7 Center of Gravity after pre-utsThe Center-of-gravity (C.o.G.) is good measure for the homogeneity of the amera response. Figures 24show the C.o.G. obtained from the GRB050713a data for various data samples: The MC simulatedgamma events (left), the ON data (enter) and the OFF data (right) for three di�erent image leaningalgorithms (top to bottom).Generally, a void an be seen at the lower right edge and the right edge of the amera, as alreadynoted in the previous hapters. The absolute image leaning shows additionally a void at the upperright edge of the amera. At the left side of the amera and at some smaller spots towards the enterof the amera, lear exesses are observed with all image leaning algorithms. The reason for thisnon-uniformity is still unlear. However, these exesses appear more pronouned if one of the timeimage leaning algorithms is used and for the ON data. We found out that the inhomogeneities appearabove all at low energies, whih explains partly the inreased sensitivity of the time image leaningstowards them. Moreover, we note that the inhomogenities do not oinide at all with the trigger elltiming o�sets observed in [5℄.
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Figure 24: The C.o.G., obtained from the GRB050713a data after pre-uts. Left: Simulated gammashowers, enter: ON data, right: OFF data. Top: Absolute 7 4 image leaning, enter: Nepomuk'salgorithm, bottom: Markus' algorithm.



8 Random Forest Analysis 408 Random Forest AnalysisThe next step onsists in the alulation of the HADRONNESS parameter using the Random Forestalgorithm [11℄. The algorithm onsists in a training proedure and a subsequent appliation of thetrained algorithm onto the data. A similar approah an be used for the estimation of the showerenergy. In order to avoid biases, the simulated gamma sample was therefore divided into three samples:One training sample for the HADRONNESS parameter, one training sample for the ENERGYparameter and one test sample for all later analysis.As we wanted to perform an analysis based on the ALPHA distribution (the \Alpha Analysis")and a seond one using the DISP -algorithm (the \Disp Analysis"), we had to train and apply theRandom Forest matries twie: One using soure-dependent parameters (for the \Alpha Analysis")and another time exluding soure-dependent parameters (for the \Disp Analysis").The following variables were used for both analyses:� SIZE� WIDTH� LENGTH� CONC� CONC4For the \Alpha Analysis", additionally the two soure-dependent parameters were used:� DIST� sign(os(DELTA �ALPHA))*M3LONG8.1 Mrk501 dataFigures 25 to 30 show the distributions of the used parameters for the four tested image leaningalgorithms. One an see that in general, there are quite remarkable di�erenes between the di�erentleaning algorithms, however the distributions agree very well between the two ON data samples andthe OFF sample, exept for some absolute normalization in the ase of the absolute image leanings.An exeption to the good agreement an be found in the parameters CONC and CONC4 where slightdisagreements between the two ON samples are found. However, ON and OFF data taken with thesame disriminator threshold settings agree well. For this reason, we found that the OFF data (whihwas used for the Random Forest training) was suÆiently well desribed by these two parameters suhthat the resulting Random Forest matries ould be later applied to at least the �rst part of the ONdata.Figure 31 shows the mean derease in Gini index, obtained from the di�erent optimizations. Thatvariable is a measure of the eÆieny that the given ut parameter obtains in rejeting bakgroundif the other ut parameters are present. One an see that the parameter LENGTH results to bethe strongest ut parameter for the absolute image leaning. If time image leanings are used, theparameter CONC4 results to be the most eÆient. From �gure 31, one an also dedue that thedi�erenes in HADRONNESS between the \Alpha Analysis" and the \Disp Analysis" will be rathersmall sine the importane of the two parameters DIST and M3LONG is very small.
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Figure 25: Normalized distributions of the parameter WIDTH for the various image leaning algo-rithms and the Mrk501 data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, topright: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 26: Normalized distributions of the parameter LENGTH for the various image leaningalgorithms and the Mrk501 data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, topright: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 27: Normalized distributions of the parameterDIST for the various image leaning algorithmsand the Mrk501 data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, top right:absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaning usingtime oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 28: Normalized distributions of the parameter M3LONG for the various image leaningalgorithms and the Mrk501 data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, topright: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 29: Normalized distributions of the parameter CONC for the various image leaning algo-rithms and the Mrk501 data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, topright: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 30: Normalized distributions of the parameter CONC4 for the various image leaning algo-rithms and the Mrk501 data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, topright: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 31: Mean derease in Gini index for every parameter used by the Random Forest training of theMrk501 data. On the left side, the parameters used for the \Alpha Analysis" are shown, on the rightside, only those used for the \Disp Analysis". The values are proportional to the relative importane ofthe parameter in the rejetion of the bakground. The di�erent image leaning algorithms orrespondto: Top: absolute leaning with levels 7 and 4 photo-eletrons, enter: Nepomuk's image leaningusing time oinidene, bottom: Markus's image leaning using time oinidene.



8.2 GRB050713 data 458.2 GRB050713 dataFigures 32 to 37 show the distributions of the used parameters for the four tested image leaningalgorithms, displaying ON and OFF data and the simulated gammas with two point spread funtions.Apart from the onlusions drawn from the Mrk501 data, one an see that three parameters show asizeable dependeny on the point spread funtion:� WIDTH� CONC� CONC4The CONC and CONC4 parameter show moreover a dependeny on the disriminator threshold.For this reason, the Random Forest training was not performed taking the OFF data as bakground,but instead the last four runs of the ON data! We believe that this deision introdues less biases thantaking a very deviating OFF data sample. Our approah was justi�ed later when it beame lear thatno signal was deteted in the last four runs. Beause the eÆieny of bakground rejetion lies faraway from 100%, a possible small signal there, possibly overlooked due to the bias introdued by thisproedure would not have been able to bias the Random Forest training onsiderably. Due to the lakof suh a bias, in ontrary, an overlooked signal annot be large. We did not have time to quantifythis reasoning, maybe the Random Forest experts an help to do so...Figure 38 shows the mean derease in Gini index, obtained from the di�erent optimizations usingthe better point spread funtion (PSF = 0:05Æ�), while the same variables shown in �gure 39 wereobtained using the worse point spread funtion (PSF = 0:07Æ�). That variable is a measure of theeÆieny that the given ut parameter obtains in rejeting bakground if the other ut parameters arepresent. One an see that the parameter LENGTH results to be the strongest ut parameter for theabsolute image leaning. If time image leanings are used, the parameter CONC4 results to be themost eÆient. Comparing the eÆieny of the WIDTH parameter against the one of the LENGTHparameter between the two simulations using di�erent point spread funtions, one an see that theorder gets inversed: If the worse PSF is used, the importane of the WIDTH parameter inreases.As already onluded from the Mrk501 analysis, the importane of the parametersDIST andM3LONGis very low. We therefore onlude that the di�erenes in HADRONNESS between the \Alpha Anal-ysis" and the \Disp Analysis" will be rather small.The preision of the reonstruted energy an be estimated from �gure 40 for both values of the pointspread funtion and two bins of reonstruted energy. One an see that the degradation of the energyresolution due to the use of the worse PSF is negligible. We obtain a global energy resolution ofabout 34% for the bin ranging from 100GeV to 200GeV and about 28% from 200GeV to 500GeV,respetively using Nepomuk's image leaning.
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Figure 32: Normalized distributions of the parameter WIDTH for the various image leaning algo-rithms and the GRB050713a data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, topright: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 33: Normalized distributions of the parameter LENGTH for the various image leaningalgorithms and the GRB050713a data. Top left: absolute leaning with levels 10 and 5 photo-eletrons,top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 34: Normalized distributions of the parameterDIST for the various image leaning algorithmsand the GRB050713a data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, top right:absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaning usingtime oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 35: Normalized distributions of the parameter M3LONG for the various image leaningalgorithms and the GRB050713a data. Top left: absolute leaning with levels 10 and 5 photo-eletrons,top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 36: Normalized distributions of the parameter CONC for the various image leaning algo-rithms and the GRB050713a data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, topright: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 37: Normalized distributions of the parameter CONC4 for the various image leaning algo-rithms and the GRB050713a data. Top left: absolute leaning with levels 10 and 5 photo-eletrons, topright: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk's image leaningusing time oinidene, bottom right: Markus's image leaning using time oinidene.
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Figure 38: Mean derease in Gini index for every parameter used by the Random Forest training ofthe GRB050713a data, using a PSF of 0:05Æ�. On the left side, the parameters used for the \AlphaAnalysis" are shown, on the right side, only those used for the \Disp Analysis". The values areproportional to the relative importane of the parameter in the rejetion of the bakground. Thedi�erent image leaning algorithms orrespond to: Top: absolute leaning with levels 7 and 4 photo-eletrons, enter: Nepomuk's image leaning using time oinidene, bottom: Markus's image leaningusing time oinidene.
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Figure 39: Mean derease in Gini index for every parameter used by the Random Forest training ofthe GRB050713a data, using a PSF of 0:07Æ�. On the left side, the parameters used for the \AlphaAnalysis" are shown, on the right side, only those used for the \Disp Analysis". The values areproportional to the relative importane of the parameter in the rejetion of the bakground. Thedi�erent image leaning algorithms orrespond to: Top: absolute leaning with levels 7 and 4 photo-eletrons, enter: Nepomuk's image leaning using time oinidene, bottom: Markus's image leaningusing time oinidene.
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Figure 40: Distributions of the reonstruted energy vs. the true energy of gamma showers, simulatedfor the GRB050713a data, leaned with Nepomuk's image leaning and approximate �nal uts applied(HADRONNESS < 0:6). On the left side, the parameters obtained with a point spread funtion ofPSF = 0:05Æ� are shown, on the right side with PSF = 0:07Æ�. Top: Reonstruted energy vs. trueenergy, enter: Energy resolution �E = Ere�EtrueEtrue for the bin 100GeV < Ere < 200GeV, bottom:Energy resolution �E = Ere�EtrueEtrue for the bin 200GeV < Ere < 500GeV.



