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CMS is an ideal
detector to
probe
quarkonium
production:

excellent
resolutions,
high pt coverage




Data selection

Y (nS) and Y(nS) data
collected

by the CMS detector
in pp collisions

in 2011

at /s=7TeV

using a dimuon
trigger

corresponding to an
integrated
luminosity of 4.9 fb-’
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Quarkonium polarization

e (CMS measured the polarization parameters As, A, Ase through the
angular decay distribution

.............................................................................................................................

.............................................................................................................................

e Angular decay distribution is measured
with respect to a certain reference frame

- center-of-mass helicity HX (polar axis znx
= direction of quarkonium momentum)

- Collins-Soper CS (zcs = direction of
relative velocity of colliding particles) /

quarkonium
/ rest
frame

- perpendicular helicity PX (zpx L Zcs) /

e Shape of the distribution is invariant and can be characterized by
the frame invariant parameter A = (Ay +3X,)/(1 — A,)
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Obtaining polarization parameters

1. Events distributed as in the background model are subtracted
from the data sample until the previously determined
background fraction is reached
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Obtaining polarization parameters

1. Events distributed as in the background model are subtracted
from the data sample until the previously determined
background fraction is reached

x10° Details in PRL 110, 081802 (2013)
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Obtaining polarization parameters

1. Events distributed as in the background model are subtracted
from the data sample until the previously determined
background fraction is reached
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Obtaining polarization parameters

Events distributed as in the background model are subtracted
from the data sample until the previously determined
background fraction is reached

Prompt y(nS):
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Prompt signal region is defined as a 2D window of +3c widths in dimuon mass

and (pseudo-proper) lifetime

Angular distribution of the total background events is modeled as weighted
sums of the distributions in the mass sidebands and the high lifetime region
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Obtaining polarization parameters

1. Events distributed as in the background model are subtracted
from the data sample until the previously determined
background fraction is reached

2. Definition of the PPD from the remaining signal-like events
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Obtaining polarization parameters

1. Events distributed as in the background model are subtracted
from the data sample until the previously determined
background fraction is reached

2. Definition of the PPD from the remaining signal-like events

Measured cosd and ¢ distributions after background subtraction
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Obtaining polarization parameters

1. Events distributed as in the background model are subtracted
from the data sample until the previously determined
background fraction is reached

2. Definition of the PPD from the remaining signal-like events

3. Numerical results and graphical representations are determined
from 1D and 2D projections of the PPD
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Obtaining polarization parameters

Events distributed as in the background model are subtracted

from the data sample until the previously determined
background fraction is reached

from 1D and 2D projections of the PPD
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Definition of the PPD from the remaining signal-like events
Numerical results and graphical representations are determined
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Muon efficiencies

e Precise knowledge of efficiencies needed to avoid introducing

artificial polarization

e Data-driven single muon efficiencies measured with the Tag&Probe
method using dedicated triggers

e Correlations between
muons are calculated

in detailed MC
studies: negligible in
case of Y(nS)
measurements

e Efficiencies are
accounted for on an
event-by-event basis

- 1.1
> 110
: —
e L
o —
E 1_ .............................................................................................................................................................
° T
5 - $ T
g 0.9
2 -
2
: -
% 0.8
- CcMS
— \Vs=7TeV
0.7_— PP
- —e— In(u)l < 0.2
0.6 —— 0.8<In(W)l<1.0
ey —— 14<n(wl<1.6
o5 | § n(w)
_IIillélIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 5 10 15 20 25 30 35 40 45 50

single muon transverse momentum [GeV]

14 November 2014

Ilse Kratschmer (HEPHY Vienna)

9



Systematic effects

e Sources of systematic effects:
-  Extraction of polarization parameters
-  Background model

-  Single muon and dimuon efficiencies

- Choice of signal region
e Systematic uncertainties are propagated to the PPD

e Good agreement between the A parameters in the three reference
frames shows consistency of the results
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Y(nS) polarization in the HX frame, |y|< 0.6
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Prompt @(nS) polarization in the HX frame
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e No sigh of strong
polarization

® WY(2S) is not
affected by feed-
down decays from
P-wave states
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LHC polarization measurements

e CMS polarization measurements show no sign of strong polarizations

e No significant differences between charmonium and bottomonium
states or directly produced states and those affected by feed-down

: j}(l;rame e Good consistency with
E other polarization
05 | measurements done by
Ay k " anl T LHCb, ALICE and CDF
0 k*ﬁ e | @ Previous experimental
: o inconsistencies are
> s overcome by novel and
4 L ton 25 <y<a0 more robust analysis
: T+ Weison 35<y<a0 techniques
o 10 20 30 40 '5'0'J/?JL'H?::)F'R'&??'O (EPJC 69, 657 (2010))

