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LHCb Experiment
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Dedicatedexperimentfor B-physicsat LHC
CPViolationandraredecays
- productionat LHC stronglyforward pealed
forwardspectrometeP50mrad 300mrad
Specialattentionon:
vertexing: VELO ( talk by J.Libby)
particleidenti cation: RICH detectors  ( talk by C.Matteuzz)
triggering:VELO, calorimetersmuondetector

tracking,momentunreconstructiondipole spectrometer
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LHCb Spectrometer

4 Tm dipolemagnet bendingplanehorizontal)

Nine planartrackingstations
positionsoptimizedfor “upstream”tracking

Eachstationfour detectionayers
wire/striporientationvertical,+5 , -5 , vertical

optimizedfor momentunresolution patternrecognition

— trackreconstructiorefciency 95%
for B decaytracks

dp/p (per mille)

— averagemomentunresolution 0.4%,
dominatedby mult.scatt.upto 100GeV

O 55— —er— it T 5T 0 watch material budget'
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Tracking Stations

Trackdensitystronglyforwardpealed
upto 10 chagedpart./cm nearbeampipe
falling off with
eachstation:two detectortechnologies
borderlinedeterminedyy trackdensity

“Outer Tracker”: straw drift chambers

(largeststation6m  5m) “Inner Tracker”: silicon-strip detector

InnerTracker: cross-shapethyout

-

four detectorboxes

59.76

eachboxfour detectionayers

21.8

-l
=

eachlayersevensilicon ladders

-l

eachladdertwo 6” siliconsensors

34.53 \ 52.9 ‘ 34.53
total surface9 stations 14m B 121.96
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Detector Simulation

GEANT descriptionof actve anddeadmaterial
Digitization within LHCb Gaudiframework:

signalgeneration
chagesharing( from lasertests)

ampli er responsé from Beetleprototype)
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Radiation Doseand Particle Fluxes

Collisions/year = 1.6+10"

g 300 10
Velumes for dose {fluence) scoring =
0.7mm thick Si
= 250 10
200
10
10

f
/ 100
Fluka model of LHCh

Caoncrete shelter, walls 60cm 4
X = 550 — S50 com Cross-section at X=0 -

Detailed Fluka description of detector " v s roone, st st
andcave *
careful analysisof Inner Tracler re-
gionto bedone ¢
Frompreviousstudy: )
Integrateddose20Mrad
5 1-MeV equv. neutrongcm
after10 yearSOf OperatiOrin hOtteStSpOt woj;%%mmgmgmmosmsmqozmzm1W BT
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Silicon SensorDesign

Costread-outelectronics: ;2
“long” ladders;‘large” pitch
9 ge p T

Trackingperformancestationlayout:
22cmlongladders
readoutpitchabout250 m

110
108

Materialbudget:

“thin” sensors T

. ] 135

LHC bunchcrossingirequeny: 150
shapingime 25nsto avoid pile-up Technology D -on-n
small / tominimizecapacitance Thickness 320 m
Radiationenvironment: Sensitve 108mm _ 76mm
- 1-MeV equv. n/em /vear Numberstrips 320(384)
9 ) y Strip pitch 237.5 m (198 m)
locally (  notourbiggestworry ) implantwidth | 0.2 0.3
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Ladder Design

r—ﬁ“.

] Sensor ] PBitch Adaptor B Readout Hybrid
I Support BN Front-End Chip [ | Balcony

Designaims: Layout:
simple,robustconstruction U-shapedtarbon- bresupport
modularity ceramicpitch adaptor
materialbudget kaptonread-outhybrid
cooling(sensorsat-5 C) cooling“balcory”

March02,2002 TheSilicon InnerTracker for LHCb Olaf Steinkamp



Detector Box Design

onebox for four detectionayers

common “cooling plate” carrying
coolingpipe

thermalcontactandpositioningvia
Individual balconies

cold, dry nitrogenatmosphere
Insulationbox (notshawn)

