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Figure1.15:Electron number of a0.5TeV (green),of a1 TeV (red)anda3 TeV (blue)shower vs
depth in unitsof radiationlengths.

caseof electromagneticshowerssolutionsexist for the cascadeequationswhich assume
severalapproximations.

Themeanfr eepath length of anelectron(distanceat which the1/epartof theelec-
tronsdid not interact)is calledthe radiation length ¸ andhasthe sizeof ¸�¹»º�¼�½�¾�¿À®Á{Â .
This quantityhasto bedividedby thedensityof the air to get theunit of a length(at sea
level Ã = 0.0011 ¿À®Á�Ä it equatesto approximately350m). For thefollowing discussionfour
parametersareintroduced:Å Thedepth T alongtheshoweraxisin radiationlengthş ..Å The shower age Æ�¹Çº¡ÈEÉmÊ�ËÌ¾ÎÍaÉ�Ï�È�Ð�ÑkÑ , which rangesfrom 0 to 2. The shower

maximumis foundats=1.Å Thecritical energy Ò À = 80 MeV, wheretheenergy lossthroughionization,equals
theenergy lossthroughparticlemultiplication.Å And a variable ÏÓ¹ÕÔ;Ö5É�Ò×È
Ò À Ñ , where Ò is theenergy of theinitial gammaphoton.

Theapproximatelongitudinalelectronnumberthenbecomes[Gai90]:Ø×Ù É?ÆÚÑÛ¹]Ü ½ ºµÊÝ ÏßÞÚà�áLâXã¤âXä åXæmç è¤éIê (1.24)

Theelectron number vs depth for a 3 TeV, a 1 TeV anda 500GeV shower is plottedin
Fig. 1.15.

By introducinga very simpleexponentialatmosphericmodel(neglectingtemperature
changes),oneobtainsanapproximateshowershapeasa functionof height.Thefollowing
equationrelatesthedepthÐ (in radiationlengths)with theheight ë (in m ):Ðc¹ ì�í¸ïî)ð�ñ�ò Þ ã°óó�ô (1.25)

Where ì�í ¹]Ê Ü Ê�º�¿À®Á Â is thecolumnheightof air at ground, ë í ¹öõ
÷ Ü�Ü m is theheight
at which theatmosphericpressurereducedto 1/efrom theoneat groundand òø¹ Ü is the
inclinationangleof theshoweraxis.

The resultingplot in Fig. 1.16 shows a 3 TeV, a 1 TeV anda 500 GeV shower with
respectto heightaccordingto the simplemodeldescribedabove. The shower maximum
for a 1 TeV shower can be seenat approximately9500 m. The shower maximumfor
showerswith higherenergy reachesdeeper into theatmosphere.



1.4. THEORY OF AIR SHOWERS 33

Figure1.16: Electron number of a 0.5 TeV (green),of a 1 TeV (red)anda 3 TeV (blue)shower
shower vs theheight in m countedfrom ground.For higherenergiestheshower maximumreaches
deeper into theatmosphere.

In orderto understandthe asymmetric shapeof shower imagesseenby the camera,
we analyzethe electron density seenunderan observation angleby the telescope(the
Cherenkov imageitself is far morecomplicatedandwill not be treatedhere). The trans-
formationfrom the heightcoordinateto the viewing anglecoordinateinvolvesa tangent
of thatangle.This resultsin a very asymmetric shower image.Fig. 1.17shows thesame
threeshowers developingat an impactparameterof 90 m. Here it can be seenclearly
that theshower imagein thetelescopecamerais very asymmetric.Theshower maximum
movesto largerdistancesfor in thecamerafor higherenergies.

Thecameraof theCT1 telescopehasanopeningangleof approximately1.4 degrees.
Comparingthiswith our image,it canbeconcludedthattherecordedcameraimagewill be
truncated . For thesereasons,two new imageparametershavebeenintroduced,aswill be
explainedin detail in a laterchapter. They are: anasymmetry parameter, anda leakage
parameter, which describesthe degreeof truncation of the shower imagedueto a too
smallcamera.Thelatterparameterwill beusedfor energy estimationpurposes.

