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LHCb Physics
Main Goal: 
Search for New Physics (NP) through precision tests of the Standard Model (SM)

Idea:  
Reveal small deviations from SM predictions with precision measurements
‣ Indirect search for New Physics

• in rare decays (see talk by Francesco Dettori)

• in CP violating processes in the B and D sector (this talk)

‣ Why CP violating processes?
• CP violation from interference of tree and loop mediated processes

• NP particles can alter SM prediction of CP violation by introducing additional phases in loop 
processes
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‣ Data taking at √s = 7 TeV

‣ subsystems work fine

‣ data taking efficiency >85%
 

‣ higher pile-up
• more b hadrons

• more tracks, more background

‣ 2010: collected ~37 pb-1

‣ expect ~1 fb-1 in 2011
 

Detector Performance

2011

2010
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CP Violation in the SM
CP violation in the SM is described by the CKM mechanism

‣ parameterised by the complex unitary CKM matrix 

‣ construct unitarity triangles
• e.g. 

• connect observables of various 
processes/decays (over-constrained!)

• inconsistency of measurements 
=> hint for New Physics
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‣ Types
• direct CPV

• CPV in mixing

• CPV in interference of mixing and decay

- neutral B mesons: Bd and Bs 

- fast oscillation in Bs, slow oscillation in Bd

- different CKM angles accessible in Bs and Bd

- time-dependent asymmetry

- Crucial information: Initial flavour?

CP Violation
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Flavour Tagging

‣ infer information on 
production state (tag) from
• inclusive reconstruction of 

“sister” b quark decay 
(opposite side)

• search for fragmentation 
remnants of signal B (same 
side)

‣ per-event estimation of 
mistag probability

‣ need to calibrate flavour 
taggers on data

‣ measure and control mistag 
probability of tagging 
algorithms

‣ sensitivity of measured 
asymmetry is directly 
related to effective tagging 
efficiency
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Mixing and Decay in Bd → J/ψ KS
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‣ Time dependent asymmetry

‣ Assuming 
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‣ sin2β well measured by B 
factories

‣ serves as reference 
measurement for LHCb

‣ first measurement of time 
dependent CP 
asymmetries @ LHCb

‣ best measurement of 
sin2β at a hadron machine

‣ dominated by statistical 
error

‣ systematic uncertainty will 
decrease in future

sin2β from Bd → J/ψ KS

technische universität
dortmund
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Result
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LHCb CONF 2011-004

Ameas
CP (t) ≈ D sin 2β sin∆mt

sin 2β = 0.53+0.28−0.29(stat.)± 0.08(syst.)

http://cdsweb.cern.ch/record/1331806?ln=en
http://cdsweb.cern.ch/record/1331806?ln=en
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CP measurement in Bs system
‣ ϕs in Bs → J/ψ ϕ. 

• What is ϕs? CP violating phase in interference of mixing and 
decay of Bs

• Test: Is ϕs ≠ ϕsSM =-2βs ? 

- precise SM prediction  2βs  = (0.0363 ± 0.0017) rad (indirect)

- if direct measurement of ϕs shows deviation from SM 
prediction: New Physics!
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Measurement of ϕs

‣ Bs → J/ψ ϕ is a P → VV decay
• final state of is admixture of different 

CP even/odd eigenstates (different 
angular momenta)

• three different polarization 
amplitudes

• use transversity angles to disentangle 
CP eigenstates

‣ use a four dimensional pdf 
in time and three transversity 
angles to extract ϕs and ΔΓs
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Untagged analysis of B0

s → J/ψφ (LHCb-CONF-2011-002)
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Proper time t

Parameter LHCb prelim. (φs = 0)

Γs ( ps−1
) 0.680 ± 0.034stat. ± 0.027syst.

∆Γs ( ps−1
) 0.084 ± 0.112stat. ± 0.021syst.

|A⊥(0)|2 0.279 ± 0.057stat. ± 0.014syst.

|A0(0)|2 0.532 ± 0.040stat. ± 0.028syst.

CDF note 10206, L = 5.2 fb−1: ∆Γs = 0.077± 0.035stat. ± 0.010syst.( ps
−1)

See talk from Lars Eklund in this session for more information on ∆Γs .
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Bs → J/ψ ϕ - Untagged Analysis

‣ no constraint on ϕS 

‣ tagging needed to reduce four-fold to two-fold 
ambiguity

Bs → J/ψ φ untagged angular analysis, floating φs 11/18
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� No constraint on φs in untagged analysis

� Need tagging to reduce four-fold to two-fold ambiguity
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Bs → J/ψ ϕ - Tagged Analysis

‣ first LHCb constraint on ϕs

‣ ambiguity reduced to two 
fold by use of tagging 
information

‣ systematics small 
compared to statistical 
uncertainties

‣ prospect for 2011 data
• σ(ϕs)≈0.13 rad  [rad]
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Bs → J/ψ f0(980)– first observation
‣ 12.8σ significance

‣ ratio to J/ψ ϕ(K+K-) production

R. Aaij et al. (LHCb Collaboration), Physics Letters B 698 (2011) 
pp. 115-122, arxiv:hep-ex/1102.2006

‣ Future plans:

• alternative measurement of ϕS 

• pure CP final state 

• no angular analysis needed

of π+π+ and π−π− like-sign event distributions. The fit gives a B0
s mass of 5366.1±1.1
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Figure 4: (a) The invariant mass of J/ψπ+π− combinations when the π+π− pair is required
to be with ±90 MeV of the f0(980) mass. The data have been fit with a signal Gaussian
and several background functions. The thin (red) solid curve shows the signal, the long-
dashed (brown) curve the combinatorial background, the dashed (green) curve the B+ →
J/ψK+(π+) background, the dotted (blue) curve the B0 → J/ψK∗0 background, the
dash-dot curve (purple) the B0 → J/ψπ+π− background, the barely visible dotted curve
(black) the sum of B0

s → J/ψη′ and J/ψφ backgrounds, and the thick-solid (black) curve
the total. (b) The same as above but for like-sign di-pion combinations.

