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Abstact

In Asia and North Americaresearchand development
on a linear collider detectorhasfollowed complementary
pathsto thatin Europe. Among the developmentsin the
US hasbeenthe conceptiorof a detectorbuilt aroundsili-
contracking,whichreliesheaily onapixel (CCD) vertex
detectorandemploysasilicontungstercalorimeter Since
thisdetectoiis quitedifferentfrom the TESLA detectoywe
describet here alongwith someof thesub-systenspeci c
R&D in theseregions.

INTRODUCTION

The TESLA detector which hasbeendevelopedby the
ECFA-DESY Studiesoverthepastseveralyearsoptimizes
the designof the detectorarounda speci ¢ setof assump-
tions. Alternative assumptiongxist, andto a varying de-
gree,have beenappliedto the designof otherpossibldin-
earcolliderdetectorssuchastheJLC ! DetectortheNorth
AmericanLarge Detectoy andthe North AmericanSilicon
Detector(so-calledSiD). Table 1 summarizeshe proper
ties of thesediffering choices.This tableshovs a number
of similaritiesbetweerthedetectors:

bothTESLA andtheLargeDetectouseTPCtrackers.

both TESLA and the Silicon Detector use sili-
con/tungsterfior the EM calorimeter

ThelLarge Detectorandthe JLC Detectorchoosescin-
tillator tile with leadfor EM andhadroncalorimetry

Otherdetailsvary, including the choiceof magnetic eld,
whichrangedrom 3 upto 5 Tesla.

Eachof thesedesignsis guided by the physicsgoals,
which leadto thefollowing principal detectorgoals:

Two-jet massresolution,comparableto the natural
widths of the W and Z for an unambiguousdenti -
caionof the nal states.

Excellent a vor-taggingef ciency andpurity.

Momentumresolutioncapableof reconstructinghe
recoil-masdo di-muonsin Higgs-strahlungvith res-
olution betterthanthebeam-engyy spread.

Theauthorsacknavledgethe help of the following peoplein prepar
ing this overvien: GeneFisk, Ray Frey, JohnJaros,Tom Markiewicz,
BruceSchumm Eric Torrence andJaeYu.

1ThenamelLC waschangedo GLC in April, 2003.

Hermeticity(bothcrack-lessandcoverageto very for-
ward angles)to preciselydeterminethe missingmo-
mentum.

Timing resolution capable of separating bunch-
crossingo suppressverlappingof events.

THE SILICON DETECTOR

The“Silicon Detector”(SiD, illustratedin Figurel) was
conceved as a high performancedetectorfor the NLC,
achieving all of the physicsgoalsenumerate@bore, with
reasonablyjuncompromisegerformanceput constrained
to arationalcost. The stratgy of the“Silicon Detector”is
basedon theassumptiorthatenegy o w calorimetrywill
beimportant. While this hasnotyet beendemonstrateth
simulationby theUS groupsthe TESLA Collaboratiorhas
acceptedhis andit seemgprobablehatthe US community
will eventuallyagree.

Figurel: TheSilicon Detector

Thestratgy of enegy- o w calorimetryleadsdirectly to
areasonabljargevalueof to providechaged-neutral
separationn a jet, andto an electromagneticalorime-
ter (EMCal) designwith a smallMoliere radiusandsmall
pixel size. Additionally, it is desirableto read out each
layer of the EMCal to provide maximal information on
shaver development. This leadsto the samenominalso-
lution asTESLA: aseriesof layersof about0.5  Tung-
stensheetsalternatingwith arraysof silicon diodes. Such



TESLA SiD LD JLC
Trackertype TPC Silicon TPC Jet-celldrift
ECal
barrel(m)
Type Sipad/W Sipad/W scinttile/Pb scinttile/Pb
Sampling
Gaps,actie(mm) ( Si) Si) 1 (scint) 2 (1 scint)
Long. readouts 40 30 10 3
Trans.sgy. (cm)
Channelg ) 32000 50000 135 144
endcap(m)
HCal
(m) barrel
Type T: sc.tile/steel | digital/RPC | scinttile/Pb scinttile/Pb
D: digital/steel Cuor steel
Sampling (B),
(EC)
Gaps,actie(mm) || T: (5scint) 1(TBD) 2 (scint) 3 (2 scint)
D: (TBD)
Longitudinal T: 9(B), 12(EC) 34 3 4
readouts D: 38(B),53(EC)
Trans\erse T:5-25 1 14
segment.(cm) D:1
endcap
Coil
(m)
(M 4 5 3 3
Comment ShashlikeCal option: Sipad | sc.strip(1cm)
optionin TDR sh.maxdet | shovermaxdet
discontinued (2 layers)

