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Outline

Introduction
Exotic measurement and prospects

— X(3872) mass measurement;
— XYZ prospects.

Quarkonia measurements and prospects
— (2S) production;
— X1, X Cross-section ratio.

Summary



Introduction: LHCb detector

* Characteristics relevant for these analysis:

— Proper time SO M

resolution: 30-50 fs ; Vi /

— pidentification ‘s ISl

efficiency: ~ 95% ; /M“ g
— Ap/p:0.35-0.55%. "

* 37 pb!of data collected at Vs = 7TeV in 2010.
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Exotic mesons

* |In recent years, new exotic mesons have been
observed by different experiments:

— X(3872), X(4140), Z(4430)...
S%

Tefréquark

* Many models, all with limited succe

— Tetraquark: Tightly bound four quark.

— Molecular state: Loosely bound mesons with 60 |
a quark/color exchange (short distance) ——
or it exchange (large distance). Molecular

— Charmonium hybrids: States with a excited gluonic
degree of freedom. ~_ £

cc hybrid
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X(3872) mass measurement

LHCb-CONF-2011-030

* Motivation 6000TooET
. 2200
— Measure X mass using X 2> J/p * . | 2100]
* [ntroduction % 2000
. = 4000 1900'+ + +
— First observed by Belle, = w0t T T +|
confirmed by CDF and Babar; gaooo %580 s se0 a8
— Quantum numbers constrained égooo
to be JPC= 1** or 2. °
. 1000/
* Analysis strategy
0

— USIng the InCIUS|Ve prOdUCtlon; 3.65 3.I70 3.I75 3.I80 3.I85 3.I9023.;35 4.00
— Based on L=34.8 pb™! of data; Jyn'n Mass (GeVie')
— Y(2S) = J/¥ t* v as control channel. PRL 93:072001, 2004



Fit functions and calibration

Fit functions:
— Background(from same sign background shape) :
Fog(M; me, co, 1, 2) = ;(M — mr}cﬂe_m‘:i_”:f?
— Signal Voigt function (convolution of BW with Gaussian) :

V(M; p,a,T) :f G(M — M’; o)L(M’; u|T) dM’

Calibration Fixed
— J/P mass is constant over the whole data-taking.
3100

A{-_}' T T T

> 3098 pill f ! +i TR TWRNU TP + !
=, 3096 ST S . * T T Ay AL : d
= 3094 J } +

S 3002 } LHCb Preliminaryys = 7 TeV Data

= 3090359 200 300 300 500
Run
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Systematics

Systematics under control:

‘ Source of uncertainty ‘ Value [MeV/c?] |

Mass fitting:

Signal model (natural width) 0.02
Background model 0.02
- M =3686.12 + 0.06 (stat) MeV/c? &
b(25) - ( ) / Momentum calibration:
consistent with world average Average momentum scale 0.05
1 dependence of momentum scale 0.03
(368609 +0.04 MEV/CZ),' Detector description:
Energy loss correction 0.05
— The Y(2S) mass does not depend on [Detector alignment:
i ti iabl Tracking stations (TT information) 0.05
any Kineématic variables. Vertex detector (track slopes) 0.01
| Quadratic sum | 0.10
T 1 T ]7 N': 17
> 0sb <Am>=0.02% 0.06 % 0sf <Am> = 0.03% 0.06 % 0.8F <Am>=0.06  0.06
Ego.ﬁ;_ P((’)=0.72 Ego.ﬁ'_ P(x*) = 0.62 Ego.sf_ P(x’) =0.10
E}045— = 0af 2}0.4; 1
< L < < [
0.2f T l 0.2f | l 0.2f 1|l
- I : | | 1 7 1 ‘ - i -
I i °F . ‘ oF ! !
02F 02F . 0.2 L | \
04 4 Lhch o4 LHCb
s LHCb o6 Prelimi 06 Preliminary
o5 Freliminary Quias) o5 vE=7ToV Dt Py(es) ot PTwezs)
N T T T T N S R I B S B IS B S R I BRI B B
]0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 ]0 2 4 6 8 100 12 14 16 _]0 50 100 150 200 250
Q [GeV/c] pt [GeV/c] p [GeVic]
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Mass spectrum

1600 HCh
_ Preliminary |
1400 |5 = 7 TeV Data

1200

1000

Events/2 MeV/c?

o R It ISBUDI II ISQDIJI |
ESUlts M(J/y ©* ) [MeV/c?]

