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| Parameter || Cleaningprocedure| Level | Exponent]
ALPHA ‘Island’ 4.0/3.0 15
WIDTH ‘Island’ 1.3/0.3 1.5
LENGTH ‘Island’ 1.3/0.3 1.0
CONC ‘Island’ 1.3/0.3 /
DIST ‘island’ 1.3/0.3 1.5
Asymmetry ‘classic’ 4.0/3.0 2.0
NumberMountain ‘classic’ 3.5/2.7 /
MountainSize ‘classic’ 3.5/2.7 /

TableA.5: Thetablesummarizeshe optimalcleaninglevelsfor the differentimageparameters.

The Number-Mountain distribution and Mountain-SIZE distribution areplottedfor
both,gammasandhadronsgn Fig. A.28 andFig. A.27.

TheNumberMountaindistributionsfor gammasandhadronsarequite well separated
but the oneof the Mountain-SIZEparameteshows significantoverlapandit is not useful
for hard cuts. However, it still improvesthe separatiorwhenusedasan additional input
to the LDA togethemwith otherparametersThiswill beshaown in the next section.

A.4.5 Improvementin gamma/hadron separation

As all of the new parameterfiave beennow presentedye canproceedo checkwhether
they give animprovementin discriminationof the total imagedataset. The tool for this

procedurds the LDA . More parametersvill beintroduced stepby step,to seeif anim-

provement canbeachieved.

Impr ovement of the gamma/hadron separation by including the new parametersin
the LDA

Now we includethe new parameterdghatweredefinedabove,in theanalysisandseeif this
increaseshediscriminationpower. Thenew parametersire

e Parametersvith weights (exponentsn) ong;.

e Parameter®btainedby differ entimage cleaning procedures.
e Asymmetry

e Number-Mountain

e Mountain-SIZE

Tah summarizeshe optimal cleaninglevelsfor the differentimageparameterssob-
tainedin the studiesabove. The imageparametersf thr eedatasetswere calculatedac-
cordingly. Thesearethe MC gammadataset, a (recorded)OFF datasetandthe Mkn 421
dataset(flaresin 2001,167 hoursobsenationtime).

The stepwiseimpr ovementis shovn in four steps:

1. Firstthe parameters¥IDTH , LENGTH , CONC, zenith angle cos 6, SIZE and
somehigher orders areincludedin the LDA input parametelist, asdescribedn
sectionA.3.5. Thegivesusthefirst nineinputsfrom input[0]...Input[8]:

Input[0] WIDTH (A.73)
Input[1] LENGTH
Input[2] = CONC



A.4. NEWIMA GEPARAMETERSAND CLEANING ALGORITHMS 89

Input[3] = SIZE

Input[4d] = cosf

Input[5] = WIDTH? (A.74)
Input[6] = LENGTH? (A.75)
Input[7] = CONC? (A.76)
Inputis] — WIDTH*LENGTH AT

SIZE
2. Thenthe asymmetry angle o of Equ.A.71 andtheits cosinewereincluded.

Input|9]
Input[10]

e} (A.78)
cosa

3. After this the mountainclassificationparametersNumber-Mountain, Mountain-
SIZE andMountain-Size/SIZE wereincluded.

Input[1l] = NumberMountain (A.79)
Input[12] = MountainSize
Input[13] = MountainSize/SIZE

4. In theendthe remaining restwasincluded,which give still small correctionsand

improve separation
Input[14] = Leakage (A.80)
Input[15] = Leakage®
Input[16] = Distance
Input[17] = AveragePedestalSigma

At eachstepthe LDA wastrainedwith the MC-gamma-dataseindthe OFF-datasetvhich
gives us as a resultthe discriminating power. Thenthe trained LDA was appliedto
the datasetof Mkn 421 (flaresin 2001, 167 hoursobsenationtime). This yieldedthe
numberof excessevents, the background andthe resulting significance(Li/Ma) . The
following staticfix quality selectionrcuthasbeenappliedbeforetheLDA procedure0.5 <
DIST < 1.05, SIZE > 60PhE, Zenithangle < 50deg, WIDTH > 0.25 and
LENGTH > 04.

The resultsare presentedn the Tah A.6. In the first row the result of the simple
static cut is shavn. The next two rows shav the resultsusing classicimageparameters
with 1. linear input and?2. higher order input. The last four lines show the stepwise
improvementby usingparametersvith weightsandnew parametersslisted before.

Thefinal ALPHA plot for the Mkn 421 testsample(167 hoursof obsenation)canbe
seenin Fig. A.29. An OFF-datassamplewith lower statisticds alsoplottedin the samefig-
ureto demonstratethatthe backgroundestimatiorby fitting a polynomialis in agreement
with the OFF-datadistribution. The ALPHA distribution is wider thanthe previoususing
classicaimageparameterbecausenuchmoreadditional low energy events (which have
an unsharpeALPHA distribution) werefound. The final resultare about16000+- 250
excesseventswith a significancgLi/Ma) of about83 sigma.

