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down up

strange charm

beauty top

Quarks can transform
into each other via the W�� boson 

W+

b

cVcb = 
Coupling strength from

b-quark to c-quark

For example:

bsb sBs: Bs:
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Fixed target Ecm > 2m(Bs)
•Tried unsuccessfully at HERA-B σ(bb)/σ(total)� 10-6

Hadron colliders: 
• Operational:  Tevatron, Chicago, 1.96 TeV pp σbb/σtot � 10-3

• Startup 2007: LHC, Geneve 14TeV     pp σbb/σtot � 10-2

Y(4S)

Y(5S)

Y(4S): B+ / B0 only
Bs at Y(5S): � 10x smaller cross-section than Bd at Y(4S)

e+ e- above Bs threshold: 
•LEP �880k bb events/experiment
•SLC � 85k bb events

Production ratio at high energy: 
B0 : B- : Bs : Λb : Bc � 4 : 4 : 1 : 1 : 0.01
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LHCb MC

several full oscillations in 1 lifetime
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Generally 3 types of B-decays accessible at hadron collider:

Semi-leptonic B decays
•Pro: large branching ratios� large yields
•Con: missing neutrino

Fully hadronic B decays
•Pro: fully reco. & flavour eigenstate
•Con: requires silicon track trigger

Bs

π+

B decays to J/ψ
•Pro:muon provides easy trigger
•Con: same for Bs and ��

µ+

νµ

π-

K+

Ds
-

K-
Bs

µ+

µ−

K+

K-

Bs

π-

K+

Ds
-

K-
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Heavy Flavor Averaging group: Combined LEP,SLD,CDF1

Poor sensitivity at high ∆ ms

Most analyses used partially 
reconstructed decays

� �for ∆ ms > 15ps-1

σ(ct) above 70fs hurts!
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396 ns bunch crossing time

Interaction region:

At present luminosities ≈3 interaction/bunch crossing

980+980GeV collisions

36 p bunches x 36 p bunches

132 ns upgrade indefinitely postponed

Anticipate up to 10 in future

≈ 30 cm long

≈ 30 µm transverse size
Small compared to ct(B) ≈ 450 µm

Need a long silicon detector
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Silicon detector

Drift Chamber

Time of Flight

Muon system
Central calorimeter

Plug calorimeter

1.4 T solenoid
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30k read out wires
96 layers

4 axial superlayers (12 wires)
4 stereo superlayers (±35 mrad)
Inside 1.4 Tesla solenoid

1.4 meter outer radius

200 µm single wire resolution

dE/dx for e/π/K/p separation
1.2σ π/K for pT>2 GeV

T
T

T

p
(0.7 0.1 p )%

p
∆ = ⊕ ⋅
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Layer00: 2 cm from the beam-pipe

Single-sided, radiation-hard, low mass

SVXII 5 layers, double sided

ISL 1.5 layer, double sided

Impact parameter resolution:13+40/pT µm

750k channels

��
�/0<������������
�

Uses SVXIII chip:
simultaneous readout & recording

90
cm
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4x4 cm scintillator bars, 3 m long (216)

100 ps timing resolution
2σ π /K separation for pT ≤ 1.6GeV

Readout on both sides of the bar
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Detector

L1 trigger

L2 trigger

L3 farm

tape

42 L1
buffers

4 L2
buffers

1.7 MHz crossing rate

20 kHz L1 accept

350 Hz L2 accept

100 Hz L3 accept

Hardware tracking for pT ≥1.5 GeV

Muon-track matching

Electron-track matching

Missing ET, sum-ET

Silicon tracking 

Dedicated
hardware

300 MHz
Alpha

Linux farm (200)

Jet finding

Full event reconstruction

Refined electron/photon finding
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Provides a list of tracks pT>1.5GeV
Every (132ns) clock cycle

Efficiency >95% for pT>2GeV

Finds segments in 4 axial SL

Links segments to tracks

No stereo tracking

Compare to pre-programmed patterns

Compare to pre-programmed patterns
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Read out Silicon detector
& Reconstruct tracks at 10’s of kHz!

Trigger on 2 displaced tracks
(|d0|≥120µm, pT≥2GeV)

Trigger rejection >500

Silicon Vertex Tracker (SVT)

σ=48µm Includes
33µm
beamspot

���  
�� ����������
������?�

SVT makes hadronic Bs decays possible at CDF
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Fit track to high-resolution hits corresponding to fired pattern

Low-resolution hits fire one of 384K pre-programmed patterns
Step 1

Step 2

x384K
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Trigger is designed for peak luminosity 

Average luminosity ≈ 50% of peak

Fill the available L1 bandwidth with B physics!

3 versions of the two-track trigger:

pT1, pT2 >2.5GeV, ΣpT>6.5, Q1≠Q2

Fixed prescale 2

pT1, pT2 >2.0GeV, ΣpT>5.5, Q1≠Q2

Live for L<6x1031

pT1, pT2 >2.0GeV
Live for L<4x1031

High-pT :

Nominal:

Low-pT :

Typical store:

37hours

8×1031

1.5×1031
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Oscillations: flavour at production ≠ flavour at decay

Soft  lepton

Jet charge
opposite  Kaon

Bs

b-hadron

"opposite" side "same" side
fragmentation  Kaon

π+

Ds
-
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��� 4�ψ φ

Well established:

Used for measuring 
Bs mass, lifetime

“easy” final state
With J/ψ�µ+µ-
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Two diagrams � quantum interference � CP asymmetry

Robust measurement 
of the phase of Vub (also called γ)

Compare with indirect
measurements of γ

Vub

b
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s

s
c

b
s c

s

s
u

Possible new physics scenario:


