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Abstract

VERITASIisaproposednajorground-basedamma-rapbsenratoryto bebuilt attheWhippleObseratory
in southermMrizona,USA. It will consistof anarrayof seven 10mimagingCherenkv telescopesdesignedo
conductgamma-raybserationsin theenegy rangeof 50 GeV - 50 TeV. A descriptiorof thebaseline/ERI-
TAS designandoptimizationcriteriaarepresentedWe provide basiccharacteristicef thearrayperformance
for obserationsof pointsourcessuchasangularesolution.enegy thresholdenegy resolutionandintegral
flux sensitvity. Thelimiting factorsof the VERITAS performancearediscussed.

1 Intr oduction:

Recentdiscoveriesin ground-based/ery High Enegy (VHE) astronomy(reviewed in Ong 1998) has
beenachiered due to two major advancesin the atmosphericCherenkv technique;imaging (Hillas 1985,
Fegan1997),and stereoscop (Aharonianet al. 1997a,1997b,Krennrichet al. 1995)of the obserations
of atmosphericascadesThe former, pioneeredat the Whipple and Crimeany-ray obseratories,hasbeen
adoptednow by most existing groundbasedy-ray instruments. The latter demonstratedy the HEGRA
collaboration,is now being consideredas a prime techniquefor the next generatiorof ground-base®&/HE
obseratories: VERITAS (Weeles et al. 1999), HESS (Aharonianet al. 1999),and NEW CANGAROO
(Tanimorietal. 1999). Thescientificgoalsof theseprojectsaredescribeclsavhere(Weelesetal. 1999),the
summaryof the physicshighlightsto beaccomplishedvith VERITAS instrumentarepresentedby Bradhury
etal. (1999). In this submissionwe summarizethe technicalcharacteristicef VERITAS anddiscussthe
major performancegarametersf this proposed/HE obseratory

2 Technicalcharacteristics:
The VERITAS designhasbeenoptimizedfor maximumsensitvity to point sourcesn the enegy range

100 GeV - 10 TeV, but with significantsensitvity in the range50

GeV- 100 GeV andfrom 10 TeV to 50 TeV. Optimizationhasbeen

performedwith fixedtotal numberof channelsvhich determineshe K®

costof theproject. Thesuggestethyoutof thearrayis shavn in Fig- K

urel, andits specificationsreprovidedin Tablel. Brief aguments 4

for thebaselineconfigurationcanbefoundin Vassilier etal. (1999), 4

while designsimulationsof VERITAS aredescribedn Weelesetal. n* 4

(1999). Theunderlyingmotivationsfor thearraydesignwerederived n°

from thephysicsgoalsof theprojectto createaninstrumensensitie n

to ~ 100 GeV photonswith high angularandenegy resolutionsput 3

alsoversatileenoughto accomplisha variety of astronomicatasks: ’

point sourceobserationswith alow enegy threshold,obseration

of extendedsourcessky suneys, and simultaneousnonitoring of

sev/eralobjects.Someof the physicsgoalswould requirea different,

sometimes$ncompatible pptimumVERITAS design. For example,

*
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Figurel: VERITAS hexagonalayout



Tablel: Specification®f thebaseline/ERITAS design.  detectionof high enegy photons(10 —
50 TeV) andobsenration of objectswith

Location | MontosaCaryon, Arizona,USA large angularextent(> 1°) generallyre-
Array elevation | 1390 ma.s.l. quirealargerfield of view for theinstru-
Number of telescopeg 7 (hexagonalayout) ment. VERITAS will accomplishsuch
Telescopespacing | 80 m tasksby obsenation of astrophysicabb-
Mirr or | Davies-Cotton jects at large zenith anglesand by dif-
Reflectoraperture/area | 10 m/ 78.6 m? ferentarrayoperationmodes e.g.,offset
Focallength | 12 m pointingof individual telescopeso cover
Facets| 244, 61 cmhexagon anextendedobject. At thesametime the
Camera | Homogeneous small, 0.15°, pixel size of the telescope
Field of View | 3.5 deg cameraprovidesa substantiatensitvity
Number of pixels | 499 to photonswith enegiesbelov 75 Ge\,
Pixel Spacing | 0.148 deg the expectedenegy thresholdof VERI-

TAS for point sourceobserations. Ap-

proximately 20%of the photonswhich
are detectedand successfullyreconstructedwill have enegieslower than75 GeV extendingthe sensitve

enegy rangeof VERITAS to atleasts0 GeV.

