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Analogy with the Pr spectrum for the Z° boson
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CSM predictions account for the Pr-integrated yield
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@ Simple ratios of Schrodinger wave function at the origin:
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CMS, PRD 83, 112004 (2011)

@ Extrapolated 3S direct yield: 0.34 x150 nb ~ 50 nb
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c(Y(1S)(ly| < 2))Bry ~ 7.4 nb o(direct Y(1S)) ~ 150 nb

CMS, PRD 83, 112004 (2011)

@ Extrapolated 3S direct yield: 0.34 x150 nb ~ 50 nb
7(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 #r, 108, 152001 (2012)
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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 !

LHCb, Phys.Lett. B718 (2012) 431-440
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@ LHCb: first indication that the . fraction increases
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superchic/chigen.html
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K. Wang, K.-T. Chao, Phys.
Rev. D83 (2011) 111503 (R)

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

LHCb, Phys.Lett. B718 (2012) 431-440

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 Anrocep @nd the NRQCD subtraction scheme
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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 Anrocep @nd the NRQCD subtraction scheme

@ About 40 % of Y(1S) are from x,, at the Tevatron CDF, PRL 84, 2094 (2000).
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QCD corrections, feed-down and polarisation

B. Gong, J.X Wang, Phys. Rev. Lett. 100,232001,2008. P.Artoisenet, J.Campbell,JPL, F.Maltoni, 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

B. Gong, J.X Wang, Phys. Rev. Lett. 100,232001,2008. P.Artoisenet, J.Campbell,JPL, F.Maltoni, F. Tramontéré? epgr:‘;ygo(;‘ge‘ﬁg_fliacg‘la;gz&o;22001018
— Complete modification of the CSM polarlsatlon at’Rie (also at NNLO*)
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— Polarisation from xo Feed-down at NLO ?
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— Complete modification of the CSM polarlsatlon at’Rie (also at NNLO*)
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Associated production: J/ip vs. Y

@ A number of associated-production channels proposed for J/

J/y+Jd/yP

J/p+

J/p+cord/p+ Dord/¢+ lepton
J/p+Z

J/p+ W
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Associated production: J/ip vs. Y

@ A number of associated-production channels proposed for J/

J/y+Jd/yP

J/p+

J/p+cord/p+ Dord/¢+ lepton
J/p+Z

J/p+ W

@ Less studies for' Y

o rates are usually lower
e J/yY+cand J/yp+ J/1p, sometimes motivated by intrinsic charm
Intrinsic bottom expected to be 10 times smaller
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@ At high energy, 2 gluons in the initial states: no quark
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Y + prompt

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

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

@ CO rates may be clearly lower if 1358] and 3PL8] are indeed suppressed
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Y + prompt

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

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

@ CO rates may be clearly lower if 1358] and 3PL8] are indeed suppressed
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@ Clearly, new info on CS vs CO w.r.t inclusive case !
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Y + prompt

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

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

@ CO rates may be clearly lower if 1358] and 3PL8] are indeed suppressed
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.
@ Clearly, new info on CS vs CO w.r.t inclusive case !

@ Possible: see (¢, b) — jet + -y studies by DO up to PY ~ 150 GeV !
DO, PRL102 (2009) 192002.
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Y + b-tagged je
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% Y + bb %\ Y + bb
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@ Y + b: ~ 0.1 pb/GeV at the Tevatron, ~ 1 pb/GeV at the LHC (14 TeV)
@ hard Py spectrum w.r.t. the inclusive LO CSM
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@ Y + b: ~ 0.1 pb/GeV at the Tevatron, ~ 1 pb/GeV at the LHC (14 TeV)
@ hard Py spectrum w.r.t. the inclusive LO CSM
@ Y + b: CSM vs. COM channels
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Y + b-tagged je

0.1 ~ 1
% Y + bb > Y + bb
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@ Y + b: ~ 0.1 pb/GeV at the Tevatron, ~ 1 pb/GeV at the LHC (14 TeV)
@ hard Py spectrum w.r.t. the inclusive LO CSM
@ Y + b: CSM vs. COM channels

@ Different topologies:

e CSM: 1 baway, 1 b near(er)
e COM: 2 b’s away (from a recoiling gluon)

A I RN EE
| do(pp ~bB Y(15))/dPy.Br(Y-p+p—) (nb/GeV) |
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Q + vector boson

@ Y-+ vector boson
@ 95% C.L. upper limits obtained with £ = 83pb~" by CDF
olpp — Y(1S) + WE] x Br(Y(1S) — uu) < 2.3 pb )
olpp — Y(18) + Z2° x Br(Y(1S) — up) < 2.5pb
CDF Collaboration,PRL. 90 (2003) 221803
o NRQCD predictions (Signal dominated by CO into xp)
olpp — Y(1S) + WE] x Br(Y(1S) — upu) ~ 0.025 pb
olpp — Y(1S) 4+ Z°) x Br(Y(1S) — up) ~ 0.0075 pb

