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Outline

Polarization of J/v at the Fermilab Tevatron

Polarization of J/1 at RHIC
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Polarization of prompt J /4
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® At large P, color-octet gluon
fragmentation dominates.

® At large PT,the gluon is nearly
on mass shell, and, so, is
transversely polarized.

® Heavy-quark spin symmetry
makes the polarization of J /1 in

g* — ce*8;7] = I/ + X
transverse.

® |ndependent test of color-octet
gluon fragmentation.
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Polarization parameter o

® The polarization of J/1 can be measured from
the angular distribution of the dilepton produced
from the leptonic decay of .J/1).

d
® dccfs@ x 1+ acos’f

: J ¢ ° : . _
" = 2" ah 2 o '—_"__‘ - b ‘ ) > a \ ¢ - Y\ C N o
" Loy e Lt (el Lo 4 A —-. " e 5 - . O'ﬂ” Ie A B A8 —'1'}6'_ A A P . ‘ .




Polarization of prompt .J /) at the Tevatron

RUN I

e CDF Data

NRQCD
—— k-factorization

CDEF PRL85, 2886 (2000) CDF PRL99, 132001 (2007)

Braaten, Kniehl, and Lee, PRD62, 094005 (2000);
Kniehl and Lee, PRD62, 114027 (2000)

* NRQCD predicts transverse .J /1) at large pr
* RUN | : Disagreed only at the highest P bin
* RUN Il : Disagrees with both RUN | and NRQCD

* Problem still open
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Radiative corrections to CS Model

JAp production at the Tevatron e CS with NLO and
s221.96 TeV ] , )
partial NA2LO still
T underestimates the
Ho=(4m " +Py
LDME: 1.16 GeV> data
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P.Artoisenet, Proc. Sci., CONFINEMENTS8 (2008) 098
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Radlatlve corrections to CS Model

Gong and Wang, PRL100, 232001 (2008); He, Li, and Wang, arXiv:0904.1477
Gong and Wang, PRD78,07401 1 (2008) See Zhi-Guo He’s talk yesterday
* LO :strong transverse * Photon fragmentation (QED) :
polarization transverse polarization

* NLO : longitudinal

over the whole pr
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Radiative corrections to CO

CS+CO NLO

ly, .l <O.6

COF dota
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NLO Tevotren
.0 Tevalron

'

’

)

'

’
D
—
F

'
—
-
-
-
—
-
—
.
—_—
»~
-
-

'

'

Gong, Li,and Wang, PLB673, 197(2009)

* After including CO contributions at NLO,

J /1 becomes transverse again,
which disagrees with CDF RUN Il data
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Polarization of prompt J/zp
atR
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pr distribution of inclusive J /1) at RHIC

wm PP — I + X 1yl<0.35 s =200 GeV
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RCANIN (. xiv:0912.2082)

See Todd Kempel’s talk this morning

* Polarization parameter ¢ was also measured
* NRQCD prediction is necessary

* To make a fair comparison with Tevatron data, we provide
with a prediction consistent with Tevatron experiment
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Strategy of calculation

*the same strategy employed in Tevatron case

eparton process : LO, ij — cé + k withi,j =g,q9,q
PDF : MRST98LO and CTEQSL

eSame ME used in Tevatron case
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pr distribution of prompt .J /1) at RHIC

* NRQCD agrees with data.

* Errors mainly from scale
dependence.

* LO CS severely
underestimates.

* Cross section consistent
with Cooper, Liu, and
Nayak [PRL93, 171801
(2004)]

Chung, Yu, Kim, and Lee, PRD81, 014020 (2010)
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pr distribution of prompt .J /1) at RHIC

2

® For lower pr,order-a;

2— | processes, its
NLO contribution, and
soft-gluon emissions
must be taken into
account.

For higher pr,
fragmentation evolution
using DGLAP equation
must be considered.
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Polarization of prompt .J /1 at RHIC

*NRQCD agrees
with data.

| O CS does not.

* Dominant source
of errors :

Large uncertainties
in 15 and 2P ME

Chung, Yu, Kim, and Lee, PRD81, 014020 (2010)
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Rapidity distribution of .J /v at RHIC

PHENIX (PRL 09 232002) =+
PHENIX (2009; Prelim.) =@

Fih = 5910 % NLO*
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Brodsky and Lansberg, PRD81, 051502 (2010)

* CSM agrees in rapidity distribution of cross section

* Integrated over P - cannot be compared with our results
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S-channel cut CSM predictions

{ p+p— Jp+X Vs=200 GeV lyl<0.35 |

Artoisenet and Braaten
LO CSM
Haberzettl and Lansberg

o ®  Helicity Frame
— = s-channel cut CSM

Q
V- COM
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0.5} o e
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Artoisenet and Braaten,

PHENIX, 2009 (arXiv:0912.2082) PRD80, 034018 (2009)
Haberzettl and Lansberg,
PRL100, 032006 (2009) e s-channel cut contribution is a

t of NNLO tion to CSM
* s-channel cut CSM agrees by W be

with polarization data. * cross section overestimated by
more than 2 orders of magnitude.
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Radiative corrections to CSM

* Very recently,

Lansberg computed
the NLO and

, £ oo dominant NNLO
R || TN | Booo [ contributions as well
as the cg fusion

o , e contribution to the
PHENIX data (1.2<lyl<22) —*—
CSM.

