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Figurel.15: Electron number of a0.5TeV (green),of al TeV (red)anda3 TeV (blue)shaver vs
depth in unitsof radiationlengths.

caseof electromagnetishoverssolutionsexist for the cascadeequationswvhich assume
severalapproximations.

The meanfreepath length of anelectron(distanceat which the 1/e part of the elec-
tronsdid notinteract)is calledthe radiation length A andhasthe sizeof A = 36.2_%;.
This quantity hasto be divided by the densityof the air to getthe unit of alength(at sea
level p = 0.0011_%;it equateso approximatel\850m). For thefollowing discussiorfour
parameterareintroduced:

e Thedepth T alongtheshawveraxisin radiationlengths..

e The shaver ages = 3/(1 + 2 % (y/T')), which rangesfrom 0 to 2. The shaver
maximumis foundats=1.

e Thecritical energy E. = 80 MeV, wherethe enegy lossthroughionization,equals
theenegy lossthroughparticlemultiplication.

e Andavariable y = 1n (E/E,.), whereE is theenegy of theinitial gammaphoton.

Theapproximatdongitudinalelectronnumberthenbecome$Gai9qQ;:

0.31 17—
N.(s) = e (1—-1.5%In 5) 1.24
e(s) N (1.24)
The electron number vs depth for a3 TeV, al TeV anda 500 GeV shawver is plottedin

Fig. 1.15.

By introducinga very simple exponentialatmospherienodel (neglectingtemperature
changes)pneobtainsanapproximateshover shapeasa function of height. Thefollowing
equatiorrelateshe depthT (in radiationlengths)with theheightH (in m):

Xo __H
= e Ho
Acos?d
WhereX, = 1013_%; is the columnheightof air atground,Ho = 8400 m is the height
atwhichtheatmospheripressureeducedo 1/efrom the oneatgroundandd = 0 is the
inclinationangleof the shaver axis.

The resultingplot in Fig. 1.16 shovs a 3 TeV, a 1 TeV anda 500 GeV shawer with
respecto heightaccordingto the simple modeldescribedabove. The shaver maximum
for a 1 TeV shaver can be seenat approximately9500 m. The shover maximum for
shaverswith higherenegy reachegeeperinto theatmosphere.

(1.25)
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Figure1.16: Electron number of a0.5TeV (green),of a1 TeV (red)anda 3 TeV (blue) shaver
shaver vsthe height in m countedfrom ground.For higherenegiesthe shaver maximumreaches
deeperinto theatmosphere.

In orderto understandhe asymmetric shape of shaver imagesseenby the camera,
we analyzethe electron density seenunderan obsenation angle by the telescopethe
Cherenlbov imageitself is far morecomplicatedandwill not be treatedhere). The trans-
formationfrom the heightcoordinateto the viewing anglecoordinateinvolvesa tangent
of thatangle. This resultsin a very asymmetric shaverimage.Fig. 1.17 shovs thesame
three shavers developing at an impact parameteiof 90 m. Hereit canbe seenclearly
thatthe shaverimagein thetelescopeameras very asymmetric.The shaver maximum
movesto larger distancesfor in the camerdor higherenenies.

The camereaof the CT1 telescopénasan openingangleof approximatelyl.4 degrees
Comparingthiswith ourimage,it canbeconcludedhattherecordedcameramagewill be
truncated. For thesereasonstwo new imageparametertiave beenintroduced aswill be
explainedin detailin alaterchapter They are: an asymmetry parameter, anda leakage
parameter, which describegshe degreeof truncation of the shoverimagedueto atoo
smallcameraThelatter parametewill beusedfor enegy estimationpurposes.

Therealsoexists an analyticalsolutionfor the lateral width of the shover. Unfortu-
natelyit is only valid for 1 < s < 1.4 andis thereforenot very useful for developingan
analyticalmodelfor the shapeof vy-shavers. (Sucha modelmight be usefulfor v/hadron
separatiorusinglog-likelihoodtechniques)lt is theso-calledNKG-formula displayedn
Fig.1.18:

ef(z) =Kz~ ' (1+2)" *° (1.26)
whereK is anormalizationconstantand
x=r/rm (1.27)
is theradialdistancerom the shaver corein unitsof Molier e radii
ry R 9.3L2
cm
Thefollowing expressiordefinesthe normalizationconstantk” in Equ.1.26:

2 /00 zf (x)dr =1 (1.28)
0

Finally, the lateral electron density pn (r,T) becomes
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Figure1.17: Electron number of a0.5TeV (green),of a1 TeV (red)anda 3 TeV (blue) shaver
vsthe viewing angle from groundin degrees.For higherenegiesthe shaver maximumis found at
larger distancesin thecamera.

on (r,7) = 2 g ) (1.29)
™™

As aresult,it canbe statedthat the lateral spread increaseswith the shover age
Fromtheview of the camerahe imagedevelopsfrom the center(if the centerof the cam-
erapointsto the source)to bigger viewing angleswhile the lateral spreadcontinuously
increases

Hadronicshovers are more complicatedthan electromagnetionesand the cascade
equationgannotbe solved analytically Usually Monte Carlo simulations areneededo
understandhe differencebetweerelectromagneticascadeandhadroniccascades.

1.4.2 Hadronic cascades

A hadronicshaver hasthr eecomponentsa hadronic, an electromagneticanda muonic
one. The shaver developsasfollows: A high enegy hadroninteractswith the nucleusof
anatomin theair andproducesmainly pions(andafew kaons).

h + Nucleus = mn* + nn® (1.30)

Theshaver consistof ahadronichigh enegy corethatcontinuouslhfeedstheelectromag-
neticpartbecauseghe? instantlydecayinto two photons.

70 = v+ (1.31)

Eachhigh enegy photonemeging from the hadronic core createsan electromagnetic
sub-shaver. Lower enegy chagedK’s andr’s feedthe muonic componentby decaying
into muonsandneutrinos.At eachhadronicinteraction,approximately onethird of the
enegy goesinto the electromagneticcomponent Sincethe hadronsusuallyre-interact,
a large part of the initial enegy finally endsup in the electromagnetipart andis dissi-
patedthroughionizationlossesandCherenlov radiation. Themostnumerougarticlesin a
hadronicshover arethereforepositronsandelectronsit shouldbenotedthatin ahadronic
shaver a sizeablefraction of the enegy is transportedcaway by invisible neutrinosand
muonsand so that only a fraction of theinitial enegy is depositedin the atmosphere.
ThereforehadronicshaversproducelessCherenlov light thantheir electromagneticoun-
terparts.
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Figure1.18: Thefunctionz f(x) with correctnormalizationdemonstratethe lateralelectrondis-
tributionfor s=1.0(red),s=1.2(green) s=1.4(blue). Thelateraldistribution getswider with shaver
agedueto multiple scattering.

A Cherenbv telescopeseeghe Cherenlov radiationbasicallyonly from electronsand
positronsbecause) they aremorelikely to be above thr eshold of Cherenbov light pro-
ductionandb) they form the overwhelming fraction of particlesin a shaver. Theimage
of anhadronicshowver seenby sucha telescopéds wider andlargerandhasmuch larger
fluctuations thanthat of a pure electromagnetishaver (seeFig. 1.14). Thefluctuations
arelarger becausdahe hadronicradiationlengthis almostdoublethe size of the electro-
magneticradiationlength: A, = 70_%5. The lateral spread of the hadronicshawer is
mainly causedby the transverse momentum of the secondanhadronsafter a hadronic
interactionwhile in the caseof electromagnetichaversthe lateralspreads a function of

multiple scattering resultingin a muchslimmershawer.

Sinceoneis interestednly in gammaray inducedshowvers,the hadronicshoversmust
be separatedfrom the electromagnetiones. This differencein the geometrical image
structure andto a certainextentthe time structure canbe usedto distinguishbetweerthe
gammanducedeventsandthehadronichackgroundprovidedtheinstrumentassuficient
resolution(e.g.afinely pixelizedcameraandsub-nanosecortime resolution).

It shouldbe notedthat anincominghigh enegy ~y-photon(or a -y in the shaver) can
develop secondanhadronswith low probability (1%) via photoproductiorwhich initiate
a hadronicshowver. Suchshawers,inducedby a y-photon,cannotbe distinguishedrom
a normal hadronicshaver andthereforeaddto the background. However, mostwill be
eliminatedby selectioncuts.