8.3 Tests of the Parameters used for the RF training 528.3 Tests of the Parameters used for the RF trainingIn the following, we test how well the parameters used for the RF training are reprodued by the MC.For this reason, we separate a rather lean gamma sample from the Mrk501 data, using the followingtest uts: ISLANDS < 2LEAKAGE < 0:0050:45 < DIST < 0:78SIZE > 90120 < ENERGY < 200HADRONNESS < 0:08 for absolute leaningsHADRONNESS < 0:13 for Nepomuk0s leaningHADRONNESS < 0:2 for Markus0 leaningALPHA < 10: for absolute leaningsALPHA < 18: for Nepomuk0s leaningALPHA < 15: for Markus0 leaning (7)These hoies provide us with gamma samples at rather low energy, ontaminated by less than 15%hadrons. In the following, the variables used for the RF training, were plotted and a Kolmogorov-Smirnov (KS) test applied between the MC simulated gamma distribution and the ON distribution,subtrated with the OFF data distribution. Figures 41 to 46 show the results. Within the limitedstatistis whih provide this sample, all distributions agree well, i.e. the KS probability is larger than10%, exept for the variables CONC and CONC4 in ombination with the absolute image leaningusing 7 and 4 photo-eletrons as thresholds (Prob KS < 0.1% and < 1.8% for CONC and CONC4,respetively) and Markus algorithm (Prob KS = 3% for CONC and <1.7% for CONC4). On analso note a lear shift of these distributions w.r.t. the one predited from the MC simulated gammashowers.We onlude that some aution has to be used with the results oming from the absolute 7 4 and Markusimage leaning beause some of the bakground rejetion may have been a�eted by a systematidi�erene between MC and real data. Nepomuk's algorithm seems to be un-a�eted, at least withinthe sope of this small test.
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Figure 41: Normalized distributions of the parameter WIDTH for the various image leaning al-gorithms and a gamma-enrihed Mrk501 data sample.. Top left: absolute leaning with levels 10and 5 photo-eletrons, top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left:Nepomuk's image leaning using time oinidene, bottom right: Markus image leaning using timeoinidene.
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Figure 42: Normalized distributions of the parameter LENGTH for the various image leaningalgorithms and a gamma-enrihed Mrk501 data sample. Top left: absolute leaning with levels 10and 5 photo-eletrons, top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left:Nepomuk's image leaning using time oinidene, bottom right: Markus image leaning using timeoinidene.
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Figure 43: Normalized distributions of the parameterDIST for the various image leaning algorithmsand a gamma-enrihed Mrk501 data sample. Top left: absolute leaning with levels 10 and 5 photo-eletrons, top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left: Nepomuk'simage leaning using time oinidene, bottom right: Markus image leaning using time oinidene.
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Figure 44: Normalized distributions of the parameter M3LONG for the various image leaningalgorithms and a gamma-enrihed Mrk501 data sample. Top left: absolute leaning with levels 10and 5 photo-eletrons, top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left:Nepomuk's image leaning using time oinidene, bottom right: Markus image leaning using timeoinidene.
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Figure 45: Normalized distributions of the parameter CONC for the various image leaning al-gorithms and a gamma-enrihed Mrk501 data sample. Top left: absolute leaning with levels 10and 5 photo-eletrons, top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left:Nepomuk's image leaning using time oinidene, bottom right: Markus image leaning using timeoinidene.
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Figure 46: Normalized distributions of the parameter CONC4 for the various image leaning al-gorithms and a gamma-enrihed Mrk501 data sample. Top left: absolute leaning with levels 10and 5 photo-eletrons, top right: absolute leaning with levels 7 and 4 photo-eletrons, bottom left:Nepomuk's image leaning using time oinidene, bottom right: Markus image leaning using timeoinidene.



9 Alpha Analysis 599 Alpha AnalysisAt the beginning of the ALPHA-analysis, two uts were re-infored with respet to the values set inthe previous analysis step: ISLANDS < 2 (8)LEAKAGE < 0:005 (9)These uts were found to inrease the signi�anes and are not explained in more detail here. Inpriniple, it would have been more eÆient to introdue these uts already before the training of therandom forest. However, as we were not ompletely sure about them, we needed a slightly largersample for more detailed investigations. In the future, these uts should be moved to the pre-uts.
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Figure 47: Event rates after very loose uts on HADRONNESS and ALPHA, shown in bins of30 seonds. Top: Nepomuk's image leaning, bottom: Markus' image leaning. On the left side, theHADRONNESS has been trained using simulated gamma showers and a PSF of 0.05Æ�, on the rightside a PSF of 0.07Æ� was used. All four distributions were �tted to a straight line from after the dropat T = 10:5min. to the end. The �t result is shown as red line (and drawn from T = 0 on).With the resulting sample and very loose uts on HADRONNESS < 0:8 and ALPHA < 30:, weplotted the rates, as shown in �gure 47. One an observe a global derease in event rate for bothshown image leanings and used point-spread funtions to train the HADRONNESS. Additionally,



9 Alpha Analysis 60the drop in event rate at T � 10:5min. an be seen in all four plots whih was due to a stop ofdata taking. Only the last plot, obtained with Markus' image leaning and a PSF of 0:07Æ� showstwo evident features: A drop at the beginning of the observation and another rise between 15 and 20minutes. These two features were not found bak in the later analysis.For the subsequent analysis, an additional ut on SIZE was applied:SIZE > 90 (10)This ut follows from inspetion of the data with sizes between 60 and 90 photo-eletrons and theonlusion that their ontributions lead to suh a widening of the ALPHA-distributions that theresults do not look plausible enough any more, even if the signi�anes rise somewhat. In the future,a more detailed inspetion of this sample may eventually lead to their inlusion, but we deided toleave them out for the moment for larity reasons.Two more uts are set on the DIST and the HADRONNESS parameters. These uts, in turn,had to be hosen with speial are. Figure 49 shows the distribution of the parameter DIST , plottedagainst the parameter ALPHA, obtained with the di�erent image leaning algorithms and for di�erentdata samples. One an see that unfortunately, all image leaning algorithms result in a struturedALPHA-distribution for real data above DIST � 0:8. Even worse, the strutures appear slightlydi�erent between ON and OFF data samples. In order to obtain data samples whih are in �rst orderun-a�eted by this e�et, we applied a rather strong ut on DIST :0:45 < DIST < 0:78 (Mrk501 data) (11)0:42 < DIST < 0:75 (GRB050713a data) (12)Furthermore, the analysis was split into the following bins of reonstruted energy (ENERGY ). Forthe Mrk501 data, the following bins were hosen:1. 45 GeV < ENERGY < 75 GeV2. 60 GeV < ENERGY < 100 GeV3. 100 GeV < ENERGY < 150 GeV4. 150 GeV < ENERGY < 300 GeVBins nr. 2{4 orrespond to onseutive energy bins ontaining more or less the same number of eventswhile bin nr. 1 is an attempt to push the energy limit to the absolute minimum.The GRB050713a data was analysed in two bins:1. 100 GeV < ENERGY < 200 GeV2. 200 GeV < ENERGY < 500 GeVAbove 500GeV, no event survived the SIZE ut of the previous data redution step.
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Figure 48: Distributions of the parameters DIST vs. ALPHA for the various image leaning al-gorithms and the GRB050713a data. Top: absolute leaning with levels 7 and 4 photo-eletrons,enter: Nepomuks image leaning using time oinidene, bottom: Markus image leaning using timeoinidene. The red lines indiate the �nal uts on DIST .



9.1 Optimizing Cut on HADRONESS 629.1 Optimizing Cut on HADRONESSFigure 49 shows the distributions of the parameter HADRONNESS for the GRB050713a data,obtained with the di�erent image leaning algorithms and the two di�erent samples of gamma showers,simulated with di�erent point spread funtions. One an see a rather good overall agreement betweenON and OFF data. Moreover, the algorithms using the time information seem to yield a betterseparability between the gamma- and hadron- samples. The e�et of the worsening of the PSF israther large if the absolute image leaning is used and smaller in ase that one of the time imageleanings (however still present).In the following, the ut on HADRONNESS was hosen separately for eah bin in ENERGY andeah image leaning algorithm with the following proedure:1. Determine the ut value on ALPHA by �tting the simulated gamma distribution with a Gaus-sian. Figure 50 gives examples of suh �ts. One an see that the width of the ALPHA distri-bution depends slightly on the energy range. The ut value ALPHAut was hosen to be 2.5times the sigma of the Gaussian.2. Test signi�anes (Li&Ma, form. 5) were alulated sanning the uts on HADRONNESSfrom 0 to 1, identifying the following variables:� The number of exess events Nex with the number of remaining simulated gamma events,saled down by a onstant fator Fsale.� The number of bakground events in the signal region Nbg with the number of remainingOFF events, multiplied with ALPHAut=90.� The normalization fator with the number of ON events divided by the number of OFFevents before any uts.This proedure works if the following onditions are met:� Almost the entire signal is ontained between ALPHA = 0 and ALPHA = ALPHAut.This ondition is met automatially by the fat that the gamma events are indeed dis-tributed as a Gaussian around ALPHA = 0.� A at distribution of ALPHA for the OFF data suh that the number of bakgroundevents in the signal region is estimated orretly. This ondition is almost always metbeause of the tight uts applied in DIST .� The number of ON data before uts inHADRONNESS and ALPHA is muh larger thanafter suh that a possible signal does not modify signi�antly the estimated normalizationfator.� ON and OFF data are distributed equally in HADRONNESS suh that the estimatednormalization fator does not hange during the san through uts in that variable.� The number of exess events mathes more or less the expeted signal. This ondition is metby hoosing the signal sale fator Fsale suh that the obtained maximum test signi�aneis about 5�. In priniple, theHADRONNESS positionHut of the maximum signi�aneSmax is in �rst order independent from the total gamma ux, if the expeted signal is weak,sine:
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Figure 49: Distributions of the parameter HADRONESS for the various image leaning algorithmsand the GRB050713A data. Top: absolute leaning with levels 7 and 4 photo-eletrons, enter: Nepo-muk's image leaning using time oinidene, bottom: Markus image leaning using time oinidene.On the left side, the Random Forest was trained with the simulated gamma showers and the betterPSF (0.05Æ�), one the right side the worse PSF was used (0.07Æ�).



9.2 Results Mrk501 Data 64�S�Hut = ��Hut Fsale �NexpFsale �Nex +  �Nbg + 2 �Nbg�! Fsale � �SjF=1�Hut for Fsale �Nex �  �Nbg (13)With an approximate hoie of Fsale, we eliminate an error in seond order already.Figure 51 gives an example of suh a dependeny of the signi�ane on a ut on the parameterHADRONNESS for the two bins in ENERGY , obtained from simulated gamma signals andusing the ON -data only to ompute the normalization fator between ON and OFF -data. Itis important to note that this proedure is ompletely unbiased with respet to utuations ofthe ON data; a very important harateristi for dealing with small or no signals at all.3. Last, the position of the maximum is taken as ut value on HADRONNESS for all samples,inluding the ON data.With this proedure, individual ut values on HADRONNESS were obtained for every bin inENERGY and every image leaning algorithm, in the ase of the GRB050713a data, the uts alsodi�er aording to the investigated ON data duration.
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Figure 50: Distributions of ALPHA, obtained from simulated gammas with the Nepomuk's imageleaning, for the uts on HADRONESS obtained for the prompt emission phase of GRB050713a.The left plots orrespond to the 100 to 200 GeV slies in reonstruted ENERGY , the right plots to200 to 500 GeV. Top: The better PSF (0.05Æ�), bottom: the worse PSF (0.07Æ�).9.2 Results Mrk501 DataFigures 53 through 55 show the resulting ALPHA-plots in the di�erent bins of reonstruted energy(\ENERGY ") with the alulated signi�anes (Li&Ma, form. 17) using ON and OFF -data. Table 6
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Figure 51: Signi�ane (Li&Ma, form. 5), obtained from simulated gammas, for di�erent uts onHADRONESS obtained with the Nepomuk's image leaning The left plots orrespond to the 100 to200 GeV slies in reonstruted ENERGY , the right plots to 200 to 500 GeV. Top: The better PSF(0.05Æ�), bottom: the worse PSF (0.07Æ�).



