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|
the CSM predictions account for the yield

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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the CSM predictions account for the yield (d—‘;)
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the CSM predictions account for the yield (d—‘y’)
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Difficulties in describing mid- and high-Py data ?

Impact of QCD corrections to CSM at mid and high Pr

J.P. Lansberg (IPNO) Quarkonium production at the LHC May 24, 2011 6/17



Difficulties in describing mid- and high-Py data ?

Impact of QCD corrections to CSM at mid and high Pr

100
10
1
0.1

T e, Y0S) prompt data x Foret ———
ﬂ} o

0.01
0.001
le-04

do/dPﬂM(O 4 X Br (pb/GeV)

0 5 10 15 20 25 30 35 40
P; (GeV)

J.P. Lansberg (IPNO) Quarkonium production at the LHC May 24, 2011 6/17



Difficulties in describing mid- and high-Py data ?

Impact of QCD corrections to CSM at mid and high Pr

100

3 'f*_ Y(1S) prompt data x F9"€t ———
9 10 Lo
o

o

s 1f

o

< o1l

<

g o001}

=

a4 0001 |

3

8 0.0001

0 5 10 15 20 25 30 35 40
Pr (GeV)

J.P. Lansberg (IPNO) Quarkonium production at the LHC May 24, 2011 6/17



Difficulties in describing mid- and high-Py data ?

Impact of QCD corrections to CSM at mid and high Pr

100
10 ;
1L
01¢

0.01 ¢

0.001 ¢
0.0001

do/dPﬂM(O 4 X Br (pb/GeV)

0 5 10 15 20 25 30 35 40
Pr (GeV)

J.P. Lansberg (IPNO) Quarkonium production at the LHC May 24, 2011 6/17



Difficulties in describing mid- and high-Py data ?

Impact of QCD corrections to CSM at mid and high Pr
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= 10 [©] NNLO*
g E 1f CDF data -~
g 1 =~ 0.1 scale and mass uncertainties
@ & combined in quadrature
x 0.1 ¢ x 0.01
3 g o001
¢ oo1f g > .
= 2 ooo00tf N e R
0.001 ¢ a
% ’ 5 1e0s for NNLO* curves
8 0.0001 N 8 1e06f ml<sM<am’
0 5 10 15 20 25 30 35 40 o s 10 1 20 2 =

Pr (GeV) Pr (GeV)

The NNLO* is not a complete NNLO — possibility of (large) uncanceled logs !
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Impact of QCD corrections to CSM at mid and high Pr
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| Two possibilities ? |
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NNLO ~ NLO NNLO ~ NNLO*
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Impact of QCD corrections to CSM at mid and high Pr
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Difficulties in describing mid- and high-Py data ?

Models vs. LHCb data for the Y (orrowed from G. Manca, Aprir11)
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|\/|Ode|S VS. ATLAS data for the J/l/] (borrowed from D. Price, April'11)
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Colour Octet Dominance is challenged at low/mid Pt in pp

the Colour Octet Dominance challenged at low/mid Pz in pp ?
@ No need of CO contributions at low Pt
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the Colour Octet Dominance challenged at low/mid Pz in pp ?

@ No need of CO contributions at low Pt
@ Strong constraints from the e e~ analyses
@ Recent Belle update of ete™ — J/y + X201 =0.43 £ 0.09 + 0.09 pb
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,et al.,PRL102 (2009)162002;B.Gong, J.X.Wang, PRL102 (2009) 162003; Z.G. Hue et al., PRD81 (2010) 054036
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@ ete” — J/ipgg CO at NLO: 0.9-1.0 pb using universality with Tevatron
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Colour Octet Dominance is challenged at low/mid Pt in pp

the Colour Octet Dominance challenged at low/mid Pz in pp ?

@ No need of CO contributions at low Pt
@ Strong constraints from the e e~ analyses
@ Recent Belle update of ete™ — J/y + X201 =0.43 £ 0.09 + 0.09 pb
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,et al.,PRL102 (2009)162002;B.Gong, J.X.Wang, PRL102 (2009) 162003; Z.G. Hue et al., PRD81 (2010) 054036

@ 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 et al,, PRD81:034015,2010.

(0]0Y¥[1s{)]10) + 4.0 (0|0Y/*[BP®]0) /m? < (2.0 +0.6) x 1072 GeV?

@ Pr dependence in pp
@ NLO yield for CO channel overshoot data at low Pr

3
K

B. Gong, X. :] Ll(,cc.vl;.‘-X. Wang, Y.Q Ma, K.War;;,“k.T. Chao,
PLB 67.3:197,2009. X PRL 106:042002,2011
@ ISR resummations would smear the divergence at Pr — 0 out
Would this further enhance the COyield-at low Py ?
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Y & 1 polarisation within CSM and COM

P.Artoisenet, J.Campbell, JPL, F.Maltoni, F. Tramontano, Phys. Rev. Lett. 101,152001,2008
B. Gong, J.X Wang, Phys. Rev. Lett. 100,232001,2008.
JPL, EPJC 61,693,2009. JPL, PLB695:149-156,2011.
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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

@ peakatAp =1

S. J. Brodsky and JPL, PRD 81 051502 (R), 2010

@ Rapidity dependence gives info on c(x)
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plot for RHIC kinematics
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New observables

=J/Pp+
@ At high energy, 2 gluons in the initial states: no quark
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New observables
= 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([)s] and 3PLB])
@ CSrate at NLO ~ conservative (high) expectation from CO

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

CO rates may be clearly lower if 'S¥! and 3P!®! are indeed suppressed
At NNLO*, CS rate clearly above (high) expectation from CO (atNLO)
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@ Gluon fragmentation associated with C = +1 octet (* S([)s] and 3PLB])
@ CSrate at NLO ~ conservative (high) expectation from CO
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At NNLO*, CS rate clearly above (high) expectation from CO (atNLO)
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@ Clearly, new info on CS vs CO w.r.t inclusive case !
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New observables

= 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([)s] and 3PLB])

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 1858] and 3P38] are indeed suppressed

At NNLO*, CS rate clearly above (high) expectation from CO

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

JPL, PLB 679:340,2009.

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

DO, PRL102 (2009) 192002:
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Dominant contributions are known only at Born order (ex: gg — J/vggg)

@ (N)NLO correction alter the polarization : transverse — longitudinal
Yet, most polarisation data are prompt

Very soon, the LHC results on inclusive yields will be
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Conclusions and Outlooks

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

Agrees with the strong reduction of CO contributions at low/mid Py
expected from eT e~ analyses

LO CSM fails as far as do/dPr is concerned

Higher-QCD corrections open leading Py channel: they are needed !
2 — 3,2 — 4 channels

@ Drawback: large theoretical uncertainties. ..
Dominant contributions are known only at Born order (ex: gg — J/vggg)

@ (N)NLO correction alter the polarization : transverse — longitudinal
Yet, most polarisation data are prompt

Very soon, the LHC results on inclusive yields will be
more precise than the theory ...

The time has come for another look with new observables
at the LHC or elsewhere !
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@ Let us apply the lessons learnt in pp (gg — ¥g) to compute CNM in PbPb:
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In the meantime, ...

@ Let us apply the lessons learnt in pp (gg — yg) to compute CNM in PbPb:
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@ Need for a better understanding of shadowing (at small and not so small x)
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Describing the mid- and high-Pr’s: QCD corrections
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Describing the mid- and high-Pr’s: QCD corrections

J.Campbell, F. Maltoni, F. Tramontano, Phys.Rev.Lett. 98:252002,2007
P.Artoisenet, J.P.L, F.Maltoni, PLB 653:60,2007
P.Artoisenet, J.Campbell, JPL, F.Maltoni, F. Tramontano, Phys. Rev. Lett. 101, 152001 (2008)
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|
Describing the mid- and high-P7’s: QCD corrections
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Yet, the impact of double t-channel gluon exchange at zx% is unsure
(NNLO* is not a complete NNLO)
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|
Analogy with the Pr spectrum for the Z° boson
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N
New observables

— J/¢+ hadron azimuthal correlations STAR Collab., Phys.Rev.C80:041902 (R),2009.
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New observables
— J/¢+ hadron azimuthal correlations

257 200 GeV p+p  p’*>5Gevic +

STAR Collab., Phys.Rev.C80:041902 (R),2009.

pE=e > 0.5 GeVic

| PYTHIA8.108
- -~ Prompt Jiy
men B JltX { .

