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The LHC accelerator and its detector

The LHC is designed to collide two high luminosity and energy counter
rotating beams of protons or heavy ions.

Two general proposal high luminosity
experiments: CMS and ATLAS

One low luminosity experiment, dedicated
to �avour physics experiment: LHCb

Heavy-ion experiment: ALICE
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The LHC environment

During most of 2011, LHC collided protons at 7 TeV with instantaneous
luminosity up to 2× 1035cm−2s−1 and 20 MHz of bunch crossing.

At these conditions:

Inelastic cross section ∼ 60mb

σ(pp→ bbX ) =
(288± 4(stat)± 48(syst)) µb
[Eur.Phys.J.C (2011)71:1645]

=⇒ ∼ 106 BB pairs per second

At the LHC energy, the bb pairs are produced
preferentially at forward (backward) directions.

4π acceptance design is not optimal

Optimal solution is a forward detector: LHCb
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The LHCb detector

LHCb experiment was designed to perform high precision �avor physics
measurements in the LHC.

Single-arm design. Covering the
range 2 < η < 5, LHCb can
exploit the dominant heavy
�avour production mechanism at
the LHC and detects ∼ 40% of
the di�erential bb cross-section.

Good particle identi�cation.
Excellent muon identi�cation and
good separation of π , K and p
over (2 - 100) GeV .

Good vertexing and tracking. Precise primary and secondary vertex reconstruction.
Excellent momentum, IP and proper time resolution.
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The LHCb trigger and dataset

Running conditions in the second half

of 2011

LHC: 1092 - 1380 bunches/beam with 50
ns of separation

Luminosity: 3.8× 1032cm−2s−1

Visible interactions rate: 12.0 MHz

L0 output rate: 860 kHz

HLT output rate: 3.6 kHz

37.5pb−1 acquired in 2010

1.0 fb−1 acquired in 2011
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Charmonia status

In QCD models, charmonia states are described as cc pairs bound by a
short-distance potential approximately Coulombic (single-gluon exchange)
plus a linearly increasing con�ning potential at large separations.

All charmonium states below the
DD mass threshold have been
observed.

Charmonium states above the
DD or DD∗ mass threshold can
decay into DD and DD∗ �nal
states.

Many predicted states still not
observed.

DD

Figure from [Annu.Rev.Nucl. Part. Sci. 2008. 58:51�73]
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XYZ states

Many new states have been observed at B-factories and Tevatron

Masses lying on the limits of the
charmonia spectrum

Observed many di�erent
production mechanisms: ISR,
e+e− , γγ and B decays.

The measured masses do not
correspond to the predicted
values for conventional
charmonia.

Properties does not �t very well
to the charmonium picture.

Table from [Annu.Rev.Nucl. Part. Sci. 2008. 58:51�73]

Many theoretical interpretations in discussion:
conventional charmonium, tetra-quarks states,
meson-molecules, hybrid mesons, threshold e�ects...
See the theoretical talks
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X(3872)

The X(3872) exotic-meson was discovered in 2003 by the Belle collaboration
in decays B→ KX(3872) with X(3872)→ J/ψπ+π− .

Its existence was con�rmed by BaBar, CDF, DØ
collaborations.

Quantum numbers are constrained to 1++ or 2−+

Clear signature on the X(3872)→ J/ψπ+π− mode.
π+π− mass spectrum well studied.

Mass known to 0.2 MeV and width < 1.2 MeV .

The nature of the X(3872) remains uncertain:

Conventional charmonium ηc2(1D) .

Mesonic molecular state: D∗0D̄0 bound state.

A tetraquark (diquark-anti-diquark).

[Phys. Rev. Lett. 93, 072001 (2004)]

The mass value of the X(3872) is a critical input on the theoretical
interpretation of this state.
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X(3872) production studies at LHCb

At LHCb, the X(3872) can be studied using:

Prompt candidates: higher statistics but large combinatorial background.

Candidates from B decays: lower statistics but more clear samples

Both kinds of candidates (inclusive selection)

X(3872) production studies at LHCb were performed:

Measure the product of production cross-section multiplied by branching
ratio to X(3872)→ J/ψπ+π−

Assuming X(3872) as a 1++ state

Inclusive selection of X(3872)→ J/ψπ+π− �nal state

Fiducial range: 5 < pT < 20 GeV and 2.5 < y < 4.5

E�ciency estimated from Monte Carlo

σ(pp→ X(3872) + · · ·)× B(X(3872)→ J/ψπ+π−) =
Ncorr

X(3872)

ξ × Lint × B(J/ψ → µ+µ−)
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X(3872) production studies at LHCb

Analysis performed on data sample with integrated luminosity of 34.7 pb−1

collected by the LHCb experiment in pp collisions at
√
s = 7 TeV in 2010.

