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e INTRODUCTION

e Heavy Quarkonium production remains challenging problem
for understanding QCD
o AtLHC:
e cC mainly produced via Leading-Order (LO)
gluon-gluon interaction
= computed via perturbative QCD

» Formation of bound charmonium states described by non-
perturbative models
 Both colour singlet (CS) and colour octet (CO)

» Key ingredients to understand production mechanism
o J/1 and (2S) production cross-section and polarisation at
large transverse momenta (pt)
« Ratio of production rates of %2 Vs Xc1
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sk INTRODUCTION

R , Vs =18TV.nl<06  CDF PRL79 (1997) 1

e NRQCD prediction at LO in as: '~ a1
6 = TSN E

e CSscalesas 1/p; O | &
— 0.1 {

e 18
e CO scales as 1/p; ER: e

. ICR :

= contrary to observation T ol | T

(e.g. fair agreement with oo

pL(¥) [GeV]

CDF Runl data for leading order colour singlet)

« However:
» LO CS does not describe ]/ production
» Recent NLO corrections at high p for y.:
« NLO corrections become large
« Make CS contribution negative and comparable to CO
» NLO scale as 1/p; — NNLO probably small

« — Further charmonium studies needed
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e LHCB

RICH:

PID: mainly K/m
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LHCD

e Muon detector comprises of 5 dedicated sub-detectors
e Alignment in 2010: close to expectation (12 MeV /c?)

NMUON DETECTOR AND CALORIMETER
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o Electro-magnetic calorimeter
o 05/E=10%/VE ® 1%

o Able to clearly resolve e.g. M—yy

M(x 0) (MeV/c?)



&4 PHOTON IDENTIFICATION

o Photons are reconstructed as QP
S ¥ ¢ ECAL HCAL
e Unconverted photons oIl
o Converted photons (y—e'e’) after the magnet _,|
o The converted photons are identified by Y —» =
requiring a signal in the Scintillating Pad
Detector (SPD)

» Photons from ¥, are identified using a Confidence Likelihood:
» (Calorimeter information
» Tracking information
» Ratio of track seed energy to
ECAL cluster energy

- Additional e* rejection: no match between any track and ECAL cluster
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LHCD

o ]/ Selection:

e p:(J/yY)>2GeV/c
e vertex prob. > 0.5%

e pt(w)>0.7GeV/c
o tracks have hits in p sub-det.

X c SELECTION
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» Photon Selection: Sl R e ] T
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N.B. Calorimeter resolution too coarse to resolve individual .
states

Fit model: Gaussian for signal, RooDstDOBG for background
#



{68 NEASUREMENT OUTLINE

e Measure production cross section:

Xc el Xe
alxes) N : ef/ibd% €sel . B(Xc1 — J/¢7)

o(Xe1) - Ny 6?;26%(626?;? B(Xc2 — J/¢y)

in bins of p«(J /1) in the range: 3 < p(J/ V) < 15 GeV/c

» Simultaneous fit to extract %o, %c1, X2 yield + BG
» Mass difference fixed to PDG for Am(yw - %c1) and Am(¥c2 - %c1)
. Ratio of Gaussian resolution o(y)/ o(x1) fixed to fit on full sample
» Gaussian resolution o(y1) fixed to fit on full sample
» Ratio of Gaussian resolution o()/ 0(yc1) taken from simulation

- Key ingredient: Determination of the various efficiencies



K&  EFFICIENCIES

e The following efficiencies enter €7
. . L : : X c2 Xee25 X2
the ratio of production cross-sections |[¢ e

» Efficiencies are determined using fully simulated events
» Iwo components:
1 % Xc2 Xc2 Xcl
» ]/ reconstruction: e Y
. . Xcl Xcl Xc2 v
w consistent with 1 for all p«(J /) el AN N

