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Abstract

In Asia and North America researchand development
on a linear collider detectorhasfollowedcomplementary
pathsto that in Europe. Among the developmentsin the
US hasbeentheconceptionof a detectorbuilt aroundsili-
contracking,which reliesheavily ona pixel (CCD)vertex
detector, andemploysasilicon tungstencalorimeter. Since
thisdetectoris quitedifferentfromtheTESLAdetector, we
describeit here,alongwith someof thesub-systemspeci�c
R&D in theseregions.

INTRODUCTION

TheTESLA detector, which hasbeendevelopedby the
ECFA-DESYStudiesoverthepastseveralyears,optimizes
thedesignof thedetectorarounda speci�c setof assump-
tions. Alternative assumptionsexist, andto a varyingde-
gree,have beenappliedto thedesignof otherpossiblelin-
earcolliderdetectors,suchastheJLC 1 Detector, theNorth
AmericanLargeDetector, andtheNorth AmericanSilicon
Detector(so-calledSiD). Table 1 summarizestheproper-
tiesof thesediffering choices.This tableshows a number
of similaritiesbetweenthedetectors:

� bothTESLAandtheLargeDetectoruseTPCtrackers.

� both TESLA and the Silicon Detector use sili-
con/tungstenfor theEM calorimeter.

� TheLargeDetectorandtheJLCDetectorchoosescin-
tillator tile with leadfor EM andhadroncalorimetry.

Otherdetailsvary, including thechoiceof magnetic�eld,
which rangesfrom 3 up to 5 Tesla.

Eachof thesedesignsis guidedby the physicsgoals,
which leadto thefollowing principaldetectorgoals:

� Two-jet massresolution,comparableto the natural
widths of the W andZ for an unambiguousidenti�-
caionof the�nal states.

� Excellent�a vor-taggingef�ciency andpurity.

� Momentumresolutioncapableof reconstructingthe
recoil-massto di-muonsin Higgs-strahlungwith res-
olutionbetterthanthebeam-energy spread.

�

Theauthorsacknowledgethehelpof thefollowing peoplein prepar-
ing this overview: GeneFisk, Ray Frey, JohnJaros,Tom Markiewicz,
BruceSchumm,Eric Torrence,andJaeYu.

1ThenameJLC waschangedto GLC in April, 2003.

� Hermeticity(bothcrack-lessandcoverageto very for-
wardangles)to preciselydeterminethe missingmo-
mentum.

� Timing resolution capable of separating bunch-
crossingto suppressoverlappingof events.

THE SILICON DETECTOR

The“Silicon Detector”(SiD, illustratedin Figure1) was
conceived as a high performancedetectorfor the NLC,
achieving all of thephysicsgoalsenumeratedabove, with
reasonablyuncompromisedperformance,but constrained
to a rationalcost.Thestrategy of the“Silicon Detector”is
basedon theassumptionthatenergy �o w calorimetrywill
beimportant.While this hasnot yet beendemonstratedin
simulationby theUSgroups,theTESLACollaborationhas
acceptedthisandit seemsprobablethattheUScommunity
will eventuallyagree.

Figure1: TheSiliconDetector.

Thestrategy of energy-�o w calorimetryleadsdirectly to
areasonablylargevalueof

�����

to providecharged-neutral
separationin a jet, and to an electromagneticcalorime-
ter (EMCal) designwith a smallMoliere radiusandsmall
pixel size. Additionally, it is desirableto readout each
layer of the EMCal to provide maximal information on
shower development.This leadsto the samenominalso-
lution asTESLA: a seriesof layersof about0.5 �
	 Tung-
stensheetsalternatingwith arraysof silicon diodes.Such
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TESLA SiD LD JLC

Trackertype TPC Silicon TPC Jet-celldrift

ECal
����
��

barrel(m) ������� ������� ������� �������

Type Si pad/W Si pad/W scinttile/Pb scinttile/Pb

Sampling ���! "�#��$��!	 ���! %�#���&�'��	 $(�! %�#���&�'��	 ���! )�����*�+�!	

