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First I will give a little introduction to the difficulties in quarkonium physics. Then I will introduce our NLO QCD results of J/psi polarization via S-wave color singlet and octet states.

At the end are summary and conclusion.
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heavy, clear signal to detect J/ v

distribution of J/ v production at Tevatron

Pt distribution of J/ v polarization at Tevatron

~ —  J/v production at B factories

= Jlv production at DESY ep collider HERA
- J/v production at Fix Target Experiments

Next To Leading Order QCD Correctioins
are very large.
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FIG. 4 (color online).  Prompt polarizations as functions of py: (a) J/¢ and (b) (28). The band (line) is the prediction from NRQCD
[4] (the kp-factorization model [9]).
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E _:‘:Real correction process gg — J/ycc was calculated . It gives
sizable contribution to p, distribution of J/ i at high p, region,

and it alone gives almost unpolarized result.

P. Artoisenet, J. P. Lansberg and F. Maltoni, Phys. Lett. B653, 60 (2007).
C. F. Qiao and J. X. Wang, Phys. Rev. D69, 014015 (2004).

_ So how about the J/y polarization status
¥, when NLO QCD corrections are included?

) [—
* Recently NLO QCD corrections to J/y hadronproduction have
been calculated and the results show that the total cross section
- IS boosted by a factor of about 2 while the J/ s transverse
momentum p, distribution is enhanced more and more as p,

becomes larger.
J. Campbell, F. Maltoni and F. Tramontano, Phys. Rev. Lett. 98, 252002 (2007)
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NIB@X@EIDIcorrections to J/ polarization VTQ
SEWavercnj o) single

6B 5madRsO)P[R(G-1)242(-1)2+42(-1)2] )

dr 144m552(5-1)2(1-1)2 (21—1)2

g = j dxqdx, Gglxy, ,Uf)Gg(xz, ,Uf)6B
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MV is UV and Coulomb finite, but
still contains the IR divergences:

'l - e Arzu2 |/ AY
14 — s P
=5 e = [ 2r T(1 - 2e¢) < i PR

— e e e § In< 5 )] =f =~ a3 129 diagrams in total
| A 5 A 5 [In( = ) 3 = ooy -
5708 Os 1 4”#3 4 :
L T R e el T only light quarks
5 12 are included in the
Az T = [ L+ = -3y + 3N —m‘;r + 4} renormalization of
) luon field and
— s 8 1 : g
2 Ar |:(ﬁo - 2CA)< €yy ~ €R } QCD gauge
s _ _ Bo as et coupling constant
V= e [ e 75+ |n(4n)}
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The result of virtual correction can be written like this, where MV is the renormalized matrix element. 

the divergence can be expressed in this way, be factorized as a factor multiplying the LO matrix element.


8 ).~ Jy(ps) + gps) + gps) (a) __RERT .
8(p2) — Jly(ps) + qlpa) + q(ps) (b) ' CORRECTlONS

TWo-cutofifi phase space slicing
method Is applied

B. W. Harris and J. F. Owens, Phys. Rev. D65,
094032 (2002).
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®Soft: (a)

®Final Collinear:
(a) and (b)

®|nitial Collinear:
(a) and (c)
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singularities in soft and hard collinear regions can also be factorized into LO result multiplying a factor. 


oft singularities caused by emitting soft gluons from
he charm quark-antiquark pair in the s-wave color

singlet J/ 4 are canceled with each other. Only the

process (a) where there could be a soft gluon emitted ﬁ

om the external gluons contains soft singularities.
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All IR singularities are canceled.


dx,ds —» Jdp.dy Is applied to obtain @ =" ‘/ZE (1,0,0,1) =
transverse momentum distribution - Jﬁ (10,0, 1)

= jdxldxzdtGg(xl, Mo = 1/ Jy T pi
A p3 = (m,coshy, p;, 0, m, sinhy)
= J. JXmdptdng(xL ,uf)Gg(XZ’ .uf) %(; . 2m;
RS
4 £ L7 M%/l//
JS

4x1X Py

- polarization parameter zis definedas: |’/ = =, —xe

2T + x1 x7?

: X 2x,1 — x;€¥
da/ da/ :
—— o T + X0
—— lein =3 T Xtet_y /

= a(pl‘ d dO_
/ 2 / do,/d¢, do, /d¢ are differential

=+ 1:fully transverse polarization ~|C0ss section of transverse

— = ah ~E polarization and longitudinal
« == 1:fully longitudinal polarization | .
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epsilon are polarization vector of j/psi
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NLO LHC
LO LHC
NLO Tevatron
_______ LO Tevatron

Vil <3 and P, >3GeV i

0.5 0.6 0.70.80.91

Total cross section of J/yy production as function of the

renormalization scale «, and factorization scale

R/"(0)f =0.810 GeVa
m, =1.5GeV

=, =i

S tevation =1.96 TeV

Vs e =14 TeV

#®#The NLO QCD corrections
boost the total cross section
by a factor of about 2

#The scale dependence at
NLO is not improved
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jpsi+ccbar is include，which is less than 10% of the total result at NLO in the whole region of μ
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i, =, =J(2m)? + p?

Upper: LHC
Lower: Tevatron

contribution of NLO
correction becomes
larger as p; Increases

J| lJl

o s T ey sy 2-3 or-der larger in
P of J/V¥ (GeV) magnitude at p, =50 GeV
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Transverse momentum distribution of J/ Y production
NLO™ : contribution from J/y + cc is included



NLO® Tevatran
MNLO Tevatron

LO Tevolron

Iyd/4,|<0.6
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P, of J/¥ (GeV) P, of J/¥ (GeV)

Transverse momentum distribution of J/ iy polarization parameter «

J/ ¥ polarization status drastically changes from transverse polarization
dominant at LO into longitudinal polarization dominant at NLO

This work Is published in Phys. Rev. Lett. 100, 232001 (2008),
arXiv:0802.3727.
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P, of T (CeV)

Transverse momentum distribution of T production

NLO™ : contribution from Y + 45 is included

F-"'MJ/ &> MY
Ry(0) < R,(0)f

Upper: LHC
Lower: Tevatron

RY(0) =0.479GeV?
m, =4.75GeV

w, = p, =/(2m,)? + p?

‘y Y ‘Tevatron

‘yY‘LHC <3



NLO™ Tevatron
NLO Tevatran

LO Tevatron

yl<1.8
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P, of T (GeV) P, of T (GeV)

Transverse momentum distribution of the polarization parameter «

Polarization also changes greatly with NLO QCD corrections included

This work was presented in arXiv:0805.2469, is published in
Physical Review D (long article with more details).
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#* The J/ polarization is dramatically changed —
~ from transverse polarization dominant at LO into
longitudinal polarization dominant at NLO. Even
though our results are in a more longitudinal
polarization state than the recent experimental
result at Tevatron, It raises a hope to solve the
- large discrepancy between theoretical prediction
- and experimental measurement on J/ ¢

polarization.

® Next important step is to calculate the NLO
corrections to J/ Yy hadronproduction via color
octet state.
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orrectlon (8 processes at NLO)
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Upper curves: LHC ...
“Lower curves: Tevatron

NLO 's$?
Lo'sP T v i
O o)
Yan Tevatron om0
Yt Lhe <3

NLO *s®

K factorsat y =y, :

L0 s

P, >3GeV Tevatron LHC

15®) 1,235 0.826
38 1,119 1 0.800

0.5 0.6 0.70.80.91

The NLO QCD corrections
don’t change the total cross
section very much.

Total cross section of J/ i production as function of
the renormalization and factorization scale via S-wave
color octet states
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jpsi+ccbar is not included
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5 20 25 30 35 40 45 50
P, of J/V¥ (GeV)

Transverse momentum distribution of J/ ¢ production
via S-wave color octet states

- - 2 2
He=H, =\J(2m,)? + p;
ly‘]/‘/’ Tevatron <0.6
‘y‘]/‘/"LHC S
Upper: LHC

Lower: Tevatron

Only slight change appears
when the NLO QCD
corrections are included.




CDF data
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Prediction for LHC
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Transverse momentum distribution of prompt J/ 4 production

#, = o =al(@m;)” + e

Y 06

Tevatron

)y‘l/‘/’)LHC €

Our fitted matrix elements:
(O¥(3S1)) = 0.0045 GeV’
(OY(1Sy)) = 0.0760 GeV’

Notes in fitting

®Experimental data with p, <6 GeV
has been abandoned

®Feed down from ¢’ has been
included by multiplying a factor of

Bly' - Jly + X) x (O;’I’/>/<O;’z’

#Contribution via P-wave has not
been included
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It is also worth noticing that the feed-down from ψ′[³P_{J}⁽⁸⁾] and χ_{cJ} are not considered in our fitting since at NLO they cannot be properly calculated yet and it should be treated as an approximation.


0.8 ; ________________________________________ Up_QEr Tevatron
oo B LT Lower: LHC
5 04 ;—
02 - . COF dota *Dash and solid lines are
T total Tevotron LO and NLO results for
N | _ NLO Tevat = = S =
s b v T L0 Tommpaor J/psi polarization via
T T A T S T T T T T T T T O Y A COIOr OCtet State 3Sl' It
O 5 10 15 20 25 30 35 40 45 20 5
5, of J /¥ (GeV) has changed little when
1 NLO QCD corrections
0.9 £ are included.
S E #®15 gives contribution to
0.7 = .
0.6 - 3 a =0.

505 = E #Q0Obvious gap is shown
0.4 £ E between our prediction
0.3 b E and experimental data
i E E at Tevatron.

gI L1 1 ‘ I I | ‘ I | | I | ‘ I | ‘ I | ‘ I | I | ‘ L1 11 | L1 Ig
0 0 5 10 15 20 25 30 35 40 45 50

P oof J/v (GeV)
This work was presented in
Transverse momentum distribution of polarization arXiv:0805.4751,.

parameter « for prompt J/ ¢
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jpsi+ccbar is not included for color octet.
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#® Comparing the theoretical results calculated up to NLO with

~ the experimental measurements at Tevatron, obvious gap is -
- shown, even though both color singlet and octet are included.

NLO corrections to J/ ¢ production via P-wave color octet
- state °P,and J/ s production by feed-down from y ., haven’t
~ been calculated yet.

==

% |f we assume that the NLO QCD corrections to the two P-

——  Wave states are just as those for the S-wave color octet states,

~ — Itisreasonable for us to reach the conclusion that the large
discrepancy of J/ Yy polarization between theoretical prediction
and the experimental measurement cannot be solved by just
Including NLO corrections within NRQCD framework and
new solutions should be considered.
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CD Prediction:

> Jly+gg 0.15-0.3 pb
717/8)(3 P,'S,)+g 03-08pb

€ ntal Data:

s

T = :2.54 +0.21 + 0.21 pb
--'-'i gJIe : 1.45+0.10+0.13pb e'e¢ >Jyw+X
== FCLEO : 1.9+ 0.20 pb

i

Belle : 0.877%04) £ 0.17 pb  e'e” > J/w +cc+ X

‘ olete- - Jly + X(non cc)] =~ 0.6 pb
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ation and results for e"e” — J/¥gg atNLO__

— J /¥ +gg  1O(a),6; NLO (d1—d8), 111
"+ ggg Real (c1,c2), 36
B J /¥ + 249 Real (b), 6

-. pEGEpE /;@

dy
%@7_%’ (
C2 d5 d6

Dimensional regularization has been adopted for isolating
the ultraviolet (UV) and infrared (IR) singularities. Coulomb
Singularity Is isolated by v and mapped into the cc wave function.
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e space ethod Is
Ing two small cutoffs &.,,0.

S-I—G
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(0) '!S"-" F(l i) 6) <
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il

Arp
S

SRS S
>(€_2+T+AS>

'--‘; —12Ind, — 6 In(Sinzez—g)’

<% 3
“-12) + 6Li (coszgz—g),

~I—Fa:rd Collinear region:

=== "HE . L —o (a2 [ 4° o
— ——4do do 2 T(L — 2¢) S — + A7 ),

= 4% = 11+ 65 + 660 - Ly

afe = 8L - 10, 272 — 3in%® - 3% - InseAf,

Where 6Y = 68J[1 - (ps + p))?s]
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— G(O){l s(u) [a(s) » ’30|n< - > }_

a,(2m,) |c® (b) [o® (pb) | K=c®/6? | a(s)

1.4 0.267 0.341 0.409 1.20 2.35
: 1.5 0.259 0.308 0.373 =71 o
1.6 0.252 0.279 0.344 =23 2.89

\R (O)f =0.944GeVP, m, =15GeV ui=2m, ,§ = s/(2m,)?

‘ 1.7(Ry"°I Ry©)x1.2(K — factor) |' ¥ Feed-down ‘ Indicate by theﬂe@
>

(0.294 — —0.45pb) x1.27 ~0.373—0.57 pb —> 0.6 pb




upper——m,=1.4G

middle——m_=1.5GeV

lower——m_=1.6CeV T—he"§'(':ale
dependence of cross

section has been
improved at NLO.

Js =106 GeV

m——
1 GelV

e /
K=o no/ Olo

NLO
n The K factor does

not change very
much as center-of-

mass energy
INncreases.

/x:ﬁ/z

Cross section as function of the renormalization scale
and center-of-mass energy.
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The differential cross
section decreases
faster near right
bound.

The angular
distribution changes
slightly except a
factor of about 1.2.

Differential cross section as function of the momentum
of J/ Yy and the angle between J/ iy and the beam.



Both the polarization™
factor and the angular
distribution coefficient do
not change very much at
NLO.

o, —20,

=
o,+20,

do
dpP,,dcos

= S(P, JIL+ A(P,, )cos’ 0]

1
2.5 3 3.9

(GeV)

Polarization and angular distribution parameters as
function of the momentum of J/
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I polarization is d?éﬁaﬂy

changed from transverse
tion dominant & O into longitudinal polarization dominant
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1g the theoretical results calculated up to NLO with the
ntal measurements at Tevatron, obvious gap is shown,
0 gh both color singlet and octet are included.

>
T =
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= il

==~ and the experimental measurement cannot be solved by just including

=e :._ the large dlscrepancy of J/ v polarization between theoretical prediction
ﬁ- '*vNLO corrections within NRQCD framework and new solutions should
~b‘e considered.

« The convergence for the NLO QCD correctionto e'e” = J /¥ + gg
IS very good, and to compare the polarization and momentum
disturbution with experimental results should be a good test for
QCD predictions
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http://www.ihep.ac.cn/lunwen/wjx/public_html
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,--'-Eamine the color-octet mechanism:
k The NRQCD matrix elements are determined by fitting
. the data at Tevatron. Will the data at LHC support it, or

not? It’s interesting to know.
{ ® More suitable for comparing with theory:

== There will be more events at LHC than that at Tevatron
~  Inthe regions with large transverse momentum where
~  perturbative QCD are more effective.

Meanwhile, there also will be more eventson Y
production at LHC, which has larger scale than J/ i
production .
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