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Outline

LHCD results of production of cc and bb states and comparison with theoretical models
Few results from exotic states

| LHCb Integrated Lumi over Time at 3.5 TeV | [2011-02-16 16:25:28 |
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Most of the analysis based on 2010 data = 35 pb™
564 pb™ recorded so far
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LHCDb detector
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Forward region spectrometer (1.9 <n < 4.9), 4% solid angle, 40% b-hadron cross section
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P(2S) production cross section (I)

LHCb-CONF-2011-026

@ Two decay modes: Y(2S) - J/g it P(2S) - h
@ Data include also (2S) from b: from 10% (low PT) to 40% (high PT)
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(2S) production cross section (Il
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Events /10 MeV/c?

@ Lepton universality assumed
@ Smaller error respect to B({(2S) - 1 W)
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Theory predictions:Y.Q Ma, K. Wang and K. T. Chao, B. Kniehl, M. Butenschoen
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Y(1S) production cross section (I)

LHCb-CONF-2011-016
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Y(1S) production cross section (ll)

Comparison with theory (P. Artoisenet, K.T. Chao, J.P. Lansberg and R. Vogt)
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Comparison with CMS results (arXiv:1012.5545)
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X_, and x . cross section ratio (I)

LHCbh-CONF-2011-020
N vcl xcl X cl

O(XCZ): xc2.EJ/1pEy se Br(Xcl_)J/MQY)
G(Xcl) Nxcl E;(ij?CZE?eCZ Br(XcQ_)J/MQY)

@ N(x i) : from fit on data sample

@ Efficiencies (¢€) : from Monte Carlo
- € /prc is the total detection efficiency for J/ from x_

—~ EXCV exe " is the photon total detection efficiency times the X_selection efficiency

Photons recontruction: QQ (59 %) ECAL HCAL
@ Unconverted photons Q9 VR

@ Converted photons (y — e'e’) after the magnet ) Py ]

are identified by requiring a signal in the € — D

Scintillating Pad Detector (SPD). We cannot
reconstruct converted photons before the magnet. h —_—
@ Particle identification using a “confidence level
likelihood” Y ——p < I <>
= Calorimeter information
= Tracking information
= Ratio of track seed energy to ECAL cluster LHCDb calorimeter
energy
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X, and x . cross section ratio (ll)
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@ Data sample separated in converted (after the magnet) and non converted photons.
Extraction From each sub-sample of N(xci) from a fit in M(J/P'y) — M(J/) in bin of /P P_

@ Combination of the two results
@ Evaluate the largest uncertainty due to the unknown polarization on the combined results
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X2 ANA X,

@ Result in bins of J/y PT

@ NLO NRQCD: same model
used for the Y(2S) analysis

@ Results: statistical and
statistical + systematic errors

@ Shaded black area:
uncertainty due to the unknown
polarization

@ Some differences respect to
the theory predictions: Kuang-
Ta Chao, Lucian Harland-Lang
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cross section ratio (1)
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X, observation

@ X, reconstructed from Y(1S) and a photon

e Clear signal. The 3 x_states cannot be resolved
@ Plan to measure cross section
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X(3872) mass measurement (l)

@ Exotic meson, internal structure unclear
@ Most X of prompt. The b fraction is 8 £ 3 (stat) % LHCb-CONF-2011-021
Momentum scale
@ Accounts effects related imperfections in the knowledge of the magnetic field map and of the
alignment of the tracking system
@ Average overall scale factor to be applied on all raw measurements of the track momenta
@ Detailed studies with J/{) and other resonances
= Stability versus time
= Variation with decay kinematics
= Calibration checked with Q(2S) - J/g U7 decay: P(2S) - J/P 1TTT mass becomes
3686.12+0.06(stat) MeV/c?, in good agreement with the PDG value of 3686.09 + 0.04 MeV/c?

