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THE DO UPGRADE SILICON TRACKER

A.P. HEINSON, for the DO Collaboration
Deparfment of Phyaics, Uniuer_tr of California,

Riverside, CA 9t821.0,_15oUSA

ABSTRACT

A large silicon strip tracking detector is planned for the uplFade of the DO
experiment at Fermilab. This detector is desiKnedto tag secondary vertices, to rees-
sure the momenta of charged particles and to operate in the hil_h rate environment
of the upgraded Tevatron. Details of the detector desiKnare presented here.

1. Introduction

The D® detector at Fermilab will need its tracking capability improved to
keep pace with upgrades in the luminosity oi"the Tevatron and to replace the existing
wire chambers. These will be unable to operate due to radiation damage and a much
shortertime between beam crossings.For Run II,scheduledfor November 1995,
the beam crossingtime willgo from 3500_ to 396na. Later,the time isexpectedto

be reduced to 132_. The new innerdetectorwillbe a siliconstriptracker,capable
of operating at this hish interaction rate, and surviving at least 1Mrad of charged
particle dose. The Silicon Tracker will be built in two phases. Step 1 will be ready
for Run II, to replace the inner layer of the present Vertex Detector. It will have
_250,000 channels. Step 2, the full upgrade, will have _1,000,000 channels and
measure momentum out to r/--3.3 in a 2 T solenoidal field.

2. The Detector Design

The Step 1 design of the DO tracking is shown in figure 1. The Step 1 Silicon
Tracker consists of three single-sided barrels and six double-sided forward disks. The
_,50cm z coverageofthe barrelsisnecessarybecausethe Tevatron interactionregion

I has_(z)---l-30cm.Figure2 shows the Step 2 design.There are largesingle-sideddisks at distant z, for coverage of low angle tracks. Using a smeared vertex z,
the mean number oi"hits on a track from the silicon in Step 1 is 1.7 at 7-0 and

4.5 at T}-2.8. When hits from the Fiber Tracker, and the Central and Forward
Drift Chambers are included, these values rise to 13.7 and 8.8. For Step 2, the
number of hits from the silicon is 2.3 at r/--0 and 14.5 at T}=2.8. With the fiber

hits, these become 10.3 and 14.5. The momentum resolution for Step 2 with Ir}l_l.5
is<x(pr)/l_._,0.01V4+0,25p]_.By II-3itrisesto _,0.01_/16+4P_r.Secondary vertex
resolutionis20pm in z and 64pm in z.Using a smeared vertex z,Step I radiation

lengthsforthesiliconwafers vary from 0°6% at r/=0to 2.5% at r/-2.8.For Step 2

they vary from 1.0% to 3.0%. The fulltrackerhas 3x as much material.



3. The Silicon Detectors

The barrels sre made of ladders, ea_ containing 4 silicon wafers, 3.405 x6.000
cre, 640 ac-coupled channels, 50_m pitch readout. Wsi'ers are wire-bonded in pairs
to give ll.Scm strips. Wat'er pairs sre read out at each end of"a ladder. For Step
I there are 78 ladders and for Step 2 there are 234. Figure 3 shows cross-sections
through the Step I and Step 2 barrels. The 6 Step i disks each contain 12 wedge-
shaped wafers, which are 75ram high, with 1024 ac-coupled strips on each side,
at 50_m readout pitch, and -I-15° stereo angle between the p- and n-sides. The
striplengthvariesfrom 74.643to0.500mm. There isa totaloverlapoftheactive
regionbetweenneighboringwedgesof707_m, forgood trackingef]iciencyand ease
ofalignment.InStep2,thereare10 ofthesedisksand a farther10 similardisks,
witha largerinnerradius.At largez,thereareseverMlargesingle-sideddisks.All
Step1 laddersand diskswillbe reusedinStep2.

4. Readout Electronicsand Cooling

The stripswillbe readout withradiationhard CMOS chips,128channels
each,mounted on highdensityinterfacecircuitsepoxieddirectlyon thewafersto
m_nlrniF._material.Each channelcontainsa preamplifier,ananalogpipelinewith16
signalstoragecells,and a 7-bit53MHz analog-to-distalconverter.The sparsified
digitalsignalsaresentwithchanneland chipaddressestoa VME dataacquisition
system.The readoutmay be done inparallelusingmicrostripcablesorinseries

usingopticalfibers.The powersupplycableswillprobablybe aluminum onkapton
strips,forlow radiationlength.Sincethe chipsgenerateabout 2mW per chan-
nel,the Step2 detectorwillgenerateover2kW ofheat.Turbulantwatercooling
willbe usedwith I0°C inlettemperatureto keepthemaximum chiptemperature
below 20°C.The coolingpipesmay be _1.Smm diameter,operatingatsubatmo-
sphericpressure.Dry nitrogenwillbe flowedthroughthewholedetectortocontrol
humidity.

S. Mechanical Support and Alignment

The ladderswillbemountedonberylliumbarrelsupportringswithan800_m

overlap.The wedges willbe mounted on berylliumdodecagons,which willcon-
tainthecoolingpipesand supportthereadoutand power cables.There willbe
a lightweightSiC foam centralsupporttoprotecttheinnerradiusoi"thewsi'ers.
The barrelsand diskswillbe kinematicallysupportedfrom a spacefrsmeusing

smalltdzel-coatedballsinslots,designednottooverconstrainthesystemmotion.
The spaceframeismade oi"toroidalMuminum tubes,epoxiedtohollownon-axial
supportstruts,with 12 strutsper z section.The Step I spaceframeweighsonly
,_200g,and willsupportoverthreetimesitsown weight,witha centraldeflection
ofonly150_m,forprecisionalignment.Itwilldisassembleinto6 sectionsinz,for
installationorremovalof"thedetector.
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Figure l: One quarter of the DO Step I upgrade tracki.g s)'mtelll.
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Figure 2: One quarter of the DO Step 2 upgrade tracking system.
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Figure 3: Cross-sections through the Step I barrels and Step 2 E-disk mid I)arrels.
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