9.2 Results Mrk501 Data 66lists the results. One an see that at energies above 100GeV, the di�erent image leaning algorithmsyield equivalent results, exept for Nepomuk's algorithm whih results in a lower signi�ane between100 and 150GeV. This may be due to a statistial utuation of the OFF data between ALPHA = 10Æand ALPHA = 20Æ. Below 100GeV, the image leaning algorithms using times yield better results,however the absolute leaning with thresholds of 7 and 4 photo-eletrons still produe aeptablesigni�anes. It seems, that Markus' algorithm yields the \leanest" distribution in ALPHA, althoughthis riterium should not be taken too serious sine the signal is always a�eted by strong statistialutuations.Figure 52 shows the distribution of the simulated gamma shower energies for the four bins in re-onstruted energy, exemplary for Nepomuk's image leaning. One an see that a mean energy of61GeV is obtained in the lowest energy bin, marginally deteted with 3.9�. However, the signal inthe subsequent bin is deteted signi�antly well above 5� at a mean energy of 78GeV. We stressthat all numbers on Mrk501 an be improved easily if the OFF data statistis is inreased, the datais abundantly available sine the telesope onditions did not hange during the entire June and thebeginning of July, 2005.The distribution of e�etive areas for one representative image leaning is shown in �gure 56. Wedid not perform any unfolding and subsequent alulation of spetra whih is out of the sope of thissmall work on GRB050713a. However, one an already see well the e�et of the time image leaningonto the e�etive areas in the lowest energy bin: Using e.g. Nepomuk's leaning more than doublesthe e�etive area below 75GeV w.r.t. the absolute image leaning with 7 and 4 photo-eletrons.Conluding this hapter, we have shown to be able to extrat a detetable signal wellbelow 80GeV from only one hour of Mrk501 are data with our analysis.
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Figure 52: Distributions of the simulated MC energy for the Mrk501 data, obtained with Nepomuk'simage leaning and all uts applied. The four plots orrespond to 4 slies of the ENERGY parameters:45 to 75, 60 to 100, 100 to 150 and 150 to 300 GeV reonstruted energy.
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Figure 53: Distributions of the parameter ALPHA for the Mrk501 data, obtained with the absoluteimage leaning using 7 and 4 photo-eletrons. The four plots orrespond to 4 slies of the ENERGYparameters: 45 to 75, 60 to 100, 100 to 150 and 150 to 300 GeV reonstruted energy.
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Figure 54: Distributions of the parameter ALPHA for the Mrk501 data, obtained with the Nepo-muk's time image leaning. The four plots orrespond to 4 slies of the ENERGY parameters: 45 to75, 60 to 100, 100 to 150 and 150 to 300 GeV reonstruted energy.
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Figure 55: Distributions of the parameter ALPHA for the Mrk501 data, obtained with the Markus'time image leaning. The four plots orrespond to 4 slies of the ENERGY parameters: 45 to 75, 60to 100, 100 to 150 and 150 to 300 GeV reonstruted energy.
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Image Reonst. ut ut Number Sign. Mean Coll.Cleaning Energy HADR:� alpha Exess Li MC Area atMethod Range NESS Events Ma Energy < E >(GeV) (Æ) (GeV) 108 (m2)Abs. 10 5 45 - 75 0.82 27 140 � 92 1.5 71 0.160 - 100 0.80 25 702 � 179 3.9 84 0.7100 - 150 0.59 20 567 � 110 5.1 120 1.4150 - 300 0.33 16 318 � 36 8.7 182 1.4Abs. 7 4 45 - 75 0.69 26 368 � 106 3.5 68 0.360 - 100 0.70 24 816 � 171 4.8 80 1.2100 - 150 0.61 20 553 � 105 5.2 120 1.5150 - 300 0.30 17 260 � 19 8.9 178 1.3Nepomuk 45 - 75 0.53 31 424 � 112 3.8 61 0.860 - 100 0.58 26 745 � 134 5.5 78 1.3100 - 150 0.54 22 280 � 97 2.9 124 1.5150 - 300 0.23 19 126 � 18 7.1 175 0.7Markus 45 - 75 0.55 25 335 � 84 4.0 65 0.660 - 100 0.58 23 583 � 119 4.9 78 1.2100 - 150 0.56 19 450 � 83 5.4 122 1.5150 - 300 0.34 16 168 � 20 8.3 177 0.9Table 6: Results of the ALPHA-analysis for the Mrk501 data.
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Figure 56: Distributions of the e�etive area for the Mrk501 data, obtained with the Nepomuk'stime image leaning and all uts applied. The four plots orrespond to 4 slies of the ENERGYparameters: 45 to 75, 60 to 100, 100 to 150 and 150 to 300 GeV reonstruted energy.



9.3 Results GRB050713a Data 699.3 Results GRB050713a DataThe GRB050713a data was analyzed in four ways:1. Taking the �rst 90 s of observation whih orrespond to the prompt emission phases in eitherthe BAT and/or the XRT instrument on SWIFT. The remaining six runs (starting at about 7.7min after start) as OFF data.2. Taking the �rst three runs (about 16min) as ON data and the rest as OFF data.3. Taking the entire ON data, ompared with the OFF data taken two days later.4. Searhing in time bins of 100 s ON data, using the data outside the orresponding time bin asOFF data.After applying all the previously explained analysis steps, none of these four searhes showed a sig-ni�ant exess over bakground. For this reason, upper limits were plaed starting from the observednumber of exess events and the number of bakground events in the same \signal" region of the alphadistribution. In order to determine the 99%CL upper limit on the number of events in eah energybin, we followed the approah outline in [10℄. In a later hapter, the derivation of the averaged e�etiveareas and the di�erential and integral upper limits will be shown.9.3.1 Prompt emission phaseAfter determining the uts on HADRONNESS and ALPHA, energy thresholds of 150GeV (for thelower bin in reonstruted energy) and 280GeV (for the upper bin) were obtained (see �gure 57).Figures 58 and 59 show the resulting ALPHA-plots in the di�erent bins of reonstruted energy(\ENERGY ") with the alulated signi�anes (Li&Ma, form. 17) using ON and OFF -data andNepomuk's and Markus' image leaning, respetively. No signal an be seen in neither of the twoenergy bins.All results of the analysis on the prompt emission phase are summarized in table 7. The obtainedsigni�anes vary around zero, never exeeding 1.5 �. Like in the ase of the Mrk501 data, Nepomuk'salgorithm yields the lowest threshold, followed by Markus' one. The highest e�etive olletion areais also obtained with Nepomuk's algorithm (for the derivation see hapter 9.4), again followed byMarkus' leaning.
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Figure 57: Distributions of the simulated MC energy for the prompt emission phase of GRB050713a,obtained with Nepomuk's image leaning and all uts applied. The four plots orrespond to two sliesof the ENERGY parameters: Left: 100 to 200 GeV and right: >200 GeV reonstruted energy; Top:with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 58: Distributions of the parameter ALPHA for the 90 s of the prompt GRB emission, obtainedwith the Nepomuk's time image leaning. The four plots orrespond to two slies of the ENERGYparameters: Left: 100 to 200 GeV and right: >200 GeV reonstruted energy; Top: with uts opti-mized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�. The red line indiates the region where apossible signal is expeted.



9.3 Results GRB050713a Data 72

alpha
0 10 20 30 40 50 60 70 80 90

en
tr

ie
s

0

2

4

6

8

10

12

14

16

18

20

22

24

σSignificance: -0.4 

100 GeV < ENERGY < 200 GeV

alpha
0 10 20 30 40 50 60 70 80 90

en
tr

ie
s

0

2

4

6

8

10

12

14

16

18

20

σSignificance: -0.3 

200 GeV < ENERGY < 500 GeV

alpha
0 10 20 30 40 50 60 70 80 90

en
tr

ie
s

0

2

4

6

8

10

σSignificance: -0.5 

100 GeV < ENERGY < 200 GeV

alpha
0 10 20 30 40 50 60 70 80 90

en
tr

ie
s

0

2

4

6

8

10

12

14

16

18

σSignificance: -0.2 

200 GeV < ENERGY < 500 GeV

Figure 59: Distributions of the parameter ALPHA for the 90 s of the prompt GRB emission, obtainedwith the Markus' time image leaning. The four plots orrespond to two slies of the ENERGYparameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy; T Top: withuts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�. The red line indiates the regionwhere a possible signal is expeted.
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Image Reonst. ut ut Ex- Sign. U.L. Mean Coll. MeanCleaning Energy hadr.- alpha ess Li Exess E Area Coll.Method Range ness Evts Ma Evts MC at < E > Area(GeV) (Æ) (99% CL) (GeV) (108 m2) (108 m2)Abs. 7 4 100 - 200 0.58 23 -2 -0.2 24 173 1.8 1.2(PSF= 0.05Æ�) 200 - 500 0.46 16 -2 -0.3 20 288 5.5 5.5Abs. 7 4 100 - 200 0.36 30 -3 -0.6 13 184 1.0 0.9(PSF= 0.07Æ�) 200 - 500 0.34 21 -24 -3.2 17 289 7.2 5.4Nepomuk 100 - 200 0.52 26 15 1.3 43 150 3.0 2.2(PSF= 0.05Æ�) 200 - 500 0.44 19 5 0.6 27 279 5.0 4.8Nepomuk 100 - 200 0.28 29 7 1.1 25 152 2.7 1.4(PSF= 0.07Æ�) 200 - 500 0.35 21 -7 -0.9 19 281 5.3 4.8Markus 100 - 200 0.59 21 -3 -0.4 22 161 2.1 1.6(PSF= 0.05Æ�) 200 - 500 0.49 15 -2 -0.3 18 283 4.8 4.8Markus 100 - 200 0.26 26 -3 -0.5 13 165 1.7 1.3(PSF= 0.07Æ�) 200 - 500 0.36 19 -1 -0.2 18 288 5.6 5.0

Table7:ResultsoftheALPHA-analysisfortheGRB050713apromptemissiondata,usingthelater
runsasOFF-data.



