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Realisations (1)
Theory collaboration with H.S. Shao & H.E. Zhang (Chongqing) + Y.J. Zhang (Beihang)
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Realisations (1)

Theory collaboration with H.S. Shao & H.E. Zhang (Chongqing) + Y.J. Zhang (Beihang)
@ Last year: Automated code to evaluate the impact of

nuclear PDF [Eur.Phys.]J. C77 (2017) 1]
@ Any nuclear PDF set available in LHAPDF5 or 6 can be used
o AppliedtoJ/y,Y,Dand B
@ Extensive comparison with LHC data
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@ NLO computation of W + J/ [PLB 781 (2018) 485]
@ Measured by ATLAS with significant tension with theory; A¢ spectrum hints at a large SPS yield
@ Our NLO evaluation gives an upper limit on the SPS; tension confirmed
@ BUT we also claim that the interpretation of the A¢ spectrum could be misleading
[raw count spectrum prone to large acceptance corrections]
@ Discrepancy with the ATLAS data solved with a dominant DPS yield (similar situation as Z + J/y)
@ Fit of o, characterising the correlation of partons inside the protons
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Realisations (1-bis)

Harvesting quarkonium data with H.S. Shao

DPS _ m
GAB B Oeff 0A0B
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Realisations (1-bis)
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Realisations (2)

Di-Quarkonium : linearly polarised gluons & double parton scattering
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Realisations (2)

Di-Quarkonium : linearly polarised gluons & double parton scattering
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@ We have shown that azimuthal asymmetries PRRTO
are potentially very large [1710.01684] 1[GVl

@ Good prospects to measure the linearly polarised gluon

@ 13 TeV di-J/y LHCb study performed by L.P. An (Tsinghua) :
discussions with us to measure the cos(4¢) modulations

J.P. Lansberg (IPNO) [Nucleon and nucleus structure with quarkonia May 23, 2018 5/9



Realisations (2)

Di-Quarkonium : linearly polarised gluons & double parton scattering

;
Model 1 ---
60 I Model 2

50 I <k2> = 3.3 GeV?
40 - |cos 8pg| < 0.25

@ J/w-pair production has recently been
studied by ATLAS, CMS, D0 and LHCb

@ Atsmall Ay, clean gluon probe

[in /%]

\ B
/MW =21GeV |

jMW, =12 GeV |

@ Atlarge Ay, sensitive to Double Parton

<C0s 49cs>
n
o
T

Scatterings —8Gey e ]
@ We have shown that azimuthal asymmetries PRRTO
are potentially very large [1710.01684] 1[GVl

@ Good prospects to measure the linearly polarised gluon

@ 13 TeV di-J/y LHCb study performed by L.P. An (Tsinghua) :
discussions with us to measure the cos(4¢) modulations

@ In parallel, we are building an upper limit on the SPS to di-J/y with Y.J. Zhang as well
as a more differential NLO computation

@ Preliminary results already presented by N. Yamanaka at DIS2018
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@ Good prospects to measure the linearly polarised gluon

@ 13 TeV di-J/y LHCb study performed by L.P. An (Tsinghua) :
discussions with us to measure the cos(4¢) modulations

@ In parallel, we are building an upper limit on the SPS to di-J/y with Y.J. Zhang as well
as a more differential NLO computation

@ Preliminary results already presented by N. Yamanaka at DIS2018

@ in the framework of the IN2P3 TMD@NLO project
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Realisations (3)
Review on the fixed target mode at the LHC and contribution to the PBC-ESPP

C. Hadjidakis, L. Massacrier, .., JPL, H.S. Shao, .., Z. Yang
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@ Quick update:

o SMOG@LHCD : perfect demonstrator of the feasibility of FT data taking at the LHC

o A dedicated target (polarisation and pumping) will allow for an extremely wide
physics case extending by far that of BNL-RHIC and CERN-SPS

o Prospects are starting for ALICE (both with the muon arm and the central barrel),
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@ We are contributiong the CERN Physics Beyond Colliders (PBC) Working
Group for the ESPP update
[C. Hadjidakis (secretary): FT@LHC WG; myself : QCD WG]
@ We organise a pre-PBC workshop at CERN in June

