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LHCb collision data!

Outline:
1. First data
2. Key measurements  
3. Prospects for early physics 
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LHCb detector [walk through with 2009 
data] 

Vertex Locator
VELO

Muon System

Calorimeters

~ 1 
cm

B

3

RICH Detectors
specific feature of LHCb

Tracking System
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B-Vertex Measurement

Vertex Locator (Velo)
21 stations of silicon strip 
detectors (r-φ)

Movable device
35 mm from beam out of physics /

7 mm from beam in physics
Was 15mm away from 

nominal in 2009
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Momentum measurement 

Inner
Tracker

Trigger
Tracker

4 layers Si: 
~200 µm pitch

Outer
Tracker

24 layer
Straws
σhit~200µ
m



Stefania Ricciardi, RAL 6

6

Particle Identification

�

RICH2:   100 m3 CF4 n=1.0005

RICH: K/π identification using Cherenkov light emission angle

RICH1:   5 cm aerogel n=1.03

4 m3 C4F10 n=1.0014

250 mrad

Track

Beam pipe

Photon
 Detectors

Aerogel

VELO exit window

Spherical
Mirror

Plane
Mirror

C4F10

 0	    100   200         z  (cm)

Magnetic�
shielding
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e/h/γ identification and L0 trigger

e

h

Calorimeter system :  
• Level 0 trigger: high ET electron and hadron 
• Identify electrons, hadrons, π0 ,γ



Stefania Ricciardi, RAL 8

Muon identification and L0 trigger

µ

Muon system:
• Level 0 trigger: High Pt muons
• Identify muon                                

(also important for flavour tagging)

Multi Wire Proportional Chambers (MWPC)

Oppositely 
charged muon 
candidates 
from the 
interaction region
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Why a forward spectrometer at LHC? 
§ Large bb cross section:

§ σbb  ~ 250 - 500 µb at 7 - 14 TeV (total bb) 

§ Access to all b-flavoured hadrons
§ B+ (40%), B0 (40%), Bs (10%), b-baryons (10%), Bc (< 0.1%)

§ Large acceptance
§ bb production at low angle and correlated in the 

same hemisphere
~ 40% in LHCb acceptance 1.9 < η < 4.9

100 µb
230 
µb

bb production cross section at √s=14 TeV–

b

b

b

b
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LHCb running conditions
§ Experimental challenge:

§ high track multiplicity 
(~50/event) in the forward 
direction

§ high background rate 
[σ(inelastic)~80mb, i.e. ~160 x 

σ(bb)]

⇒ Nominal run: luminosity limited 
to ~2×1032 cm-2 s-1 by not 
focusing as much as ATLAS and 
CMS so to limit multiple 
interactions per bunch crossing 

⇒ Start-up: LHCb can exploit all 
available luminosity in the start-
up phase.  Similar integrated L
as ATLAS and CMS in 2010

Nominal Year: 2 fb-1

(107s, 14 TeV) 
1012  bb pairs/year 

Startup phase: 0.2-0.5 fb-1

(2010 run, 7-10 TeV) 
0.5-2 x 1011  bb pairs
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?0
sB Ф

Why physics in the b sector? 
§ Privileged path towards New Physics discovery and characterisation 

§ If new virtual particles contribute to loop processes ⇒ Observe:
§ Changes in CP-asymmetries (new amplitude phases)
§ Changes in decay rates (new amplitude magnitude) 
§ Changes in angular distributions (new Lorentz structure)

Joy of B physics: many clean observables sensitive to NP!

, ,u c t

, ,u c t

+W −W

b s

b

0
sB 0

sB?
s

Фs≠ Фs
SM

§ Still large discovery potential with B
§ intriguing hints from B-factories and 
Tevatron measurements demand
⇒ larger B data samples, on the 
experimental side
⇒ precise predictions on the theoretical 
side

§Complementary to direct search of new 
real particles, which may be produced and 
observed at ATLAS, CMS

It is never sufficiently stated!



LHCb Physics Highlights

Search for new CPV 
phases

§ CKM angle γ 
§ Φs from Bs→ J/ψφ

Search for New Physics in 
rare decays

§ Bs → µµ      
§ Bd → K*µµ
§ Bs → φγ
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First key measurement: γ
§ Flagship measurement for 

LHCb
§ B-factories have set first 

important constraints 
much beyond design
§ thanks also to development of 

new measurement methods 
(good example of interplay of 
theory and experiment)

§ Still, as of 2010, least 
constrained UT angle   
from direct measurements

§ Tree-level determination: 
clean SM reference
§ required to unravel subtle 

NP effects and disentangle 
between different models

angle Direct 
measurement

Fit 
(excl. dir. meas.)

