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Improvement of the �2 analysisby using the Random Forest methodin the DISP estimationT.Y. Saito (MPI)J. Sitarek (MPI)May 19, 2009AbstratWe have developed an improved method for the estimation of the DISP parameter. Itis based on the use of the Random Forest (RF) method. In this report we ompare boththe sensitivity and the angular resolution of the new (hereafter RF DISP) and the \lassial"parametrized DISP methods.We tested the method using Crab Nebula data taken in wobble mode. Compared to thelassial DISP, the �2 analysis using the RF DISP method improves the angular resolution by� 25% at 300 GeV and � 45% at 1 TeV. As a result the sensitivity of the �2 analysis improvesby � 20% in soure position dependent analysis and � 30% in soure independent analysis.Contents1 Introdution 12 Best sensitivity study 23 Sensitivity in di�erent SIZE bins 64 Angular resolution 65 Images with leakage 106 Ghostbusting 127 Conlusions 138 Future plans 15A How to use it ? 151 IntrodutionIn the standard analysis DISP is parametrized by using a rather simple formula desribed in [1℄:DISP = A(SIZE) +B(SIZE) � WIDTHLENGTH + �(SIZE) � LEAKAGE (1)The �eld of view of the MAGIC amera is relatively small (3:5Æ). For some showers part ofthe image is outside the amera. This e�et an be parametrized by the so alled LEAKAGE1
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Figure 1: Standard DISP estimation of leaked images (ENERGY > 1 TeV, 0:3 > LEAKAGE > 0:1, Wobble HEMC). The estimated DISP position map (left �gure), the distribution of the di�erene between the true DISTand the estimated DISP (enter �gure) and the �2 distribution (right �gure). The blak star in the left �gureindiates the true soure position.parameter (see setion 5 for more detailed information), and it is espeially pronouned at higherenergies. In our analysis we notied that the DISP estimation is poor for images with a largeLEAKAGE. In the Fig. 1 you an see one result of a parametrized DISP method used for wobblemode HE MCs (spetral slope -1) for images with a large value of LEAKAGE parameter. A strongbias in the DISP estimation an be seen in the middle �gure. The soure position estimation isvery inaurate (left �gure), and the �2 plot (right �gure) has a long tail.It seems that the proper parameterization of the LEAKAGE is not straightforward, espeiallyin the wobble mode. The Random Forest (RF) method would be more suitable for this ratheromplex multi-parameter spae.In TDAS [2℄ it is desribed that the DIST and the TIME GRADIENT parameters are stronglyorrelated and an be used for better hadronness estimation. In the standard analysis, the TIMEGRADIENT is used for the soure dependent hadronness alulation and thus improving thesensitivity. However it has not been used for the soure independent analysis. The DIST - TIMEGRADIENT orrelation an be interpreted as a orrelation between the TIME GRADIENT andthe distane from the shower arrival diretion to the image COG (Center Of Gravity). This meansthat the DISP and the TIME GRADIENT are strongly orrelated and it is not neessary to assumea soure position.So it is lear that the time gradient should improve the DISP estimation, whih an be usedfor both the �2 analysis and skymaps. Addition of the timing parameter to the image geometryparameters would make the DISP parameterization more diÆult, while it is not the ase for theRF method.Motivated by these two reasons, we studied the improvement of the DISP estimation by us-ing the RF regression method. The same method is ommonly used in MAGIC for the energyestimation.2 Best sensitivity studyTo ompare the RF DISP method with the lassial parametrized DISP and the ALPHA analysis,we apply all these methods to a sample of the Crab Nebula data taken in Jan 2008. This sampleonsists of T = 9:1h of good quality data taken at the low zenith angle range (< 30Æ) in the wobblemode. We've performed 5 di�erent analyses, applying a ut in one of the angular parameters:� ALPHA� �2, the lassial parametrized DISP� �2, RF DISP with geometrial parameters (the same parameters as used in the lassialDISP)� �2, RF DISP with geometrial and TIME GRADIENT parameters� �2, RF DISP with all parameters (geometrial, TIME GRADIENT, asymmetry and zenith)2