Tablel1: Comparisorof DetectorCon gurations

a calorimeteris expensve, and its costis moderatedby
keepingthe scaleof the inner detectorsdown. This has
two implications: the spacepoint resolutionof the tracker
shouldbe excellentto meetmomentunresolutionrequire-
mentsin a modestradiusdetector;andthe designshould
admit high performanceendcapsso that the barrellength
(orcos ) 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’"?gndimprove the impactparame-
termeasuremengndconsequentlye ne thevertex recon-

struction aswell asparticipatdan thereconstructiomf neu-
tral strangeparticles.Strangeparticledecaysn thetracker
will be reconstructedrom stubsin the EM calorimeter
matchedo hitsin the silicon strips.

Thelastreal strat@ic questionis whetherthe Hadronic
Calorimete(HCAL) will beinsideor outsidethecoil. Lo-
catingthe HCAL inside the coil permitsreasonablyher
meticcalorimetry butit costsa larger, moreexpensve coil
andmoreiron to returnthe ux. It is assumedhatthede-
tectorwill have a“standard’ultra high performance/ertex
detectobasedn CCD's (or anequivalentthin, small pixel
technology)andthata muontrackerwill beinterleaedin



theiron ux returnutilizing reliableRPC'sor equivalent.

Theseconsiderationgeadto a rst trial designwith a
trackingradiusof 1.25m anda eld of 5 T. The eld is
sethigh to get a large , and also provides a safety
mawgin of protectionfor the vertex detectoragainstthe
massie numberof electron-positrorpairs at the intera-
tion point. This choicemakes = 8, comparedo 10
for TESLA and 12 for the North AmericanLarge Detec-
tor. The baselinetrackeris 5 layersof silicon microstrips
(silicon drift detectorsare underconsideratioras an op-
tion) with a cos of 0.8. A setof 5 silicon strip
disksis arrangedasto completethe acceptancdt is made
of thinnedsilicon squareslaisychainedtogetherandread
out ontheends,andsupportedy alow masscarbon ber
spaceframe. The HCAL is choserinsidethe coil, andthe
radiatoris StainlessSteel. The quadrantview is shavn in
Figure2, andthe major dimensionsaretakulatedin Table
2.
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Figure2: Quadran¥iew of the Silicon Detector

Tradcker

Thetrackerresolutionversuscos is shavn in Figure3.
The resolutionat as a function of the trackerradius
is shavn in Figure 4 for the high momentumof p = 250
GeV/c, illustrating the choiceof the 1.25m outerradius.
The high momentunresolutionof the trackeris analyzed
asa systemwith the 5-layervertex detector Thelow mo-
mentumtrack nding performancénasnotyetbeencalcu-
lated. Note thatthe trackershouldbe consideredvith the
5 layervertex detectorasatrackingsystem.It is assumed
thatthebarrelreadouis only attheendsof eachlayer, and
thatits masshasbeenminimizedby ASIC's. Notethatthe
requiredduty factorof a few hundrednanosecond& few
microsecond# probablereality) every 8 milliseconds,is
tiny comparedto ATLAS, and that thermalmanagement
shouldbe straightforwardassumingpower pulsing. The
reasondor consideringa silicon strip trackerare that its
pointresolutionis 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
Call 2.49| 3.34 | 0.00 | 2.86
Barrellron 3.37| 6.36 | 0.00 | 2.87
Endcaplron 0.20| 6.36 | 2.87 | 5.86

Table2: SiD Major Dimensions

mentumresolution;thatits barrelendstructureshouldbe
thincomparedo a TPCleadingto betterperformancdérom
disk endcapsandthatthe silicon shouldbe extremelyro-
bustin the questionabldackground®f a linear collider.
On the otherhand, it will be challengingto readout the
long stripswith good noiseperformanceandto keepthe
overallthicknesof the structurevery small?