,

�-�! .�������!	

Gaps,active(mm) �#��/ ( �#��/ Si) �#��/ ( ����� Si) 1 (scint) 2 (1 scint)

Long. readouts 40 30 10 3

Trans.seg. (cm) 01� ����/ /#��� $

Channels(  2�-��3 ) 32000 50000 135 144
4

��
��

endcap(m) �#��� ����� ����� ����5

HCal
����
��

(m) barrel ����5*� ����$(� ����/�� �����

Type T: sc.tile/steel digital/RPC scinttile/Pb scinttile/Pb
D: digital/steel Cuor steel

Sampling ���! "���6�-��7 (B), ��$8 )�#�6�-��7 �9���: )�#����$#��7 �-���! %�#����$#��7

/��: ;���6�-��7 (EC)

Gaps,active(mm) T: �#��/ (5 scint) 1 (TBD) 2 (scint) 3 (2 scint)
D: �#��/ (TBD)

Longitudinal T: 9(B), 12(EC) 34 3 4
readouts D: 38(B),53(EC)

Transverse T: 5–25 1 �-5 14
segment.(cm) D: 1

<

��
��

endcap /�= ��= ��= ��=

Coil
�

��
��

(m) �#��� �#��/ �#��� �#���

�

(T) 4 5 3 3

Comment ShashlikECal option:Si pad sc.strip (1cm)
optionin TDR sh.maxdet showermaxdet
discontinued (2 layers)

Table1: Comparisonof DetectorCon�gurations

a calorimeteris expensive, and its cost is moderatedby
keepingthe scaleof the inner detectorsdown. This has
two implications:thespacepoint resolutionof the tracker
shouldbeexcellentto meetmomentumresolutionrequire-
mentsin a modestradiusdetector;andthe designshould
admit high performanceendcapsso that the barrel length
(or cos

<?>A@CBDBFEHG

) will besmall.

It is expectedthat track �nding will largely be done
in the 5 layer pixellated vertex detector, and the so-
called trackerwill primarily make the momentummea-
surement(“Momenter”?),andimprove the impactparame-
termeasurement,andconsequentlyre�ne thevertex recon-

struction,aswell asparticipatein thereconstructionof neu-
tral strangeparticles.Strangeparticledecaysin thetracker
will be reconstructedfrom stubsin the EM calorimeter
matchedto hits in thesiliconstrips.

The last real strategic questionis whetherthe Hadronic
Calorimeter(HCAL) will beinsideor outsidethecoil. Lo-
cating the HCAL inside the coil permitsreasonablyher-
meticcalorimetry, but it costsa larger, moreexpensive coil
andmoreiron to returnthe�ux. It is assumedthat thede-
tectorwill have a“standard”ultrahighperformancevertex
detectorbasedonCCD's(or anequivalentthin,smallpixel
technology),andthata muontrackerwill beinterleavedin



3

theiron �ux returnutilizing reliableRPC'sor equivalent.
Theseconsiderationslead to a �rst trial designwith a

trackingradiusof 1.25 m anda �eld of 5 T. The �eld is
set high to get a large

�!���

, and also provides a safety
margin of protectionfor the vertex detectoragainstthe
massive numberof electron-positronpairs at the intera-
tion point. This choicemakes

���I�

= 8, comparedto 10
for TESLA and12 for the North AmericanLarge Detec-
tor. The baselinetrackeris 5 layersof silicon microstrips
(silicon drift detectorsare underconsiderationas an op-
tion) with a cos

< >A@CBDBFEHG

of 0.8. A set of 5 silicon strip
disksis arrangedasto completetheacceptance.It is made
of thinnedsilicon squaresdaisychainedtogetherandread
out on theends,andsupportedby a low masscarbon�ber
spaceframe.TheHCAL is choseninsidethecoil, andthe
radiatoris StainlessSteel. Thequadrantview is shown in
Figure2, andthemajordimensionsaretabulatedin Table
2.

Figure2: QuadrantView of theSiliconDetector.