αααα 89.0 [+4.4, -4.2] 92.2 [+6.4, -6.3]

β 21.15 [+0.90, -
0.88]

26.5 [+1.3, -1.7]

γ 75 [+19, -25] 67.7 [+4.5, -3.7]
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γ from trees and loops

NP ?

Tree level: Bd→DK, Bs→DsK

Loop-induced: B→hh

SM standard-candle

γγγγ(loop-induced)
=

γγγγ(tree-level) ?
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Particle identification crucial for γ 
measurements

No PID with PID

B→hh
PID crucial 
to separate 
different signal
components

B→DK
PID crucial to   
discriminate  
B→Dπ
background

§ RICH Kaon ID performance:
§ Kaon ID: ε >97% [2-100 GeV/c]
§ π → Κ misID <  5%           
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Interference if D0 and D0 decay to common final state f

B → DK rates sensitive 
to γγγγ through interference  
of b → c
and b → u transitions

Several strategies to extract γγγγ:
GLW : f =CP eigenstate
Gronau & London, PLB 253, 483 (1991);
Gronau & Wyler, PLB 265, 172 (1991)

ADS: f =Flavour state
Atwood, Dunietz, & Soni, PRL 78, 3257 (1997),
Atwood, Dunietz, & Soni, PRD 63, 036005 (2001)

GGSZ: f =3-body decays
Giri, Grossman, Soffer, & Zupan, PRD 68, 054018 (2003), 
Bondar, PRD 70, 072003 (2004)

b → c (favoured)

b → u (suppressed)

Tree-level γ determination with B→ DK
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B+→D(KSπ+π-)K+  measurement principle 
[GGSZ]

§ Dalitz Measurement – current best constraint on γ from B-factories 
§ exploits different interference pattern in the two D→KSππ Dalitz plots 
(from B+ and B- decays)

Two approaches to extract γ:
• Unbinned fit, using model for D decay 
amplitude; 
⇒systematic error from model dependence 
~7°
• Binned method – bins of δD phase (using 
input from CLEO-c); 
⇒induced systematic uncertainty ~2°(due to 
CLEO-c statistics, no model dependence) 

),(),())(( )(
±

±
±

±± +∝→ mmfermmfKKDBA Bi
BS mm

γδππ

LHCb MC

m±=m2(Ksπ±)
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§ Specific for this decay: Ks
challenge
§ 2/3 decay downstream (DD) 

of vertex detector (but have 
hits in downstream tracker 
stations) 

§ Overall efficiency ~ 0.1 %
including Level-0 trigger

§ Signal Yields for 2 fb-1 

§ 7k with B/S < 1.5 @90%CL
§ Compared with B-factories:

§ BaBar  (351/fb) - 610 events
§ Belle (602/fb)    - 756 events

B+→D(KSπ+π−)K+ Selection and Yields
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γ (tree-level) sensitivity summary

Channel Analysis 
method

σ(γ)(σ(γ)(σ(γ)(σ(γ)(°) (2/fb)

B ± →D0(Kππππ)ΚΚΚΚ±±±± fav 2-body ADS 

B ± →D0(hh)ΚΚΚΚ±±±± 2-body GLW 11

B ± →D0(K3ππππ)ΚΚΚΚ±±±± fav 4-body ADS Improves 
the above

B 0 →D0(Kππππ)ΚΚΚΚ*0 fav B0 ADS 15-25

B 0 →D0(hh)ΚΚΚΚ*0 B0 GLW

B ± →D0(KSππππππππ)ΚΚΚΚ±±±± GGSZ 12.5

Bs→Ds
mmmm K±±±± TD 9-12

Bd→Dmmmm ππππ±±±± TD ≥≥≥≥22

§No mode is dominant
§Optimal sensitivity via a
global fit, where γ and 
other parameters common 
to several BDK modes are 
simultaneously extracted

Luminosity 
(fb-1)

σ(γ)σ(γ)σ(γ)σ(γ)
(°)

0.5 8-10

2 4-5

10 2-3

Time integrated

Time dependent
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The B→hh measurement of  γ

Including U-spin symmetry breaking effects at 
20% level on d, +/-20 degrees on θ

Time-dependant asymmetries for Bd→ππ and 
Bs→ΚΚ to determine Adir and Amix

§ Adir and Amix depend on:
§ γ
§Mixing phases Φd or Φs
§Penguin/Tree = deiθ

§ Φd from J/ψKS 
§ U-spin simmetry: dππ =dKK, θππ =θKK
§ 4 observables, 3 unknowns: solve for γ

)sin()cos()( tmAtmAtA mixdirCP ∆+∆=

0.50.50.50.5 fb-1 gives world largest 
B→hh sample
§ BF and charge asymmetry 
results
§ First observation of time-
dependent asymmetries in 
Bs→KK

σ(γ) = 7°with 2 fb-1

Provide an independent measurement of phi_s with quite a good sensitivity 0.05/2/fb compared to 0.03 with J/psi phi..could take phis from J/psi phi and release one of the U-spin symmetry conditions. error on DGs= 0.02 ps-1
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Bs→ J/ψ φ
§ Time-dependent CPV measurement equivalent 

to Bd → J/ψK0
S

§ “golden” mode for Bs mixing-induced CP violation
§ Measures ΦS = ΦM - 2ΦD

§ ΦΦΦΦS
SM = -2 βs = (0.037±0.002) rad (from CKM fits)

§ Precise SM prediction ⇒ a significant non-zero value 
of ΦS  is New Physics

§ Specific challenges:
§ Fast Bs oscillations (∆ms >> ∆md) 

§ need excellent proper time resolution to avoid dilution
§ Can’t be done at B-factories

§ Additional physics parameters 
§ Non vanishing ∆Γs to fit for (∆Γs >> ∆Γd); 
§ Mixture of CP-even (S and D waves) and CP-odd (P 

wave) eigenstates
⇒need angular analysis to separate the two components

b
c 
s

c

W–Vcb Vcs
*

Bs J/ψφ 

Bs
–

t,c,u

t,c,u

+W −W

s,d

b s,d

b

0B
0B

ΦΦΦΦM

ΦΦΦΦD

−−−−ΦΦΦΦD

Sensitive to NP
in ∆F=2 transitions
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Combined CDF+D0 result

§ Large central values measured by both CDF and D0
§ Combined result on βs is within [0.10,1.42] at 95% C.L., 2.3σ from SM
§ Intriguing CDF and D0 deviations from SM in the same direction
§ Eagerly awaiting for an update on larger data-samples
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§ Sensitivity depends on
§ signal yield and  background level

§ Large signal yield with low 
background

§ Largest background from prompt J/ψ 
harmless in βs fit

§ reconstruction quality of input 
variables, particularly proper time, 
angles, flavour tagging

§ Calibration and validation on 
large control samples
§ Bd→J/ψK∗  to check angular 

acceptance 
§ B+→J/ψK+ to calibrate opposite side 

tagging
§ Bs→Dsπ to validate proper time and 

same-side tagging

σσσσ(M) ~16MeV

BBss →→ J/J/ψ φ:ψ φ: keykey ingredientsingredients
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Most crucial: proper time resolution  

Bs

µ+

K−

K+

µ−
d~1cm

σ(z)~47 µm
σ(z)~135 µm

Primary vertex

Bs → J/ψ(KK)φ(µµ)

σσσσ(t) ~38 fs

J/ψ

φ

Average σ(t) ≈ 38fs, compared with 
oscillation period T = 2π/∆ms ≈ 314fs for ∆ms = 20ps-1 
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BBss →→ J/J/ψ φ:ψ φ: sensitivitysensitivity
§Sensitivity studies with 2fb-1: 
σ(Φσ(Φσ(Φσ(Φs)~0.03 for SM value
§Good convergence for all physics 
parameters, all detector parameters 
can also be fitted

φφφφθθθθ

ψψψψ ττττ

( ) ( )( ) ( )( )
( )( ) ( )( )tBtB

tBtB
tA tagtag

tagtag

Γ+Γ

Γ−Γ
=

NP-like Φs = -0.7, 2fb-
1
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Sensitivity versus integrated luminosity

0.2 fb-1: 
§ LHCb overtakes expected final Tevatron 

sensitivity 
§ Can observe NP if true value of Φs is close to 

the Tevatron central value (~ -0.8)

2 fb-1: 
§ σ(φs) reaches SM value
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Bs→µµ

SM NP

−= ±SM 9BR (3.35 0.32).10

Branching fraction 
can be modified 
in a variety of NP 
models

Example: strongly 
enhanced in 
MSSM with scalar 
Higgs exchange 
for large tanβ

CDF upper limit (2 fb-1) :
CDF, Phys. Lett. 100(2008) 101802

−9BR < 47 10  @ 90% CL

FCNC – Helicity suppressed 
Precise SM prediction

BR=10-7

BR=2 10-8

NUHM MSSM
arXiv:0709.0098

Example of New Physics scenario : 
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Bs→µµ analysis
§ Decay easy to trigger and reconstruct at LHC
§ Main experimental challenge is background rejection

§ largest background is b→µ, b→µ
§ also specific backgrounds such as B → hh

§ Selection:
§ loose event selection
§ analysis in bins of 

3D space (mass, muonID, geometry)
§ Event yields per fb–1: 

ATLAS CMS LHCb 2

SM signal 1 5.7 2.4 3.8

background 14+13
–10 6.5 ±2.4 11+15

–7

ATLAS CMS LHCb

σmass
[MeV/c2]

90 53 22

1 Slightly different assumptions across experiments
2 Most sensitive bin only

Excellent 
mass resolution at LHCb
is the key for background
rejection

§ Branching fraction normalisation
§through Bd → hh and B+ → J/ψK+

§ no need of absolute luminosity, cross-section, efficiencies
§ 14% systematic due to mainly f(Bs)/f(Bd)
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§ First 5 years: statistics dominated
§ Atlas and CMS: similar performance with 5 times more luminosity

Bs → µ+µ– reach

L(fb–1)
L(fb–1)

B
R
 (

x
1
0

–
9
)

90%CL limit (only bkg observed) Discovery

B
R
 (

x
1
0

–
9
)

SM prediction

SM prediction

3 fb–1 :  3σ evidence
10 fb–1:  5σ observation 

0.2 fb–1 : LHCb overtakes expected final
Tevatron limit
0.5 fb–1 : BR < 10-8

5σ observation

3σ observation

Expected CDF+D0 (9 fb-1) 
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Bd→K*µµ
§ FCNC bàs transition 

§ First observed by Belle

§Decay described by Θl, Ф, ΘK and q2 ≡ mµµ
2

⇒Several angular observables can be built
§Crucial: identify observables with low theory 
errors [See R.Zwicly talk]
§Differential cross sections as a function of mµµ

2 first 
one to be studied

µ+

µ-
K-

π+

Ф

BΘl

ΘK
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Forward-backward asymmetry: AFB(q2)

§ Large deviations from SM with 
plausible New Physics

§ zero-crossing point s0 precisely 
predicted in the SM [AFB(s0)=0]: 

§ Accessible with (0.5 fb-1)

⇒⇒⇒⇒ first goal for LHCb

−
=

+
2( ) F B

FB
F B

N N
A q

N N

+
−= 0.33 2

0 0.314.36  GeVSMs
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AFB(q2) Current Status 
3 recent interesting results:

All 3 see sign of AFB for low=q2 opposite to SM

BELLE: 
657M BB, ~230 events

SM

NP C7=-C7
SM
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§ 6.2k signal events/2fb–1, Bbb/S ~ 0.25

§ With 2 fb–1, the zero of AFB(s) can be 
measured to ±0.5 GeV2 (~11% of SM value)

Bd→K*µµ: LHCb sensitivity to AFB

LHCb, 2 fb–1 (assuming SM)
BABAR 2008 (PRD 79, 031102)
Belle 2009, PRL 103, 171801

s = (mµµ)2  [GeV2]

A
FB

(s
) With ~200 pb-1 in 2010 

LHCb will accumulate ~300 events
could confirm tendency of AFB
with similar sensitivity to B-factories

Crucial: understand 
angular acceptance  
(detector and reconstruction)
and background

Extensive studies with suitable control
samples: in particular, Bd →J/ψ K*0

LHCb uses opposite sign convention
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Bs→φγ
§ Measurement of photon 

polarisation
§ Photon polarisation is correlated 

with B-flavour ⇒ no interference 
and therefore no CP asymmetry 
within SM (suppressed by 
~ms/mb)

§ Non-zero asymmetry reveals 
presence of RH currents in 
penguin

§ BaBar & Belle performed CPV 
analysis for Bd→K*(K0π0)γ decay
§ σ (Α(Β→fCPγR)/ Α(Β→fCPγL)) ~ 0.16

Bs→ Фγ
s s

Bs Ф

B0 XsγR(L)

B0
_

XsγL(R)

q

q

Essentially  we study  CP-violation in Bs→φγ as an instrument to  
probe Lorentz structure of b→sγ transitions

F.Muheim, Y.Xie & R.Zwicky, Phys.Lett.B664:174-179,2008

Observed by Belle with Bf 10-5 ..not so rare
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Bs→φγ Sensitivity

§SM:
§C  = 0 no direct CP-violation

§S  = sin2ψ  sinφ
§A∆ = sin2ψ cosφ

Yield (2 fb-1) B/S

11000 <0.6-0.9 @ 90 % CL 
§CPV analysis in Bs→φγ can be performed 
without flavour tagging

Crucial point : 
§ proper time acceptance (to be controlled on data) 

2 fb-1 : σ(A∆) ~0.22 ⇒ σ
 
 
 

*

~ 0.1R

L

A
A

Proper time acceptance

At Lhcb Bs to phi gamma is convenientWhat is the goal for 0.5? AD~0.4



Prospects for early physics

Beyond the B
(some examples)
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Day 1 Measurements: Minimum Bias

95% purities 
achievable using
Kinematical cuts alone

Λ à pπ

As soon as stable collision 
mode at √s>4TeV record: 

§108 mbias events
O(day) @ 2kHZ

Large number of reconstructed Ks,Λ,φ for:
§ Detector calibration
§ Trigger studies
§ Early physics, in particular QCD

§ inclusive studies of strangeness 
production
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1-5 pb-1: J/ψ production 

§ Unique LHCb coverage in regions 
not accessible to other collider 
expts, where theoretical predictions 
are less accurate

§ prompt J/ψ
§Proper time calibration
§ cross-section/polarisation

§ secondary J/ψ : 
pp →X+bb (b/b → J/ψ + X)
§bb cross-section

Prompt

J/ψψψψ from b

separates:

t/ps

m(µµ)
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20 pb-1 and upward : charm physics
§ Very high statistics for charm physics at LHCb

§ σ(cc)~7x σ(bb)
§ Example: D* tagged trigger provides 42k D0→KK events 

per pb-1  [⇒ 10 pb-1 LHCb data sample ≥ total B-factory]

§ Unprecedented sensitivity even with first data
§ D0 mixing and CPV (CPV observation would be clear NP!)
§ Two body lifetime ratio measurement   

§ Direct CP violation in singly Cabibbo-suppressed charm 
decays (D0→KK , D+ → KKπ)

σ(y CP) ~1.1 x10-3

with 100pb-1 [SM<10-3 ]

Belle: σσσσ(yCP) = 3 x 10 -3

20pb opens the real of charm physics - LHCb Error is statistical onlyBelle error 2.6 stat and 2.2 syst; KK: ~100K event 540/fbCrucial element: separate prompt and secondary (lifetime bias), use IP as CDF
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Summary and conclusions
§ LHCb 2009 : Highly successful first data-taking period

§ O(300k) events at 900 GeV 
§ Used to commission and calibrate the detector

§ LHCb 2010: expect first results for several key-measurements in the B 
sector. Mentioned here just a narrow selection of promising channels:
§ γ from Β → DΚ                   
§ γ from Β → hh
§ φs from Bs → J/ψφ
§ Bs→ µµ
§ Bd→ K*µµ
§ Βs→ φγ

§ In addition, rich program of physics Beyond the B with early data
Watch for beauty and charm results at next Summer Conferences!

NP discovery in 2010 if 
Φs @ Tevatron central value!
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Fetes de Geneve 2009
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LHCb-upgrade physics reach
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Trigger

43

H
ig
h-
Le
ve
l T
rig
ge
r

2 kHz

Le
ve
l -
0

L0 
e, γ

40 MHz

1 MHz

L0 
had

L0 
µ

ECAL
Alley

Had.
Alley

Global reconstruction30 kHz

H
LT
1

H
LT
2

Muon
Alley

Inclusive selections
µ, µ+track, µµ, 

topological, charm, ϕ

&  Exclusive selections

Storage: Event size ~35kB

Hardware level (L0)
Ø Search for high-pT µ, e, γ and hadron 

candidates 

Software level (High Level Trigger, HLT)
Farm with O(2000) multi-core processors
Ø HLT1: Confirm L0 candidate with more 

complete info, add impact parameter and 
lifetime cuts

Ø HLT2: B reconstruction + selections
Trigger 

efficiency
ε(L0) ε(HLT1) ε(HLT2)

Electromagnetic 70 %

> ~80 % > ~90 %Hadronic 50 %

Muon 90 %

Trigger is crucial: 
Øσbb is less than 1% of  total inelastic cross section 
ØB decays of  interest typically have BR < 10-5
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Same side

signal Bs

K-
K+

primary vertex

Opposite side
opposite B

negative lepton taggers   
(e-, µµµµ-) from b-quark

opposite

positive lepton 
taggers from b→→→→c→→→→l
cascade 

same side 
kaon tagger

vertex-charge tagger
from inclusive vertexing

b
b

s

u

s

u

Bs

K+

protonproton

kaon tagger (K-)

µµµµ+

µµµµ-

Flavour tagging performance     

Tagger Tag 
eff.

mistag ε(1ε(1ε(1ε(1−−−−2ω2ω2ω2ω)2

Opposite side 45% 36.5% 3.3%

+ same side 56% 33.3% 6.2%

Bs→J/ψφ  ψφ  ψφ  ψφ  tagging performance 
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§ Physics parameters extraction via unbinned maximum likelihood fit 
§ Input 

§ angles Ω=( θ, φ, ψ ): to separate different CP eigenstates
§ Bs invariant mass: to separate signal and background
§ B flavour  tag:  pin down initial state of the decay  
§ proper decay time: to extract Φs from the time-dependent asymmetry 

§ Output
§ 8 physics parameters ΦS, Γs, ∆Γs, ∆ms, R┴, R||, δ┴, δ||

§ various detector parameters

Bs → J/ψ φ timetime--dependent angular fitdependent angular fit

PàVV decay : mixture of CP-even 
(ℓ=0,2) and CP odd (ℓ=1) final states.
An angular analysis allows to separate
statistically the decay amplitudes.

3 angles  Ω=( θ, φ, ψ ) to describe the final decay products directions. 
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B+→D(KSπ+π-)K+ sensitivity to γ
Extrapolated total error for B+→D(KSπ+π-)K+ vs luminosity

Unbinned fit with model assumptions:
8.5° (systematic dominated)

Binned fit with Cleo-c input:
6° (statistics dominated)

Two approaches pursued in parallel: 
1. Unbinned approach will be limited by model error at LHCb 
2. Binned approach 

§ has no hard-to-quantify model systematic
§ small loss of statistical power in using discrete bins < 2 fb-1

§ outperforms unbinned fit for luminosity > 2 fb-1

With 10 fb-1, if rB=0.1:
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Bs→µµ in 2010
LHCb, Beauty 2009
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§ LHCb and CMS sensitivities:
§ same “Modified Frequentist Approach”

shown at Beauty 2009 (D. Martinez Santos)

§ LHCb performance (nominal 
conditions)

§ CMS/ATLAS performance similar with 
5 times more Lint (collected in ~equal 
time)

§ Startup conditions in 2010 
(√s = 7 TeV)

1 fb–1 ⇒⇒⇒⇒ exclude BR values down to 5×10–9

3 fb–1 ⇒⇒⇒⇒ 3σσσσ evidence of SM signal
10 fb–1 ⇒⇒⇒⇒ 5σσσσ observation of SM signal

LHCb can overtake Tevatron’s 
final sensitivity with ~ 0.2 fb–1

CMS
LHCb

0 1 2 3 4 5

1

10

3 σ  evidence

SM prediction

 

B
R

(B
s0 ->

µµ µµ+ µµ µµ- )  
(x

10
-9

)

Time (nominal years)

0.0 0.5 1.0 1.5 2.0
1

10

CDF  (3.7fbCDF  (3.7fbCDF  (3.7fbCDF  (3.7fb-1-1-1-1))))

90 % CL exclusion

 

B
R

(B
s0 ->

µµ µµ+ µµ µµ- )  
(x

10
-9

)

L (fb-1)

SM prediction

Expected CDF + D0 (8fbExpected CDF + D0 (8fbExpected CDF + D0 (8fbExpected CDF + D0 (8fb-1-1-1-1
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LHCb

Expected CDF+D0 (8 fb–1 each)

CDF (3.7 fb–1)

B
R
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s
→

µ+ µ
– )

 ×
10

9
B

R
(B

s
→

µ+ µ
– )

 ×
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9

L [fb–1]

CMS official limit

Time [nominal years]

10 fb_1/y
2 fb–1/y

Bs → µ+µ– reach
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