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Motivation

® Despite decades of theoretical and experimental research,
guarkonium production is still not well understood

® Quarkonium polarization is sensitive to the production mechanism and
therefore important to unveil the characteristics of the production
process.

® Up to now no theoretical model seems to work properly...
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Quantization Axis Definition

® Using dimuon decay channel

Y(nS) — py

® Angular decay distribution measured
with respect to a chosen quantization
axis in quarkonium rest frame:

= center-of-mass helicity HX (polar
axis zux = direction of quarkonium

momentum) quarkonium
rest frame
= Collins-Soper CS (zcs = direction of |
relative velocity of colliding production
] plane —,
particles)

= perpendicular helicity PX (zpx L zcs) X

® Relation between polarization frames
IS kinematics dependent
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Quarkonium Polarization

® Polarization is measured through the average angular decay
distribution. Most general distribution for quarkonium:

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o,

dcos 4o o 1+ Agcos® @ + Ay sin® 6 cos 2¢ + gy sin 26 cos ¢

. B
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

where Mg, Ao, Aso are the polarization parameters

® Two extreme angular decay distributions:

Longitudinal polarization Transverse polarization
J;=0 1 J; = %1
)\9 = —1 : l ) )\9 — 1
Ag =0 Ag =0
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Need to Measure Full Angular Distribution

Traditionally As was measured in one reference frame only

Instead, the full angular decay distribution (three polarization

parameters) must be measured: very different physical cases are
indistinguishable if only Ag is measured.

Observed polarization depends on the frame

Very different cases
look identical if 4, is
not measured
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Frame Independent Parameter

® Define frame invariant parameters such as A from the angular
decay distribution of a given frame
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Y (nS) feed-down contributions
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CDF Run Il Y (nS) Polarization Analysis

® Previous results only measured Ag in the HX frame

® In this analysis, Ae, Ao and Aew are determined simultaneously in two
different reference frames (CS, HX) for Y (1S), Y(2S) and Y'(3S) mesons
- self-consistency of the results is tested with A

® A dimuon sample collected in pp collisions at /s = 1.96 TeV,
corresponding to a total integrated luminosity of 6.7 fb1, is used

® Estimated number of signal events in the kinematic phase space
under consideration (pr < 40 GeV, |y| < 0.6):

550k 150k 76k

PRL 108, 151802 (2012)
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Y (nS) Polarization in the HX Frame, |y| < 0.6

-0.2
-0.4

-0.6

-O.BE-:"I ,5|,,

]

P, (GeVie)

0.2

04
-0.6
0.8

1aalia

NFETRE FRERE FRETE FRETE ETRR FERE!

0
=

15 20 25 30 35 4
P, (GeVic)

(=]

5 1
0.8

0.6
0.4

1

0.2

0
-0.2

-0.4
-0.6

-0.8

5

10 15 20 25 30 35 40
P, (GeVic)

CDF Run Il, 6.7 fb!

g 1
~08

0.6f-

0.4F
0.2F

-0.2
-0.4

o

-0.6F
-0.8

P T TR PR PR PR R
'10 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
P, (GeVic) P, (GeVie)
° T: ..<8 f:
0.8 0.8F
L6F 0.6
0.4%
0.2
-0.25{_
-0.4F
-0.6F
.8F -0.8F
) TR BT PRV TR FRRT FRUTL FTRTL NPT J) ZER DU FETRE P FEUTE TRUTE EVREI PT
0 5 10 15 20 25 30 35 40 0 15 20 25 30 35 40
P, {GeVic) P, (GeVic)
2 o j o
0.8F 0.8F
0.6 0.6F
o;l' 0.4
.2: I O.‘:
PR ¢ o g ==
02T -—{—-l t -0.2f
-0.4F -0.4
-0.6F -0.6F
-0.8 -0.8
-10 5 10 15 20 25 30 35 40 -10 5 10 15 20 25 30 35 40
p_ (GeVic) p_ (GeVic)

23 April 2013

Joéo Seixas (CERN/LIP)



Frame Invariant Parameter A

CDFRunll,6.7fb~

Y(15) Y(25) Y(39)

]

1 1 . 1

%_Fﬂ; 1 cj- |——| | a:— It '——|
: ——= *E o ;Eﬁ% o]
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® Results in the two reference frames are consistent

® No evidence of strong polarization in the considered pt range
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CMS Y (nS) Polarization Analysis

®\o, Ao, Ago and A are measured in three different reference frames
(PX, CS, HX) for Y (1S), Y (2S) and Y (3S) mesons

® Analysis based on dimuon sample collected in pp collisions in 2011 at
Is =7 TeV, corresponding to a total integrated luminosity of 4.9 fb!