E. Braaten, J. Lee, and S. Fleming, PRD 60, 91501 (1999)

@)
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Q + vector boson
@ Y+ vector boson

@ 95% C.L. upper limits obtained with £ = 83pb~" by CDF
olpp — Y(1S) + WE] x Br(Y(1S) — uu) < 2.3 pb

1
olpp — Y(18) + Z2° x Br(Y(1S) — up) < 2.5pb M
CDF Collaboration,PRL. 90 (2003) 221803

o NRQCD predictions (Signal dominated by CO into xp)
olpp — Y(1S) + WE] x Br(Y(1S) — upu) ~ 0.025 pb -

olpp — Y(18) 4+ Z°) x Br(Y(1S) — up) ~ 0.0075 pb
E. Braaten, J. Lee, and S. Fleming, PRD 60, 91501 (1999)

o CSM yield expected to be 300 times smaller (to be re-checked ...)
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Q + vector boson

@ Y+ vector boson
@ 95% C.L. upper limits obtained with £ = 83pb~" by CDF
olpp — Y(1S) + WE] x Br(Y(1S) — uu) < 2.3 pb
olpp — Y(18) + Z2° x Br(Y(1S) — up) < 2.5pb
CDF Collaboration,PRL. 90 (2003) 221803
o NRQCD predictions (Signal dominated by CO into xp)

olpp — Y(1S) + WE] x Br(Y(1S) — upu) ~ 0.025 pb
olpp — Y(1S) 4+ Z°) x Br(Y(1S) — up) ~ 0.0075 pb
E. Braaten, J. Lee, and S. Fleming, PRD 60, 91501 (1999)

o CSM yield expected to be 300 times smaller (to be re-checked ...)

e With1fb~" at /s =7 TeV and a larger (£ x A)(Y), one should
see events if CO’s are at work

(1)

@)

J.P. Lansberg (IPNO) Y production at NLO and beyond March 6, 2013 14/21



]
Q + vector boson
@ Y+ vector boson

@ 95% C.L. upper limits obtained with £ = 83pb~" by CDF
olpp — Y(1S) + WE] x Br(Y(1S) — uu) < 2.3 pb

1
olpp — Y(18) + Z2° x Br(Y(1S) — up) < 2.5pb M
CDF Collaboration,PRL. 90 (2003) 221803

o NRQCD predictions (Signal dominated by CO into xp)
olpp — Y(1S) + WE] x Br(Y(1S) — upu) ~ 0.025 pb -

olpp — Y(18) 4+ Z°) x Br(Y(1S) — up) ~ 0.0075 pb
E. Braaten, J. Lee, and S. Fleming, PRD 60, 91501 (1999)
o CSM yield expected to be 300 times smaller (to be re-checked ...)
e With 1 fb~" at \/s = 7 TeV and a larger (£ x .A)(Y), one should
see events if CO’s are at work

@ J/¢p+ Zand J/p+ W recently computed at NLO in as

L.Gang et al. PRD83,014001,2011; JHEP02(2011)071

o J/l/J|Y + Z at NLO in Kg + Polar|sat|0n B.Gong et al. arXiv:1210.2430 [hep-ph] to appear in JHEP
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Y + Z cross sections

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, arXiv:1210.2430 [hep-ph] to appear in JHEP

@ Rates similarforY +Zand J/¢p + Z !
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Y + Z cross sections

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, arXiv:1210.2430 [hep-ph] to appear in JHEP

@ Rates similarforY +Zand J/¢p + Z !
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Y + Z cross sections

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, arXiv:1210.2430 [hep-ph] to appear in JHEP

@ Rates similarforY +Zand J/¢p + Z !

1 T T T T T T
3 NLO
B REAN LO wwem L AN NLO ]
> 0] LO -
& oot} [OR NS
5 £
£ o001 | S 0001 L ]
x 00001 e 1% 0.0001 | sart(s)=8 TeV ]
O o5 | Sae=8TeV T o HR=Hp=mz
k) 05 F T T T 1 =UF= ]
1\? MFJ{TMsz ........... % 1e-05 ¢ 'l <24
R e R 10 o6l ’ ]
107 T e 5 v{oo 125 150 0 25 50 75 100 125 150
piv (oY) PL (GeV)

o Mass effects (m; <» my, less relevant because of my)
e |R(0)|?is 10 times larger for Y than for J/ v
e Branching “only” 2.5 times smaller
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Y+Z

