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Introduction

• The LHCb detector is optimized to perform precise measurement of 
the CPV and the rare decays in beauty mesons sector

•Over-constrain the unitarity tiangles and search for new physics

protonproton

Main detector requirements

Efficient triggergg

Excellent vertex finding and tracking efficiency

Particle Identification
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Particle Identification



The LHCb detector

The LHCb is a forward spectrometer, angular acceptance 10 – 250 mrad or 
in other ‘pseudo-rapidity language’  = 1.9 - 4.9

Single arm detector is sufficient for the physics since produced bb pairsSingle arm detector is sufficient for the physics since produced bb pairs 
are strongly correlated and forward peaked 

For the designed LHC machine energy of 14 TeV extrapolated cross-section 
(P ) b b h l 1 12 bb(PYTHIA) is about 500 μb what is equivalent to 1012 bb pairs per year

But…, σbb/σTot≈10-2, in addition the most interesting events have tiny BR

B - B

LHCb acceptance

B - B

B - B
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The LHCb detector

Dipole magnet TT+T (Silicon Tracker)
C l i

Muon system

Vertex 
Locator

Calorimeters

10 mrad

Locator

p p

RICH detectors
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RICH detectors



The Tracking and Vertexing

Tomasz Szumlak (Glasgow University)
VERTEX 2008, Jul 28- Aug 01, Utö Island, Sweden

5



VELO – VErtex LOcator
ili i i i b lk• Silicon micro-strip, n+ in n-bulk sensors

• Detector halves retractable (by 30mm) for 
injection
21 t ki t ti

RF foil

• 21 tracking stations
• R-Φ geometry, 40–100μm pitch, 300mm thick
• Optimized for 

t ki f ti l i i ti f b

interaction point
3cm separation

– tracking of particles originating from beam-
beam interactions

– fast online 2D (R-z) tracking
f st ffli 3D t ki i t st s (R

pile-up veto (R-sensors)
– fast offline 3D tracking in two steps (R-z 

then f)
r=42 mm

r=8 mm

2048
t i
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Tracker Turicensis

• Two retractable half-stations, four planes f , f p
(0°, +5°, -5°, 0°) in 2 groups

• single sided p+-on-n, strip pitch 200 μm, 
500 μm thick500 μm thick

• Part of tracking ( inside ∫Bydz ~ 0.12 Tm ), 
important for long-lived particle and soft 
t ktracks

• Provides pT information in the HLT trigger
• Max occupancy ~ 2%Max occupancy  2%
• Silicon area ~ 7 m2
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Tracking Stations – Inner Tracker

Inner Tracker (IT)
• 4 layers (0°, +5°, -5°, 0°) 
• single sided p+-on-n silicon micro strip g p p
sensors
• ~ 4 m2 sensitive area
• 2% of area, 20% of tracks
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Tracking Stations – Outer Tracker