@ Our review (motivations, physics case, performances, implementation,
detector compatibility) will be out in June [will extend Phys.Rept. 522 (2013) 239]
@ Quick update:
o SMOG@LHCD : perfect demonstrator of the feasibility of FT data taking at the LHC
o A dedicated target (polarisation and pumping) will allow for an extremely wide
physics case extending by far that of BNL-RHIC and CERN-SPS

o Prospects are starting for ALICE (both with the muon arm and the central barrel),
not only for heavy-ion physics

e Mid/long term project (which I will not repeat in the project description)
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N
Projects (1)

Advance our studies of new quarkonium observables at NLO
with J.X. Wang (IHEP), H.F Zhang (Chonggqing), Y.Z. Zhang (Beihang), H.S. Shao (LPTHE)

We wish to perform new NLO studies of

e y + y measured by LHCb, CMS, DO, ATLAS [on-going]
@ Y +Y measured by CMS [on-going]
@ ¥ + Y measured by DO [on-going]

@ y + D measured by LHCb
@ 7. measured by LHCb

and then make the link with gluon TMD extractions (e.g. the linearly
polarised gluons)
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Projects (2)

Web portal for quarkonium and nuclear PDF computations
possibly with Z. Yang (Tsinghua), PKU, Beihang, ...

J. (IPNO) [Nucleon and nucleus structure with quarkonia May 23, 2018 8/9


NLOAccess.in2p3.fr

N
Projects (2)

Web portal for quarkonium and nuclear PDF computations
possibly with Z. Yang (Tsinghua), PKU, Beihang, ...

@ Like the MadGraph web portal, we plan to create
a HELAC-Onia web portal

[Nucleon and nucleus structure with quarkonia May 23, 2018 8/9


NLOAccess.in2p3.fr

N
Projects (2)

Web portal for quarkonium and nuclear PDF computations
possibly with Z. Yang (Tsinghua), PKU, Beihang, ...

@ Like the MadGraph web portal, we plan to create
a HELAC-Onia web portal

@ Request for funding included in the EU
STRONG2020 proposal as a Virtual Access :
NLOAccess.in2p3.fr

J.P. Lansberg (IPNO) [Nucleon and nucleus structure with quarkonia May 23, 2018 8/9


NLOAccess.in2p3.fr

N
Projects (2)

Web portal for quarkonium and nuclear PDF computations
possibly with Z. Yang (Tsinghua), PKU, Beihang, ...

@ Like the MadGraph web portal, we plan to create
a HELAC-Onia web portal

@ Request for funding included in the EU
STRONG2020 proposal as a Virtual Access :
NLOAccess.in2p3.fr

@ Also to be considered for TMDs (within the
IN2P3 TMD@NLO project)

[Nucleon and nucleus structure with quarkonia May 23, 2018 8/9



NLOAccess.in2p3.fr

N
Projects (2)

Web portal for quarkonium and nuclear PDF computations
possibly with Z. Yang (Tsinghua), PKU, Beihang, ...

@ Like the MadGraph web portal, we plan to create
a HELAC-Onia web portal

@ Request for funding included in the EU
STRONG2020 proposal as a Virtual Access :
NLOAccess.in2p3.fr

@ Also to be considered for TMDs (within the
IN2P3 TMD@NLO project)

@ Extension to use nuclear PDFs as well, folllowing
our recent study of the impact of heavy-flavour
production data in proton-nucleus collisions
[1712.07024]

[Nucleon and nucleus structure with quarkonia May 23, 2018 8/9



NLOAccess.in2p3.fr

N
Projects (2)

Web portal for quarkonium and nuclear PDF computations

possibly with Z. Yang (Tsinghua), PKU, Beihang, ...