Theverte detectoiis assumedtb beaCCDvertex detec-
tor, built of CCDsof optimalshapewith multiple readout
nodes(20) for speed thinned( m), with improved
radiationhardnessand low power. A readoutASIC is
mountedatthe CCD,with outputthrough ber optics.This
is amodesextrapolationfrom SLD's VXD3, with about3
timesthe numberof pixels.

EM Calorimeter

The EMCal consistf layersof tungsterwith gapssuf-
cient for arrayof silicondiodedetectorsnountecbn G10
motherboardsandfor a thermalconductorto provide heat
removal. The diodearraysarehexagonalpixels, approxi-
mately5 mmacrossThethicknesof thesegapss amajor
issuejn thatit drivesthe Moliereradiusof the calorimeter
A thicknessof 2.5 mm seemsplausiblenow, accommodat-
ing a 0.3-0.5mm silicon wafer, a 0.5 mm G10 carrier a
1 mm Cu thermalconductionsheetand0.5 mm of clear
ance.Corversely 1.5 mm seemdarelyplausiblebut is an
interestinggoal! A stackedassemblyatherthaninsertion
into a slotis assumedFor now, we assume 2.5mmgap?

The readoutelectronicsfrom preampli cation through
digitization and zero suppressiowill be developedon a
single chip that will be bump or diffusion bondedto the

2Recentdesignsareconsideringndividual readouf eachdetectorto
providetiming tagsandlower occupancies.

3Recentwork indicatesthat 1.5 mm or somevhat less should be
possible.



AR e e s — —
F SD Ddtector Resolution
1072 = E
. p=3 GeV/c B 1
@ [ / il
o, 1078 - —
™~ £ - 1
& [ .- i
i p=20-GeV/c ]
1074 — ///H —
-7 p=100 GeV/c ]
R ]
4 300 200 150
U IR | AR BT ol i i b
0.0 0.5 1.0 1.5 2.0

—logq(1—cosd)

Figure 3: Momentumresolution as a function
of cos, speci cally (1-cos), for momentaof 3
GeV/c,20GeV/c,and100GeV/c. Thevaluesof thefunc-
tionfor = /4,300mr, 200mr, and150 mr areindicated
by theverticaldashedines.
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Figure4: MomentumResolutionat p = 250GeV/cvs. ra-
diusfor the SiD trackersystem.

waferof detectordiodes.Figure5 illustratesthe centerof
one 1000pixel silicon wafer, with the bumpbondarrayat
the centerandthetracesrom the pixelsto thebumpbond
array Thusit is expectedthatthe pixel size on the wafer
will not affect the costdirectly. Shapingtimeswould be
optimizedfor the(small)capacitancef thedepletediiode.
Recentwork indicateghatit maybepossibleto gettiming
informationfrom eachpixel, with localizationto abouta
bunchwithin atrain. Figure6 is a cross-sectionaliew in
thevicinity of thereadouthip.

Thermalmanagemens a fundamentaproblemfor the
EM Calorimeteraservisonedherewith thedeeplyembed-
dedelectronics With a power pulsingduty factorof
(which is possiblefor the X-Band collider), eachwafer
might generat€20 mW averagepower. Preliminarycalcu-
lationsindicatea watercooledheatsink at the outeredge
of anoctant,conductingheatthrougha 1 mm thick copper
planesandwichedwith tungstenand G10, will develop a

temperatureifferential. Thisis acceptableWhether

W Thickness| 2.5mm
Gap 2.5mm
Layers 30
Total 21.4

Table3: SiD Electromagneti€alorimetefParameters

the electronicscan maintainadequatelyiow noisein the
presencef thispower pulsingremaingo bedemonstrated.
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Figure5: The centerof one1000pixel silicon wafershow-

ing thebumpbondarrayatthe centerfor thesinglereadout
chip. A few representatie tracedrom pixelsto bumpbond
arrayareshown.
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Figure 6: Cross-sectionaliew in the vicinity of the EM
Calorimeterreadoutchip.