MeV in good agreement with the known mass of 5366.3±0.6 MeV, a Gaussian width
of 8.2±1.1 MeV, consistent with the expected mass resolution and 111±14 signal events
within ±30 MeV of the B0

s mass. The change in twice the natural logarithm of the
fit likelihood when removing the B0

s signal component, shows that the signal has an
equivalent of 12.8 standard deviations of significance. The like-sign di-pion yield correctly
describes the shape and level of the background below the B0

s signal peak, both in data
and Monte Carlo simulations. There are also 23±9 B0 → J/ψπ+π− events.
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Figure 6: The invariant mass of π+π− combinations when the J/ψπ+π− is required to be
within ±30 MeV of the B0

s mass. The dashed curve is the like-sign background that is
taken from the data both in shape and absolute normalization. The dotted curve is the
result of the fit using Eq. 2 and the solid curve the total.

an interval between 580 and 1480 MeV. Guidance is given by the BES collaboration who
fit the spectrum in J/ψ → φπ+π− decays [14]. We include here the f0(980) and f0(1370)
resonances, though other final states may be present, for example the f2(1270) a 2++

state [13,14]; it will take much larger statistics to sort out the higher mass states. We use
a coupled-channel Breit-Wigner amplitude (Flatté) for the f0(980) resonance [16] and a
Breit-Wigner shape (BW) for the higher mass f0(1370). Defining m as the π+π− invariant
mass, the mass distribution is fit with a function involving the square of the interfering
amplitudes

|A(m)|2 = N0mp(m)q(m)
∣

∣Flatté[f0(980)] + A1 exp
(iδ) BW[f0(1370)]

∣

∣

2
, (2)

where N0 is a normalization constant, p(m) is the momentum of the π+, q(m) the mo-
mentum of the J/ψ in the π+π− rest-frame, and δ is the relative phase between the two
components. The Flatté amplitude is defined as

Flatté(m) =
1

m2
0 −m2 − im0(g1ρππ + g2ρKK)

, (3)

where m0 refers to the mass of the f0(980) and ρππ and ρKK are Lorentz invariant phase
space factors equal to 2p(m)/m for ρππ. The g2ρKK term accounts for the opening of the

7

First observation of Bs → J/ψ f0 15/18

Nsig = 111± 14

12.8σ sign.

� Alternative access to φs

� J/ψ f0 is CP-odd ⇒ No angular analysis necessary

� Rf0/φ =
Γ(Bs→J/ψ f0, f0→π+π−)
Γ(Bs→J/ψ φ, φ→K+K−) = 0.252+0.046+0.027

−0.032−0.033

� R. Aaij et al. (LHCb Collaboration), Physics Letters B 698 (2011)

pp. 115-122, arxiv:hep-ex/1102.2006
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First observation of Bs → K* K*

‣ 7.4σ significance

‣ Penguin decay like 
Bs➝ϕϕ

‣ sensitivity to NP in 
mixing box and 
penguin diagram

‣ currently no 
measurement of CPV

First observation of Penguin decay Bs → K ∗K̄ ∗
17/18
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Preliminary
LHCb

-1L = 35.4 pb
 = 7 TeVs

� Significance 7.4σ with 35.4 pb−1

� B(Bs → K ∗ K̄ ∗) = (1.95±0.47stat.±0.66syst.±0.29fd/fs ) ·10
−5

� Penguin decay, similar to Bs → φφ
� Sensitive to NP that affects phases of box and penguin

diagrams differently
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Conclusion and Outlook

‣ analyses on 2010 dataset show excellent 
performance of LHCb 
• first CP violation measurements

• tagged, angular, time-dependent CP analyses

• new decay modes discovered and studied

‣ LHCb measurements in 2011 will contribute 
significantly in constraining the SM

• Expect world‘s best measurements of ϕs with 2011 dataset!

• Stay tuned for γ!

• Interesting CP channels under investigation.
16
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Thank you for listening!
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Produktion von B-Mesonen am LHC

7 7 TeV
Visible cross section: 63  mb
b-cross section: 0.5 mb
b-quarks fliegen in Strahlrichtung
Ultimate Luminosity: 1034cm-2s-1 

>20 Wechselwirkungen / X-ing
LHCb bevorzugt single Xings: 
L =  2x1032cm-2s-1

1012 B-Hadronen in 107 sec
+ 0 0

d sB /B /B / -baryonen
 4 : 4  : 1  :   1

b

gluon fusion

Luminosity

Rate von multiple Interactions

LHCb Detector
‣ one arm forward spectrometer

‣ covers 1.9 < η < 4.9
‣ b pair production correlated in 

forward/backward direction

‣ excellent lifetime resolution 
(~50 fs)
• boosted particles

• extraordinary vertex resolution

‣ tracking stations before and 
after dipole magnet

‣ particle identification 
• two RICH detectors

• calorimetry 

• muon system

see talk by
S. Monteil 
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