Tracker

Thetrackerresolutionversuscos
<

is shown in Figure3.
The resolutionat 5��

	 as a function of the trackerradius
is shown in Figure4 for the high momentumof p = 250
GeV/c, illustrating the choiceof the 1.25 m outer radius.
The high momentumresolutionof the trackeris analyzed
asa systemwith the5-layervertex detector. Thelow mo-
mentumtrack�nding performancehasnot yet beencalcu-
lated. Note that the trackershouldbeconsideredwith the
5 layervertex detectorasa trackingsystem.It is assumed
thatthebarrelreadoutis only at theendsof eachlayer, and
thatits masshasbeenminimizedby ASIC's. Notethatthe
requiredduty factorof a few hundrednanoseconds(a few
microsecondsin probablereality) every 8 milliseconds,is
tiny comparedto ATLAS, and that thermalmanagement
shouldbe straightforwardassumingpower pulsing. The
reasonsfor consideringa silicon strip trackerare that its
point resolutionis excellent,leadingto excellenthigh mo-

Detector Radius(m) Axial(z)(m)

Min Max Min Max

Vertex Detector 0.01 0.10 0.00 0.15

CentralTracking 0.20 1.25 0.00 1.67

EndcapTracker 0.04 0.20 0.27 1.67

BarrelEcal 1.27 1.42 0.00 1.84

EndcapEcal 0.20 1.25 1.68 1.83

BarrelHcal 1.44 2.46 0.00 2.86

EndcapHcal 0.20 1.42 1.84 2.86

Coil 2.49 3.34 0.00 2.86

BarrelIron 3.37 6.36 0.00 2.87

EndcapIron 0.20 6.36 2.87 5.86

Table2: SiD Major Dimensions

mentumresolution;that its barrelendstructureshouldbe
thincomparedto aTPCleadingto betterperformancefrom
disk endcaps;andthat thesilicon shouldbeextremelyro-
bust in the questionablebackgroundsof a linear collider.
On the otherhand,it will be challengingto readout the
long stripswith good noiseperformanceand to keepthe
overall thicknessof thestructureverysmall.2

Thevertex detectoris assumedtobeaCCDvertex detec-
tor, built of CCDsof optimalshape,with multiple readout
nodes(2̃0) for speed,thinned( JK�9����L m), with improved
radiationhardness,and low power. A readoutASIC is
mountedattheCCD,with outputthrough�ber optics.This
is a modestextrapolationfrom SLD'sVXD3, with about3
timesthenumberof pixels.

EM Calorimeter
TheEMCal consistsof layersof tungstenwith gapssuf-

�cient for arraysof silicondiodedetectorsmountedonG10
motherboardsandfor a thermalconductorto provideheat
removal. The diodearraysarehexagonalpixels,approxi-
mately5 mmacross.Thethicknessof thesegapsis amajor
issue,in thatit drivestheMoliereradiusof thecalorimeter.
A thicknessof 2.5mmseemsplausiblenow, accommodat-
ing a 0.3-0.5mm silicon wafer, a 0.5 mm G10 carrier, a
1 mm Cu thermalconductionsheet,and0.5 mm of clear-
ance.Conversely, 1.5mm seemsbarelyplausiblebut is an
interestinggoal! A stackedassemblyratherthaninsertion
into a slot is assumed.For now, weassumea 2.5mmgap.3

The readoutelectronicsfrom preampli�cation through
digitization and zero suppressionwill be developedon a
singlechip that will be bump or diffusion bondedto the

2Recentdesignsareconsideringindividual readoutof eachdetectorto
providetiming tagsandloweroccupancies.

3Recentwork indicatesthat 1.5 mm or somewhat less should be
possible.
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Figure 3: Momentumresolution MONQPHR+N

�

P

as a function
of cos

<

, speci�cally S2T6U9V*WH	 (1-cos
<

), for momentaof 3
GeV/c,20GeV/c,and100GeV/c.Thevaluesof thefunc-
tion for

<

= X /4, 300mr, 200mr, and150mr areindicated
by theverticaldashedlines.

