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Basic pQCD approach: the Colour Singlet Model (cswm)

Common wisdom on the quarkonium-production puzzle before 2007

C.-H. Chang, NPB172, 425 (1980); R. Baier & R. Riickl Z. Phys. C 19, 251(1983);

=~ Perturbative creation of 2 quarks Q and Q BU% Q
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CSM predictions account for the Pr-integrated yield

S. J. Brodsky and JPL, PRD 81 051502 (R), 2010; JPL, PoS(ICHEP 2010), 206 (2010)
— The yield vs. /s (here only LO curves)

@ Unfortunately, very large th. uncertainties: masses, scales (up,
1F), gluon PDFs at low x and Q2, ...

@ Good agreement with RHIC, Tevatron and LHC data
(multiplied by a constant Fdrect)
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Impact of QCD corrections to CSM at mid and high Pr
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Impact of QCD corrections to CSM at mid and high Pr
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Impact of QCD corrections to CSM at mid and high Pr
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Describing the mid- and high-Pt’s: QCD corrections

Models vs. LHCb data for the Y

P.Artoisenet, J.Campbell, JPL, F.Maltoni, F. Tramontano, Phys. Rev. Lett. 101, 152001 (2008)
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Describing the mid- and high-Pt’s: QCD corrections

Models vs. LHCb data for the J/ 1 (courtesy of J.He & P. Robbe)
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Describing the mid- and high-Pt’s: QCD corrections

Models vs. LHCb data for the (2S5)
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Colour Octet Dominance is challenged at low/mid Pt in pp ?

@ No need of CO contributions at low Pr: see slide on yields
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Colour Octet Dominance is challenged at low/mid Pt in pp ?

@ No need of CO contributions at low Pr: see slide on yields

@ Strong constraints from the e* e~ analyses

@ Recent Belle update of et e~ — J/¢ + X291 —0 43 +0.09 + 0.09 pb

non cc

e ete” — J/ipgg CS at NLO + rel. corr. : 0.4-0.7 pb
no space for CO ('S, or 3P,) in B-factory data
Y.Q.Ma,..., K.T. Chao ,PRL102 (2009)162002; B.Gong, J.X.Wang, PRL102 (2009) 162003; Z.G. He,..., K.T. Chao, PRD81 (2010) 054036
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@ Strong constraints from the e* e~ analyses

@ Recent Belle update of et e~ — J/¢ + X291 —0 43 +0.09 + 0.09 pb
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e ete” — J/ipgg CS at NLO + rel. corr. : 0.4-0.7 pb
no space for CO ('S, or 3P,) in B-factory data
Y.Q.Ma,..., K.T. Chao ,PRL102 (2009)162002; B.Gong, J.X.Wang, PRL102 (2009) 162003; Z.G. He,..., K.T. Chao, PRD81 (2010) 054036

e ete — J/ipgg CO at NLO: 0.9-1.0 pb using universality with Tevatron

IF one ignores the CSM: upper bound on CO Y. Zhang,...K.T. Chao, PRD81:034015,2010.

(0]0?¢[' s®)|0) +4.0 (0|0 ¥ BP®0) /m2 < (2.0 4 0.6) x 1072 GeV?
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Polarisation: QCD corrections and feed-downs

QCD corrections, feed-down and polarisation

B. Gong, J.X Wang, Phys. Rev. Lett. 100,232001,2008.
P.Artoisenet, J.Campbell,JPL, FMaItom F. Tramontano, Phys. Rev. Lett. 101 152001 2008
JPL, EPJC 61,693,2009. JPL, PLB 695 149, 2011.
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QCD corrections, feed-down and polarisation
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Q + hadron azimuthal correlations

New observables
— J/¢+ hadron azimuthal correlations STAR Collab., Phys.Rev.C80:041902 (R),2000.
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New observables
— J/¢+ hadron azimuthal correlations STAR Collab., Phys.Rev.C80:041902 (R),2000.
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Q + hadron azimuthal correlations

New observables

— J/¢+ hadron azimuthal correlations STAR Collab., Phys.Rev.C80:041902 (R),2000.
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@ PYTHIA might not be reliable ( Color Singlet at LO: gg — J/¢g)
@ Need for updates with NLO and NNLO*
@ gg — J/yg : peak at A¢ = 7t (activity from the recoiling jet)
@ gg — J/ygg : peak at Ap = 7 + activity between 0 and
@ gg — J/¥ggg : peak at Ap = m + activity between 0 and 7t + near jet ?
— Y + hadron azimuthal correlation Talk by M. Cervantes (STAR) at WWND 2011

AN, dNidso
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New observables
— J/¢ + D ord/¢+lepton in the yield integrated over Pr

S. J. Brodsky and JPL, PRD 81 051502 (R), 2010
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New observables
= J/y + D ord/yp+lepton in the yield integrated over Pr

o peak at A(p =T S. J. Brodsky and JPL, PRD 81 051502 (R), 2010
@ Rapidity dependence gives info on c(x)
S BHP
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plot for RHIC kinematics
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New observables

— J/¢ + D ord/¢+lepton in the yield integrated over Pr
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S. J. Brodsky and JPL, PRD 81 051502 (R), 2010
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New observables
— J/¢ + D ord/¢+lepton in the yield integrated over Pr

o peak at A(p =T S. J. Brodsky and JPL, PRD 81 051502 (R), 2010
@ Rapidity dependence gives info on c(x)
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J/P+

@ At high energy, 2 gluons in the initial states: no quark
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@ At high energy, 2 gluons in the initial states: no quark
@ The photon needs to be emitted by the c-quark loop

@ Gluon fragmentation associated with C = +1 octet (" S([Jg] and 3P38})
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@ At high energy, 2 gluons in the initial states: no quark

@ The photon needs to be emitted by the c-quark loop

@ Gluon fragmentation associated with C = +1 octet (" S([JS] and 3P38})
@ CS rate at NLO ~ conservative (high) expectation from CO

R.Li and J.X. Wang, PLB 672,51,2009
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J/P+

@ At high energy, 2 gluons in the initial states: no quark
@ The photon needs to be emitted by the c-quark loop

@ Gluon fragmentation associated with C = +1 octet (° S([JS] and 3P38})
@ CS rate at NLO ~ conservative (high) expectation from CO

R.Li and J.X. Wang, PLB 672,51,2009
@ CO rates may be clearly lower if 18([)8] and 3P58] are indeed suppressed

(at NLO)
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Q + isolated photon

J/p+y
@ At high energy, 2 gluons in the initial states: no quark
@ The photon needs to be emitted by the c-quark loop
@ Gluon fragmentation associated with C = +1 octet (" S([JS] and 3P38})
@ CS rate at NLO ~ conservative (high) expectation from CO

R.Li and J.X. Wang, PLB 672,51,2009

@ CO rates may be clearly lower if 18([)8] and 3P58] are indeed suppressed
. : at NLO
@ At NNLO*, CS rate clearly above (high) expectation from CO ( )
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J/P+

At high energy, 2 gluons in the initial states: no quark

The photon needs to be emitted by the c-quark loop

Gluon fragmentation associated with C = +1 octet (" S([JS] and 3P38})

CS rate at NLO ~ conservative (high) expectation from CO

R.Li and J.X. Wang, PLB 672,51,2009

CO rates may be clearly lower if 18([)8] and 3P58] are indeed suppressed
. : at NLO
At NNLO*, CS rate clearly above (high) expectation from CO ( )
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Clearly, new info on CS vs CO w.r.t inclusive case !
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Q + isolated photon

J/p+y
@ At high energy, 2 gluons in the initial states: no quark
@ The photon needs to be emitted by the c-quark loop
@ Gluon fragmentation associated with C = +1 octet (" S([JS] and 3P38})
@ CS rate at NLO ~ conservative (high) expectation from CO

R.Li and J.X. Wang, PLB 672,51,2009

@ CO rates may be clearly lower if 18([)8] and 3P58] are indeed suppressed
. : at NLO
@ At NNLO*, CS rate clearly above (high) expectation from CO ( )
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200001 | e
PRl S —
2 te06fp W
3 1e-07
5 10 15 20 25 30 35 40 45 JPL, PLB 679,340,2009.

P (GeV)
Clearly, new info on CS vs CO w.r.t inclusive case !

Possible: see (c, b) — jet + +y studies by DO up to P} ~ 150 GeV !

DO, PRL102 (2009) 192002.
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“a nonzero transverse SSA generated by a gluon Sivers TMD would be an
evidence against large contributions from CO transition”.
@ SSA # 0 in pp: indication for CSM F. Yuan, PRD 78, 014024 (2008).
@ SSA # 0in ep: indication for COM

@ it comes from the (im)possibility of final state interferences

E p+p— Jly+X at\s = 200 GeV
<p,>=1.6 GeVic (side points) < 2006
<p,>=1.5 GeVic (middle point)

& 2008
® 20064200

;.;., i i %*%
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Iy -~ 0 005 01 0I5

a2 . . PHENIX, PRD 82, 112008 (2010)
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“a nonzero transverse SSA generated by a gluon Sivers TMD would be an
evidence against large contributions from CO transition”.
@ SSA # 0 in pp: indication for CSM F. Yuan, PRO 78, 014024 (2008
@ SSA # 0in ep: indication for COM
@ it comes from the (im)possibility of final state interferences

E p+p— Jly+X at\s = 200 GeV

<p,>=1.6 GeV/c (side points) = 2006
<p,>=1.5 GeVic (middle point) & 2008

o 2008020
= oF (1 [
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%*%

0 - s3T5 PHENIX, PRD 82, 112008 (2010)
@ At xg > 0, the gluon from the p has a larger xg
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Information on the Q production mechanisms can also obtained in:
— (single) polarised pp collisions, e.g. Single Spin Asymmetry
“a nonzero transverse SSA generated by a gluon Sivers TMD would be an
evidence against large contributions from CO transition”.
@ SSA # 0 in pp: indication for CSM F. Yuan, PRO 78, 014024 (2008
@ SSA # 0in ep: indication for COM
@ it comes from the (im)possibility of final state interferences

E p+p— Jly+X at\s = 200 GeV
<p,>=1.6 GeVic (side points) < 2006
<p,>=1.5 GeVic (middle point) & 2008

* 20064200

B

S VR - s3T5 PHENIX, PRD 82, 112008 (2010)
@ At xg > 0, the gluon from the p has a larger xg
@ It knows more about the proton spin than at low xg
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Part IV

new measurement at the LHC: Y in pA J
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Y in dAu @ RHIC : abs.

effective x-section

should be small : 24 Lo ™
% b 4 E.G. Ferreiro, F. Fleuret, ]
m 1 2_ J P L:llls‘.:)é:;l,\lim‘t:f::e and A R. B
@ at bkwd-y, tr< rau, fully formed Y. 4 | _— ]
But no diff. exp. seen between s ]
Y(1S) and Y(25+3S) Oubs. 0.8f ]
Q aty>o, Ir> rau, same small-size 06F | {
PIETTHERCIRIIE for all Y states 0.4| Uricertainty on abs. x-section (= 1 mb) 1
O'TNO.].O'JQJ,? . I L L
/ 92732745 1 05 0 05 1 15 2
E772 collaboration, PRL 66 (1991) 2285. . i . . Y =
1.0 4 L . . - U 0 r=F
increasing # ' ol ' St
S 09, in the Au rest frame rf‘“ 274 1T Au 52.7 Au
08! ] N\ 2
0 propagatlng fully formed Y ' Ppre-resonantstate oy ~ | — | 7y
-l inA . b
]

