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Outline

• The ATLAS detector

• Observation of Charmonium, Upsilon & charm states

• ATL-COM-PHY- 2010-034, ATLAS-CONF-2011-017

• Inclusive differential cross-section of J/ψ production

• Measurement of the fraction of non-prompt J/ψ decays, & prompt & non-
prompt cross sections

• Submitted Nuc. Phys. B

• Exclusive B-meson decays

• ATLAS-CONF-2010-098

• Summary and Outlook
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The ATLAS Detector

• For B-physics measurements, requirement on excellent tracking capabilities 
and muon identification available with the ATLAS detector.

3

•Muon Spectrometer
•|η|<2.7
•Toroid B-Field, average ~0.5T
•Muon Momentum resolution 
σ/p< 10% up to  ~ 1 TeV

•Inner Detector
•|η|<2.5, 
•Solenoid B=2T
•Si Pixels, 
•Si strips, 
•Transition Radiation Tracker (TRT)
•σ/pT ~ 3.4x10-4 pT + 0.015  for (|η|<1.5)
•Used for Tracking and Vertexing:
• Precise momentum 
    and lifetime measurements
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LHC Delivered

ATLAS Recorded

-1Total Delivered: 48.9 pb
-1Total Recorded: 45.0 pb

• Muon identification is key to many B-physics 
analyses:

• Clean trigger signature.

• Ever increasing instantaneous luminosity requires 
use of number of triggers to maximise statistics.

• (0, 4, 6 GeV pT thresholds), single and di-muon triggers.

• Early period of data-taking essential to study, as access to 
low-pt region.

• Later periods with higher instantaneous luminosities 
need higher threshold triggers & individual trigger studies.

• Di-muon invariant mass distribution from ρ to Z from 
all good-quality recorded 2010 7 TeV pp collision data passing a pT >15 GeV muon trigger.
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Muon Trigger and Performance
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One muon pT >15 GeV, 
other pT > 2.5 GeV
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Charmonium Observations

• Key signatures of B-meson decays go through Charmonium states.

• e.g. Bd→J/ψ(µµ)Ks , Bs→J/ψ(µµ)Φ;

• J/ψ also a ‘standard candle’ in commissioning and studying detector 
performance.

• ψ  and ϒ  QCD production needs to be understood

• Invariant mass distribution of J/ψ and ψ(2S) from all recorded pp 7 TeV, 
2010 data passing a suite of muon-based triggers.

5

 [GeV]µµm
2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2

D
i-m

uo
n 

C
an

di
da

te
s 

/ (
 0

.0
17

 G
eV

 )

0

20

40

60

80

100

310×
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Fit projection of bkg. = 7 TeVs
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µ

 1 MeV± = 65 J/

ATLAS Preliminary One muon pT >4 GeV, 
other pT > 2.5 GeV

• Mass position in good agreement 
with PDG expectations:

• M(J/ψ) = 3095 ± 3 (syst.) MeV 

• MPDG     = 3096.916 ± 0.011 MeV
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Observation of Upsilon System

• Observation of the three Upsilon resonances 
separated into detector regions of muons in:

• Barrel – Barrel, Endcap – Barrel 
and Endcap – Endcap.

• Full 2010 pp data passing single- or di-muon triggers,
increasing pT thresholds with increasing instantaneous luminosity. 

• Muons were required to have pT > (2.5, 4) GeV and
energy > 3 GeV, and to be reconstructed within a 
pseudo-rapidity < 2.5. 

• Extended maximum likelihood fit performed using 
three single Gaussians with common sigma and fixed 
mass-differences
∆M.

• Resolution in 
barrel region is 
clearer.

• Similar event 
yields in each.

• Cross-section 
measurement in
progress.
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D Mesons
• ATLAS is also measuring production of charm mesons

7

D*+→ D0π+→ (K-π+)π+

Ds+ → Φπ+ → (K-K+)π+ D+→K-π+π+
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Differential Cross-sections extracted

• Differential cross-sections with pT and η seem to be above predictions 

8

D±

D*±
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J/ψ Differential Cross-Section

• ATLAS measurement of the inclusive J/ψ differential cross-section in bins of rapidity 
(y) and pT using single muon triggers

• Uses data collected between April and August of 2010.

• Important inputs to measurement from:

• Theoretical uncertainties from spin-alignment, possible strong effect on 
detector acceptance - not (yet) measured at LHC.

