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Production of charmonium states provides a test of QCD

+ Production mechanism with a preponderance of color octet over color
singlet contributions seems to work for Tevatron and first LHC data.
Important to test the high prtregion.

 The J/IY prompt yield has a large fraction of feed-down contributions from
P(2S) and Xc decays. High pt region up to now tested by ATLAS.

* P(2S) has no “indirect” contribution from heavier charmonia. Up to now,
only LHCb measurements at LHC, which cover the region 2<y<4.5.

 Measuring the P(2S) to J/P ratio most of the experimental uncertainties
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SILICON TRACKER
c M S D e t e c t o r Pz(ﬂ:?“ OofGQSIf)AOC%:;)neIS

Microstrips (80-180um)
I ~200m?  ~9.6M channel
PHX@HS 00m2 ~9.6M channels

Tracker

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)

EC A |_ ~76k scintillating PoWO, crystals

HCAL

SO I it Old PRESHOWER

StGEI YO ke Silicon strips

Muons ~16m2 ~137k channels
STEEL RETURN YOKE

~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium coll

carrying ~18000 A FORWARD

CALORIMETER

1 Steel + quartz fibres
, HADRON CALORIMETER (HCAL) ~2k channels
Total weight : 14000 tonnes Brass + plastic scintillator | MUON CHAMBERS
Overall diameter :15.0m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7 m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T

J/IP and P(2S) reconstruction mainly exploits
Muon detectors for high purity muon identification and trigger
Silicon Tracker detector for long lifetime and good di-muon mass resolution
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The LHC accelerator

& CMS integrated around 43 pb-! by the end of the 2010 pp run with an overall data taking
efficiency better than 90%. Analysis is based on 36.7 pb-'.

@ Low p; dimuon triggers in 2010 optimized for Jhp and Upsilon

‘Iotal Integrated LummOSIty 2010 (Mar 30 10:00 UTC - Nov 09 13:54 UTCI

10°

. . Dolivorod 47.03 pb™’ : '
'a lol — Recorded 43, 17pb ...... ..... B e ............... . R s d— .._

Events/GeV
)

M+u- invariant mass

CMS Preliminary

CMS Integrated Lum|n03|ty |n 2010

\s=7TeV, L =40pb’
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Double Muon Triggers L

& Trigger requirements changing with
increasing luminosity:
QL1 requirements at the startup had no p; threshold

L1: hardware (not prescaled until 1031 Hz cm?)
fakfeln) system and allows to go down to zero quarkonium p+ in the forward
calorimeters only region - used for the first CMS paper based on 314 nb-'

Q At higher luminosities, smart strategies adopted for
quarkonia (combination of L1 and HLT muons, or HLT
muon and track in specific invariant mass regions...

. etc.)
HLT.’ softvyare effective pt thresholds were ~3 GeV
matching of different
sub-detectors. ©  “veto cone” at Level-1 (to reduce the rate from single
Fast local tracker muons faking two signal p) induces correlations.
reconstruction for muons

©  Offline rejection for “cowboy” like dimuons in the forward

'

‘cowboys”  “seagulls”
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Cross section in a nutshell s I
1
2 N, (w)<>
d O ( 1it A'g
BR(y — uu) =
a’pTa’y\w)>< (UJ ,uu) det°ApT - Ay

N+it = signal yield from fit to dimuon invariant mass distributions
JLdt = integrated luminosity (4% uncertainty)

A = geometrical and kinematical acceptance

+ strongly dependent on production polarization, mostly dictated by the thresholds
on efficiency triggers

n*| <12 —  ph>4GeV/e
12 < |g*| <24 — phk >33 GeV/c

€ = dimuon efficiency= e(;ﬁ) - e(],t_) - 0 * €Eyertex
+ single muon trigger and reconstruction efficiencies, from Tag & Probe method
+ Vertexing of opposite sign dimuons (Prob>1%)
» High quality tracks associated to muon segments: cuts on nuits, X2, dxy, dz
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JIW and P(2S) yields L

+ J/IP in five rapidity bins ~200K events
e Crystal Ball+ Gaussian + exponential bkg
+ P(2S) in three rapidity bins ~8K events
e Simultaneous fit to Y and J/Y + 2 exp bkg
= CB tail parameters and resolution (scaled by mass) in common
= mass mean difference fixed from PDG
+ Mass resolution ~20 MeV for |y|<0.5, ~50 MeV |y|>2.1

C\T\ L I LI I LI I UL I UL I LI I LI I LI I LI I LU
31000~ CMS Preliminary - =~ = , , — T
8 L\ s=7TeV-L=236.7 pb-1 . %‘: E CMS Preliminary - \1@ =7TeV E
S 2l —4— I - L =36.7 pb’ i
data
S 800[ . 7 S —— data
= — total fit . o 10° = total fit —
2 [ e background ] % = ryr background -
c [ -
L%’ 600~ + T2 B 8 <p_<9GeV/c _
i - ey lyl<1.2 —
400 12<pT<15 GeV/c N = ® E
i 09<lyl<1.2 i S SRECE T, b ib 2o # 3
| i L} e i I \ v . las (PP _Ya T b =0
200 — 10 = ¢ * ‘ 4 f %l
i : : 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I _— 1
il 2.5 3 3.5 4 45

1111 111 [l ol 1399d==~= =k rrry
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Inclusive J/P cross section gr

A~ I I T T T | I I I I T T 1T I I I T 1
L - CMS Preliminary {s=7TeV L =36.7 pb" |
> 10°F - ~
o 1V E : -
(2 - e .
@] - |
- $8d_ Q

=10°¢ I =
> = s % O -
u — o |
_;,Q 10 Inclusive J/ s 0 = _
S - Inciusive & O =
@) B "I) &, O O ]
Ql B |
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Null polarization scenario

@ Merging with the published CMS
results, we have a J/1 cross-section
measurement from 0 to 70 GeV/c

@ Nice agreement among
different triggers/methods

9 Statistical errors 2 to 9%

Q@ Systematics mostly below 1%
(except polarization)

Q the largest systematics occur at
the boundary of the acceptance or
for very high pt, where the
correlation between two muons is
large.
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Non prompt J/W fraction

Pseudo proper decay length

B uTO—_lx g ; UL UL UL CIMISIPIreIir:niIn;rly LI IE
E]/IP B ny . m]/gb/PT Ly = uloc—lu S " Vs=7TeV-L=367pb" -
=) i —4— data i
~ | — tot |ft —
2 10°F " prompt g
°>’ - - - non-prompt .
Secondary verte w L Fg:Idg e background
x,x u= pT/|pT| oL 12<pT< 15 GeV/c 1
o _ - 1.6<lyl<2.4 .
®‘¢ X - Sny = Pny B ]
Primary vertex : ]
Decay length parameterization : 1 S —{— .
+ Prompt: d-function convoluted with a resolution function o ol N LT
+ Non-prompt : effective exponential convoluted with a 05 0 0-5 1 15 zw(zg (mm)
resolution function

+ Background: generic superposition of different
contributions from the side-bands = 5p . D
. . 2 195.86/135
Fit technlque g§ZIIIIIII;IIII.I_'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁ?,‘?_ﬁﬁﬁﬁﬁﬁﬁﬁI;ZIZIZIZIZIZIZIZIZg
+ Core resolution function given by one Gaussian (plus <1%  of % & .°:m,'. P — E
of a second Gaussian) using “per event error” B e e
« In the P(2S) case, a simultaneous fit is performed together 3 S
with the J/@, using some constraints (same resolutionand 5350 %5 7 75 2
mean, same effective background lifetimes) Lyes) (MM)
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B fraction results
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@ Increasing monotonically with pr
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Prompt cross-sections i
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6 g1l . ] %102 Prompt @(2S) 3= . -
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C 1 R ! . . . L 0] - | | | L ! =
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NRQCD predictions in excellent agreement (include feed-down for J/y)
(K.T. Chao et al.) [Phys. Rev. Lett.106:042002, 2011]
J/p [w(2S)] polarization uncertainties as in Eur. Phys. J. C71 (2011) 1575:
+18% [+25%] (fully transverse in helicity frame)
-20% [-28%)] (fully longitudinal helicity frame)
F. Palla - INFN Pisa Europhysics Conference on High Energy Physics 2011 11

Grenoble, 20-27 July 2011

Friday, July 22, 2011



Non-prompt cross-sections INFN__
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Excellent comparison with FONLL predictions for J/\p
(M. Cacciari et al.) [ JHEP 0103 (2001) 006]

Largest systematics from p-factors (for the J/y) and background lifetime (for g(2S)).

