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                 Outline 1.  Introduction: 
�  What happened since the last LHCC meeting? 
�  LHCb performance. 

�  The LHCb physics program. 

2.  Production Studies: 
�  Weak bosons production 
�  J/Ψ, double J/Ψ and ϒ production 

�  Bc production  

�  b bbar production. 
�  Ratio of fragmentation functions: fd/fs 

3.  Observation of new Bs decays. 
4.  Search for new CP phases in Bd and Bs mixing. 

�  Towards a precise measurement of γ at tree level.  

�  Observation of CP violation in Bàhh’: towards a measurement of γ from loops. 

�  Status of the Bs àJ/ψΦ analysis: Acceptance, angular analysis, flavour tagging, Δms,… 

5.  Search for NP contributions in Bd,s rare decays. 
�  Observation of Bd à K*µ+µ-.  
�  Search for Bd,s à µ+µ- 

6.  Outlook and Conclusions. 
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1. Introduction 
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What happened since the last LHCC? 
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Last LHCC meeting was on November 17th, few days after end of 
LHCb data taking in 2010.  
 
Other than the detector work performed during the technical 
stop, since then, the whole 2010 data sample has been re-
processed with the latest alignment database and streamed for 
Data Analysis.  
 
Large MC samples consistent with the 2010 data taking 
conditions, have been produced to support the LHCb analyses 
shown at the Winter Conferences (~20 Conference Notes). Big 
effort from the LHCb computing group. 
 
Today, in 30 minutes, you can only expect a superficial  overview 
of some of the physics results. More information can be obtained 
from the Conference Notes quoted. 



Technical Stop 
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Main Detector Activities: 
 
Silicon Tracker: Exchange and repair of modules with broken bounds. 
RICH: Replacement of ~7% HPDs. 
OT: Repair FE, disconnect few broken channels. 
CALO: Replace few PMTs. 
MUON: Replace few non-fully operational chambers. 
 
Overall very small changes to the detector. The biggest improvement 
is in the HLT farm: 
 
HLT: Addition of 100 boxes (400 nodes),  
for a total of 50 subfarms x 27 nodes x  
(8 to 20) HLT tasks running =  
24600 HLT tasks! 
 
 
A lot of work also on infrastructure maintenance and safety 
 



Data taking in 2010(11) 

Wenesday, March 23, 2011 Frederic Teubert 6 
80 82 84 86 88 90 92 94 96 98 100 

99.29 

99.8 
100 

98.68 

99.79 
100 
100 
100 
100 

99.93 
99.78 
99.9 

Efficiency (channels) 

% 

Recorded ~38 pb-1 in 2010 with 
~90% efficiency. 
 
Most of it (~¾) was collected in a 
single month (October 2010). 
   

All sub-detectors working at  
> 99% efficiency. 
 
2011 data taking just started: 
 
Initial 2011 fills (with 3 bunches) 
used to re-calibrate the detector. 
Some data taken with magnet off 
for alignment. 
 
Fills with 32/64/136/200 bunches 
being taken as of today with 
>90% efficiency. 



LHCb performance: momentum and vertex resolution 
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Tracking: excellent mass resolution demonstrated 
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Fantastic job by a very hard-working group of people improving the alignment! 

Primary Vertex (PV) & Impact Parameter (IP)  resolution 
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PV resolution evaluated in data using random splitting of the tracks 

in two halves and comparing vertices of equal multiplicity   

IP resolution ~15 µm for the 

highest pt bins  
  - slope determined by multiple scattering, 

    not an alignment effect 
  - improvement of material description 

    is ongoing 

            Resolution for PV with 25 tracks  

    Data: 16 µm for X & Y and 76 µm for Z 

     MC: 11 µm for X & Y and 60 µm for Z                

PV resolution: σx~σy~16 µm (MC:11µm) , σz~76 µm 
(MC:60 µm) as measured for events with 25 tracks/
event.  
 
IP resolution: σ(IPx)~15-20 µm in the region of 
interest. Slope dominated by material interactions 
rather than misalignment. 
 
 



LHCb performance: PID and Trigger 
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RICH PID working close to MC expectations.  
Clean reconstruction of many hadronic decays. 
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LHCb Trigger 
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LHCb Physics Program 
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The main LHCb physics goal is to find evidence for New Physics, through the 
indirect effect that the new degrees of freedom may have on B and D decays. 
 
This search is complementary to direct searches, and provides information on 
the masses, couplings, spins and CP phases. 
 
 

? 

Bs à µ+µ-  Higgs “Penguin” 

LHCb is therefore using LHC as an “intensity frontier” machine, rather than 
“energy frontier”. But, if so, do we really expect to be competitive with ~40 
pb-1 of data collected in 2010 compared with >6000 pb-1 at CDF/D0, when the 
b bbar xsection is only a factor three larger?  
 
The answer is yes due to the LHCb acceptance, trigger and detector 
resolution. To be shown in the following slides… 



         

2. Production  
Studies 
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W± production in the forward region 

La Thuille 2011 
14 14 

Z: 2 µ, each with Pt > 20 GeV/c 

W: single isolated µ with 

 Pt > 20 GeV/c  & small Pt opposite 

Z & W in the forward direction 

Mµµ , GeV 

LHCb preliminary 

L = 16 pb-1 

LHCb preliminary 

L = 16 pb-1 

W- 

W+ 

Acceptance 

 of GPDs 

-! Measurement of AFB.  

  In LHCb  acceptance Z production occurs 

  predominantly through collision of valence 

  and sea quark, so axis of AFB measurement 

  is well defined, and dilution low.  

-!  Knowledge of PDF  

   Will help to improve accuracy on AFB and MW. 

   LHCb is complementary to GPDs and may 

   provide vital input with high statistics data samples.  

Switch-over in W+/W- in LHCb acceptance Wenesday, March 23, 2011 Frederic Teubert 11 
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The comparison of the W± asymmetries measured at LHCb with the 
different PDFs, provides constraints on the low x quark content of the 
protons at high q2.  
 
W selection: isolated µ with PT>20 GeV/c and small recoil PT. 
 

LHCb-CONF-2011-012 



Prompt J/Ψ production 
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arXiv:1103.0423 (submitted to EPJ C) 

LHCb-CONF-2011-009 

La Thuille 2011 12 

  Prompt J/! and open charm cross-sections @ !s = 7 TeV 
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Figure 8: Comparison of the LHCb results for the differential prompt J/ψ production for unpolarised
J/ψ (circles with error bars) with: (top, left) direct J/ψ production as predicted by LO and NLO
NRQCD; (top, right) direct J/ψ production as predicted by NLO and NNLO� CSM; (bottom, left)
prompt J/ψ production as predicted by NLO NRQCD; (bottom, right) prompt J/ψ production as pre-
dicted by NLO CEM. A more detailed description of the models and their references is given in the
text.

logarithmic corrections, which are however not easily quantifiable. Direct production as
calculated from NLO CSM (hatched grey uncertainty band) [7, 9] is also represented.