N

Sum

(1/Nypy) dNep/dAG
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New observables

— J/¢+ hadron azimuthal correlations STAR Collab., Phys.Rev.C80:041902 (R),2009.

257 200 GeV p+p  p’*>5Gevic

| PYTHIA 8.108 Py >0.5 GeVie
- -~ Prompt Jhy N
—emem BJhp X
150 sum e |

@ PYTHIA might not be reliable ( Color Singlet at LO: gg — J/¢9)
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New observables
— J/¢+ hadron azimuthal correlations STAR Collab., Phys.Rev.C80:041902 (R),2009.

257 200 GeV p+p  p’*>5Gevic +

| PYTHIA 8.108 Py >0.5 GeVie
20 -~ Prompt iy

—emem BJhp X

5F —— sum

@ PYTHIA might not be reliable ( Color Singlet at LO: gg — J/¢9)
@ Need for updates with NLO and NNLO*
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New observables
STAR Collab., Phys.Rev.C80:041902 (R),2009.

— J/¢+ hadron azimuthal correlations
257 200 GeV p+p  p’*>5Gevic
& | PYTHAB.108 PF?>0.5 GeVic +
g - == Prompt Jiy N
< —omem B Jly X
= 1.5 Sum { oy

@ PYTHIA might not be reliable ( Color Singlet at LO: gg — J/¢9)

@ Need for updates with NLO and NNLO*
@ gg — J/yg : peak at A¢p = mr (activity from the recoiling jet)
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New observables

— J/¢+ hadron azimuthal correlations

2,51

STAR Collab., Phys.Rev.C80:041902 (R),2009.

200 GeV p+p

| PYTHIAB.108
- -~ Prompt Jhy
—emem BJhp X
sum

Pl > 5 GeVic
pE=e > 0.5 GeVic

@ PYTHIA might not be reliable ( Color Singlet at LO: gg — J/¢9)

@ Need for updates with NLO and NNLO*
@ gg — J/yg : peak at A¢p = mr (activity from the recoiling jet)
@ gg — J/¢gg : peak at Ap = 7 + activity between 0 and
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New observables

— J/¢+ hadron azimuthal correlations

2,51

STAR Collab., Phys.Rev.C80:041902 (R),2009.

200 GeV p+p

| PYTHIAB.108
- -~ Prompt Jhy
—emem BJhp X
sum

Pl > 5 GeVic
pE=e > 0.5 GeVic

@ PYTHIA might not be reliable ( Color Singlet at LO: gg — J/¢9)

@ Need for updates with NLO and NNLO*
@ gg — J/yg : peak at A¢p = mr (activity from the recoiling jet)
@ gg — J/¢gg : peak at Ap = 7 + activity between 0 and
@ gg — J/yggg : peak at Ap = rr + activity between 0 and 7t + near jet ?
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N
New observables

— J/¢+ hadron azimuthal correlations STAR Collab., Phys.Rev.C80:041902 (R),2009.

2,51

200GeV p+p  p’>5Gevic

| PYTHIA 8.108 Py >0.5 GeVie

- -~ Prompt Jhy N
—emem BJhp X

sum e |

@ PYTHIA might not be reliable ( Color Singlet at LO: gg — J/¢9)

@ Need for updates with NLO and NNLO*
@ gg — J/yg : peak at A¢p = mr (activity from the recoiling jet)
@ gg — J/¢gg : peak at Ap = 7 + activity between 0 and
@ gg — J/yggg : peak at Ap = rr + activity between 0 and 7t + near jet ?
— Y + hadron azimuthal correlations » Talk by M. Cervantes (STAR) at WWND 2011

+ Hadron A0 - c

N, dNidag
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-
Gluon shadowing at different scales for Pb ions
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