• Efficiency determinations for trigger and muon reconstruction

• Reconstruction efficiencies from data

• Trigger efficiencies in fine bins from MC, bins weighted with match data.

• Measured the fraction of non-prompt production cross-section as a function J/ψ pT,y.

• Direct production and feed-down from higher mass charmonium states. 

• Non-prompt J/ψ’s produced in the decay of long-lived B-hadrons.

• Many uncertainties cancel in the fraction,

• Makes a suitable measurement for early data analysis.

• Differential prompt and non-prompt cross-sections also extracted

9
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1 Introduction15

The production of heavy quarkonium at hadron colliders provides particular challenges and opportunity16

for insight into the theory of Quantum Chromodynamics (QCD) as the mechanisms of production operate17

here at the boundary of the perturbative and non-perturbative regimes. Despite being among the most18

studied of the bound-quark systems, we still lack a clear understanding of the mechanisms at work19

in the production of quarkonium states like the J/ψ that can consistently explain both the production20

cross-section and spin-alignment measurements in e+e−, heavy-ion and hadron-hadron collisions, either21

separately or in a unified way (see review articles [1] and references therein).22

Data obtained by the Large Hadron Collider (LHC) collaborations can help shed new light on these23

processes and test existing theoretical models of both quarkonium production and b-production in a new24

energy regime and at higher transverse momenta and in wider rapidity ranges than have previously been25

studied. Furthermore, quarkonium production in proton-proton collisions plays a key role as a probe of26

heavy ion collisions and a reference point for beginnning to understand the interplay between production27

and suppression mechanisms in such collisions [2].28

This paper presents a measurement of the inclusive J/ψ production cross-section and the production29

fraction fB of non-prompt J/ψ (produced via the decay of a B-hadron) to inclusively-produced J/ψ30

(hereafter referred to as the non-prompt fraction):31

fB ≡
dσ(pp→ B + X → J/ψ X′)

dσ(pp
Inclusive
−−−−−−→ J/ψ X′′)

(1)

in the decay channel J/ψ → µ+µ− as a function of both J/ψ transverse momentum and rapidity in pp32

collisions at the LHC at a centre-of-mass of 7 TeV and with an integrated luminosity of up to 2.44 pb−1.33

The fraction has the advantage that many acceptances and efficiencies should be the same for the numer-34

ator and denominator, and so systematic effects are reduced. The results of these analyses are compared35

to those made by the CMS Collaboration [3] with 314 nb−1 of integrated luminosity and those from the36

CDF Collaboration [4] where appropriate.37

From these measurements, we extract measurements of the prompt J/ψ production cross-section38

(dσ(pp→ J/ψ X′), produced directly from the proton-proton collisions or from decays of heavier char-39

monium states like the χc or ψ(2S )) and the non-prompt (dσ(pp → B + X → J/ψ X′)) J/ψ production40

cross-section. These results are compared to corresponding predictions made by the Colour Evapora-41

tion Model [5], Fixed-Order Next-to-Leading Log (FONLL) [6] and Colour Singlet NNLO$ calcula-42

tions [7, 8]. Further details of the results of measurements presented here may be found in supporting43

documentation in reference [9].44

2 The ATLAS Detector and Data Processing45

In this section, the collection and processing of the data used in the paper are illustrated. This involves a46

description of the most relevant subsystems of the ATLAS detector [10]: the trigger system, the triggers47

used and the offline data processing, in particular the selection of candidate muons.48

2.1 The ATLAS detector49

The ATLAS detector covers almost the full solid angle around the collision point with layers of tracking50

detectors, calorimeters and muon chambers. For the measurements presented in this paper, the trigger51

system, the Inner Detector tracking devices (ID) and the Muon Spectrometer (MS) are of particular52

importance.53
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• Trigger:

• Differential cross-section

• Required events passing a minimum-bias trigger, with a muon 
signature at the High-Level Trigger (HLT)

• Gives access to low-pT candidates;  high prescales applied at 
later periods

• Luminosity used corresponds to 2.27 pb-1.

• Fraction measurement

• Either the above trigger, or a single-muon trigger,

• Increased statistics, more so in higher-pT regions.

• Luminosity recorded corresponds to 2.44 pb-1.

• Offline reconstruction

• Require two muons using the tracker & the muon system, with 
at least one 
reconstructed in the muon system and then matched to an ID 
track.