• bottom, left: prompt J/ψ production as calculated from NRQCD at NLO, including con-
tributions from χc and ψ(2S) decays, summing the colour-singlet and colour-octet con-
tributions [34].

• bottom, right: prompt J/ψ production as calculated from a NLO colour-evaporation
model (CEM), including contributions from χc and ψ(2S) decays [35].

It should be noted that some of the theoretical models compute the direct J/ψ production,
whereas the prompt J/ψ measurement includes J/ψ from χc decays and, to a smaller extent,
ψ(2S) decays. However, if one takes into account the feeddown contribution, which has been
estimated to be of the order of 30% averaging over several experimental measurements at lower
energies [36], a satisfactory agreement is found with the theoretical predictions.

15
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  Prompt J/! and open charm cross-sections @ !s = 7 TeV 
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ϒ production 

Upsilon Cross Section Measurement !
-approval talk-!

J.Cogan, G.Manca, P.Robbe, Analysis and Software Week, 25th February 2011 !

Comparison with Theory!

25.2.2011 ! G.Manca, A&S Week ! 31 !

! 

Comparison with CMS!

25.2.2011 ! G.Manca, A&S Week ! 32 !

! 
! Comparison with CMS Comparison with theory 

La Thuille 2011 

  Upsilon production @ !s = 7 TeV 

LHCb preliminary: 

!(Y(1S), Pt < 15 GeV, 2<y<4.5) = 

 = 108.3 ± 0.7 ± 30.9
25.8  nb"

Comparison with theory 

Comparison with CMS 

(no overlap in y) 

13 

LHCb-CONF-2011-016 



Bc
+ production 
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Bc
+ is an interesting object, (c bbar),  to understand QCD.  

 
First observation at CDF in 1998. Only seen in three decay modes: 
Bc

+ àJ/Ψ π+ (~100 candidates), Bc
+ àJ/Ψ µ+ ν  and Bc

+ àJ/Ψ e+ ν (~1k candidates each). 
 

At LHCb we measure for pT(Bc
+)>4 GeV/c: 

 
 
                                                                              = (2.2±0.8(stat)±0.2(syst))% 
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H

59±18 events observed, 
4.1σ statistical significance. 

L ~ 33 pb-1 

Looks great for the LHCb Bc 
physics program 

LHCb-CONF-2011-017 



b bbar production 
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b cross section @ !s = 7 TeV 
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Error 

on theory 

Using J/! produced in B decays:  "(J/! from b, 2<y<4.5) = 1.14±0.01±0.16 µb 

! "(pp!bbX) = 288±4±48 µb 

Excellent agreement with LHCb published 

value measured in b!D0µ#X:  $
"(pp!bbX) = 284±20±49 µb 
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Figure 9: Comparison of the LHCb results for the differential J/ψ from b production for unpolarised
J/ψ (circles with error bars) with J/ψ from b production as predicted by FONLL (hatched orange un-
certainty band). A more detailed description of the model and its references is given in the text.

Figure 9 shows a comparison of the LHCb measurement of the differential J/ψ from b
cross-section with a calculation based on the FONLL formalism [30]. This model predicts the
b-quark production cross-section, and includes the fragmentation of the b-quark into b-hadrons
and their decay into J/ψ mesons. The measurements show a very good agreement with the
calculation.

8 Conclusions
The differential cross-section for J/ψ production is measured as a function of the J/ψ transverse
momentum and rapidity in the forward region, 2.0 < y < 4.5. The analysis is based on a data
sample corresponding to an integrated luminosity of 5.2pb−1 collected at the Large Hadron
Collider at a centre-of-mass energy of

√
s = 7TeV, and the contributions of prompt J/ψ and

J/ψ from b production are individually measured. The results obtained are in good agreement
with earlier measurements of the J/ψ production cross-section in pp collisions at the same
centre-of-mass energy, performed by CMS in a region corresponding to the low rapidity part
of the LHCb acceptance [12]. This measurement is the first measurement of prompt J/ψ and
J/ψ from b production in the forward region at

√
s = 7TeV.

A comparison with recent theoretical models shows good general agreement with the mea-
sured prompt J/ψ cross- section in the LHCb acceptance at high pT. This confirms the progress
in the theoretical calculations of J/ψ hadroproduction, even if the uncertainties on the predic-
tions are still large. However, the measurement of the differential cross-section alone is not
sufficient to be able to discriminate amongst the various models, and studies of other observ-
ables such as the J/ψ polarisation will be necessary. The measurement of the cross-section for
J/ψ from b is found to agree very well with FONLL predictions. An estimate of the bb cross-
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Figure 1: Dimuon mass distribution (left) and tz distribution (right), with fit results superimposed, for

one bin (3 < pT < 4 GeV/c, 2.5 < y < 3.0). On the mass distribution, the solid red line is the total fit

function, where the signal is described by a Crystal Ball function, and the dashed blue line represents

the exponential background function. On the tz distribution, the solid red line is the total fit function

described in the text, the green dashed line is the prompt J/ψ contribution, the single-hatched area is the

background component and the cross-hatched area is the tail contribution.

value is close to the known J/ψ mass value of 3096.916± 0.011MeV/c2
[19], reflecting the

current status of the mass-scale calibration; the difference between the two values has no effect

on the results obtained in this analysis. Summing over all bins, a total signal yield of 565000

events is obtained.

4.1 Determination of the fraction of J/ψ from b
The fraction of J/ψ from b, Fb, is determined from the fits to the pseudo-proper time tz and the

µ+µ−
invariant mass in each bin of pT and y. The signal proper-time distribution is described

by a delta function at tz = 0 for the prompt J/ψ component, an exponential decay function for

the J/ψ from b component and a long tail arising from the association of the J/ψ candidate

with the wrong primary vertex. There are two main reasons for the wrong association:

1. Two or more primary vertices are close to each other and a primary vertex is reconstructed

with tracks belonging to the different vertices, at a position that is different from the true

primary vertex position.

2. The primary vertex from which the J/ψ originates is not found because too few tracks

originating from the vertex are reconstructed; the J/ψ candidate is then wrongly associ-

ated with another primary vertex found in the event.

In the first case, the positions of the reconstructed and of the true primary vertices are correlated.

This category of events is distributed around tz = 0 for the prompt component, with a width

larger than the tz distribution for correctly associated primary vertices. The contribution of

these events to the tz distribution is included in the resolution function described below.

The long tail is predominantly composed of events in the second category. Since the tail dis-

tribution affects the measurement of the J/ψ from b component, a method has been developed

4

3 J/ψ selection
The analysis selects events in which at least one primary vertex is reconstructed from at least

five charged tracks seen in the VELO. J/ψ candidates are formed from pairs of opposite sign

tracks reconstructed in the full tracking system. Each track must have pT above 0.7GeV/c,

have a good quality of the track fit (χ2/ndf < 4) and be identified as a muon by ensuring that

it penetrates the iron of the MUON system. The two muons are required to originate from a

common vertex, and only candidates with a χ2
probability of the vertex fit larger than 0.5% are

kept. Some charged particles can be reconstructed as more than one track. Duplicate tracks,

which share too many hits with another track or are too close to another track, are removed.

J/ψ from b tend to be produced away from the primary vertex and can be separated from

prompt J/ψ , which are produced at the primary vertex, by exploiting the J/ψ pseudo-proper

time defined as

tz =
(zJ/ψ − zPV)×MJ/ψ

pz
, (1)

where zJ/ψ and zPV are the positions along the z-axis (defined along the beam axis, and oriented

from the VELO to the MUON) of the J/ψ decay vertex and of the primary vertex; pz is the

measured J/ψ momentum in the z direction and MJ/ψ the nominal J/ψ mass. Given that b-

hadrons are not fully reconstructed, the J/ψ momentum is used instead of the exact b-hadron

momentum and the tz variable provides a good estimate of the b-hadron decay proper time. For

events with several primary vertices (68% of the events), the one which is closest to the J/ψ
vertex in the z direction is selected.

4 Cross-section determination
The differential cross-section for J/ψ production in a given (pT,y) bin is defined as

d
2σ

dydpT

=
N (J/ψ → µ+µ−)

L × εtot ×B (J/ψ → µ+µ−)×∆y×∆pT

, (2)

where N (J/ψ → µ+µ−) is the number of observed J/ψ → µ+µ−
in bin (pT,y), εtot the

J/ψ detection efficiency including acceptance and trigger efficiency in bin (pT, y), L the

integrated luminosity, B (J/ψ → µ+µ−) the branching fraction of the J/ψ → µ+µ−
decay

((5.93± 0.06)× 10
−2

[19]), and ∆y = 0.5 and ∆pT = 1GeV/c the y and pT bin sizes, respec-

tively. The transverse momentum is defined as pT =
�

p2
x + p2

y and the rapidity is defined as

y =
1

2
ln

E + pz

E − pz
where (E,p) is the J/ψ four-momentum in the centre-of-mass frame of the

colliding protons.

In each bin of pT and y, the fraction of signal J/ψ from all sources, fJ/ψ , is estimated

from an extended unbinned maximum likelihood fit to the invariant mass distribution of the

reconstructed J/ψ candidates in the interval Mµµ ∈ [2.95;3.30]GeV/c2
, where the signal is

described by a Crystal Ball function [20] and the combinatorial background by an exponential

function. The fraction of J/ψ from b is then extracted from a fit to the tz distribution.

As an example, Fig. 1 (left) shows the mass distribution together with the fit results for

one specific bin (3 < pT < 4 GeV/c, 2.5 < y < 3.0); the fit gives a mass resolution of 12.3±
0.1MeV/c2

and a mean of 3095.3±0.1MeV/c2
, where the errors are statistical only. The mass

3

Using J/Ψ produced in B decays: σ(J/Ψ from b, 2<y<4.5)=1.14±0.01±0.16 µb, 
which would correspond to σ(ppàb bbar X) = 288±4±48 µb 

In excellent agreement with LHCb  
measurement using b à D0µνX: 
σ(ppàb bbar X) = 284±20±49 µb 
 

arXiv:1103.0423 (submitted to EPJ C) 

PLB 694 (2010) 209.  
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To be compared with HFAG average: fs/fd = 0.270±0.034 
LEP: 0.256±0.026     CDF:0.327±0.039     new CDF(La Thuile): 0.269±0.03   
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combinatorial background distribution are left free. The fit models were scrutinized with180
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fully simulated events was generated, containing Bd → D±K∓ , Bd → D±π∓ , Bd →183

D±ρ∓ , Bd → D∗±π∓ , Λb → Λ+
c π− , and loosely preselected inclusive bb-events provided184

sizeable combinatoric and semi-leptonic backgrounds. The fits accurately reproduce the185

numbers of input Bd → D±K∓ and Bd → D±π∓ events, and the ratio between the two is186

within the statistical error of the measurement: 0.073 ± 0.007 compared to an input of187

0.069.188

4.5 Fit Results of B0 event yields189

The fits to the full Bd → D±π∓ and Bd → D±K∓ data samples are shown in Fig. 2 and190

on the left of Fig. 3, respectively.191

The resulting Bd → D±π∓ and Bd → D±K∓ event yields are 4109±75 and 253±21, re-192

spectively. The number of misidentified Bd → D±π∓ events under the Bd → D±K∓ signal193

as obtained from the fit (131±19), is in perfect agreement with the number of misidentified194

Bd → D±π∓ events expected from the total number of Bd → D±π∓ events, multiplied by195

the average misidentification rate as determined from the PID calibration sample (145).196

4.6 Fit Results of B0
s event yields197

The Bs → D±
s π∓ event sample is fitted in a similar manner as the Bd → D±π∓ sample.198

The Bd → D±π∓ background peaks under the signal with a similar shape as the signal,199

and therefore not only its shape but also its yield is constrained in the fit. This is200
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Figure 2: The Bd → D±π∓ fit.
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Table 3: Systematic uncertainties for the fs/fd measurements.

Source Using D±
s π∓/D±K∓ Using D±

s π∓/D±π∓

Specific BG vetos in B0 fit 2% 2%
PID calibration 1.5% 1.5%
B0 fit model 1% 1%
B0

s fit model 3% 3%
Tracking efficiency K∓/π∓ 1.5% 3.5%
Trigger simulation 2% 2%
B(D±

s → KKπ) 5% 5%
B(D± → Kππ) 2% 2%
τBs
τBd

1.5% 1.5%

Total 7.3% 8.0%

B(D+
s → K−K+π+) = (5.50± 0.27)%, the value of fs/fd is found to be

fs

fd
= 0.242± 0.024stat ± 0.018syst ± 0.016theor, (9)

where the first error is the statistical uncertainty, the second the systematic uncertainty,
and the third the theoretical uncertainty dominated by the uncertainty on the form factor
ratio. The statistical uncertainty in the determination of fs/fd is dominated by the
yield of the Bd → D±K∓mode. It is also possible to extract fs/fd from the modes
Bd → D±π∓ and Bs → D±

s π∓ , an additional uncertainty from the W -exchange diagrams,
NE = 0.966± 0.075 is compensated by a smaller statistical uncertainty,

fs

fd
= 0.249± 0.013stat ± 0.020syst ± 0.025theor. (10)

The two values for fs/fd can be combined into a single value, by taking all correlated
uncertainties into account, namely the uncertainties on the Bs → D±

s π∓ yield, all sys-
tematic uncertainties listed in Table 3 (except the tracking efficiency difference between
charged kaons and pions), the uncertainties on the ratio of form factors, and the ratio of
non-factorizable effects. The following averaged value for fs/fd is obtained:

fs

fd
= 0.245± 0.025stat⊕syst⊕NE ± 0.016NF , (11)

where all contributions to the uncertainty are assumed to be Gaussian distributed. Finally,
the ratio of form factors can be factored out,

�fs

fd

�
NF = 0.304± 0.031stat⊕syst⊕NE . (12)

to ease future comparison with updated values for NF . The two values of fs/fd are in263

good agreement with the values determined at LEP and at the Tevatron [11].264
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Figure 3: Left: The Bd → D±K∓ fit. Right: The Bs → D±
s π∓ fit.

estimated from the π → K mis-identification in the D decay, in a similar way as described201

in Section 4.2. A Gaussian constraint is used to account for the uncertainty on the202

Bd → D±π∓ yield under the Bs → D±
s π∓ hypothesis. The Λb → Λ+

c π− background shape203

is extracted from simulated events, reweighted according to the particle identification204

efficiency, and the yield is allowed to float in the Bs → D±
s π∓ fit. Finally the relative205

size of the Bs → D±
s ρ∓ and Bs → D∗±

s π∓ backgrounds is constrained to the ratio of206

the Bd → D±ρ∓ and Bd → D∗±π∓ backgrounds in the Bd → D±π∓ fit, with a 20%207

error accounting for differences in the B0 and B0
s systems (i.e. SU(3) symmetry breaking)208

which enters as a systematic uncertainty on the fit model. The Bs → D±
s π∓ event yield209

is 670± 34, and the fit result is shown on the right of Fig. 3.210

5 Systematic Checks211

The ratio of the yields in the D± and D±
s samples has been investigated as a function212

of the multivariate output variable, and is shown to be stable. Also, the ratio of Bd →213

D±K∓ to Bd → D±π∓ event yields shows a negligible variation for different values of the214

multivariate output variable, with respect to the statistical uncertainty. In addition, the215

fit stability of the Bd → D±K∓ signal has been verified by:216

• The exponent of the combinatorial background (which is left free in the fit) has217

been varied by four standard deviations, and the corresponding variation of the218

Bd → D±K∓ signal was found to be 1%. A systematic uncertainty of 1% is there-219

fore assumed. The same procedure was applied for the Bd → D±π∓ sample for220

determining the fit systematic.221

• In addition of changing the exponent of the combinatorial background, the widths of222

the double Crystal Ball function were varied by 20%. A maximum variation of 3%223

was found in the Bs → D±
s π∓ signal yield which is taken as a systematic uncertainty.224

• The exercise of extracting the efficiency-corrected ratio of the Bd → D±π∓ and Bs →225

D±
s π∓ yields was also performed on event samples that were selected with selection226
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Higgs-Maxwell Particle Physics Workshop 24 

First observation of Bs ! J/!f0(980) decays 

•!  Bs! J/! f0 , f0! "+"- is CP-eigenstate 

      No angular analysis needed 
•!     Looks promising for #s measurement since BR is large   
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Final state is CP-eigenstate à no need for angular analysis 
BR is ~¼ of Bs à J/Ψϕ à looks promising for βs 

PLB 698 (2011) 115.  
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NBs = 34.5±7.4 
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The use of decays like  
Bs àϕϕ and BsàK*K* 
allows to disentangle NP 
contributions to the as yet 
unexplored penguins in 
the Bs system.  
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BdàK*K* observed at BELLE  
with  ~29 events. 
 
LHCb measures BR(BsàK*K*) to be: 
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on the upper side of expectations. 
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Parameter Value
fL = |A0|2 0.34± 0.19

|A�|2 0.30± 0.15
δ� 1.56± 0.64

Table 5: Fitted values of the angular parameters and 1σ (MINOS) errors from the fit.

fL = |A0|2 0.3 0.4 0.5 0.6 0.64 0.7
Acceptance variation 1.234 1.165 1.096 1.028 1.000 0.959

Table 6: Angular acceptance variation as a function of the longitudinal polarization frac-
tion.

5.3 Overall acceptance correction146

The overall acceptance of the LHCb detector turns out to be a significant function of the147

longitudinal K∗0 polarization. This effect, which is a consequence of the behaviour of the148

angular acceptance function Aθ, has been evaluated analytically and also by Monte Carlo149

simulation. The result is indicated in Table 6 in relative terms with respect to the value150

fL = 0.64 taken as reference for the efficiency calculations given in section 4. Given the151

value of our preliminary measurement fL = 0.34, an overall correction factor of λfL = 0.83152

has been applied to the branching fraction, according to Table 6. We assign a systematic153

error to this correction of 31% if we assume equal statistical and systematic errors on fL.154

6 Results on the branching fraction155

The results of the previous sections can be brought together in order to provide a determi-156

nation of the branching fraction of B0
s → K∗0K∗0 based upon the use of the normalization157

channel B0 → J/ψK∗0 , and the calculated selection and trigger efficiencies. It is clear158

that the ratio of b–quark hadronization factors fs/fd comes into play, when taking into ac-159

count the different yield of B0 and B0
s mesons. Moreover, a factor 9/4 is required to obtain160

the full B0
s → K∗0K∗0 branching ratio, due to the 2/3 branching ratio of K∗0 → K+π−.161

The expression used is:162

B
�
B0

s → K∗0K∗0� = λfL ×
NB0

s→K∗0K∗0

�gen
B0

s→K∗0K∗0 × �sel/gen
B0

s→K∗0K∗0 × �trig/sel
B0

s→K∗0K∗0

×
�gen
B0→J/ψK∗0 × �sel/gen

B0→J/ψK∗0 × �trig/sel
B0→J/ψK∗0

NB0→J/ψK∗0

× B(vis)B0→J/ψK∗0 ×
fd
fs

× 9

4

(3)

which, after input of the visible B(B0 → J/ψK∗0) of 5.25× 10−5, the efficiencies reported163

9
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This decay may be a potentially 
dangerous background for the 
measurement of γ using the ADS 
method in BdàD0K* decays. 
 
With ~36 pb-1 the expected yield of 
BdàD0K* is negligible. 
 
LHCb measures BR(BsàD0K*) to be: 
 
 
 

                                    1.39±0.31±0.25 
 
 
                     = (4.44±1.00±0.79)×10-4 
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trigger category with the fit superimposed. The black points correspond to the data and the fit result
is represented as a solid blue line. The signal is fitted with a double Gaussian (dashed red line), the
partially reconstructed with an exponential function (green dash-dotted line) and the combinatorial
background with a flat distribution (dashed green line) as explained in the text. Contributions from
cross-feed are plotted in thin solid black lines.

5.3 Final result176

Taking the systematical uncertainties described above one can obtain the final result :177

B
�
B0

s→ D0K∗0�

B
�
B0→ D0ρ0

� = 1.34± 0.30(stat)± 0.17(syst)± 0.18(fd/fs) (12)
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5.3 Final result176

Taking the systematical uncertainties described above one can obtain the final result :177

B
�
B0

s→ D0K∗0�

B
�
B0→ D0ρ0

� = 1.34± 0.30(stat)± 0.17(syst)± 0.18(fd/fs) (12)
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Is there room for NP in Bd,s mixing? 
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|Vub| Global analysis SUSY GUTs Conclusions

Results in scenario I:
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Global analysis of Bs−Bs mixing and Bd−Bd mixing

Based on work with A. Lenz and the CKMfitter Group
(J. Charles, S. Descotes-Genon, A. Jantsch, C. Kaufhold,
H. Lacker, S. Monteil, V. Niess) arXiv:1008.1593
Rfit method: No statistical meaning is assigned to systematic
errors and theoretical uncertainties.

We have performed a simultaneous fit to the Wolfenstein
parameters and to the new physics parameters ∆s and ∆d :

∆q ≡
Mq
12

Mq,SM
12

, ∆q ≡ |∆q|eiφ
∆
q .

Both, Bd (due to the measurement of B+àτν) and Bs (due to the measurement 
of βs) disfavor the SM at 2.7σ. 
 
Yes, indeed, there is plenty of room for NP and it does not look like CMSSM. 
LHCb main goals:  

 1. precise determination of γ at tree level (disentangle NP contribution to sin2β) 
 2. precise determination of βs  



Prospects for a measurement ofγusing  B+àD0K+, B0àD0K* and BsàDsK  
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With rB=0.1 (0.4) for B (B0) 

( ) ~ 8o with 1 fb-1

Expected yields/fb-1 at s=7 TeV
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Similar diagrams for B0. No 
penguin pollution, only affected 
by possible NP in D0 mixing. 
 
B0 and D0 decays self tagging.  

No need to do a time dependent analysis. Only the ratio of the different 
decay modes is needed à Challenge is to extract the suppressed modes. 

La Thuille 2011 16 

LHCb yields in B+!D!+ & B+!DK+  
( LHCb takes shape ! ) 

LHCb yield: 444 ± 30 / 34 pb-1 

CDF yield: 516 ± 37 / fb-1 

LHCb yield: 1035 ± 54 / 34 pb-1 

CDF yield: 718 ± 36 / fb-1 
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Expected yields/fb-1 at s=7 TeV

from loops 
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Alternatively, use time dependent CP 
asymmetry from BsàDsK. 

Expect to measure γ with a combined 
precision of ~5° from 2011/2012 data 



Prospects for a measurement ofγusing multi-body Bd decays. 
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In analogy to the decay B±àD0K±, the decay B±àD0K±π+π- can be used to 
determine γ if the intermediate resonances can be properly modelled. 
 
                                                          As proof of principle LHCb has measured: 

LHCb-CONF-2011-07 

Table 5: Summary of corrections and systematic uncertainties to the ratio of branching
fractions B(Xb → Xcπ−π+π−)/B(Xb → Xcπ−), for Xb = B̄0, B̄+, B̄0

s , and Λ0
b . Note that

numbers have been rounded to the second decimal place.
Quantity central value ± syst. error

B̄0 B− B̄0
s Λ0

b

Track reconstruction 1.00 ± 0.06
IP χ2 cuts 0.97 ± 0.02
Vertex reconstruction 1.05 ± 0.03
Number of long tracks 0.99 ± 0.01 0.95 ± 0.01 0.99 ± 0.01 0.95 ± 0.01
pT of D meson 1.00 ± 0.01
Λ0

b → Λ+
c π−π+π− substructure 1.00 1.00 1.00 1.00 ± 0.03

PID 1.01 ± 0.01
L0 Efficiency 1.00 ± 0.05
HLT Efficiency 1.00 ± 0.02
Fitting 1.00 ± 0.04 1.00 ± 0.04 1.00 ± 0.064 1.00 ± 0.04
Multiple candidates 1.02 ± 0.01 1.01 ± 0.01 1.02 ± 0.01 1.03 ± 0.02
MC statistics 1.00 ± 0.04 1.00 ± 0.03 1.00 ± 0.05 1.00 ± 0.04

Total correction 1.03 0.98 1.04 1.00

Total systematic (%) 10.1 9.8 11.4 10.5

9 Final Results and Summary395

Our final results for the ratio of branching ratios are:396

B(B̄0 → D+π−π+π−)

B(B̄0 → D+π−)
= 2.35 ± 0.11(stat) ± 0.24(syst)

B(B− → D0π−π+π−)

B(B− → D0π−)
= 1.26 ± 0.07(stat) ± 0.12(syst)

B(B̄0
s → D+

s π−π+π−)

B(B̄0
s → D+

s π−)
= 2.22 ± 0.41(stat) ± 0.25(syst)

B(Λ0
b → Λ+

c π−π+π−)

B(Λ0
b → Λ+

c π−)
= 1.32 ± 0.15(stat) ± 0.14(syst)

If we use the world average values for the Xb → Xcπ− decays (see Table 1), we obtain397

the following branching fractions:398
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Figure 1: Invariant mass distributions for B̄0 → D+π−π+π− (top left), B− → D0π−π+π−

(top right), B̄0
s → D+

s π−π+π− (bottom left), and Λ0
b → Λ+

c π−π+π− (bottom right). Fits
showing the signal and background components are indicated, and are described in the
text.

The invariant mass distributions for the normalization modes are shown in Fig. 2.237

The peaking backgrounds and cross-feed issues are quite similar to Xb → Xcπ−π+π−,238

and are evaluated in an analogous manner. One additional background to Xb → Xcπ−
239

is the decay Xb → Xcρ+, which is included in the B+ and B0 likelihood fits. For the240

B0
s , we use the inclusive signal MC, as described above and for Λ0

b → Λ+
c π−, we use a241

Gaussian shape to describe the low mass excess, which will include contributions from242

Λ0
b → Λ−

c ρ+, Λ0
b → Λ+

c µ−ν, Λ0
b → Σ+

c π− → Λ+
c π0π−, and other decays. With this243

empirical background description, we adopt an exponential form for the combinatorial244

background shape, which provides a better description of the invariant mass distribution.245
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Up to six tracks in the final state!  
 
With better precision than current PDG, and 
yields larger than the single bachelor 
equivalent. The decays XbàXcπππ are 
dominated by a single resonance  a1(1260)+. 
 
Looks interesting for an improved 
measurement of γ 

La Thuille 2011 18 
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helpful in early measurements of # "
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Prospects for a measurement ofγfrom loops using BsàK+K- and Bdàπ+π-   
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Figure 8: π+π− (left) and K+K− (right) invariant mass spectra for events surviving the
event selection optimized for the best sensitivity on ACP (B0 → K+π−). The result of the
unbinned maximum likelihood fit is superimposed to the histogram. The various signal
and background components contributing to the fit model are also shown. The dashed
curves represent the sums of all the cross-feed background components, and are dominated
by the B0 → K+π− decay.
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Figure 9: pK− (plus charge conjugate, left) and pπ− (plus charge conjugate, right) invari-
ant mass spectra for events surviving the event selection optimized for the best sensitivity
on ACP (B0 → K+π−). The result of the unbinned maximum likelihood fit is superim-
posed to the histogram. The various signal and background components contributing to
the fit model are also shown. The dashed curve represents the sum of all the cross-feed
background components.

The relevant parameters determined by the maximum likelihood fit are summarized203

in Tab. 7.204
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Figure 8: π+π− (left) and K+K− (right) invariant mass spectra for events surviving the
event selection optimized for the best sensitivity on ACP (B0 → K+π−). The result of the
unbinned maximum likelihood fit is superimposed to the histogram. The various signal
and background components contributing to the fit model are also shown. The dashed
curves represent the sums of all the cross-feed background components, and are dominated
by the B0 → K+π− decay.
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Figure 9: pK− (plus charge conjugate, left) and pπ− (plus charge conjugate, right) invari-
ant mass spectra for events surviving the event selection optimized for the best sensitivity
on ACP (B0 → K+π−). The result of the unbinned maximum likelihood fit is superim-
posed to the histogram. The various signal and background components contributing to
the fit model are also shown. The dashed curve represents the sum of all the cross-feed
background components.

The relevant parameters determined by the maximum likelihood fit are summarized203

in Tab. 7.204

12

Large Penguin contributions are expected for 
BsàK+K- and Bdàπ+π-.  
 
Assuming U-spin and the measured β (Bd 
mixing phase), the time dependent CP 
asymmetry of these decays allows for a 
measurement of γ and βs. 
 
 

L=37 pb-1 

N(Bdàππ)=275±24 

L=37 pb-1 

N(BsàKK)=333±21 
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Direct CP asymmetry in BdàKπ is well established  
(~9σ) but not yet convincing in BsàπK.  
 
Detector asymmetries controlled using D* and  
D0 à Kπ decays taken with both magnet polarities (AD=-0.004±0.004). 
 
Production asymmetry constrained using B±àJ/ΨK± (AP=-0.024±0.016). 
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Roadmap for the φJ/ψφ
s measurement at LHCb

1 Trigger & select B0
s→ J/ψφ events

Together with control channels, B+→ J/ψK+, B0→ J/ψK∗0, ...
2 Measure proper time

Proof of principle: measure B→ J/ψX lifetimes
3 Measure decay angles

P→VV decay: J/ψφ is a mixture of CP odd and CP even states
→ angular analysis to disentangle statistically the 3 amplitudes
Proof of principle: measure transversity amplitudes in B0→ J/ψK∗0 and
B0

s→ J/ψφ and ∆Γs

4 Tag initial flavour
Calibration using control channels:
B0→ J/ψK∗0, B+→ J/ψK+, B0→ D∗−µ+νµ, B0

s→ D−s π+, ...
Proof of principle: measure ∆md and ∆ms

5 Fit differential decay rates (for B0
s and B0

s )

d4Γ(B0
s→ J/ψφ)

dt d cos θ dφ d cos ψ
= f (φs, ∆Γs, Γs, ∆ms, MB0

s
, |A⊥|, |A�|, δ⊥, δ�)

depends on 9 physics parameters and > 15 detector parameters

O. Leroy (CPPM) CP violation in B0
s → J/ψφ at LHCb 2 March 2011 4 / 78



Towards a measurement of the Bs mixing phase: Acceptance 

Wenesday, March 23, 2011 Frederic Teubert 28 

LHCb-CONF-2011-01 

8/ 84

b→ J/ψX lifetimes (1) [LHCb-CONF-2011-001]
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B+→ J/ψK+ B0→ J/ψK∗0 B0
s → J/ψφ

B0→ J/ψK0
S Λb → J/ψΛ

Channel LHCb yield LHCb “lifetime”(*) stat. and sys. (ps) PDG (ps)

B+→ J/ψK+ 6 741 ± 85 1.689 ± 0.022 ± 0.047 1.638± 0.011

B0→ J/ψK∗0 2 668 ± 58 1.512 ± 0.032 ± 0.042 1.525± 0.009

B0→ J/ψK0
S 838 ± 31 1.558 ± 0.056 ± 0.022 1.525± 0.009

B0
s→ J/ψφ 570 ± 24 1.447 ± 0.064 ± 0.056 1.477± 0.046

Λb → J/ψΛ 187 ± 16 1.353 ± 0.108 ± 0.035 1.391+0.038
−0.037

using only lifetime unbiased trigger and t ∈ [0.3, 14] ps
(*) B0

s → J/ψφ proper time fitted by a single exponential!
O. Leroy (CPPM) CP violation in B0
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Selections [LHCb-CONF-2011-001]

Similar selection for all channels B0
s→ J/ψφ, B+→ J/ψK+, B0→ J/ψK∗0, B0→ J/ψK0

S and Λb → J/ψΛ
→ cross-check and systematics
Reconstruct J/ψ → µ+µ−, then simple and small number of cuts
No lifetime biasing cuts (IP, decay length, ...) → significant prompt background at small proper time
Plots with t > 0.3 ps, J/ψ mass constrained:

σm = 10.7 MeV/c2
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Excellent mass resolution, very low background
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Clean signals, very low bkg! 
 
Measurements of lifetimes in 
agreement with PDG, confirms 
understanding of the proper 
time distributions. 
Systematic uncertainties 
probably conservative at this 
very preliminary stage. 
 
Proper time resolution ~ 50 fs! 

L=36 pb-1 L=36 pb-1 
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Untagged angular analysis of B0
s→ J/ψφ (φs fixed to 0) [LHCb-CONF-2011-002]

5D unbinned likelihood fit (m, t , cos θ, ϕ, cos ψ)
Projection on proper time and transversity angles:
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Untagged angular analysis of B0
s→ J/ψφ (φs fixed to 0) [LHCb-CONF-2011-002]

Γs (ps−1) = 0.679 ± 0.036(stat) ± 0.027(sys)
∆Γs (ps−1) = 0.077 ± 0.119(stat) ± 0.021(sys)
|A0|2 = 0.528 ± 0.040(stat) ± 0.028(sys)
|A⊥|2 = 0.263 ± 0.056(stat) ± 0.014(sys)
δ� (rad) = 3.14 ± 0.52(stat) ± 0.13(sys)

CDF note 10206:
Γs (ps−1) = 0.653 ± 0.011(stat) ± 0.005(syst)
∆Γs (ps−1) = 0.075 ± 0.035(stat) ± 0.010(syst)
|A0|2 = 0.524 ± 0.013(stat) ± 0.015(syst)

Compatible with world best measurements

Systematic uncertainties < statistical ones

Will be competitive in 2011

O. Leroy (CPPM) CP violation in B0
s→ J/ψφ at LHCb 2 March 2011 13 / 78

Untagged BsàJ/Ψϕ analysis (Φs fixed to zero) 

The measurements of the transversity 
amplitudes in both untagged  BdàJ/ΨK* 
and BsàJ/Ψϕ are compatible with world 
average à fitting model validated 

L=36 pb-1 
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B0–B0 mixing frequency [LHCb-CONF-2011-003] and [LHCb-CONF-2011-010]

