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Standard and Exotic Hadrons

« Longstanding dispute in light
meson spectroscopy if exotic
states exist (oo many scalar
states?)

* No convincing experimental
proofs for existence of elusive .
mesonic

pentaquarks molecule ? |e.g. deuteron

* Recent discoveries in heavy
quark states have revived
hopes for conclusive proofs for
existence of exotic mesons

STANDARD

tetraquark

pentaquark ?
@ 9

hvbrid ?
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Discovered by Belle in 2003 at e*e- B-factory
in B*—X(3872)K+, X(3872) — J/y n'r-
Confirmed by CDF and DO in 2004 at
Tevatron, mostly prompt (~84%) production
pPp—X(3872)+...

Also observed by BaBar in 2005

lts mass and decay modes disfavor a
standard cc state.
DD* molecule, tetraquark, hybrid...?
Even 9 years after the discovery some basic
experimental questions are not answered:

— Is its mass below the DD* threshold?

— lIs its JPC=1++ or 2-+ ?

—
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|||"HCb experiment
pPp collisions — |
L Up to 4x10%2 cm2s! LHCb — Small solid angle

= with comparable
- AT 1 cross-sections to
\ il the central region

v

small events size

v

large output

= trigger bandwidth
o ~3.5 kHz
RICH detectors EM and HAD calorimeters
. for triggering on channels with no n
for good K/m separation And for e,y1° detection
\ J
Y

Muon system
efficient uw and uu triggers
« Advantages vs e*e: with low p; thresholds
— Prompt production and orders of magnitude larger B production rates
» Advantages vs central detectors at LHC or Tevatron:
— Large trigger bandwidth totally devoted to heavy flavor physics; higher trigger efficiencies
— Can identify and trigger on lower p; (dijmuons

— K/m separation
— Larger production rates than at Tevatron
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| (3872) at LHGCb (

1600

nclusive X
LHCb Eur. Phys. J. C72, 1972 (2012), arXiv:1112.5310

RS F LHCDb
> - - [ 565+62 events
- (2S) X(3872)
2 1400pNe = TTEY n | 6,=3.3 MeV
o B
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M[X(3872)] = 3871.95+0.48+0.12 MeV

VS

mostly prompt;=

Mass resolution and S/B
similar to CDF.

Signal yield/fb

6.5 times higher than in CDF.

Also preliminary observation by CMS
in 2010 data (CMS-PAS-BPH-10-018);
similar yield/fb! but 2x resolution and
4.5 worse S/B (see next slide)

M[y(2s)] = 3686.12+0.06+0.10 MeV

PDG 3686.091t0.04 MeV

vs CDF 3871.61+0.16+0.19 MeV

Belle 3871.84+0.27+0.19 MeV

M(D9)+M(D%*)=

3871.7910.29 MeV

The statistical error on the mass measurement from 2010 data not competitive yet,
but the systematic error is small.
Already have 1 fb-! collected in 2011. Expected statistical error ~0.1 MeV. Systematics ?
Better measurement of M(D?9)+M(D°%*) also needed.
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X(3872) production -

« X(3872) production cross-section measured at Tevatron:

— Bignamini et al PRL103, 162001 (2009)
« orders of magnitude too large to be a DD* molecule

— Artoisenet, Braaten PRD81, 114018 (2010): PRD83, 014019 (2011):

- can be reconciled with the molecular model when DD* rescattering is
considered

* they also predicted X(3872) pp ¢ x BR(X(3872) — J/y nrn-) at LHC scaling
from the measurement at Tevatron using NRQCD approach
CMS-PAS-BPI;-10-O18

v(25) | =

* Preliminary CMS results based on
2010 data (0.04 fb1):
— Measure o x BR ratio between

X(8872) and y(2S) (p>8 GeV,
ly|<2.2) : 0.087+0.017+0.009

« Similar to CDF 2004 signal yield ratio:

3 | /
:1|T'T'l'|'

X(3872)

548+104 évVente

L] 3

¥

SRR N

Ny arey = 548 + 104 (stat )
Ny pos = 7346 + 155(stat.)