• Each muon required to have momentum > 3 GeV, pseudo-
rapidity < 2.5.

• Vertex fit is made using the oppositely-charged associated Inner-
detector 
tracks.

• Main contribution to background is from “fakes”, decays in flight and 
muons from heavy-flavour decays.

Candidate Selection

10

!"#$%&"'#()*+,-(+*+%.%/)"(0%1*"($2',%+3%45647%%%88%%%79:%;<=<%%%%88%%%%%%%%;<%>$(%;<=<%% ?"@)%A

!"#$%&'(#$)*&"(*+#$%,$-%)'.'(*+#$%/#&%BC!

D$EF+3)G%E2$3

92$3%,H)I#'$E)#)'%%D"*$'+E)#)',%%J33)'%
K)#)I#$'

LF,)'("#+$3%$M%I-"'E$3+2E%')N2+'),%@$$G%J33)'%K)#)I#$'%#'"IO+3@%PM$'%
#'"IO%H"'"E)#)'%E)",2')E)3#Q%"3G%92$3%7H)I#'$E)#)'%H)'M$'E"3I)%
PM$'%E2$3%+G)3#+M+I"#+$3%"3G%#'+@@)'+3@Q%
4#%#-)%E2$3%E$E)3#"%#0H+I"*%M$'%BC!R%E)",2')E)3#%G$E+3"#)G%F0%J33)'%K)#)I#$'%#'"IO+3@

J3%,)*)I#+$3%$M%BC!%I"3G+G"#),%S)%I$3,+G)'%#S$%#0H),%$M%E2$38

%%%5"@@)G%E2$3

0#12+$'-%E2$3,%-"()%"3%JK%#'"IO%
E"#I-)G%#$%"%97%#'"IO%"3G%')M+##)G%#-'$2@-%
#-)%G)#)I#$'%#$%@+()%#-)%F),#%E)",2')E)3#T
4#%*)",#%$3)%E2$3%+3%"%H"+'%E2,#%F)%
I$EF+3)GT

3,44'-%E2$3,%"')%JK%#'"IO,%E"#I-)G%#$%
E2$3%,)@E)3#,%S-)3%)U#'"H$*"#)G%#$%#-)%
97T%72I-%E2$3,%@)3)'"**0%-"()%*$S%
E$E)3#2ET

Wednesday, 16 March 2011



Roger JonesMoriond Electroweak Week  – 2011

Event Weighting

• From fits to data, extract the yields of J/ψ in each pT and y region:

• To go from yields to cross-section:

• Need to correct for detector acceptance, reconstruction and trigger 
efficiencies:

• Event weighting procedure:

• Weight is applied to each candidate passing the event selection.

• Trigger efficiency extracted from data for each “Combined” and “Tagged” 
muon type and each trigger condition; uses a data ‘tag & probe’ method 
combined with MC for finer binning.

• Efficiency to reconstruct muons in the detector determined from data using a 
‘tag and probe’ method.

11
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the event being included. From the initial period, events triggering either the L1 muon trigger or the EF140

Minimum Bias Trigger are used (whereas only the L1 muon trigger is used for the cross section). For141

intermediate instantaneous luminosities the L1 muon trigger is used alone since the EF minimum bias142

trigger is highly prescaled at this stage. For the highest instantaneous luminosities, events are accepted143

which pass any of the EF muon triggers with pT thresholds of 4, 6 or 10 GeV. During the runs with144

the highest instantaneous luminosities, the triggers with 4 and 6 GeV are prescaled; however, the 10145

GeV threshold trigger is not. The inclusion of this unprescaled trigger along with the addition of the146

EF minimum bias trigger for the B→ J/ψ non-prompt fraction measurement results in a slightly higher147

integrated luminosity of 2.44 pb−1.148

To veto cosmic rays, events passing the trigger selection are required to have at least three tracks149

associated with the same reconstructed primary vertex. The three tracks must each have at least one hit150

in the pixel system and at least six hits in the SCT.151

Each remaining event is required to contain at least one pair of reconstructed muons. Only muons152

associated with ID tracks that have at least one hit in the pixels and six in the SCT are accepted. Di-muon153

pairs with opposite charges are considered to be J/ψ candidates if one of the muons is combined. The154

tagged-tagged combinations are excluded, and the impact of their inclusion on the final result is only155

studied as a systematic cross check. At least one reconstructed muon candidate is required to match a156

muon trigger (that is, at least one muon from the J/ψ candidate should have fired the trigger). For the157

early data, when the trigger is essentially based on the L1 muon trigger, the offline and trigger muon158

candidates are required to match to within ∆R =
√

∆η2 + ∆φ2 ≤ 0.4 at the MS plane; for the later data159

taking, where the EF muon trigger is used, the offline and trigger muons are required to match within160