All the parameters used in the analysis an be divided into two groups. The soure independentparameters like e.g. SIZE, WIDTH, LENGTH desribe the shape of the image without any as-sumption about the soure position. On the other hand soure dependent parameters (e.g. DIST)take advantage of apriori knowledge of the soure position. When the soure position is known,one an alulate the hadronness using all available parameters (both soure dependent and soureindependent), the so alled soure dependent hadronness. If the real soure position is o�set fromthe assumed one, soure dependent hadronness value for gamma like events will inrease, whihwill onsiderably spoil the gamma/hadron separation. Therefore, if the soure position is notknown at all, or it's preision is poor (e.g. omparable or worse than the telesope PSF for apoint like gamma soure), one may onsider a di�erent approah, the so alled soure independenthadronness. In this ase only the soure independent parameters are used in the gamma/hadronseparation RF, so the soure position assumption is not needed. Sine only partial informationabout eah shower is used, the gamma/hadron separation power dereases.If the soure position is not known, one has to perform a san searhing for it. To reate askymap, one projets every event on the sky, produing an ON map. Using one of the availablemethods in the elestina program also the bakground (OFF map) an be estimated. Only soure-independent hadronness an be used for gamma/hadron separation in the ase of the skymap.Another possibility is the so alled false soure � analysis method. The observed region in thesky is divided into a grid of possible soure positions (usually with a grid size of � 0:05Æ). Foreah of those positions a soure dependent ALPHA analysis is performed. Tehnially false soureanalysis is diÆult to perform, beause for every assumed soure position a set of melibea �les haveto be reated, whih takes both a lot of time and dis spae. In both skymap and false soureanalysis, the resulting signi�ane has to be orreted for a trial fator. The ahieved sensitivityin both methods is estimated to be on a omparable level.In priniple eah of the ALPHA/�2 analysis an be ombined either with a soure dependentor a soure independent hadronness. Usually ALPHA is assoiated with the soure dependenthadronness, and �2 with the soure independent hadronness. Refraining from using the souredependent parameters in the hadronness used for the ALPHA analysis weakens it onsiderably,and does not bring any additional advantage. Therefore the ALPHA analysis with the soureindependent hadronness is not reommended and it is presented here just for the ompleteness ofthe study.For eah ase we alulated the sensitivity aording to the following formula:sensitivity = 5= r50hT Non �NoffpNoff !C:U: (2)where C.U. stands for the unit of Crab Nebula ux.As the previous study has shown (see [2℄ ), the best soure dependent sensitivity for a Crablike soure is obtained with strong uts. In our analysis we apply a SIZE ut 400, an ALPHA ut6 degrees, and �2 ut 0.01 degrees2. We use a ut in the soure dependent hadronness h < 0:05. Inthe ase of a soure independent hadronness, as explained above, the gamma/hadron separation isless powerful. The best sensitivity is obtained with a looser ut. Therefore in this ase we hooseto apply soure independent hadronness ut h < 0:1. We have ross-heked that the used valuesprovide optimal signi�ane (see Fig. 2 and 3).Values of sensitivity obtained with the Crab data are shown in Table 1 for all types of analyses.Corresponding ALPHA and �2 distributions are shown in Fig. 4.�2 �2 �2 �2parametrized DISP RF DISP RF DISP RFALPHA DISP geometrial time allSr. dep. hadronness 1:44� 0:06 1:81� 0:12 1:60� 0:10 1:41� 0:08 1:40� 0:08Sr. indep. hadronness 3:52� 0:14 2:37� 0:15 2:17� 0:13 1:64� 0:09 1:63� 0:09Table 1: The sensitivity (in % C.U.) obtained with a wobble Crab sample, for di�erent types of analyses,SIZE> 400, ALPHA < 6, �2 < 0:01; hadronness < 0:05 (soure dependent) < 0:1 (soure independent)The best sensitivity value for an ALPHA analysis 1:44 � 0:06% C.U. seems to be somewhatbetter than the value (1:59� 0:07% C.U.) given in [2℄. This improvement is partially due to theusage of the absolute starguider alibration, whih makes ALPHA and �2 distributions narrower.3
