
Introduction Mesons Baryons Quarkonia Exotica Conclusions Backup

CMS results on flavour physics

P. Ronchese - CMS collaboration

University and INFN Padova

CAPRI2014
Theory, Phenomenology and Experiments

in Flavour Physics

Naples, Villa Orlandi, Anacapri, May 23-25, 2014

P. Ronchese - CMS CMS results on flavour physics - 1



Introduction Mesons Baryons Quarkonia Exotica Conclusions Backup

Motivations

Several motivations to study HF physics at CMS

Advance b,c spectroscopy
Test QCD and effective theories
Look for indirect evidence or constraints to new physics
Improve environment description in NP searches
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Outline

Old results:
B+ , B0 , Bs , prompt-nonprompt J/ψ , ψ(2S) , Υ(nS) production
Mesons:

B(B0
d,s → µ+µ−)

B0 → K ∗0µ+µ− decay angles
B0

s lifetime difference
Bc → J/ψπ/3π production and B.R.

Baryons:
Λb production and lifetime
Observation of Ξ∗0

b → Ξ−
b π

+

Quarkonia:
Double J/ψ production
J/ψ , ψ(2S) , Υ(nS) polarization
χc , χb production

Exotica:
X(3872) production
Search for Xb → Υ(1S)π+π−

Observation of peaks in B± → J/ψφK±
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Compact Di-Muon Solenoid?

Data samples
√

s = 7TeV ,L = 5fb−1 (2011 run)
√

s = 8TeV ,L = 20fb−1 (2012 run)
Oldest results obtained with part of the statistic or 2010 data

All shown results involve di-muons

With definite invariant mass (J/ψ , Υ) ...
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Useful to reduce trigger rate
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Secondary vertices

Secondary vertices reconstruction in event selection

Reject background
Discriminate prompt vs. non-prompt dimuons

Λ0 → pπ− , J/ψ → µ+µ−

Λ0

π from Λ0

proton

π from Ξ−

muons

π from PV

M(p+π−) = 1116.7 MeV

M(Λ0π−) = 1315.5 MeV

M(µ+µ−) = 3117.1 MeV

M(J/ψΞ−) = 5787.8 MeV

Q(J/ψΞ−π+) = 15.7 MeV

P. Ronchese - CMS CMS results on flavour physics - 5



Introduction Mesons Baryons Quarkonia Exotica Conclusions Backup

“Legacy” results from 2010 run (
√

s = 7TeV , L ∼ 40pb−1)

B meson production

B+ → J/ψK + K 0
SPRL 106 (2011) 112001

pTB > 5GeV , |yB| < 2.4
σ(pp → B+) = (28.1±2.4±2.0)µb

B0 → J/ψK 0
S PRL 106 (2011) 252001

pTB > 5GeV , |yB| < 2.2
σ(pp → B0) = (33.2±2.5±3.5)µb

Bs → J/ψφ PRD 84 (2011) 052008

8 < pTB < 50GeV , |yB| < 2.4
σ(pp → Bs → J/ψφ) = (6.9± 0.6± 0.6)nb

Quarkonia production
pp → (J/ψ , ψ(2S))X JHEP 02 (2012) 011

Prompt, non-prompt

pp → Υ(nS)X PLB 727 (2013) 101

|yΥ| < 2.4 , pT Υ < 50GeV

More infos at slides 30,39,42
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Outline

Old results:
B+ , B0 , Bs , prompt-nonprompt J/ψ , ψ(2S) , Υ(nS) production
Mesons:

B(B0
d,s → µ+µ−)

B0 → K ∗0µ+µ− decay angles
B0

s lifetime difference
Bc → J/ψπ/3π production and B.R.