— light-weight foam for thermal
Insulation

— thin aluminiumfoil for electrical
shielding

|

,,,,,,,,,,,,,,,

/8

A

2.5 L
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Ladder Prototype

four-layer AmocoK1100shelf L —

dummysilicon sensorandhybrid

Kaptonheatelements |-

temperatur@robes thermalcamera ¥

testmechanicahndthermalproperties R
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Detector Box Prototype

= First prototypefor thermaltests:

box from mold-injectedpolyurethane
foam

C F liquid cooling
aluminiumcoolingplate/ balconies

mock-upladderswith kaptonheatele-
ments

validatecoolingconcept

Next: identify low-weightmaterials

balconiesmagnesiunmatrixcomposite
(magnesium-in ltratedccarbon bres)

coolingplatecarbon-carbomaterial
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1st Prototype Sensordr om SPA-Detector, Kiev

p -on-n,300 m thick

64 strips,6.66cmlong,240 m pitch
Implantwidth 48,60,72 m
fastturnaroundattractve price!

sensorsvork ne, exceptjunction
breakdeovn attoo low biasvoltages

Z 2
g 3000 § 00
= 2500 | o IR lasertest
3] ; + 150
S 2000 | = 80V
(&] F (@]
(] F =
2 1500 © = 100
X E C
®© E 2
2 1000 | @ ;
50 |
500 | i
0 Le® OE"HH‘Hm‘HH‘H\HHH‘HMHHH‘
0O 20 40 60 80 100 120 0 50 100 150 200

bias voltage NWN signal left strip MVN
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1st TestBeamwith SPA Prototype Sensors

9GeV pions( CERN-T7testbeam)
one-sensoandthree-sensdadders

6.7cmmand20cmlong

unirradiatedsensoratroomtemp.
Helix read-outthip (HERA-B)

fastesshapingime 50ns

pd
pzd r Constant 4870. (@]
6000 r Mean -0.2990E-02 Q 5
I Sigma 0.1959 = 30 - e short ladder
3 (] r
1 . > © long ladder
2000 | resolution: 5 |
| m O 207
5 i
1)
I 2 :
2000 F O 10°¢F
0 PR S N B T B P B O:wwwwwwwww\w\\\\\\“x“““
-2 -1 0 1 2 0 100 200
D MtripsN trigger delay MsN
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DetectionEf ciency 20cm-long Ladder

As functionof (for o0V):
9 sensor 2 w/p=0.2 ) & __ _sensor2 w/p=0.25
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ChargeCollection Ef ciency

S/IN
S/N

60 - 0

O Lo v e e e 0 Lo v b v b e

30 31 32 33 34 35 30 31 32 33 34 315
strip number strip number
one-stripclusters two-stripclusters

Reducedcthagecollectionef ciency in betweerstrips
effect decreasewith increasing
effectdecreasewith increasingoverbiassing
Interpretation:
low- eld regionin betweerstrips
chagesgettrappedor arrive too late (fastshapingiime!)
( simulationin preparatior)
Cure:
optimizedstrip geometry

higheroverbiassing

new sensorsvith betterHV performancé
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Prototype Sensorsrom Hamamatsu

78mm

Y

A

76mm

38mm

[

£l €

=

S ©

— O

—|

y ¥
Region A B C D E
Strips | 1-64 | 65-128 |129-192|193-272|273-352
Pitch | 197.9 197.9 197.9 237.5 237.5
Width 50 60 70 70 85

Full-sizemulti-geometrysensors:
P -on-n,320 m thick
198 mand237.5 m pitch

SensorsecevedlastFriday:
testbeamat CERNendMay
selectstrip geometryfor LHCb
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BeetleReadoutChip

128-channepipelinedr/o chip, customdesignat ASIC lab Heidelbeg

[ FETestout 3 Pipeay

basicRD20front-endarchitecture
0.25 mCMOS

analogandbinarypipeline

promptbinaryreadout

programmableial C interface -
LHCD front-endrequirements 55 mm i
omparator Outputs
40MHz samplingrate g, _—
1 MHz read-outrate s £, .
_ _ i E— g % Pipeline
160cell analogpipeline E e <53
© 5 S E
16 eventinternalbuffer g 5 G
L
. o8] i i .
900ns max. read-outime S e Sackend Bias lock
Control D
Beetlel.1submittedViarch2001 ! Frontone Bios Block
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Beetlel.1 Total lonizing Doselrradiation