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Figure 2: The sensitivity (in perentage of Crab) obtained with the soure dependent hadronness for SIZE >400. Parametrized DISP (top left), RF DISP with all parameters (top right), ALPHA(bottom left), RF DISPwith geometrial parameters (bottom middle) and RF DISP with geometrial and time gradient parameters(bottom right).
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Figure 3: The same as in Fig. 2 but for the soure independent hadronness.4
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Figure 4: Distributions for ON and OFF: ALPHA (left), parametrized �2 (enter), RF �2 (right), SIZE > 400.Upper �gures are for a soure dependent analysis (hadronness < 0:05), lower are for a soure independent(hadronness < 0:1). Crab Nebula data taken in the wobble mode.As one an see from Table 1 using the RF method for the estimation of DISP inreases thesensitivity for both soure dependent and soure independent �2 analyses. Further improvementis ahieved by using the time gradient in DISP RF. Usage of additional parameters of the image(asymmetry, M3Long) does not seem to improve the sensitivity. The total relative improvement is20� 30%.As it is explained earlier ALPHA ombined with a soure independent hadronness providesa very weak sensitivity. Unlike ALPHA, �2 analysis in that ase is preferred, and the resultingsensitivity is omparable to the sensitivity of the ALPHA analysis with the soure dependenthadronness. It is due to a fat that the �2 ut is onstraining in two spatial diretions in theamera (along and perpendiular to the main axis of the image), while ALPHA does it only inone (perpendiular). An impliit onstrain in the seond dimension in the ase of the ALPHAanalysis is obtained by using the usage of the soure dependent parameters (DIST and the TIMEGRADIENT with sign). This is why the �2 analysis does not depend so strongly on the souredependent parameters used in the hadronness alulation as the ALPHA analysis.In the ALPHA analysis one an see a hint on a broad bump in the OFF region at � 50Æ(Fig. 4 left). It is a feature of the wobble mode observations of a strong soure and it is due tothe real signal events alulated with respet to the OFF position. The bump is more pronounedin the ase of the soure independent hadronness, due to a fat that a given event has the samehadronness alulated with respet to ON and OFF position. Thus, the integral of the ON-OFFexess in the signal region (e.g. ALPHA < 12) is equal to the OFF-ON bump in the bakgroundregion (e.g. 12 < ALPHA < 90). On the other hand, the soure dependent hadronness of a realsignal event alulated with respet to the OFF position is muh larger than for the ON position.Therefore, in the ase of the soure dependent hadronness, this bump is partially suppressed. Inthe ase of the �2 analysis (with only one OFF region) a similar bump is expeted at (0:8Æ)2 = 0:64,whih is far away from the signal region.One of the most important soure dependent parameters used in the gamma/hadron separationis DIST. For events with a small value of the soure dependent hadronness, the estimated DISPvalue will be lose to the true value of DIST. Thus �2 and the soure dependent hadronness arestrongly orrelated. This results in the bakground region also peaking around 0 (upper enterand right �gures in Fig. 4). The disadvantage of the method is that the signal from a weak sourewould present itself as a small peak on top of this broad peak. Due to various systemati errorsthe broadness of the latter an vary thus mimiking a genuine signal. For soure independenthadronness ombined with the �2 analysis this e�et does not take plae, so the bakground is at.
