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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')

TNLO not stable at large /s (small x) and small Py
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@ At LO in v2, one de facto predicts direct cross-section ratios
@ Simple ratios of Schrodinger wave function at the origin:
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@ Despite th. uncertainties, CSM predictions are parameter free !
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@ Despite th. uncertainties, CSM predictions are parameter free !
@ At LO in v2, one de facto predicts direct cross-section ratios
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@ Despite th. uncertainties, CSM predictions are parameter free !
@ At LO in v2, one de facto predicts direct cross-section ratios
@ Simple ratios of Schrodinger wave function at the origin:
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cf. Xb(SP) observation by ATLAS eri, 108, 152001 2012)

@ P7 dependence of cross section ratios:

o Mass effects at low Pr: not incoded in the v2 results: Moy, = 2m,

o Feed-down: simple kinematical effect: P3™8"" e Pother

~ 0.45

J.P. Lansberg (IPNO) QCD corrections and new observables July 7, 2012 6/15



Cross section ratio at LO

@ Despite th. uncertainties, CSM predictions are parameter free !
@ At LO in v2, one de facto predicts direct cross-section ratios
@ Simple ratios of Schrodinger wave function at the origin:

o(direct Y(3S))  [¢35(0)|2

: _ 034 a(d!l’eCtY(2S)):|¢25(o)‘2
o(direct Y(15))  [¢'S(0)P? o(direct Y(1S)) ~ [¢S(0)]2

o o(Y(1S)(ly| < 2))Bry ~ 7.4 nb *°22%¥° &(direct Y(1S)) ~ 150 nb

CMS, PRD 83, 112004 (2011)

@ Extrapolated 3S direct yield: 0.34 x150 nb ~ 50 nb

o o(Y(3S)(|y| < 2))Bry ~ 1.0 nb 2% 5 (direct Y(3S)) ~ 45 nb
@ NEW: the 3S yield likely not 100% direct CMS, PRD 83, 112004 (2011)

cf. Xb(SP) observation by ATLAS PRL, 108, 152001 (2012)
@ P7 dependence of cross section ratios:
o Mass effects at low Pr: not incoded in the v2 results: Moy, = 2m,

o Feed-down: simple kinematical effect: P8~ M5 pmother

e Harmless if (j"—gr o P7" with n fixed, not if n changes, esp. true at low Py

~ 0.45
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Colour Octet Dominance is challenged for low/mid Pt J/¢ in pp

@ No need of CO contributions at low Pr: see slides 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

@ ete” — J/ygg 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. He,et al., PRD81 (2010) 054036
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Colour Octet Dominance is challenged for low/mid Pt J/¢ in pp

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

@ Strong constraints from the e* e~ analyses
e Recent Belle update of ete™ — J/¢ + X201 =0.43 £ 0.09 £ 0.09 pb

@ ete” — J/ygg 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. He,et al., 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,et al, 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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@ LHChb: first indication that the x. fraction increases

ChiGen: L. A. Harland-Lang
and W. J. Stirling, http://
projects.hepforge.org/
superchic/chigen.html

NLO NRQCD: Y.-Q. Ma,
K. Wang, K.-T. Chao, Phys.
Rev. D83 (2011) 111503 (R)

The most important and
overlooked theory paper on
quarkonium physics in 2010 !

LHCDb, arXiv:1204.1462

Note: NLO NRQCD does not necessarily mean “Colour Octet dominance”
At NLO, the Colour-Singlet and Colour-Octet transition yields depend —for the P
waves— on the unphysical scale ANrqcp and the NRQCD subtraction scheme
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@ LHChb: first indication that the x. fraction increases

ChiGen: L. A. Harland-Lang
and W. J. Stirling, http://
projects.hepforge.org/
superchic/chigen.html

NLO NRQCD: Y.-Q. Ma,
K. Wang, K.-T. Chao, Phys.
Rev. D83 (2011) 111503 (R)

The most important and
overlooked theory paper on
quarkonium physics in 2010 !

LHCDb, arXiv:1204.1462

Note: NLO NRQCD does not necessarily mean “Colour Octet dominance”
At NLO, the Colour-Singlet and Colour-Octet transition yields depend —for the P
waves— on the unphysical scale ANrqcp and the NRQCD subtraction scheme

@ About 40 % of Y(1S) are from xp CDF, Phys. Rev. Lett. 84, 2094 (2000).
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superchic/chigen.html

NLO NRQCD: Y.-Q. Ma,
K. Wang, K.-T. Chao, Phys.
Rev. D83 (2011) 111503 (R)

The most important and
overlooked theory paper on
quarkonium physics in 2010 !