TUTT TR LT LTI * The NLO CSM

— | prediction for the
AR NI  polarization agrees
with data.
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Lansberg, 2010 (arXiv:1003.4319)
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Summary

® Both NRQCD and CSM predictions for polarization
of J /1) at the Tevatron disagree with data.

® NRQCD prediction agrees with PHENIX data for
both cross section and polarization of j /4.

e FIRST NRQCD prediction of .J/v polarization at
RHIC.
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Polarization of Prompt .J

E866 Measurement of
Y Polarization in p-Cu

Y(1S) : UNPOLARIZED
Y(2+3S) : TRANSVERSELY POL (~ 100%)

a) a versus pr (E866) S 125 E | | | | E
Drell-Yan (m+,- = 8.1 — 8.45,11.1 — 15.0 GeV) - 1 4 o) i
Y(1S)(8.8 < M+, < 10.0 GeV) [ S 55 Drell=Yan -
Y (25435)(10.0 < my+,- < 11.1 GeV) 0.75 ¢ )ﬁ s T(25+3S)
0.28 < oy /Y < 0.31 : Tkabladze, PLB462 (99) ooég 3 s 0 T(1S) -
o " i
-0.25 E
—0.5¢ Co e 3
0 1 2 3 4
pr (GeV/c¢)
s 159p—m—m 77—
b) « versus zp (E866) v 1.25 F 3
‘The errors shown are statistical, there is an additional 1 E o . %b E
systematic error not shown of 0.02 in « for Drell-Yan =4 A 2 o Drell=Yan ]
polarizations and 0.06 in o« for onium polarizations. 0'072 3 A ’T‘(2$+SS)
0.25 | \ o 2TUS)
*No f ion domi 0
O ragmentatlon ominance _0.25 E E
* Feeddown dilutes polarization —05¢
e Color-evaporation model y A o4 >0
P E866, PRL (2001) x,

disagrees with data
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Polarization of Prompt .J

Polarization of Upsilon at
the Tevatron : RUN | (CDF)

B R Sl R Gt b5 ey Run [:
08 [ 3 PRL 88 (2002)161802
0.6 |
0.4 2 ~ similar to ¢¢ — as yet inconclusive
: - Insufficient data with p, > 20 GeV/c
0.2 |-
OFT ¢
ok * Prediction less dramatic as J /1)
_0.4 F 3 : no fragmentation dominance
. 1 e large errors from uncertainties
O 3 B inclusive T(1S) _ in NRQCD matrix elements
_1 :I L1 1 l L 1 1 I. Ll i 1l l L1 i 1 iJ_j_ L1 I L_L 1 l:
C S 10 e 20 25 30
p:(GeV)

Vaia Papadimitriou, Physics in Collision 2003
Braaten, Lee, PRD (2001)

23



Polarization of Prompt .J

Polarization of Upsilon at
the Tevatron : RUN || (DO)
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e Strong longitudinal
polarization at low p_..
* As P_. increases,

(¢ increases, but not up to
the NRQCD Predictions.
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DO, arXiv:0804.2799

Braaten, Lee, PRD (2001)

* (¢ increases as P_. increases.
* Low P._. prediction not available.
e Y(2S5) is more transverse (less

feeddown) : consistent with NRQCD

* DO data disagree with CDF
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Polarization of Prompt .J

Radiative corrections to CSM :
Upsilon production

— — ' ' o | e There is almost no room
el Y(1S) production at the Tevatron NLQ ) .
g §1221 8 Tev NNLO® wem for color-octet production.
/>-\ prompt Y(1S) x ]
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7 001 ¢ —(4m. 24+P..2)12 E .
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P Artoisenet, Proc. Sci., CONFINEMENTS (2008) 098
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Polarization of Prompt .J

Radiative corrections to CSM :
Upsilon production

—~ 1 i ! ' _________'____________I_ ........... e —— S —
& e LO e :
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Pt (GeV)
Artoisenet, Campbell, Lansberg, Maltoni, Tramontano (2008)

* Color-singlet polarization changes from transverse
to longitudinal by inclusion of NLO corrections.
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Large rapidity region

® Cross section and polarization at large rapidity (1.0<|y|<I.2)
have also been announced.

Cross section

(nb/GeV?) Polarization

PHENIX 1.06+0.16 0.0210.16
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