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3 Sensitivity in di�erent SIZE binsIn the previous hapter we onsidered the best sensitivity for the well de�ned showers (SIZE> 400 phe). We deided to hek the 5 analysis methods by applying them also to 3 SIZE bins(100 < SIZE < 300, 300 < SIZE < 1000, and 1000 < SIZE). The resulting sensitivities as afuntion of the hadronness and the �2 / ALPHA uts are shown in �gures 5 to 10. The ahievedbest sensitivity for the above mentioned SIZE bins are ompared in tables 2 and 3.The behavior of the best sensitivity of the soure-dependent hadronness analysis is similar tothe ase desribed in hapter 2.:� DISP RF improves the sensitivity,� TIME GRADIENT improves it further� additional parameters (M3LONG, asymmetry) don't help.However, the overall improvement is lower (� 10%) in the SIZE range of 100 < SIZE < 300 thanfor SIZE > 300 (� 20%). At high sizes images are well de�ned and the �2 analysis an show itsfull potential being as good as ALPHA. For lower sizes ALPHA analysis is still more powerful (by� 15%), even when ompared to the best RF �2.The general trends seen on the soure-dependent hadronness analysis are true also for soure-independent hadronness analysis for SIZE > 300. Below 300, due to the larger errors the situationis not onlusive. The overall improvements are � 10%;� 20%, and � 35% for the SIZE range100 < SIZE < 300, 300 < SIZE < 1000, and 1000 < SIZE respetively. Even for the low sizes�2 provides a better sensitivity than ALPHA.SIZE soure dependentRange Alpha �2 param �2 geom. �2 time �2 all100-300 10.31 � 0.85 13.48 � 1.42 13.57 � 1.44 12.01 � 1.14 11.92 � 1.12300-1000 2.15 � 0.09 2.85 � 0.14 2.67 � 0.13 2.33 � 0.10 2.28 � 0.10> 1000 1.34 � 0.14 1.61 � 0.17 1.50 � 0.19 1.32 � 0.15 1.18 � 0.19Table 2: Sensitivity of the analysis for the soure dependent hadronness ut in % C.U.. Hadronness ut isapplied at 0.1 for SIZE 100 to 300, at 0.07 for SIZE 300 to 1000, and at 0.05 for SIZE above 1000. Alpha and�2 ut is determined by the best sensitivity shown in �gures 5 to 7. If the error of the sensitivity estimation ismore than 20% due to the lak of bakground, the ut was loosened.SIZE soure independentRange Alpha �2 param �2 geom. �2 time �2 all100-300 27.46 � 5.61 19.04 � 3.27 22.43 � 4.34 19.36 � 3.37 17.33 � 2.79300-1000 5.57 � 0.30 3.82 � 0.22 3.74 � 0.21 3.06 � 0.20 2.99 � 0.19> 1000 3.56 � 0.24 2.20 � 0.21 2.02 � 0.18 1.15 � 0.23 1.38 � 0.17Table 3: Sensitivity of the analysis for the soure independent hadronness ut in % C.U.. Hadronness ut is 0.1for SIZE below 1000 and at 0.07 for SIZE above 1000. Alpha and �2 uts are determined by the best sensitivityfrom �gures 8 to 10. If the error of the sensitivity estimation is more than 20% due to the lak of bakground,the ut was loosened. In the ase of �2 analysis with DISP RF with geometrial parameters (4th olumn), SIZErange 100-300, �2 ut 0.02 is used.4 Angular resolutionThe �2 distribution for the ON-OFF exess is shown in Fig. 11. The DISP RF method givesmuh more peaked distribution than the parametrized DISP. When using the time parameters inthe DISP RF, the distribution beomes even narrower. The angular resolution of the MAGICtelesope an be estimated using the umulative � (or �2) distributions of the ON-OFF exess. Apart of the showers have a wrongly reonstruted sign of DISP (the head-tail disrimination gives awrong result). This leads to very large values of �2. Showers with a reonstruted soure positionfurther than 0:4Æ from the assumed soure position are treated as a bakground and not taken6