3 Performancecharacteristics:
Theenegy thresholdof VERITAS is limited by fluctuationsof the Night Sky BackgroundNSB). To sup-

pressspuriousaccidentakignals apatterntriggerhasbeen

developedandtested(Bradlury etal. 1999). To operate ~

—~ 04 f

telescopesatthehighestrateandminimumenegy thresh- @
old, 2500 MHz flashADC systemwill be used(Buckley © **|
etal. 1999)whichvirtually eliminateghedeadtime of the o2 |
array Utilizing thesetechnologiesye expectthat VERI-
TAS will beableto operateat athresholdof 4 — 7 photo- . |
electrongpe) per pixel requiringcoincidencenetweer2,3 oo
telescopesf thearraywithin 40 nsecandcoincidencée- oo |
tween?2,3 adjacentixels of the cameraswithin 15 nsec. |
Dependingpnthebrightnesf thedifferentregionsof the oo |
sky we expectto achieve anenegy thresholdof 70 — 100
GeVfor pointsourcenobserationswith maximumsensity-
ity. Theenegy threshold E;, of VERITAS is definedhere
asthephotonenegy atwhichthedifferentialdetectiomate  ** "¢ ¢

of thephotong(retainedor analysisafterall selectiorcuts) B GV

from a sourcewith spectrume E~2* is maximal. Thus, Figure 2:  Angular resolutionof VERITAS for a
the array enegy thresholdis directly relatedto an array singlephotonasa function of arrayenegy threshold.
triggerthresholddefinedby a hardwareor softwarecuton Selectiorcriteriafor photonscorrespondo VERITAS
the numberof photoelectronén the secondor third adja- operationwith maximumsensitvity to a pointsource.
centpixel of theshaverimage.

Whenthe arrayoperatest the lowestenegy threshold requiringa trigger of 3 adjacenpixelsand3 out
of 7 telescopesghecollectionareaof VERITAS will bel.1 — 7.4 x 10*m? for 100 GeV, 10 — 25 x 10*m? for
1 TeV, and13 — 34 x 10*m? for 10 TeV. The upperboundscorrespondo all photonsfrom the point source
whichtriggerthearrayandwhosearrival directionis reconstructeavithin the camerdield of view. Thelower
boundscorrespondo photonsvhich satisfystrictreconstructiormriteriawhich effectively remove thecosmic-
ray backgroundallowing obserationswith maximumsensitvity. The high angularresolutionof the array




(shawvn in Fig. 2) is oneof the mostimportantcharacteristicsvhich determineghe sensitvity of VERITAS
to point sources. We expectthat VERITAS will have betterangularresolutionthan ary existing detector
operatingabove a few MeV. The excellentangularresolutionof thearrayis dueto stereoscopigmaging. For
asingletelescopethe photonarrival directionis betterdefinedin the directionperpendiculato the mainaxis
of the image. The paralleldirectionis reasonablyconstrainedby imageellipticity (Buckley etal. 1998).
Multiple samplingof the shawver from severaltelescopesllows precisereconstructiorof the photonorigin in
both directions. This featureof the arraywill alsobe critical for mappingthe emissionregionsof extended
sourceswith accurag closeto onearcminute.

The performanceof VERITAS is summarizedy its flux sensitvity. The minimum detectabldlux of ~-
raysis definedby the confidencdevel requiredfor detectionor the statisticsof the detectedphotons. We
requirea 50 excessof y-raysabove thebackgroundor 10 photongbelaw this, Poissorstatisticanustbeused
to derive theconfidencdevel). We estimateheflux sensitvity for 50 hoursof obserationson anobjectwith
aspectrumx E~2-%, whichis closeto the CrabNelula spectrumseenin this enegy range.

