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1. Introduction

The understanding of heavy vector meson production at hatblliders ance pcolliders has
evolved in the past several years. While the Color Singlet®l@?], describing the transition for
the heavy quark anti-quark pair produced in the hard sdagtgrrocess to the bour@Q state by
the emission of hard gluons, failed to reproduce 3¢y cross section measured at the Tevatron
[3], the addition of soft gluon emission in the Color Octet diéb[4] could solve this issue. The
theoretical framework usually applied here is non-reistiv QCD (NRQCD) [5]. It factorizes the
guarkonium creation into a hard process to produc@@pair, and a long-distance matrix element
for the meson formation. As the non-perturbative matrixredats are believed to be universal, they
can be measured in experiments and then applied in theadrptiedictions.

One of the predictions of NRQCD is that the polarization a\hevector mesons should be
transverse at large transverse momenta. Recent CDF meesuseof thel /¢ polarization [6]
disagree with this expectation. A possible explanatiorttia discrepancy is that the charm quark
is too light for perturbative calculations. Fortunatelye tTevatron provides the possibility to test
the predicted trend towards transverse polarization ®mntlach heavieY states [1].

2. Spin Alignment M easurement

The polarization parameter is defined asx = g;ggt where o7, are the cross sections
for the production of transverse and longitudinal polatizector mesons, respectively. Thus the
minimal and maximal values af = —1 anda = 1 correspond to full longitudinal and transverse
polarization, respectively. A value of = 0 indicates unpolarized production.

The measurement of the spin alignment of the vector mesanrescthe definition of a refer-
ence axis. In this measurement the reference axis is defindeely momentum in the lab frame.
This definition, called s-channel helicity frame, is usedabypolarization measurements at hadron
colliders so far.

The polarization parameter can be determined experimentally by measuring the disiibbu
of the decay anglé* of the positively charged muon from tNe— u* u~— decay in theY rest frame
with respect to the reference axis. The angular distribus@iven by% 014 acos 6*. Be-
cause co8* enters only quadratically, the distribution is symmettioat 0. This consequence of
parity conservation allows to perform the measurement@atifon of | cos6*| and thus to increase

the statistics per bin in the angular distribution.

3. Data Sample

The analyzed data sample corresponds to an integrateddaityiof 29 b~ of pp collisions
at a center of mass energy ofs= 1.96 TeV recorded by the CDF Il detector at the Tevatron
collider. TheY events are triggered by a pair of oppositely charged muotis aMransverse mo-
mentum ofpr(u) > 3 GeV/c. In the offline selection one muon is required in addition &wé
at least a transverse momentum of 4 GeVOnly muons in the central region of the detector,
with a pseudorapidityn ()| < 0.6, are used. Further selection criteria are applied to selelt-
reconstructed¥ mesons. The kinematic range ¥fmesons studied in this analysis covers the
central rapitidy regionjy| < 0.6, and the transverse momentum range gr [GeV/c] < 40.
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Figure 1: Invariantu™ p~ mass distribution with shadéf{1S) signal and side band regions.

Figure 1 shows the invariant mass spectrum of the selectedadi pairs together with a fit
where the signal shapes are taken from simulation and thaglamd is described by an expo-
nential. A range of-2.50 around theY(1S) mass peak center is defined as signal region. The
good mass resolution allows to define lower and upper masbaidis close to the signal for the
estimation of background events in the signal region basetth@® exponential background shape.
The selected data sample contains about 80YQJQ@8) mesons.

4. AnalysisMethod and Systematic Uncertainties

The same method to determine the polarization as used in Rtjnahd for the Run Iy
polarization measurement [6] is applied here. The data Eaimgplit into bins ofpr and then the
cosB* distribution in eachpr bin is examined. Ax? fit is performed to the cosg*| distributions
with 10 equidistant bins. The background contributions dlbrbins are free parameters in the
fit and constrained by simultaneously fitting the mass sidélagions. The signal distribution is
described by the weighted sum of two templates for transv@fsand longitudinal (L) polarization.
The relative weights of both contributions determine thiapzation parametea.