Four chipsirradiatedat CERN X-ray facility
full functionalityupto 45Mrad

trigger/ readoutandslow control

performancelegradationsmall

0.14 T T T T T T T 80

—eCp=3pF

—uCp=7pF

+—+Cp=10pF
Cp=13pF
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01 L 70 -
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s S
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0.02 | '\/// :
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time [ns] dose [Mrad]
PulseshapeatC pF Amplituderemaindemafter25ns
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1st TestBeamwith Beetlel.1 Read-OutChip

120GeV muons( CERN-X7testbeam)
SFA prototypesensofadders

6.7cmand20cmlong

successfulreliableoperationof chips

(S/N limited by DAQ setup)

<s/n> of track related clusters

a5 ] %14 -
40: T/“ﬂ’r i I h M
- resolution: [\ 12 |- 1oN9 Snaping
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Beetle— Next Steps

Beetlel.2,submissiorApril 2002:
few bug x es
SEUredundantogic
fully differentialoutputdriver

Improvedfront-ends

Measuredntestchips(Beetle-FEL.1):

remaindeiafter25ns

30%for upto 30pF
ENC
| pF
S/N for 22cmlongladder

gain (1 MIP = 23.200e) [mV]

ENC [e]

BeetleFE 1.1 - Set 2c
(Vfp=0V, Vfs=0V, Ipre=600uA, Isha=80uA, Ibuf=80uA)

20

10

— cp=0pF
— cp=3pF
— ¢p = 10pF
— cp =20pF
cp = 30pF
— cp = 40pF

3000

2500

50
time [ns]

ENC BeetleFE 1.1 - Set 2¢
(Vfp=0V, Vfs=0V, Ipre=600uA, Isha=80uA, Ibuf=80uA)

100

2000 —

1500

1000

500 [

0

0

40
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Read-Out Hybrid

J

ddd)

Four-layerkaptonhybrid for threeBeetlechips

1. digital/analogpower 3. traces
2. digital/analogground 4. components

Two-layer“tails” for controlsignalsandread-outof analogsignals

Separat@itch adaptor( thin- Im ceramic?
prototypesn production
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Read-OutLink

Readoutrate(LO-triggeracceptate): 1.1MHz
Beetleoutput:4 40MHz analog
8-bit digitization:
1.28Ghit/sperBeetle,3.84Ghit/sperladder 134Gbit/sperBox
Designcriteriaread-outink:
radiationhardnesg€omponentsmaterialbudget,cost

- 40 MHz } } 19,2 Gbit/s
, analog | | digital
\ \ 8 \
‘ 4 FADC |
\ \ \
\ \ 8 \
|
: - FADC o ‘
H | \ O \
BEETLE = | | 8 P \
— [nd
L
i ; FADC ) :
\ \ 8 12x VCSEL l \
1 FADC fibre transmitter | !
\ \ 10of 12 !
| | | 100 m
: 5-10 m : : to counting room

Silicon ladder Service box on Outer Tracker frames
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“LHCb-Light”

‘108‘
21.8
52.14
117.04

23.17 52.9 23.17

Commoneffort for overall re-optimizationof LHCb detector
Two majorchangego trackingsystemunderinvestigation:

a) reducenumberof trackingstations b)usel stationin Level-1trigger

Improvedperformance Improved performance
dueto lower materialbudget from momentumnformation
baselinescenariofour stations may needall silicon (6.8m )
very promisingresults carefulstudystill needed
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Summary and Outlook

Malin requirements:
22cmlongladders,

large pitch (80 m resolutionsufcient )
fastshapingfor 25s bunchcrossingate

materialbudget!!!
MainR D:
sensors6” p -on-n, 320 mthick,198 mor237.5 m pitch

readoutchip: Beetle
laddersupportsdetectorboxes: modulardesign low-weightmaterials

digital opticalread-outlink
Upcoming:
May/June— testbeanwith full-size prototypesensors
validationof sensoidesign,choiceof stripgeometry

October— submissiorTechnicalDesignReport
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