P, [GeV]
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LHC polarization measurements

e CMS polarization measurements show no sign of strong polarizations

e No significant differences between charmonium and bottomonium
states or directly produced states and those affected by feed-down
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Y(nS): CMS data vs NLO NRQCD
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e Y(15) and Y (2S) predictions include
the effect of feed-down decays of
P-wave states, while the Y(35) is

assumed to be 100% directly
produced

NRQCD fits are made using hadro-
production data, including the CMS

polarization results
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Prompt wp(nS): CMS data vs NLO NRQCD

e Color octet matrix elements are fitted using photo- as well as hadro-
production data, excluding polarization results

e Theory predictions do not account for feed-down decays from P-wave

states
1_5_: pp Ns=7TeV 1_5_: pp Ns=7TeV
| HXframe w(1 S) | HXframe 1])(23)

0.5- -0.5]
1 -1
1~ CMS data, L = 4.9 fb-1, total uncert. 68.3% 1 CMS data, L = 4.9 fb-1, total uncert. 68.3%
151 — NLO NRQCD, B. Kniehl et al, MPLA28 (2013) 1510 — NLO NRQCD, B. Kniehl et al, MPLA28 (2013)
T 1350027 and private comm. " 1350027 and private comm.
10 20 30 40 50 60 70 10 15 20 25 30 35 40 45 50
p, [GeV] p, [GeV]
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Summary

e Polarizations of five S-wave
quarkonia were measured in
pp collisions at /s =7 TeV

e No strong polarizations are
seen by CMS

e CMS collected much more
data in the 2012 run,
allowing:

- higher pr and more precise
S-wave quarkonium
polarization measurements

- a first attempt to measure
P-wave polarizations
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TRACKER

CRYSIAL FCAL - 1otal weight : 12500 T
Overall diameter : 15.0 m
Overall length 215 m
Magnetic field : 4 Tesla
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Contributions to the y(nS) prompt signal region

e The prompt-signal region is defined as a 2D window of +3c widths
in dimuon mass and (pseudo-proper) lifetime

[ 12 I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I |
o L |
5 L CMS Preliminary |
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[ 0o _
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B ! Q = * Background ]
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| e _
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- eSO 0 s
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Definition of the PPD

.......................................................................................................

.......................................................................................................

N': normalization
W: general angular distribution

€: dimuon efficiency as a function of the muon momenta
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Frame invariant parameter A
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Y(nS) polarization in the HX frame, 0.6 <|y| < 1.2
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J/y: Comparison to NLO NRQCD
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Av LA N S S I B E BN B S S BN L B L NN B B B B S S BN A B
10 20 30 40 50 60 70
p, [GeV]
1.5 pp\f§=7TeV 1S
1 HX frame y(1S)

1 06<lyl<1.2

0.5
-1i
] —e— CMS Preliminary, L = 4.9 fb"!, total uncert. 68.3% CL
-1 .5; —— NLO NRQCD, B. Kniehl et al, MPLA28 (2013) 1350027 and private comm.

L . s s s s s s B s e s B L e

10 20 30 40 50 60

— T

70
p, [GeV]

pp \'s =7 TeV
HX frame
lyl <0.6

v(1S)

-0.4— —e— CMS Preliminary, L = 4.9 fb", total uncert. 68.3% CL
1 ——— NLO NRQCD, B. Kniehl et al, MPLA28 (2013) 1350027 and private comm.
—— T T T
10 20 30 40 50 60 70
p, [GeV]
ppNs=7TeV 1S
1 Hx frame (1)
0.4
|l 06<lyl<1.2
0.2
Ay i
Oa
-0.2
-0.4— —e— CMS Preliminary, L = 4.9 fb"', total uncert. 68.3% CL
4 —— NLO NRQCD, B. Kniehl et al, MPLA28 (2013) 1350027 and private comm.

L e L s s s s s s s e e B e S s s e

10 20 30 40 50 60

— T

70
p_[GeV]

T

pp \s =7 TeV
HX frame
lyl <0.6

v(1S)

—e— CMS Preliminary, L = 4.9 fb", total uncert. 68.3% CL

-0.4 1 — NLO NRQCD, B. Kniehl et al, MPLA28 (2013) 1350027 and private comm.
-
10 20 30 40 50 60 70
p, [GeV]
1 pp\s=7TeV
0.4 w(1 S)
1 HX{frame
03] 06<lyl<1.2

—e— CMS Preliminary, L = 4.9 fb", total uncert. 68.3% CL

—— NLO NRQCD, B. Kniehl et al, MPLA28 (2013) 1350027 and private comm.

— T T T T T T T T T T T T T T T T T T T T T

10 20 30 40 50 60

— T

70
p_[GeV]

14 November 2014

Ilse Kratschmer (HEPHY Vienna)

23



W(2S): Comparison to NLO NRQCD
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