Inner tracker

Outer Tracker (OT)
• Kapton/Al straw drift tubes d=5 mm.
• Wire is W/Al, 2.4 meters long

`````````````````````````Outer Tracker

Wire is W/Al, 2.4 meters long
• Three stations T1 – T3
• 4 double-layers (0°, +5°, -5°,0°) in each 
station

TT Station

station
• Drift gas is Ar (70%)+C02 (30%)

Single Double Layer
T k5mm straws Track

e
- e

-e
-

pitch 5.25 mm e
-e

-
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The LHCb Tracking

RICH1 T Tracks
Upstream Tracks

VELO Magnetic field 
region

VELO Tracks
Long Tracks

T1

Long Tracks (matched)
Downstream Tracks

Velo tracks: → Used to find primary vertex.
k d f h d B d d

T1
T2 T3

Long tracks: → Used for most physics studies: B decay products.
T tracks: → Improve RICH2 performance.

D t t k E h K fi di
Upstream tracks: → Improve RICH1 performance, moderate p estimate.
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Downstream tracks: → Enhance KS finding.



Tracking Performance

Average # of tracks in bb events: 
34 VELO tracks,
33 l t k

Assigned Hits
Reconstructed Tracks

33 long tracks, 
19 T tracks, 
6   upstream tracks 
14 d nstre m tr cks14 downstream tracks

Total 106 reconstructed tracks

20-50 hits assigned to each long tracks.
98.7% assigned correctly.
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Tracking Performance

Magnet

TT

VeLo

k ff 0 %
T Stations

TT
Average Long track efficiency ~90 %
B decay products 95 % (high p)

Ghosts (low pt)
Ghost rate 4 % for pt cut > 0 5 GeV

High Track density Environment (challenging)
~50 primary particles per event

Ghost rate 4 % for pt cut > 0.5 GeV

Multiple scattering
Secondary particles
10 - 30% detector “spillover”
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Tracking Performance
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δp/p = 0.38 – 0.55 %
Resolution dominated by the 

l i l i ff

σIP = 14 μm + 35 μm/p 
Error dominated by material 
b f fi

p (GeV) 1/pT (GeV )
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Vertexing
168B D(K )L σ = 168 μmBS → DSπ

BS

π+ (K+)

K-

K+

L

PV

BTAG

K
π-DS

BTAG

σx,y= 9 μm σz= 47 μm

Proper time – τ = LmB/pBc 
dominated by B vtx resolution

40 fστ ~ 40 fs

σM(B) ~ 14 MeV
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VELO and Real Data

Beetle Chips VELO front-end

TELL1 board

Hit Processing board – TELL1, FPGA based

l h d (f )
Raw cluster buffer

Main goal – suppress the data (factor ~ 200)

From non-zero suppressed (2048 /sensor)

T d ( l t l )
Reconstruction

To zero suppressed (clusters only)

Technically it is a farm of parallel stream 
processors
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VETRA – TELL1 Emulation
Non Zero Suppressed dataNon Zero Suppressed data

Emulation
Calibration Data stream 
needed to optimize processing

Pedestal Subtraction
Non-zero suppressed data at 0.1 Hz
rate

Cross-talk Removal

Common Mode Subtraction

Run emulation of TELL1 board 
processing off-line to
optimise algorithm performance

Reorderering

Common Mode Subtraction

6 algorithms 
~ 106 parameters
Bit perfect emulation of FPGA

Clusterization

Common Mode SubtractionBit perfect emulation of FPGA 
performance

Complex processing
St i l th di ti d

Emulated RawEvent

Strip lengths, radiation damage…

Parameters used for readout board 
fixed in emulation
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fixed in emulation



Clusterization study

One Example of the Emulation Power

The TELL1 clusterization algorithm uses a number of thresholds to create clusters

• Seeding threshold for hit detection

Run the emulation varying seeding thresholds

Track

Evaluate efficiency
with thresholdts with thresholdThreshold of each channel

set to reduce noise hits

f 
no

is
e 

hi
t

nu
m

be
r 

of
Re

la
ti

ve
 n

S di th h ld
Tomasz Szumlak (Glasgow University)

VERTEX 2008, Jul 28- Aug 01, Utö Island, Sweden
17

Seeding threshold



Luminosity Monitoring

Cross Section = Rate / Lumi          σ = R / L  

• Direct - absolute luminosity
– Gas Injection <5%Gas Injection <5%
– Van De Meer Scan 5-10%
(scan beams through each other)(scan beams through each other)

• Indirect theory dependent• Indirect – theory dependent
– Rate of a well known process

Z > mumu 4%• Z -> mumu 4%
• pp -> pp+mumu 1.5%
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Gas Target
From Accelerator

Measure beam profiles

∫
→→

=⋅=
32

21 )IntegralOverlap(NfNL
From Accelerator

∫
−

→→

fold4

3
21

2
21 xdtd)t,x()t,x()2/(coscNfN2 ρρΦ

• Inject Xe gas (10-7 torr) into
VELO region.

• Reconstruct beam - gas interaction verticesReconstruct  beam - gas interaction vertices

• Must have
– Vertex resolution in X/Y << beam sizes
– Dependence on X/Y (gas density, efficiency, ...) must be small or well known.
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p (g y y )
– Ability to distinguish beam1-gas beam2-gas and beam1-beam2 interaction.



Conclusions

• The VELO, TT & T (ST) are the LHCb tracking devices.
• The LHCb is able (MC studies!) to reconstruct tracks with p resolution The LHCb is able (MC studies!) to reconstruct tracks with p resolution 

of 0.35-0.5%, and impact parameter resolution of 14 μm at high PT.
• The VELO is essential for precision vertex detection. The proper time 

resolution ~ 40 fs reconstructed B mass resolution ~ 14 MeVresolution  40 fs, reconstructed B mass resolution  14 MeV.
• A great deal of experience and knowledge have be obtained through 

beam tests and commissioning studies.
• Non Zero Suppressed data analysis essential to optimize physics• Non-Zero Suppressed data analysis essential to optimize physics 

performance (VELO and ST have fully implemented emulation up and 
running)
G s t r et direct lumin sit me surements pr mise hi h precisi n• Gas target direct luminosity measurements promise high precision 
results for the LHCb
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Backup slides
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VELO input

No matter how clever/good/stable is the algorithm to produce tracks the 
results will be only as good as the input measurements (hit position)

VELO f d t i t di f th hit iti t tiVELO group performed extensive studies of the hit position reconstruction 
and its precision

Error parameterization is 2-Dim function of sensor pitch and particle anglep p p g

Information for the track fitting:

The closest strip fractional position fractional errorThe closest strip, fractional position, fractional error
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Beetle Header X-Talk

Charge leaking from Beetle Headers to data channels

This may be a source of significant pollution of the

cluster bank – use VETRA to calculate correction params

for the TELL1 boards

Before 
corr.

After 
corr
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Luminosity Monitoring

1. Direct measurement of the Luminosity using gas target

Cross Section = Rate / Lumi          σ = R / L  

. D r ct m asur m nt of th Lum nos ty us ng gas targ t
Total bunch charges:
get from beam current measurements 
resolving also the time (or z) structure

Depends on the two bunch 
profiles, crossing angle, bunch 
offsets in x y t

∫
→→

=⋅=
32

21

xdtd)tx()tx()2/(coscNfN2

)IntegralOverlap(NfNL

ρρΦ

offsets in x, y, t…

∫
− fold4

2121 xdtd)t,x()t,x()2/(coscNfN2 ρρΦ
• Inject Xe gas (10-7 torr) into VELO region.
• Reconstruction of beam(1,2) - gas interaction vertices. ( , ) g
• Simultaneously reconstruct bunch-bunch interaction vertices to calibrate ‘reference’ 

cross-section (also run without beam-beam collission to estimate ‘beam-beam’ 
background).

• Must have
– Vertex resolution in X/Y substantially smaller than beam transverse sizes.
– Dependence on X/Y (gas density, efficiency, ...) must be small or well known.
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p (g y, y, )
– Ability to distinguish beam1-gas beam2-gas and beam1-beam2 interaction.


