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The LHCb Silicon Tracker |

LHCb dedicated 2" generation B physics experiment at LHC
Single forward arm spectrometer covering2< < 5
Silicon Tracker project:

{ Inner part of 3 tracking stations after magnet (IT)

{ Large areatracking station in front of the magnet (TT)

{ Total Silicon area12m?, 306k readout channels

{ Project moving from R+D to construction phase

5m 10m 15m 20m z
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‘Silicon Tracker: Requiremen ts: I

Minimize material ) thin detectors
Minimize secondaryinteractions
{ Keep detector occupancy low
{ Particles should traverseertire detector
Minimize multiple scattering
{ Dominates momertum resolution

Provide high e ciency with fast shaping
bunch spacing 25 ns
Fast shaping) large noise

Minimize number of readout channels TR b - $ i

Hit resolution 70 m) pitch 200 m N | % :
Long ladders) large capacitances(noise) Sl il
Goal: optimize noise and charge collection ?
e ciency
Radiation enviroment 4 MRad (max) after 10
years
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3 stations after magnet (4 m? Silicon)

2% areabut 20% tracks

Station made of 4 independert boxes

provides thermal insula-
tion/electrical shielding
Ladders mounted on cooling plate
and operatedat 5 C

{ Leakage currents cortribute less
than 10% to total noise after 10
years
Each box) 4layers(0; 5;0)

Box
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| Inner Tracker |

320 m thick p-on-n Silicon strips
Sensorsproduced from 6" wafers
(1 Sensor)11 and (2 Sensor)22 cm ladders

Pitch Adaptor

Support shelf Silicon Sensors

Readout Hybrid

Readout Chip

ﬁ

Balcony Support shelf
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‘TT: The Trigger Tracker I

Integral part of Level-1 trigger

4 layers of Silicon upstream of mag-
net

Arranged in 2 half stations separated
by 30 cm

Split gives some track direction in-
formation

7.7

Ladders 11, 22, 33 cm in length ©
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‘Trigger Tracker I

Samegeometry sensorsas IT

11 (12) sensor long ladders sup-
ported by Carbon bre rails

5 (6) readout sensorsper ladder
Box providess electrical/thermal in-
sulation

Detector will be operatedat 5 C
Cooling plates in detector frames
(outside acceptance)

7
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‘Trigger Tracker I

Hybrids located outside acceptance) minimize material
Kapton interconnectsup to 55 cm in length to take out signals

First prototypes(no badkplane) 0:17 pF/cm ) acceptablepickup noise
performancein lab

New prototypes (with Cu meshbadkplane) 0:50 pF/cm ) added robustnessin
LHCDb

Approximately equaltotal loadsfor all ladders
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Front end: Beetle chip I

Beetle 1.2 readout chip:
Custom deweloped 0.25 m CMOS, 40 MHz clock
Irradiated up to 45 MRad with no signi cant lossin performance
Risetime 14 ns

Programmable parameter (V; ) to set signal shaping
{ Trade-o betweeennoiseand signal remainder afer 25 ns

Noise450e + 47e C=pF, for fastest shaping
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‘IT Protot yp e ladders I

Test of prototype ladders for IT de- fast shaping

scribed in TDR (LHCC 2001-040) >
Shonv S/IN 12 can be achieved for 5 1
22 cm long 320 m ladders ]
320 m Silicon baselinefor IT £ 09
What about TT ?
0.98
097 §
E A regionE
0.96 = regionD
- * region C
0.95 . region B (short ladder)
¥ region A (short ladder)
094

6 8 10 12 14 16 18 20 22 24
S/N

Technical Design Report
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‘TT Protot yp e ladders I

5 test ladders constructed to study:
1,2 SensorlT ladders) Performancewith Beetle 1.2

Determine optimal thicknessfor TT sensors

Sensorsavailable for TT prototypes:
LHCb multi-geometry sensors

{ Usedfor IT prototyping

{ 2 pitches(198 m, 238 m)
{ 4dierent w/p
CMS-OB2 sensors

GLAST2000 sensors

Ladder | Thickness/ m | Strip Length/cm | Capacitance/pF | Pitch/ m
LHCb3 320 32.4 52.6 198/240
Glast 410 26.3 43.3 228
CMS 520 28.9 39.6 183
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|Sensor characteristics |

Depletion voltage
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First measuremerts on ladders made
with a Laser setup
1063nm Nd:YAG Laser
Stepper motor to allow position scans
Micrometer screw for height adjust-
ment (focusing)

12 m spot sizeachieved
Studies of pulse shape
HV scans
Charge sharing
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ADC Counts

Laser test-stand |1 |

Example delay scanfor LHCb1
Laser positioned closeto Al
Signal on neighbouring strips
reproduced in simulation taking
accourt of capacitive coupling
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Testbeam 2003 |

Testbeam at CERN-X7 May/June 2003with 120 GeV beam

Beam telescope provided by Hera-B vertex group (14 m resolution)

Ladders and telescope mounted on rails in common detector box
Hera-B readout chain

Analysis so far concenrated on the GLAST, CMS, LHCDb3 ladders
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clusters

Testb eam Results

Testheam Results |
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Testbeam Results |1 |
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|Testbeam Results |11 |
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‘Summary I

LHCb Silicon tracker
12 m? Silicon
306 k readout channels
Strip pitch 200 m
Strips up to 33 cm in length
Fast readout

Testbeam shows
320 msucient for IT (22 cm long ladders)
410 m neededfor TT (33 cm long ladders)

R+D phaseending) detector construction starting
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