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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

. . . . RF
@ One low luminosity experiment, dedicated

to flavour physics experiment: LHCb
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@ Heavy-ion experiment: ALICE

Low B (pp)
High Luminosity
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The LHC environment

During most of 2011, LHC collided protons at 7 TeV with instantaneous
luminosity up to 2 x 103°cm™2s~! and 20 MHz of bunch crossing.

At these conditions:

@ Inelastic cross section ~ 60mb
@ o(pp — bbX) =
(288 + 4(stat) & 48(syst)) ub
[Eur.Phys.J.C (2011)71:1645]

@ —> ~ 10% BB pairs per second

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

@ 47 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 flavor physics
measurements in the LHC.

Muon chambers
Trigger + p ID

RICH system
p, K x ID

VELO H - .
@ Single-arm design. Covering the

range 2 < n < 5, LHCb can
exploit the dominant heavy
flavour production mechanism at
the LHC and detects ~ 40% of
the differential bb cross-section.

@ Good particle identification.
Excellent muon identification and
good separation of 7, K and p
over (2 - 100) GeV.

HCAL, ECAL and Preshower/SPD
Trigger + y/e energy and ID

@ 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 x 1032cm—2s71 .
@ Visible interactions rate: 12.0 MHz
@ LO output rate: 860 kHz

@ HLT output rate: 3.6 kHz

Level -0

30 kHz Global reconstruction

LHCDb Integrated Luminosity at 3.5 TeV in 2011

Inclusive selections
u, wttrack, uu,

| ©  Delivered Lumi: 12195 >

| ®  Recorded Lumi: 11067 b ‘

HLT2

topological, charm, ¢
and excl.selection

High-Level Trigger

Integrated Luminosity (1/fb)

o
el 37.5pb~! acquired in 2010
1.0fb~! 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 confining 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* final
states.

@ Many predicted states still not
observed.

Charmonium mesons

4500 |-n." ¢ (4415) — a

[ ¥ (4160)
[ n» w(4040) AT

4000 — — -

3500

L e — Predicted levels
3000 ke Measurements

Orbital levels

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

M Ivi he limi f h State M (MeV) T (MeV) I Decay modes Production modes

@ Masses ying on the imits of the 75 17545 58426 | 1 $/0(980) e*e™ (ISR), J/y decay
charmonia spectrum X(3872) | 38714£06 | <23 1 |t dpy, vy B — KX(3872), pj

. X(3875) | 387554 1.5 3.0 DOD°x0 B — KX(3875)

) Observe_d many dlff_erent Zooi0 | 392953 TR R o5 -
production mechanisms: ISR, X(940) | 394249 37417 | I DD* ete — J/PX(3940)
ete™, vy and B decays. Y(3940) | 394317 | 87434 | JTT wl/v B — KY(3940)

Y(4008) 4008742 226730 1= ataJ/y ete” (ISR)

@ The measured masses <.:|0 not X@160) | 4156+29 139718 [ g D*D* etem — J/y X(4160)
correspond to the predicted Y@2060) | 4264+12 | 83+22 | 1 Tt JIv oo (ISR)
values for conventional Y@4350) | 4361+13 74418 | 1 atay e*e~ (ISR)
charmonia. Z4430) | #33%5 45138 ? 2y B — K Z*(4430)

) . Y(A660) | 4664+£12 | 48415 | 1 Ty e*e (ISR)

@ Properties does not fit very well ~10.870 > = T S) P

to the charmonium picture.
Table from [Annu.Rev.Nucl. Part. Sci. 2008. 58:51-73]

Many theoretical interpretations in discussion:
@ A conventional charmonium, tetra-quarks states,
@ meson-molecules, hybrid mesons, threshold effects...

o" See the theoretical talks

D°-57 “molecule”
€ 43-gluon hybria
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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/ntn~.

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

Its existence was confirmed by BaBar, CDF, D@
collaborations.

Quantum numbers are constrained to 17+ or 2=+

Clear signature on the X(3872) — J/iyntn~ mode.
mtm~ mass spectrum well studied.

Mass known to 0.2 MeV and width < 1.2 MeV.

The
o
o
@ A tetraquark (diquark-anti-diquark).

nature of the X(3872) remains uncertain:
Conventional charmonium 7¢2(1D).
Mesonic molecular state: D*DO bound state.

interpretation of this state.

Candidates/ 5 MeV/c?

80001EBF 111400
1300
2500 1200
1100
2000 1000
1500
10001
5001 +, 3
M() > 0.5 GeV/c® M(n*m’) < 0.5 GeV/c’
o
3.65 3.70 3.75 3.80 3.85 3.90 3.95 4.00

Jyntn Mass (GeVic?)
The mass value of the X(3872) is a critical input on the theoretical
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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.
o 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) — JApmtm

o Assuming X(3872) asa 111 state
@ Inclusive selection of X(3872) — JAp7tt 7~ final state
o Fiducial range: 5 < pr < 20 GeV and 25 <y < 4.5
o Efficiency estimated from Monte Carlo
Ni{3s72)

o(pp — X(3872) + - --) x B(X(3872) — JApmtn™)

T EX L X B — )
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X(3872) production studies at LHCb

Analysis performed on data sample with integrated luminosity of 34.7 pb~!
collected by the LHCb experiment in pp collisions at /s = 7 TeV in 2010.

[ref. arXiv:1112.5310]

o(pp — X(3872) + - --) x B(X(3872) — JApm ™) = 4.7 + 1.1(stat) + 0.7(syst) nb
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Events / 2 MeV/c?
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M@y T 1) [MeV/c?]

Source of uncertainty Ac/o %]
X (3872) polarization 2.1
X (3872) decay model 1.0
X (3872) decay width 5.0
Mass resolution 5.8
Background model 6.4
Tracking efficiency 7.4
Track x? cut 2.0
Vertex x? cut 3.0
Muon trigger efficiency 2.9
Global event cuts 3.0
Muon identification 1.1
Integrated luminosity 3.5
J/1 — ptp~ branching fraction 1.0
Total 14.3
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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™! collected by the LHCb experiment in pp collisions at
Vs =7 TeV in 2010. [ref. arXiv:1112.5310]

M(X(3872)) = 3871.95 + 0.48(stat) + 0.12(syst) MeV/c?

@ Momentum scale calibration using

© —
3 I — e
g @ X(3872) peak fitted using a Voigt function with
& fixed width.
w
soob- @ Background studied from wrong-sign pions
3 combinations and modeled by exponential
W0 Lo function.
E LHC Am [MeV/&
sof- Preliminary Category Source of uncertainty , A",] [Mevye ]
E V5=7TevData v(25) | X(3872)
ot L ! Natural width - 0.01
3850 3900 3950 Mass fitti Radiative tail 0.02 0.02
My T 1) [MeVic?] ass g Resolution 0.01
Background model 0.02 0.02
o Uncertainty dominated by statistics Mommentum calibration | */¢1#6¢ momentum scale 0’0_8 0-10
7 dependence of momentum scale | 0.02 0.03
[+ |mprove with 2011 dataset Detector description Energy loss correction 0.05 0.05
Detector alignment Track slopes 0.01 0.01
Total 0.10 0.12
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X(3872) mass

Current PDG value : M(X(3872)) = 3871.57 + 0.25 MeV/c?
(without LHCb and Belle's lastest results)

CDF e

BaBar B*

BaBar B°

DO

Belle (arXiv:1107.0163)

i

LHCb (arXiv:1112.5310)

I
|

New average 3871.66 + 0.18

ke

M(D%)+M(D") e

3867 3868 3869 3870 3871 3872 3873 3874
X(3872) mass [MeV/c?]
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Prospects for X(3872) at LHCb

Using the 1.0 fb~! dataset recorded by LHCb in 2011:
@ About 30 times more luminosity
@ Expected about 16,000 prompt candidates.
o Expected about 200 candidates B* — X(3872) K*

Will have enough statistics to:

2350:_ LHCb Preliminary
@ Perform precision production studies %aooi— e }/pgi;gﬁ*l
(in bins of pT) gzsof—
@ Study the X(3872) quantum Ba00f-
numbers 51505_
@ Improve the X(3872) mass 1005_
measurement £
50F— B* 5 X(3872)K*
@ Study the w7~ spectrum ;
g 00 550 600 650 700 75 850 900

0 800
M(Apren-)-M(Jp) MeV

In the figure: 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 Y(2S) — JAb 7t~ and X(3872) — JAbmtr

o(pp — X(3872) + - -+ ) x B(X(3872) — JApmtn)

R oo = X(3872) + ) x BOb(2S) — Jbrrm)

@ Dataset with 40 pb™! @ 7 TeV

recorded by CMS in 2010. 5000
@ pr > 8GeV/c and |y| < 2.2 Zes00.
~4000F
] NX(3872) =548 + 104(Stat) §3500§
® Ny (2s) = 7346 & 155(stat), Foono:
2500
20005
15002 ) o4 = 1550t
R = 0.087 = 0.017(stat) & 0.009(syst) 1000
500 CMSPrehmlnary del 40ph

!6 365 37 375 35 335 39 395 4
Jhp w*x invariant mass [GeV/c?]