The~-ray flux sensitvity of VERITAS for point sourcesasa function of arrayenegy thresholds shavn
in Figure3. Thecomple shapeof the sensitvity curve is
causedy differentenegy regionsbeingdominatedoy the
differentbackgroundssindicatedin the figure. For ener
giesabore 2 -3 TeV, thesensitvity of VERITAS s limited
by photonstatistics. Larger telescopdields of view can
improve this sensitvity in the future, ascanlarge zenith =+
angleobserations. In the region near1TeV, the sensi- i
tivity is limited by rare cosmic-rayprotonswhich mimic i
~-rayshby corverting mostof their enegy into anelectro-  »*-
magneticcascaddn the first few interactions. A chain § e
of very rare coincidencesnust occur for sucheventsto ? dF JdE ~ E3%° N,>10
passall selectiorcriteria: almostall of theprotonsenegy = ¢ E
mustbetransferredo anelectromagneticascaddeaving ‘ ]
no hadronicshaver core;thetransersemomentundistri- - (50, 50 hours,>10 events)
bution of secondaryphotonsmustbe very narrav to gen- e
eratea compactcascadethe axis of the shaver mustbe F (GeV)
preciselyalignedwith the telescopeaxis; andthe impact Figure 3: Thesensitvity of VERITAS to point-like
parametepof sucha shaver cannotbelarge if it is to pro- sourcesn 50 hoursof observing.Thedominantback-
ducea well-definedimage. Therateof sucheventsis not groundasa function of enegy thresholdis indicated
known exactly dueto large variationsin MC predictions (seetext for details). The two curvesat low enegies
causedby uncertaintiedn the differenthadronicinterac- indicate the sensitvity of VERITAS in dark (lower
tion modelsused. Therefore,we shav the estimatedrate curve)andbright (uppercurve) NSB regions. Thein-
of suchevents.In theenegy region betweer?00GeV and tegral flux from the CrabNehulae (Hillas etal. 1998)
~1TeV, the backgroundejectionof VERITAS is sogood andestimatedsensitvity of the Whippletelescopeare
that diffuse cosmic-rayelectronsare the dominantback- givenfor comparison.
groundinsteadof hadroniccosmicrays. The diffuse electronspectrumis very steep,so the decreasén the
sensitvity of VERITAS with decreasingnegy is morerapidin this region. Becauseelectronsand~-rays
producenearlyidenticalelectromagneticascades theatmospherethe only way to reducethis background
is with improved angularresolutionalgorithms. Increasinghe quantumefficiengy of the photodetectorand
decreasinghepixel sizein future VERITAS upgradesvill alsoimprove arrayperformanceén thisregion. The
region belov 200 GeV is limited by the NSB and cosmic-rayprotons. At this level, the amountof collected
Cherenbv light is sosmallthatshaver imageshave very few pixelswhich passtheimagecleaningprocess.
As such,smallfluctuationsn the NSB significantlyaffectthereconstructiomf both~-raysandprotons.Thus,
theamountof NSB light determineshe sensitvity of VERITAS in thisregion (andtherebytheenegy thresh-
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old). Themoresensitve of thetwo cunesindicatesarelatively darkobserationregion (like anAGN with no

bright starsin the FoV) while thelesssensitve curve indicatesaregion wherethe NSB light is approximately
4 timesbrighter(like in someregionsof the Galacticplane). The arravs shav the lowestenegy thresholdat

which VERITAS will beableto operatelimited by the higherthan1 MHz accidentalriggerratesof single

telescopesausedy the NSB. We anticipatea countingrateof 20 — 40 well reconstructeghotongperminute

from the CrabNehulafor VERITAS obserationscloseto thesdimits.

Theenepy resolutionof VERITAS will beconsiderablbetterthanthatof the Whipple Obseratorytele-
scopefor threereasonsy(1) the shawer corelocationwill
beknown with anaccurag of about10 m, (2) severaltele-
scopewill view eacheventatdifferentdistancegrom the
shaver core, and (3) eachcamerawill have finer pixel-
lation (0.15 vs. 0.258). For the Whipple telescopethe
RMS enegy resolutionusing the techniquedescribedn i
Mohantyetal. (1998)givesAE/E =~ 0.35. We adopted °* |
this methodfor stereoscopiobserations,asexplainedin =~ o1 |
Weeleset al. (1999),andobtainedthe enegy resolution ., ©
shawvn in Figure4. For our estimatesyve usedsimulated ‘
shaversfrom y-rayswith enegies> 100 GeVwhosesize
wasabove 10 pe perimage,corelocationwasin therange
65 — 180 m from telescopethe positionof theimagecen- oo |-
troid wasin theintenal 0.5 — 1.4°, andwhosearrival di- '
rectionwasreconstructedo within 0.1° of the sourcepo- e
sition. Theresolutionimprovesslowly astheenepy of the Energy E (GeV)
shaver increaseskFor low enegy events(~ 100 GeV)the
resolutionwill likely beimproved throughmore sophisti-
catedenegy estimatesand throughthe use of more restrictive cuts on eventsusedin the enegy analysis.
Theimprovedenegy resolutionof VERITAS will helpresole spectrafeaturessuchasa possibleneutralino
annihilationline from the Galacticcenteror spectrakut-offs in AGN, andpermitbetterestimationof charac-
teristicsof the emissiorregionsin sourcessuchasthe magnetidield in thevicinity of SNRsandAGN.
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Figure4: Estimateof VERITAS enegy resolution



