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Abstract

VERITASisaproposedmajorground-basedgamma-rayobservatorytobebuilt attheWhippleObservatory
in southernArizona,USA. It will consistof anarrayof seven10mimagingCherenkov telescopesdesignedto
conductgamma-rayobservationsin theenergy rangeof 50GeV- 50TeV. A descriptionof thebaselineVERI-
TAS designandoptimizationcriteriaarepresented.Weprovidebasiccharacteristicsof thearrayperformance
for observationsof pointsources,suchasangularresolution,energy threshold,energy resolution,andintegral
flux sensitivity. Thelimiting factorsof theVERITAS performancearediscussed.

1 Intr oduction:
Recentdiscoveries in ground-basedVery High Energy (VHE) astronomy(reviewed in Ong 1998) has

beenachieved due to two major advancesin the atmosphericCherenkov technique;imaging(Hillas 1985,
Fegan1997),andstereoscopy (Aharonianet al. 1997a,1997b,Krennrichet al. 1995)of the observations
of atmosphericcascades.The former, pioneeredat the WhippleandCrimean� -ray observatories,hasbeen
adoptednow by most existing groundbased� -ray instruments. The latter, demonstratedby the HEGRA
collaboration,is now beingconsideredasa prime techniquefor the next generationof ground-basedVHE
observatories: VERITAS (Weekes et al. 1999), HESS(Aharonianet al. 1999), and NEW CANGAROO
(Tanimorietal. 1999).Thescientificgoalsof theseprojectsaredescribedelsewhere(Weekesetal. 1999),the
summaryof thephysicshighlightsto beaccomplishedwith VERITAS instrumentarepresentedby Bradbury
et al. (1999). In this submission,we summarizethe technicalcharacteristicsof VERITAS anddiscussthe
majorperformanceparametersof thisproposedVHE observatory.

2 Technicalcharacteristics:
The VERITAS designhasbeenoptimizedfor maximumsensitivity to point sourcesin the energy range���	�

GeV -
���

TeV, but with significantsensitivity in the range 
 �
GeV -

���	�
GeV andfrom

���
TeV to 
 � TeV. Optimizationhasbeen

performedwith fixedtotalnumberof channelswhichdeterminesthe
costof theproject.Thesuggestedlayoutof thearrayis shown in Fig-
ure1, andits specificationsareprovidedin Table1. Brief arguments
for thebaselineconfigurationcanbefoundin Vassiliev etal. (1999),
while designsimulationsof VERITAS aredescribedin Weekesetal.
(1999).Theunderlyingmotivationsfor thearraydesignwerederived
from thephysicsgoalsof theprojectto createaninstrumentsensitive
to � ���	�

GeVphotonswith highangularandenergy resolutions,but
alsoversatileenoughto accomplisha varietyof astronomicaltasks:
point sourceobservationswith a low energy threshold,observation
of extendedsources,sky surveys, and simultaneousmonitoringof
severalobjects.Someof thephysicsgoalswould requireadifferent,
sometimesincompatible,optimumVERITAS design. For example,
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Figure 1: VERITAS hexagonallayout



Table1: Specificationsof thebaselineVERITAS design.

Location MontosaCanyon,Arizona,USA
Array elevation

���	���
m a.s.l.

Number of telescopes � (hexagonallayout)
Telescopespacing � � m

Mirr or Davies-Cotton
Reflectoraperture/area

���
m / ���! #" m

�
Focal length

��$
m

Facets
$&%	%

, " � cmhexagon
Camera Homogeneous

Field of View
�  #
 deg

Number of pixels
%'�	�

Pixel Spacing
�  �(% � deg

detectionof high energy photons(
���*)


 � TeV) andobservation of objectswith
largeangularextent ( + ��,

) generallyre-
quirea largerfield of view for theinstru-
ment. VERITAS will accomplishsuch
tasksby observationof astrophysicalob-
jects at large zenith anglesand by dif-
ferentarrayoperationmodes,e.g.,offset
pointingof individual telescopesto cover
anextendedobject.At thesametime the
small,

�  � 
 , , pixel sizeof the telescope
camerasprovidesasubstantialsensitivity
to photonswith energiesbelow ��
 GeV,
the expectedenergy thresholdof VERI-
TAS for point sourceobservations. Ap-
proximately 20%of thephotons,which

aredetectedandsuccessfullyreconstructed,will have energies lower than ��
 GeV extendingthe sensitive
energy rangeof VERITAS to at least 
 � GeV.