[ref. arXiv:1112.5310]

σ(pp→ X(3872) + · · ·)×B(X(3872)→ J/ψπ+π−) = 4.7± 1.1(stat)± 0.7(syst)nb
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X(3872) mass measurement at LHCb

Using 585± 74 X(3872) signal candidates from data sample with integrated
luminosity of 34.7 pb−1 collected by the LHCb experiment in pp collisions at√
s = 7 TeV in 2010. [ref. arXiv:1112.5310]

M(X (3872)) = 3871.95± 0.48(stat)± 0.12(syst)MeV/c2
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Momentum scale calibration using
J/ψ → µ+µ− .

X(3872) peak �tted using a Voigt function with
�xed width.

Background studied from wrong-sign pions
combinations and modeled by exponential
function.

A. A. Alves Jr (INFN sezione di Roma) XYZ states at LHC May 17, 2012 12 / 22



X(3872) mass

Current PDG value : M(X(3872)) = 3871.57± 0.25 MeV/c2

(without LHCb and Belle's lastest results)

]2X(3872) mass [MeV/c
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Prospects for X(3872) at LHCb

Using the 1.0 fb−1 dataset recorded by LHCb in 2011:

About 30 times more luminosity

Expected about 16,000 prompt candidates.

Expected about 200 candidates B± → X(3872) K±

Will have enough statistics to:

Perform precision production studies
(in bins of pT ).

Study the X(3872) quantum
numbers

Improve the X(3872) mass
measurement

Study the π+π− spectrum
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Figure 2: The efficiency corrected fitted yields of J/ψ → (µ+µ−)1 in bins of (µ+µ−)2

invariant mass. The line shows the result of a fit to a double Crystal Ball signal component
the signal together with an exponential background.

The J/ψJ/ψ invariant mass spectrum after the efficiency correction is shown in Fig. 3.155

The bulk of the distribution is concentrated in the low invariant mass region. A theoretical156

prediction for the shape of this distribution taking into account only direct production [13]157

is overlaid. Within the available statistics the agreement between the data and the pre-158

diction is reasonable.159

6 Systematic uncertainties160

The dominant source of systematic uncertainty is due to the knowledge of the track-161

finding efficiency. An uncertainty of 4% per track is assigned based on studies comparing162

the reconstruction efficiency in data and simulation using a tag and probe approach [23].163

The other major source of uncertainty is due to the evaluation of the trigger efficiency.164

The method discussed in Section 4 has been cross-checked in several ways, in particular,165

by using events triggered by only by the first or second J/ψ . The observed differences166

lead to the assignment of a 8% systematic uncertainty. A further source of uncertainty is167

the determination of the per-event weight ω, defined by Equation. (2). This is estimated168

to be 3% by varying the uncertainties of the various factors entering into Equation. (2).169

Additional systematic uncertainties arise due to the global event cuts (2%) and the170

difference observed between the data and simulation for the behaviour of the cut on the171

6

In the �gure: 70± 12 B± → X(3872) K± candidates
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X(3872) production studies at CMS

CMS collaboration measured the ratio of the cross sections times the
branching fractions for ψ(2S) → J/ψ π+π− and X(3872)→ J/ψπ+π−

R =
σ(pp→ X(3872) + · · · )× B(X(3872)→ J/ψπ+π−)

σ(pp→ X(3872) + · · · )× B(ψ(2S)→ J/ψπ+π−)

Dataset with 40 pb−1 @ 7 TeV
recorded by CMS in 2010.

pT > 8 GeV/c and |y| < 2.2

NX(3872) = 548± 104(stat)

Nψ(2S) = 7346± 155(stat) ,

R = 0.087± 0.017(stat)± 0.009(syst)

[Ref. CMS PAS BPH-10-018]
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NX(3872) = 548 ± 104 (stat.) !
Nψ(2S) = 7346 ± 155(stat.)!
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The X(4140) and X(4274) candidates

Two exotic resonance candidates
observed by CDF in B±→ J/ψφK±

decays and decaying into J/ψφ .
[Ref. Phys.Rev.Lett. 102.242002, arXiv:1101.6058].

115± 12 candidates of B±→ J/ψφK±

X(4140) candidate with MX(4140) = 4143.4+2.9
−3.0 ± 0.6 MeV/c2 ,

ΓX(4140) = 15.3+10.4
−6.1 ± 2.5 MeV/c2 , with yield of 19± 6 and statistical

signi�cance of 5.0σ .

Maybe a second state:MX(4274) = 4274.4+8.4
−6.4 ± 1.9MeV/c2 ,

ΓX(4274) = 32.3+21.9
−15.3 ± 7.6MeV/c2 , with yield of 22± 8 and statistical

signi�cance of 3.1σ .