— My 3g72)= 3871.96 + 0.46 (stat) + 0.10 (syst) MeV/c?
— Nyag72) = 585 + 74, 6 = 2.75 + 0.54 MeV/c?

“ B 1 | 1 | | | |
3600 3700



Comparison with other
X(3872) mass is compatible CDF
_ BaBar B*
with other measurements; BaBar B!
New average: Do
Belle
3871.63 + 0.20 MeV/c?, ppG averaze 3871 564022
indistinguishable from LECb prelumnary
o New average 3871.63 £0.20

(3871.79 + 0.29 MeV/c?);

experiments

3 ? 3E68 3869 3870 3871 3872 3873 384
X(3872) mass [MeV/c?]

=1

A statistical error of 0.12 MeV/c? is expected with 500 pb;

A measurement of the X(3872) mass respect to the D*0DO threshold

to reduce systematics will be done too.



X(3872) prospects

— Production cross section measurement, for both of the
prompt and b meson component;
e Studies are underway with 2010 data.

— Determination of the quantum numbers using _

B* = X(3872) (J/Y mt* ) K*; (CERN-LHCb-PUB-2010-003)
e ~1000 reconstructed X(3872) events are expected with 2 fb! .

— Study of the M_; 2011

 data
* Understand the X(3872) decay mechanism and constrain models.

— X(3872) width;
 Now (PDG): T < 2.3 MeV/c?, CL=90%




Other exotic prospects

30

e 7(4430) confirmation
— Discovered by Belle in the Y(2S) t
system, Babar found no %nce.

20

Events/0.01 GeV

— Z(4430) yield at LHCb: [ 1.90, statistics? ||

« ~860/1fb!expected.

~ (CERN-THESIS-2009-129) | 4 \]
* X(4140) confirmation o — S A, U

I Belle PRL 100:142001, 2008
B | 6.5|0

— Discovered by CDF in B* SK*[J/W]; e 601"
— Not seen at Belle with larger yield. % Z

* Exotic bottomonium ; E
— X >(Y(nS) & ptp) . : :1 ) f[

Many other exotic studies are on-going!
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W(2S) production

LHCb-CONF-2011-026

* Motivation
— Testing NRQCD CS and CO mechanisms.

 Introduction

— No appreciable feed-down from higher mass states, directly
compared with the theory;

— Two decay modes:
* Y(2S) - J/U r're : larger BR, lower efficiency;

e Y(2S) - ptw : more statistics.
* Analysis strategy
—  d*o (9r.3) = Nyos)(21,¥)
dprdy ‘ Lo €(p1.v) B(W(25) = e*e™) Apt Ay
— do Nyos)(pr)

dpr P = Lo o) BW(2S) = Jjumtn) B — i) dpr

— Samples in bins of p; and y.
— Based on L~35 pb! of data.



Extraction of N({(2S))

Mass Spectra

sssss ~ LHCb 5 | LHCb
uuuuu - Preliminary Int. L=33.8pb! ssw0 Preliminary Int. L=34.9pb?

g E+Js=7TeVData - \/s=7TeV Data

= Y(2S) = J G

E R B S PR N N B S B
3500 3550 3600 3650 3700 3750 3800 3850 3900 840 3650 3660 3670 3680 3690 3700 3710 3720 3730 3740
M,, (MeVic?) M [Mev/c?]

e The number of Y(2S) extracted from mass fit.

Efficiencies extracted from Monte Carlo, and
corrected by comparing data and MC.



€otal Eg eo
= 1 ————— = s |
8 pot e e e 1
e e T ——
2 U.B:—i'_»—n‘:* —
0.7 *
E e
U.Gif —k—
05E
= 4 20<y<25
0.4 A 25<y<3.0
E A 3.0<y<35
0.3 3.5<y<4.0
0.25— 4 4.0<y<45
= +
T S S S [
pT{GeWc)
g 1'ﬁ . T aa
3 r B
E P -
w 08— e
06
0.4
oal- Y(2S) — I (m*
[ 2<y<4.5
%" I B TR PR TR T

4 16
[ [GeVic]

Efficiency

Efficiencies

arec X

& 16
P, [GeVic]