'Y polarisation

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, arXiv:1210.2430 [hep-ph] to appear in JHEP
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Y + Z :Y polarisation

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, arXiv:1210.2430 [hep-ph] to appear in JHEP
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@ Y polarisation at LO and NLO are similar
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Y + Z :Y polarisation
B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, arXiv:1210.2430 [hep-ph] to appear in JHEP

LO: pg=tp=my =
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05 | |

e
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@ Y polarisation at LO and NLO are similar

@ unlike the inclusive case
@ not clear why: need for further investigation
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Y + Z :Y polarisation

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, arXiv:1210.2430 [hep-ph] to appear in JHEP
1

LO: pg=tp=my =
NLO: pp=pg=m;
05 r
S
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B/ sqrt(s)=14 TeV
Pf >3GeV
-0.5 + WY <24
-1 . . .
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@ Y polarisation at LO and NLO are similar
@ unlike the inclusive case
@ not clear why: need for further investigation

@ CSM predictions seem robust both for the yield and the polarisation
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Y in p(d)A at RHIC and the LHC

J.P. Lansberg (IPNO) Y production at NLO and beyond March 6, 2013 17/21



I
Absorption: Y vs. J/¢

E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]
U;{bs should be small — nuclear PDF should play the major role

At RHIC:
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E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]
abs should be small — nuclear PDF should play the major role

At RHIC:

@ aty >0, t =7 x04mM> ra,: pre-resonnant state exiting the nucleus

abs~01a
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Absorption: Y vs. J/¢

E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]
U;{bs should be small — nuclear PDF should play the major role

At RHIC:

@ aty > 0, ty = v x 0.4fm > rp,: pre-resonnant state exiting the nucleus

bb cc
Uabs = o"lovabs

@ aty <0, t; < ray, fully formed in the nucleus: o125 U;(égs)

abs >4

@ Yet, equal suppression found by E772 in the backward region:

LY@S) _ Y(1s) (o | Y(1S)

abs ~ Yabs abs

small
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Absorption: Y vs. J/¢

E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]
a;{bs should be small — nuclear PDF should play the major role

At RHIC:

@ aty > 0, ty = v x 0.4fm > rp,: pre-resonnant state exiting the nucleus

bb cc
Uabs = o"lovabs

@ aty <0, t; < ray, fully formed in the nucleus: o125 U;(b(;s)

abs >4

@ Yet, equal suppression found by E772 in the backward region:

LY@S) _ Y(1s) (o | Y(1S)

abs ~ Yabs abs

small

At the LHC, the bb pair propagating in the nuclear matter (the Pb nucleus) is
nearly always in a pre-resonnant (small) state
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nPDF uncertainty on Y production in dAu collisions at RHIC

E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]
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nPDF uncertainty on Y production in dAu collisions at RHIC

E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]
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@ Similar trend for the three nPDFs used (EKS98, EPS08, nDSg)
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nPDF uncertainty on Y production in dAu collisions at RHIC

E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]
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@ Similar trend for the three nPDFs used (EKS98, EPS08, nDSg)

@ Uncertainty from the nPDFs: larger than our conservative estimate for

that from the absorption x-section

(0-1 mb)
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nPDF uncertainty on Y production in dAu collisions at RHIC

E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]
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@ Similar trend for the three nPDFs used (EKS98, EPS08, nDSg)

@ Uncertainty from the nPDFs: larger than our conservative estimate for
that from the absorption x-section (0-1 mb)

@ A priori, uncertainties smaller than for J/v
@ But,
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nPDF uncertainty on Y production in dAu collisions at RHIC

E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]
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@ Similar trend for the three nPDFs used (EKS98, EPS08, nDSg)

@ Uncertainty from the nPDFs: larger than our conservative estimate for
that from the absorption x-section (0-1 mb)

@ A priori, uncertainties smaller than for J /v
@ But, uncertainties in the EMC region are in fact large ...
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Idea of a measurement for LHCb

E.G. Ferreiro et al. arXiv:1110.5047 v4 [hep-ph]

@ Cross section ratio for opposite rapidities in cms frame
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@ Cross section ratio for opposite rapidities in cms frame

[shift yj by -0.47]

@ The physical interpretation (the meaning of a departure from unity)
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LO pQCD (CSM) reproduces the Pr-integrated yield:

relevant for heavy-ion studies: LO CSM is gg — Qg
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 (gg — Yggg)
In pA at RHIC, small nuclear effect on' Y
But backward-Y sensitive to gluon EMC effect, which can be large

[hint from the data]

Suggestion for the pPb data: forward-backward ratio

[pp reference irrelevant]
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