Theta2
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

2

4

6

8

10

12

14

16

18

20

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

Hadronness Cut < 0.13

Disp Parametrization (Src Dep)

Theta2
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

2

4

6

8

10

12

14

16

18

20

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

Hadronness Cut < 0.13

Disp RF: All (Src Dep)

Alpha
0 2 4 6 8 10 12 14

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

2

4

6

8

10

12

14

16

18

20

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

Hadronness Cut < 0.13

Alpha (Src Dep)

Theta2
0 0.010.02 0.03 0.04 0.050.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

2

4

6

8

10

12

14

16

18

20

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

Hadronness Cut < 0.13

Disp RF: Geom (Src Dep)

Theta2
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

2

4

6

8

10

12

14

16

18

20

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

Hadronness Cut < 0.13

Disp RF: Geom and Time (Src Dep)

Figure 5: Analysis with the soure-dependent hadronness in SIZE Range 100 < SIZE < 300. ParametrizedDISP (top left), RF DISP with all parameters (top right), ALPHA(bottom left), RF DISP with geometrialparameters (bottom middle) and RF DISP with geometrial and time gradient parameters (bottom right).
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Figure 6: The same as in Fig. 5 but for the SIZE range 300 < SIZE < 1000.7
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Figure 7: The same as in Fig. 5 but for the SIZE range 1000 < SIZE.
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Figure 8: Analysis with the soure-independent hadronness in SIZE range 100 < SIZE < 300. ParametrizedDISP (top left), RF DISP with all parameters (top right), ALPHA(bottom left), RF DISP with geometrialparameters (bottom middle) and RF DISP with geometrial and time gradient parameters (bottom right).8
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Figure 9: The same as in Fig. 8 but for SIZE range 300 < SIZE < 1000.
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Figure 10: The same as in Fig. 8 but for SIZE range 1000 < SIZE.9
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fration soure dependent soure independent�2 �2 �2 �2 �2 �2 �2 �2param. geom. time all param. geom. time all0.41 (1D gauss) 0.09 0.08 0.07 0.07 0.10 0.09 0.07 0.070.5 0.11 0.10 0.08 0.08 0.12 0.10 0.08 0.080.68 (2D gauss) 0.15 0.13 0.10 0.10 0.16 0.14 0.11 0.11Table 4: The angular resolution (the radius, in units of degree, ontaining the given exess fration), obtainedby using the Crab sample, for di�erent types of analysis. SIZE > 400, hadronness < 0:05 (soure dependentanalysis) < 0:1 (soure independent)
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Figure 14: Comparison of the �2 distribution of the exess obtained with di�erent DISP methods for imageswithout leakage (top left), with small LEAKAGE1 (top right) and with moderate value of LEAKAGE1 (bottom).Soure dependent hadronness < 0:1, SIZE> 400The DISP RF method is the best in all the ases. For images with 0:1 < LEAKAGE1 < 0:2the distribution of parametrized �2 is very broad. Even in this ase the RF DISP (espeially withthe usage of time parameters) provides narrow distribution.6 GhostbustingIn the standard analysis estimation of the soure position is a two stage proess. In the �rst stepthe absolute value of DISP is alulated. For the given value of DISP and the diretion of main axisof the image there are still two possible solutions for the estimated soure position: on oppositesides of the COG. For seleting the orret one the asymmetry of the image is used. This seondstep is alled GhostBusting (GB), or more ommonly head-tail disrimination.Hillas Parameters used for the DISP estimation an be ategorized into unsigned parameters(LENGTH, WIDTH, SIZE, LEAKAGE et. { 0th or 2nd moments) and signed parameters (TIMEGRADIENT, M3Long, ASYM { odd moments). One may hope that by using the signed parametersand training the Random Forest with \Signed DIST", GB would beome unneessary.In a simple example we will see that it is not the ase. Let's onsider a type of showers forwhih the absolute value of DISP is determined with a good preision around the true value X ,but GB gives a wrong sign in a small fration (� 10%) of ases. In this ase 90% of the RF treesgives DISP = X , and 10% DISP = �X . The �nal value of the RF for this type of the showersis just the average value of all the values from all the trees. Thus the obtained value will be0:9 � X + 0:1 � (�X) = 0:8X . This value largely deviates from both X and �X . The resultingabsolute value of DISP will be biased by � 20% in the diretion of lower values (see Fig. 15).Therefore, the unertainty of the sign spoils the preision of the absolute value of DISP.If only a single RF tree were used, this problem would automatially disappear. But in thisase the performane of the RF method is muh worse.Therefore, the best way to proeed would be using 2 separate RFs: one for the absolute value ofthe DISP and one for its sign. In the previous setions we disussed the estimation of the absolutevalue of DISP ombined with the standard GB by ASYM.12