Figure4: MomentumResolutionat p = 250GeV/cvs. ra-
diusfor theSiD trackersystem.

waferof detectordiodes.Figure5 illustratesthecenterof
one1000pixel silicon wafer, with thebumpbondarrayat
thecenter, andthetracesfrom thepixelsto thebumpbond
array. Thusit is expectedthat the pixel sizeon the wafer
will not affect the costdirectly. Shapingtimeswould be
optimizedfor the(small)capacitanceof thedepleteddiode.
Recentwork indicatesthatit maybepossibleto gettiming
informationfrom eachpixel, with localizationto abouta
bunchwithin a train. Figure6 is a cross-sectionalview in
thevicinity of thereadoutchip.

Thermalmanagementis a fundamentalproblemfor the
EM Calorimeterasenvisonedherewith thedeeplyembed-
dedelectronics.With a powerpulsingduty factorof �-�ZYZ3

(which is possiblefor the X-Band collider), eachwafer
might generate20 mW averagepower. Preliminarycalcu-
lationsindicatea watercooledheatsink at the outeredge
of anoctant,conductingheatthrougha 1 mmthick copper
planesandwichedwith tungstenandG10, will develop a

�'$

	-[ temperaturedifferential.Thisis acceptable.Whether

W Thickness 2.5mm

Gap 2.5mm

Layers 30

Total � 	 21.4

Table3: SiD ElectromagneticCalorimeterParameters

the electronicscanmaintainadequatelylow noisein the
presenceof thispowerpulsingremainsto bedemonstrated.

Figure5: Thecenterof one1000pixel siliconwafershow-
ing thebumpbondarrayatthecenterfor thesinglereadout
chip. A few representative tracesfrom pixelsto bumpbond
arrayareshown.

Multi-Layer G-10

Wire Bond Readout Chip
Bump Bonds

Silicon Wafer

0
1 2 3 4

5 mm

Figure6: Cross-sectionalview in the vicinity of the EM
Calorimeterreadoutchip.

HadronCalorimeter

TheHCalischosento lie insidethecoil. Thischoiceper-
mitsmuchbetterhermeticityfor theHCal,andextendsthe
solenoidto theendcap�ux return.Thismakesa moreuni-
form �eld for the track�nding, andsimpli�es thecoil de-
sign.TheHCal radiatoris a non-magneticmetal,probably
copperor stainlesssteel. Leadis possible,but is mechan-
ically moredif�cult, particularlysincethe EMCal is sup-
portedby theinner layerof theHCal. Thedetectorscould
be“digital”, with high reliability RPC's assumed.Studies
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areunderwayto determinetheperformanceof the“digital”
approach.

TheHCal is assumedto be4 7 thick, with 46 layersof
radiator5 cmthick alternatingwith 1.5cmgaps.

Coil andMuonTracker

Thecoil conceptis basedon theCMS design,with two
layerssuperconductorandstabilizer. Thestoredenergy is
1.4 GJ,comparedto about2.4GJfor theTESLA detector
and1.7GJfor the“L” detector. Thecoil M R is 85cm.

The �ux returnandmuontrackeris designedto return
the�ux from thesolenoid,althoughthesaturation�eld for
the iron is assumedto be1.8 T, which maybeoptimistic.
The iron is laminatedin 5cm slabswith 1.5 cm gapsfor
detectors.

Forward Detector

Figure7 shows theSiD forwardsystem.This �gure il-
lustratesthe forwardmaskingandmagnets,andthe track-
ing, calorimetry, and luminosity-pairmonitor. Figure 8
showsthebeampipeopenningsin theluminosity-pairmon-
itor located3.5metersfrom theIP.

Figure7: Schematicof the forward region of SiD, show-
ing the forward maskingand magnets,and the tracking,
calorimetry, andluminosity-pairmonitor.