∆R ≤ 0.005.161

The two ID tracks from each pair of muons passing these selections are fitted to a common vertex162

[17]. No constraints are applied in the fit and a very loose vertex quality requirement, which retains over163

99% of the candidates, is used.164

For the B → J/ψ non-prompt fraction analysis, where lifetime information is an important element165

of the fit, additional requirements are made on the J/ψ → µ+µ− candidates. The probability of the fit to166

the J/ψ vertex is required to be greater than 0.005. For this measurement J/ψ candidates are rejected if167

the two muon candidate tracks were used to build different primary vertices in the offline reconstruction168

(such there is an ambiguity as to which primary vertex to use in the lifetime calculation. This rejects169

fewer than 0.2% of the J/ψ candidates. This selection is not applied for the cross section analysis.170

4 Inclusive J/ψ → µ+µ− Differential Production Cross-Section171

The measurement of the inclusive differential cross-section is given by172

d2σ(J/ψ)
dpT dy

· Br(J/ψ→ µ+µ−) =
N

J/ψ
corr

L · ∆pT∆y
(2)

where N
J/ψ
corr is the J/ψ yield in a given pT − y bin after correction for detector efficiency, migration173

and acceptance effects, L is the integrated luminosity of the data sample and ∆pT and ∆y are the pT174

and rapidity bin widths. The probability that a J/ψ → µ+µ− decay is reconstructed depends on the175

kinematics of the decay, as well as the muon reconstruction and trigger efficiencies. In order to recover176

the true number N
J/ψ
corr of such decays produced in the collisions, a weight w is applied to each observed177

J/ψ candidate on a candidate-by-candidate basis, defined as the inverse of that probability and calculated178

as follows:179

w−1 = A ·M · E2
trk · E

+
µ(p+T , η

+) · E−µ(p−T , η
−) · Etrig (3)

Single muon offline efficiencies Trigger
efficiency

Track recon
efficiency

Resolution migration

Kinematic
acceptance
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where A is the kinematic acceptance,M is a correction factor for bin migrations due to finite detector180

resolution, Etrk is the ID tracking efficiency and Eµ is the single-muon offline reconstruction efficiency.181

Here p±T and η± are the transverse momenta and pseudorapidities of the positive and negative muons182

from the J/ψ decay. The trigger efficiency Etrig for a given J/ψ candidate is calculated from single-muon183

trigger efficiencies E±trig(p±T , η
±) as follows:184

Etrig = 1 −
(

1 − E+trig(p+T , η
+)
)

·
(

1 − E−trig(p−T , η
−)
)

. (4)

The resultant weighted invariant mass peak is then fitted (see Section 4.4) to distinguish the true J/ψ185

yield from background continuum.186

4.1 Acceptance187

The kinematic acceptanceA(pT , y) is the probability that the muons from a J/ψ with transverse momen-188

tum pT and rapidity y fall into the fiducial volume of the detector. This is calculated using generator-level189

Monte Carlo, applying cuts on the momenta and pseudorapidities of the muons to emulate the detector190

geometry. Global cuts of |#p+|, |#p−| > 3 GeV for |η+|, |η−| < 2.5 are supplemented by finer pT thresh-191

olds in certain slices of η to ensure that regions of detector where the offline and trigger efficiencies are192

unacceptably low are not included in the analysis.193

The acceptance also depends on the spin alignment of the J/ψ which is not known for LHC condi-194

tions. The general angular distribution for the decay J/ψ → µµ in the J/ψ decay frame is given by (see195

[18] and references therein):196

d2N

d cos θ%dφ%
∝ 1 + λθ cos2 θ% + λφ sin2 θ% cos 2φ% + λθφ sin 2θ% cos φ% (5)

where θ% is the angle between the direction of the positive muon momentum in the J/ψ decay frame and197

the J/ψ line of flight, while φ% is defined as the angle between the J/ψ production and decay planes in198

the lab frame (see Figure 1). The coefficients λθ, λφ, λθφ are related to the spin density matrix elements199

of the J/ψ spin wave function (see [18] and references therein)200

|J/ψ 〉 = A−| − 1〉 + A0|0〉 + A+| + 1〉. (6)