Momentum scale checked on other two body decays

Decay Measured mass [MeV/c?| | PDG average [MeV/c?|
Y8 = utp 9459.90 + 0.54 9460.30 £ 0.26
J/?P oy u+u_ 3096.97 £+ 0.01 3096.916 £+ 0.011
D0 o K—gt 1864.75 + 0.07 1864.83 +=0.14
Kg N 497.62 4+ 0.01 497.61 4+ 0.02
J/P mass stable in all 2010
& 3100 . . =
%‘ 3098 Einfl I | i+ . J x I TR :
3096 [T TF VINEIR O 1 T0 pen ' AL g 3

% 3094 g !

S 3092 LHCb PreliminaryVs = 7 TeV Data

= 3090, 100 200 300 400 500

Run
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X(3872) mass measurement (I

Unbinned maximum likelihood fit to M(J/ Tt'TT)

@ (2S) described by Breit-Wigner convolved with Gaussian (Voigt profile)

@ X(3872) also described by Voigt, width fixed to 1.3 MeV (CDF average from BaBar and Belle
limits)

@ Background described by threshold function (gives good description of same sign background:
J/Y TETT)

o 1%%°FLHCh . i
S - pre"minary@ 650 X(3872) observation in B - X(3872) K
D 1400—y5=7TeV Data
= - 600
Qlu_’ 1200 550 2350;_ LHCb Preliminary
= C 3300:_ B* — (25)K* Vs =T TeV 1
2 1000 500 27k ﬂ £ = 376 pb™
Ll [ 450 %250:_
800 5 r
n $200F
600:_ §1505—
400F toof- N(X(3872)) = 71 + 12
200 N(X(3872)) = 585 + 74 “E A
0 L L 1 1 | L 1 | n . | . . %00 550 600 650 700 750M JISOO MBi;] MQ‘?O
3600 3700 3800 3900 (oma M) Ve
M(J/y ©* ) [MeV/c?]
— 2
M, 3872) 3871.96 + 0.46 (stat) + 0.10 (syst) MeV/c
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X(3872) production cross section

LHCb-CONF-2011-043

N/ corr
A X (3872)

[:int X Thot X B(J/l’ - /u-—l_)u-_)

Ox(3872) X B(X(SS'TQ) — J/-Uf';ﬁjLﬁ_) =

LU§ L LHCb simulation Source Uncertainty (%)
0.5 25<y<3 T X (3872) polarization 1.4
0.45— : 2.523; <<3;.5 X:(S 72) decay 111‘uc_ld 1‘1egl_igil:>le

- 4 <y<45 X (3872) decay width 11.8
0.3:_ l T Mass resolution 1.3
: = Tracking efficiency 16
ook T l - Track y? cut 2
[ o L, Trigger 5
o. 1:_ m:;::F:FT l | Global event cuts 2.1
- e SR A4 Vertex \? cut 3
oL AN || g | Muon identification 1.1
0 > 10 15 20 Integrated luminosity 3.5
EﬁiCienCy Py [GeVic] J/i — p*p~ branching fraction 1
Total 21.3
systematics

The yield efficiency corrected NCO(3872) — 9597 £ 2217
X (3872) X BR(X(3872) — J/'L.-"f.»"ﬁﬂ_ﬁ_) = 4.74 + 1.10(81].‘:11]) T 1. 01( V%t) 1b
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Search of X(4140) (1)

_ LHCb-CONF-2011-045
@ Search of X(4140) in B - J/Y K", ¢ - K"K

@ CDF observed a X(4140) structure with a significance of 5 o
@ |f real these are candidates of exotic bound state

B* - J/Y @K":J/Y and ¢ mass cut applied

(=]
=]

~_ 10 . _
S"E CDF arXiv:1101.6058v1 % E 381 + 22 events 2010+2011: 0.4 fb™
§ sk 4 X(4143) o soE
= 1946 events £ sof
5 ¢ =
Q. é 30
W ETE
L 4 S
_g 20—
"E 2 105— LHCDb preliminary
S -
0 8100 5150 5200 5250 5300 5350 5400 5450 5500

M(JIyd K) MeV
CDF: 115+ 12 events in 6 fb*
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Search of X(4140) (II)

Fit of M(J/Y @) -M(J/Y)
@ Signal: relativistic spin 0 Breit-Wigner smeared with the resolution