Hadron Calorimeter

TheHCalis choserto lie insidethecoil. Thischoiceper
mits muchbetterhermeticityfor the HCal, andextendsthe
solenoidto theendcapux return. This makesa moreuni-
form eld for thetrack nding, andsimpli es the coil de-
sign. TheHCal radiatoris a non-magnetienetal,probably
copperor stainlesssteel. Leadis possible but is mechan-
ically moredif cult, particularlysincethe EMCalis sup-
portedby theinnerlayerof the HCal. The detectorsould
be“digital”, with high reliability RPC's assumed Studies



areunderwayto determingheperformancef the“digital”
approach.

The HCalis assumedo be4 thick, with 46 layersof
radiator5 cmthick alternatingwith 1.5cm gaps.

Coil andMuonTradker

The coil conceptis basedon the CMS design,with two
layerssuperconductoandstabilizer The storedenegy is
1.4 GJ,comparedo about2.4 GJfor the TESLA detector
and1.7 GJfor the“L” detectorThecoil Ris85cm.

The ux returnandmuontrackeris designedo return
the ux fromthesolenoid,althoughthe saturationeld for
theiron is assumedo be 1.8 T, which may be optimistic.
The iron is laminatedin 5cm slabswith 1.5 cm gapsfor
detectors.

Forward Detector

Figure7 shaws the SiD forward system. This gure il-
lustrateshe forward maskingand magnetsandthe track-
ing, calorimetry and luminosity-pairmonitor. Figure 8
shavsthebeampipepenningsn theluminosity-paimon-
itor located3.5metersrom thelP.
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Figure7: Schematiof the forward region of SiD, show-
ing the forward maskingand magnets,and the tracking,
calorimetry andluminosity-pairmonitor.

Costs

The“complete” costestimatds in a separatelocument.

A crudedesigncodewaswrittenin Excelto keepthedetec-
tor nominally consistentis parametersvere variedwhich
allowstheestimatiorof someof thecostpartialderivatives.
Thereadeiis cautionedhattheseareratherpreliminaryes-
timates.

Thedetectorcostderivativesdueto themajortrackerpa-
rametersaareshovnin Figures9 and10.

The SiD trackerouterradiusis nominallysetto 1.25m
and cos =0.8. A further interestingpartial is the
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Figure8: Crosssectionof the luminosity-pairmonitorin
the SiD forwradsystemat z=3.5m.
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Figure9: Costdifferentialversugrackerradius.

costdependencen the thicknessof the HCal. Although
the HCal itself is not particularly expensve, it drivesthe
coil and ux returnsize. The estimatedvaluesare shavn
in Figurel11l.

The “more completebut extraordinarily preliminary”
SiD total cost estimateis calculatedmostly using num-
bers from the other North American detector costing
exercises.[? At this time the total materialsand supplies
(M&S) estimateis $183M, the Labor estimateis $55M,
andcontingeny is $84M, for a total of $322M.
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Figure 11: Cost differential versus hadron calorimeter
thickness.

DETECTOR R&D IN NORTH AMERICA

ThedetectoiR&D in North Americanon linear collider
detectorss diverse andhasnotbeenaimedatary speci ¢
detectorcon guration. Following several yearsof support
for simulation theeffort is now transitioninginto aninvig-
oratedhardwareeffort. Fundingfor this new erais now
established.

Below welist mary of thetasksthatareunderinvestiga-
tion (thisis notaninclusive list; thereareotherefforts).

Tradking

TrackinghasfocussednthreemainR&D thrusts:

Simulation
Gaseoudracking(TPC)
Solid-stateTracking( -stripsandsilicon drift)

The simulation has beenaimed at establishingtracking
speci cations suchasresolutiorandcoverage andin com-
paringandqualifyingtechnologies.

