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FROM LHC TO HL-LHC
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<PU>max~50

HL-LHC / Phase 2 
<PU>max~140

LHC operation up to LS3 (2023)
25 ns bunch spacing, instantaneous luminosities up 

to 2×1034 (2x design!). Accumulate ~300 fb–1 by 2023

HL-LHC operation beyond LS3 (2025+)
New low-β triplets and crab-cavities to optimize the bunch overlap at the interaction region.

Level the instantaneous luminosity at 5×1034 from a potential peak value of 2×1035.  
Deliver ~250 fb−1 per year for 10 years of operation, accumulate up to 3000 fb–1.

Here���������	
��������������������  w
e���������	
��������������������  are!



FLAVOUR PHYSICS @  
FUTURE CMS
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High luminosity × Large production cross section = 
ONE OF THE BIGGEST B HADRON DATA SETS ON EARTH

◼ A unique test bench for flavour physics predictions.
◼Measurements which require huge statistics will have a significant 

boost, such as CP phase in Bs→J/ψφ, B→K*μμ.
◼Will allow to study (ultra) rare processes at a sensitivity level never 

attained, such as B→μμ, or lepton-flavor violating decays such as 
B→μτ, τ→μμμ.

d B0
s! µ+µ�

B0
s

W+

W�
Z0

t

b

s

µ+

µ�

e B0
s! µ+µ�

B0
s

W+

⌫

W�

t

b

s µ�

µ+

B(s,d)→μ+μ–���������	
��������������������   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��������������������  analysis���������	
��������������������  today!



THE CHALLENGE 
TOWARD HL-LHC
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◼ Capability of operating at a very high pile-up of 140 interactions.
◼ The detector has to survive up to 3000 fb–1, and to year 2035.
◼ Need to preserve a similar performance even at 140 PU, 3000 fb–1 

as the current detector as in Run-I.
◼Maintain current trigger acceptance for HL- LHC conditions, and 

preserve lowest possible trigger and analysis thresholds.

An event with 78 reconstructed vertices –– expected to exceed 
doubled pile-up events at the running condition of HL-LHC.



SCOPE OF CMS UPGRADE
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New tracker system:
- Feature 4 pixel barrel layers and 5 disks on the 

endcaps with half of  the material budget in the 
central region.

- Combined with a smaller silicon sensors pitch, 
the momentum resolution will be improved, and 
help to separate B0 and Bs signals.

Enhanced L1 trigger:
- Hardware track trigger at level-1 and maintaining 

low thresholds at HL-LHC luminosities. 
- Higher L1 trigger and software high-level trigger 

(HLT) accept rates [5-10 times to the phase-I].
- Extended trigger capabilities for the muon system 

with improved coverage in the forward direction.

2.4. Performance estimates 57

Figure 2.21: Number of hits (left) and radiation length (right) versus h for the Phase-II Tracker
and the Phase-I Tracker. The radiation length distribution is shown for the tracking acceptance
of the Phase-I Tracker, and reflects only the material inside the tracking volume; the expected
contribution of the Phase-I pixel detector (hashed histogram) is provisionally used also for the
Phase-II Tracker.

Outer Tracker high-pT stubs). The tkLayout program provides summaries and statistics such
as total number of modules, active surface, number of channels, power consumption, total
weight, etc. The software also calculates the total radiation length and interaction length as a
function of pseudorapidity, and hence the expected fraction of interacting particles and photon
conversions.

The Phase-II Tracker offers a significantly extended tracking acceptance compared to the Phase-
I Tracker, with slightly fewer hits per track over the common h range (see Fig. 2.21 left).

The inactive material inside the tracking volume is substantially reduced, as shown in the right
plot of Fig. 2.21, where the distribution of radiation length versus h for the Phase-I Tracker is
compared to that expected for the current model of the Phase-II Tracker.