Baryons:
Λb production and lifetime
Observation of Ξ∗0

b → Ξ−
b π

+

Quarkonia:
Double J/ψ production
J/ψ , ψ(2S) , Υ(nS) polarization
χc , χb production

Exotica:
X(3872) production
Search for Xb → Υ(1S)π+π−

Observation of peaks in B± → J/ψφK±
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B(B0
d ,s → µ+µ−)

Very rare decay
B.R. increased by
NP processes
Studied since a
very long time
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B.R. determined by comparison with other channels
B+ → J/ψK + used as normalization
B0

s → J/ψφ used as control
Signal/background discriminated by BDT

Invariant mass fit in BDT-output event categories to extract
B0

s → µ+µ− yield
BDT-output cut to estimate B0

d → µ+µ− yield or upper limit
More infos at slide 31
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B(B0
d ,s → µ+µ−)

Results (full sample) PRL 111 (2013) 101804

B(B0
s → µ+µ−) = (3.0+1.0

−0.9)× 10−9

B(B0
d → µ+µ−) = (3.5+2.1

−1.8)× 10−10

B(B0
d → µ+µ−) < 1.1× 10−9 @ 95% C.L.
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Combination with LHCb (preliminary) CMS PAS BPH-13-007

B(B0
s → µ+µ−) = (2.9± 0.7)× 10−9 (fs/fu rescaled)

B(B0
d → µ+µ−) = (3.6+1.6

−1.4)× 10−10
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B0 → K ∗0µ+µ− , K ∗0 → K +π− angular analysis

μ−

μ+

K+

π−

μμ / K*0

θK

θL

ϕ

B0d

AFB : muons forward-backward asymmetry
FL : K ∗0 longitudinal polarization
dB/dq2 : differential branching fraction
Deviations in q2-dependence can point to NP

PDF fit (
√

s = 7TeV) PLB 727 (2013) 77

Events divided in q2 bins, B0 → K ∗0(J/ψ , ψ′) regions removed
Unbinned max-likelihood fit to Kπµµ mass, ϑµ , ϑK

More infos at slide 32
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B0
s lifetime difference in B0

s → J/ψφ

B0
s , B̄0

s flavour eigenstates are
mixtures of mass eigenstates
Lifetime difference obtained by a fit to
differential decay rates
d4Γ(Bs(t))

dΘdt = f (Θ, t ;α)

Θ = ϑ, ϕ, ψ

α = Γs,∆Γs + amplitudes and phases
Mixing phase φs = 0 assumed (effect included in systematics)

Results (
√

s = 7TeV) CMS-PAS-BPH-11-006

τBs = (0.0450± 0.00059± 0.00022)cm
∆Γs = (0.048± 0.024± 0.003)ps−1

More infos at slide 34
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B±c → J/ψπ±(π+π−) : production and decay

B±c carries
two heavy flavours:

Higher-order processes at production
c and b quark competing in decay

Cross-section and
b.r. measurements:

Help understanding process
Propaedeutic for more refined
investigations
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Results (
√

s = 7TeV) CMS-PAS-BPH-12-011

σ(B±c )×B(B±c →J/ψπ±)
σ(B±)×B(B±→J/ψK±) =(
0.48± 0.05± 0.04+0.05

−0.03(τBc )
)
× 10−2

B(B±c →J/ψπ±π+π−)

B(B±c →J/ψπ±)
= 2.43± 0.76+0.05

−0.03

More infos at slide 35
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Old results:
B+ , B0 , Bs , prompt-nonprompt J/ψ , ψ(2S) , Υ(nS) production
Mesons:

B(B0
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B0 → K ∗0µ+µ− decay angles
B0

s lifetime difference
Bc → J/ψπ/3π production and B.R.

Baryons:
Λb production and lifetime
Observation of Ξ∗0

b → Ξ−
b π

+

Quarkonia:
J/ψ , ψ(2S) , Υ(nS) polarization
χc , χb production

Exotica:
X(3872) production
Search for Xb → Υ(1S)π+π−

Observation of peaks in B± → J/ψφK±
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Λ0
b production

Baryon/meson production comparison: test differences in the
hadronization process
Λ̄0

b to Λ0
b production ratio: test baryon transport models

Decay channel: Λ0
b → J/ψΛ0 , Λ0 → pπ− pT Λb > 10GeV, |yΛb | < 2.0
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Results (
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s = 7TeV , L = 1.9fb−1) PLB 714 (2012) 136

σ(pp → Λ0
bX )×B(Λ0

b → J/ψΛ0) = (1.16± 0.06± 0.12)nb
σ(pp→Λ̄0

bX)

σ(pp→Λ0
bX)

= 1.02± 0.07± 0.09

2.2% (luminosity) and 1.3% (J/ψ ,Λ0 B.R.s) errors not included More infos at slide 36
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Λ0
b lifetime

