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LHCb Experiment

Dedicatedexperimentfor B-physicsatLHC

CPViolationandraredecays
� �

productionatLHC stronglyforwardpeaked
� forwardspectrometer250mrad � 300mrad

Specialattentionon:
� vertexing: VELO ( � talk by J.Libby)

� particleidenti�cation: RICH detectors ( � talk by C.Matteuzzi)

� triggering:VELO, calorimeters,muondetector
� tracking,momentumreconstruction:dipole spectrometer
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LHCb Spectrometer

4Tm dipolemagnet( bendingplanehorizontal)

Nineplanartrackingstations
� positionsoptimizedfor “upstream”tracking

Eachstationfour detectionlayers
� wire/striporientationvertical,+5

�

, -5
�

, vertical
� optimizedfor momentumresolution,patternrecognition
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– averagemomentumresolution� 0.4%,
dominatedby mult.scatt.up to 100GeV

� watch material budget!
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Tracking Stations

( largeststation6m � 5m)

Trackdensitystronglyforwardpeaked

� up to 10� chargedpart./cm� nearbeampipe

� falling off with �

�

���

	

eachstation:two detectortechnologies

� borderlinedeterminedby trackdensity

� “OuterTracker”: straw drift chambers

� “Inner Tracker”: silicon-strip detector

InnerTracker: cross-shapedlayout

� four detectorboxes

� eachbox four detectionlayers

� eachlayersevensilicon ladders

� eachladdertwo 6” siliconsensors

� total surface9 stations� 14m�
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DetectorSimulation

GEANT descriptionof active anddeadmaterial

Digitizationwithin LHCb Gaudiframework:

� signalgeneration

� chargesharing( from lasertests)

� ampli�er response( from Beetleprototype)

� gaussiannoise

� clustering
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Radiation Doseand Particle Fluxes

Detailed Fluka description of detector
andcave

� careful analysisof Inner Tracker re-
gion to bedone

Frompreviousstudy:

� integrateddose20Mrad

� 5 �

�

���

� 1-MeV equiv. neutrons/ cm�

after10yearsof operationin hottestspot

March02,2002 TheSilicon InnerTracker for LHCb Olaf Steinkamp



Silicon SensorDesign

Costread-outelectronics:

� “long” ladders,“large” pitch

Trackingperformance,stationlayout:
� 22cm long ladders

� readoutpitchabout250

�

m

Materialbudget:

� “thin” sensors

LHC bunchcrossingfrequency:

� shapingtime � 25nsto avoid pile-up

� small

�

/

�

to minimizecapacitance

Radiationenvironment:

� 5� �

�	�

 1-MeV equiv. n / cm
 / year

locally (

�

notourbiggestworry � � � )
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Thickness 320

�

m

Sensitive 108mm � 76 mm

Numberstrips 320(384)

Strippitch 237.5

�

m (198
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Implantwidth 0.2
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Ladder Design

Sensor

Support

Readout Hybrid

Front- End Chip

Pitch Adaptor

Balcony

Designaims:

� simple,robustconstruction

� modularity

� materialbudget

� cooling( sensorsat -5� C)

Layout:

� U-shapedcarbon-�bresupport

� ceramicpitchadaptor
� kaptonread-outhybrid

� cooling“balcony”
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DetectorBox Design

� onebox for four detectionlayers

� common “cooling plate” carrying
coolingpipe

� thermalcontactandpositioningvia
individualbalconies

� cold,dry nitrogenatmosphere

� insulationbox (notshown)

– light-weight foam for thermal
insulation

– thin aluminiumfoil for electrical
shielding

78

2.5
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Ladder Prototype

� four-layerAmocoK1100shelf

� dummysilicon sensorsandhybrid

� Kaptonheatelements

� temperatureprobes/ thermalcamera

�

testmechanicalandthermalproperties
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DetectorBox Prototype

First prototypefor thermaltests:

� box from mold-injectedpolyurethane
foam

� C

�

F

��

liquid cooling

� aluminiumcoolingplate/ balconies

� mock-upladderswith kaptonheatele-
ments

�

validatecoolingconcept

Next: identify low-weightmaterials

� balconiesmagnesiummatrixcomposite
(magnesium-in�ltratedcarbon�bres)

� coolingplatecarbon-carbonmaterial
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1stPrototypeSensorsfr om SPA-Detector, Kiev

� p� -on-n,300

�

m thick

� 64strips,6.66cm long,240

�

m pitch

� implantwidth 48,60,72

�

m

� fastturnaround,attractive price!