9.3 Results GRB050713a Data 749.3.2 First 1000 SeondsFigure 60 shows the obtained energy thresholds for the two energy bins and the two gamma samples,simulated with the di�erent point spread funtions. Like in the ase of the prompt emission, thresholdsof 150GeV and 280GeV are obtained using Nepomuk's image leaning.Figure 61 shows the resultingALPHA-plots in the di�erent bins of reonstruted energy (\ENERGY ")with the alulated signi�anes (Li&Ma, form. 17) using ON and OFF -data and Nepomuk's imageleaning. No signal an be seen in neither of the two energy bins.All results of the analysis on the �rst 1000 seonds observation data are summarized in table 8. Theobtained sign�anes vary around zero, one a sign�ane of 2.2 sigma was seen. The orrespond-ing ALPHA plot is shown in �gure 61 bottom left. Given the many trials, this exess is perfetlyompatible with a statistial utuation and therefore onsidered as bakground.
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Figure 60: Distributions of the simulated MC energy for the �rst 1000 s of GRB050713a data, ob-tained with Nepomuk's image leaning and all uts applied. The four plots orrespond to two slies ofthe ENERGY parameters: Left: 100 to 200 GeV and right: >200 GeV reonstruted energy; Top:with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�. The red line indiates theregion where a possible signal is expeted.
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Figure 61: Distributions of the parameter ALPHA for �rst 1000 s of GRB050713a observation, ob-tained with the Nepomuk's time image leaning. The four plots orrespond to two slies of theENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy, Top:with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Image Reonst. ut ut Ex- Sign. U.L. Mean Coll. MeanCleaning Energy hadr.- alpha ess Li Exess E Area Coll.Method Range ness Evts Ma Evts MC at < E > Area(GeV) (Æ) (99% CL) (GeV) (108 m2) (108 m2)Abs. 7 4 100 - 200 0.60 23 32 0.8 125 173 1.8 1.2(PSF= 0.05Æ�) 200 - 500 0.50 16 11 0.3 98 286 5.7 5.7Abs. 7 4 100 - 200 0.36 30 15 0.7 63 184 1.0 0.9(PSF= 0.07Æ�) 200 - 500 0.35 20 -18 -0.6 76 289 7.1 5.4Nepomuk 100 - 200 0.52 26 26 0.6 141 149 3.0 2.2(PSF= 0.05Æ�) 200 - 500 0.48 19 9 0.2 102 278 5.1 4.9Nepomuk 100 - 200 0.29 29 56 2.2 116 152 2.8 1.4(PSF= 0.07Æ�) 200 - 500 0.38 21 -22 -0.7 78 281 5.7 5.0Markus 100 - 200 0.60 21 -16 -0.5 89 161 2.1 1.6(PSF= 0.05Æ�) 200 - 500 0.51 15 -32 -1.1 74 282 5.0 4.8Markus 100 - 200 0.32 27 9 0.4 57 165 1.9 1.4(PSF= 0.07Æ�) 200 - 500 0.37 19 8 0.3 71 287 5.7 5.0

Table8:ResultsoftheALPHA-analysisfortheGRB050713adata,usingthe�rstthreerunasON
dataandtherestasOFF-data.



9.3 Results GRB050713a Data 779.3.3 Entire Data SampleAs with the previous data samples, the same energy thresholds (150GeV and 280GeV) were obtainedusing Nepomuk's image leaning.Figures 62 and 63 show the resulting ALPHA-plots in the di�erent bins of reonstruted energy(\ENERGY ") with the alulated signi�anes (Li&Ma, form. 17) using ON and OFF -data andNepomuk's and Markus' image leaning, respetively. In one ase, on exess of 2.2 � signi�ane wasfound, whih we onsider again a statistial utuation. These plots and the following tables have tobe onsidered as possibly problemati due to the found disagreements between ON and OFF data.For instane, we know already that the OFF data does not desribe too well the bakground of theON data (see e.g. �gure 49 where o�sets between ON and OFF data are observed at small values ofHADRONNESS).All results of the analysis on the prompt emission phase are summarized in table 9. The obtainedsigni�anes seem to be slightly shifted towards positive values, although again not with suÆientsigni�ane.
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Figure 62: Distributions of the parameter ALPHA for the entire GRB050713a data set, obtainedwith the Nepomuk's time image leaning. The four plots orrespond to two slies of the ENERGYparameters: Left: 100 to 200 GeV and right: >200 GeV reonstruted energy. Top: with utsoptimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 63: Distributions of the parameter ALPHA for the entire GRB050713a data set, obtainedwith the Markus' time image leaning. The four plots orrespond to two slies of the ENERGYparameters: Left: 100 to 200 GeV and right: >200 GeV reonstruted energy. T Top: with utsoptimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Image Reonst. ut ut Ex- Sign. U.L. Mean Coll. MeanCleaning Energy hadr.- alpha ess Li Exess E Area Coll.Method Range ness Evts Ma Evts MC at < E > Area(GeV) (Æ) (99% CL) (GeV) (108 m2) (108 m2)Abs. 7 4 100 - 200 0.56 23 -22 -0.4 131 173 1.8 1.2(PSF= 0.05Æ�) 200 - 500 0.15 15 33 1.8 77 330 3.8 5.7Abs. 7 4 100 - 200 0.33 30 -9 -0.3 67 182 1.0 0.9(PSF= 0.07Æ�) 200 - 500 0.15 19 21 0.9 74 311 4.5 5.4Nepomuk 100 - 200 0.39 26 68 1.4 184 148 2.4 2.2(PSF= 0.05Æ�) 200 - 500 0.33 18 52 1.4 142 287 4.1 4.7Nepomuk 100 - 200 0.21 28 33 1.2 98 152 2.4 1.4(PSF= 0.07Æ�) 200 - 500 0.34 21 87 2.2 180 281 5.3 5.0Markus 100 - 200 0.46 20 -15 -0.4 95 162 1.8 1.6(PSF= 0.05Æ�) 200 - 500 0.18 14 20 1.4 54 318 3.4 4.8Markus 100 - 200 0.17 26 17 1.1 57 165 1.4 1.4(PSF= 0.07Æ�) 200 - 500 0.21 19 17 0.7 77 299 5.3 5.0

Table9:ResultsoftheALPHA-analysisforthewholeGRB050713adata,usingtheOFF-datataken
twodaysafterwards.



9.4 Calulation of E�etive Areas 809.4 Calulation of E�etive AreasWe present here our approah to alulate an e�etive area to be used for an upper limit. The upperlimit will be plaed at the mean energy E0, obtained with the hosen uts, whih in our ase ontainuts on the reonstruted energy Ere. Our analysis obtains therefore a detetor aeptane at andaround the mean gamma-ray energy E0, represented by an energy-dependent e�etive area A(E) inthe hosen energy bin, where E is the \true" energy, obtained from the simulated MC gamma showers.As we derive the limit only in two bins, we neglet further the spill over of events from the lower bininto the larger one and vie-verse. The e�etive area peaks at or very lose to the mean energy E0.Figure 64 shows a typial distribution of A(E), obtained with Nepomuk's image leaning.If we would have to alulate now the detetor response to a mono-energeti ux dN=dE = N0 �Æ(E0),the task would be easy: Take the e�etive area A0 at energy E0 to obtain the number of detetedevents Ndet = N0=A0. In ase of an inident gamma ray spetrum, also events with energies lower orhigher E0 produe a detetor signal. As the gamma ray spetrum (probably a power law) as well asthe energy-dependent e�etive area are asymmetri around E0, the results will be di�erent from thease of a mono-energeti ux. Even worse, the derived limit will depend on the assumed gamma-rayspetrum.We adopt therefore the approah to alulate the e�etive areas for di�erent representative inidentgamma ray spetra: dNdE = N0 � � EE0 ���dNdE = N0 � exp �� E �E0Eb � ; (14)where E0 is the mean energy at whih the limit is alulated and � the tried spetral indies: 1.0, 2.0,2.25, 2.5 and 3.0. A seond funtion simulating an exponential ut-o� with a break energy at Eb =200GeV was also tested 1. Derived limits apply then to the onstant N0, i.e.: N0 = N0(�) < NU:L:.The next step is straight-forward: We average the e�etive area A(E) using the spetrum dN=dE:< Aeff (�) >= R EmaxEmin A(E)dNdE dER EmaxEmin dNdE dE (15)Beause we have dA=dE only in bins of energy �Ei around Ei, we disretize equation 15:< Adis:eff (�) >= PEmaxEmin AiN(Ei)PEmaxEmin N(Ei) ; (16)where N(Ei) is the integral number of gamma events in the energy bin i. Tables 7, 8 and 9 havealready listed some e�etive areas Aeff (< E >) at the mean gamma energy E0 and the mean e�etiveareas < Adiseff >, obtained with a spetral index of � = 2:25. One observes that the mean e�etiveareas are usually lower than the peak area.1We also tested lower break energies, with the e�et that all upper limits simply improved. These resultsare not further shown in the tables.
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Figure 64: Distributions of the e�etive area, obtained with the Nepomuk's time image leaning andthe uts derived for the entire sample of GRB050713a. The four plots orrespond to two slies of theENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy. Top:with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.



9.5 Calulation of the Upper Limits 829.5 Calulation of the Upper LimitsUsually, knowing a ux d�=dE and an energy-dependent e�etive area A(E), one an alulate thenumber of events registered by the detetor following:Nobs = Z EmaxEmin d�dE �A(E) dE � Tobs (17)where Emin and Emax are the limits of our (small) energy bin and Tobs is the observation time.We now want to go bakwards to de�ne an average ux asZ EmaxEmin d�dE �A(E) dE �! < d�dE > � < Aeff (E0) > � < dE > (18)and subsequently a di�erential upper ux limit of the form:< d�dE > jE0 < N> 99%< Aeff (E0) > � < dE > �Tobs (19)Identifying the terms < Aeff > with equation 15 and:< dE > = Z EmaxEmin dNdE dE = dNdE jE0 (20)and Nobs = N0 � N>99% (21)yields equation 17.Analogously, the integral limit on the energy uene is obtained using:< � > jEmaxEmin = N> 99%� < E0 >< AEeff > ; (22)where < E0 > is the average energy and < AEeff > the energy averaged e�etive area:< AEeff (�) > = R EmaxEmin A(E)dNdE �E dER EmaxEmin dNdE � E dE : (23)Disretized, equation 23 is written:< AE;diseff (�) > = PEmaxEmin Ai �N(Ei) �EiPEmaxEmin N(Ei) �Ei : (24)



9.5 Calulation of the Upper Limits 83Note that the total uene limit depends on the integration limits and is not very useful, if providedin �ne energy bins. We list these numbers here only to be omparable with the results from [1℄.All obtained limits are ompatible w.r.t. the di�erent image leaning methods if a global statistialunertainty of about 10% is assumed and the fat taken into aount that the limits are plaed atslightly di�erent energies.Tables 10, 11 and 12 list the di�erential upper ux limits, obtained from the �rst 90 seonds ofGRB050713a observation, the �rst 1000 seonds and the whole data sample, respetively. As theobservation times sale more or less like 1:10:25, the derived di�erential ux limits should sale moreor less like the one over the square root of these numbers whih is the ase.The limit at the lowest mean energy is obtained with Nepomuk's image leaning. Taking into aountthe unertainties due to the unknown inident spetrum and the possible degradation of the pointspread funtion, the following global result is obtained:< d�dE > j150GeV < 1:1 � 10�17 ph=m2=keV=s �rst 90 s (25)< d�dE > j150GeV < 3:4 � 10�18 ph=m2=keV=s �rst 1000 s (26)< d�dE > j150GeV < 2:5 � 10�18 ph=m2=keV=s entire 2223 s (27)< d�dE > j280GeV < 1:9 � 10�18 ph=m2=keV=s �rst 90 s (28)< d�dE > j280GeV < 6:4 � 10�19 ph=m2=keV=s �rst 1000 s (29)< d�dE > j280GeV < 5:3 � 10�19 ph=m2=keV=s entire 2223 s (30)Tables 13, 14 and 15 list the integral upper uene limits, obtained from the �rst 90 seonds ofGRB050713a observation, the �rst 1000 seonds and the whole data sample, respetively. As theobservation times sale more or less like 1:10:25, the derived uene limits should sale more or lesslike the square root of these numbers whih is the ase.Unfortunately, the integration limits hange slightly due to the di�erent eÆienies at the edges ofthe di�erent leaning algorithms. If we onsider again the results obtained with Nepomuk's imageleaning, we get: < � > (70� 550GeV) < 7:0 � 10�8 erg=m2 �rst 90 s (31)< � > (70� 550GeV) < 2:3 � 10�7 erg=m2 �rst 1000 s (32)< � > (70� 550GeV) < 3:0 � 10�7 erg=m2 entire 2223 s (33)< � > (160 � 700GeV) < 2:9 � 10�8 erg=m2 �rst 90 s (34)< � > (160 � 700GeV) < 1:0 � 10�7 erg=m2 �rst 1000 s (35)< � > (160 � 700GeV) < 1:9 � 10�7 erg=m2 entire 2223 s (36)Using Markus' image leaning, the integral limits go down by 5{10% in general.