» % reconstruction:
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g o B LHCD Preliminar i
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— reconstructed and selected : € T €sel T ToXer@m
0.8 . «, NJ/v,b rec
o N(J/v): #]/4 from a . state L :
rate : : 0.6 ° ¢ 7
 Very similar (but not identical) ; :
y 0.4_— ]
» Cut piy) introduces edge : e
< J . 0.2_— ————! —
in first bin L _
0= 5000 — I10000I — I15000

JAp p. [MeV/c]



&8 )/ AND X c POLARISATION

e Both the polarisation of J/1 and ¥, states are unknown
e Events are simulated assuming no polarisation
o Effect of polarisation:
= Change in efficiencies obtained from sim. events.
« Evaluate by re-weighting simulated events:
e Fully longitudinal / transverse polarisation of ]/
e According to z component of ¥ states: M =0 ... ]
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e SYSTEMATICS

e Systematic uncertainties are from the following categories
o Fit modelling
o Background model sensitive to region just below Y1
e Background model parameters correlated to signal
parameters
e Modelling of .0 component
 Finite statistics of simulated events
o Affects extraction of efficiencies
o Branching ratio of x. — J/\y
o Affects obtaining ratio of branching fractions o(y)/0(yc1)
from ratio of yields

o o(xa1) = J/Yy:36% , o(x2) = J/ vy : 20%
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RESULTS
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e Cross-section ratio in bins of p«(J /), stat. + syst. + BR(y.) errors
e Black band corresponds to etfect of %. polarisation

e Blue: Prediction from ChiGen event simulation
e Red : NLO NRQCD calculation



R fUMMMARY

o First measurement of the relative cross - section (xc,)/o(Xe: )
using data recorded in 2010 ( £ ~ 37pb™ ) at Vs =TTeV
e Comparison with dedicated event generator and NLO
calculation show discrepancy esp. at low p«(J /)
e Charmonium production remains a challenging topic for
QCD
e Next steps:
e Include converted photons based on tracks
= improved resolution w.r.t calorimeter
= able to fully resolve all y. states
e Evaluate ratio o(x.)/o(J/v)
e Please also see talk on exclusive y. production
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LHCD

il SYSTEMATICS

e Systematic uncertainties due to . branching ratios

p/ ¥ (GeV/c) 2-3 3_4 4—5 pY (GeV/c) 2-3 3_4 4-5
0.070 0.070 0.105 0.061
Br(xe — J/¥v) - o070 0083 Br(xe — J/¢) — o079 oo
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Efficiencies _ o011 o011 Efficiencies _ ‘_L0'022 to.013
Systematics from fit _ fg:gig fg:ggg Systematics from fit _ fg:ggg fg:gig
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Systematics from fit fg: 832 fg:g%g fg: 8:2))2 Systematics from fit J_F8: 832 J_r8: 828 7_L8: 82?
p2/Y (GeV/c) 8—9 | 9-10 | 10-11 p7/¥ (GeV/c) 8—9 | 9-10 | 10-11
+0.061 0.061 +0.070 1+0.044 +0.044 +0.035
Br(xe — J/¥v) —0.044 J—ro.044 —0.061 Br(xe — J/¢) —0.035 —0.017 —0.026
C 0.025 0.034 0.058 D +0.028 +0.029 +0.040
Efficiencies J—r0.024 J—r0.032 J—ro.053 Efficiencies ~0.028 ~0.025 ~0.036
Systematics from fit fg: 831 fg:ggg fg:g% Systematics from fit i’g: 8;1; fg: 821(7) fg: 8%‘2
p/Y (GeV/c) 11-12 | 12-13 | 13- 15 p/¥ (GeV/c) 11-12 | 12—13 | 13— 15
+0.061 +0.017 +0.044 +0.087 +0.053 +0.026
Br(xe — J/¥v) —0.035 —0.018 —0.035 Br(xe — J/v¥v) —0.061 —0.035 —0.026
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Systematics from fit fg: 838 fg:g%g fg: 82% Systematics from fit "_'8:(1)22 "_'8: 832 "_'8: 8?3
t ted photons converted photons
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