- Overall shift for predictions for @(2S)
- Y(2S) spectrum falls more rapidly at high pr than the predictions
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Cross-sections ratios

Ratio of the differential cross sections is
appealing since most of the systematic
uncertainties cancel

3|5

a%(‘l’(zs)) -BR(¢(25) — pp~) _ Ncorr(¢(25))
2z (J/9)-BR(J/p — wru=)  Neomr(/9) 1 007

R(pr ly|) =

- HIAGe RNaronale
di Fialca Nucieare

T T T | T T T T | T T T T | T T T ]
CMS Preliminary Vs=7 TeV L =36.7 pb™]
—e— non-prompt

—— prompt

<24

0.0655—
0.061
+ Ratio is constant over rapidity bins, hence the ... Iyt
result is given averaged within |y|<2.4. 6055_
+ Statistical errors ~3 to 5%, systematic uncertainty O' 455_ H»+
~10% (acceptance dominated) - except polarization . 045_ _JT_
+ The polarization uncertainty on R ranges from oéssg—ji _%_Jf_
12% to 20% TE

w IIII|IIII|IIII|IIII|III |IIII IIII|IIII|IIII|

0.03
0.025 Polariz. uncertainty not shown
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
0.02 10 15 20 25
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. INF
Conclusions L
Absolute differential cross-sections in pt and |y| of J/Y and
P(2S) mesons and ratio of the cross sections

+ All separately for prompt and non-prompt contributions

Measurement of J/Y cross section from 0 to 70 GeVI/c

Typical uncertainties (statistical + systematic)

+ ~5(20)% on J/Y (P(2S)) x-sections, ~10% on ratios

+ Maximum polarization uncertainties for the prompt cross sections
range from ~18% (for J /) to 28% (for P(2S))

Results compared with NRQCD and FONLL predictions

+ Excellent agreement for prompt case J/ and P(2S), as well as for non-
prompt J/p.

+ Overall P(2S) normalization (and spectrum at very high pt) show
differences with respect to the non-prompt predictions

F. Palla - INFN Pisa Europhysics Conference on High Energy Physics 2011 14
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JIP Systematics

y| range 0-09 09-12 12-16 16-21 21-24

Quantity Source Relative uncertainty (in %)

affected

My fits Statistical 12-89 15-71 16-84 12-32 23-39

£y fits Statistical 1.0-59 14-47 14-76 21-83 44-71

Acceptance FSR 00-15 00-25 00-42 07-80 05-35
pr calibration 00-06 00-06 00-08 01-06 0.0-08
Kinematical spectra 00-03 00-07 00-07 07-38 04-53
B polarization 00-05 00-04 00-05 01-08 03-13

Efficiency  Single-muon efficiency 03-09 02-16 01-14 02-10 06-14
p factor 19-232 12-76 07-57 08-54 37-68
Fit functions 06-34 04-28 05-28 08-22 10-42

Luminosity Luminosity 4 4 4 4 4

b-fraction = Tracker misalignment 0.1-21 01-08 00-15 02-32 02-51
b-lifetime model 01-30 01-34 01-37 02-26 02-6.6
Vertex estimation 01-07 07-30 04-37 15-46 23-5.0
Background fit 00-02 01-14 01-10 00-25 01-12
Resolution model 02-35 00-42 08-35 11-50 11-44
Efficiency 04-21 09-33 05-99 03-33 16-—105
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P (2S) systematics

ly| range 0-1.2 12—-16 16-—24
Quantity Source Relative uncertainty (in %)
affected
My, fits Statistical 56 —-148 75-317 73-241
£y (2s) fits Statistical 43-127 59-380 9.1-264
Acceptance FSR 00-39 05-34 03-41
pr calibration 02-05 03-05 03-05
Kinematical spectra 01-12 00-09 07-20
B polarization 01-08 00-06 02-17
Efficiency  Single-muon efficiency 01-05 01-06 02-09
p factor 07—-131 21-66 23-98
Yields Fit functions 12-37 06-121 3.1-10.0
Luminosity Luminosity 4 4 4
b-fraction = Tracker misalignment 03-26 15-71 18-11.1
b-lifetime model 00-25 04-76 00-29
Vertex estimation 00-17 02-35 12-42
Background fit 1.0-68 22-100 25-153
Resolution model 05-35 01-46 09-249
Efficiency 05-78 09-63 05-138