9.5CalulationoftheUpperLimits
84

Di�erential Flux Upper Limits - PROMPT EMISSIONImage Mean � = 1 � = 2 � = 2:25 � = 2:5 � = 3 Eb = 200Cleaning Energy d�=dE d�=dE d�=dE d�=dE d�=dE d�=dEMethod E0 10�18 10�18 10�18 10�18 10�18 10�18(GeV) m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1Abs. 7 4 173 8.5 9.9 10. 10. 10. 9.1(PSF= 0.05Æ�) 288 0.9 1.1 1.1 1.1 1.1 1.1Abs. 7 4 184 8.9 9.4 9.4 9.3 9.0 9.4(PSF= 0.07Æ�) 289 0.8 0.9 0.9 0.9 0.9 1.0Nepomuk 150 9.2 11. 11. 11. 11. 9.5(PSF= 0.05Æ�) 279 1.6 1.8 1.8 1.9 1.8 1.9Nepomuk 152 6.4 6.7 6.6 6.5 6.0 6.7(PSF= 0.07Æ�) 281 1.2 1.3 1.3 1.3 1.3 1.4Markus 161 6.7 7.7 7.9 7.9 7.9 7.0(PSF= 0.05Æ�) 283 1.0 1.2 1.2 1.2 1.2 1.2Markus 165 5.2 5.8 5.9 5.9 5.8 5.5(PSF= 0.07Æ�) 288 1.0 1.1 1.1 1.1 1.1 1.2

Table10:Di�erentialupperlimitsobtainedwiththeALPHA-analysisfortheGRB050713aprompt
emissiondata,usingthelaterrunsasOFF-data.Thevariable�denotesthe(unknown)inident
gammasspetralindexandEb thebreakenergyfortheexponentialut-o�spetrum.
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Di�erential Flux Upper Limits - FIRST 1000 SECONDSImage Mean � = 1 � = 2 � = 2:25 � = 2:5 � = 3 Eb = 200Cleaning Energy d�=dE d�=dE d�=dE d�=dE d�=dE d�=dEMethod E0 10�18 10�18 10�18 10�18 10�18 10�18(GeV) m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1Abs. 7 4 173 4.1 4.7 4.8 4.8 4.8 4.3(PSF= 0.05Æ�) 286 0.40 0.48 0.50 0.50 0.50 0.51Abs. 7 4 184 4.0 4.2 4.2 4.2 4.0 4.2(PSF= 0.07Æ�) 289 0.34 0.39 0.39 0.39 0.38 0.41Nepomuk 149 2.8 3.3 3.4 3.4 3.4 2.9(PSF= 0.05Æ�) 278 0.53 0.62 0.63 0.64 0.64 0.65Nepomuk 152 2.7 2.9 2.8 2.8 2.6 2.8(PSF= 0.07Æ�) 281 0.43 0.48 0.48 0.48 0.47 0.50Markus 161 2.5 2.9 2.9 3.0 3.0 2.6(PSF= 0.05Æ�) 282 0.37 0.44 0.45 0.46 0.46 0.46Markus 165 1.9 2.1 2.1 2.1 2.1 2.0(PSF= 0.07Æ�) 287 0.35 0.40 0.40 0.40 0.39 0.42

Table11:Di�erentialupperlimitsobtainedwiththeALPHA-analysisfor�rst1000sofGRB050713a
data,usingthelaterrunsasOFF-data.Thevariable�denotesthe(unknown)inidentgammas
spetralindexandEb thebreakenergyfortheexponentialut-o�spetrum.
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Di�erential Flux Upper Limits - TOTAL SAMPLEImage Mean � = 1 � = 2 � = 2:25 � = 2:5 � = 3 Eb = 200Cleaning Energy d�=dE d�=dE d�=dE d�=dE d�=dE d�=dEMethod E0 10�18 10�18 10�18 10�18 10�18 10�18(GeV) m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1Abs. 7 4 173 1.9 2.2 2.3 2.3 2.3 2.0(PSF= 0.05Æ�) 330 0.20 0.23 0.24 0.24 0.25 0.25Abs. 7 4 182 2.0 2.1 2.1 2.1 2.0 2.1(PSF= 0.07Æ�) 311 0.21 0.24 0.24 0.24 0.24 0.25Nepomuk 149 2.1 2.4 2.4 2.5 2.5 2.1(PSF= 0.05Æ�) 287 0.37 0.43 0.44 0.45 0.45 0.46Nepomuk 152 1.2 1.2 1.2 1.1 1.1 1.2(PSF= 0.07Æ�) 281 0.45 0.50 0.51 0.51 0.50 0.53Markus 162 1.4 1.6 1.6 1.6 1.6 1.5(PSF= 0.05Æ�) 318 0.17 0.20 0.21 0.21 0.21 0.21Markus 165 1.2 1.3 1.4 1.4 1.4 1.2(PSF= 0.07Æ�) 299 0.20 0.22 0.22 0.22 0.22 0.24

Table12:Di�erentialupperlimitsobtainedwiththeALPHA-analysisforthetotal2223sof
GRB050713adata,usingtheOFFdatatakentwonightslater.Thevariable�denotesthe(unknown)
inidentgammasspetralindexandEb thebreakenergyfortheexponentialut-o�spetrum.
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Integral Fluene Upper Limits - PROMPT EMISSIONImage Energy � = 1 � = 2 � = 2:25 � = 2:5 � = 3Cleaning Range � � � � �Method Energy (10�8) (10�8) (10�8) (10�8) (10�8)(GeV) erg m�2 erg m�2 erg m�2 erg m�2 erg m�2Abs. 7 4 110 - 550 7.1 6.2 6.1 6.0 5.9(PSF= 0.05Æ�) 160 - 800 1.8 1.8 1.8 1.8 2.0Abs. 7 4 100 - 410 6.4 6.1 6.1 6.1 6.2(PSF= 0.07Æ�) 140 - 800 1.7 1.7 1.8 1.8 2.0Nepomuk 80 - 550 7.0 5.9 5.8 5.8 5.9(PSF= 0.05Æ�) 160 - 700 2.6 2.6 2.7 2.7 2.9Nepomuk 70 - 470 4.7 4.2 4.2 4.2 4.3(PSF= 0.07Æ�) 160 - 700 2.0 2.0 2.0 2.0 2.1Markus 90 - 470 4.6 4.2 4.2 4.2 4.2(PSF= 0.05Æ�) 160 - 700 1.7 1.7 1.8 1.8 1.9Markus 90 - 470 3.9 3.4 3.4 3.4 3.4(PSF= 0.07Æ�) 160 - 700 1.7 1.8 1.8 1.8 1.9Table 13: Integral upper Limits obtained with the ALPHA-analysis for the GRB050713a promptemission data, using the later runs as OFF-data. The variable � denotes the (unkown) inidentgammas spetral index.
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Integral Fluene Upper Limits - FIRST 1000 SECONDSImage Energy � = 1 � = 2 � = 2:25 � = 2:5 � = 3Cleaning Range � � � � �Method Energy (10�8) (10�8) (10�8) (10�8) (10�8)(GeV) erg m�2 erg m�2 erg m�2 erg m�2 erg m�2Abs. 7 4 110 - 550 36. 32. 31. 31. 30.(PSF= 0.05Æ�) 160 - 800 8.4 8.4 8.5 8.7 9.2Abs. 7 4 110 - 410 31. 30. 30. 30. 30.(PSF= 0.07Æ�) 140 - 800 7.7 7.7 7.9 8.1 8.8Nepomuk 80 - 550 23. 19. 19. 19. 19.(PSF= 0.05Æ�) 160 - 700 9.5 9.7 9.8 10. 10.Nepomuk 70 - 480 21. 19. 19. 19. 20.(PSF= 0.07Æ�) 160 - 700 8.1 7.9 8.0 8.0 8.3Markus 90 - 480 19. 17. 17. 17. 17.(PSF= 0.05Æ�) 160 - 700 6.8 7.0 7.2 7.3 7.8Markus 90 - 480 15. 13. 13. 13. 13.(PSF= 0.07Æ�) 160 - 700 6.8 6.8 6.9 7.0 7.3Table 14: Integral upper limits obtained with the ALPHA-analysis for �rst 1000 s of GRB050713adata, using the later runs as OFF-data. The variable � denotes the (unkown) inident gammas spetralindex.
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Integral Fluene Upper Limits - TOTAL SAMPLEImage Energy � = 1 � = 2 � = 2:25 � = 2:5 � = 3Cleaning Range � � � � �Method Energy (10�8) (10�8) (10�8) (10�8) (10�8)(GeV) erg m�2 erg m�2 erg m�2 erg m�2 erg m�2Abs. 7 4 110 - 550 38. 33. 33. 32. 32.(PSF= 0.05Æ�) 160 - 800 7.6 7.6 7.7 7.9 8.3Abs. 7 4 110 - 410 33. 31. 31. 31. 31.(PSF= 0.07Æ�) 140 - 800 8.1 8.1 8.3 8.5 9.2Nepomuk 80 - 550 30. 25. 24. 24. 25.(PSF= 0.05Æ�) 160 - 700 16. 16. 17. 17. 18.Nepomuk 70 - 480 18. 16. 16. 16. 17.(PSF= 0.07Æ�) 160 - 700 19. 18. 18. 19. 19.Markus 90 - 480 20. 18. 19. 18. 18.(PSF= 0.05Æ�) 160 - 700 5.6 5.8 5.9 6.0 6.4Markus 90 - 480 15. 13. 13. 13. 13.(PSF= 0.07Æ�) 160 - 700 7.6 7.7 7.8 7.9 8.3Table 15: Integral upper limits obtained with the ALPHA-analysis for the total 2223 s ofGRB050713a data, using the OFF data taken two nights later. The variable � denotes the (unkown)inident gammas spetral index.