Below 100 GeV thereexists a small but non-negligible contrib ution of electronsin
the primary CR flux. Theseelectrondnitiate electromagnetishaversasprimary~’s and
arethereforeindistinguishabldrom - inducedshaversandsoform anon-reducibleback-
ground. However, like all the otherchaigedCR, they areisotropically distrib uted. It is
thereforeessentiato achieve agoodangularesolutionto reducethee~ backgroundn the
caseof pointsourcesearches.

All thestructureof extendedair shoverscanbeseerthroughthe Cherenlov light emit-
ted by the particles(with 3 > f.) in the shaver. Cherenkv telescopesre especially
sensitve to the dir ectionality of the Cherenlov light. Thisis animportantdifferenceo air
fluorescencexperiments.
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1.4.3 Cherenkov light production

A highly relativistic particleemitsCherenlov light duringits travel throughtheatmosphere
[Jel58 Lon1/93. Cherenlov light is alwaysproducedvhenthe particlevelocity is faster
thenthe velocity of light in theair (8 > 3.). Theconditionfor Cherenlov light production
therefores:

n(p@) <v=fc=(1 ~)c (1.32)
wheren (p,w) is the refractionindex of the atmospheravhich dependson the density
of the air andthe wavelength, § is the velocity of the particlein units of ¢ and+y is
the relatiistic Lorentz-factor The condition above also limits the spectral range of
the Cherenlov-light sincethe refractionindex of the air dependsn the wavelength. The
Cherenbov light is radiatedn alight coneof openingangle

1
cos(0) = ——— 1.33
©) Bn (p,w) (1.33)
Themaximumopeningangleincreasesastheparticleentersdeepein theatmospherelue
to the increasingair density This is illustratedin Fig. 19.TheEnegy radiatedper unit
lengthandunit frequeng is [Lon1/92:

dE eZw c?
dl  4mepcd (1 n? (p,w) V2> (1.34)
The Cherenkv light seenfrom thegroundis the supeiposition of all thelight emitted
in conesby all the electronsandpositronsintegratedoverthe whole shaver development.
In orderto determinethe total light distribution on the ground,the lateral spread of
the electronsandmoreimportantly, the angular distrib ution q (3, h) of the propagation
dir ection of theelectronswhich defineshe dir ection of emissionof the Cherenlov cone,
hasto betakeninto account.Fig. 19 shavs the distribution of Cherenlov light emittedby
alTeV shawer.

.1 The principle of Cherenkov imaging telescopes

Air shaversdevelop practicallywith the speedof light, resultingin very shortCherenlov
light flashes.Typical numberdor the arrival time of Cherenlov photonsare2-4 nsfor an
electromagnetishaver. Hadronicshovershave a wider time spread(10 ns- 15 ns) due
to the developmeniof mary subshowers. Fig. 20 shavs the Cherenlov photondensityon
groundfor differentCR particles.The photon density for electromagnetishoverson the
groundscalesto first order with the energy (for E > few GeV, the light outputis used
asthe main enegy estimator)while for protonsthis relationdoesnot hold belon 1 TeV.
Reasonablenirror areasareneededo collecta sufiicientamountof light for detection.
For example,for a 1 TeV electromagnetishaver only about 100 photonsin? arrive
the groundin the main impact parameteregion of a radiusof about120 m, within the
wavelengthregion of 300 nm (the ozonecutoff) to 600 nm (the sensitvity limit of the
PMT). Assuminga collectionmirror areaof ~ 10m? for the CT1 telescopeandtaking
into accountossesn theoptics,only about 800photonswill arriveto the (whole)camera
duringafew nanosecond®uring thistime alsolight from the night sky (NSB)is continu-
ouslybeingcollectedby themirror. OntheRoquedelos Muchachosn La Palmaat2300m
(thelocationof the CT1 telescopethe NSB accountgor approximatelyt.3 10'2 %
[Sch0q. For ~ 10 m? anda pixel diameterof 0.25° (correspondingo the CT1 telescope)
this resultsin approximately0.6 photons per ns and per pixel. This numberdepends
stronglyon the sky areaandweatherconditionsandcaneasilychangeby a factorof 2 or
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Figure19: Thisfiguresketcheghe Cherenkv light productionof a1 TeV photon.It illustrateshow
the openingangleincreasesvith the densityof theair. Most of thelight is emittedbetweera height

of 10km and6 km. (takenfrom [Hil96])
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Figure20: Cherenkv photondensity(300 nm-600nm) of differentcosmicray particlesat 2000m
averagedover 50000 m? collectionarea(impactparametek. 125 m), takenfrom [Ose01

morein time scalesof 20 minutes,dependingon the humidity of the air. During moon
light, thenight sky backgroundcanbeupto two orders of magnitude higher.