Fig. A.30 shaws the output of the LDA. Fig. A.31 displaysthe cut efficiency of the
final versionplottedagainstzenithangleandenegy. The low enegy cut-eficiency im-
proved quite significantlyandit’s almostflat in zenithangleresponse.The averagecut
efficiency (aftertrigger and’precut’) is now ashigh as80 %. To avoid confusionit has
to be mentionedthatthe precuton DIST is dependenton the exponentn=1.5. For this
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| Step || Disk. power | Excessvents| Backg.| Sig. ]
| staticcuts I / | 5942.9+-134] 3869 | 47.9]
classicparametertinear 0.678 11389+-189 | 9681 | 60.8
classicparametersjuad. 0.736 12592+-204 | 9158 | 67.3
1. Parametergjuad. 0.755 14486+-256 | 11760 | 70.4
2. Plusasymmetry 0.766 16079+265 | 10886 | 77.8
3. Plusmountains 0.769 15636+-242 | 9275 | 80.0
4. Plusrest 0.777 16182+-245 | 9060 | 82.8

Table A.6: The table presentsthe stepwiseincreaseof discriminatingpower, excesseventsand
significancewhile reducingthe backgroundoy including the new imageparametersThe first line
containsthe resultsof the static cuts. The next two lines shawv the numbersfor classicHILLAS

parametersisinglinearandhigherorderinputsin the LDA. Thenext four stepsshav theincreasen

discriminationof hadronsandgammasby usingimageparametersvith weightsandincluding nev
parametersin thefirst steptheparametersVIDTH , LENGTH , CONC, zenith angle cos 8, SIZE
andsomehigher orders areusedasinputsfor theLDA. In thenext threestepthelist is expandedyy
theasymmetrymountainclassificationgndin the endby parametershatcorrectfor correlations.
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FigureA.29: The ALPHA plot of thefinal LDA cut. The plot shavs thefinal resultwith the maxi-

mumsignificanceof 82.8sigmathatachievedfor thedatasebf Mkn 421 of 167 hoursof obseration
time.
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Figure A.30: The histogramshawvs the output distributions (normalizedto one) of the LDA for
(recordedhadronsand(MC) gammasafterintroducingall possibleéimprovements.

reasonthe averagecut efficiengy after precuthere cannot be compareddirectly with the
valueobtainedat the beginningwhenusingclassicaHILLAS parameter§the averagecut
efficiency after precutwasaround70 %, but the samplewassmallerdueto a differentdef-
inition of DIST with n = 1.0). Apparentlythe cutefficiengy increaseanly by 13 % while
the excesseventsincreasedy 30 %, whichis no contradiction. The precuton DIST has
alwaysbeenchoserto resultin a maximally large significance.

Fig. A.32 shavs the effective areaaccordingto the LDA selectioncut (which wasop-
timized for maximal significance).In the calculationof the effective areasthe telescope
triggerefficiengy is alsoincluded.Thisis why the collectionareafor enegiesbelon 1 TeV
is rathersmallwhile the cut efficiency is still very high, approximately60%. The effective
areador the lowestzenith angle areabove 55 000m? (below 1 TeV). They reachalmost
95000m? for thelargestzenithangleof 45°.

A.4.6 Conclusion about the intr oduction of new image parameters
and newimage cleaningalgorithms

It hasbeenshowvn thattheintroductionof exponentsonthechagein eachpixel gave clear
improvementsof the separation power of theimageparametesetin caseof the param-
etersALPHA , WIDTH andLENGTH while theintroductionof weightsdependingon
the noisein eachpixel did not improve thediscrimination.

New image parameterdike the asymmetry angle of the a shaver, mountains and
leakagewhereclearlyableto furtherreducethe background.

A significant impr ovement camefrom the usageof a differ ent cleaning algorithm ,
the 'island’ cleaningwhich allowed to decreasethe cleaninglevel andthus keepmore
informationfor the separationThis improvesthe separatiorfor smallenegy events.

Altogether(also by usingthe LDA as separatiortool) it was possibleto double the
significanceof thedetectedignalandto almosttriple theamountof signal (excessgvents
(alwaysat maximumsignificance).
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FigureA.31: Theupperplot shavsthecut-eficiengy vs log(Enegy/GeV)andthelower plot shavs
the~ cutefficiengy vs zenithangle(in degrees).TheLDA hasaquitegoodcutefficiengy for enegies
smallerthanl TeV. Above 500GeVthecutefficiengy is still betterthan60% to 65 %. Above 10 TeV
the efficiency decreaseslightly becauserery big shavers (high enegy) arealwaystruncatedat the
cameraborder Thecutefficieng is measuredfterthetriggerandafterapplyingafilter cutof 0.5 <

DIST < 1.05, SIZE > 60 PhE, Zenith angle < 50 deg anda two-next-neighboursoftware
trigger. The lower plot shawvs an averagecut efficiengy of 80 % for a cut that resultsin maximal
significance. The DIST pre-cutis dependenbn the exponentn. For this reasonthe improvement
shavn hereseemsmallerthanit actuallyis, comparedo Fig. A.12.
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Figure A.32: The lower plot shavs the effective areascalculatedfor the LDA selectioncut using
a power law spectrumwith a spectralindex of a = 2.9 for threezenithangles. The blue curve is
for a 12°, thegreencurve for a 32° andthered curve for a45° zenithangle. The upperplot shavs
the simulatedMC eventsbeforecut (the blue curve) andthetriggeredeventsafter LDA cut (thered
cune).