9.6 Searh in time slies of 100 seonds 909.6 Searh in time slies of 100 seondsAn additional searh for peak emission in steps of 100 seonds was performed. To do so, the entireGRB050713a data sample was divided into 22 slies of equal time duration (exatly 101 seonds).Table 16 lists the used parameters for the peak emission searh. Only Nepomuk's and Markus' imageleanings were used, every of the 22 time slies was taken as ON data while the remaining data set wasused as OFF data. A seond searh was performed shifting the phase of the time slie by 50 seonds.Figures 65 to 68 show the distribution of obtained signi�anes, with and without phase shift andwith Nepomuk's and Markus' image leaning, respetively. Moreover, the number of exess eventsare distributed in general randomly over time, as an be seen in �gures 69 and 72. One signi�antexess of 4.3 � was observed (�gures 66 and 70 bottom left). Figure 70 shows the orrespondingdistribution of ALPHA whih shows that the majority of the events ausing the exess our in a binaround ALPHA = 25. This and the fat that the probability for an exess of 4.3 � due to statistialutuations to our within of 176 trials is still an aeptable 10%, we believe that this exess isnot due an emission from GRB050713a. Note that the small exess in rate, found in �gure 47 withMarkus' image leaning and a HADRONNESS-ut, trained with a simulated PSF of 0.07Æ�, is notfound bak in these plots. We therefore assume that the assumption of no signal still holds.From the absene of a signal in the peak emission searh, a global upper limit an be derived from thetime slie yielding the biggest number of exess events:< d�dE > j150GeV < 1:5 � 10�17 ph=m2=keV=s any 100 s interval (37)< d�dE > j280GeV < 4:0 � 10�18 ph=m2=keV=s any 100 s inverval (38)Image Reonst. ut ut Mean MeanCleaning Energy hadr.- alpha E Coll.Method Range ness MC Area(GeV) (Æ) (GeV) (108 m2)Nepomuk 100 - 200 0.55 26 150 2.2(PSF= 0.05Æ�) 200 - 500 0.48 19 279 4.8Nepomuk 100 - 200 0.29 29 152 1.4(PSF= 0.07Æ�) 200 - 500 0.39 21 281 4.8Table 16: Results of the ALPHA-analysis for the GRB050713a 100 seonds time slies searh, usingall ON data exept that slie as OFF-data.
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Figure 65: Distributions of the obtained signi�anes during the peak searh, obtained with theNepomuk's time image leaning. The four plots orrespond to two slies of the ENERGY parameters:Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy. Top: with uts optimized usingPSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 66: Distributions of the obtained signi�anes during the peak searh, times shifted by half aperiod. The data was leaned with Nepomuk's time image leaning. The four plots orrespond to twoslies of the ENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstrutedenergy. Top: with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.



9.6 Searh in time slies of 100 seonds 92
100 < ENERGY < 200
Entries  22

Mean   0.00105

RMS     0.855

Underflow       0

Overflow        0

 / ndf 2χ    1.6 / 1

Constant    2.6±   8.3 

Mean       0.31± -0.072 

Sigma      0.29±     1 

)σSignificance (
-5 -4 -3 -2 -1 0 1 2 3 4 5

ti
m

e 
sl

ic
es

0

2

4

6

8

10

100 < ENERGY < 200
Entries  22

Mean   0.00105

RMS     0.855

Underflow       0

Overflow        0

 / ndf 2χ    1.6 / 1

Constant    2.6±   8.3 

Mean       0.31± -0.072 

Sigma      0.29±     1 

Markus 200 < ENERGY < 500
Entries  22
Mean   -0.00721

RMS      1.04
Underflow       0
Overflow        0

 / ndf 2χ    1.9 / 3
Constant      2±   6.6 
Mean       0.29± -0.11 
Sigma      0.26±   1.2 

)σSignificance (
-5 -4 -3 -2 -1 0 1 2 3 4 5

ti
m

e 
sl

ic
es

0

1

2

3

4

5

6

7

8

9

200 < ENERGY < 500
Entries  22
Mean   -0.00721

RMS      1.04
Underflow       0
Overflow        0

 / ndf 2χ    1.9 / 3
Constant      2±   6.6 
Mean       0.29± -0.11 
Sigma      0.26±   1.2 

Markus

100 < ENERGY < 200
Entries  22

Mean   -0.0151

RMS       1.1

Underflow       0

Overflow        0

 / ndf 2χ    1.4 / 3

Constant    2.3±   7.3 

Mean       0.26± -0.053 

Sigma      0.27±   1.1 

)σSignificance (
-5 -4 -3 -2 -1 0 1 2 3 4 5

ti
m

e 
sl

ic
es

0

1

2

3

4

5

6

7

8

9

100 < ENERGY < 200
Entries  22

Mean   -0.0151

RMS       1.1

Underflow       0

Overflow        0

 / ndf 2χ    1.4 / 3

Constant    2.3±   7.3 

Mean       0.26± -0.053 

Sigma      0.27±   1.1 

Markus 200 < ENERGY < 500
Entries  22

Mean   -0.0141

RMS       1.1

Underflow       0

Overflow        0

 / ndf 2χ    0.4 / 3

Constant    2.1±   7.2 

Mean       0.27± -0.046 

Sigma      0.25±   1.2 

)σSignificance (
-5 -4 -3 -2 -1 0 1 2 3 4 5

ti
m

e 
sl

ic
es

0

1

2

3

4

5

6

7

8

200 < ENERGY < 500
Entries  22

Mean   -0.0141

RMS       1.1

Underflow       0

Overflow        0

 / ndf 2χ    0.4 / 3

Constant    2.1±   7.2 

Mean       0.27± -0.046 

Sigma      0.25±   1.2 

Markus

Figure 67: Distributions of the obtained signi�anes during the peak searh, obtained with theMarkus' image leaning. The four plots orrespond to two slies of the ENERGY parameters: Left:100 to 200 GeV and right: 200 to 500 GeV reonstruted energy. Top: with uts optimized usingPSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 68: Distributions of the obtained signi�anes during the peak searh, times shifted by half aperiod. The data was leaned with Markus' image leaning. The four plots orrespond to two sliesof the ENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy.Top: with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 69: Number of exess events vs. time for the peak searh, obtained with the Nepomuk's timeimage leaning. The four plots orrespond to two slies of the ENERGY parameters: Left: 100 to 200GeV and right: 200 to 500 GeV reonstruted energy. Top: with uts optimized using PSF = 0:05Æ�,bottom: using PSF = 0:07Æ�..
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Figure 70: Number of exess events vs. time for the peak searh, times shifted by half a period.The data was leaned with Nepomuk's image leaning. The four plots orrespond to two slies of theENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy. Top:with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 71: Number of exess events vs. time for the peak searh, obtained with the Markus's timeimage leaning. The four plots orrespond to two slies of the ENERGY parameters: Left: 100 to 200GeV and right: 200 to 500 GeV reonstruted energy. Top: with uts optimized using PSF = 0:05Æ�,bottom: using PSF = 0:07Æ�..
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Figure 72: Number of exess events vs. time for the peak searh, times shifted by half a period.The data was leaned with Markus' image leaning. The four plots orrespond to two slies of theENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy. Top:with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 73: Distribution of ALPHA for the time slie whih obtained the largest signi�ane. (Nepo-muk's image leaning, PSF = 0:07Æ� used for Gamma simulation.



9.7 E�et of systemati unertainties on the limits 969.7 E�et of systemati unertainties on the limitsTwo major systemati unertainties have to be added to this limit:1. IneÆienies in the amera due to trigger ineÆienies.2. Unertainties in the absolute alibration.Figure 74 shows the enter of gravity with all uts applied for the entire set of GRB050713a data, withNepomuk's image leaning applied. One an see that the lower energy bin seems to exhibit voids atthe right side of the amera and the lower left part. These voids oinide with the one already seen inhapter 7 and we suspet that they ome from trigger ineÆienies in parts of the amera.In order to quantify the e�et, the azimuthal projetion of the enter of gravity was inspeted andthe relative de�it of the two bins orresponding to the two voids alulated. Figures 75 show suhexamples. In none of the investigated uts and data samples, the de�it exeeded 10%. For this reason,we apply a systemati inrease of 10% to all derived upper limits to aount for this e�et.Conerning the unertainty in the absolute alibration, a �rst look at the \Blind Pixel" and the \PINDiode" alibrations give indiations that we over-estimate our total eÆieny by about 10%. Weinlude this systemati unertainty by raising the upper limit by another 10%.In total, all upper limits are thus raised by 20% to inlude the systemati unertainties whih we oulddetet so far.
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Figure 74: Distributions of the enter of gravity, obtained with the Nepomuk's time image leaningand the uts derived for the entire sample of GRB050713a. The four plots orrespond to two slies ofthe ENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy.Top: with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 75: Azimuthal projetions of the enter of gravity, obtained with the Nepomuk's time imageleaning and the uts derived for the entire sample of GRB050713a. The four plots orrespond to twoslies of the ENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstrutedenergy. Top: with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.