For the current Tracker, the peak observed in the rapidity region 1.0 < h < 1.5 has two main
components: the printed circuit boards and the related electrical interconnections implement-
ing the control electronics, that are located at the end of the barrel regions, and the conductors
bringing the current to the FE electronics, that have a large cross section and are crossed five
times in that rapidity range due to the specific detector layout, with a shorter Inner Barrel com-
plemented by Inner Disks.

In the Phase-II Tracker there are no dedicated control electronics, since the control function-
alities are integrated with the readout in a single optical data link; the cross section of the
conductors for the Front-End powering is substantially reduced all the way to the individual
modules, thanks to implementation of DC/DC converters on the Service Hybrids; moreover,
all barrel layers have the same length. In the Phase-II Tracker the material of the modules is the
main contributor to the total material of the detector, and the gradual increase in the amount
of material up to h ⇡ 2.3 is mostly due to the inner layers of the TBPS, which are traversed at
low incident angles by high-rapidity tracks emerging from the LHC collisions: this motivates
the study of the tilted TBPS geometry, which could mitigate that effect.

Material budget for  
Phase-I/Phase-II tracker

Phase-I pixel
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Bs,d→μ+μ– decays are only proceed 
through FCNC processes and are  
highly suppressed in SM: 

Loop diagram + Suppressed SM + 
Theoretically clean =  
An excellent place to look for new physics.
Some of the new physics scenarios  
may boost the B→μμ decay rates  
by 10~20 times easily, for example:
- 2HDM: B ∝ tan4β & m(H+)
- MSSM: B ∝ tan6β

Bs/Bd ratio – a stringent test of  
minimal flavor violation hypothesis.

Figure 2: Correlation between the branching ratios of Bs ! µ

+
µ

� and Bd ! µ

+
µ

�

in MFV, the SM4 and four SUSY flavour models. The gray area is ruled out experi-
mentally. The SM point is marked by a star.

3.2 Bs ! µ+µ� vs. Bd ! µ+µ�

The correlation between the decays Bs ! µ

+
µ

� and Bd ! µ

+
µ

� is an example of a
“vertical” correlation mentioned in section 2. Beyond the SM, their branching ratios
can be written as

BR(Bq ! µ

+
µ

�) / |S|2 �1� 4x2
µ

�
+ |P |2, (5)

S = C

bq
S � C

0bq
S , P = C

bq
P � C

0bq
P + 2xµ(C

bq
10 � C

0bq
10 ) , xµ = mµ/mBs . (6)

Order-of-magnitude enhancements of these branching ratios are only possible in the
presence of sizable contributions from scalar or pseudoscalar operators. In two-Higgs-
doublet models, the contribution to C

bq
S from neutral Higgs exchange scales as tan �2,

where tan � is the ratio of the two Higgs VEVs. In the MSSM, the non-holomorphic
corrections to the Yukawa couplings even enhance this contribution to tan�3.

Figure 2 shows the correlation between BR(Bs ! µ

+
µ

�) and BR(Bd ! µ

+
µ

�)
in MFV, the SM4 and four SUSY flavour models¶ analyzed in detail in [10]. The
MFV line, shown in orange, is obtained from the flavour independence of the Wil-
son coe�cients, cf. eq. (3). The largest e↵ects are obtained in the SUSY flavour
models due to the above-mentioned Higgs-mediated contributions. While in some

¶The acronyms stand for the models by Agashe and Carone (AC, [13]), Ross, Velasco-Sevilla
and Vives (RVV2, [12]), Antusch, King and Malinsky (AKM, [11]) and a model with left-handed
currents only (LL, [14]).