@ Background: efficiency shaped 3 body phase space (smeared with the resolution), quadratic

polynomial
3 body phase space_ quadratlc polynomlal
b ] Expected events scaling®[—

LHCb preliminary ] with CDF results [ LHCb prellmmary
%7‘5-_ : 39+9+6 >\ 1
= | =
> 3
2] w
2 Q0
o =
s 5[ g s -
5 5
o | ! o)

. : E
= < [ 2 2,5-
I| 0+ 3 events | :
L |l , . i7x5events RN o,
1000 1100 1200 1300 1400 1000 1100 1200 1300 1400
M(JAy ¢) - M(Jhy) MeV M(Jy §)-M(Jy) MeV

Bf(g — X(ZH 40)K+, X(ZH 40)_> J/W¢) < 0.07 (90%CL) 3 body phase space
gr(g N J/W¢K+) < 0.04 (90%CL) quadratic polynomial

CDF: 0.149 £ 0.039 £ 0.024
LHCDb doesn't confirm X(4140) arXiv:1101.6058v1

DPF-2011 Luigi Li Gioi

16



Exclusive dimuon (I)

LHCb-CONF-2011-022

40<n<-15

Bending planc .
Magnel Muon detector

‘ ECAL HCAL
‘H?2
Interaction point RICH 2

300mrad

RICH |

b— Beam

Vertex H
Locator T

QED used for QCD can test
indirect precise prediction in a low
luminosity multiplicity

measurement enVironment Vertex detector
Vertex detector can reconstruct
backward tracks

(no momentum measurement)

Tracking

M(up) > 2.5 GeV/c? , resonances removed

> 50 ) ) ) ! ) ) ) ! ) ) . 2[::0 D::Zn rom ata

2 * Sl tom PRI @ Reconstruct of forward and backward tracks
S 40 @ Exclusive = only 2 forward tracks in total
E,- 30 LHC-b : gfgggg;: LHCDb preliminary

9 | Preliminary 3 1000 \s=7 TeV

c 8 10000 E-

Q 2 s000F-

5 2 I P
“6 Zoogg 10 20 30

i Number of forward tracks when >=1 backward tracks
g 10 ‘2600 A
g 2 00 LHCb preliminary
= 0 S 409 \'s=7 TeV
0 0.2 0.4 0.6 0.8 2w
DiMuon Pt (GeV) S0
Background estimation from data > 2 tracks

10 20 30
Number of forward tracks when no backward tracks

DPF-2011 Luigi Li Gioi 17



Exclusive dimuon (Il)

PT(uu)<900 MeV/c, two tracks, 1 photon for X,

No background subtracted. ~80% exclusive events ~40% exclusive events
%zso; %, 20— > L v v I v v v : éoh}gg)?rfmSuperChic mc
s L - *F] B iC1 from SuperChi
e i I = E 1 HCD W(2S) | 2 sof || o crcibomsmmcncns
;.,-200; P_rellmlnary s ; 16;Pre||mlnary 8 E LHC-b - ChiC from Psi’ Starlight MC
g | VsETTeY 2 Ns=7TeV 5 40 Preliminary
B S g [ \s=7TeV Data
[ . > F c 30|
: = s F
100~ 81— @ C
L ’ E "'5 20_—
6 — -
so- B B -
41— —
| M UG
27 28 29 3 31 32 33 g: - ‘L‘l"‘i ---------- L il VST 00 Vil Vi 4R 9 U9 = 0: + L
"~ Invariant Mass (GeV) 4 3.5 3.6 3.1 3.8 3.9 4 3.2 3.4 36 3.8

Invariant Mz;ss (GeV) chiC Mass (GeVIcz)

Result and theory predictions

1) 6(QED): 67 + 10 £ 5 + 15 pb

2) o(JIY): 474 + 12 + 45 + 92 pb
3) o(W(2S)): 12.2 +1.8 +1.2 + 2.4 pb
4) o(P(2S))/o(3/Y): 0.20 + 0.03

