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Realisations (1)
LHC Fixed target mode: review and contributions to the European Strategy for Particle Physics

C. Hadjidakis, L. Massacrier, .., JPL, H.S. Shao, .., Z. Yang

We are leading the AFTER@LHC study group [http://after.in2p3.fr]
We are contributing the CERN Physics Beyond Colliders (PBC) Working
Group for the ESPP update
[C. Hadjidakis (scienti�c secretary of the FT@LHCWG); myself (AFTER@LHC contact in the QCDWG)]

Our review (motivations, physics case, performances, implementation,
detector compatibility) sollicited review to Physics Reports (100+ pages)

[under review; arXiv:1807.00603 [hep-ex] extends Phys.Rept. 522 (2013) 239]

Initiated 2 submissions to the ESPP update

Physics opportunities for a �xed-target programme in the ALICE experiment: ID 47
Community Support for A Fixed-Target Programme for the LHC: ID 67

[150+ endorsers]

Active participation in the writing of the PBC overviews:
arXiv:1902.00260 [hep-ex] & arXiv:1901.04482 [hep-ex]

Talk at the Granada Symposium next month

C.Hadjdakis, D. Kikola, JPL, L. Massacrier,et al. arXiv 1807.00603, submitted to Physics Reports
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Realisations (2)
2nd edition of the Quarkonium Satellite FCPPL workshop (FCPPLOnium)

1.5 days at Tsinghua U. on Monday and Tuesday [Many thanks to Z. Yang !]
30 participants� Indico page
�eorists & Experimentalists
From e�e� to AA collisions
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Realisations (2bis)
1st edition of the Quarkonium As Tools workshop

5 (intense) days at Aussois (French alps) in January: � Indico page
40 participants; 8 FCPPL participants
�eorists & Experimentalists
Day 1: ee, ep & pp coll.; Day 2: nuclear e�ects (eA & pA); Day 3: QGP
(AA); Day 4: Spin and 3D aspects; Day 5: exclusivity, isolation & UPCs
To be renewed next year [Jan 12-18, 2020]
Aim: prepare a review & address the real issues in the domain

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 5 / 10

https://indico.cern.ch/e/OniumTools2019


Realisations (2bis)
1st edition of the Quarkonium As Tools workshop

5 (intense) days at Aussois (French alps) in January: � Indico page

40 participants; 8 FCPPL participants
�eorists & Experimentalists
Day 1: ee, ep & pp coll.; Day 2: nuclear e�ects (eA & pA); Day 3: QGP
(AA); Day 4: Spin and 3D aspects; Day 5: exclusivity, isolation & UPCs
To be renewed next year [Jan 12-18, 2020]
Aim: prepare a review & address the real issues in the domain

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 5 / 10

https://indico.cern.ch/e/OniumTools2019


Realisations (2bis)
1st edition of the Quarkonium As Tools workshop

5 (intense) days at Aussois (French alps) in January: � Indico page
40 participants; 8 FCPPL participants

�eorists & Experimentalists
Day 1: ee, ep & pp coll.; Day 2: nuclear e�ects (eA & pA); Day 3: QGP
(AA); Day 4: Spin and 3D aspects; Day 5: exclusivity, isolation & UPCs
To be renewed next year [Jan 12-18, 2020]
Aim: prepare a review & address the real issues in the domain

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 5 / 10

https://indico.cern.ch/e/OniumTools2019


Realisations (2bis)
1st edition of the Quarkonium As Tools workshop

5 (intense) days at Aussois (French alps) in January: � Indico page
40 participants; 8 FCPPL participants
�eorists & Experimentalists

Day 1: ee, ep & pp coll.; Day 2: nuclear e�ects (eA & pA); Day 3: QGP
(AA); Day 4: Spin and 3D aspects; Day 5: exclusivity, isolation & UPCs
To be renewed next year [Jan 12-18, 2020]
Aim: prepare a review & address the real issues in the domain

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 5 / 10

https://indico.cern.ch/e/OniumTools2019


Realisations (2bis)
1st edition of the Quarkonium As Tools workshop

5 (intense) days at Aussois (French alps) in January: � Indico page
40 participants; 8 FCPPL participants
�eorists & Experimentalists
Day 1: ee, ep & pp coll.; Day 2: nuclear e�ects (eA & pA); Day 3: QGP
(AA); Day 4: Spin and 3D aspects; Day 5: exclusivity, isolation & UPCs

To be renewed next year [Jan 12-18, 2020]
Aim: prepare a review & address the real issues in the domain

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 5 / 10

https://indico.cern.ch/e/OniumTools2019


Realisations (2bis)
1st edition of the Quarkonium As Tools workshop

5 (intense) days at Aussois (French alps) in January: � Indico page
40 participants; 8 FCPPL participants
�eorists & Experimentalists
Day 1: ee, ep & pp coll.; Day 2: nuclear e�ects (eA & pA); Day 3: QGP
(AA); Day 4: Spin and 3D aspects; Day 5: exclusivity, isolation & UPCs
To be renewed next year [Jan 12-18, 2020]

Aim: prepare a review & address the real issues in the domain

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 5 / 10

https://indico.cern.ch/e/OniumTools2019


Realisations (2bis)
1st edition of the Quarkonium As Tools workshop

5 (intense) days at Aussois (French alps) in January: � Indico page
40 participants; 8 FCPPL participants
�eorists & Experimentalists
Day 1: ee, ep & pp coll.; Day 2: nuclear e�ects (eA & pA); Day 3: QGP
(AA); Day 4: Spin and 3D aspects; Day 5: exclusivity, isolation & UPCs
To be renewed next year [Jan 12-18, 2020]
Aim: prepare a review & address the real issues in the domain

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 5 / 10

https://indico.cern.ch/e/OniumTools2019


Realisations (2bis)
1st edition of the Quarkonium As Tools workshop

5 (intense) days at Aussois (French alps) in January: � Indico page
40 participants; 8 FCPPL participants
�eorists & Experimentalists
Day 1: ee, ep & pp coll.; Day 2: nuclear e�ects (eA & pA); Day 3: QGP
(AA); Day 4: Spin and 3D aspects; Day 5: exclusivity, isolation & UPCs
To be renewed next year [Jan 12-18, 2020]
Aim: prepare a review & address the real issues in the domain

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 5 / 10

https://indico.cern.ch/e/OniumTools2019


Realisations (3)
�eory collaboration with H.S. Shao & Y. Feng (Chongqing), H.F. Zhang (Guijang), Y.J. Zhang
(Beihang) + J.He & A. Usachov

First LHC NLO ηc�2S� production study published in PLB [PLB 786 (2018) 342]

NLO predictions for ηc�1S� production at
º
s � 13 TeV submitted to NPB

[Y. Feng, J.He, JPL, H.S. Shao, A. Usachov, H.F. Zhang, 1901.09766]

First complete study of triple J~ψ production [H.S. Shao, Y.J. Zhang, 1902.04949 ]

First study of J~ψ-pair production at NLO in the CEM being �nalised
[Results presented at ICHEP2018, QNP2108, MPI@LHC2018, ... ; JPL, H.S. Shao, N.Yamanaka, Y.J. Zhang]

Complete NRQCD study J~ψ-pair production being �nalised
[JPL, H.S. Shao, N.Yamanaka, Y.J. Zhang]
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[Y. Feng, J.He, JPL, H.S. Shao, A. Usachov, H.F. Zhang, 1901.09766]
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Projects (1)
Virtual Access/Web portal for quarkonium and nuclear PDF computations
possibly with IHEP, Tsinghua, PKU, Beihang, ...

Virtual Access funded by the EU under the
STRONG2020 project :
NLOAccess.in2p3.fr

Already functional, HELAC-Onia web
portal
MadGraph portal tailored to QCD
applications (quarkonium production,
nuclear PDF) soon functional
Within the IN2P3 TMD@NLO project,
extension to TMDs for spin applications
(EIC(C), AFTER@LHC, ...)
�e IHEP FDC code (semi-automated NLO
code for quarkonia) can also be included
EU funding is towards the maintenance:
manpower support for Science is welcome !
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Projects (2)
Advance our studies of new quarkonium observables at NLO
with H.S. Shao & J.X. Wang (IHEP), Y. Feng (Chongqing), H.F. Zhang (Guijang), Y.J. Zhang (Beihang), . . .

We wish to perform novel NLO studies

Finalise the di-onium studies [very soon]

TMD extraction using ψ � ψ [close contact with LHCb (L.P. An)]
[on-going]

Constraints on the gluon PDFs at low scales [on-going]

ψ �Dmeasured by LHCb [on-going]

Predictions for pion beams [preliminary studies]
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�eory and experiment prospects for associated-quarkonium production

See section 3 of JPL, arXiv:1903.09185 [hep-ph] (submitted to Phys.Rept.)
Observables Experiments CSM CEM NRQCD Interest

J/ψ+J/ψ LHCb, CMS, ATLAS, D0 
(+NA3)

