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Run II Tevatron
PhysicsGoalsandSpeci�cations
? Propertiesof top quark
? PrecisionElectroweak
? CKM & B s
? New Phenomena
? Test QCD
� 36x36bunchesat 396nS
�

p
s = 1.96TeV

� � 700pb� 1 IntegratedLuminosity
� Tevatronexpectedto deliver

� 8f b� 1 by 2009.

High luminositiesto comedemandhigh performancedetectors:
fast readout,radiation hardness,ability to handlemultiple interactions
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CDF Run II
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CDF Silicon: SVXI I

� 5 double-sidedlayers: 5 axial, 3 90o, 2 1:2o SAS
� 6 electricallyseparate bulkheads,in 3 mechanicalbarrels.
� Symmetryfor precisealignmentanddisplacedtrack trigger.
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CDF Silicon: ISL

� 1 central layer (j� j < 1) to link tracks from wire chamber to SVXII
� 2 forward layers(1 < j� j < 2) provideforward silicontracking
� Mass-produced,double-sidedsensor module usedin all layers
� ISL is not usedin the CDF trigger
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CDF Silicon: L00

� Providesprecisionmeasurementbefore
scattering

� Single sided, rad hard, 25�m pitch,
sensors

� 0.9m of sensors mounted directly to
beam-pipe

� Minimal material 0:6 � 1:0% X o
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Installation and Commissioning

� CDF RunII silicon consistsof
8-layers with over 722; 000
channels

� Installation complete early
2000

� Detectors commissionedand
routinely taking physicsdata
sinceearly 2002

� Long CommissioningPhase

{ Chip failures
{ Blocked ISL cooling lines
{ Wire bond Failures
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AVDD2 Failure

� AVDD2: sudden loss of
communication to Analog side of
SVX3dchip

� The failure is consistentwith the loss
of 2 power bonds bonded to a single
AVDD2 padthat is gluedto the hybrid

� Failureonly appears in SVX modules-
implicating a failing silver epoxy glue
joint

� Failuresseemto be correlatedto beam
incidentsand thermal cycles

� � 5% of SVXII chips have been
claimedby this failure mode

� The mechanismfor this failure mode
is not completelyunderstood. Studies
are ongoing.
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Blocked ISL Cooling Lines

� After installation,unableto cool central layer of ISL
� Foundexcessepoxy blocking Aluminumcooling line

elbows
� 12 linesblocked
� Uselaserand prismsto burn epoxy blockage
� Method developed to target epoxy without

damagingAluminum lines
� This method successfullycleared 11 of the blocked

lines
� Previouslyuncooled siliconnow taking quality data
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Wire Bond Failures

� 12 ladders failed under anomalous
trigger conditions

� Failure consistentwith failed bondsat
the jumper connecting� and z sides
of the ladder resulting in permanent
lossof z-sidedata

� Wire-bondsare perpendicular to CDF
SolenoidalB-�eld

� Currents on wires in Magnetic �eld
! Lorentz Forces

� Synchronoustrigger conditions excite
resonanceson bonds

� Vibrating wires fatigue and eventually
break the bonds.

� Measuresimplementedto mitigate the
possibility of a resonance.Since then
no new failures have occurred
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Current Silicon Status

Despitecommissioningchallenges,the detector is stable and in good shape now

� operational ladders:
92%

� < 1% error rate:
85%

Keepingthe systemhealthy requiresconstante�o rt
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Silicon Performance
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Silicon Efficiency

� SVX + ISL impact parameterresolution: 40�m including� 30�m beam-linecontribution
� SVX + ISL Z0 Resolution:70�m
� Attaching siliconhits to COT tracks (isolated,pT > 1:5GeV ):

E�ciency = 92:6%. Mis-measured track rate = � 1%
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L00 Performance Enhancement

� Signi�cant impact parameterresolution(� d0)
improvementat low pT

� Gains are greatest in regions with more
scatteringmaterial

� Resolutionis maintainedevenwith the lossof
inner layersof SVXII
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CDF Silicon Longevity

� CDF's RunIIb Silicon Upgrade was
canceledduring the summerof 2003

� RunIIa system,designedonly for 2 �
4f b� 1, now must last up to 8f b� 1

� What are the current limiting factors
on the RunIIa lifetime?

{ Radiationdamage
{ Beam-accidentincident damage

� The silicon will die either becauseof
poor S/N or the inability to adequately
depletethe sensors (Vdep)

� Model calculationspredict SVX Layer
0 will be under depleted at 6f b� 1

(large uncertainties).
� Methods are being implemented to

more closely monitor the e�ects of
radiation on the system

Layer Manufacturer SafeLifetime ExpectedDeath

00 Hamamatsu 7.4 Vdep
00 SGSThompson 7.4 Vdep
0 Hamamatsu 4.3 (5.6) S/N (Vdep)

1 Hamamatsu 8.5 (10.9) S/N (Vdep)

2 Micron 1.2 10.7 Vdep
3 Hamamatsu 23 (30) S/N (Vdep)

4 Micron 1.2 14 Vdep
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Measures to Extend the Lifetime

� Radiation damage is
mitigated by running at
coldertemperatures

� E�o rts are now underway to
lower operating temperature
from � 6oC to � 10oC

� 4oC change in temperature
couldextendlife an additional
1f b� 1

� Currently installing Silicon
Baggy to separate Wire-
chamber and Siliconvolumes

� New baggy will allow the
silicon to remain cold even
during shutdowns
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Conclusions

� Commissioningthe CDF RunII silicon detector took longer than expected and
severalchallengesneededto be overcome

� Detector has been running stably for about 2 years and provideshigh quality
physicsdata

� Detector performanceparametersare as expected

� Radiation damageis visible and monitoring methods have been or are being
developed

� Measuresare being taken to maximizethe lifetime of the current system.
It has to last!

� Keepinga 722,000channeldetector operationalprovidesa continuouschallenge
to the CDF collaboration.
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