Early predictions:
τ(Λ0

b)/τB0 > 0.90
Initial measurements:

lower results
⇒ more refined calculations Year of publication
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Decay channel: Λ0
b → J/ψΛ0 , Λ0 → pπ−

Simultaneous UML fit
on mass and proper time
B0 → J/ψK 0

s , K 0
s → π+π−

used as cross-check

Results (
√
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Ξ∗0b → Ξ−b π
+

mΞ′b
−mΞ−b

expected smaller than mπ

Ξ∗0b → Ξ−b π
+ decay

expected to be allowed

Ξ−b → J/ψΞ−

Ξ− → Λ0π−

Λ0 → pπ−

Mass fit (
√

s = 7TeV) PRL 108 (2012) 252002

Q = (14.84± 0.74± 0.28)MeV
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Double J/ψ production

Production of J/ψ pairs:
double-parton scattering
color-octet states

Cross section measured vs:
J/ψJ/ψ invariant mass
J/ψJ/ψ total pT
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No excess in ηb mass region; DPS hint at ∆y > 2.6

Total cross section (
√

s = 7TeV ) CMS-PAS-BPH-11-021

σ(pp → J/ψJ/ψX ) = (1.49± 0.07± 0.14)nb
More infos at slide 45
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χc2 vs χc1 relative production
P-wave charmonia:

feed-down contribution to J/ψ production
relative production sensitive to singlet/octet
production mechanisms
reconstructed in the channel χc → J/ψγ
followed by the photon conversion
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by flight distance
Different polarization
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χb2(1P) vs χb1(1P) relative production

Very challenging measurement (mχb2 −mχb1 = 19.4MeV)

σ(χb2)/σ(χb1) (
√

s = 8TeV) CMS-PAS-BPH-13-005

Same technique used for σ(χc2)/σ(χc1)
|yΥ(1S)| < 1.5 , |ηγ | < 1.0
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Quarkonia polarization

Quarkonium production in hadron collisions not yet fully settled
J/ψ polarization description in NRQCD:

purely perturbative color-singlet production
nonperturbative transitions from coloured quark pairs

S-wave states predicted to be transversely polarized
Small longitudinally polarization observed by CDF

W (cosϑ, ϕ|~λ) = 3
4π(3+λϑ) (1 + λϑ cos2 ϑ

+λϕ sin2 ϑ cos 2ϕ+ λϑϕsin2ϑ cosϕ)

Polarization frames: HX(helicity), CS(Collins-Soper), PX

“Invariant polarization parameter”:
λ̃ =

λϑ+3λϕ
1−λϕ

production plane y

zHX zGJ

b1 b2

zCS

b1 b2

Q collision
centre

of mass
frame

b1 b2

quarkonium
rest

frame
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Υ(1S) , Υ(2S) and Υ(3S) polarization

Parameters fit(
√

s = 7TeV) PRL 110 (2013) 081802

Events divided in pT and rapidity (y ) bins: |y | < 0.6 , 0.6 < |y | < 1.2
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Prompt J/ψ and ψ(2S) polarization

Parameters fit(
√

s = 7TeV) PLB 727 (2013) 381

Analysis similar to bottomonium
Charmonium from B decay separated by
flight distance
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Outline

Old results:
B+ , B0 , Bs , prompt-nonprompt J/ψ , ψ(2S) , Υ(nS) production
Mesons:

B(B0
d,s → µ+µ−)

B0 → K ∗0µ+µ− decay angles
B0

s lifetime difference
Bc → J/ψπ/3π production and B.R.

Baryons:
Λb production and lifetime
Observation of Ξ∗0

b → Ξ−
b π

+

Quarkonia:
Double J/ψ production
J/ψ , ψ(2S) , Υ(nS) polarization
χc , χb production

Exotica:
X(3872) production
Search for Xb → Υ(1S)π+π−

Observation of peaks in B± → J/ψφK±
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Heavy flavour exotic states

Unexpected heavy charmonium states

X (3872) first observed in B+ → J/ψK +π+π− decay
Their nature is not well understood
Interpreted as tetraquark or hadronic molecules
Bottomonium partners are looked for
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X (3872) production

X (3872) first exotic charmonium seen
Reconstructed at CMS in the channel X (3872)→ J/ψπ+π−