NLO,
NNLO*

LO ? LO Prod. Mechanism (CS dominant) + 
DPS + gluon TMD

J/ψ+D LHCb LO LO ? LO Prod. Mechanism  (c to J/psi 
fragmentation) + DPS

J/ψ+ϒ D0 (N)LO LO ? LO Prod. Mechanism (CO dominant) + 
DPS

J/ψ+hadron STAR LO -- LO B feed-down; Singlet vs Octet 
radiation

J/ψ+Z ATLAS NLO NLO Partial 
NLO

Prod. Mechanism + DPS

J/ψ+W ATLAS LO NLO NLO (?) Prod. Mechanism (CO dominant) + 
DPS

J/ψ vs mult. ALICE,CMS (+UA1) -- -- -- Initial vs Final state effects ?
J/ψ in jet. LHCb, CMS LO -- LO Prod. Mechanism (?)

J/ψ(ϒ) + jet -- -- -- Prod. Mechanism (QCD corrections)
Isolated J/ψ(ϒ) -- -- -- -- Prod. Mechanism (CS dominant ?) 

J/ψ+b -- -- -- LO Prod. Mechanism (CO dominant) + 
DPS

ϒ+D LHCb LO LO ? LO DPS
ϒ+γ -- NLO,

NNLO*
LO ? LO Prod. Mechanism (CO LDME mix) + 

gluon TMD/PDF 
ϒ vs mult. CMS -- -- --
ϒ+Z -- NLO LO ? LO Prod. Mechanism + DPS
ϒ+ϒ CMS NLO ? LO ? LO ? Prod. Mechanism (CS dominant ?) + 

DPS +  gluon TMD
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Conclusion

Our quarkonium FCPPL consortium is doing very well !
Fruitful Franco-Chinese exchanges on various topics
Regular publications, meetings and communications
Many ideas both for the theory and the experimental sides
�e e�orts of the AFTER@LHC study group has been very fruitful:
various contributions to the ESPP update; invited talk on the LHC-FT at
the Granada symposium
New possible collaboration on NLOAccess

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 10 / 10



Conclusion

Our quarkonium FCPPL consortium is doing very well !

Fruitful Franco-Chinese exchanges on various topics
Regular publications, meetings and communications
Many ideas both for the theory and the experimental sides
�e e�orts of the AFTER@LHC study group has been very fruitful:
various contributions to the ESPP update; invited talk on the LHC-FT at
the Granada symposium
New possible collaboration on NLOAccess

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 10 / 10



Conclusion

Our quarkonium FCPPL consortium is doing very well !
Fruitful Franco-Chinese exchanges on various topics

Regular publications, meetings and communications
Many ideas both for the theory and the experimental sides
�e e�orts of the AFTER@LHC study group has been very fruitful:
various contributions to the ESPP update; invited talk on the LHC-FT at
the Granada symposium
New possible collaboration on NLOAccess

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 10 / 10



Conclusion

Our quarkonium FCPPL consortium is doing very well !
Fruitful Franco-Chinese exchanges on various topics
Regular publications, meetings and communications

Many ideas both for the theory and the experimental sides
�e e�orts of the AFTER@LHC study group has been very fruitful:
various contributions to the ESPP update; invited talk on the LHC-FT at
the Granada symposium
New possible collaboration on NLOAccess

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 10 / 10



Conclusion

Our quarkonium FCPPL consortium is doing very well !
Fruitful Franco-Chinese exchanges on various topics
Regular publications, meetings and communications
Many ideas both for the theory and the experimental sides

�e e�orts of the AFTER@LHC study group has been very fruitful:
various contributions to the ESPP update; invited talk on the LHC-FT at
the Granada symposium
New possible collaboration on NLOAccess

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 10 / 10



Conclusion

Our quarkonium FCPPL consortium is doing very well !
Fruitful Franco-Chinese exchanges on various topics
Regular publications, meetings and communications
Many ideas both for the theory and the experimental sides
�e e�orts of the AFTER@LHC study group has been very fruitful:
various contributions to the ESPP update; invited talk on the LHC-FT at
the Granada symposium

New possible collaboration on NLOAccess

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 10 / 10



Conclusion

Our quarkonium FCPPL consortium is doing very well !
Fruitful Franco-Chinese exchanges on various topics
Regular publications, meetings and communications
Many ideas both for the theory and the experimental sides
�e e�orts of the AFTER@LHC study group has been very fruitful:
various contributions to the ESPP update; invited talk on the LHC-FT at
the Granada symposium
New possible collaboration on NLOAccess

J.P. Lansberg (IPNO) Quarkonium4AFTER April 25, 2018 10 / 10