3 Performancecharacteristics:
Theenergy thresholdof VERITAS is limited by fluctuationsof theNight Sky Background(NSB).To sup-

pressspuriousaccidentalsignals,apatterntriggerhasbeen
developedandtested(Bradbury et al. 1999). To operate
telescopesat thehighestrateandminimumenergy thresh-
old, a 
 �	� MHz flashADC systemwill beused(Buckley
etal. 1999)whichvirtually eliminatesthedeadtimeof the
array. Utilizing thesetechnologies,we expectthatVERI-
TAS will beableto operateat a thresholdof

%-) � photo-
electrons(pe)perpixel requiringcoincidencebetween2,3
telescopesof thearraywithin

%.�
nsec,andcoincidencebe-

tween2,3 adjacentpixels of the cameraswithin
� 
 nsec.

Dependingonthebrightnessof thedifferentregionsof the
sky we expectto achieve anenergy thresholdof � �-)/���	�
GeVfor pointsourceobservationswith maximumsensitiv-
ity. Theenergy threshold,021 , of VERITAS is definedhere
asthephotonenergy atwhichthedifferentialdetectionrate
of thephotons(retainedfor analysisafterall selectioncuts)
from a sourcewith spectrum34065 �87 � is maximal. Thus,
the array energy thresholdis directly relatedto an array
triggerthresholddefinedby a hardwareor softwarecut on
the numberof photoelectronsin the secondor third adja-
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Figure 2: Angular resolutionof VERITAS for a
singlephotonasa functionof arrayenergy threshold.
Selectioncriteriafor photonscorrespondto VERITAS
operationwith maximumsensitivity to apoint source.

centpixel of theshower image.
Whenthearrayoperatesat the lowestenergy threshold,requiringa triggerof 3 adjacentpixelsand3 out

of 7 telescopes,thecollectionareaof VERITAS will be
�  �=) �> %@?A��� � m� for

���	�
GeV,

���2)B$ 
 ?A��� � m� for�
TeV, and

���C)D�&%E?F��� �
m
�

for
���

TeV. Theupperboundscorrespondto all photonsfrom thepoint source
whichtriggerthearrayandwhosearrival directionis reconstructedwithin thecamerafield of view. Thelower
boundscorrespondto photonswhichsatisfystrict reconstructioncriteriawhicheffectively removethecosmic-
ray backgroundallowing observationswith maximumsensitivity. The high angularresolutionof the array



(shown in Fig. 2) is oneof themostimportantcharacteristicswhich determinesthesensitivity of VERITAS
to point sources.We expect that VERITAS will have betterangularresolutionthan any existing detector
operatingabove a few MeV. Theexcellentangularresolutionof thearrayis dueto stereoscopicimaging.For
asingletelescope,thephotonarrival directionis betterdefinedin thedirectionperpendicularto themainaxis
of the image. The paralleldirection is reasonablyconstrainedby imageellipticity (Buckley et al. 1998).
Multiple samplingof theshower from severaltelescopesallows precisereconstructionof thephotonorigin in
bothdirections.This featureof the arraywill alsobecritical for mappingthe emissionregionsof extended
sourceswith accuracy closeto onearcminute.

The performanceof VERITAS is summarizedby its flux sensitivity. The minimumdetectableflux of � -
rays is definedby the confidencelevel requiredfor detectionor the statisticsof the detectedphotons. We
requirea5G excessof � -raysabove thebackground,or 10photons(below this,Poissonstatisticsmustbeused
to derive theconfidencelevel). Weestimatetheflux sensitivity for 50hoursof observationsonanobjectwith
aspectrum3 E 5 �87 � , which is closeto theCrabNebula spectrumseenin this energy range.