Therealsoexistsananalyticalsolutionfor the lateral width of theshower. Unfortu-
natelyit is only valid for ÊÓùúÆÓùûÊ�½ ÷ andis thereforenot very useful for developingan
analyticalmodelfor theshapeof ü -showers. (Sucha modelmight beusefulfor ü /hadron
separationusinglog-likelihoodtechniques).It is theso-calledNKG-f ormula displayedin
Fig. 1.18: ýfþ É ý ÑÛ¹ ÿ ý éOã¤â ÉkÊ©Ë ý Ñ éOã � ä å (1.26)

where ÿ is a normalizationconstantandý ¹��
È���� (1.27)

is theradialdistancefrom theshowercorein unitsof Molier e radii����� 	 ½ º 
�
���
Thefollowing expressiondefinesthenormalizationconstantÿ in Equ.1.26:¾�� ���í

ý0þ É ý Ñ�� ý ¹$Ê (1.28)

Finally, the lateral electron density Ã��=É����kÐ�Ñ becomes
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Figure1.17: Electron number of a 0.5 TeV (green),of a 1 TeV (red)anda 3 TeV (blue)shower
vs theviewing angle from groundin degrees.For higherenergiestheshower maximumis foundat
larger distancesin thecamera.

Ã�� É����kÐ¶Ñ�¹ Ø Ù É�Ð�Ñ� ��
þ É ý Ñ (1.29)

As a result, it canbe statedthat the lateral spread increaseswith the shower age.
Fromtheview of thecameratheimagedevelopsfrom thecenter(if thecenterof thecam-
erapoints to the source)to bigger viewing angleswhile the lateralspreadcontinuously
increases.

Hadronicshowers are more complicatedthan electromagneticonesand the cascade
equationscannotbesolvedanalytically. UsuallyMonte Carlo simulations areneededto
understandthedifferencebetweenelectromagneticcascadesandhadroniccascades.

1.4.2 Hadronic cascades

A hadronicshowerhasthr eecomponents,a hadronic, an electromagneticanda muonic
one. Theshower developsasfollows: A high energy hadroninteractswith thenucleusof
anatomin theair andproducesmainlypions(anda few kaons).� Ë Ø�� �
� Þ � Æ! � �#"�Ë%$&� í (1.30)

Theshowerconsistsof ahadronichighenergycorethatcontinuouslyfeedstheelectromag-
neticpartbecausethe � í instantlydecayinto two photons.� í  ü�Ë ü (1.31)

Eachhigh energy photonemerging from the hadronic core createsan electromagnetic
sub-shower. Lowerenergy chargedK’sand � ’s feedthemuonic componentby decaying
into muonsandneutrinos.At eachhadronicinteraction,approximately onethird of the
energy goesinto theelectromagneticcomponent. Sincethehadronsusuallyre-interact,
a large part of the initial energy finally endsup in the electromagneticpart and is dissi-
patedthroughionizationlossesandCherenkov radiation.Themostnumerousparticlesin a
hadronicshowerarethereforepositronsandelectrons.It shouldbenotedthatin ahadronic
shower a sizeablefraction of the energy is transportedaway by invisible neutrinosand
muonsandso that only a fraction of the initial energy is deposited in the atmosphere.
ThereforehadronicshowersproducelessCherenkov light thantheirelectromagneticcoun-
terparts.
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Figure1.18: Thefunction '�(*)+'�, with correctnormalizationdemonstratesthe lateralelectrondis-
tribution for s=1.0(red),s=1.2(green),s=1.4(blue).Thelateraldistributiongetswider with shower
agedueto multiple scattering.

A Cherenkov telescopeseestheCherenkov radiationbasicallyonly from electronsand
positronsbecausea) they aremorelikely to beabove thr eshold of Cherenkov light pro-
ductionandb) they form theoverwhelming fractionof particlesin a shower. The image
of an hadronicshower seenby sucha telescopeis wider andlargerandhasmuch larger
fluctuations thanthatof a pureelectromagneticshower (seeFig. 1.14). Thefluctuations
are larger becausethe hadronicradiationlength is almostdoublethe sizeof the electro-
magneticradiationlength: -*. ý0/ é21l h 7 . The lateral spread of the hadronicshower is
mainly causedby the transversemomentum of the secondaryhadronsafter a hadronic
interactionwhile in thecaseof electromagneticshowersthelateralspreadis a functionof
multiple scattering resultingin a muchslimmershower.

Sinceoneis interestedonly in gammaray inducedshowers,thehadronicshowersmust
be separated from the electromagneticones. This differencein the geometrical image
structure,andto a certainextentthetime structure,canbeusedto distinguishbetweenthe
gammainducedeventsandthehadronicbackground,providedtheinstrumenthassufficient
resolution(e.g.a finely pixelizedcameraandsub-nanosecondtime resolution).