Costs

The“complete”costestimateis in a separatedocument.
A crudedesigncodewaswrittenin Excelto keepthedetec-
tor nominallyconsistentasparameterswerevariedwhich
allowstheestimationof someof thecostpartialderivatives.
Thereaderis cautionedthattheseareratherpreliminaryes-
timates.

Thedetectorcostderivativesdueto themajortrackerpa-
rametersareshown in Figures9 and10.

TheSiD trackerouterradiusis nominallysetto 1.25m
and cos

<9>\@CB]BCEHG

=0.8. A further interestingpartial is the

Figure8: Crosssectionof the luminosity-pairmonitor in
theSiD forwradsystemat z=3.5m.

Figure9: Costdifferentialversustrackerradius.

costdependenceon the thicknessof the HCal. Although
the HCal itself is not particularlyexpensive, it drivesthe
coil and�ux returnsize. Theestimatedvaluesareshown
in Figure11.

The “more completebut extraordinarily preliminary”
SiD total cost estimateis calculatedmostly using num-
bers from the other North American detector costing
exercises.[2] At this time the total materialsandsupplies
(M&S) estimateis $183M, the Labor estimateis $55M,
andcontingency is $84M,for a totalof $322M.
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Figure10: Costdifferentialversustrackerbarrelangle.

Figure 11: Cost differential versushadron calorimeter
thickness.

DETECTOR R&D IN NORTH AMERICA

ThedetectorR&D in North Americanon linearcollider
detectorsis diverse,andhasnotbeenaimedatany speci�c
detectorcon�guration. Following several yearsof support
for simulation,theeffort is now transitioninginto aninvig-
oratedhardwareeffort. Fundingfor this new era is now
established.

Below welist many of thetasksthatareunderinvestiga-
tion (this is not aninclusive list; thereareotherefforts).

Tracking

Trackinghasfocussedon threemainR&D thrusts:

� Simulation

� GaseousTracking(TPC)

� Solid-stateTracking( L -stripsandsilicondrift)

The simulation has beenaimed at establishingtracking
speci�cations,suchasresolutionandcoverage,andin com-
paringandqualifyingtechnologies.

Futuregoalsfor thesimulationwill include:

� Re�ne TrackerRequirements

– SUSY(centralatMichigan,forwardatUSCS)

� ExploreAlternatives(notyet fully underway)

– TPCvs. silicondrift

– All-axial centralL -strip tracking

– Forwardtrackingscenarios

– With GEANT-basedbackgroundincluded

� Tracking/CalorimeterInterfaceIssue

– Track-clustermatching

– Calorimeter-assistedVEE �nding

SeveralCanadianandUSgroupsareworkingongaseous
tracking.Theirobjectivesare:

� Explorereadoutchoiceanddesign

� Gasselection(neutronbackgrounds,diffusion)

� Compactelectronics

Test chambersare being studied at Carleton, Victo-
ria, and Cornell. GEM productionis carriedout at MIT
(MicrosystemsTechnologyLaboratory)and proposedat
LouisianaTech.

Solid-statetracking R&D includesboth microstripde-
tectorsandsilicondrift detectors:

� LongShaping-timeL -strips

– Ultra-thin (for momentum resolution and
energy-�o w)

– ASIC developmentatUC SantaCruz

– Long(2m) laddersunderdevelopmentat UCSC

� SiliconDrift R&D (WayneState,Brookhaven)

– Intrinsically3-dimensional

– Proven(STAR VTX detectoratRHIC)

– Longer, thinnersensors;low-powerreadout

� MechanicalIssues

– Spaceframe

– Interferometericpositionmonitoring(Michigan)
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Vertex Detection
Threegroupsareworking now or plan to startwork on

vertex detection. The Oregon/Yale/SLAC group is inves-
tigatingCCDs,asa next stepfrom thesuccessof the307
Mpixel CCD vertex detectorof SLD, VXD3. This studies
include:

� Radiationhardnessstudies

– removal of SLD VXD3 for analysis

– spareladderstudies

� Developingnew CCDdetectorprototype

� Studyingmechanicalissues

� Designreadoutfor X-Bandoperation

TheOklahoma/Boston/Fermilabgroupplansto develop
a designfor a linear collider ASIC for CCD readout,and
thePurduegroupis planningstudiesof themechanicalbe-
havior of thin siliconandthedevelopmentof hybridsilicon
pixelsfor thelinearcollider.