LHCDb, arXiv:1204.1462

Note: NLO NRQCD does not necessarily mean “Colour Octet dominance”
At NLO, the Colour-Singlet and Colour-Octet transition yields depend —for the P
waves— on the unphysical scale ANrqcp and the NRQCD subtraction scheme

@ About 40 % of Y(1S) are from xp CDF, Phys. Rev. Lett. 84, 2094 (2000).
@ No information about the Py dependence of the x, fraction
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@ Forthe J/y: JPL J. Phys. G 38 (2011) 124110
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OK with ALICE, KO with CDF

do/dp; (nb)

—

Chao, et al.

Less global fit with focus on high Pr pp data
m?;— \
E NLO Total
&
10 Y «  ATLAS Data
£ 3
3
1 =
—_—
107!
VS =7Tev
102 yl<0.75 0y
0 1‘0 2‘0 3‘0 4‘0 ;0 6‘0 70
pr (GeV)

PRL 108:172002, 2012

(w/o rel. corr.)

J.P. Lansberg (IPNO)

PRL 108:242004, 2012

2 T
s 10 . ATLASdata Buttenschon
8 niehl
H cs0 14
= === CS, NLO
&
X
2
o
g
& =TTV e g
510 ¥ <075 R
5 10 15 20 25 30 35 40
P, 1GeVI
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@ M. Buttenschon & B. Kniehl

o Global fit: pp, ep, vy, eTe~ (w/o rel. corr.)
o Keep the transverse polarisation for the CO yield
e OK with ALICE, KO with CDF

PRL 108:172002, 2012

@ K.T. Chao, et al.
o Less global fit with focus on high Py pp data

PRL 108:242004, 2012

e Can give an unpolarised CO yield ... not far from the CDF data

@ NLO state-of-the-art fits contradict each others as regards the
polarisation — once thought to be a smoking gun signal...—!
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@ These studies do not include x. feed-down ...
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Double charm: J/¢ + D
= J/¢ + D or J/¢p+lepton in the yield integrated over Pr

S. J. Brodsky and JPL, PRD 81 051502 (R), 2010
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= J/¢ + D or J/¢p+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 ¢(x

plot for RHIC kinematics

— J/y+ D ord/yp+lepton at Iarge PT (say, Pr > 15 GeV)
@ Near D or lepton: signal of ¢ — J/1 + ¢ “fragmentation”
@ Nonear Dingg — gg — 38[8]g — J/pec (If any ¢, both are away)

— First measurement by LHCb ( > 3 GeV = pCharm uark ot small)
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J/ ¢ + prompt

@ At high energy, 2 gluons in the initial states: no quark
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@ 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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@ Gluon fragmentation associated with C = +1 octet (" S([JS] and 3P38})
@ CS rate at NLO ~ conservative (high) expectation from CO
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@ 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 ( )
g w— W
2 0: NNLO* e
& oo
g 0001 NI
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 !
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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

@ 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 !

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

DO, PRL102 (2009) 192002.
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2 — 3,2 — 4 channels

Drawback: large theoretical uncertainties. ..
Dominant contributions are known only at Born order (gg — J/vggg)
(N)NLO corrections alter the polarization :
transverse — longitudinal (in HX)
CO fits of xsection disagree in their prediction of polarisation
@ Need for new observables, need for NLO evaluations
at the LHC or elsewhere !
Given the precision of the data at low Py, one should re-think
the opportunity of extracting g(x) with quarkonium
A Fixed Target ExpeRiment at the LHC (AFTER) can also provide much
information on quarkonia
see http://after.in2p3.fr and my talk earlier today
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@ Many hopes were put in quarkonium studies to extract gluon PDF

e in photo/lepto production (DIS)

e but also in g — g-fusion process

e mainly because of the presence of a natural “hard” scale: mq
e and the good detectability of a dimuon pair

PHYSICAL REVIEW D VOLUME 37, NUMBER 5 1 MARCH 1988

Structure-function analysis and ¢, jet, W, and Z production:
Determining the gluon distribution

A.D. Martin
Department of Physics, University of Durham, Durham, England

R. G. Roberts
Rutherford Appleton Laboratory, Didcot, Oxon, England

W. J. Stirling
Department of Physics, University of Durham, Durham, England
(Received 27 July 1987)

We perform a leading-order str fi analysis of deep-inel: uN and vN
scattering data and find acceptable fits for a range of input gluon distributions. We show three
equally acceptable sets of parton distributions which correspond to gluon distributions which are (1)
“soft,” (2) “hard,” and (3) which behave as xG (x)~1/V/x at small x. J /¢ and prompt photon ha-
droproduction data are used to discriminate between the three sets. Set 1, with the “soft”-gluon dis-
tribution, is favored. W, Z, and jet production data from the CERN collider are well described but
do not distinguish between the sets of structure functions. The precision of the predictions for oy
and o allow the collider measurements to yield information on the number of light neutrinos and
the mass of the top quark. Finally we discuss how the gluon distribution at very small x may be
directly measured at DESY HERA.
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Quarkonia and the gluon PDF

@ Many hopes were put in quarkonium studies to extract gluon PDF

in photo/lepto production (DIS)
but also in g — g-fusion process
mainly because of the presence of a natural “hard” scale: mq

and the good detectability of a dimuon pair
Z. Phys. C - Particles and Fields 38, 473478 (1988)

J[ Production at large transverse momentum at hadron colliders

E.W.N. Glover'*, A.D. Martin?, W.J. Stirling?