Cross section measured as ratio to ψ(2S)→ J/ψπ+π−

Prompt-nonprompt components separated by flight distance

Mass fit (
√

s = 7TeV) JHEP 04 (2013) 154

Unpolarized JPC = 1++ state assumed
R = σ(pp→X(3872)+any)×B(X(3872)→J/ψπ+π−)

σ(pp→ψ(2S)+any)×B(ψ(2S)→J/ψπ+π−) = 0.0656± 0.0029± 0.0065
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Search for Xb → Υ(1S)π+π−

Bottomonium-state looked for in the final state Υ(1S)π+π−

as a counterpart of X (3872)→ J/ψπ+π−

Υ(1S) combined with 2 opposite charged tracks
Common vertex reconstructed

Results(
√

s = 8TeV) PLB 727 (2013) 57

σ(pp→Xb→Υ(1S)π+π−)
σ(pp→Υ(2S)→Υ(1S)π+π−) < (0.9÷ 5.4)%@95%C.L.
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Peaks in B± → J/ψφK±

Y (4140) evidence reported by CDF in B± → J/ψφK± decay
J/ψ reconstructed and combined with 3 charged tracks with total
charge Σiqi = ±1
Lowest-mass K +K− pair compatible with φ
Fit ∆m = m(µ+µ−K +K−)−m(µ+µ−) distribution

Results(
√

s = 7TeV) arXiv:1309.6920

yield ∆m(MeV)
low 310± 70 1051.3± 2.4
high 418± 170 1217.1± 5.3

m(MeV) Γ(MeV)

low 4148.0± 2.4± 6.3 28+15
−11 ± 19

high 4313.8± 5.3± 7.3 38+30
−15 ± 16 m [GeV]∆
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Conclusions

CMS has produced several results in HF physics
B0

s decay to µ+µ− has been observed
Angular analysis in B0

s,d decays performed to probe for NP
Baryon production, lifetime and spectroscopy give information
about HF hadron properties
Heavy quarkonia cross sections and polarizations give
informations about production mechanisms
Study of exotic heavy quarkonia is going on
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B+ , B0 , Bs production

B+ B0 Bs

functions [29]. The uncertainty on the predicted cross
section is calculated by varying the renormalization and
factorization scales by a factor of 2, mb by !0:25 GeV,
and by using the CTEQ6.6 parton distribution set. For
reference, the prediction of PYTHIA is also included, using
a b-quark mass of 4.8 GeV, CTEQ6L1 parton distributions
[29], and the D6T tune [30] to simulate the underlying
event. The total integrated cross section for pB

T > 5 GeV
and jyBj< 2:4 is calculated as the sum over all pB

T bins and
is found to be 28:1! 2:4! 2:0! 3:1 !b, where the
first uncertainty is statistical, the second is systematic
(including the branching fraction uncertainty), and the
last is from the luminosity measurement. This result lies
between the predictions of MC@NLO, 25:5þ8:8

#5:4ðscaleÞþ2:5
#1:8 &

ðmassÞ ! 0:8ðPDFÞ !b, and PYTHIA (48:1 !b).
In summary, first measurements of the total and

differential cross sections for charged B production in pp
collisions at

ffiffiffi
s

p ¼ 7 TeV using the decay B! ! J=cK!

have been presented. The measurements cover the
range jyBj< 2:4 and pB

T from 5 GeV to greater than
30 GeV. The result is in reasonable agreement with the

predictions of MC@NLO in terms of shape and absolute
normalization.
We wish to congratulate our colleagues in the CERN

accelerator departments for the excellent performance of
the LHC machine. We thank the technical and administra-
tive staff at CERN and other CMS institutes, and acknowl-
edge support from: FMSR (Austria); FNRS and FWO
(Belgium); CNPq, CAPES, FAPERJ, and FAPESP
(Brazil); MES (Bulgaria); CERN; CAS, MoST, and
NSFC (China); COLCIENCIAS (Colombia); MSES
(Croatia); RPF (Cyprus); Academy of Sciences and
NICPB (Estonia); Academy of Finland, ME, and HIP
(Finland); CEA and CNRS/IN2P3 (France); BMBF,
DFG, and HGF (Germany); GSRT (Greece); OTKA and
NKTH (Hungary); DAE and DST (India); IPM (Iran); SFI
(Ireland); INFN (Italy); NRF and WCU (Korea); LAS
(Lithuania); CINVESTAV, CONACYT, SEP, and
UASLP-FAI (Mexico); PAEC (Pakistan); SCSR (Poland);
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FIG. 2 (color online). Measured differential cross sections
d"=dpB