Calorimetry

CalorimetryR&D is summarizedin Table4.

Thecalorimetergrouphasthefollowing testbeamplan:

� ECalmodule(roughly20cmx 20cmx 30 layers)

� HCalmodule(roughly1m x 1mx 1m)

� Starting2004-5;site(s)to bedetermined

� Goal:Full validationof simulations(GEANT4)

Someadditionaldetailsof theseefforts:

Si/W - SLAC/Oregon/BNL

� IntegratedElectronics

– Analog+ digital preliminarydesign
� 0.20x0.25̂_^

�

/pixel
� Full chargeandtime
� Heatlooksok (powerpulsing)

� SiliconDetectors

– Prototypedesign�nalized
� 5x5 ^`^

�

pixels
� 6” wafers

– Vendororderin progress

Colorado's scintillator tile conceptusesan offset type
con�gurationto improveperformance.Simulationsandde-
tectorwork is in progress.

Kansas is developing a hybrid scintilla-
tor/silicon/tungsten module to provide optimize per-
formance.

RPCs- Argonne/Chicago/BU/FNAL

� Emphasizereliability

� Glass

� Avalanchemode

– Requiresintegratedampli�cation (ASIC)

� Plansfor 1 ^`3 testbeammoduleunderway

GEMs- UT Arlington

� Triple GEM

� GEM foils/prototypesfabricatedin Texas

� Simulationsunderway

Scint. tiles- N. Illinois

� ExtensiveR&D andsimulationprogress

Muons
An active group including Fermilab,NorthernIllinois,

NotreDame,UC Davis, WayneState,RiceandUT Austin,
is working on a scintillator basedmuondetector.[1] This
effort spansthe tasksfrom simulationof muondetection,
to prototypeplanning.Thehardwareplanincludes:

� Test16pixel MAPMT - speci�cationandparameters.

� TestextrudedMINOS-stylescintillatorand�ber.

� Developprototypemodules(2.5mW x 5.0mL) to:

1. Understandmechanicaldesign/constructionis-
suessuchasbasicscint.Layout,WLS �ber lay-
ing,WLS- clear�ber connections,�ber routing,
bundling,opticalmultiplexing,mechanicalengi-
neering,etc.

2. UnderstandFEelectronics,calibrationandread-
outspeci�cations.

3. Understandsafety, testing,andQA procedures.

4. Implementcosmicraytestsandeventuallybeam
tests.

5. Make detailedcost estimatesfor a scintillator-
basedmuonsystem.

BeamlineInstrumentation
A very active groupis workingonbeam-lineinstrumen-

tationin North America.Thehighpriority itemsare:

� dL/dEanalysis

– completeanalysisto extractbothtail andcore

– understandexternal inputs (asymmetries,off-
sets)

– possibleto extractcorrelations(energy, polariza-
tion)?
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Ecal Silicon/W SLAC/Oregon/BNL Designsandprototyping

Scint/Si/Whybrid Kansas Initial ideas

Scinttile/W Colorado Ideasunderstudy

Hcal Digital - Scint.Tiles N. Illinois Designsandprototyping

Digital - RPCs Argonne/Chicago/BU/FNAL Designsandprototyping

Digital - GEMs UT Arlington Initial designsandprototyping

Table4: CalorimeterDetectorR&D in NorthAmerica

� Extractionline studies

– expecteddistributionswith disruptedbeam

– expectedbackgroundsat detectors

� ForwardTracking/Calorimetry

– Realisticconceptualdesignfor NLC detector

– Expectedsystematicseg: alignment

� BeamEnergy Width

– Understandprecisionof beam-basedtechniques

– Possiblewith extraction line energy spectrom-
eter basedon SLD approachof Wire Imaging
SynchrotronRadiationDetectors(WISRD)

TheongoingR&D work includingthefollowing

� Luminosity

– dL/dEanalysis(SLAC, WayneSt.)