! Cavendish Laboratory, University of Cambridge, Cambridge, CB3 OHE, England
2 Physics Department, University of Durham, Durham, DHI 3LE, England

Received 7 October 1987

Abstract. We calculate J/iyy hadroproduction and
emphasize the importance of the J/jj signal as a
measure of bb production via the decay B— X and
of the gluon structure function at low x via y hadro-
production followed by y—ry decay. We compare
with UA1 data and data at ISR energies and make
predictions for y production at TEVATRON energies.
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Quarkonia and the gluon PDF

@ Many hopes were put in quarkonium studies to extract gluon PDF

e in photo/lepto production (DIS)

e but also in g — g-fusion process

e mainly because of the presence of a natural “hard” scale: mq
e and the good detectability of a dimuon pair

PHYSICAL REVIEW D VOLUME 48, NUMBER 11 1 DECEMBER 1993

¥ production in pN and 7~ N interactions at 125 GeV/c and a determination
of the gluon structure functions of the p and the 7~

C. Akerlof,* H. Areti,>* M. Binkley,’ S. Conetti,>' B. Cox,2'J. Enagonio,’

He Mao,’ C. Hojvat,? D. Judd,>! §. Katsanevas,' R. D. Kephart,* C. Kourkoumelis,' P. Kraushaar,*%
P. Lebrun,* P. K. Malhotra,>! A. Markou,' P. O. Mazur, D. an L.K. Resvams, D. Ryan,’
T. Ryan,* W. Schappert,”** D. G. Stairs, R. Thun,* F. Turkot,? S. Tzam;

R. L. Wagner,? D. E. Wagoner,* W. Yang,> and Zhang Nai-] jian®

" G. Voulgaris,'

(ES37 Collaboration)

"University of Athens, Athens, Greece
*Fermi National Accelerator Laboratory, Batavia, Illinois 60510
3McGill University, Montreal, Quebec, Canada H3A 2T8
“University of Michigan, Ann Arbor, Michigan 48109
*Shandong University, Jinan, People’s Republic of China
(Received 9 February 1993)

We have measured the cross section for production of ¥ and ¥/ in pand 7™ interactions with Be, Cu,
and W targets in experiment E537 at Fermilab. The measurements were performed at 125 GeV./c using
a forward dimuon spectrometer in a closed geometry configuration. The gluon structure functions of the
pand 7~ have been extracted from the measured do /dx spectra of the produced y's. From the pW
data we obtain, for p, xG (x)=(2.15:£0.7)[1—x]*¥#99 [1+(5.85:£0.95)x]. In the 7 case, we obtain,
from the W and the Be data separately, xG(x)=(1.49+0.03)[1—x]"***0% (for 7~ W),
xG (x)=(1.10£0.10)[ 1 —x]"2°%029) (for 7~ Be).
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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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The NNLO* is not a complete NNLO — possibility of uncanceled logs !
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Analogy with the Pr spectrum for the Z° boson

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

100
10

0.1
0.01
0.001
0.0001

J.P. Lansberg (IPNO)

FroT

10
> FE
43
; Y{lS) pr‘ompt data )Ii‘l(;direm‘ g\|§1 ;_
0 5 10 15 20 25 30 35 40

11l

T T[T T [T T T T T

ot Z
Zsojet
Zs1jat
L2t
Zs3jat
CDF

1 I T T N P

Pt (GeV) 0 20 40 60 80 100 120 140 160 180 200

QCD corrections and new observables

. PJ_ZI GeV

July 7, 2012 19/15



QCD corrections for ¢(2S) at the Tevatron

J.Campbell, F. Maltoni, F. Tramontano, Phys.Rev.Lett. 98:252002,2007
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Disclaimer: comparison to be done with the CMS data:
published in JHEP 1202 (2012) 011
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QCD corrections for (2S) at the Tevatron & the LHC

J.Campbell, F. Maltoni, F. Tramontano, Phys.Rev.Lett. 98:252002,2007
JPL, EPJC 61:693,2009.

LHCDb, arxiv:1204.1258
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Disclaimer: comparison to be done with the CMS data:
published in JHEP 1202 (2012) 011
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