It shouldbe notedthat an incominghigh energy Ù -photon(or a Ù in the shower) can
developsecondaryhadronswith low probability (1%) via photoproductionwhich initiate
a hadronicshower. Suchshowers, inducedby a Ù -photon,cannotbe distinguishedfrom
a normalhadronicshower and thereforeadd to the background.However, mostwill be
eliminatedby selectioncuts.

Below 100GeV thereexistsa small but non-negligiblecontribution of electrons in
theprimaryCR flux. Theseelectronsinitiate electromagneticshowersasprimary Ù ’s and
arethereforeindistinguishablefrom Ù inducedshowersandsoform anon-reducibleback-
ground. However, like all the otherchargedCR, they are isotropically distrib uted. It is
thereforeessentialto achieveagoodangularresolutionto reducethe â ç backgroundin the
caseof point sourcesearches.

All thestructureof extendedair showerscanbeseenthroughtheCherenkov light emit-
ted by the particles(with �43 � l ) in the shower. Cherenkov telescopesare especially
sensitiveto thedir ectionality of theCherenkov light. This is animportantdifferenceto air
fluorescenceexperiments.
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1.4.3 Cherenkov light production

A highly relativistic particleemitsCherenkov light duringits travel throughtheatmosphere
[Jel58, Lon1/92]. Cherenkov light is alwaysproducedwhentheparticlevelocity is faster
then the velocity of light in theair ( �53=� l ). Theconditionfor Cherenkov light production
thereforeis: î� ò�6wù87rø:9<; ý �Rî ý�ò è!� èÙ ð ø î (1.32)

where � ò�6wù87rø is the refractionindex of the atmospherewhich dependson the density
of the air and the wavelength, � is the velocity of the particle in units of î and Ù is
the relativistic Lorentz-factor. The condition above also limits the spectral range of
theCherenkov-light sincethe refractionindex of theair dependson thewavelength.The
Cherenkov light is radiatedin a light coneof openingangle

î
= Z ò�>
ørý è��� ò�6wù87rø (1.33)

Themaximumopeningangleincreasesastheparticleentersdeeperin theatmospheredue
to the increasingair density. This is illustratedin Fig. 19.TheEnergy radiatedper unit
lengthandunit frequency is [Lon1/92]:3 ô3 � ý âjð 7\�^ ú ` î ì � è�� îQð� ð ò�6wù87rø U ð  (1.34)

TheCherenkov light seenfrom thegroundis thesuperposition of all thelight emitted
in conesby all theelectronsandpositronsintegratedover thewholeshowerdevelopment.

In orderto determinethe total light distribution on the ground,the lateral spread of
theelectronsandmoreimportantly, theangular distrib ution ? ò � ùA@Oø of thepropagation
dir ection of theelectrons,whichdefinesthedir ectionof emissionof theCherenkov cone,
hasto betakeninto account.Fig. 19 shows thedistribution of Cherenkov light emittedby
a 1 TeV shower.

.1 The principle of Cherenkov imaging telescopes

Air showersdeveloppracticallywith thespeedof light, resultingin very shortCherenkov
light flashes.Typical numbersfor thearrival time of Cherenkov photonsare2-4 nsfor an
electromagneticshower. Hadronicshowershave a wider time spread(10 ns - 15 ns) due
to thedevelopmentof many subshowers.Fig. 20 shows theCherenkov photondensityon
groundfor differentCR particles.Thephoton density for electromagneticshowerson the
groundscalesto first order with the energy (for E > few GeV; the light outputis used
asthe main energy estimator)while for protonsthis relationdoesnot hold below 1 TeV.
Reasonablemirror areasareneededto collecta sufficientamountof light for detection.

For example,for a 1 TeV electromagneticshower only about 100photons/ï ð arrive
the groundin the main impactparameterregion of a radiusof about120 m, within the
wavelengthregion of 300 nm (the ozonecutoff) to 600 nm (the sensitivity limit of the
PMT). Assuminga collectionmirror area of � è�ékïåð for the CT1 telescopeandtaking
into accountlossesin theoptics,only about 800photonswill arriveto the(whole)camera
duringafew nanoseconds.Duringthistimealsolight from thenight sky (NSB)is continu-
ouslybeingcollectedby themirror. OntheRoquedelosMuchachosin La Palmaat2300m
(thelocationof theCT1 telescope,theNSB accountsfor approximately\ ÿ � è"érq�ð p .�B8C�B S ii h 7 iED[Sch00]. For � è�ékï ð anda pixel diameterof é�ÿ����GF (correspondingto theCT1 telescope)
this resultsin approximately0.6 photons per ns and per pixel. This numberdepends
stronglyon thesky areaandweatherconditionsandcaneasilychangeby a factorof 2 or
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Figure19: ThisfiguresketchestheCherenkov light productionof a1 TeV photon.It illustrateshow
theopeningangleincreaseswith thedensityof theair. Most of thelight is emittedbetweena height
of 10km and6 km. (takenfrom [Hil96])
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Figure20: Cherenkov photondensity(300nm-600nm) of differentcosmicray particlesat 2000m
averagedover MONON�NONQPSR collectionarea(impactparameterTVU
WOMXP ), takenfrom [Ose01]