A large number of possible combinations of the coefficients λθ, λφ, λθφ have been studied, including201

some with λθφ ! 0. Five extreme cases have been identified that lead to the biggest variation of accep-202

tance within the kinematics of the ATLAS detector and define an envelope in which the results may vary203

under all possible polarisation assumptions:204

1. Isotropic distribution, independent of θ% and φ%, with λθ = λφ = λθφ = 0, labelled as “FLAT”.205

This is used as the main (central) hypothesis.206

2. Full longitudinal alignment (A0 = 1, A+ = A− = 0) with λθ = −1, λφ = λθφ = 0, labelled as207

“LONG”.208

3. Transverse alignment (A+ = 1, A0 = A− = 0 or A− = 1, A+ = A0 = 0) with λθ = +1, λφ = λθφ = 0,209

labelled as T+0.210

4. Transverse alignment (A+ = A−, A0 = 0) with λθ = +1, λφ = +1, λθφ = 0, labelled as T++.211

5. Transverse alignment (A+ = −A−, A0 = 0) with λθ = +1, λφ = −1, λθφ = 0, labelled as T+−.212

Two-dimensional acceptance maps are produced in bins of pT and y of the J/ψ , for each of these five213

scenarios, and are illustrated in Figure 2. The maps are obtained by reweighting the flat distribution at the214

generator level using Equation 5. The central value for the cross-section measurement is obtained using215

the flat distribution, and the measurement is repeated using the other scenarios to provide an envelope of216

maximum variation, which is stated as a separate uncertainty.217
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ATLAS   CMS   LHCb 

dN

dΩ
= 1 + λθ� cos2 θ� + λφ� sin2 θ� cos 2φ� + λθ�φ� sin 2θ� cosφ�

1− 3|a0|2

1 + |a0|2

√
2Re [a∗0(a+1 − a−1)]

1 + |a0|2
2Re a∗+1a−1

1 + |a0|2

• Detector Acceptance depends strongly on the spin alignment, or 
polarisation of the  J/ψ
• not (yet) measured under LHC conditions and will be an important 

future measurement.

• Take 5 working points:

• Covers maximum acceptance variations; applied as systematic 
uncertainty in final measurement.
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• Central points from “Flat” spin-alignment hypothesis, Yellow is envelope of all hypotheses.

• Good agreement with CMS, generally reduced uncertainties
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• Decays to J/ψ can proceed via various mechanisms:

• Direct processes, e.g. from prompt production and 
decays of heavier charmonium (χc) states: 

• Decays occur at production point in detector.

• From B-hadron decays to J/ψ, many of which occur away from the production 
point of the interaction in the detector.

Non-Prompt Fraction Measurement

14

C.Maiani HP2010

๏ J/ψ can be produced in prompt and non-prompt (b-hadrons) decays

๏ We define the prompt to non-prompt ratio as:

๏ The pseudo-proper decay time separates prompt from non-prompt 

candidates

Prompt to Non-Prompt J/ψ Production Cross-Section Ratio

13

R =
dσ(pp → bb̄X → J/ΨX �)

dσ(pp → J/ΨX ��)

τ =
LxymJ/Ψ

pJ/ΨT

non-prompt 
component

prompt 
component

Lxy → xy displacement 
of the candidate wrt the 

primary vertex and 
projected on its pT

Pseudo-Proper Time 

• Pseudo-proper lifetime discriminates between                                                 
“prompt” & “non-prompt” decays.

• Simultaneous maximum likelihood fit performed to 
mass and lifetime distributions to extract ratio 
in many bins of J/ψ y, pT.
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Non-Prompt Fraction

• Non-prompt fraction as a function of J/ψ transverse momentum for each of 
the rapidity regions.

• Agreement is good compared to other experiments.
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Non-Prompt Cross-Section

• Corrected non-prompt cross-section as a function of J/ψ transverse 
momentum for each of the rapidity regions.

• Agreement is good with predictions.
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FONLL v1.3.2 (+CTEQ6.6): 
M. Cacciari, M. Greco and P. Nason, JHEP 9805 (1998) 007, arXiv:hep-ph/9803400;
M. Cacciari, M. Greco and P. Nason, JHEP 0103 (2001) 006, arXiv:hep-ph/0102134.
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Prompt Cross-Section

• Corrected prompt cross-section as a function of J/ψ transverse momentum 
for each of the rapidity regions.