CDF results implies:

B(B+ → X(4140)K+)× B(X(4140)→ J/ψφ) = (5.2± 1.7)× 10−5
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The X(4140) and X(4274) candidates

Belle experiment also have searched for X(4140) and X(4274)
[see J. Brodzicka, Heavy �avour spectroscopy (LP09)]

Belle accumulated more events on B+ → J/ψφK+ than
CDF but could not con�rm or exclude the X(4140) .

Loss of e�ciency near the threshold resulted in a lower
sensitivity to X(4140) at Belle.

B(B+ → X(4140)K+)× B(X(4140)→ J/ψφ) < 6× 10−6

In summary:

Charmonium states at this mass are expected to have much larger widths because of open
�avour decay channels.

Their decay rate into the J/ψφ mode (so near the kinematic threshold) should be small and
unobservable.

Then, the observation by CDF has triggered much theoretical interest about the nature of
this candidates.

The existence of X(4140) and X(4274) candidates remains uncon�rmed.
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Search for X(4140) and X(4274) at LHCb

LHCb searched for X(4140) and X(4274) in a sample with 0.376 fb−1

of 2011 dataset [Ref. arXiv:1202.5087v1].

Background subtracted sample with 382± 22 B±→ J/ψφK± events
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Search for X(4140) and X(4274) at LHCb

The LHCb sensitivity to X(4140) signal a
factor two better than in CDF.

According the CDF results, we should
observe 35± 11 X(4140) signal candidates
and 53± 19 X(4274) signal candidates.

Signal modelled by a spin-zero relativistic

Breit-Wigner shape. Two models of

background have been tested:

(a) A three-body background
phase-space function (used by CDF)

(b) A quadratic function

No narrow structure is observed near the
threshold.

The �t shown in (a) gives a X(4140) yield
of 6.9± 4.9 events and a X(4274) yield of
3.4+6.5

−3.4 events.

The �t shown in (b) gives a X(4140) yield
of 0.6 events with a positive error of 7.1
events and zero signal X(4274) events
with a positive error of 10.
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- The solid red line represents the result of the �t to
our data.

- The dashed blue line represents the the expected
signal amplitude from the CDF results.

- The top and bottom plots background functions are:
a) e�ciency-corrected three-body phase-space;
b) quadratic polynominal.
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Results on X(4140) and X(4274) at LHCb

The results of the search for X(4140) and X(4274) at LHCb are the two following
limits calculated at 90%CL:

B(B+→X(4140)K+)×B(X(4140)→J/ψφ)
B(B+→J/ψφK+)

LHCb(a) LHCb(b) CDF
< 0.07 < 0.04 0.149± 0.039± 0.024

B(B+→X(4274)K+)×B(X(4274)→J/ψφ)
B(B+→J/ψφK+)

LHCb CDF (our estimate)
< 0.08 0.17± 0.06

In conclusion, LHCb performed the most sensitive search for the narrow X(4140)
and X(4274) structures and:

Does not con�rm the X(4140) state previously reported by the CDF

Does not observe any evidence of the X(4274)

The LHCb results disagree at the 2.4σ level with the CDF measurement.

Ref: arXiv:1202.5087v1, just appeared in Phys. Rev. D 85,091103(R)(2012)
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Prospects for Z (4430)+
at LHCb

Charged charmonium like state reported by
Belle in B+ → ψ(2S)K+π− decays
[Phys.Rev.Lett.100:142001,2008, Phys.Rev.D80:031104,2009]

Searched and not con�rmed by
BaBar[Phys.Rev.D79:112001,2009]

If con�rmed it will be the strongest
tetraquark candidate.

No structure reported in the
B+ → J/ψK+π−

Z(4430)+ signal from Belle with 6.5σ

Studies in progress at LHCb using the full 2011 dataset

Analysing both B+→ J/ψK+π− and B+→ ψ(2S)→ K+π− modes.

High statistics: expected more candidates of B+→ J/ψK+π− and
B+→ ψ(2S)K+π− than Belle and BaBar together.

If the Z (4430)+ is there, we should be able to see it.
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Summary and perspectives

X(3872) [ref. arXiv:1112.5310]

LHCb has measured the production cross section in the range: 5 < pT < 20 GeV

and 2.5 < y < 4.5

CMS has measured the ratio of the cross sections in the range: pT > 8 GeV/c and |y| < 2.2

Both used 2010 data and the measurements are complementary.

Using the 2011 dataset: precision production studies, measurement of the quantum numbers
and improved mass determination.

X(4140) [Phys. Rev. D 85, 091103(R) (2012)]

Not con�rmed by LHCb.

Use the 2011 dataset to search for the other exotic candidates.

Z (4430)+

Work in progress at LHCb.

We hope to double data set in 2012
Thanks!
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