Because theécos6*| signal templates are affected by acceptance and efficieffestse they
are determined from simulation. Fully-transverse and/fldhgitudinal polarized( (1S) — pu+u~
samples were generated with the EvtGen package and sich@atereconstructed with the stan-
dard CDF software. Trigger efficiency effects were takew imtcount by applying efficiencies
measured on data to the simulation. Since the acceptansesctg cos6*| template distributions
to be dependent on the transverse momentum of thiee simulatedpr distribution is reweighted
in an iterative procedure to match the one observed in dagawrd-2 shows the fit for onpr bin
and the obtained background distributions for low, mediamg highpy. The background shows
a strong dependence on the transverse momentum.

Several systematic effects that could alter thes6*| distributions were investigated. The
uncertainty on the trigger efficiency measured on data leadssystematic uncertainty of 0.007
on the polarization parameter. Other systematic unceidainvere found to be negligible. This
includes variations of the mass shapes and the signal widééiwition, a change of ther (i) cut,
and using an alternativer reweighting. Although the chosen bin width is much largemtithe



Upsilon polarization measurement at CDF

Thomas Kuhr

2<p,(Y)<3 CDF Il Preliminary, 2.9 fb*

CDF Il Preliminary, 2.9 fb™*

CDF Il Preliminary, 2.9 fo™*

CDF Il Preliminary, 2.9 fb*

8 _ 1300f; s500F
= X2 =9.47 i ++ ++
mesool  * DoF =8 1200} ++ +
x + 400 + 40
i, ke
1000k -l-.[.- 300} 3of .l.
1500 +
Soof 200)
F 20}
1000 800} + -l-++ ..l.
500 700F 100p 101
|- *
600F 2 < p.(Y) <3 + olL8<pr(Y)<12 — 23 <p.(Y)<40
) ) * FEPETS EPEPETS EPETET S AP AR FEFETE EEPEr PETErE BT | [o] PRI SR EEFE S |
00 02 04 06 08 10

o) S N N R B
00 02 04 06 08 1.0
[Cos(®)]

50F

[Cos(®)]

00 02 04 06 08 10

Cos(8)]

0.

08 1.0
[Cos(®")]

0 02 04 06

Figure 2: Fit (black) to|cos6*| distribution (green) for Z py [GeV/c] < 3 with T (red) and L (blue)
templates (left) and fitted angular distributions of backgrd events for selectgs bins (right three plots).
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Figure 3: Y(1S) polarization measurement compared with the CDF Run | rékaft) and a NRQCD pre-
diction [8] (right).

resolution in co®*, a check for a systematic effect was performed by using tifieenumber of
bins. No effect beyond expected statistical fluctuations feand. It was also verified that there is
no sizable migration betwegm bins. Overall the systematic uncertainties are much smidién
the statistical ones.

5. Reault

Figure 3 shows the measur¥{1S) polarization as a function gbr. It is compatible with
zero polarization, with a trend towards longitudinal pation at highpr. As can be seen in the
left plot, the result is consistent with the CDF Run | measwst [7] and considerably extends its
momentum range to highgx. The right plot in Fig. 3 illustrates that the measurememticwicts
the NRQCD prediction of transverse polarization at hggh

As shown in Fig. 4 the result disagrees with the DO measuref@gnSince the DO measure-
ment indicates a longitudinal polarization at lgw, the result in this region was cross-checked
by comparing the measuredos6*| distribution with the simulation of unpolarized events.d@do
agreement is observed as shown exemplarily for gnein in the right plot in Fig. 4, confirming
the consistency with zero polarization.
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Figure 4: Y(1S) polarization measurement compared with the DO result E})(nd comparison of data
with simulated unpolarized events at lgw (right).

A possible reason for the discrepancy between the CDF ancef(ts is that the DO mea-
surement was performed in a larger kinematic rangg|ef 1.7. Another difference between both
measurements is caused by the different track reconstruptiecisions. Due to a worse mass res-
olution the signal shapes ¥f1S), Y (2S), andY (3S) overlap in the DO measurement, not allowing
to define mass sidebands as close to the signal as in the CD¥tirap®ent.

6. Summary and Outlook

TheY (1S) polarization is measured by CDF uppg = 40 GeV/c. It is consistent with zero
and tends towards longitudinal polarization at hjgth The result is compatible with the CDF run
| result and inconsistent with the DO result. It also disagreith NRQCD predictions.

Updated measurements with more data, having data with dbaé time the integrated lu-
minosity already recorded, can be expected, includingrizelton measurements of thg2S) and
Y (39S). This, together with a separation of direct and feed-dowmtrdautions, may help to obtain
a better theoretical understanding of heavy meson praztucti
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