−X XX
DISPFigure 15: The reason of the spoiling of the DISP estimation by the wrong sign assignment in a fration of RFtrees. SIZE soure dependent with DISP RFRange Asym GB RF GB100-300 11.00 � 0.86 10.65 � 0.80300-1000 2.34 � 0.10 2.44 � 0.10> 1000 1.27 � 0.12 1.39 � 0.13Table 5: Comparison of the sensitivity (in % C.U.) of di�erent GB methods. Soure dependent hadronness utof 0.1 is applied for SIZE < 300 and 0.05 for the SIZE > 300. DISP is alulated by using RF with all theparameters and �2 ut is determined by Fig 16.Here we desribe briey the tehnial details of the GB RF method, whih unfortunately isnot suessful so far. The sign of DISP indiates whether the arrival diretion of the showeris on the right side (+) or on the left side (�) of the image. So the training is performed forsgn(MSrPosCam.fX - MHillas.fMeanX)value. As RF training parameters, we used TimeGrad*sgn(M3Long),M3Long, Asym, and LENGTH/WIDTH. Training was done on ON MC to minimize the bias (In wobbleMC the soure stays in 0:4Æ in X diretion and thus give more positive than negative values.)RF GB is done as follows. Output value of the RF ranges from -1 to 1. If the value is positive,arrival diretion of the shower is assigned to be on the right side of the image and the other wayaround. For this study slightly more data (11.3 hours, wobble mode) are used than in previoushapters. DISP RF with all parameters and soure dependent hadronness were applied. Theresulting sensitivity sans are shown in Fig. 16. The omparison of standard GB and RF GB ispresented in Table 5.RF GB may improve the sensitivity at low SIZEs, but it worsen a bit for larger SIZEs. Ifthis method is applied to wobble MC, it gives a slight improvement (eÆieny 65:3%! 67:9% forSIZE < 300 and 84:2%! 86:9% for SIZE > 300). However, the existing di�erenes between theMCs and the data ould mask this small e�et.With the seond telesope MAGIC an work in a stereo mode. In the standard stereo analysisimages from both telesopes are projeted on the amera. The intersetion point of the main axesof two images is a good estimation of the soure diretion and also gives a nearly perfet GB. If theimages are lose to parallel, the standard stereo reonstrution performane degrades onsiderably,spoiling the angular resolution. GB is also a�eted, but still it will be e�etive down to very lowvalues of the angle between both main axes.7 Conlusions� The usage of RF DISP (trained with the TIME GRADIENT) in the �2 analysis leads to20-30% improvement in the sensitivity with respet to the lassial parametrized DISP.� The improvement is present both in the analysis with soure dependent or soure independenthadronness.� The new method provides an angular resolution as good as 0.05Æ for 41% ontainment forshowers with the energy > 1TeV 13



Theta2
0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

2

4

6

8

10

12

14

16

18

20

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

Hadronness Cut < 0.13

Asym GB: 100 < Size < 300

Theta2
0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

2

4

6

8

10

12

14

16

18

20

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

Hadronness Cut < 0.13

RF GB: 100 < Size < 300 

Theta2
0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

0.5

1

1.5

2

2.5

3

3.5

4

Hadronness Cut < 0.03

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

Asym GB: 300 < Size < 1000 

Theta2
0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

0.5

1

1.5

2

2.5

3

3.5

4

Hadronness Cut < 0.03

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

RF GB: 300 < Size < 1000

Theta2
0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

0.5

1

1.5

2

2.5

Hadronness Cut < 0.03

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

Asym GB: Size > 1000

Theta2
0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

S
en

si
ti

vi
ty

 [
%

C
ra

b
]