T (top) and d"=dyB (bottom) compared with the theory
predictions. The error bars are the statistical uncertainties, while
the (yellow or light gray) band represents the sum in quadrature
of statistical and systematic uncertainties, excluding the common
branching fraction and luminosity uncertainties. The solid and
dashed blue lines are the MC@NLO prediction and its uncertainty,
respectively. The solid red line is the PYTHIA prediction.
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functions [29]. The uncertainty on the predicted cross
section is calculated by varying the renormalization and
factorization scales by a factor of 2, mb by !0:25 GeV,
and by using the CTEQ6.6 parton distribution set. For
reference, the prediction of PYTHIA is also included, using
a b-quark mass of 4.8 GeV, CTEQ6L1 parton distributions
[29], and the D6T tune [30] to simulate the underlying
event. The total integrated cross section for pB

T > 5 GeV
and jyBj< 2:4 is calculated as the sum over all pB

T bins and
is found to be 28:1! 2:4! 2:0! 3:1 !b, where the
first uncertainty is statistical, the second is systematic
(including the branching fraction uncertainty), and the
last is from the luminosity measurement. This result lies
between the predictions of MC@NLO, 25:5þ8:8

#5:4ðscaleÞþ2:5
#1:8 &

ðmassÞ ! 0:8ðPDFÞ !b, and PYTHIA (48:1 !b).
In summary, first measurements of the total and

differential cross sections for charged B production in pp
collisions at

ffiffiffi
s

p ¼ 7 TeV using the decay B! ! J=cK!

have been presented. The measurements cover the
range jyBj< 2:4 and pB

T from 5 GeV to greater than
30 GeV. The result is in reasonable agreement with the

predictions of MC@NLO in terms of shape and absolute
normalization.
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FIG. 2 (color online). Measured differential cross sections
d"=dpB

T (top) and d"=dyB (bottom) compared with the theory
predictions. The error bars are the statistical uncertainties, while
the (yellow or light gray) band represents the sum in quadrature
of statistical and systematic uncertainties, excluding the common
branching fraction and luminosity uncertainties. The solid and
dashed blue lines are the MC@NLO prediction and its uncertainty,
respectively. The solid red line is the PYTHIA prediction.
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B(B0
d ,s → µ+µ−)

B(B0
d ,s → µ+µ−) =

Nsig
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εsig
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fd ,s
B(B± → J/ψK± → µ+µ−K±)
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B0 → K ∗0µ+µ− , K ∗0 → K +π− angular analysis

1
Γ

d3Γ
d cosϑk d cosϑl dq2 = 9

16

{[2
3Fs + 4

3As cosϑK
]

(1− cos2 ϑl)

+(1− FS)
[
2FL cos2 ϑK (1− cos2 ϑl)

+1
2(1− FL)(1− cos2 ϑK )(1 + cos2 ϑl)

+4
3AFB(1− cos2 ϑK ) cosϑl

]}
AS ,FS : parameters describing K +π− system S-wave contribution
and interference

Differential B.R. determined by taking B(B0 → K ∗0J/ψ)
as normalization:

dB(B0→K∗0µ+µ−)
dq2 = YS

YN

εN
εS

dB(B0→K∗0J/ψ)
dq2
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B0 → K ∗0µ+µ− , K ∗0 → K +π− angular analysis

Comparison with
other experiments
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B0
s lifetime difference in B0

s → J/ψφ

Reconstructed
invariant mass and
decay length
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B±c → J/ψπ±(π+π−) : production and decay

Efficiency corrected yield
τBc = 0.452± 0.032ps
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Λb production

Tsallis function: 1
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Λ0
b lifetime

Comparison with other experiments
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Ξ∗0b

Λ0 and Ξ− masses:
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J/ψ , ψ(2S) production

Charmonium sources:
prompt-direct
prompt-indirect
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J/ψ , ψ(2S) acceptance-corrected cross sections
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J/ψ , ψ(2S) fiducial cross sections
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Υ(1S) , Υ(2S) and Υ(3S) production

Similar analysis as J/ψ , ψ(2S)