morein time scalesof 20 minutes,dependingon the humidity of the air. During moon
light, thenightsky backgroundcanbeup to two orders of magnitudehigher.

The brevity of the light flashdefinesthe propertiesthat a cameramusthave: Single
photon counting capability , ultra short recording time of a few nanoseconds,andthe
ability towithstand aratherhighcontinuousphotonbackgroundrate.Thiscanbeachieved
with a cameraconsistingof pixelsof photomultipliers,which arerun at a sufficiently low
gainto avoid damageby highcurrents,but still highenoughto resolveat leastafew photon
pulses.

The sizeof the pixels shouldbe smallerthan 0.3F to at leastbe able to resolve the
lateralspread(To seethefluctuationsin the lateraldistribution, thepixel diametershould
ideally be below 0.1F ) becausethe main advantageof an imagingtelescopeis to be able
to distinguishbetweenbackground(hadronicshowers)andsignal (gammasshowers)by
seeingdiffer encesin theimageof theshowers.

To bolsterthe above mentionednumberslets give a numericalexample: For a 1 TeV
gammashower the maximumis locatedat aboutan altitudeof 10 km andthe interaction
length is about1 km at that air density. Assumingthe telescopeis locatedat 2.2 km el-
evation, thenthe interactionlengthcorrespondsto � é�ÿÀè F viewing anglein longitudinal
directionfor animpactparameterof Y = 100m. Accordingto theNKG formulaEqu.1.26,
the lateralspreadfor sucha shower is half width half maximumd=65m at s=1 (shower
maximum)at that altitudeof 10 km. A movementof 64 m perpendicularto the center-
core connectionline at the sameimpact parameterresultsin approximately0.3F which
correspondsto oneCT1-pixel in lateraldirectionin thecamera(seeFig. 1.14).

In the following sectionsI will give anoverview of the HEGRA experimentandhow
theCT1 telescope,a majorprototypefor all Cherenkov telescopeshasbeenimplemented.

.2 The HEGRA experiment: An overview

TheoriginalHEGRAexperiment(seeFig. 21)wasproposedby theinstituteof physicsthe
UniversitätKiel andwasbuilt asa small scintillator array in 1988on the CanaryIsland
La Palma (28.75F N, 17.89F W). Graduallymore institutesjoined and the detectorwas
enlarged. At present,the HEGRA collaborationconsistsof seven institutes: Universität
Hamburg, Max-Planck-Insitutfür Physikin Munich, Max-Planck-Institutfür Kernphysik
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Figure21: TheHEGRAexperimentalsite1998.A collageshows thenew MAGIC telescopewhich
is currentlyunderconstruction.On theright onecanseetheCT1 telescopewhich hasbeenusedto
recordthedatafor this thesis.

in Heidelberg,UniversitätKiel, Universityof Madrid,UniversitätWuppertalandtheYere-
van PhysicsInstitut in Armenia. The HEGRA experimentis locatedat the site of the
Observatorio del Roquede los Muchachosat about2200m abovesealevel. In its 1997
setup,the experimentconsistedof 17 Geigercounters,244scintillator counters,77 wide
angleCherenkov countersand6 Cherenkov telescopes.In thepastyearpartsof theexper-
imenthave terminatedandhave beenremoved. At presentonly six Cherenkov telescopes
arein use.Five of themareoperatedtogetherin stereomodein theso-calledCT-system.
Theoldesttelescopeandoriginalprototypeof theexperiment,is runin astand-alonemode.
This is theCT1 telescope.Only datafrom theCT1 telescopehasbeenusedfor this thesis.

The CT1 telescopewas installed1992. In the beginning it had � ïåð of mirror area
anda cameraof 37 pixels with � � F field of view (FOV) [Mir94]. In December1994
thecamerawasreplacedby a higherresolutioncamerawith 127pixels anda Z\[ F FOV
[Rau95]. CT1 wasoperatedin this configurationuntil November1997,at which time it
wasupgradedto Z^]�_a`�b of mirror collectionareamadefrom aluminummirrors. This
representsthecurrentsetupusedfor this thesis.In this configurationit hasa thr esholdof
approximately 750GeV.