0

0.5

1

1.5

2

2.5

Hadronness Cut < 0.03

Hadronness Cut < 0.05

Hadronness Cut < 0.07

Hadronness Cut < 0.09

Hadronness Cut < 0.11

RF GB: Size > 1000

Figure 16: The omparison of the sensitivity of di�erent GB methods (left : sgn(ASYM) and right : GB RF) in3 SIZE bins (top : 100 < SIZE < 300, middle : 300 < SIZE < 1000 and bottom : 1000 < SIZE). Souredependent hadoronness and RF DISP trained with all parameters are used.
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� Contrary to the lassial parameterization of the DISP, the DISP estimation by using theRF for images with leakage is nearly as good as that for images without leakage.� No further improvement is seen when using additional parameters (asymmetry, M3Long)� Inlusion of the GB into the DISP RF reonstrution produes a severe bias in the estimationof the absolute value of the DISP, thus degrading the angular resolution.� A separated RF used for the GB doesn't improve its preision.8 Future plans� Adapting DISP RF method for MAGIC II, e.g. averaging estimated DISP position fromboth telesopes. It an be espeially useful for nearly parallel images (events with impatpoint lose to the onnetion line between the telesopes).AknowledgementsWe would like to thank Razmik Mirzoyan and Abelardo Moralejo for many useful omments anddisussions whih helped to improve this TDAS note.A How to use it ?The reation of DISP RF is done in the osteria program usingosteria -f -q \--zdmin=<zdmin> --zdmax=<zdmax> \--onfig=<onfigr> \--dispgammafile=<m_train_files> \--dispout=<out_dir> \--disprf \--log=<logfile>This will reate a �le named DispRF.root inside diretory <out_dir>. The option --disprf anbe ombined with all the normal osteria options like --rf, --train-enr, --disp et.Parameters used for the training of the DISP RF are spei�ed in the .r �le e.g. :# DISP RFOsteriaLoop.MRFDisp.RFDispEstMatrix.Column0: log10(MHillas.fSize)OsteriaLoop.MRFDisp.RFDispEstMatrix.Column1: MHillas.fWidthOsteriaLoop.MRFDisp.RFDispEstMatrix.Column2: MHillas.fLengthOsteriaLoop.MRFDisp.RFDispEstMatrix.Column3: MHillas.fLength/MHillas.fWidthOsteriaLoop.MRFDisp.RFDispEstMatrix.Column4: MNewImagePar.fLeakage2OsteriaLoop.MRFDisp.RFDispEstMatrix.Column5: MHillasTimeFit.fP1Grad*sgn(MHillasExt.fM3Long)OsteriaLoop.MRFDisp.RFDispEstMatrix.Column6: MPointingPos.fZdOsteriaLoop.MRFDisp.RFDispEstMatrix.Column7: abs(MHillasExt.fAsym)## True dist in deg (has to ome as last olumn!)#OsteriaLoop.MRFDisp.RFDispEstMatrix.Column8: MHillasSr.fDist*0.0033703As in the ase of the energy estimation with RF, last parameter have to be the true value, forwhih the RF optimization is done. In the ase of RF DISP method, we optimize DIST. The fator0:0033703 is to onvert it from mm to degrees.RF DISP an be applied to the data at the melibea level. To do it one have to run melibeawith two additional options: 15



--al-disp-rf \--rfdisptree=path/to/your/DISPRF.rootIn the output �le, DISP alulated with RF method is stored in the usual ontainer (MImageParDISP).It is possible to alulate both parametrized DISP and RF DISP at the same time in melibea.In this ase the parametrized DISP result will be stored in MImageParDISP, and the output treefrom DISP RF will be alled MImageParDispRF.Referenes[1℄ Proeedings of ICRC2005, Pune, August 2005 E.Domingo et al., Vol. 5, 363 - 366[2℄ MAGIC-TDAS 07-03
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