48 k B0→ D∗−µ+νµ

B proper time (ps)
0 1 2 3 4 5 6 7 8 9 10

As
ym

m
et

ry
 in

 ta
g

-0.6

-0.4

-0.2

0

0.2

0.4

0.6 LHCb Preliminary
 = 7 TeV s

Flavour Oscillation signal region
6 k B0→ D−π+

t [ps]
0 2 4 6 8

m
ix

A

-1
-0.8
-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

1

-1 ~35 pb
=7 TeVsLHCb preliminary 

Proof of principle that flavour tagging is working:
measure ∆md in B0→ D−(K+π−π−)π+:
∆md = 0.499± 0.032(stat)± 0.003(sys) ps−1

(World average: ∆md = 0.507± 0.005 ps−1)

OS tagging calibration used in ∆ms measurement
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Tag initial B0
s flavour

εtag = R+W
R+W+U , ω = W

R+W , Tagging power = εeff = εtagD2 = εtag(1− 2ω)2

Mistag fraction, ω, estimated event by event

Tagging algorithm optimized and calibrated on real data with B0→ D∗−µ+νµ, B+→ J/ψK+ and

B0→ J/ψK∗0

O. Leroy (CPPM) CP violation in B0
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LHCb-CONF-2011-03 
LHCb-CONF-2011-10 
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B0
s–B0

s mixing frequency (2) [LHCb-CONF-2011-005]

Use:
per event proper time uncertainties, �σt� = 36 − 44 fs

per event mistag rate, εeff = 3.8± 2.1% (OS only)
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The line at 20.94 indicates the likelihood value evaluated in the limit of infinite mixing frequency

∆ms = 17.63± 0.11(stat)± 0.04(sys) ps−1 (4.6σ stat. significance)

CDF: ∆ms = 17.77 ± 0.10 (stat) ± 0.07 (sys) ps−1
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B0
s–B0

s mixing frequency (3) [LHCb-CONF-2011-005]

 [ps]s m! / "t modulo 2
0 0.1 0.2 0.3

m
ix

A

-1
-0.8
-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

1

LHCb preliminary

 = 7 TeVs
-1~35 pb

 ]-1 [ pss m! 
0 5 10 15 20 25

 a
m

pl
itu

de

-1

-0.5

0

0.5

1

1.5 LHCb preliminary
 = 7 TeVs

-1~35 pb

 stat"yellow band = 1 

Summary of the systematic uncertainties on ∆ms and their quadratic sum:

source ∆∆ms [ps−1]
proper time resolution 0.006

proper time resolution model 0.001
proper time acceptance function 0.000

fixed parameters floating 0.003
diff. background shape in mass fit 0.010

phys. bkg mass templates 0.002
variation of σt and ηc PDFs 0.026

z-scale 0.018
momentum scale 0.018

∆Γs 0.002
total systematic uncertainties 0.038

O. Leroy (CPPM) CP violation in B0
s → J/ψφ at LHCb 2 March 2011 20 / 78
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B0
s–B0

s mixing frequency (1) [LHCb-CONF-2011-005]

Decay mode # signal candidates
Bs → Ds(φπ)π 515 ± 25

Bs → Ds(K∗K )π 338 ± 27
Bs → Dsπ non-resonant 283 ± 27

Bs → Ds3π 245 ± 46

B0
s → D−s (φπ−)π+
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B0
s → D−s 3π
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Fit the φJ/ψφ
s phase

Expected sensitivity using toy MC [arXiv:0912.4175]:
σstat(φ

J/ψφ
s ) ∼ 0.03 rad for 2 fb−1 at 14 TeV (φSM

s = −0.0363± 0.0017 rad)

Today performance measured on real data:

LHCb 36 pb−1 CDF 5.2 fb−1

B0
s→ J/ψφ 960 6500

Proper time resolution 50 fs 100 fs
OS tagging power 2.5± 0.8% 1.2± 0.2%
SS tagging power work ongoing 3.5± 1.4%

⇒ expect world best measurement of φJ/ψφ
s very soon!

O. Leroy (CPPM) CP violation in B0
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Expect world best sensitivity on the Bs 
mixing phase very soon (Beauty 2011?) 19/ 84

B0
s–B0

s mixing frequency (2) [LHCb-CONF-2011-005]

Use:
per event proper time uncertainties, �σt� = 36 − 44 fs

per event mistag rate, εeff = 3.8± 2.1% (OS only)
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The line at 20.94 indicates the likelihood value evaluated in the limit of infinite mixing frequency

∆ms = 17.63± 0.11(stat)± 0.04(sys) ps−1 (4.6σ stat. significance)

CDF: ∆ms = 17.77 ± 0.10 (stat) ± 0.07 (sys) ps−1
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B0
s–B0

s mixing frequency (2) [LHCb-CONF-2011-005]

Use:
per event proper time uncertainties, �σt� = 36 − 44 fs

per event mistag rate, εeff = 3.8± 2.1% (OS only)

]-1 [pss m!
0 5 10 15 20

 ln
 L

!
 -2

 

0

5

10

15

20

25

30

35

40

45

!

LHCb preliminary

 = 7 TeVs

-1~35 pb

 ]-1 [ pss m!
16.6 16.8 17 17.2 17.4 17.6 17.8 18 18.2

 ln
 L

!
 -2

 

0

5

10

15

20

25

-1~35 pb

LHCb preliminary
 = 7 TeVs

The line at 20.94 indicates the likelihood value evaluated in the limit of infinite mixing frequency

∆ms = 17.63± 0.11(stat)± 0.04(sys) ps−1 (4.6σ stat. significance)

CDF: ∆ms = 17.77 ± 0.10 (stat) ± 0.07 (sys) ps−1
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Search for new Lorentz structure: Observation of BdàK*μ+μ- decay 
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La Thuille 2011 26 

Test of NP helicity structure: B ! K*µµ, K*ee, Bs!!" 

Forward backward asymmetry, AFB, is extremely  

powerful observable for testing SM vs NP 
Intriguing hint is emerging !!!  

•! With 1 fb-1 LHCb expects ~1400 events, and 

   should clarify existing situation.  Expected 
   accuracy in AFB zero crossing point is 

   ~0.8 GeV2 in 1 fb-1  

•! BELLE, BaBar and CDF consistent 

  with each other and SM 

•! Flipped C7 scenario looks however 
  more favoured from AFB data 

•! Signal region blinded but background level 

   low as expected 

Measurements at BaBar, BELLE and CDF       
(O(100) events) are consistent, with a slight 
preference for non-SM contributions to C7. 
 
Clean observation at LHCb of BdàK*µ+µ- 

(23±6) events close to expectations. 
Also observation of the rarest B decay at 
LHCb so far: B+àK+µ+µ- (BR~5×10-7). 

B+àK+µ+µ-  

BdàK*µ+µ- 



Search for non SM Higgs contributions: Bd,sàμ+μ- decays 
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arXiv:1103.2465 (submitted to PLB) 

This decay is very sensitive to new scalar and/or 
pseudoscalar interactions. In the MSSM the BR is 
proportional to tan6β/MA

4. 