®Estimated number of signal events in the kinematic phase space

. . 10
under consideration 2 5’.‘,__

CmS

(pt > 10 GeV, |y] < 1.2): g Yo op B =7 TeV
S, 40__ L=4.9’
‘E ! i o Iy<06
252k 94k 58k 8 I . 06<lyl<i2

® Analysis performed independently
In five transverse momentum pr bins
for two dimuon rapidity|y| cells

PRL 110, 081802 (2013)

Dimuon mass [GeV]
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Obtaining Polarization Parameters

Full and direct calculation of the Posterior Probability Distribution (PPD)
of the polarization parameters As, Ao, Aoo

1.Events distributed as in the background model are subtracted from
the data sample

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

R TE SR S : :
=~ [--cs,e83%0CL] o< b . = CS, 68.3% CL | .
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05| [—HxemmecL] 05| o [ omxserwen | parameter
I T - regiOn
Lo : ol @
05 5 = 5 ~ Y(19)
| ows I -
LS - ooe o WI<06
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Frame Invariant Parameter A

Y(lS) Y (25) Y (39)
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® Results in all three reference frames are consistent
® No evidence of unaccounted systematic uncertainties
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CDF vs CMS

17 cMs pp\s=7TeV L=4.9 1" CS frame, Iyl <0.6 ®
| CDF pp\s =196 Tev Y(1S) Results from CDF and CMS are
- consistent
0.5—_
:+ ® (CMS extends the measurements

beyond the pr and rapidity ranges
probed by CDF

CDF: pr<40 GeV, |y|] <0.6

CMS: 10 < pr< 50 GeV, |Jy] <1.2

b oty

-0.5

| —4— CMSs, tot. uncert., 68.3% CL _ . )
1] 4~ CDF PRL 106, 151802 2012), tot. uncert, 68.3% CL ® No evidence of strong polarization

p_[GeV]
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Comparison to Theory

‘ 4
Y (1S) suffers from large y, 5] CMS ppVs=7Tev L=49f"  HXframe, Iyl <05

feed-down contribution, | CDF pp\s=196Tev Y(3S)
with unknown polarization 1

® Y (39) is the less affected 0.5
by feed-down and thus Ay ol
predictions should be more :

reliable :
. 17—+ cMs, tot. uncert.,, 68.3% CL
® Theory predictions do not, | —4— CDF PRL 108, 151802 (2012), tot. uncert., 68.3% CL
- -1.5—: —— NLO NRQCD at Vs = 1.96 TeV, PRD83, 114021 (2011)
however, agree with |~ NNLO* CSMat Vs = 1.8 TeV, PRL101, 152001 (2008)
experimental results 0 5 10 15 20 25 30 35 40 p4l5[Ge 0
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Summary and Conclusions

® CMS has measured the polarization of Y'(1S), Y'(2S) and Y'(3S)
mesons

® Three frame dependent anisotropy parameters Ae, Ao, Aso and the
frame invariant parameter A have been measured in CMS:

® Measurement in 3 different frames (CS, HX, PX)

® (10 < pr< 50 GeV, |y|] <1.2) extend the measurement beyond
the pr and rapidity ranges probed by CDF (pt< 40 GeV,

ly| <0.6)

® No evidence of strong polarization has been observed

POLARIZED

® Zero polarization is in itself a totally unexpected result
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BACKUP




CMS Detector

TRACKER

= .. CRISIALECAL  1otal weight ~ : 12500 T
Overall diameter : 15.0 m
Overall length : 215 m
Magnetic field : 4 Tesla
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Definition of the PPD

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o,

., *
..............................................................................................................................................................................................................

N: normalization
W: general angular distribution

€: dimuon efficiency as a function of the muon momenta

Sampling: Metropolis-Hastings
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Y (nS) Polarization in the CS Frame, |Jy| <0.6
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Background Subtraction

> ol

= cms . . .