Futuregoalsfor the simulationwill include:

Re ne TrackerRequirements
— SUSY (centralat Michigan,forwardat USCS)
ExploreAlternatives(notyetfully underway)

— TPCyvs. silicondrift

— All-axial central -striptracking

— Forwardtrackingscenarios

— With GEANT-basedhackgroundncluded

Tracking/Calorimeteinterfacelssue

— Track-clustematching
— Calorimeterassisted/EE nding

SeveralCanadiarandUS groupsareworkingongaseous
tracking.Their objectvesare:

Explorereadouthoiceanddesign
Gasselection(neutronbackgroundsgiffusion)
Compacelectronics

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

Solid-statetracking R&D includesboth microstrip de-
tectorsandsilicon drift detectors:

Long Shaping-time -strips

— Ultra-thin (for momentum resolution and

enegy- o w)
— ASIC developmeniat UC SantaCruz
— Long (2m)laddersunderdevelopmentat UCSC
Silicon Drift R&D (WayneState Brookhaven)

— Intrinsically 3-dimensional
— Proven(STAR VTX detectorat RHIC)
— Longer thinnersensorstow-powerreadout

Mechanicalssues

— Spacdrame
— Interferometeripositionmonitoring(Michigan)



\ertex Detection Emphasizeeliability

Threegroupsareworking now or planto startwork on Glass
vertex detection. The Oregon/Yale/SLAC groupis inves-
tigating CCDs,asa next stepfrom the succes®f the 307
Mpixel CCD vertex detectorof SLD, VXD3. This studies
include:

Avalanchenode
— Requiresntegratedampli cation (ASIC)

Plansfor1  testbeammoduleunderway

Radiationhardnesstudies

— remaoval of SLD VXD3 for analysis GEMs- UT Arlington

— spardadderstudies Triple GEM

Developingnew CCD detectorprototype GEM foils/prototypesfabricatedn Texas

Studyingmechanicalssues Simulationsunderway

Designreadoutfor X-Bandoperation Scint.tiles- N. lllinois

The Oklahoma/Boston/Fermiladroupplansto develop
a designfor a linear collider ASIC for CCD readout,and
the Purduegroupis planningstudiesof the mechanicabe-
havior of thin siliconandthe developmenbf hybridsilicon
pixelsfor thelinearcollider.

Extensve R&D andsimulationprogress

Muons

An active groupincluding Fermilab, Northernlllinois,
NotreDame,UC Davis, WayneState RiceandUT Austin,
is working on a scintillator basedmuondetectof1] This
effort spanghe tasksfrom simulationof muondetection,
to prototypeplanning.The hardwareplanincludes:

Calorimetry
CalorimetryR&D is summarizedn Table4.

The calorimetergrouphasthefollowing testbeamplan:

Test16 pixel MAPMT - speci cationandparameters.
ECalmodule(roughly20 cmx 20 cmx 30 layers)

TestextrudedMINOS-stylescintillatorand ber.
HCalmodule(roughlylmx 1mx 1m)

_ ) ) Developprototypemoduleg2.5mW x 5.0mL) to:
Starting2004-5;site(s)to bedetermined

1. Understandmechanicaldesign/constructiofs-
suessuchasbasicscint. Layout, WLS ber lay-
ing, WLS - clear ber connectionsber routing,
bundling,opticalmultiplexing, mechanica¢ngi-
neering.etc.

IntegratedElectronics 2. UnderstandrE electronicsgalibrationandread-
outspeci cations.

Goal: Full validationof simulationd GEANT4)

Someadditionaldetailsof theseefforts:
Si/W - SLAC/Oregon/BNL

— Analog+ digital preliminarydesign
0.20x0.25 Ipixel
Full chage andtime
Heatlooksok (power pulsing)

3. Understandafety testing,andQA procedures.

4. Implementcosmicray testsandeventuallybeam
tests.

5. Make detailedcost estimatedor a scintillator

Silicon Detectors basednuonsystem.

— Prototypedesign nalized i i
, Beamlindnstrumentation
5x5 pixels

6” wafers A very active groupis working on beam-lineinstrumen-

_ Vendororderin progress tationin North America. The high priority itemsare:

Colorados scintillator tile conceptusesan offset type dL/dEanalysis

con gurationto improve performanceSimulationsandde-
tectorwork is in progress.