2 Phenomenology116

Following the notation in [1] one can write the effective Hamiltonian describing the tran-117

sition b→ ql+l− with (q=d,s) in a completely generic approach as:118

Heff = −2GF√
2

α

2π sin
2 θW

VtbV
∗
tq[cAOA + c�AO�

A + cSOS + c�SO�
S + cP OP + c�P O�

P ], (1)

where119

OA = (q̄γµPLb)(l̄γµγ5l), O�
A = (q̄γµPRb)(l̄γµγ5l), (2)

OS = mb(q̄PRb)(l̄l), O�
S = mq(q̄PLb)(l̄l), (3)

OP = mb(q̄PRb)(l̄γ5l), O�
P = mq(q̄PLb)(l̄γ5l). (4)

There is no other operator that can contribute to this decay due to the symmetry in120

the final state. From this effective Hamiltonian one can calculate the expression for the121

branching ratio as:122

BR(Bq → l+l−) =
G2

F α2M3
Bq

f 2
Bq

τBq

64π3 sin
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|VtbV
∗
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�2�
. (5)

where τBq , MBq and fBq are the lifetime, the mass and the decay constant of the Bq123

meson. The factor µq = mq/mb is small and in general cS and cP are of comparable size124

with their counterparts c�S and c�P , hence to a good approximation the expression can be125

simplified to:126

BR(Bq → l+l−) ≈
G2

F α2M3
Bq

f 2
Bq

τBq

64π3 sin
4 θW

|VtbV
∗
tq|2
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M2
Bq
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c2
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�
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2ml

MBq

(cA − c�A)
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. (6)

From this generic equation one can understand the sensitivity of these decays to a non127

SM Higgs contributions (or in general to any new scalar or pseudo-scalar contributions).128

The axial contribution is suppressed by the helicity factor 2ml/MBq with respect to scalar129

and pseudo-scalar terms.130

Within the SM the scalar contribution from the Higgs exchange diagrams is completely131

negligible. The dominant contribution (see Fig. 1, left) stems from the “Z-penguin”132

5

Mode SM 

Bs→ µ+µ-  3.2 ± 0.2 10-9 

B0→ µ+µ-  0.10 ± 0.01 10-9 

A.J.Buras: arXiv:1012.1447 
E. Gamiz et al: Phys.Rev.D 80 (2009) 014503 
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Search for the rare decays Bd,sàμ+μ-. 
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Signal probability from Bàhh’ 

Background probability from sidebands 

Signal probability from Bàhh’ 

Three complementary normalization channels: B+àJ/ψK+, BsàJΨΦ and BdàK+π-. 
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CLS vs BR(BSàµµ) 
BR(Bs→µ+µ-) < 5.6×10-8 @ 95% CL (expected 6.5×10-8) 
 

BR(B0àµ+µ-) < 1.5×10-8 @ 95% CL (expected 1.8×10-8) 
 
 

BR(Bs→µ+µ-) < 4.3×10-8   @ 95% CL 

BR(B0àµ+µ-) < 0.76×10-8 @ 95% CL 

LHCb results with 37 pb-1: 

Already very close to best limits from CDF using 3.7 fb-1: 
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LHCb will either find signs of NP or 
exclude most of the tanβ vs MA plane with 
the 2010/2011 data. 
 
Strong impact on viable SUSY scenarios 
 
Very exciting indeed!  
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Thanks to the superb work at the CERN accelerator departments, LHCb was able to 
collect ~38 pb-1 of pp collisions. This was good enough to provide world class 
measurements at this winter conferences: 
 
 
 
 
 
and open new paths to look for NP in the barely explored Bs system with several new 
decay modes observed. 
 
Many new results are in the pipeline still with 2010 data: βs, D0 mixing… 
 
LHCb is performing very well and the results obtained already guarantee we will start 
exploring “terra incognita” in 2011 provided we get enough luminosity.  
 
LHCb would like to run in 2011 with a visible pp-collisions/bunch crossing up to µ=2 
(2.5 at start-up). Prefer to maximize the number of bunches to minimize µ. 
Luminosity leveling will be crucial and we will run with almost flat luminosity (3×1032 

cm-2 s-1) throughout the year. 
 
 
We would like to get ≥200 pb-1 by end of June and ~1 fb-1 by the end of 2011.

  

Δms = 17.63± 0.11(stat) ±0.04(syst) ps-1 

BR(Bs→µ+µ-) < 5.6×10-8 @ 95% CL 

BR(B0àµ+µ-) < 1.5×10-8 @ 95% CL 
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http://ckmfitter.in2p3.fr 
γ measurement 

•  All measurements together determine (indirectly) the CKM angle γ = (68 ± 4)º 

•  However, as processes involve loops, may be affected by new physics:  
                                   sin (2β + φbd

NP) 
→ should be compared with measurement of γ from tree process:  
     B → DK, unaffected by new physics 
Currently only poorly constrained:  γ = (70 +14 

-21)º (direct measurement) 

A precise measurement of γ from tree processes and improved precision in Vub will show if there  

are new phases involved in Bd mixing processes. 
Wenesday, March 23, 2011 40 Frederic Teubert 

φbd
NP 

2 
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What about the flavour specific asymmetry measured at D0?  
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Towards a measurement of the Bs mixing phase: Angular analysis. 
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Angles

LHCb forward geometry→ small
distortions of angular acceptance
→ corrected with MC

B0
s → J/ψφ angular accptance (MC)
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Validity of MC-angular acceptance corrections tested measuring known
values of polarization amplitude in B0→ J/ψK∗0
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Towards a measurement of the Bs mixing phase: Angular analysis. 
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Untagged angular analysis of B0→ J/ψK∗0
[LHCb-CONF-2011-002]

5D unbinned likelihood fit (m, t , cos θ, ϕ, cos ψ)
Projection on transversity angles:
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LHCb Preliminary
 -1 36 pb≈ = 7 TeV, L s

|A�|2 = 0.252 ± 0.020(stat) ± 0.016(sys)
|A⊥|2 = 0.178 ± 0.022(stat) ± 0.017(sys)
δ� (rad) = −2.87 ± 0.11(stat) ± 0.10(sys)
δ⊥ (rad) = 3.02 ± 0.10(stat) ± 0.07(sys)

BaBar, Phys. Rev. D76, 031102 (2007),

|A�|
2 = 0.211± 0.010± 0.006

|A⊥|
2 = 0.233± 0.010± 0.005

δ� (rad) = −2.93± 0.08± 0.04
δ⊥ (rad) = 2.91± 0.05± 0.03

Compatible with world best measurements
Will be competitive in 2011
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Towards a measurement of the Bs mixing phase: Angular analysis. 

Wenesday, March 23, 2011 Frederic Teubert 44 

14/ 84

Untagged angular analysis of B0
s→ J/ψφ (φs floating) [LHCb-CONF-2011-002]
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Coverage-adjusted two-dimensional profile likelihood of ∆Γs − φs

As expected, ∼no constraint on φs. However, can still limit ∆Γs

4-fold ambiguity
→ use flavour tagging to discard two solutions
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