The brevity of the light flash definesthe propertiesthat a cameramusthave: Single
photon counting capability, ultra short recording time of afew nanosecondsandthe
ability to withstand aratherhigh continuougphotonbackgroundate. Thiscanbeachieved
with a cameraconsistingof pixels of photomultipliers which arerun at a sufiiciently low
gainto avoid damageby high currentsput still high enoughto resolhe atleastafew photon
pulses.

The size of the pixels shouldbe smallerthan 0.3 to at leastbe ableto resohe the
lateralspreadTo seethefluctuationsin the lateraldistribution, the pixel diametershould
ideally be below 0.1°) becausehe main advantageof animagingtelescopes to be able
to distinguishbetweenbackgroundhadronicshavers) and signal (gammasshowvers) by
seeingdiffer encesin theimageof the showers.

To bolsterthe abore mentionednumberdets give a numericalexample: For a1l TeV
gammashaover the maximumis locatedat aboutan altitude of 10 km andthe interaction
lengthis about1 km at that air density Assumingthe telescopés locatedat 2.2 km el-
evation, thenthe interactionlength correspondso ~ 0.1° viewing anglein longitudinal
directionfor animpactparameteof p = 100m. Accordingto theNKG formulaEqu.1.26,
the lateral spreadfor sucha shower is half width half maximumd=65m at s=1 (showver
maximum)at that altitude of 10 km. A movementof 64 m perpendiculato the center
core connectionline at the sameimpact parameteresultsin approximately0.3° which
correspondso oneCT1-pixel in lateraldirectionin thecamerg(seeFig. 1.14).

In the following sectiond will give anoverview of the HEGRA experimentand how
the CT1telescopea majorprototypefor all Cherenlov telescopesiasbeenimplemented.

.2 The HEGRA experiment: An overview

TheoriginalHEGRA experiment(seeFig. 21) wasproposedy theinstituteof physicsthe
UniversitatKiel andwas built asa small scintillator arrayin 1988 on the Canarylsland
La Palma(28.75 N, 17.89 W). Graduallymore institutesjoined and the detectorwas
enlaged. At presentthe HEGRA collaborationconsistsof seven institutes: Universitét
Hamlurg, Max-Planck-Insitufir Physikin Munich, Max-Planck-Instituffiir Kernphysik
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Figure21: TheHEGRA experimentakite 1998.A collageshavs thenew MAGIC telescopavhich
is currentlyunderconstruction.On theright onecanseethe CT1 telescopevhich hasbeenusedto
recordthe datafor this thesis.

in Heidelbeg, UniversitatKiel, Universityof Madrid, UniversitatWuppertalandthe Yere-
van PhysicslInstitut in Armenia. The HEGRA experimentis locatedat the site of the
Obsenvatorio del Roque de los Muchachosat about2200m above sealevel. In its 1997
setup,the experimentconsistedf 17 Geigercounters 244 scintillator counters,77 wide
angleCherenlov countersand6 Cherenlov telescopesin the pastyearpartsof the exper
imenthave terminatedand have beenremoved. At presenbnly six Cherenlov telescopes
arein use. Five of themare operatedogetherin stereomodein the so-calledCT-system.
Theoldesttelescopendoriginal prototypeof theexperimentjs runin astand-alonenode.
Thisis the CT1telescopeOnly datafrom the CT1 telescopérasbeenusedfor this thesis.

The CT1 telescopevasinstalled1992. In the beginning it had5m? of mirror area
and a cameraof 37 pixelswith ~ 3° field of view (FOV) [Mir94]. In Decemberl994
the camerawasreplacedoy a higherresolutioncamerawith 127 pixels anda ~ 3° FOV
[Rau9y. CT1 wasoperatedn this configurationuntil November1997, at which time it
was upgradedo ~ 10m? of mirror collectionareamadefrom aluminummirrors. This
representshe currentsetupusedfor this thesis.In this configurationit hasa thr esholdof
approximately 750GeV.