Exotic spectroscopy and Quarkonia at LHCb

M

= 1 =~ 1
8 oF L 2.0<y<25 @ E
%092 4 2.5¢y<3.0 509
S08F L 3.0<y<35 08 =g ﬁ
07; 3.5<y<4.0 E . |
. - + 4.0<y<d5 D —— 0.7; :‘:.E‘.El—ﬁ —_—
0.5; —a o.ﬁﬂ
- —— e
0.5§ S T e _ﬁn:i:i:?::;: 0.5?~ i 2.0<y<2.5
0.4 . e 0.4+ . 2.5¢y<3.0
e, T e E : 3.0<;<3.5
0.3 R 0.3— 3.5<y<d.0
e — i C
0.2 ———A 02E 4 40<y<d5
01E- 285 T £ 28 +,,-
E | 1 Il//( \) - I’Ll /l 0.15 | | \gb( \) - \ll /1
% 2 3 6 8 w0 12 %2 4 % 8 10 __12
P, (GeVic) p, (GeVic)
0.3- = 1=
g
e [
0.25— g [
w p.g— e e e
C L e
0.2 T C .
i
- —— 06— _; ——
0.15 L L
- 04l
0.1 e i
. + L +
e o V2S) — S
g — 2<y<4.5 i 2<y<4.5
s T P N Lol R R RPN ERR B
s e s 0 4z M 8 10 12

4 16
p, [GeVic]

14



Systematics and results

Only uncorrelated errors are shown

-
=]

* Dominant systematics = E
— Trigger efficiency; gﬂ 1; ¢$$:,: ) mmmq
— Tracking efficiency; % wi_ '*‘E,::F
— Polarization; s 3
— Luminosity. %Tﬁoz;— +++
* Results 10'3;— IISIr_IeCI:i?ninary Int. L=35pb-1
o(y,s;0< p; <12GeV/c,2<y<45) [ LiiTwona g
=1.88+0.02+ 031igigl~lb 1”40_' B S S R R VR T 1I[B-:;evi%
oo 3< Py <16GeV/c2<y<4d) o \cial PR 106 042002 (2011)
=0.62+0.04+0.127;,ub and private communication.

— This measurement includes also non-prompt {(2S): a more accurate
comparison will be carried out by separating prompt from non-prompt
components.
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X.1 X Cross section ratio

LHCb-CONF-2011-020  *8&V|

* Motivation ) ——lery

— Testing NRQCD CS and CO mechanisms. 45 MV 1] P e 20%
* Introduction J 1 7 3?3’

— 30% of J/Y from ¥ (1,2) = J/Y y : Tevatron;” F_\T ;

— X, and X, very close : two peaks impossible; Freny

— Very few ), events expected. iy S— It)oejc/""q‘:\:ate
* Analysis strategy 3 GeV ;

vel _yvel _yel

O(Xc_f‘] _ N;{ c2 Ejuhp Ey Esef . Br('}(d_} JKlJrJ)}]
O(Xc‘l] N}’_ cl Ej;uf E:::CZ E?ifi BF(XLG&‘_} J!Urj )}]

sel
— Separate data in converted and not converted photons, and
then combine the results (all photons reconstructed in the calorimeter);
— Final results in bins of J/ p; in the range [3, 15] GeV/c.
— Based on L=35.6 pb of data.
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Extraction of N(x.,) & N(x., )

* Mass spectra in Jpsi p; [4, 5]GeV/c bin.

< 1800F 5 - T L

g 2 LHCDb Prelimi
i 3% VerTTevoua
=1400f Elooo
£1200, < soof Co*nverted ,
»1000f P 5
g 800} : § 600 »
W goof ] @ ool ]

400 = Int. L=35.6pb?

g Int. L=35.6pb1 »o0l- E

b NN ] b SN

M(u* 1 y) - M(u" ) (MeVic?) M@t ) - M(u* i) (MeVic?)

* The number of x_ extracted from the mass fit.
* Efficiencies extracted from Monte Carlo.



Ratio of efficiencies

SE I T T T I T T I_

* Ratio of J/ efficiencies :

X X c2 rXecl w ]

c2 rAXc FTXc 0.8 -

€ J /1 A/J/?;’) rec ]/r"' gen ]

)ul TXcl 0.6 o -

f/r* j\/.]/'r;'} rec j\/ ]/r* gen o ® RISk ]

— consistent with unity for .

