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Introduction J/% and W(2S) T(nS) Production cross sections at LHC at 7 TeV  Higher mass onia Double J/+) productio

Why do we care about quarkonium?

@ Since the first measurements at Tevatron the production of quarkonium states
has proved a tough challenge.

@ Various models have been proposed at different times and a combination of
Color Octet and Color Singlet mechanisms appear to describe the pr spectrum
and cross-sections measured at Tevatron.

@ However the a satisfactory description of polarization remains elusive.
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@ Other observables, double-charm production, production in p-Pb interactions etc..
have been proposed to solve the puzzle.
@ With its high luminosity the production cross-section and possibly the polarization
of states such as x¢, xp might also become available at the LHC.
@ The interest in the study of heavy flavour production processes is not limited to its
theoretical value but it also:
@ provides excellent test of p-QCD and MC generators at new energies;
@ improves the understanding of heavy flavour background in many searches;

@ is an important test of the understanding of the detector.
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J/i production

@ Select decays of J/) into muon pairs

@ Opposite charged tracks from the same vertex
@ Good track quality and muon id.
@ Require minimum muon pr.

. . . THE@ LHCb
@ Measure the double differential cross section 2 o
in bins of pr and y. oo P <dGVIe
@ pr < 14 GeV/c 3 1000
@ 20<y<45 8
5000
@ Measure the cross section separately for
prompt J/ (includind feed-down) and J/z O™ 5ok = m( s
from b-decays.
@ Two sample separated using pseudo g ot o Lt e
. M, S f T Toafit 25<y<30
propertime: t; = (ZJ/TD — va) X # % Eiégﬂ"‘%z 3<Dty<AGe\//c

JHEP 06 (2013) 064

@ Yields extracted from simultaneous fit of mass
and t;.
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Prompt J/yy and W(2S) 7 TeV results

[

nb/(GeV/c)]

Dominant uncertainty is the unknown polarization affecting efficiency
determination.

Measurement performed in 3 cases assuming unpolarized, fully longitudinal and
fully transversal polarization.

prompt (J/) = 10.52 £ 0.04(stat) £ 1.30(sys) "} 5¢ (pol) ub EPJ C71(2011)
1645
0.20

0:20 (pol) ub EPJ C72(2012)

oprompt(V(25)) = 1.44 £ 0.01(stat) £ 0.12(sys) ™
2100

Models describe well the transverse momentum distribution.
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Prompt J/yy 2.76 TeV results

@ A sample of 0.071pb~" collected in 2011 and used to measure the J/i
cross-section JHEP 02 (2013) 041.

@ Measurement carried out in the kinematic region pr < 12GeV/c,2 < y < 4.5.
@ incusive(J) = 5.6 £ 0.1(stat) + 0.4(sys) ub
@ Uncertainty from unknown polarization estimated to be as large as an extra 20%.
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Prompt J/iy at 8 TeV

—_ T -
2 e LHCb prompt 3, 20 <y < 45
8 DifectNLO CSM, 20§/ < 45 @ NLO CSM model:
g . Direct NLO NRQCD, 20 9 < 4.5 @ Phys. Rev. Lett. 98 (2007)
3] 1 i\ Direct NNLO*, 20 <y < 45
3 . El
Bl Ry 1 @ NLONRQCD model:
° I 3
R E @ Phys. Rev. D84 (2011) 051501
o @ Phys. Rev. Lett. 106 (2011) 022003
@ NNLO* model:
10%g Vs=8Tev 3 @ Phys. Rev. Lett. 101 (2008) 152001
1020 | | 3 @ Eur. Phy. J. C 61 (2008) 693
0 5 10
p. [GeVic]

T

@ 8 TeV measurement using 18 pb~' 2012 data.

@ Prompt J/4b assumed unpolarized.

Q@ oprompt(J/p) = 10.94 £ 0.02(stat) £ 0.79(sys) ub

Q@ opomp(J/ip) = 1.28 £ 0.01(stat) + 0.11(sys) ub

@ Systematic uncertainty ~7% mainly from luminosity and trigger efficiency.
@ Experimental data include feed down ~20% from x. and ~8% from 1(2S).
@ Data in good agreement with NLOQCD.
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J/y from b
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J/i polarization strategy

@ 371 pb_1 7 TeV data from 2011, divided in bins of pr and

quarkonium

I’apldlty rest frame I,
o — ) e+

roduction ¢

@ Extract polarization from angular distribution of P p‘an; Tl

Jip — utp~ (feed down included).