The secondHEGRA Cherenlov telescopeCT2, wasinstalledin 1993. In contrastto
CT1,which hasanequatoriamount,CT2 usesanalt-azimuthmountandis equippedwith
8.5m? mirror area. In the beginning CT2 had a camerawith only 61 pixels, but it was
upgradedn 1998to a high resolutioncameraof 271 pixels and4.9° field of view. CT2
wasalsooperatedn stand-alonenodeuntil 1998,whenit wasincludedin the CT-system.
In 1997it hadathresholdenegy of approximatelyl TeV.

TheCherenbv telescopesystemgcalledCT-system consistof asetof four telescopes
(namelyCT2 to CT5). Togetherthey are operatedin stereo mode. This meanshatall
of thetelescopesvatchthe sameobjectandsimultaneouslyecordthe sameair showver. In
this way the impactparameterandthereforethe enegy canbe reconstructeanuchmore
precisely The advantageof having several imagesof the sameshover leadsto a much
impr oved gamma/hadron separation. It is possibleto obtainan almost perfectly clean
data setof gammashawers whenoperatingn a> 3-fold telescopeoincidence Thefirst
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telescopeof the CT system,CT3 wasinstalledin 1995. CT4, CT5 andCT6 followedand
werefully constructecendof 1996. All of thesetelescopehave a sgmentedmirror of
8.5m? anda high resolutioncameraof 271 pixelsand4.9° FOV. Theenegy thresholdof
thesystemis 500GeV.

.3 The HEGRA CT1 telescope

TheCT1telescopdasalwaysbeenreferredto asthe’ prototypetelescopé becausé was
thefirst telescopeof the HEGRA collaboration(seefig. 22). It wasconstructedn order
to gain experiencewith thesetypesof telescopesandto seeif Cherenkv telescopesin
general,areableto recordweakastrophysicasignalswith sufficient signalto noiseratio
to obsene astronomicabbjectsandto performreal physics. It hasbeenone of the first
imaging Cherenlov telescopesn the world. In contrastto mostCherenlov telescopedt
hasan equatorialmountinsteadof an alt-azimuthmount. This hasboth advantagesand
disadwantagesThe advantagesare

e Theoperationof an equatoriaimountedtelescopds simplerbecausenly one axis
and one motor arenecessaryo rotatewith constantspeedin orderto counteract
therotationof theearth.

e Thecoordinate systemof thecameradoesnot rotate with respecto thecoordinate
systemof the sky. All of the bright starsin thefield of view of the camerastayin
the sameposition. This simplifiesthe Monte Carlo simulationandthe analysis,as
describedaterin chapterA.

The disadvantagesare

e Theaxisof thetelescopeas never aligned perfectly to the earths rotationaxis and
thereforethe dataneedsa pointing correction® lateron.

e The constructionrequiresa heavy counter weight for the mirror dish. This sets
limitations on the accessibleangularrange. The useof counterweightsequiresa
very stableandthereforeexpensve construction.

NowadaysCherenkv telescopesreconstructednly with alt-azimuth mounts.

.3.1 Technicaldetails

In the presentsetupCT1 is equippedwith sgmentedhexagonalaluminum mirrors of
490 cm focal length. A so-calledDavis-Cotton configurationhasbeenchosenin order
to obtainan optimal shapeof the reflectorwith respecto bestimages (leastdistortion).
Thetotal mirror areais ~ 10m? with areflectvity betterthan80%.

The cameraconsistof 127 10-stageEMI-9083A PMTs connectedo hexagonallight
concentratorsso-calledWinston cones’which acceptonly light coming from a limited
angularrangein the directionto the mirrorsin orderto block stray-lightandbackground
light emeging from the side. The PMTs are operatedat mediumgainwith only 8 stages
coupledto fastpreamplifierso compensatéor thereducedyain. Thisis doneto avoid high
anodecurrentgeneratedby thelight of the night sky (NSB) andbright starsin thefield of
view.