– BeamstrahlungMonitor (WayneSt.)

– Pair monitor(Hawaii, in collab. with Tohoku)

– Forwardcalorimeter(IowaSt.)

� Energy

– WISRDspectrometer(UMass,Oregon)

– BPM spectrometer(NotreDame)

� Polarization

– x-line simulations(SLAC, Tufts)

– Quartz�ber calorimter(Iowa,Tennessee)

Therearemany importanttopicsuncovered.

Testbeams
Test beamswill be requiredto develop the detectors

neededfor the linearcollider. We mustbegin now to plan
for thesebeams. An assessmentis underwayacrossthe
regions.Someunderstandingof theseneedsis beingto de-
velop. Table5 summarizestheknown needsat thepresent
time.

Accelerator R&D

Within theUS thereis a largeinterestwithin theuniver-
sity communityin working on linear collider accelerator
R&D. This is now fundedby DOE at roughly the same
level asthelinearcolliderdetectorR&D andasimilarlevel
of supportis beingconsideredat NSF.

R&D ON THE JLC DETECTOR

TheJLCstrategy for choiceof technologiesin thebase-
line R&D hasbeentakenwith two principles:1.) therewill
beno “proof-of-principle” R&D, and2.) thedetectormust
beconstructiblewithin anaffordablebudget.

Theoverall layoutof theJLC Detectoris shown in Fig-
ure12 in the3T �eld con�guration.

Figure12: GEANT drawing of thebaselineJLC Detector
for 3 Tesla.

Thereis progressin severalareasof thedetector. In each,
we list below thework that is completed,or nearlyso,and
thework thatis in progress,or yet to do.
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Group Apparatus BeamConditions When/Where

1 TESLA/CALICE E Cal/H Cal e,L ,X ,p Mid 2004- 2005Fermilab/Protvino?

J.-C.Brient/P. Dauncy et al E-�o w Tests e 1-100GeV Setup;DESY/CERN

Fermilab/Protvino?

2 JLC-Cal- Y. Fujii etal EM/H Cal e,L , X ,p KEK/2004

Prototypes 1-200GeV US/Europe2004-8

3 LC- Cal - R. Frey etal E Cal e to 10GeV E calatSLAC '04;

H CalPrototypes e,L , X ,p a 120 E & H Cal@ FNAL?

4 Digital H Cal - Argonne, H-CalPrototypes e,L ,X ,p a 120 Fermilab- 2005-'06

NIU, UTA, etal

5 IP Instrumentation GasC counter/cal

Woods/Torrenceetal Quartz�ber cal e/b to 100GeV;

Sec.Emissiondet. LINX for

W. angle,vis light beamstrahlung; Various

beamstrahlung Polarizede's

Synchrotronrad

BPM E spectro

6 IP Instr andCalorimetry Comptonpolar. w/

Onel/Winn et al quartz�ber cal; e,X , p a 120 Fermilab

Sec.Emissiondet. J 20, J 300GeV CERNPS& SPS

C compensatedcal

7 Tile/�ber Tests Detector e,L ,X Fermilab

R. Ruchti prototypes,timing, 10 - 100GeV

8 MuonPrototypeDetectors RPCsand e's 50-750MeV Frascati2004

TESLA/ALC Scintillatorbased e,L , X%a 120GeV Fermilab2005

Table5: TestBeamRequirements(incompletelist).

Vertex Detector
� doneor �nishing soon:

1. excellentspatialresolution(seeFigure13);

2. room-temperatureoperation (good S/N by
Multi-PinnedPhaseoperation);

3. radiationhardnessmeasurement: c

	-d\e ,
�CfC�

[Ig ,
electron-beamirradiation;analysisis underway.

� in progressor to do:

1. CTI improvement:two-phaseclocking,thermal
chargeinjection,notchstructure(seeFigure14);

2. fastreadout: test-boardfabricationin progress;

3. thinnedCCD(20micrometer):�atness,stability,
reproducibility;

4. preciseestimationof backgroundby afull simu-
lationwith detailedbeamlinecomponents.