1000 Js=TTeV
0.10+0.02 500 CMS Preliminary det:ilD pb’
— no absolute o x BR measurement §6 365 57 375 58 38 59 3% 4

JAy o' invariant mass [GeV/e’l
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X(3872) production ¢ measured at LHCDB

LHCb Eur. Phys. J. C72, 1972 (2012), arXiv:1112.5310

« Use smaller fiducial region:
— 2.5<y<4.5and 5 < p; <20 GeV
— With well understood acceptance corrections
— Reduces the signal yield by 30%

c(pp—X(3872)+anything) BR(X(3872) — J/yrtn)
=4.7+41.120.7 nb

Smaller than predicted for this fiducial region by Artoisenet-Braaten:
13.0+2.7 nb

(error from experimental inputs only, theoretical uncertainty?)

With 1fb-! expect determination of prompt and B-production fractions vs p;
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X(3872) from B decays at LHCDb
LHCb-CONF-2011-040 (selection optimized to B.* — J/yn*n 1Y)
} BOU - - - ¥ 1 ¥ ¥ ¥ ¥ 1 ¥ ¥ ¥ ¥ 1 ¥ ¥ ¥ ¥ |
s L . LHCb _
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« With selection optimized to X(3872) up to 300 events in 1 fb"

(~2x Belle’s signal statistics)
« Analysis of angular correlations

to probe JPC in progress
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Br—J/yo K+ ® 10 CDF data 6 fb'!
(0—K* K) ® & 7 CDF arXiv:1101.6058
o ®© si- | X(4143) 1946 events
% 50% CDF B*—J/yoK*+ | _CDF PRL 102, 242002 (2009) 6 S50
oL 67 gl 115412 Set . =151, MeV
g | events =Tt
230 Sst | 3.80 4
829 "
LEL: 220k 1L 2
0 5.5 53 54 041 1.2 13 'Hfi'ﬂ’]'\
m{JvdK*) [GeV/ic?] AM (Gevic?) !

A narrow state at this mass decaying
to J/wo necessarily exotic!

00

J. Brodzicka LP09 DOI:10.3204/DESY-PROC-2010-04/38

1 Belle (unpubished) | 355451 B+, yrygK+events
: but low efficiency near the

J/yo threshold

BR(B*—X(4140)K+ X—sJ/y0)
< 6 x10°6 (90%CL)

vs CDF x BRppg(B*—=J/yoK+) O _
- (8+2+3)x 10 ML

(1))

=Y

Candidates per 10 MeV/c? Candidates per 10 MeV/c
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BT Search for X(4140) in LHCDb

Candidates / 2.5 MeV

Candidates / 2 MeV
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Sizeable efficiency at the threshold

Relative efficiency
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—

LHCb PRD 85, 091103(R) (2012)
0.37 fb! (partial 2011 data set)
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LHCb simulation
B*— J/yoK"
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M(J/y6)-M(J/y) [MeV]

1200 1300

Factor of ~2 better

sensitivity to X(4140)

1400

signal yield than in CDF
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BT Search for X(4140) in _HCb

Expected from the CDF results

—

—| B(B™ — X(4140)K ™) X B(X(4140) — J/ ihp)
i B(B" — J/¢$K")

LHCb (90% CL):

< 0.07

vs CDF: 0.149+ 0.039 +0.024.

2.4c disagreement

10 .
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« (2.70 disagreement)

also set 90% C.L. on:

B(BT — X(4274)K*) X B(X(4274) — J/ i $)
BB — J/ypK™)

< (.08

.110(]-' o
M(J/po)-M(J/y) [MeV]

1000

1200

1300
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« With more data plan multidimensional amplitude analysis in M(J/y¢)
vs M(0K+*) vs angles
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Summary

LHCD results on inclusive X(3872) using 2010 data:

— Measured mass consistent with, but not competitive yet, with the
measurements by CDF and Belle.

— Good efficiency, mass resolution and S/B. Potential to do the best mass
measurement with the 2011 data.

— The measured cross-section somewhat lower than predicted by Artoisenet-
Braaten from the Tevatron data.

—  Will determine long-livetime / prompt ratio with the 2011 data

Worlds best signal statistics for B+—X(3872)K*,
X(3872)—J/yrn-in the 2011 data:

— JPC determination and BR measurement in progress

LHCb search for X(4140) in B+—X(4140)K*, X(4140)—J/wo:

— The most sensitive measurement to date
— Don't find evidence for this state in 2.4 disagreement with the CDF

Other work in progress:

— We have the worlds best statistics for BO—y(2S)n+K-.
Probe for Z(4430)* —y(2S)r+ (claimed by Belle, © ® ",
but not confirmed by BaBar). W