[Ref. CMS PAS BPH-10-018]
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The X(4140) and X(4274) candidates

~§1 Ng‘lv
. . >
Two exotic resonance candidates 24 2sf
in B + T o
observed by CDF in B* — JAb K 5 e ge
. . 1] "
decays and decaying into JAp ¢. £ £ ‘ “
[Ref. Phys.Rev.Lett. 102.242002, arXiv:1101.6058]. g2 2217 [\ ||“ o ‘J-m!!
s, 8 B A
B 1. E R 5 11 1.2 13 14 15
m(ur K K)-m(uy) m(utpK'K)-m(uy) [GeV/c?]

@ 115+ 12 candidates of B* — JAp pK*

© X(4140) candidate with My (4140) = 4143.4757 £ 0.6 MeV/c?,
X (a140) = 15.3*%91'4 + 2.5 MeV/c?, with yield of 19 + 6 and statistical
significance of 5.00.

@ Maybe a second state: Iy (4574) = 42744775 £ 1.9MeV/c?,
[(aoga) = 32,3705 £ 7.6 MeV/c?, with yield of 22 + 8 and statistical
significance of 3.10.

@ CDF results implies:

B(BT — X(4140)K™) x B(X(4140) — JAp ) = (5.2 +1.7) x 107°
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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 flavour spectroscopy (LP09)]

@ Belle accumulated more events on BT — J/iy¢K™ than
CDF but could not confirm or exclude the X(4140).

@ Loss of efficiency near the threshold resulted in a lower
sensitivity to X(4140) at Belle.

@ B(BT — X(4140)K*) x B(X(4140) — J/ipp) < 6 x 107©

Events /(0.01 GeVic?)

iz

In summary:

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

@ Their decay rate into the J/Ap$ 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 unconfirmed.
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Search for X(4140) and X(4274) at LHCb

o LHCb searched for X(4140) and X(4274) in a sample with 0.376 fb™*
of 2011 dataset [Ref. arXiv:1202.5087v1].

@ Background subtracted sample with 382 +22 B* — JAp pKT events

> T T T > T T T
= s
80 — 60 .
Ny LHCb < LHCb
@ B'- JWK'KK* 1 < B S JipgK® |
g 601 . §
'.g 8 401 -
< | B ©
O 40 %
O
20+ .
201 _
O """"""" 1 ? "r il .“. 1 Ir 1 I | 11 1:‘ | T NI k
1000 1050 1100 1150 1200 510 5200 5300 5400 5500

M(K'K) [MeV] M(@I/P¢K) [MeV]
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Search for X(4140) and X(4274) at

@ 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 fit shown in (a) gives a X(4140) yield
of 6.9 +4.9 events and a X(4274) yield of
3.4:%_i events.

@ The fit 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.

- LHCb 1
8 B" - J/poK® -
L @ J

Candidates / 4 MeV
(2]
T

Candidates / 4 MeV

1%00 1100 1200 1300 1400
MQ/@)-M@I/Y) [MeV]
- The solid red line represents the result of the fit 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) efficiency-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(BT—X(4140)K™) x B(X (4140)— J/1) )
BB = J/poKT)
LHCb(a) | LHCb(b) CDF
< 0.07 < 0.04 | 0.149-+£0.039 £0.024

B(BT—X(4274)KT) x B(X(4274)— /1) $)

B(BT— /0 ¢KT)
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 confirm the X(4140) state previously reported by the CDF

@ Does not observe any evidence of the X(4274)

@ The LHCb results disagree at the 2.40 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

Z(4430)" signal from Belle with 6.5 ¢
@ Charged charmonium like state reported by A
Belle in Bt — {(25)K* 7t~ decays I
[Phys.Rev.Lett.100:142001,2008, Phys.Rev.D80:031104,2009]
@ Searched and not confirmed by
BaBar[phys.Rev.D79:112001,2009]

@ If confirmed it will be the strongest
tetraquark candidate.

Events/0.01 GeV

@ No structure reported in the
BT — JWKtm~

4.3
M(Ey) (GeV)

Studies in progress at LHCb using the full 2011 dataset
@ Analysing both BT — JADK*7t~ and BT — {(2S) — K7t~ modes.
e High statistics: expected more candidates of BT — JApK*7t~ and
Bt — W(2S)KT7~ 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 < pp < 20 GeV

and 25 <y <45
@ CMS has measured the ratio of the cross sections in the range: pr > 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 confirmed 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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