IntermediateTracker
� in progressor to do:

1. Si-sensorfabricationandtest-moduleconstruc-
tion;

2. Simulation study of VTX-IT-CT combined
tracking(seeFigure15).

Central Tracker
� doneor �nishing soon:

1. spatialresolution;
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Resolution (RLM) at 258K
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Figure 13: Position resolutionof CCD test moduleob-
tainedwith minimum-ionizingpionsat KEK NQh 2 testbeam
measurement. Intrinsic resolutions,after subtractionof
multiple-scatteringeffects,arewrittenasinsightof the�g-
ure.
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Figure14: Charge-TransferInef�ciency of CCDs.Dashed
lines are for standardCCD, while solid lines are for
'notched-structure'CCD.NotchedstructureimprovesCTI
signi�cantly. Notchedstructurehassmall deeperwell to
concentratechargein a well.

2. effectof gascontamination;

3. Lorentzanglemeasurement;

4. dE/dxmeasurement;

5. positive-ionspace-chargeeffect (seeFigure16).
� in progressor to do:

1. two-track separationperformancewith a test
chamberusing parallel laserbeam(seeFigure
17);
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Figure 15: Single-track Pt-resolution (full-simulation)
comparedfor threetrackingcases.

2. z-measurementwith chargedivision;

3. solvecreepingof aluminumwire;

4. full-simulationstudyonPt resolution;

5. bunch-tagging capability and its impact on
physicssensitivity.

Fig.14. X - X
asa functionof TotalSense-wireCurrent

0 100 200 300 400 500
-200

0

200

400

600

800

Sense Wire H.V. = 2.8kV

Sense Wire H.V. = 2.5kV

Total Sense Wire Current (10 wires) (nA)

m
)

m
 (

O
F

F
X

D
 -

 
O

N
X

D

Laser : injected at drift length = 2.25cm

Preliminary

Figure 16: Effect of drift-�eld deformationcausedby
positive-ionson positionmeasurement.For higherbeam
intensity (higher sesnecurrent)measuredposition shifts.
However in the actualoperation,inter-train time is long
enoughto sweepoutall thepositive ions.

Calorimeter
� doneor �nishing soon:

1. hardwarecompensation,energy responselinear-
ity, energy resolution(stochasticterm);

2. machine-abilityof tiny tiles,assemble-ability;

3. performanceof WLS-readoutshower-position
detector.

� in progressor to do:

1. granularityoptimizationwith a full simulation;
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Fig.6. Sensewire signalobservedwith two laserbeams
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Thewave form observedwith parallellaserbeams.The

beamsare2.2mm apartin thedrift directionandcoincide
in thesensewire direction.Thedrift distanceis about25

mm.

Figure17: Sense-wireFADC spectrumwhentwo parallel
lasertracksareinjectedinto a testchamberwith distance
of 2.2mm.2mm-separationis assured.

Figure18: Shower axis angularresolution(preliminary)of a
scintillator-strip-arrayEMcal obtainedby a testbeammeasure-
mentat KEK. Strip width is 1cm,andthemodulehas6 super-
layers(17radiationlength).

2. photonyield and non-uniformity improvement
for conventionaltile/�ber EMcal;

3. performance study of strip-array EMcal :
beamtest,simulation,ghost-rejection(seeFig-
ure18);

4. shower-positiondetectorwith directly-mounted
APD-readout;

5. photon detectors(multi-channel HPD/HAPD,
EBCCDetc.).

MuonSystem
Thereis no effort on the muonsystemfor the JLC De-

tector.

CONCLUSION

TheDetectorR&D underwayin thedifferentregionsof
theworld shows thereis no uniquesolution,anddiffering
optimizationscanleadto quitedifferentdetectorcon�gura-
tions. Theadvantagesanddisadvantagesof eachapproach
needsto be confrontedwith honestassessmentandcom-
parison.
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