5

Ref: D. M. Straub, arXiv: 1012.3893

THE PHYSICS TARGET

B(Bs→μ+μ–) = (3.65 ± 0.23)×10–9

B(Bd→μ+μ–) = (1.06 ± 0.09)×10–10

Ref: Bobeth et al, PRL 112, 101801 (2014)

An���������	
��������������������  ob
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REFERENCE ANALYSIS
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Event classification is carried out by 
Boosted Decision Tree (BDT).
Branching fractions were extracted by 
unbined maximum likelihood fits in 
12 categorized BDT bins.
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REFERENCE ANALYSIS
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Events are triggered by dimuon events at L1, and with mass/displaced 
vertex requirement at the HLT. 
MVA-based muon identification is introduced.
Normalized to the reference channel B+ → J/ψ(→μ+μ–) K+.
Updates on background decay model and physics parameters presented 
in the CMS+LHCb combination Nature are incorporated.

B(Bs,d→μ+μ–) = NS

N(B±→J/ψK±) ×B(B±→J/ψK±) ×
A(B±) 
A(Bs)

εana(B±) 
εana(Bs)

εμ(B±) 
εμ(Bs)

εtrig(B±) 
εtrig(Bs)

fu

fs
Acceptance
Selection efficiency
muon identification
Trigger efficiency
B-hadronization composition (Bs only)

We do not introduce possible 
improvements on the analysis 

strategy itself.
An optimized analysis for  

B0→μμ will provide better results.

(LHCb JHEP 04 (2013) 001: 0.256±0.020)

Ref. Nature 522 (2015) 68

Then���������	
��������������������  scale���������	
��������������������  the���������	
��������������������  analysis���������	
��������������������  to���������	
��������������������    
LHC���������	
��������������������  Run-2���������	
��������������������  and���������	
��������������������  beyond!



TOWARD THE FUTURE:
ANALYSIS ASSUMPTIONS

9

Pseudo experiments are used to estimate the expected CMS 
performance in two different scenarios:
- The Phase-1 scenario: corresponding to the expected performance of 

the CMS detector including LHC Run-II and Run-III, to an integrated 
luminosity of 300 fb–1 at 14 TeV.

- The Phase-2 upgrade scenario: corresponding to the expected 
performance of the CMS detector after the full Phase-2 upgrades and 
to a luminosity of 3000 fb–1 at 14 TeV.

GEANT4-based simulated samples are used to estimated the 
performance of trigger, resolution, and pile-up effect at the phase-2 
running condition.
Muon efficiency and identification are assumed to be the same as Run-I.
Standard Model branching fractions are assumed in the study.



TOWARD THE FUTURE:
L1 TRIGGER AT PHASE-2
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Low-pT di-muon L1 trigger algorithm 
exploiting the triggering capabilities 
of the upgraded CMS tracker is 
studied with full simulation with the 
Phase-2 scenario.
Invariant mass resolution for B→μμ at 
L1 is estimated to be ~70 MeV.
The rate of the L1 trigger is estimated 
from the minimum-bias simulation 
sample, and is equal to a few hundred 
Hz. This corresponds to a small 
fraction of the total available L1 
bandwidth (~1 MHz).

Low-pT track-trigger-based 
algorithm as in Run-I is expected to 

be entirely feasible for Phase-2.

6 6 Full simulation studies
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Figure 1: The di-muon invariant mass distributions at Level 1 trigger for B0 ! µ+µ� (blue)
and B0

s ! µ+µ� (red) events for a total integrated luminosity of 3000 fb�1. The red dashed line
shows the expected background level.

above, but the L1 muon objects are reconstructed by using only the information coming from201

the muon detector, in order to simulate a scenario in which the Phase-II tracker has no L1202

trigger capabilities. This standalone L1 trigger requires at least one pair of opposite-charge L1203

muons in order to accept the event. Each muon must have pµ
T > 4 GeV, |hµ| < 1.4, and quality204

requirements equal to those used in the Run-2 L1 triggers for B physics. The pseudorapidities205

of the two muons must satisfy the relation |hµ,1 � hµ,2| < 1.8. In addition, the di-muon system206

must have pµµ
T > 6 GeV, |hµµ| < 2, and Mµµ > 0.3 GeV. No sensible invariant mass window207

can be defined due to the low momentum resolution of the L1 primitives, and in addition the208

