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LHCb experiment and detector 
2010 run
Status and performace of detector
First results
Expectations
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θb θb

bb Production
-

Dedicated to B-physics
• High precision study of CP violation and 

rare decays
But also Charm, EW, Spectroscopy, …

Single arm forward spectrometer (15 
mrad < θ < 300 (250) mrad)

• Unique coverage in 2<η<5 for high 
energy pp collisions
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ATLAS/CMS:  |η| < 2.5 LHCb:   2< η < 5

LHCb is the only experiment fully instrumented in the forward direction
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Muon System
μ/h separation

Trigger

Calorimeter
h/e/γ separation

Trigger
Tracking-System

RICH Detectors
p/K/π PIDVertex 

Locator

Interaction
region
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Cross-section predictions
(PYTHIA)
√s =      7,     10,   14   TeV
σinel ~  ( 0.89,  0.95,  1 )  × 80 mb
σbb  ~  ( 0.44,   0.67,  1)  × ~500 μb

~ 250 μb

B±, B0, Bs, Bc, Λb…
(40%, 40%, 10%, 10%  from LEP)

10 x larger charm production

Design L ~ 2·1032 cm-2 s-1 

(tuned)
~ 1012 bb events / year  (2 fb-1)

10 kHz bb-events in LHCb Maximizes fraction of single 
interaction per bunch
crossing
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CP Violation
Mixing phase ϕs Bs→J/ψφ
CKM angle γ from loops B0→ππ, Bs→KK
CKM angle γ from trees Bs→DsK, B0→D0K*0, B+→D0K+

Rare decays
Angular analysis Bo→K*oμ+μ−

Observation or BR limits Bs→μ+μ−

Radiative penguins in Bs→φγ, B0→K*0γ
b→sγ transitions

Some LHCb key measurements

For more details see the LHCb Roadmap document
http://arxiv.org/ftp/arxiv/papers/0912/0912.4179.pdf 

Themis Bowcock talk on Monday afternoon
“B physics with LHCb”

&

+ CPV in Charm



Flexible and efficient trigger for both hadronic and leptonic final states
Good Particle identification (PID)
Excellent tracking and vertexing

Secondary vertex identification

Good momentum, mass and proper time resolutions
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Example: Bs → Ds K

Ds

Bs K+

K−

K+

π−

Good primary/secondary vertex 
reconstruction for proper time 
measurement

Btag

Flavour tagging

Good π/K 
separation

Mass resolution

~1 cm



Level-0 Hardware Trigger 

high-pT μ, e, γ, hadron candidates

Software High Level Trigger (HLT)
Farm of O(2000) multi-core processors

HLT1: Finds vertex in VELO, tracks with high IP 
and pT

HLT2: Global event reconstruction + 
inclusive/exclusive selections.

Trigger is crucial as σbb/σinel <1%
B decays of interest typically have BR < 10-5
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HV 0,8%
VELO 2,3%

DAQ 4,9%

Deadtime 1,7%

Running 90,3%
- All detectors in data taking
- HV powered on all detectors
- VELO fully closed
- Triggers accepted

6.8 μb-1 at √s= 0.9 TeV in 2009
0.31 nb-1 at √s= 0.9 TeV in 2010
37.7 pb-1 at √s= 7 TeV in 2010
(~90% of delivered lumi)

From 30th March to 29th October

Last month
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November 2010

The detector worked extremely well over the entire year!
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LHCb Design Specs

July August September October

80% of design luminosity reached 
with 344 colliding bunches instead 
of 2622

Average number of 
visible 
interactions/crossing in 
LHCb acceptance
(what we call μ) 

Instantaneous luminosity
1.6·1032 cm-2s-1
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Nominal End of 2010
√14 TeV
L = 2·1032 cm-2 s-1

• Defocus the beams
2622 colliding bunches
β* = 10 m

• Average 0.4 visible 
interactions/ bunch crossing

Minimize the pile-up

√7 TeV
1.6·1032 cm-2 s-1 has been
reached
Small number of bunches
(344 max)
β*~3.5 m

• ~ 2 visible 
interactions/bunch crossing

Trigger conditions rapidly
evolving to accomodate
increasing L 

μ=0.4

μ=2

Despite running beyond design
conditions, no problem of data 
quality in 2010
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April 2010
Event with 1 interaction

Muons
CALO

T-stations

VELO

TT

VELO XY

VELO XZ
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October 2010
Several interactions
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Vertex measurement
σ(z)~ 75 [150] μm for the Primary [Secondary] 
vertices
σ(IP) ~ 13 + 26/pT (GeV) μm
σ(τ)~ 60 fs on b-hadrons decay times

Nominal position of sensor: 8 mm to beam axis
Fill-to-fill variations < 5 μm
Hit resolution 4 μm

Silicon-strip 
detector
21 stations
Both Velo halves 
move at every fill

For 25 tracks:
σx~13 μm
σy~13 μm

For 25 tracks:
σz~77 μm

σx(IP) vs 1/pT
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ε = 95% for p> 5 GeV
Δp/p ~ 0.45%
σ(b-hadron mass)~11-25 MeV/c2

TT

TT + IT (Silicon detectors)
+ OT (Straw Tubes)

4 Tm dipole magnet
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Mass resolutions

σ = 23 MeV/c2

σ =11 MeV/c2

B0→KπKs → ππ

σ = 3.3 MeV/c2

σ = 9 MeV/c2

Λb →J/ψΛ B+→J/ψK+

∫ L=6 μb-1 ∫ L=35 pb-1

∫ L=33 pb-1

∫ L=34 pb-1
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ε(K)~95% at 5% of π/K mis-id

2 Ring Imaging CHerenkov detectors with 3 radiators
Momentum range of 2-100 GeV
Vital for good K/π/p discrimination

K→K

π→K
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No RICH – plot with 
ππ mass hypothesis.
Width ~ 40 MeV

Deploy RICH 
to isolate 
each mode

B0→ππ

Bs→KK

(BR = 5 x 10-6 !)

B0→Kπ
Λb→pK

e.g. B→hh

PID allows separation of topologically identical final states
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σ/E ~9%/√E ⊕ 0.8% (ECAL)
σ/E ~69%/√E ⊕ 9% (HCAL)

Bo→K*oγ

J/ψ→e+e-

Mγγ (MeV/c2)

π0→γγ

η→γγ

Pre-Shower, ECAL and HCAL
Essential role at L0 trigger
e/γ, h
and PID of e, γ, π0

2009 
LHCb data

L=37 pb-1

…To

From …

D0→K+π-π0

∫ L=6 μb-1

∫ L=3.4 nb-1
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ε(μ)>90% at <2% of π,K/μ mis-id 
for p>10 GeV/c

Tracking 
system

Muon 
system

J/ψ→μμ
µ 
probe

µ tag

π→μ mis-id
from Ks→ππ

(K→μ mis-id from φ)

5 muon stations (MWPC)
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Di-muon invariant mass [GeV/c2]  

LHCb
Preliminary

J/ψ

O (1 GeV/c2)

O (10 GeV/c2)

Υ(nS)

O (100 GeV/c2)

Z

∫ L=700 nb-1

∫ L=4 pb-1

∫ L=16 pb-1
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Trigger efficiencies L0xHLT1 determined on data 
using the tag-and-probe methods:

M
uo

n
 ε

T
R

G

Muon trigger (J/ψ) Hadron trigger (D0)

Data 94.9±0.2% 60±4%

MC 93.3±0.2% 66%

Full
L0-HLT1-HLT2
chain

Loose L0 cuts,
HLT in pass-
through

L0

HLT

L0+HLT1

Rejection of very
high multiplicity
events
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First B+→J/ψ K+ candidate



Physics reaches at LHCb with
collected data include so far:

• Inclusive distributions
• Strangeness production
• First Charm results
• Onia (J/ψ, ԃ, χc, …)
• W, Z production
• Jet studies
• First b results
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Themis Bowcock talk
“B physics with LHCb”

PLB 693 (2010) 69

PLB 694 (2010) 209
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χc→J/ψ γ

M(χc)-(J/Ψ)

Ψ(2S)

X(3872)
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Ds
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KS production cross-section

B0B0 oscillation
-
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“Prompt K0
S production in pp collisions at √s=0.9 TeV”, PLB 693 (2010) 69

“Measurement of σ(pp→b anti-b X) at √s=7 TeV in the forward region”, PLB 694 (2010) 209

“Measurements of B0 mesons production cross-section in pp collisions 
at √s = 7 TeV using B0 →D*−μ+νX decays”, LHCb-CONF-2010-012  

“Measurement of prompt Λ-bar/Λ and Λ-bar/K0
S production ratios 

in inelastic non-diffractive pp collisions at √s = 0.9 and 7 TeV”, LHCb-CONF-2010-011

“Measurement of the J/Ψ production cross section at √s = 7 TeV in LHCb”, 
LHCb-CONF-2010-010 

“Measurement of the p-bar/p ratio in LHCb at √s=900 GeV and 7 TeV”,
LHCb-CONF-2010-009

“Prompt charm production in pp collisions in √s=7 TeV”, LHCb-CONF-2010-013

Final results:

Preliminary results:

More coming soon!



