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Part I

Υ production in pp
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Reminder: QCD corrections for Υ at the Tevatron

& the LHC

J.Campbell, F. Maltoni, F. Tramontano, Phys.Rev.Lett. 98:252002,2007
P.Artoisenet, J.Campbell, JPL, F.Maltoni, F. Tramontano, Phys. Rev. Lett. 101, 152001 (2008)

CDF PRL 88 (2002) 161802; LHCb arXiv:1202.6579 [hep-ex]
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Analogy with the PT spectrum for the Z 0 boson
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CSM predictions account for the PT -integrated yield
S. J. Brodsky and JPL, PRD 81 051502 (R), 2010; JPL, PoS(ICHEP 2010), 206 (2010)

Þ The yield vs.
√

s (here only LO curves1)

Unfortunately, very large th. uncertainties: masses, scales (µR,
µF ), gluon PDFs at low x and Q2, . . .
Good agreement with RHIC, Tevatron and LHC data

(multiplied by a constant F direct )
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Cross section ratio
Despite th. uncertainties, CSM predictions are parameter free !

At LO in v2, one de facto predicts direct cross-section ratios
Simple ratios of Schrödinger wave function at the origin:

σ(direct Υ(3S))

σ(direct Υ(1S))
=
|ψ3S(0)|2
|ψ1S(0)|2∼ 0.34

σ(direct Υ(2S))

σ(direct Υ(1S))
=
|ψ2S(0)|2
|ψ1S(0)|2∼ 0.45

σ(Υ(1S)(|y | < 2))Br`` ' 7.4 nb 50%direct−→ σ(direct Υ(1S)) ∼ 150 nb
CMS, PRD 83, 112004 (2011)

Extrapolated 3S direct yield: 0.34 ×150 nb ∼ 50 nb
σ(Υ(3S)(|y | < 2))Br`` ' 1.0 nb 100%direct−→ σ(direct Υ(3S)) ∼ 45 nb

CMS, PRD 83, 112004 (2011)NEW: the 3S yield likely not 100% direct
cf. χb(3P) observation by ATLAS PRL, 108, 152001 (2012)

PT dependence of cross section ratios:

Mass effects at low PT : not incoded in the v2 results: MΥ(nS)
NRQCD = 2mb

Feed-down: simple kinematical effect: Pdaughter
T ∼ Mdaughter

Mmother Pmother
T

Harmless if dσ
dPT

∝ P−n
T with n fixed, not if n changes, esp. true at low PT
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Impact of χc ’s and χb’s

]c [GeV/ψJ/

T
p

2 4 6 8 10 12 14

ψ
J/

σ / 
γ 

ψ
 J

/
→ cχ

σ

0

0.1

0.2

0.3

0.4

0.5

0.6
ChiGen

NLO NRQCD
-1LHCb 36 pb

LHCb
 = 7 TeVs

(b) 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, arXiv:1204.1462

LHCb: first indication that the χc fraction increases
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 ΛNRQCD and the NRQCD subtraction scheme

About 40 % of Υ(1S) are from χb CDF, Phys. Rev. Lett. 84, 2094 (2000).

No information about the PT dependence of the χb fraction
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Part II

Υ in p(d)A at RHIC, the LHC, now and AFTER . . .
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See also F. Arleo’s talk (on Monday): our results qualitatively agree
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Υ production in pPb at 5 TeV
Shadowing effect is not small (here EKS98)

Remember that in PbPb collisions at y = 0
shadowing effect is squared compared to pPb!

 0.4
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ϒ

ylab=yCM+0.47

ALICE/LHCb pPb

ALICE Pbp

Shadowing

Energy loss also likely matters
Overall, nuclear matter effects are not small

and should be
accounted for when analysing PbPb data
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Wish/hope for onium studies during the pPb run

Prompt J/ψ and ψ(2S) yield; Υ(nS) yields

Wide rapidity coverage: backward, central, forward
Low PT coverage
χc
Ratio J/ψ over D

Overall, the physics case for the pPb run at the LHC shares many
similarities with what can be done in pA with a fixed-target
experiment using the LHC beams
See:

J.P. Lansberg, S.J. Brodsky, F. Fleuret, C. Hadjidakis, Quarkonium Physics at a
Fixed-Target Experiment using the LHC Beams, arXiv:1204.5793
S.J. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg, Physics Opportunities of a
Fixed-Target Experiment using the LHC Beams., arXiv:1202.6585

Stay tuned for talks at ICHEP2012 and Quark Matter2012

AFTER @ LHC
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Conclusions and Outlooks

LO pQCD (CSM) reproduces the PT -integrated yield:
relevant for heavy-ion studies: LO CSM is gg → Qg

LO CSM fails as far as dσ/dPT is concerned
Higher-QCD corrections open leading PT channel: they are
needed !

2→ 3, 2→ 4 channels
Drawback: large theoretical uncertainties. . .
Dominant contributions are known only at Born order (gg → Υggg)

In pA at RHIC, forward-Υ yield is suppressed:
fractional energy loss ?