missing vertex information does not allow any pile-up rejection based on the z separation of209

the two muons.210

When the standalone muon L1 trigger algorithm is applied to the simulated minimum-bias211

sample, a rate of about 300 KHz is estimated using Eq. 3, corresponding to about 30% of the212

total available bandwidth at L1. This is about two orders of magnitude bigger than what can213

be considered as acceptable for a specialized L1 trigger. Due to the low resolution, the use of214

additional mass cuts to achieve a significant reduction of the trigger rate would imply a severe215

degradation of the signal efficiency. The conclusion of this test is therefore that a standalone216

muon L1 trigger algorithm is not expected to be adequate for the needs of the B ! µ+µ�
217

measurement in the Phase-II scenario.218

6.3 Invariant mass resolution219

The offline invariant mass resolution is found from signal MC samples implementing the full220

detector simulation of the Phase-I and Phase-II scenarios. Two separate Phase-I scenarios were221

studied: a “new” detector with no radiation damage, and an “old” detector which has received222

a damage equal to 1000 fb�1 of integrated luminosity. All the resolutions do not show signifi-223

cant changes between the two aging conditions of the Phase-I detector, thus only the one with224

trigger���������	
��������������������  at���������	
��������������������  background���������	
��������������������  level



TOWARD THE FUTURE:
PERFORMANCE INPUTS
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The offline invariant mass resolution is estimated  
from B→μμ simulated samples implementing the 
full detector simulation of the Phase-I and Phase-
II scenarios.
The effects of the high pile-up have studied based 
on simulated samples as well. 

Inputs Phase-1 Phase-2
Offline barrel mass resolution 42 MeV 28 MeV

Trigger & muon ID as Run-I as Run-I
Efficiency drop due to PU (sig./bkg.) as Run-I –30%/–35% 

Uncertainty: B+ normalization 5% 3%
Uncertainty: peaking background 20% 10%

Uncertainty: semi-leptonic B decays 25% 20%
Uncertainty: fs/fu 5% 5%

9
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Figure 2: Normalized isolation variable distributions for the B0
s signal for the two pile-up sce-

narios described in Section 6.4. The blue distribution represents the case with no pile-up while
the red one is for average pile-up of 140 interactions per bunch crossing. In the bottom, the
ratio between the PU=0 and the PU=140 distributions is also shown.

Phase-I scenario is given also for muons in the barrel only (|hµ| < 1.4) in order to allow for a289

better comparison with the Phase-II point.290

The estimation of the analysis performance is done using pseudo-experiments, generated with291

a Monte-Carlo technique starting from the baseline Run-1 PDFs for the signals and back-292

grounds, modified with the assumptions and simulation results summarized in Sections 5 and293

6. In all cases, the production cross sections and branching fractions predicted by the Standard294

Model are assumed for B0 and B0
s .295

Figure 3 shows the Monte-Carlo projections of the B0 and B0
s analysis results for the Phase-I and296

Phase-II scenarios. The left plot corresponds to barrel events and a total integrated luminosity297

of 300 fb�1, while the right plot corresponds to barrel events and a total integrated luminosity298

of 3000 fb�1. These figures show qualitatively that while in the Phase-I scenario the B0 peak is299

covered by the long resolution tail of the B0
s resonance, in the Phase-II scenario the two peaks300

can be resolved due to the improved invariant mass resolution.301

The quantitative estimate of the analysis performance, extracted from the pseudo-experiments,302

is shown in Table 3. The table shows, for all the values of the integrated luminosity considered,303

the number of reconstructed B0
s and B0, the total uncertainties on the B0

s ! µ+µ� and B0 !304

µ+µ� branching fractions, the sensitivity for detecting the B0 signal, and the uncertainty on the305

ratio of the two branching fractions.306

A comparison of the two last rows of Table 3, i.e. the Phase-I scenario at 300 fb�1 in the barrel307

and the Phase-II scenario at 3000 fb�1, allows to appreciate the improvements to the analysis308

performance coming from the improved detector and from the much higher collected yields. In309

the Phase-I scenario, the sensitivity for detecting the B0 ! µ+µ� decay is expected to be in the310

range 1.2 � 3.3 s, the branching fractions B(B0 ! µ+µ�) and B(B0
s ! µ+µ�) can be measured311

with a precision of 48% and 13% respectively, and their ratio B(B0!µ+µ�)
B(B0

s!µ+µ�) can be measured with312

A comparison of isolation 
variable in PU=0 and  
PU=140 environment.