2011
• Ready to have detector, trigger and readout operating at 2-2.5 

interations/bunch crossing at a maximum instantaneous luminosity around 
3·1032 cm-2s-1.

• Expect to collect an integrated luminosity > 1 fb-1 and perform full physics
programme.

“1st run”
• Expect to collect up to 6 fb-1

Upgrade
• Expect to collect 50 fb-1 (5 years at 10fb-1 /year)
• Increase nominal luminosity to L=1033 cm-2s-1

• Detector read-out at 40 MHz.
Allows fully software based trigger. 
Keep 20 kHz HLT output rate.

• Phase-I (2016)
New FE-electronics for 40 MHz readout
Novel Velo pixel detector
RICH photon detectors replacement
New TT, IT tracking system
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Upgraded Sensitivities (50 fb-1)

Observable Sensitivity

CPV(Bs→φφ) 0.024

CPV(Bd→φKs) 0.027-0.064

CPV(Bs→J/ψφ)  (2βs) 0.004

CPV(Bd→J/ψKs) (2β) 0.004-0.014

CPV(B→DK)  (γ) <1.4o

CPV(Bs→DsK)  (γ) 1.4-2.8o

BR(Bs→μ+μ−) ~15% of SM

AFB(B→K*μ+μ−) Zero to ±0.1GeV2

σ(sin2ψ)(Bs→φγ) 0.03

Charm mixing x′2 3x10-5

Charm mixing y′ 4x10-4

Charm CP yCP 2x10-4



Performance of detector and quality of data collected 
in 2010 are excellent.  

• About 38 pb-1 of useful data with an efficiency above 90%.
• Performance close to expectation.
• First important physics results emerging.

Looking forward to a successful proton physics run in 
2011, with an integrated luminosity >1 fb-1. 

• With1-2 fb-1 of data we can make precise measurements in 
areas with great discovery potential.

• Possible even though we run beyond our design conditions.

Preparation for LHCb upgrade to collect data at 5-10 
times higher luminosity is underway.
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The End
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Day of the 1st Collisions in 2010

751 participants
54 institutes
15 countries



Running with multiple interactions has implications on
trigger, computing, reconstruction and analysis.

Increases readout rate per bunch crossing.
• This year only 344 crossings to look at, 3.5 MHz rate, “easy” to use L0 trigger to get to 1 MHz.

Increases event size and storage rate.
• @ μ~2.5 60 kB

Number of tracks and event complexity.
High particle flux. Ageing and detector stability.

Adapted trigger settings to cope with increasing luminosity. 
• High priority to muon triggers 

• Reduction of hadron lines when needed 

• Rejection of very high multiplicity events (Global Event Cuts)

Despite running beyond design conditions, no problem of data quality in 
2010.
Many physics channels do not gain significantly at high μ.
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Cumulative CPU UsageFinished jobs per hour, June to November

CERN as Tier-0
6 Tier-1’s
>100 Tier-2’s

Reconstruction, Stripping
and User analysis

MC production

115 sites used
21 countries
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Flavour tagging is the procedure which determines the flavour at 
production of the reconstructed B meson.

Taggers calibration on-going.
Opposite-Side (μ, e, K, Qvrtx):

Same-Side tagger (hadron from
fragmentation) should nearly
double the tagging efficiency

Still lower than the MC 
expectations (εeff = 2.5% )

εtag = 41.8 ± 0.3%
ω= 39.8 ± 0.6%
εeff = 1.7 ± 0.2% = εtag·D2From the other B in the event

B0B0 oscillation
_



Cross sections normalized using 
Luminosity L
L determined from:

• Van der Meer scan
based on beam separation scans

• Beam-gas imaging method (only 
possible @LHCb)

can run parasitically during physics 
running

non disruptive

potentially smaller systematic

x-z and y-z vertices

From LHC measurements

From VELO measurement of beam 
sizes, position and angles in beam-gas 
interactions
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Bs→μμ

Bs→J/Ψφ related B→DX

B→hh
Charm mixing, CPV and rare decays

B semi-leptonics

Onia
X(3872)

Exclusive J/Ψ production

Soft QCDW/Z production

Jet studies
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J/ψ→pp
_
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Summary
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Differential distributions W

Z mass (GeV)

W+ W-



57

W, Z cross-sections 2<η<4.5
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