@ Full angular analysis to determine the polarization
parameters (Ag, Agg, Ag)
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i
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@  CSM no feed down: Nucl. Phys. Proc. Suppl. B222-224

(2012) 151

@ NRQCD: no feed-down: Nucl. Phys. Proc. Suppl. B222-224

(2012) 151

: feed-down from x ¢ s and v yS.
@ NRQCD: feed-down f 3pP},3 8) and v (25) Ph

Rev. Lett. 110 (2013) 042002

@ NRQCD: feed-down from 3 PI8] Phys Rev. Lett. 108 (2012)

242004

@ Mgy and Ay, consistent with 0 = Ag = A\jpy

@ ALICE: PRL1 08(2012)082001

@ CMS: arxiv:1307.6070

@ LHCb: arXiv:1307.6379

()] (P. Faccioli, QCD at LHC 2013, DESY, Hamburg)

Small longitudinal polarization observed A9 = —0.145 4+ 0.027

o
@ Results in HX and CS frame consistent.
o

LHCDb results are compatible with NLO NRQCD calculations that include

feed-down contributions.
Good agreement with ALICE.
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T(nS) production
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T(nS) comparison with theory
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Production cross sections at LHC at 7 TeV

Presented by H.K. Woehri at LHCP 2013, Barcelona, 13-18 May 2013
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Xc Cross-section

@ Detected as xc — J/i v
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Xb production
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The Analysis Strategy

@ Define a fiducial volume in the LHCb acceptance: 2.0 <y < 4.5
and pr < 10GeV/c.
@ Reconstruct Jy — ptpu~
@ Remove background as much as possible:
e Cuts on the usual kinematic and reconstruction variables.
o Require that both J/4 originate from the same interaction.
e Require both J/iy decay vertices are compatible with the primary
vertex.
e This removes the background from double B — J/i X decays.
@ Require one of the J/iy triggered the event.
@ Subtract the remaining background.
@ Apply per-event efficiency corrections, with efficiency determined
as much as possible from data.
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Double J/

@ Analysis carried out on the 36 pb~" collected in 2010 PLB 707 (2012) 52-59.
@ Cross section measured in the region pr < 10GeV/c, 2 < y < 4.5.
@ First observation of double J/ip production at hadronic collider.
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@ Cross-section measuredtobe ¢ =5.1 1.0+ 1.1 nb.

@ In agreement with theoretical prediction of 0 = 4 nb PRD 84
(2011) 094023.
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The Analysis Strategy

Similar to the one for double charmonium.

@ Define a fiducial volume in the LHCb acceptance: 2.0 <y < 4.0
and pr < 12GeV/c.

@ Reconstruct Jy — ptp~

@ Reconstruct D° — K—nt, DT — K=nt7rt, D — (KTK™)ort,
and A — ptK— 7.

@ Remove background as much as possible:

e Cuts on the usual kinematic and reconstruction variables.
e Require that both originate from the same interaction.
e Require both decay vertices are compatible with the primary vertex.

@ J/w +OC require the J/iy to have triggered the event, OC+0OC
require one of the hadrons to have triggred the event.

@ Subtract the remaining background.

@ Apply per-event efficiency corrections, with efficiency determined
as much as possible from data.
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J/i + Open Charm

Clear cccc signals:

Mode Yield
Jhp DO 4875 + 86
Jnp DT 3323 + 71
Jip DY 328 £ 22
Jp NE 116 = 14

2eoL
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Open Charm + Open Charm: D° channels

Mode Yield

Chndidates

a) DOD° 1087 + 37

b) D°D* 1177 +39

c) D°Df 111 £ 12

d) DOAS 41+8

D° D° 10080 + 105

D°D- 11224 + 112
3 D° Dy 859 + 31
DO A; 208 + 19
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Open Charm + Open Charm: D™ channels

Mode Yield
a) D'DT 249119
b) D*Df 5249
c) D*Af 2145

D+ D~ 3236 + 61
D+ Dy  419+22
DtA;, 127+14

Chan didaten
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Cross Sections
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@ J/ip +OC cross section compared to gg — J/i cc calculations (Berezhnoy et al.
Phys. Rev. D 57 (1998) 4385, Baranov Phys. Rev. D73 (2006) and Lansberg Eur.
Phys. J. C 61(2009) 693)

@ Ratios compared to DPS extrapolation of Tevatron data.
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J prin Jiy +OC events
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@ The Jiiy pr spectrum appears to be harder than the one of the
prompt J/i).
@ This does not seem to be the case for the open charm hadron.
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Azimuthal Angle Correlation

T —E“"-, - . . )
. [& i al g,

LHCh T 3
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o 1 ] [ [T] 1 T d i 35
|Ag f= |Ag] fx

@ There appears to be no correlation between the azimuthal angle
of the J/iy and the open charm.
@ The same behaviour is observed in same sign OC+OC.

@ On the other hand opposite sign OC+OC show a peak at
A® — 0 suggesting a g — cc splitting contribution.
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Conclusions

@ During Run | LHCb has collected a wealth of ¢ and bb
candidates.

@ Many interesting results have already been produced including

1.

© N OhA LN

@ Work currently ongoing to provide measurements of polarization

differential spectra for 1S triplet and singlet state for charmonia
spectra for 28 triplet charmonia

polarization of 1S and 2S triplet charmonia states

relative production of 1P and 1S charmonia states

relative production of tensor and vector 1P charmonia states
differential spectra for 1S,2S,3S bottomonia

relative nP/nS bottomonia production

energy dependence of charmonia 1S and bottomonia 1S,2S,3S
cross-sections

of 15,2S,3S bottomonia state and more...
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