Inject���������	
��������������������  into���������	
��������������������  pseudo���������	
��������������������    
experiments���������	
��������������������  for���������	
��������������������  the���������	
��������������������  ���������	
��������������������  
sensitivity���������	
��������������������  estimations.



10 8 Conclusions
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Figure 3: Projections of the mass fits to 300 fb�1 (left) and 3000 fb�1 (right) of integrated lu-
minosity (L), respectively assuming the expected performances of Phase-I and Phase-II CMS
detectors.

Table 3: The estimated analysis sensitivity from pseudo-experiments for different integrated
luminosities. Columns in the table are, from left to right: the total integrated luminosity, the
number of reconstructed B0

s and B0, the total uncertainties on the B0
s ! µ+µ� and B0 ! µ+µ�

branching fractions, the B0 statistical significance, and uncertainty on the ratio between the
branching fractions. Results up to 300 fb�1 are for the Phase-I scenario, whereas the result for
3000 fb�1 is for the Phase-II.

Estimate of analysis sensitivity
L ( fb�1) N(B0

s ) N(B0) dB(B0
s ! µ+µ�) dB(B0 ! µ+µ�) B0 sign. dB(B0!µ+µ�)

B(B0
s!µ+µ�)

20 18.2 2.2 35% > 100% 0.0 � 1.5 s > 100%
100 159 19 14% 63% 0.6 � 2.5 s 66%
300 478 57 12% 41% 1.5 � 3.5 s 43%
300 (barrel) 346 42 13% 48% 1.2 � 3.3 s 50%
3000 (barrel) 2250 271 11% 18% 5.6 � 8.0 s 21%

a 50% uncertainty. In the Phase-II scenario, the B0 ! µ+µ� decay can be detected with a313

5.6 � 8.0 s statistical significance, the branching fractions B(B0 ! µ+µ�) and B(B0
s ! µ+µ�)314

can be measured with a precision of 18% and 11% respectively, and their ratio can be measured315

with a 21% uncertainty. In particular, it is worth to note the dramatic improvement of the B0
316

reconstruction performance, mainly coming from the better resolution of the upgraded CMS317

tracker.318

8 Conclusions319

The present note outlines the simulation study performed in order to assess the CMS potential320

to produce B-physics results also after the high-luminosity upgrade of LHC. The study was321

focused on B0[B0
s ] ! µ+µ� decays and estimated the performance of CMS starting from the322

public Run-1 measurement of this channel, extrapolated using full Geant 4 simulation where323

possible, or educated assumptions where the simulation was missing. These extrapolations324

TOWARD THE FUTURE: 
RESULTS

12

300 fb–1, barrel only 3000 fb–1 w/ improved tracker

toy���������	
��������������������  data���������	
��������������������  assumed���������	
��������������������   
a���������	
��������������������  strong���������	
��������������������  BDT���������	
��������������������  
requirement

L (fb–1) δB(Bs→μ+μ–) δB(Bd→μ+μ–) Bd sign. δ[B(Bd)/
B(Bs)]100 14% 63% 0.6–2.5σ 66%

300 12% 41% 1.5–3.5σ 43%
300 (barrel) 13% 48% 1.2–3.3σ 50%
3000 (barrel) 11% 18% 5.6–8.0σ 21%