5) 0(xc0):9.3+2.2+3.5+1.8pb
6) 0(xcl): 16.4+5.3+ 5.8+ 3.2 pb

7) 0(Xc2):28.0+54+9.7 5.4me\
Luminosity

DPF-2011

1) 42 pb (LPAIR)

2) 292 pb (Starlight) 330 pb (SuperChic) 330 pb
(Motyka&Watt) 710 pb (Schafer&Szczurek)

3) 6.1 pb (Starlight) 17 pb (Schafer&Szczurek)
4) 0.16 (Starlight) 0.2 (Schafer&Szczurek)
0.166 + 0.012 (HERA) 0.14 + 0.05 (CDF)

5) 14 pb (SuperChic)
6) 10 pb (SuperChic)
7) 3 pb (SuperChic)
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Summary

@ LHCDb performed many analysis of the quarkonium states using 2010 collected data

= Good agreement of P(2S) cross section measurement with NRQCD
= These results are useful to test theoretical models
= Good agreement of Y(1S) cross section

-~ Some disagreement of X _ and x_, cross section ratio with theory models
-~ Comparison of different exclusive dimuon production cross sections with theory predictions

03

@ Results from X(...) states 1600

1400 LHCb Preliminary

% N5 =7TeV,L =243 pb!
RN, =508e+07

' Signa
R} 6 =14.6 MeV/c?

= Precise measurement of X(3872) mass
1200
- X(3872) production cross section measurement

-~ LHCb doesn't confirm CDF X(4140)

1000

800

'.IIIIII|III|III|III|Illllllllllllé
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600
@ | HCb has a very high J/{ statistic in 2011 data 400
+ 564 pb™ recorded so far 200

. -r----r"'w"“f""I. [T S R R ‘.r'"m, L dedennd
=1 fb™ expected in 2011 03 3.05 31 3_15m [Me&]z
pp

= A lot of new results expected in the future Number of J/@ in 2011 data
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XX .- comparison with CDF results
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X(3872) mass average

Average according to the prescriptions of PDG 2010

CDF

BaBar B"

BaBar B’ ' - '
DO J S S

Belle
PDG Average 3871.56+ 0.22
LHCDb Preliminary

New average 3871.63 + (.20

A PP VP I S I B
3867 3868 3869 3870 3871 3872 3873 3874
X (3872) mass [MeV/c’]
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X(3872) : mass measurement syst.

Signal Modeling
@ Vary fit range
@ Vary natural width from 0 — 2.6 MeV

@ Embed MC in same-sign background and check for bias from background fit model

Calibration

@ Vary momentum scale by = 0.1 per mille [quoted uncertainty]
@ Parameterize residual n bias and make dependent scale factor

@ Vary amount of material by 10 %
Alignment

@ Drop TT hits and repeat procedure

@ Scale track slopes in velo by per mille

DPF-2011

Source of uncertainty Value [MeV/c?]
Mass fitting:
Natural width 0.02
Background model 0.02
Fit range 0.01
Momentum calibration:
Average momentum scale 0.05
1 dependence of momentum scale 0.03
Detector description:
Energy loss correction 0.05
Detector alignment:
Tracking stations (T'T information) 0.05
Vertex detector (track slopes) 0.01
Quadratic sum 0.10

Luigi Li Gioi
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L HCD fit of X(4274)

~ 10 10 T T T
L |CDF:arXiv: 1101.6058 ! ' | ' .
o C) L LHCb prelimit ]
2 gl _ JD preliminary _
— 22 + 8 events > i §
o 6 QL 75k X|42?4“ fit -
o = X _
£ 4 7 0 j
S 2 [ _
5° 5 T | ;
o I _
01 gt
m(u =t ;
3 25
z L
49 £ 18 events expected from I
CDF results assuming the same L[ 2 ]
efficiency of X(4140) from CDF o L - I
1000 1100 1200 1300 1400
M(JIyr o)-M(Jhr) MeV
BR(B+—X(4274)K+ X(4274)—J/yo) / BR(B+—J/yoK+) < 0.08 (90% C.L.)
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