17

• Predictions from three 
theoretical models are 
overlaid.

• Agreement is in general 
good, with some 
discrepancy at high pT. 

• Important area of future 
study to provide 
improvements of 
understanding in 
J/ψ production.
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A total of 75k J/ψ candidates fulfilling the above criteria are found in the preselected events.
Di-muon track pairs passing the J/ψ candidate selection presented above are again fitted to a common

vertex with an additional third track having pT greater than 2.5 GeV. The 3-track vertex fit is performed
by constraining the muon tracks to the J/ψ world average mass and assigning a kaon mass hypothesis to
the third track. Fitted triplets are considered to be “loose” B± → J/ψK± decay candidates if:

• The χ2/d.o.f. of the three-track vertex fit is less than 6;

• The overall pT of the three-track combination (calculated from the refitted parameters) is greater
than 10 GeV.

A total of 13k candidates fulfilling the above criteria are found in a wide mass range 4000 − 7000 MeV.
Figure 2 shows the invariant mass distribution of these “loose” J/ψK± candidates, separated by charge.
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Figure 2: Invariant mass distributions of reconstructed J/ψK+ (solid circles) and J/ψK− candidates
(triangles) in mass range 4000 − 7000 MeV passing the selection criteria described in Section 5.

6 Fit to invariant mass distribution

An unbinned maximum-likelihood fit is used to extract the B± mass and the number of B± signal candi-
dates from the data. The likelihood function is defined by:

L =

N
∏

i=1

Fsignal(mi
J/ψK ) + Fbkg(mi

J/ψK ) (1)

where N is the total number of J/ψK± candidates in the invariant mass range mmin < mJ/ψK < mmax,
with mmin = 5000 MeV and mmax = 5600 MeV. The Fsignal and Fbkg are probability density functions
that model the B± signal and background mass shapes in this range. For the signal, the mass is modelled

4

Observations of B mesons – B±→J/ψ(µµ)K±

• Observation in ATLAS of the decay B±→J/ψ(µµ)K±

• Reference channel for other B decay measurements

• Cross-section imminent 

• Data taken from June to August 2010, using single- and 
di-muon triggers.

• J/ψ candidates selected with additional track

• assigned mass of Kaon.

•  Mass constraint is applied to J/ψ → µµ system and fitted to common vertex with ‘kaon’.

• Signal yield of 325 ± 36 candidates from 3.4 pb-1 data.
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Figure 1: J/ψ→ µ+µ− candidates passing the cuts for the J/ψ selection. Those used in the the search for
B± candidates are subject to a tighter mass window, as shown by the dotted vertical lines. The points are
data. The solid line is the result of an unbinned maximum likelihood fit to all di-muon pairs in the mass
window 2700−3500 MeV and the dashed line is the result for the background of the same fit. The signal
is described using a Gaussian with per candidate uncertainties and the background is modelled with a
linear description: for details see [8]. The given error on the fitted mass is statistical only.
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Figure 3: J/ψK± candidates in a narrow mass window (no distinction made between charges of the
combinations). The solid line is the projection of the result of the unbinned maximum likelihood fit
to all J/ψK± candidates in the mass range 5000 − 5600 MeV. The dashed line is the projection for the
background component of the same fit.

• If one track participated in the reconstruction of a primary vertex, and the other did not, that
primary vertex is used for Lxy.

• If the two tracks from the J/ψ candidate decay participated in the reconstruction of different pri-
mary vertices, the event is rejected, since studies have indicated that such candidates form only
background and are unlikely to be true J/ψs. Fewer than 0.1% of the selected events have such an
ambiguous J/ψ candidate.

In all cases, the primary vertex is refitted after removing the tracks of the J/ψK± system and the
refitted vertex is used in the calculation of Lxy.