Ref.  
CMS PAS  
FTR-14-015
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BEFORE MOVING AHEAD…
The large data from LHC run-II and future operations will provide an 
excellent probe for the flavor physics. 
As a benchmark study, we estimate the CMS potential to trigger and 
reconstruct the Bs,d→μ+μ− processes at future LHC and HL-LHC runs. 
With the upgraded CMS detector, it will be possible to trigger and 
reconstruct the signal events even with the high pile-up running 
conditions at HL-LHC.
The upcoming large data set will leads  
to high precision measurements and  
provide stringent tests of the  
Standard Model.
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LHC���������	
��������������������  run-II���������	
��������������������  started���������	
��������������������  as���������	
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CMS���������	
��������������������  is���������	
��������������������  back���������	
��������������������  in���������	
��������������������  business!

Fresh & hot data,  

see the next slide!
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FRESH STUFF FROM RUN-II

34 

D*(+)→ π+ D0→ K π 

1D'fitng'method'
'
Quality'cuts:'

cos'α'>'0.998'
lxy/σ(lxy)'>'3.5'

PDF'shape:'

•  'Signal:'double'Gaussian'

•  'Background:''''''''

threshold'func3on''

Mass'difference:'''''''''''''''''''''''''

'0.1456'±'0.0001'GeV'

D*+→'π+'D0→'K'π'
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33 

 D0→ K π 

1D'fitng'method'
'
Quality'cuts:'

cos'α'>'0.998'
lxy/σ(lxy)'>'3.5'

PDF'shape:'

•  'Signal:'double'Gaussian'

•  'Background:''''''

threshold'func3on'

'

Mass:'1.864'±'0.002'GeV'

'D0→'K'π'
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 D0→ K π 

1D'fitng'method'
'
Quality'cuts:'

cos'α'>'0.998'
lxy/σ(lxy)'>'3.5'

PDF'shape:'

•  'Signal:'double'Gaussian'

•  'Background:''''''

threshold'func3on'

'

Mass:'1.864'±'0.002'GeV'

'D0→'K'π'

 [GeV]±

π ±KM
1.7 1.75 1.8 1.85 1.9 1.95 2

Ev
en

ts
 / 

16
 M

eV

0

20

40

60

80

100

120

140

 < 8 GeV
T

2 < p

CMS
Preliminary

 (13 TeV)-17 pb

 [GeV]±

π ±KM
1.7 1.75 1.8 1.85 1.9 1.95 2

Ev
en

ts
 / 

16
 M

eV

0

10

20

30

40

50

60

70

 < 20 GeV
T

8 < p

CMS
Preliminary

 (13 TeV)-17 pb

 [GeV]±

π ±KM
1.7 1.75 1.8 1.85 1.9 1.95 2

Ev
en

ts
 / 

16
 M

eV

0

5
10

15

20
25

30

35
40

45

50

 < 50 GeV
T

20 < p CMS
Preliminary

 (13 TeV)-17 pb

 [GeV]±

π ±KM
1.7 1.75 1.8 1.85 1.9 1.95 2

Ev
en

ts
 / 

16
 M

eV

0

1

2

3

4

5

6

 > 50 GeV
T

p

CMS
Preliminary

 (13 TeV)-17 pb

D* events with minimal pT cuts:
300 MeV for K/π from D0,  

250 MeV for π from D*.

Inclusive D0 events D* with tight requirement



!+

!–

K+
pT = 2.25 GeV pT = 17.09 GeV

pT = 6.69 GeV

M(!+!–) = 3.11 GeVM(J/ψK+) = 5.26 GeV
lxy = 0.41 cm
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Inclusive'J/ψ'trigger'with'pT'>'16'GeV''

PDF'shape:'

  'Signal:'double'Gaussian'

  'Combinatorial'background:'exponen3al'

  'J/ψ'K+X:'Gaussian'

B± → J/ψ K± 

2D'(mass,'proper'3me)'

'fitng'method:''mass'projec3on'

'

Quality'cuts:'

pT(K±)'>'2.0'GeV'