� sensorswork �ne, exceptjunction
breakdown at too low biasvoltages
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1stTestBeamwith SPA PrototypeSensors

� 9GeVpions( CERN-T7testbeam)

� one-sensorandthree-sensorladders

�

6.7cmand20cm long

� unirradiatedsensorsat roomtemp.

� Helix read-outchip (HERA-B)

�

fastestshapingtime � 50ns

Constant   4870.
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DetectionEf�ciency 20cm-longLadder

As functionof
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�
�
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ChargeCollection Ef�ciency

strip number
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Reducedchargecollectionef�ciency in betweenstrips
� effectdecreaseswith increasing�

���

� effectdecreaseswith increasingoverbiassing

Interpretation:
� low-�eld region in betweenstrips
� chargesgettrappedor arrive too late( fastshapingtime!)
� ( simulationin preparation)

Cure:
� optimizedstrip geometry
� higheroverbiassing

� new sensorswith betterHV performance!
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PrototypeSensorsfr om Hamamatsu
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Full-sizemulti-geometrysensors:

� p� -on-n,320
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SensorsreceivedlastFriday:

�

testbeamatCERNendMay

�

selectstripgeometryfor LHCb
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BeetleReadoutChip

128-channelpipelinedr/o chip,customdesignat ASIC lab Heidelberg

� basicRD20front-endarchitecture
� 0.25

�

m CMOS
� analogandbinarypipeline

� promptbinaryreadout

� programmablevia I� C interface

LHCb front-endrequirements

� 40MHz samplingrate

� 1MHz read-outrate

� 160cell analogpipeline

� 16eventinternalbuffer

� 900nsmax. read-outtime

Beetle1.1submittedMarch2001
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Beetle1.1Total Ionizing DoseIrradiation

Four chipsirradiatedat CERNX-ray facility
�

full functionalityup to 45Mrad

trigger/ readoutandslow control

�

performancedegradationsmall
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1stTestBeamwith Beetle1.1Read-OutChip

� 120GeVmuons( CERN-X7testbeam)

� SPA prototypesensorladders

6.7cm and20cm long

�

successful,reliableoperationof chips

( S/ N limited by DAQ setup)
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Beetle— Next Steps

Beetle1.2,submissionApril 2002:
� few bug �x es

� SEUredundantlogic

� fully differentialoutputdriver

� improvedfront-ends

Measuredon testchips(Beetle-FE1.1):

� remainderafter25ns

�

30%for

�

�

���

up to 30pF

� ENC
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�
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Read-OutHybrid

Four-layerkaptonhybrid for threeBeetlechips

1. digital/analogpower 3. traces

2. digital/analogground 4. components

Two-layer“tails” for controlsignalsandread-outof analogsignals

Separatepitchadaptor( thin-�lm ceramic?)

�

prototypesin production
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Read-OutLink

Readoutrate(L0-triggeracceptrate):1.1MHz

�

Beetleoutput:4� 40MHz analog
8-bit digitization:

�

1.28Gbit/sperBeetle,3.84Gbit/sperladder, 134Gbit/sperBox
Designcriteriaread-outlink:

radiationhardnesscomponents,materialbudget,cost

BEETLE

FADC

FADC

FADC

FADC
C

E
R

N
 G

O
L
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Silicon ladder Service box on Outer Tracker frames

100 m 
to counting room5- 10 m

40 MHz
analog

19,2 Gbit/s
digital
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“LHCb-Light”
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Commoneffort for overall re-optimizationof LHCb detector

Two majorchangesto trackingsystemunderinvestigation:

a) reducenumberof trackingstations

� improvedperformance
dueto lowermaterialbudget

� baselinescenario:four stations

�

verypromisingresults

b) use1�� stationin Level-1trigger

� improvedperformance
from momentuminformation

� mayneedall silicon (6.8m� )
�

carefulstudystill needed
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Summary and Outlook

Main requirements:

� 22cm long ladders,
� largepitch ( 80

�

m resolutionsuf�cient )
� fastshapingfor 25sbunchcrossingrate

� materialbudget!!!
Main R

�

D:

� sensors:6” p� -on-n, 320

�

m thick, 198

�

m or 237.5

�

m pitch

� readoutchip: Beetle

� laddersupports,detectorboxes:modulardesign,low-weightmaterials

� digital opticalread-outlink
Upcoming:

� May/June— testbeamwith full-sizeprototypesensors

�

validationof sensordesign,choiceof stripgeometry

� October— submissionTechnicalDesignReport
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