The condition Lxy > 300 µm is imposed on the data, reducing the background by a factor of 6.
With this requirement, about 13% of the signal is lost, in fair agreement with MC expectations for signal
events. In the wide mass range 4000 − 7000 MeV, 3.8k candidates survive this Lxy cut. Figure 4 shows
the invariant mass distribution for all such candidates, with those containing a negative third track (B−

candidates) plotted separately from the B+ candidates.
Figure 5 shows the invariant mass distribution for B± candidates passing all the above selections in

the reduced mass range 5000−5600 MeV. The result of the unbinned maximum likelihood fit is projected
onto the distribution. The B± mass returned by the fit is 5283.2 ± 2.5 MeV, which is consistent with the
world average value of 5279.17 ± 0.29 MeV [1]. The number of B± signal decays is 283 ± 22 and the
mass resolution of the B± signal is 39± 3 MeV. The number of background candidates in the mass range
mB± ± 3σm, is 131 ± 13. All given errors are statistical.

In Figure 6, the invariant mass distributions are shown for B+ and B− candidates separately. B+ and
B− candidates are fitted as described above. The numbers of B+ and B− signals and their reconstructed
masses are equal within the statistical precision of current data. The mass resolution is the same for B+

and B− and agrees with the resolution expected from MC simulation.

6
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B±→J/ψ(µµ)K±

• Further reduction in background contamination can be achieved with a cut on the 
transverse decay length:    Lxy > 0.3 mm 

• Factor of 6 reduction in background with ~13% loss of signal.

• Mass (5283 ± 2.5 MeV) is compatible with PDG value: 5279.17 ± 0.29 MeV.

• Positive and Negative states are observed with consistent fitted parameters.
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Figure 4: Invariant mass distributions of reconstructed J/ψK+ (solid circles) and J/ψK− candidates
(triangles) in mass range 4000 − 7000 MeV passing the selection criteria described in Section 5 after
requiring a displaced vertex with Lxy > 300 µm as described in Section 7.
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Figure 5: Invariant mass distribution of reconstructed B± → J/ψ K± candidates. The points with error
bars are data. The solid line is the projection of the result of the unbinned maximum likelihood fit to
all J/ψK± candidates in the mass range 5000 − 5600 MeV. The dashed line is the projection for the
background component of the same fit.
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Figure 4: Invariant mass distributions of reconstructed J/ψK+ (solid circles) and J/ψK− candidates
(triangles) in mass range 4000 − 7000 MeV passing the selection criteria described in Section 5 after
requiring a displaced vertex with Lxy > 300 µm as described in Section 7.
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Figure 5: Invariant mass distribution of reconstructed B± → J/ψ K± candidates. The points with error
bars are data. The solid line is the projection of the result of the unbinned maximum likelihood fit to
all J/ψK± candidates in the mass range 5000 − 5600 MeV. The dashed line is the projection for the
background component of the same fit.

7

The scale factors S for both B+ and B− signals are consistent with each other as well as with the
value obtained from MC events. The results of the fits to data and MC simulation are summarized in
Table 1.
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Figure 6: Invariant mass distributions of reconstructed B+ → J/ψ K+ (top) and B− → J/ψ K− candidates
(bottom). The points with error bars are data. The solid line is the projection of the result of the unbinned
maximum likelihood fit to all J/ψK+ and J/ψK− candidates in the mass range 5000 − 5600 MeV. The
dashed line is the projection for the background component of the same fit.
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The scale factors S for both B+ and B− signals are consistent with each other as well as with the
value obtained from MC events. The results of the fits to data and MC simulation are summarized in
Table 1.
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Figure 6: Invariant mass distributions of reconstructed B+ → J/ψ K+ (top) and B− → J/ψ K− candidates
(bottom). The points with error bars are data. The solid line is the projection of the result of the unbinned
maximum likelihood fit to all J/ψK+ and J/ψK− candidates in the mass range 5000 − 5600 MeV. The
dashed line is the projection for the background component of the same fit.
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Summary and Outlook

• First year of data-taking has been highly successful.

• Observation of J/ψ and ψ(2S).

• Observation of the three Upsilon states.

• D meson states observed and cross section extracted

• B±→J/ψ(µµ)K± observed, Bd→J/ψ(µµ)K*0, Bs→J/ψ(µµ)ϕ imminent

• Measurement performed of J/ψ differential cross-section 

• plus fraction of non-prompt to inclusive decays, prompt and non-
prompt differential cross-sections.

• Short and longer term plans include

• Exclusive decays Bc→J/ψ(µµ)π, 

• Continue preparations for searches on rare decays such as Bs→µµ 
 and studies into CP violation.

• Updates of current results using full dataset and many more measurements 
in progress.

• 2011 and beyond promises bring many more exciting results.
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