ThesecondHEGRA Cherenkov telescope,CT2, wasinstalledin 1993. In contrastto
CT1,whichhasanequatorialmount,CT2usesanalt-azimuthmountandis equippedwithc�d �e` b mirror area. In the beginning CT2 hada camerawith only 61 pixels, but it was
upgradedin 1998to a high resolutioncameraof 271 pixels and f d g�h field of view. CT2
wasalsooperatedin stand-alonemodeuntil 1998,whenit wasincludedin theCT-system.
In 1997it hada thresholdenergy of approximately1 TeV.

TheCherenkov telescopesystem,calledCT-system, consistsof asetof four telescopes
(namelyCT2 to CT5). Togetherthey areoperated in stereo mode. This meansthat all
of thetelescopeswatchthesameobjectandsimultaneouslyrecordthesameair shower. In
this way the impactparameterandthereforethe energy canbe reconstructedmuchmore
precisely. The advantageof having several imagesof the sameshower leadsto a much
impr oved gamma/hadron separation. It is possibleto obtainanalmost perfectly clean
data setof gammashowers whenoperatingin a ij[ -fold telescopecoincidence.Thefirst
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telescopeof theCT system,CT3 wasinstalledin 1995.CT4, CT5 andCT6 followedand
werefully constructedendof 1996. All of thesetelescopeshave a segmentedmirror ofc�d �e` b anda high resolutioncameraof 271pixelsand4.9

h
FOV. Theenergy thresholdof

thesystemis 500GeV.

.3 The HEGRA CT1 telescope

TheCT1telescopehasalwaysbeenreferredto asthe’prototypetelescope’ becauseit was
thefirst telescopeof theHEGRA collaboration(seefig. 22) . It wasconstructedin order
to gain experiencewith thesetypesof telescopesand to seeif Cherenkov telescopes,in
general,areableto recordweakastrophysicalsignalswith sufficient signalto noiseratio
to observe astronomicalobjectsandto performreal physics. It hasbeenoneof the first
imagingCherenkov telescopesin the world. In contrastto mostCherenkov telescopesit
hasan equatorialmount insteadof an alt-azimuthmount. This hasboth advantagesand
disadvantages.The advantagesarek Theoperationof anequatorialmountedtelescopeis simplerbecauseonly oneaxis

and onemotor arenecessaryto rotatewith constantspeed in orderto counteract
therotationof theearth.k Thecoordinatesystemof thecameradoesnot rotate with respectto thecoordinate
systemof the sky. All of the bright starsin the field of view of the camerastayin
the sameposition. This simplifiesthe Monte Carlo simulationandthe analysis,as
describedlaterin chapterA.

The disadvantagesarek Theaxisof thetelescopeis never aligned perfectly to theearth’s rotationaxisand
thereforethedataneedsa pointing correction3 lateron.k The constructionrequiresa heavy counter weight for the mirror dish. This sets
limitations on the accessibleangularrange. The useof counterweightsrequiresa
verystableandthereforeexpensiveconstruction.

NowadaysCherenkov telescopesareconstructedonly with alt-azimuth mounts.

.3.1 Technicaldetails

In the presentsetupCT1 is equippedwith segmentedhexagonalaluminum mirrors of
490 cm focal length. A so-calledDavis-Cottonconfigurationhasbeenchosenin order
to obtainan optimal shapeof the reflectorwith respectto best images (leastdistortion).
Thetotalmirror areais Zl]O_a` b with a reflectivity betterthan80%.

Thecameraconsistsof 12710-stageEMI-9083A PMTsconnectedto hexagonallight
concentrators,so-calledWinstoncones’which acceptonly light coming from a limited
angularrangein thedirectionto the mirrors in orderto block stray-lightandbackground
light emerging from theside. ThePMTsareoperatedat mediumgainwith only 8 stages
coupledto fastpreamplifiersto compensatefor thereducedgain.This is doneto avoid high
anodecurrentsgeneratedby thelight of thenightsky (NSB)andbright starsin thefield of
view.