Q op \§=7TeV ® Signal region is defined as

S Lol L=4.9 b’ +10 around mass peak

g i Y(15) o ly1<06 ® Background fraction is

© 2l * 06<lyi<1.2 determined by fits to the
! dimuon mass distribution

® Angular distribution of the
background events are
modeled as weighted sums
of the distributions in the
sidebands, left of Y(1S) and
O s 10 q05 11 right of Y'(35) peak
Dimuon mass [GeV]
®Event-by-event background subtraction of background-like events
using a likelihood ratio criterion

10

23 April 2013 Jodo Seixas (CERN/LIP) 23



Efficiencies

® Data-driven single muon efficiencies measured with the Tag&Probe
method

® Precise knowledge of efficiencies needed to avoid introducing
artificial polarization

—t
&
=l

® Dimuon efficiencies are

=
g -
calculated as the product § F
of single muon efficiencies ¢ .
= - 1
: £ 09—
® Correlations between 2 r
muons are negligible @ 0.8
. . - CMS
as seen in detailed MC ork PP Vs =7 TeV
studies . —e— ()l <0.2
. ) 0.6 —— 0.8 <In(u) <1.0
® Efficiencies are accounted - 1.:.“%.‘1 )
for on an event-by-event  os- == “{“’I‘ —

20 25 30 35 40 45 50
single muon transverse momentum [GeV]

basis
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Systematic Effects

® Sources of systematic effects:
= Analysis method
= Background model
= Muon efficiencies
® Systematic uncertainties are propagated to the PPD

® Total uncertainties of the measurements are dominated by
systematics at low pr and statistics at high pr

® Y (2S) and Y(3S) systematic uncertainties are dominated by the
background model uncertainty, especially at low pr
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AFCMS pp WE=TTeV L=48f' 4 PX frame, 0.6 <l <12 +

L} L] It1 L] ‘ cL L] Ll 1 L] L] L] L] 1 L] L L] L] L] L L] L] Ll L)
04} wla ot uncer b33 nce  Y(15) ¢ ¥(28) ¥(38S) -
Tot uncert., 95.5 % CL
02t Tot uncert.,, 99.7 % CL

Ay Obar e ¥ e w m T Yoo Yo w g B
=2
0.4
0 | Y(1S) Y(2s) | ¥(3S)
02

Y L - Moo . . - . .p LN

i }

-2 4
-4

e
P, [GeV] P, [GeV] P, [GeV]

23 April 2013 Jodo Seixas (CERN/LIP) 27



T
o5l
Ao of
asf
-1
0a}
g2l
hy 0
a2
a4l
04
02|
Mo
0z}
a4}

¥ {15) Y(25) T Y(35)
Lol A A R | Wy W e Bt Mg W Wy
FCMS pp Ws=TTeV L=49f5' - C5 frame, Iyl <06
¥({15) + ¥(25) ¥(3S5) -
g B TR
(PR — | L] ST LY LI -
o Tot uncort. baanor  Y(15) ¢ Y(28) Y(3s) -
Tol uncerl., 95.5 % CL
Tot uncer., 98.7 % CL
.....-...-. ....... - ...-.......-. ....... i. ......... ......i - I .........

P, [GeV]

P, [GeV]

p, [GeV]

23 April 2013

Joéo Seixas (CERN/LIP)



tul B B BARARS BT W W - s 5 "
FCMS pp WE=TTeV L=48f5' 4 G5 frame, 0.E<I¥l<1.2 +
Y¥({15) + ¥(25) ¥(3S) -

4 ﬁtmi,“ﬁﬁﬂL I I I ) I I i I I i i I I i I I i I
e Tot, uncert, §8.3% cL T(15) + Y(23) + Y(35) -
Tol uncer. 95.5 % CL
Tot uncert., 99.7 % CL ] I
llllllllllllllllllllll - -----------l--------- IIIIIIIIIIIIIIIII
g W T I'-' ¥ ¥ W .

iy
a5l
ey 0
st
A
ﬂ'.#-l
ozl
h, of
02t
a4l
M.
oz
Ay 0
g3l
oal

e
P, [GeV] P, [GeV] P, [GeV]

23 April 2013 Jodo Seixas (CERN/LIP) 29



Comparison to Previous CDF Result

® New CDF Run Il result agrees with the previous CDF Run | result

CDF Run Il, 6.7 fb!

7\913 Y (1S), HX frame
g
nd
a 5.1'5 MERCEL  Run | COF rasult, bvi<04

CLF Il new reault, if MG
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