Vertex'probability'>'15%'

pT'(J/ψ)'>'16'GeV'

[Projections of a combined fit to mass and proper time] 

Mass:'5.277'±'0.001(stat.)'GeV'

B±'→'J/ψ'K±'
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PDF'shape'for'ct'distribu3on:'
•  'Decaying'exponen3al'terms:'eGct/λ'convolved'with'a'Gaussian'resolu3on''
func3on'using'perGevent'uncertain3es'
•  'Signal,'J/psi'K+X'background:'decaying'exponen3al'func3on'
•  'combinatoric'background:'prompt'Gaussian'+'decaying'exponen3al'func3on'

Projections of a combined fit to mass and proper time 

2D'(mass,'proper'3me)'
'fitng'method:''
proper'3me'projec3on'

B±'→'J/ψ'K±'
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FRESH STUFF FROM RUN-II

A clean B+→J/ψK+ candidate 
w/ visible secondary vertex

B±→J/ψK± events w/ 
inclusive J/ψ trigger.

M(B±): 5.277±0.001 GeV
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FRESH STUFF FROM RUN-II

29 

Displaced'J/ψ'+'track'trigger'

PDF'shape:'
•  'Signal:'double'Gaussian'
•  'Combinatorial'background:'exponen3al''
•  'J/ψ'K+X:'Gaussian'

1D'fitng'method'
'
Quality'cuts:'

cos'α'>'0.99'
lxy/σ(lxy)'>'3.0'
Vertex'probability'>'10%'

'''''''pT'(J/ψ)'>'8'GeV'
'''''''pT'(K)''>'1.6'GeV'
''''''|η'(K)|'<'2.4'
'
'

Mass:'5.278'±'0.001(stat.)'GeV'

B± → J/ψ K± 

B±'→'J/ψ'K±'
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PDF'shape:'
•  'Signal:'double'Gaussian'
•  'Combinatorial'background:'exponen3al'

1D'fitng'method'
'
Quality'cuts:'

cos'α'>'0.99'
lxy/σ(lxy)'>'3.0'
Vertex'probability'>'10%'
pT'(J/ψ)'>'8'GeV'
pT'(K,π)'>'0.7'GeV'
|η'(K,π)|'<'2.4'
'

Mass:'5.278'±'0.001(stat.)'GeV'

B0 → J/ψ K*0 

Displaced'J/ψ'+'track'trigger'

B0→'J/ψ'K*0'
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PDF'shape:'
•  'Signal:'double'Gaussian'
•  'Combinatorial'background:'exponen3al''

Mass:'5.369'±'0.001(stat.)'GeV'

B0s → J/ψ φ 
Displaced'J/ψ'+'track'trigger'

1D fitting method 
 
Quality cuts: 

cos α > 0.99 
lxy/σ(lxy) > 3.0 
Vertex probability > 10% 
pT (J/ψ) > 8 GeV 
pT (K,π) > 0.7 GeV 
|η (K,π)| < 2.4 

B0s'→'J/ψ'φ'
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PDF'shape:'
•  'Signal:'double'Gaussian'
•  'Background:'3rd'order'polynomial''

Mass:'3.686'±'0.001(stat.)'GeV'

Invariant mass of J/ψ π± π� 

1D'fitng'method'
'
Quality'cuts:'

pT'(J/ψ)'>'8'GeV'
pT'(π)'>'0.7'GeV'
|η'(π)|'<'2.4'

J/ψ'π±'π∓'invariant'mass'
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(2S)ψ
X(3872)

B hadron events w/ displaced J/ψ+track trigger.

B±→J/ψK± B0→J/ψK*0

Bs→J/ψφ

Reconstructed J/ψπ+π– events
w/ both types of triggers

ψ(2S)

X(3872) seen!

Stay���������	
��������������������  tuned���������	
��������������������  –���������	
��������������������   
New���������	
��������������������  results���������	
��������������������  are���������	
��������������������  coming���������	
��������������������  soon!