10 Disp Analysis 9810 Disp AnalysisAt the beginning of the DISP -analysis, two uts were re-infored with respet to the values set in theprevious analysis step: ISLANDS < 2 (39)LEAKAGE < 0:005 (40)These are the same uts, as already applied in the ALPHA-analysis (hapter 9) and are not explainedin more detail here. As in the ase of the ALPHA-analysis, these uts will be moved to the pre-utsin the future.No further ut is applied on the DIST parameter, unlike in the ALPHA-analysis, mainly beause afurther ut on DIST would make the �2 distributions even steeper towards low values of �2.
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Figure 76: Event rates after very loose uts on HADRONNESS and THETA2, shown in bins of30 seonds. Top: Nepomuk's image leaning, bottom: Markus's image leaning. On the left side, theHADRONNESS has been trained using simulated gamma showers and a PSF of 0.05Æ�, on the rightside a PSF of 0.07Æ� was used. All four distributions were �tted to a straight line from after the dropat T = 10:5min. to the end. The �t result is shown as red line (and drawn from T = 0 on).With the resulting sample and very loose uts on HADRONNESS < 0:8 and THETA2 < 0:1, weplotted the rates, as shown in �gure 76. One an observe a global derease in event rate for both



10 Disp Analysis 99shown image leanings and used point-spread funtions to train the HADRONNESS. Additionally,the drop in event rate at T � 10:5min. an be seen in all four plots whih was due to a stop of datataking. Only the last plot, obtained with Markus' image leaning and a PSF of 0:07Æ� shows twomore evident features: A drop at the beginning of the observation and another rise between 15 and20 minutes. These two features were already found in the event rate plot of the ALPHA-analysis(�gure 47), but again not found bak in the later analysis.Furthermore, the analysis was split into the following bins of reonstruted energy (ENERGY ). Forthe Mrk501 data, the following bins were hosen:1. 45 GeV < ENERGY < 75 GeV2. 60 GeV < ENERGY < 100 GeV3. 100 GeV < ENERGY < 150 GeV4. 150 GeV < ENERGY < 300 GeVBins nr. 2{4 orrespond to onseutive energy bins ontaining more or less the same number of eventswhile bin nr. 1 is an attempt to push the energy limit to the absolute minimum.The GRB050713a data was analysed in two bins:1. 100 GeV < ENERGY < 200 GeV2. 200 GeV < ENERGY < 500 GeVAbove 500GeV, no event survived the SIZE ut of the previous data redution step.Figures 77 show the distributions of the parameter HADRONNESS for the GRB050713a data,obtained with the di�erent image leaning algorithms. One an see a rather good agreement betweenall ON and OFF data. Moreover, the algorithms using the time information seem to yield a betterseparability of the gamma- and hadron-samples.Like in the ase of the ALPHA-analysis, the best suited ut on HADRONESS was searhed alu-lating the signi�ane of the exess events in the signal region versus the remaining bakground fordi�erent ut values on HADRONNESS. Here, speial are had to be taken with the MC eventsreonstruted out of the signal region beause the \ghost-busting" had swapped the pointing diretionof the asade. In order to estimate the number of exess events orretly, an additional ut wasintrodued during this proedure: THETA2 < 0:6 (41)Then, the proedure ould ontinue like shown in the ALPHA-analysis hapter: First �t the distri-bution of exess events over bakground in a �2 plot, obtained from MC and OFF-data to a Gaussian.Then determine the signal region, de�ned as:SIGNAL REGION = [0; 2:5�℄ (42)Finally, san through the number of events left after a given ut on HADRONNESS and alulatethe signi�ane using the number of remaining MC events as \exess events" and the normalizedOFF-data.
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Figure 77: Distributions of the parameter HADRONESS for the various image leaning algorithmsand the GRB050713a data. Top: absolute leaning with levels 7 and 4 photo-eletrons, enter: Nepo-muk's image leaning using time oinidene, bottom: Markus image leaning using time oinidene.On the left side, the Random Forest was trained with the simulated gamma showers and the betterPSF (0.05Æ�), one the right side the worse PSF was used (0.07Æ�).



10.1 Results Mrk501 Data 10110.1 Results Mrk501 DataFigures 79 through 81 show the resulting �2-plots in the di�erent bins of reonstruted energy (\ENERGY ")with the alulated signi�anes (Li&Ma, form. 17) using ON and OFF -data. Figure 82 shows thedistribution of the DISP parameter projeted into the MAGIC amera, with the signal exesses vis-ible in the amera enter or slightly o� at the lowest energies. One an also see a large void in thelowest energy bin right below the amera enter. Table 17 lists the parameters and results obtainedfrom the DISP -analysis for the Mrk501 data. At energies above 100GeV, the di�erent image leaningalgorithms yield equivalent results. Below 100GeV, the image leaning algorithms using times yieldbetter results, however less signi�ant than the ones obtained with the ALPHA-analysis.Figure 78 shows the distribution of the simulated gamma shower energies for the four bins in reon-struted energy, exemplary for Nepomuk's image leaning. One an see that a mean energy of 78GeVis obtained in the seond lowest energy bin, marginally deteted with 3.9�. Although the thresholdsare very muh omparable to the ones obtained with the ALPHA-analysis, the signi�anes are learlyworse, also the e�etive areas are about 20% lower. The reason for this result is not yet understood, itmay have to do with the observed fat that the \ghost-busting" does not work any more at all at theseenergies and therefore half of the signal is lost beause reonstruted at very high values of �2. Theseevents are reonstruted at low values of the ALPHA parameter, though, and therefore reovered inthe ALPHA-analysis.
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Figure 78: Distributions of the simulated MC energy for the Mrk501 data, obtained with Nepomuk'simage leaning and all uts applied. The four plots orrespond to 4 slies of the ENERGY parameters:45 to 75, 60 to 100, 100 to 150 and 150 to 300 GeV reonstruted energy.
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Figure 79: Distributions of the parameter �2 for the Mrk501 data, obtained with the absolute imageleaning using 7 and 4 photo-eletrons. The four plots orrespond to 4 slies of the ENERGYparameters: 45 to 75, 60 to 100, 100 to 150 and 150 to 300 GeV reonstruted energy.
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Figure 80: Distributions of the parameter �2 for the Mrk501 data, obtained with the Nepomuk's timeimage leaning. The four plots orrespond to 4 slies of the ENERGY parameters: 45 to 75, 60 to100, 100 to 150 and 150 to 300 GeV reonstruted energy.
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Figure 81: Distributions of the parameter �2 for the Mrk501 data, obtained with the Markus's timeimage leaning. The four plots orrespond to 4 slies of the ENERGY parameters: 45 to 75, 60 to100, 100 to 150 and 150 to 300 GeV reonstruted energy.
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Figure 82: Distributions of the parameter DISP for the Mrk501 data, subtrated by normalizedOFF data, Nepomuk's time image leaning. The four plots orrespond to 4 slies of the ENERGYparameters: 45 to 75, 60 to 100, 100 to 150 and 150 to 300 GeV reonstruted energy.



10.1 Results Mrk501 Data 104Image Reonst. ut ut Number Sign. Mean Coll.Cleaning Energy HADR:� �2 Exess Li MC Area atMethod Range NESS Events Ma Energy < E >(GeV) (Æ) (GeV) 108 (m2)Abs. 10 5 45 - 75 0.85 0.11 -18 � 76 -0.2 74 0.0660 - 100 0.78 0.10 314 � 169 1.9 87 0.6100 - 150 0.58 0.07 473 � 108 4.3 120 1.0150 - 300 0.26 0.05 261 � 29 8.5 182 1.1Abs. 7 4 45 - 75 0.73 0.10 1 � 100 0.0 70 0.260 - 100 0.69 0.09 385 � 162 2.4 82 0.8100 - 150 0.58 0.07 316 � 96 3.3 120 1.2150 - 300 0.20 0.05 221 � 24 8.7 179 0.9Nepomuk 45 - 75 0.57 0.10 229 � 105 2.2 62 0.660 - 100 0.61 0.09 552 � 141 3.9 78 1.2100 - 150 0.57 0.07 345 � 95 3.6 122 1.3150 - 300 0.16 0.05 111 � 15 6.8 173 0.4Markus 45 - 75 0.63 0.10 120 � 91 1.3 67 0.460 - 100 0.62 0.09 491 � 130 3.8 79 1.0100 - 150 0.52 0.07 366 � 76 4.8 121 1.1150 - 300 0.26 0.04 142 � 18 7.4 177 0.7Table 17: Results of the DISP -analysis for the Mrk501 data.
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Figure 83: Distributions of the e�etive area for the Mrk501 data, obtained with the Nepomuk'stime image leaning and all uts applied. The four plots orrespond to 4 slies of the ENERGYparameters: 45 to 75, 60 to 100, 100 to 150 and 150 to 300 GeV reonstruted energy.



10.2 Results GRB050713a Data 10610.2 Results GRB050713a DataBeause of the smaller sensitivity of the DISP analysis, the GRB050713a data was analyzed only intwo ways, in priniple to have a result to be used for ross-heks with the ALPHA-analysis:1. Taking the �rst 90 s of observation whih orrespond to the prompt emission phases in eitherthe BAT and/or the XRT instrument on SWIFT. The remaining six runs (starting at about 7.7min after start) as OFF data.2. Searhing in time bins of 100 s ON data, using the data outside the orresponding time bin asOFF data.Like in the ase of the ALPHA-analysis, none of these four searhes showed a signi�ant exess overbakground. Upper limits were plaed starting from the observed number of exess events and thenumber of bakground events in the same \signal" region of the �2-distribution. In order to determinethe 99%CL upper limit on the number of events in eah energy bin, we followed the approah outlinein [10℄.10.2.1 Prompt emission phaseAfter determining the uts on HADRONNESS and �2, energy thresholds of 150GeV (for the lowerbin in reonstruted energy) and 280GeV (for the upper bin) were obtained (see �gure 84).Figure 86 shows the resulting �2-plots in the di�erent bins of reonstruted energy (\ENERGY ")with the alulated signi�anes (Li&Ma, form. 17) using ON and OFF -data and Nepomuk's imageleaning. No signal an be seen in neither of the two energy bins. Also, the distribution of the DISPparameter (�gure 85) shows no signi�ant exess in any part of the amera.The results of the DISP -analysis on the prompt emission phase are summarized in table 18. Likein the ase of the ALPHA-analysis, Nepomuk's algorithm yields the lowest threshold, followed byMarkus's one, although the threshold is somewhat higher here (156GeV vs. 150GeV in the ase ofthe ALPHA-analysis). One an also see that the e�etive areas are about 20% lower than in thease of the ALPHA-analysis, a fat already noted in the Mrk501 test analysis (hapter 10.1). Thehighest e�etive olletion area is also obtained with Nepomuk's algorithm, again followed by Markus'sleaning.The e�et of the worse e�etive areas translates diretly into a loss of energy threshold, obtainedwith the DISP -analysis. Although the upper limits ompare well with the ones, obtained from theALPHA-analysis, the lowest limit is now plaed at 155{157 GeV instead of 150GeV (see table 19).Also the upper limit has risen somewhat. The limit at the lowest mean energy is again obtainedwith Nepomuk's image leaning. Taking into aount the unertainties due to the unknown inidentspetrum and the possible degradation of the point spread funtion, the following result is obtained:< d�dE > j156GeV < 8:3 � 10�18 ph=m2=keV=s �rst 90 s (43)< d�dE > j288GeV < 1:9 � 10�18 ph=m2=keV=s �rst 90 s (44)(45)While the �rst limit is 25% lower than the one obtained with the ALPHA-analysis, the seond isequal, only the energies, they apply to, are higher.
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Figure 84: Distributions of the simulated MC energy for the prompt emission phase of GRB050713a,obtained with Nepomuk's image leaning and all uts applied. The four plots orrespond to two sliesof the ENERGY parameters: Left: 100 to 200 GeV and right: >200 GeV reonstruted energy; Top:with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 85: Distributions of the parameter DISP for the 90 s of the prompt GRB emission, obtainedwith the Nepomuk's time image leaning. The four plots orrespond to two slies of the ENERGYparameters: Left: 100 to 200 GeV and right: >200 GeV reonstruted energy; Top: with uts opti-mized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�. The red line indiates the region where apossible signal is expeted.
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Figure 86: Distributions of the parameter �2 for the 90 s of the prompt GRB emission, obtained withthe Nepomuk's time image leaning. The four plots orrespond to two slies of the ENERGY pa-rameters: Left: 100 to 200 GeV and right: >200 GeV reonstruted energy; Top: with uts optimizedusing PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�. The red line indiates the region where a possiblesignal is expeted.
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Image Reonst. ut ut Ex- Sign. U.L. Mean Coll. MeanCleaning Energy hadr.- �2 ess Li Exess E Area Coll.Method Range ness Evts Ma Evts MC at < E > Area(GeV) (Æ) (99% CL) (GeV) (108 m2) (108 m2)Abs. 7 4 100 - 200 0.60 0.09 -10 -1.2 21 179 1.2 1.0(PSF= 0.05Æ�) 200 - 500 0.56 0.06 1 0.1 25 292. 6.0 5.0Abs. 7 4 100 - 200 0.44 0.09 2 0.4 14 181 0.6 0.7(PSF= 0.07Æ�) 200 - 500 0.38 0.06 -4 -0.6 18 299 5.5 4.9Nepomuk 100 - 200 0.56 0.09 1 0.0 31 155 2.4 1.9(PSF= 0.05Æ�) 200 - 500 0.57 0.06 2 0.2 30 285 5.1 5.0Nepomuk 100 - 200 0.37 0.09 -7 -1.0 18 157 2.4 1.4(PSF= 0.07Æ�) 200 - 500 0.40 0.06 -10 -1.3 18 290 5.6 4.2Markus 100 - 200 0.63 0.07 - 4 -0.4 23 166 1.5 1.3(PSF= 0.05Æ�) 200 - 500 0.52 0.05 1 0.2 21 292 5.0 4.6Markus 100 - 200 0.40 0.09 -11 -2.0 13 173 1.5 1.2(PSF= 0.07Æ�) 200 - 500 0.30 0.06 7 1.3 21 292 4.8 4.2