Simultaneous fit for n = 1,2,3

muon acceptance
|ηµ| < 0.8 : pTµ > 3.75GeV

0.8 < |ηµ| < 1.6 : pTµ > 3.5GeV
1.6 < |ηµ| < 2.4 : pTµ > 3.0GeV

Υ(nS) cross section integrated
over |yΥ| < 2.4 , pT Υ < 50GeV
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Υ(1S) , Υ(2S) and Υ(3S) acceptance-corrected cross sections
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Υ(1S) , Υ(2S) and Υ(3S) fiducial cross sections
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Double J/ψ production

J/ψ invariant masses
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χc2 vs χc1 relative production

“Pure” cross-sections (divided by B.R.),
assuming unpolarized production
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Υ(1S) , Υ(2S) and Υ(3S) polarization

HX frame

 [GeV]
T

p

-1

-0.5

0

0.5

1

ϑλ

(1S)Υ

-1 = 7 TeV     L = 4.9 fbsCMS     pp      

 [GeV]
T

p

-1

-0.5

0

0.5

1

ϑλ

(2S)Υ

| < 0.6yHX frame, |

 [GeV]
T

p

-1

-0.5

0

0.5

1

ϑλ

(3S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

ϕλ

(1S)ΥStat. uncert., 68.3 % CL
Tot. uncert., 68.3 % CL
Tot. uncert., 95.5 % CL
Tot. uncert., 99.7 % CL

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

ϕλ

(2S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

ϕλ

(3S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

10 15 20 25 30 35 40 45

ϕϑλ

(1S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

10 15 20 25 30 35 40 45

ϕϑλ

(2S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

10 15 20 25 30 35 40 45

ϕϑλ

(3S)Υ

 [GeV]
T

p

-1

-0.5

0

0.5

1

ϑλ

(1S)Υ

-1 = 7 TeV     L = 4.9 fbsCMS     pp      

 [GeV]
T

p

-1

-0.5

0

0.5

1

ϑλ

(2S)Υ

| < 1.2yHX frame, 0.6 < |

 [GeV]
T

p

-1

-0.5

0

0.5

1

ϑλ

(3S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

ϕλ

(1S)ΥStat. uncert., 68.3 % CL
Tot. uncert., 68.3 % CL
Tot. uncert., 95.5 % CL
Tot. uncert., 99.7 % CL

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

ϕλ

(2S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

ϕλ

(3S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

10 15 20 25 30 35 40 45

ϕϑλ

(1S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

10 15 20 25 30 35 40 45

ϕϑλ

(2S)Υ

 [GeV]
T

p

-0.4

-0.2

0

0.2

0.4

10 15 20 25 30 35 40 45

ϕϑλ

(3S)Υ

Back to main slide 22

P. Ronchese - CMS CMS results on flavour physics - 47



Introduction Mesons Baryons Quarkonia Exotica Conclusions Backup

Υ(1S) , Υ(2S) and Υ(3S) polarization

CS frame
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Υ(1S) , Υ(2S) and Υ(3S) polarization
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Prompt J/ψ and ψ(2S) polarization
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Prompt J/ψ and ψ(2S) polarization
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Υ(1S) , Υ(2S) and Υ(3S) production

Bottomonium cross-sections:
acceptance computed according to measured polarization

Cross section fit (
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Υ(1S) , Υ(2S) and Υ(3S) production

|ηµ| < 1.2 : pTµ > 4.5GeV
1.2 < |ηµ| < 1.4 : pTµ > 3.5GeV
1.4 < |ηµ| < 1.6 : pTµ > 3GeV

Υ(nS) cross section integrated over |yΥ| < 0.6
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X (3872) fiducial cross section

|ηµ| < 1.2 : pTµ > 4.0GeV
1.2 < |ηµ| < 2.4 : pTµ > 3.3GeV

Cross section integrated over
|yJ/ψ| < 1.25

pTJ/ψ > 7÷ 10GeV
|yX | < 1.2

10.0÷ 13.5 < pTX < 50.0GeV

R = σ(pp→X(3872)+any)×B(X(3872)→J/ψπ+π−)
σ(pp→X(3872)+any)×B(ψ(2S)→J/ψπ+π−) = 0.0694± 0.0029± 0.0036
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Peaks in B± → J/ψφK±

mφ , mB+ (loose and tight cuts):
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