. 0.2 L_HCb Preliminary

all p; bins. N S S A

Xeo ~Xco Yol ~Xel 5000 10000 15000

[ ]

‘9 gsel/g gseli - J""pT[Me‘”C]
calculated separately "i o 1 Whast N E
3 :_ ¥ v not converted _: x% 1.2 E_ ¥ v converted _E
for converted and not ¥ " ] phase 3
Y 1.0sf 4 v 3
[ 7] 1.05F =
converted photons. i ++_+_ Jr E G |++ ++ 3
* Ratio of [3, 4] bin is 0051 q oe 3
. _ \Lr”?'?e\?’;'é’"'“"’ ] %% LHCb Pretiminary E
different from 1 but osf . e -
5000 1 000 5000 10000 15000
Jhy P, [MeVIc] Jhy P, [MeV/c]

the effect is negligible



Systematics and results
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LHCb Preliminary
- \'s = 7 TeV Data

* Systematics

’

Fit
— Effic

4

iencies

4

— MC statistics

Vi

>J/y)

— Polarization.

- Br( Xc(l,Z)

Results

0.2
| | | |
07

]

— Significant statistical improvement
than previous hadron colliders

— Agreement with CS and CO in

P, of J/y [GeVic]

plan to measure o(X. — J/p y )/lo(J/y)

high p; region.

19
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Summary

» XYZ spectroscopy is an exciting field

— X(3872) mass has been measured and more
studies will be done;

— On-going studies:
e Confirmation of discoveries: Z(4430), X(4140),etc;

* More exotic states in the J/ynm, J/Yd, J/DI/U spectra,
or bottomonium states.

* Quarkonia production

— (2S) and x. production are measured and more
studies are on-going.



backup

Exotic spectroscopy and Quarkonia at LHCb
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Abstract

* The last ten years have seen a resurgence of interest in
exotic spectroscopy driven by the discovery of the X(3872)
in |the J/Y mt spectrum. Searches and studies of exotic
onia form an important part of LHCbs physics program. We
present results for the production of Y(2s) and xc(1,2) in
the dimuon plus pions or photon channels, as well as the
first | results for X(3872) production using the dataset
collected in 2010, which corresponds to about 34 pbt. A
measurement of the X(3872) mass in the J/psi pipi mode
together with production properties| will be presented.
The Y2s) production in the same decay channel and the xc2
to xc1 cross section ratio will also be discussed, together
with future prospects on these measurements at LHCb.



Error source

Systematics

J/¢p nr mode

Comment

Trigger efficiency
GEC
Muon ID
Tracking efficiency
u track y¢?/ndf cut
m PID cut
Eff. (unknown pol.)
w(2S) vertex cut
Branching ratio

Luminosity

0-18%
2%
1.1%
8%
1%
None
1-12%
0.8%
2.2%%*
10%

0-5%
2%
1.1%
16%
2%
0.5%
2-11%
1.3%
0.4%
10%

Exotic spectroscopy and Quarkonia at LHCb

bin dependent
correlated between bins
correlated between bins
correlated between bins
correlated between bins
correlated between bins

bin dependent
correlated between bins
correlated between bins

correlated between bins

* dielectron
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Systematics

Level | Quantity Data stripping Additional
Requirement Requirement
! Track Track with muon
detector hits
pr = 650 MeV /¢ > 700 MeV /¢
Track quality 2 /ndf <5 <4
Jlp | plt > 1.5GeV/c > 3GeV /e
Mass window 3040 — 3140 MeV /e? | 3062 — 3120 MeV/¢?
Vertex - fndf < 20
Vertex p(\2) > (.5%
Photon Conﬁdeme level = (0.5
p P G ho MeV /¢
P’ 5 GeV/e
Yo J /1> pseudo-proper time . < [L.l ps
Event | Number of primary > ()

vertices

Exotic spectroscopy and Quarkonia at LHCb
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Y reconstruction

* Ty Mass fit: mass peak is symmetric in aII cases.

LHCDb Pprelimin ary 4
\s = 7 TeV Data =

' LHCbp|m ary

! ! ! ! = Sl . L
%0 100 150 200 250 %o 100 150 200 250 ?30 100 150 200 550
M(r 0) (MeV/c?) M(r 0) (MeV/c?) M(r 0) (MeV/c?)

(a) 0+ conversion (b) 1~ conversion (c) 2~ conversion

e With new Calorimeter conditions and

correction p, mass peak is symmetric in all
cases