F. Palla - INFN Pisa
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Systematics on B-fraction

= Tracker misalignment: data re-reconstructed in 3 “weak-mode”

alignment scenarios and taking the maximum deviation as
systematics

= B-lifetime model: “MC template” method used as alternative non-
prompt PDF model

= Background fit: varying mass limits for the sideband fit which
determines |,, background parameters

= Pile-up: different choice criteria in case of multiple PVs
= Resolution model: double Gaussian - single Gaussian
= Different prompt/non-prompt efficiencies: evaluated from MC

F. Palla - INFN Pisa Europhysics Conference on High Energy Physics 2011

Grenoble, 20-27 July 2011 18

Friday, July 22, 2011



Systematics from polarization in the |,,:4
cross section ratio (===
The polarization uncertainty is lower wrt cross-

sections (see P. Faccioli talk at Quarkonium Production
Workshop 2011, Vienna), but dominant

+ The polarization of the J/Y from P(2S) decays practically
coincides.

+ The only difference comes from the polarization of the ~30% feed-
down P-wave states (Xc1 and Xc2), which is constrained by theory.

F. Palla - INFN Pisa Europhysics Conference on High Energy Physics 2011
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: nl

ass fits systematics:
+ changing
=Crystal Ball + Gaussian to a single Crystal Ball
=Exponential to a linear
 and taking the maximum variation per bin

Acceptance Systematics :

+ To estimate effect of the FSR MC model (PHOTOS) generate events w/ and w/
o FSR and compare

+ pT calibration: muon momenta are smeared according to the uncertainties
of the momentum scale corrections

+ Kinematical distributions: alternative pT spectra used to average inside a
small bin

+ Non-prompt polarization: difference between partially measured value
(Babar) and EvtGen predictions

F. Palla - INFN Pisa Europhysics Conference on High Energy Physics 2011
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 Muons well within acceptance window

Track quality:
« number of hits in full tracker
» number of hits in pixel layers
o track fit y2

Muon quality:
o fit 2
« track-muon matching

Di-muon vertex quality

~27000 events selected

Eur.Phys.J. C71 (2011) 1575
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Comparison with theory INFN__
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Excellent performance thanks to early detector
commissioning using cosmic muons in 2008 and 2009.

OIII

10

12 14
Kaon p [GeV/c]

F. Palla - INFN Pisa

Grenoble, 20-27 July 2011

Europhysics Conference on High Energy Physics 2011

23

Friday, July 22, 2011



MUON SYSTEM

Global muon

Global muon (outside-in):
starting from a stand-alone muon

a matching tracker track is found and a
global fit is performed combining hits

from tracker and muon system.

Tracker muon

PIXELS +

High purity
Low efficiency for low momentum muon TRACKER

)

Muon identification -

Tracker muon (inside-out):
Tracker track (pt>0.5 GeV,p>2.5 GeV)
is extrapolated to the muon system
(taking into account energy loss, MS
uncertainty) at least one muon
segment matches track in position.
Fake muon level high
Higher efficiency low momentum muon

CALORIMETERS
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Tracker performance INFN__

Tracker performance well understood
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+ Performance in agreement with the DMR misalignment
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Comparison with CDF
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Theory systematics

The NRQCD theoretical errors include uncertainties on
feed-down contributions and on the color-octet long

distance matrix elements determined from fits to the
Tevatron data.

The FONLL theoretical errors include renormalization
and factorization scale, b and ¢ quark mass, and
PDF uncertainties.

+ In the non-prompt P(2S) theory predictions figures, a 50% error
from the PDG value of the BR(B—WyP(2S)X), has been included.

F. Palla - INFN Pisa Europhysics Conference on High Energy Physics 2011

Grenoble, 20-27 July 2011 2t

Friday, July 22, 2011