The � -ray flux sensitivity of VERITAS for point sourcesasa functionof arrayenergy thresholdis shown
in Figure3. Thecomplex shapeof thesensitivity curve is
causedby differentenergy regionsbeingdominatedby the
differentbackgroundsasindicatedin thefigure. For ener-
giesabove2 – 3TeV, thesensitivity of VERITASis limited
by photonstatistics. Larger telescopefields of view can
improve this sensitivity in the future, ascan large zenith
angleobservations. In the region near1TeV, the sensi-
tivity is limited by rarecosmic-rayprotonswhich mimic
� -raysby converting mostof their energy into anelectro-
magneticcascadein the first few interactions. A chain
of very rare coincidencesmust occur for suchevents to
passall selectioncriteria:almostall of theproton’s energy
mustbetransferredto anelectromagneticcascadeleaving
nohadronicshower core;thetransversemomentumdistri-
bution of secondaryphotonsmustbevery narrow to gen-
eratea compactcascade;the axis of the shower mustbe
preciselyalignedwith the telescopeaxis; andthe impact
parameterof sucha shower cannotbe large if it is to pro-
ducea well-definedimage.Therateof sucheventsis not
known exactly dueto large variationsin MC predictions
causedby uncertaintiesin the differenthadronicinterac-
tion modelsused. Therefore,we show the estimatedrate
of suchevents.In theenergy regionbetween200GeVand
� 1TeV, thebackgroundrejectionof VERITAS is sogood
that diffuse cosmic-rayelectronsare the dominantback-
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Figure 3: Thesensitivity of VERITAS to point-like
sourcesin 50hoursof observing.Thedominantback-
groundasa function of energy thresholdis indicated
(seetext for details). The two curvesat low energies
indicate the sensitivity of VERITAS in dark (lower
curve) andbright (uppercurve) NSB regions.Thein-
tegral flux from theCrabNebulae(Hillas et al. 1998)
andestimatedsensitivity of theWhippletelescopeare
givenfor comparison.

groundinsteadof hadroniccosmicrays. Thediffuseelectronspectrumis very steep,so thedecreasein the
sensitivity of VERITAS with decreasingenergy is morerapid in this region. Becauseelectronsand � -rays
producenearlyidenticalelectromagneticcascadesin theatmosphere,theonly way to reducethis background
is with improvedangularresolutionalgorithms.Increasingthequantumefficiency of thephotodetectorsand
decreasingthepixel sizein futureVERITAS upgradeswill alsoimprovearrayperformancein thisregion. The
region below 200GeV is limited by theNSB andcosmic-rayprotons.At this level, theamountof collected
Cherenkov light is sosmall thatshower imageshave very few pixelswhich passtheimagecleaningprocess.
As such,smallfluctuationsin theNSBsignificantlyaffectthereconstructionof both � -raysandprotons.Thus,
theamountof NSBlight determinesthesensitivity of VERITAS in this region(andtherebytheenergy thresh-



old). Themoresensitive of thetwo curvesindicatesarelatively darkobservationregion(likeanAGN with no
brightstarsin theFoV) while thelesssensitive curve indicatesaregionwheretheNSBlight is approximately
4 timesbrighter(like in someregionsof theGalacticplane).Thearrows show thelowestenergy thresholdat
which VERITAS will beableto operate,limited by thehigherthan

�
MHz accidentaltriggerratesof single

telescopescausedby theNSB.Weanticipateacountingrateof
$��U)*%.�

well reconstructedphotonsperminute
from theCrabNebula for VERITAS observationscloseto theselimits.

Theenergy resolutionof VERITAS will beconsiderablybetterthanthatof theWhippleObservatorytele-
scopefor threereasons:(1) theshower corelocationwill
beknown with anaccuracy of about

���
m, (2) severaltele-

scopeswill view eacheventatdifferentdistancesfrom the
shower core, and (3) eachcamerawill have finer pixel-
lation (0.15

,
vs. 0.25

,
). For the Whipple telescope,the

RMS energy resolutionusing the techniquedescribedin
Mohantyet al. (1998)gives V60XW&0ZY �  � 
 . We adopted
this methodfor stereoscopicobservations,asexplainedin
Weekeset al. (1999),andobtainedthe energy resolution
shown in Figure4. For our estimates,we usedsimulated
showersfrom � -rayswith energies + ���	�

GeVwhosesize
wasabove

���
peperimage,corelocationwasin therange

"	
 )[� � � m from telescope,thepositionof theimagecen-
troid wasin the interval

�  #
 )\�  % , , andwhosearrival di-
rectionwasreconstructedto within

�  ��, of thesourcepo-
sition. Theresolutionimprovesslowly astheenergy of the
shower increases.For low energy events( � ���	�

GeV) the
resolutionwill likely be improved throughmoresophisti-
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Figure 4: Estimateof VERITAS energy resolution

catedenergy estimatesand throughthe useof more restrictive cutson eventsusedin the energy analysis.
Theimprovedenergy resolutionof VERITAS will helpresolve spectralfeatures,suchasapossibleneutralino
annihilationline from theGalacticcenteror spectralcut-offs in AGN, andpermitbetterestimationof charac-
teristicsof theemissionregionsin sources,suchasthemagneticfield in thevicinity of SNRsandAGN.
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