Duringdarknights(withoutmoonlight), theNSB givesapproximately0.6photon/(ns*pixel).
This correspondsto approximately0.3photoelectron/pixel (integratedovera gatelength

3Theword ’mispointing’ is usedin thesensethat thecenterof thecameradoesnot coincideexactly with the
coordinatesof theobjectto which thetelescopeis pointingto. A ’pointing correction’correctsthedatafor slight
misalignments.
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Figure22: An imageof theCT1 telescopein presentstatein La Palmaon theRoquedelos Mucha-
chos.Thedatausedin this thesishasbeenrecordedwith it.

of around30 ns). This numberincreasesby a factorof two with differentweathercondi-
tionsandbya factor of up to 20 duringmoonlight hours.In thelattercasethehighvoltage
(HV) of thePMTsis reducedto keepthecurrentin anacceptablerange.Thediameterof
onepixel is 0.25m ( no 21mm).This is barelysufficient to resolve thelateraldistribution of
air showers.Thecamerais themostexpensivepartof anair Cherenkov telescope.There-
fore onehasto make compromisesin thechoiceof thepixel-diameterandFOV. Thetotal
FOV is 3m . The maximumquantumefficiency (QE) of the PMT is 26% at 375 nm. The
trackingerrorof theequatorialmountis 0.03m andthepointingerror< 0.15m . Theoutput
of thepre-amplifiersis transferedto thecountingcontainervia coaxialcables.

.3.2 The trigger of CT1

The telescopetriggerson incomingair-showerson the conditionthat within 6 ns (8-2 ns
minimumoverlap)two neighboringpixelsoutof any 127show asignalhigherthan50mV,
which correspondsto a superpositionof approximately13 photoelectronsin the PMTs.
The trigger signalopensthe gateof 127 charge sensitive (LeCroy) ADCs andinitiatesa
readoutsignal. For eachtriggeredevent the directionof the telescope(via shaftencoder
values)anda time stamp(via a rubidium clock) arerecorded.The trigger rate depends
on theHV of thePMTs,thezenith angle of thetelescopeandweatherconditions on the
mountain.Thecameraandthereadoutelectronicsaredescribedin moredetail in [Rau95].
For zenithangle p orq thetriggerrateis approximately5-8 Hz andtheenergy thr eshold
is about 750GeV.

.4 The All Sky monitor of the RXTE satellite

Sourcesthat emit high energy (HE) s -radiationnormally alsoshow strongkeV-MeV s -
emission. Thesemeasurementshave beencarriedout by satelliteborneinstrumentsbe-
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Figure 23: a) Principle of the Shadow Camerab) Schematicdiagramof the ScanningShadow
Cameraof theall sky monitorof theRXTE satellite.

causetheearth’satmosphereis anefficientshield.In chapterB, concerningtheanalysisof
Mkn 421observations,I will makeuseof x-rayobservationdatafrom theRXTE satellite.
HereI giveabrief overview of this instrument.

TheRXTE satellite[Bra93], launchedon December30, 1995,wasdesignedto probe
cosmicX-ray sourceson variability time scalesin the rangeof millisecondsto years.On
boardof thesatellitethreeexperimentshavebeeninstalledwhich spananenergy rangeof
2 keV to 250keV. They are:t Proportional Counter Array (PCA ): ThePCA consistsof five xenongaspropor-

tional counterswith a collectionareaof about6200 uwv!x . The PCA is sensitive to
X-rays in theenergy rangefrom 2 keV to 60 keV andcanmeasureshorttermvari-
ability down to themicrosecondlevel.t High Energy X-ray Timing Experiment (HEXTE ): HEXTE consistsof two inde-
pendentclustersof four NaI/CsIphoswichscintillationdetectors.Theenergy range
is 15-250keV andthetimeresolutionis againa few microseconds.t All Sky Monitor (ASM ): TheASM is thedetectorwhosedatahasbeenusedin this
thesis.TheASM consistsof threeScanningShadow Cameras(SSCs)andcoversan
energy range fr om 2 to 12 keV. TheSSChasa slit maskat the entrance(seefig.
23), thatproducesa characteristicshadow patternin the PositionSensitive Propor-
tional Counters(PSPC)which arefilled with Xenon. The ideais that eachsource
in thesky producessucha patternin thedetectorandthat thepatternof all sources
superpose.Deconvoluting theimagedeliverstheintensityanddirectionof theindi-
vidual sources.TheASM scans80 % of thesky every 1.5h andis usedto measure
long-termvariability (hoursto months)of bright X-ray sourcesdueto the rotation
of thesatellite.All threeSSCspoint in differentdirectionsof thesky. The data is
delivered in 90secondbins.

For amorecompletedescriptionof ASM andHXTE see[Lev96, Gru96].