0.00204 06
X¢
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-
Y in dAu @ RHIC : gluon EMC effect

Let us focus in the EMC region and pick the EPSog sets that
are the limiting cases in this region :

cess
§ 2 _» 2 PO
3 MpTT T Extinele pT, v, =0 b CSM LO
& F - P50 cempol g W 2 w
125 EPSto mas EUG [EMC gluon: mn *
r Teresemes rasfTEITIIT POTTreT central (quark-ike) *
L 16 max {
F | | < EPS09LO range ¥
) s; 1 m I oA ”"'“"""w..._m E
L x e 17
Fooud =2_08 1
o6 ] *
F E.G.F F. Fleuret 1 0.4 1 |
o4 J. P. Lansberg, N. Matagne and A. R. Q=7 GeV (a)
r arXiv:rrro:soq7 1 0 .
02y 13 5 0% 5 5 g 15 3 0.01 0.1 1
y XB
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-
Y'in dAu @ RHIC : gluon EMC effect

Let us focus in the EMC region and pick the EPSog9 sets that
are the limiting cases in this region :

HKN disfavoured

2 T T Exivlnelc pT, 55, =0 mb
. r ‘ e EPS9 min EMC
Ceteweies EPSOD contral EMC
[r—— EPS09 max EMC
12— a
08— -
osf- | -
o4l E. G. Ferreiro, F. Fleuret, 00 R e
F J. P. Lansberg, N. Matagne and A. R. 1 ozl A=208 Q°=9GeV
r arXivirrosso7 b - . .
1 Il 1 Il L L 1 : E 3 )
0273 05 0 05 1 15 2 10° 10* 10° 10° 0" 1

EMC effect stronger
tor g than for g ?
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E. G. Ferreiro, F. Fleuret,
J. P. Lansberg, N. Matagne and A. R.
arXiv:I110:5047

Typical gluon nPDF

w.r.t. data

Data:
STAR Preliminary, Nucl. Phys. A855 (2011) 440,
PRD 82 (2010) 012004

J.P. Lansberg (IPNO)

PHENIX Preliminary, PoS DIS2010 (2010) 077.
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|
Y in dAu @ RHIC : energy loss

1890 > 14y AE/E = Axy /21 = Noogy/ Alp2f{Mr )
[F. Arleo, S. Peigné, T. Sami, PRD 83 (2011) 114036%
radiation off the incoming parton and outgoing colored
B et object is coherent (small scattering angle in the rest frame
g, N. MatagneandA.R.  of the nucleus)

Exiringic pT,7,,, =0mb Enorgy Tove

PN T
y Hoes 1S R g(z1, Q?)

-2 -1.5 -1 -0.5 0 0.5 1 15 2

different E loss for CSM vs COM,
simglet favoured by the data
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J/Y in dAu @ RHIC : energy loss

Jp picture less clear wrt. Y :
1-17“"I“"_\““I“"I‘_‘“I"“:
15 « : Phenix data (Global-Scale Uncertainty = 7.8%) b § I‘dther ldrge uncertdlnt}’
09" H 1 from the prod. model
o~ E ]
0.8 ! 1 & large uncertainty on Gabs
07" { (here only one value was
‘go_ef— 1 chosen)
(a 0 55 1
o m 1 £ -
EKS extrinsic p, o,,, =2 mb Energy loss ] # onc mfly Choose Oabs =0 mb
0.4 Production-kinematics ISinglet-like {
03  dneerminty ootk |1 Difficult to draw conclusions

R 0 1 2y about the colour state of the
Data: produced cc pair.

PHENIX Collaboration, PRL 107 (2011) 142301.
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Conclusions and Outlooks

@ LO pQCD (CSM) reproduces the yield:
relevant for heavy-ion studies: LO CSMis gg — Qg
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Part V

Backup J
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|
Analogy with the Pr spectrum for the Z° boson

do/dPT||y|<O_4 X Br (pb/GeV)
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