Duringdarknights(withoutmoonlight), the NSB givesapproximatelh0.6photon/(ns*pixel).
This correspondso approximately0.3 photoelectron/pixel (integratedover a gatelength

3Theword 'mispointing’ is usedin the sensehatthe centerof the cameradoesnot coincideexactly with the
coordinate®f the objectto which thetelescopes pointingto. A ’pointing correction’correctsthe datafor slight
misalignments.
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Figure22: An imageof the CT1telescopén presenstatein La Palmaon the Roquedelos Mucha-
chos.Thedatausedin this thesishasbeenrecordedwith it.

of around30 ns). This numberincreasedy a factorof two with differentweathercondi-
tionsandby a factor of up to 20 duringmoonlight hours.In thelattercasethehighvoltage
(HV) of the PMTsis reducedo keepthe currentin anacceptableange. The diameterof
onepixel is 0.25° (= 21mm). This is barelysufiicient to resole the lateraldistribution of
air shavers. The cameras the mostexpensve partof anair Cherenlov telescopeThere-
fore onehasto make compromises$n the choiceof the pixel-diameteand FOV. Thetotal
FOV is 3°. The maximumquantumefficiency (QE) of the PMT is 26% at 375nm. The
trackingerror of the equatoriaimountis 0.03° andthe pointingerror< 0.15°. The output
of the pre-amplifierds transferedo the countingcontainervia coaxialcables.

.3.2 Thetrigger of CT1

The telescopdriggerson incomingair-shonvers on the conditionthat within 6 ns (8-2 ns
minimumoverlap)two neighboringpixelsoutof any 127shav asignalhigherthan50mV,
which correspondgo a superpositiorof approximatelyl3 photoelectronsn the PMTSs.
The trigger signal opensthe gateof 127 chaige sensitve (LeCroy) ADCs andinitiatesa
readoutsignal. For eachtriggeredeventthe direction of the telescopgvia shaftencoder
values)anda time stamp(via a rubidium clock) arerecorded.The trigger rate depends
onthe HV of the PMTs, the zenith angle of the telescopeandweatherconditions on the
mountain.The cameraandthereadoutelectronicsaredescribedn moredetailin [Rau93.
For zenithangled = 0 thetriggerrateis approximatelys-8 Hz andthe energy thr eshold
is about 750GeV.

4 The All Sky monitor of the RXTE satellite

Sourceghat emit high enegy (HE) ~-radiationnormally also shav strongkeV-MeV ~-
emission. Thesemeasurementsave beencarriedout by satelliteborneinstrumentsoe-
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Figure 23: a) Principle of the Shadev Camerab) Schematicdiagramof the ScanningShadev
Cameraof theall sky monitorof the RXTE satellite.

causeheearths atmospherés anefficientshield.In chapteB, concerninghe analysisof
Mkn 421obsenations,| will make useof x-ray obsenationdatafrom the RXTE satellite.
Herel give abrief overview of thisinstrument.

The RXTE satellite[Bra93, launchedon Decembe30, 1995,wasdesignedo probe
cosmicX-ray sourcen variability time scalesn the rangeof millisecondsto years.On
boardof the satellitethreeexperimentshave beeninstalledwhich spananenegy rangeof
2 keVto 250keV. They are:

e Proportional Counter Array (PCA): The PCA consistof five xenongaspropor
tional counterswith a collectionareaof about6200cm?2. The PCA is sensitve to
X-raysin the enegy rangefrom 2 keV to 60 keV andcanmeasureshorttermvari-
ability down to themicrosecondevel.

e High Energy X-ray Timing Experiment (HEXTE ): HEXTE consistf two inde-
pendentlustersof four Nal/Csl phoswichscintillation detectors.Theenegy range
is 15-250keV andthetime resolutionis againa few microseconds.

e All Sky Monitor (ASM): The ASM is thedetectowhosedatahasbeenusedin this
thesis.The ASM consistof threeScanningShadev CameragSSCs)andcoversan
energy range from 2 to 12 keV. The SSChasa slit maskat the entrancgseefig.
23), that producesa characteristicshadev patternin the PositionSensitve Propor
tional Counters(PSPC)which arefilled with Xenon. The ideais that eachsource
in the sky producessucha patternin the detectorandthatthe patternof all sources
superposeDecorvoluting theimagedeliversthe intensityanddirectionof the indi-
vidual sources.The ASM scans80 % of thesky every 1.5 h andis usedto measure
long-termvariability (hoursto months)of bright X-ray sourcesdueto the rotation
of the satellite. All threeSSCspointin differentdirectionsof the sky. The data is
deliveredin 90 secondbins.

For amorecompletedescriptionof ASM andHXTE see[Lev96, Gru9q.