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

RPCs- Argonne/Chicago/BU/FALL

— completeanalysigo extractbothtail andcore

— understandexternal inputs (asymmetries,off-
sets)

— possiblgo extractcorrelationgenengy, polariza-
tion)?



Ecal Silicon/W SLAC/Oreggon/BNL Designsandprototyping
Scint/Si/Whybrid Kansas Initial ideas
Scinttile/W Colorado Ideasunderstudy
Heal Digital - Scint. Tiles | N. Illinois Designsandprototyping
Digital - RPCs Argonne/Chicago/BU/FAL | Designsandprototyping
Digital - GEMs UT Arlington Initial designsandprototyping
Table4: CalorimeteiDetectorR&D in North America
Extractionline studies Acceleator R&D
— expecteddistributionswith disruptecbeam Within the US thereis a largeinterestwithin the univer-
— expectecbackgroundsit detectors sity communityin working on linear collider accelerator
_ _ R&D. This is now fundedby DOE at roughly the same
ForwardTracking/Calorimetry level asthelinearcollider detectoiR&D andasimilarlevel

— Realisticconceptuatlesignfor NLC detector of supports beingconsideredit NS

— Expectedsystematic®g: alignment
BeamEnegy Width R&D ON THE JLC DETECTOR

— Understangbrecisionof beam-basetechniques TheJLC stratgy for choiceof technologiesn the base-
— Possiblewith extraction line enegy spectrom- lineR&D hasbeer_talfenwith two principles:1.) therewill
eter basedon SLD approachof Wire Imaging beno“proof-_of-pr_ln(_:lple” R&D, and2.) thedetectomust
SynchrotrorRadiationDetectorgWISRD) be constructiblewithin anaffordablebudget.
Theoverall layoutof the JLC Detectoris shavn in Fig-

TheongoingR&D work includingthefollowing ure12in the3T eld con guration.

Luminosity

— dL/dE analysig(SLAC, WayneSt.)

— Beamstrahlun@lonitor (WayneSt.)

— Pair monitor (Hawaii, in collah with Tohoku)
— Forwardcalorimeter(lowa St.)

Enegy

— WISRD spectrometefUMass,Oregon)
— BPM spectrometefNotre Dame)

Polarization

— X-line simulationg SLAC, Tufts)
— Quartz ber calorimter(lowa, Tennessee)

Therearemary importanttopicsuncovered.

Testbeams

Test beamswill be requiredto develop the detectors Figure12: GEANT drawing of the baselineJLC Detector
neededor thelinear collider. We mustbegin now to plan ~ for 3 Tesla.
for thesebeams. An assessmeris underwayacrossthe
regions. Someunderstandingf theseneedss beingto de- Thereis progressn severalarea®f thedetectorn each,
velop. Table5 summarizesheknown needsatthepresent  welist belov thework thatis completedpr nearlyso,and
time. thework thatis in progressor yetto do.



Group Apparatus BeamConditions | When/Where
TESLA/CALICE E_Cal/H Cal e, .p Mid 2004- 2005Fermilab/Protvino?|
J.-C.Brient/R Daung etal | E- ow Tests e1-100GeV Setup,DESY/CERN
Fermilab/Protvino?
JLC-Cal- Y. Fuijii etal EM/H Cal e ,.p KEK/2004
Prototypes 1-200GeV US/Europe2004-8
LC- Cal- R.Frey etal E_Cal eto10GeV E_calatSLAC '04;
H_CalPrototypes | e, , ,p 120 E& H.Cal@ FNAL?
Digital H_Cal- Argonne, | H-CalPrototypes | e, , ,p 120 Fermilab- 2005-'06

NIU, UTA, etal

IP Instrumentation

Woods/Drrenceetal

GasC counter/cal
Quartz ber cal
Sec.Emissiondet.

e/ t0100GeV
LINX for

W. anglevislight | beamstrahlung; | Various
beamstrahlung Polarizede's
Synchrotrorrad
BPM E spectro

IP InstrandCalorimetry Comptonpolar. w/

Onel/Wnn etal quartz ber cal, e, ,p 120 Fermilab
Sec.Emissiondet. 20, 300GeV | CERNPS& SPS
C compensatedal

Tile/ ber Tests Detector e, Fermilab

R. Ruchti prototypestiming, | 10- 100GeV

Muon PrototypeDetectors | RPCsand e's50-750MeV Frascat004

TESLA/ALC Scintillatorbased | e, , 120GeV | Fermilab2005

Table5: TestBeamRequirement§incompletdist).