Backward-Υ may be sensitive to gluon EMC effect !
The forthcoming pPb run as well as A Fixed Target ExpeRiment at
the LHC will/would provide much information

see http://after.in2p3.fr
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Part III

Backup
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A Fixed Target ExperRiment
Generalities

pp or pA with a 7 TeV p beam :
√

s ' 115 GeV

The beam may be extracted using “Strong crystalline field”
without any performance decrease of the LHC !
E. Uggerhøj, U.I Uggerhøj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

Expected luminosities with 5× 108 p/s extracted (1cm-long target)
Target ρ (g.cm-3) A L  (µb-1.s-1) òL (pb-1.yr-1)

Sol. H
2

0.09 1 26 260

Liq. H
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A Fixed Target ExperRiment
Generalities

Pbp or PbA with a 2.75 TeV Pb beam :
√

sNN ' 72 GeV

Crystal channeling is also possible (to extract a fraction of the beam)

May require crystals highly resistant to radiations: bent diamonds ?
P. Ballin et al., NIMB 267 (2009) 2952

Expected luminosities with 2× 105 Pb/s extracted (1cm-long target)
Target ρ (g.cm-3) A L  (mb-1.s-1)=òL (nb-1.yr-1)

Sol. H
2

0.09 1 11

Liq. H
2

0.07 1 8

Liq. D
2

0.16 2 10

Be 1.85 9 25

Cu 8.96 64 17

W 19.1 185 13

Pb 11.35 207 7

Planned lumi for PHENIX Run15AuAu 2.8 nb−1 (0.13 nb−1 at 62 GeV)

Nominal LHC lumi for PbPb 0.5 nb−1
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Key studies

Gluon distribution at high and ultra-high xB in the

proton

neutron (via deuteron target)

nucleus

with

quarkonia (detailed later)

Isolated photon

“high” PT jets (we should access PT ∈ [20,40] GeV)

J.P. Lansberg (IPNO) Υ production in pp and pA collisions May 31, 2012 22 / 17



Key studies

Gluon distribution at high and ultra-high xB in the
proton

neutron (via deuteron target)

nucleus

with

quarkonia (detailed later)

Isolated photon

“high” PT jets (we should access PT ∈ [20,40] GeV)

J.P. Lansberg (IPNO) Υ production in pp and pA collisions May 31, 2012 22 / 17



Key studies

Gluon distribution at high and ultra-high xB in the
proton

neutron (via deuteron target)

nucleus

with

quarkonia (detailed later)

Isolated photon

“high” PT jets (we should access PT ∈ [20,40] GeV)

J.P. Lansberg (IPNO) Υ production in pp and pA collisions May 31, 2012 22 / 17



Key studies

Gluon distribution at high and ultra-high xB in the
proton

neutron (via deuteron target)

nucleus

 0.4

 0.8

 1.2

 1.6

 2

 0.1  1

R
gA

u
(x

B
,Q

2
)

xB

Q=7 GeV

(a)

EMC gluon: min
central (quark-like)

max
EPS09LO range

with

quarkonia (detailed later)

Isolated photon

“high” PT jets (we should access PT ∈ [20,40] GeV)

J.P. Lansberg (IPNO) Υ production in pp and pA collisions May 31, 2012 22 / 17



Key studies

Gluon distribution at high and ultra-high xB in the
proton

neutron (via deuteron target)

nucleus

 0.4

 0.8

 1.2

 1.6

 2

 0.1  1

R
gA

u
(x

B
,Q

2
)

xB

Q=7 GeV

(a)

EMC gluon: min
central (quark-like)

max
EPS09LO range

with
quarkonia (detailed later)

Isolated photon

“high” PT jets (we should access PT ∈ [20,40] GeV)

J.P. Lansberg (IPNO) Υ production in pp and pA collisions May 31, 2012 22 / 17



Key studies

Gluon distribution at high and ultra-high xB in the
proton

neutron (via deuteron target)

nucleus

 0.4

 0.8

 1.2

 1.6

 2

 0.1  1

R
gA

u
(x

B
,Q

2
)

xB

Q=7 GeV

(a)

EMC gluon: min
central (quark-like)

max
EPS09LO range

with
quarkonia (detailed later)

Isolated photon

“high” PT jets (we should access PT ∈ [20,40] GeV)

J.P. Lansberg (IPNO) Υ production in pp and pA collisions May 31, 2012 22 / 17



Key studies

Gluon distribution at high and ultra-high xB in the
proton

neutron (via deuteron target)

nucleus

 0.4

 0.8

 1.2

 1.6

 2

 0.1  1

R
gA

u
(x

B
,Q

2
)

xB

Q=7 GeV

(a)

EMC gluon: min
central (quark-like)

max
EPS09LO range

with
quarkonia (detailed later)

Isolated photon

“high” PT jets (we should access PT ∈ [20,40] GeV)

J.P. Lansberg (IPNO) Υ production in pp and pA collisions May 31, 2012 22 / 17



Key studies

Heavy-quark distributions at large xB

Pin down instrinsic charm, ... at last

DGLAP

BHPS

Sea-like
All 3 compatible
with DIS data
(Pumplin et al.)
see also the talk by J.C Peng

Total open charm and beauty cross section
(down to PT → 0)

requires

several complementary measurements

good coverage in the target-rapidity region

high luminosity to reach large xB
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Key studies

Gluon Sivers effect
(correlation between the gluon kT & the proton spin)

Transverse single spin asymetries
using gluon sensitive probes

quarkonia (J/ψ, Υ, χc , . . . )
see also the talk by V.Rawoot
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where the kT -spin correlation is the largest
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Key studies

For the first time, one would study W /Z production
with a fixed target experiment

Unique opportunity to study W /Z production
in their threshold region

If W ′/Z ′ exist, their production may share similar threshold
corrections as that of W /Z

Rates have to be evaluated carefully

Reconstructed rate are most likely between a few dozen to a
few thousand / year

Multiply heavy baryons: discovery potential ?

Very forward (backward) physics:

semi-diffractive events

Ultra-peripheral collisions, etc.
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in their threshold region

If W ′/Z ′ exist, their production may share similar threshold
corrections as that of W /Z

Rates have to be evaluated carefully

Reconstructed rate are most likely between a few dozen to a
few thousand / year

Multiply heavy baryons: discovery potential ?

Very forward (backward) physics:
semi-diffractive events

Ultra-peripheral collisions, etc.
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