Table18:ResultsoftheDISP-analysisfortheGRB050713apromptemissiondata,usingthelater
runsasOFF-data.
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Di�erential Flux Upper Limits - PROMPT EMISSIONImage Mean � = 1 � = 2 � = 2:25 � = 2:5 � = 3 Eb = 200Cleaning Energy d�=dE d�=dE d�=dE d�=dE d�=dE d�=dEMethod E0 10�18 10�18 10�18 10�18 10�18 10�18(GeV) m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1 m�2keV�1s�1Abs. 7 4 179 8.6 10. 11. 11. 11. 10.(PSF= 0.05Æ�) 292 1.1 1.4 1.4 1.4 1.4 1.5Abs. 7 4 181 14. 16. 16. 16. 16. 15.(PSF= 0.07Æ�) 299 1.0 1.2 1.2 1.2 1.2 1.2Nepomuk 155 6.7 8.0 8.2 8.3 8.2 7.0(PSF= 0.05Æ�) 285 1.5 1.8 1.9 1.9 1.9 1.9Nepomuk 157 5.2 5.6 5.6 5.5 5.3 5.4(PSF= 0.07Æ�) 290 1.1 1.3 1.3 1.3 1.2 1.3Markus 166 7.7 9.1 9.2 9.3 9.3 8.2(PSF= 0.05Æ�) 292 1.2 1.5 1.5 1.5 1.5 1.6Markus 173 5.4 6.1 6.1 6.1 6.0 5.7(PSF= 0.07Æ�) 292 1.4 1.6 1.7 1.7 1.6 1.7

Table19:Di�erentialupperlimitsobtainedwiththeDISP-analysisfortheGRB050713aprompt
emissiondata,usingthelaterrunsasOFF-data.Thevariable�denotesthe(unknown)inident
gammasspetralindexandEb thebreakenergyfortheexponentialut-o�spetrum.



10.3 Searh in time slies of 100 seonds 11210.3 Searh in time slies of 100 seondsAs in the ase of the ALPHA-analysis, a dediated searh for peak emission in steps of 101 seonds(22 time slies) was performed. Table 20 lists the used parameters for the peak emission searh. OnlyNepomuk's image leaning was used, every of the 22 time slies was taken as ON data while theremaining data set was used as OFF data. A seond searh was performed shifting the phase of thetime slie by 50 seonds.Figures 87 to 88 show the distribution of obtained signi�anes, with and without phase shift. More-over, the number of exess events from below the orresponding ut in �2 are distributed in generalrandomly over time, as an be seen in �gures 89 and 90.Additionally to what ould already be done in the ALPHA-analysis, the number of exess eventsanywhere in the amera was plotted to searh for a possible gamma ray emission peak OFF-axis. Theorresponding distribution of exess events an be seen in �gures 91 and 92.Image Reonst. ut ut MeanCleaning Energy hadr.- �2 EMethod Range ness MC(GeV) (Æ) (GeV)Nepomuk 100 - 200 0.56 0.09 155(PSF= 0.05Æ�) 200 - 500 0.58 0.06 285Nepomuk 100 - 200 0.34 0.09 157(PSF= 0.07Æ�) 200 - 500 0.41 0.06 290Table 20: Results of the DISP -analysis for the GRB050713a 100 seonds time slies searh, usingall ON data exept that slie as OFF-data.
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Figure 87: Distributions of the obtained signi�anes during the peak searh, obtained with theNepomuk's time image leaning. The four plots orrespond to two slies of the ENERGY parameters:Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy. Top: with uts optimized usingPSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 88: Distributions of the obtained signi�anes during the peak searh, times shifted by half aperiod. The data was leaned with Nepomuk's time image leaning. The four plots orrespond to twoslies of the ENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstrutedenergy. Top: with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 89: Number of exess events vs. time for the peak searh, obtained with the Nepomuk's timeimage leaning. The four plots orrespond to two slies of the ENERGY parameters: Left: 100 to 200GeV and right: 200 to 500 GeV reonstruted energy. Top: with uts optimized using PSF = 0:05Æ�,bottom: using PSF = 0:07Æ�..
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Figure 90: Number of exess events vs. time for the peak searh, times shifted by half a period.The data was leaned with Nepomuk's image leaning. The four plots orrespond to two slies of theENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy. Top:with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.
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Figure 91: Number of exess events anywhere in the amera vs. time for the peak searh, obtainedwith the Nepomuk's time image leaning. The four plots orrespond to two slies of the ENERGYparameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstruted energy. Top: with utsoptimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�..
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Figure 92: Number of exess events anywhere in the amera vs. time for the peak searh, times shiftedby half a period. The data was leaned with Nepomuk's image leaning. The four plots orrespond totwo slies of the ENERGY parameters: Left: 100 to 200 GeV and right: 200 to 500 GeV reonstrutedenergy. Top: with uts optimized using PSF = 0:05Æ�, bottom: using PSF = 0:07Æ�.



11 Conlusions 11611 ConlusionsWe have developed a omplete analysis hain dediated to low-energy events to be used for the analysisof Gamma-ray burst data.We developed ode to alibrate the GRB data using the interleaved alibration events from the previoussoure in order to alibrate the GRB with light pulses as lose as possible to the start of the observationof the prompt emission.Four image leaning algorithms were tested against eah other: The standard absolute image leaningusing thresholds of 10 and 5 photo-eletrons, respetively, an absolute leaning with lower thresholds(7 and 4 photo-eletrons) and two algorithms exploiting the arrival time information extrated fromthe FADC data: A ode written by Nepomuk Otte and another written by Markus Gaug. Whiletesting the new ode, a ouple of bugs was found in already existing Mars versions whih led to thenew release Mars V0-10-8.All four image leaning algorithm's were applied to the Mrk501 data, taken at the beginning of July,2005 using standard uts, exept for a ut on SIZE whih takes our high-energy events. A new,unbiased way to optimize the ut on HADRONNESS was developed and applied to the Mrk501are data leading to a 4 � detetion of signals between 45 and 70 GeV for only one hour of ON dataleaned with one or the other algorithms based on arrival times. Nepomuk's leaning algorithm yieldedthe lowest treshold in inident gamma energies: 65GeV average energy in the lowest bin.We applied the new analysis to the GRB050713a data using MC simulated gamma showers with twodi�erent point spread funtions: 0:05Æ� and 0:07Æ�. The data was analysed in four di�erent ways:A dediated searh during the prompt emission phase, an analysis dediated to the �rst 1000 s ofGRB050713a data, one searh of the whole 2220 seonds sample and a peak emission searh sanningthe 2220 seonds in steps of 100 seonds for signi�ant exesses at low values of ALPHA. None ofthese searhes yielded a signi�ant signal and the following di�erential upper limits ould be derived:< d�dE > j150GeV < 1:3 � 10�17 ph=m2=keV=s � 3:6C:U: �rst 90 s (46)< d�dE > j150GeV < 4:1 � 10�18 ph=m2=keV=s � 1:1C:U: �rst 1000 s (47)< d�dE > j150GeV < 3:0 � 10�18 ph=m2=keV=s � 0:7C:U: entire 2223 s (48)< d�dE > j150GeV < 1:8 � 10�17 ph=m2=keV=s � 4:9C:U: any 100 s interval (49)< d�dE > j280GeV < 2:3 � 10�18 ph=m2=keV=s � 3:2C:U: �rst 90 s (50)< d�dE > j280GeV < 7:7 � 10�19 ph=m2=keV=s � 1:1C:U: �rst 1000 s (51)< d�dE > j280GeV < 6:4 � 10�19 ph=m2=keV=s � 0:7C:U: entire 2223 s (52)< d�dE > j280GeV < 4:8 � 10�18 ph=m2=keV=s � 6:6C:U: any 100 s inverval (53)The rab unit (C.U.) was thereby assumed to be: 1C:U: := 1:5 � 10�3� EGeV��2:58ph=m2=TeV=s,measured by MAGIC and �tted from 300GeV to 5TeV2. These limits inlude the following systemati2Taking interpolated values from the diret measurements at these energies, the Crab unit diminishes by



11 Conlusions 117unertainties:1. Possible degradations of the point spread funtion2. Trigger ineÆienies in parts of the amera3. Changes in the limits due to di�erent possible spetral indies of the inident gamma ray spe-trum4. A global 10% unertainty on the absolute alibrationEven inluding these systemati, the limit in the upper energy bin results to be slightly better thanthe one presented by N.Galante and A. Stamerra in [1℄. The limit in the lower energy bin annot beompared diretly with their results sine their analysis does not reah down so far in energy.Also, integral limits were alulated to be ompared with the ones presented in [1℄. As the integrallimits depend on the integration ranges, however, a lose omparison annot be made. We hose ratherwide integration ranges and obtain ompatibility with the sum of upper limits in the orresponding�ner energy bins presented in [1℄.A seond, semi-independent DISP -analysis was performed using the similar, but not the same, pa-rameters to alulate the HADRONNESS. Slightly di�erent uts were used there and a �nal uton the parameter �2. Comparing these two analysis yield generally higher energy thresholds for theDISP -analysis, but omparable sensitivity and upper limits at higher energies. We noted that theso-alled \ghost-busting" eÆieny goes down to 0.5 at very low energies and may be responsible forthe higher threshold in energy.

about 10% at 150GeV and by less than 5% at 280GeV
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