\ertex Detector 4. preciseestimatiorof backgroundy afull simu-

- lation with detailedbeamlinecomponents.
doneor nishing soon:

1. excellentspatialresolution(seeFigurel13); IntermediateTradker

2. room-temperatureoperation (good S/N by

Multi-PinnedPhaseoperation); in progressr to do:

3. radiationhardnessneasurement , , 1. Si-sensoffabricationandtest-moduleconstruc-

electron-beanrradiation;analysidgs underway tion;
in broaresor to do- 2. Simulation study of VTX-IT-CT combined
prog ' tracking(seeFigurelb).

1. CTl improvement:two-phaseclocking, thermal

chageinjection,notchstructurg(seeFigurel4);
oein _ e( _ J ) Centmal Tradker
2. fastreadout test-boardabricationin progress o
) ) N doneor nishing soon:
3. thinnedCCD (20micrometer):atness,stability,

reproducibility; 1. spatialresolution;



Resolution (RLM) at 258K
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Figure 13: Positionresolutionof CCD test module ob-
tainedwith minimume-ionizingpionsat KEK 2 testbeam
measurement. Intrinsic resolutions,after subtractionof
multiple-scatteringffects,arewritten asinsightof the g-
ure.
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Figure14: Chage-Transferlinef ciency of CCDs.Dashed
lines are for standardCCD, while solid lines are for
'notched-structureCCD. NotchedstructureimprovesCT]
signi cantly. Notchedstructurehassmall deepemwell to
concentratehagein awell.

2. effectof gascontamination;

3. Lorentzanglemeasurement;

4. dE/dxmeasurement;

5. positive-ionspace-chage effect (seeFigure16).

in progresor 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)
comparedor threetrackingcases.

. Z-measurementith chagedivision;
. solve creepingof aluminumwire;
. full-simulationstudyon Ptresolution;

ga b~ W N

. bunch-tagging capability and its impact on
physicssensitvity.
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Figure 16: Effect of drift- eld deformationcausedby
positive-ionson position measurementFor higherbeam
intensity (higher sesnecurrent) measuredosition shifts.
However in the actual operation,inter-train time is long
enougho sweepoutall the positiveions.

Calorimeter

doneor nishing soon:

1. hardwarecompensatiorgnegy responsdinear
ity, enegy resolution(stochastid¢erm);
2. machine-abilityof tiny tiles, assemble-ability;
3. performanceof WLS-readoutshover-position
detector
in progressor to do:

1. granularityoptimizationwith afull simulation;
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F MuonSystem
200§ Thereis no effort on the muonsystemfor the JLC De-
e tector
150;

CONCLUSION

10L TheDetectorR&D underwayin the differentregionsof

g theworld shaws thereis no uniquesolution,anddiffering

optimizationsanleadto quitedifferentdetectoicon gura-

tions. Theadwantagesanddisadantage®f eachapproach

b needsto be confrontedwith honestassessmerand com-
i parison.
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. . [1] http://www-dO.fnal.ge/ maciel/LCD/avg_lcdmu.html.
Figure17: Sense-wirdFADC spectrumwhentwo parallel

lasertracksareinjectedinto a testchambemwith distance [2] LinearCollider PhysicsResourcdook for Snavmass2001,

of 2.2mm.2mm-separatiois assured. http://wwwslac.stanford.edu/grp/th/LCBool/12-413.
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Figure 18: Shower axis angularresolution(preliminary) of a
scintillator-strip-arrayEMcal obtainedby a testbeammeasure-
mentat KEK. Strip width is 1cm,andthe modulehas6 super
layers(17 radiationlength).

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

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

4. showverpositiondetectorwith directly-mounted
APD-readout;

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