Like the MadGraph web portal, we plan to create
a HELAC-Onia web portal

Request for funding included in the EU
STRONG2020 proposal as a Virtual Access :
NLOAccess.in2p3.fr

Also to be considered for TMDs (within the
IN2P3 TMD@NLO project)

Extension to use nuclear PDFs as well, folllowing
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nuclear PDF reweighting for future experiment projections as well as automatic
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Web portal for quarkonium and nuclear PDF computations
possibly with Z. Yang (Tsinghua), PKU, Beihang, ...

@ Like the MadGraph web portal, we plan to create
a HELAC-Onia web portal

@ Request for funding included in the EU
STRONG2020 proposal as a Virtual Access :
NLOAccess.in2p3.fr

@ Also to be considered for TMDs (within the
IN2P3 TMD@NLO project)

@ Extension to use nuclear PDFs as well, folllowing
our recent study of the impact of heavy-flavour
production data in proton-nucleus collisions
[1712.07024]

@ A Tsinghua student (W.J. Kong) came last year to work on the possible automation of
nuclear PDF reweighting for future experiment projections as well as automatic
data-theory comparisons

@ When the portal is functional (in a few months from now),

we will investigate the possibility to have a mirror of the web portal in China
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Conclusion

Our multi-faceted FCPPL consortium is doing very well !

Fruitful franco-chinese exchanges on various topics
[Our exchanges with China extend beyond the LIA: visit of G.Z. Xu (Liaoning) in January]

Regular publications and communications e.g. Talk of Z. Yang at ICHEP2018

Many prospects both for the theory and the experimental sides

The efforts of the AFTER@LHC study group are fruitful: a FT program at
the LHC is more realistic than ever

New collaboration on a web portal dedicated to quarkonia

If the schedule allows for it, we will organise again a FCPPL Quarkonium
satellite Workshop next year
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Backup
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- ADVANCE OUR UNDERSTANDING OF THE LARGE-X GLUON, ANTIQUARK AND
HEAVY-QUARK CONTENT IN THE NUCLEON & NUCLEUS
- Very large PDF uncertainties for x 2 0.5.
[could be crucial to characterise possible BSM discoveries]

- Proton charm content important to high-energy neutrino & cosmic-rays physics
- EMC effect is an open problem; studying a possible gluon EMC effect is essential
- Relevance of nuclear PDF to understand the initial state of heavy-ion collisions
- Search and study rare proton fluctuations

where one gluon carries most of the proton momentum

- DYNAMICS AND SPIN OF GLUONS INSIDE (UN)POLARISED NUCLEONS
- Possible missing contribution to the proton spin: orbital angular momentum
- Test of the QCD factorisation framework [beyond the DY Ay sign change]
- Determination of the linearly polarised gluons in unpolarised protons

- HEAVY-ION COLLISIONS TOWARDS LARGE RAPIDITIES
- Explore the longitudinal expansion of QGP formation with new hard probes
- Test the factorisation of cold nuclear effects from p + A to A + B collisions
- Test the formation of azimuthal asymmetries: hydrodynamics vs. initial-state radiation
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Fixed-target collisions at the LHC: main kinematical features

Energy range
7 TeV proton beam on a fixed target

c.m.s. energy: s=,[2mE, ~115GeV

Boost: y=+/s/(2m,) ~60

Rapidity shift:
yc.m.>. =0—> ylab =48

2.76 TeV Pb beam on a fixed target

C.M.S. energy: /sy =+2m,E,, ~72GeV

Boost: y~40

Rapidity shift:
yc,m‘s. =0 YIab =43
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Fixed-target collisions at the LHC: main kinematical features

Energy range
7 TeV proton beam on a fixed target

c.m.s. energy: s=,[2mE, ~115GeV

Boost: y=+/s/(2m,) ~60

Rapidity shift:
yc.m.>. =0—> ylab =48

2.76 TeV Pb beam on a fixed target

C.M.S. energy: /sy =+2m,E,, ~72GeV

Boost: y~40

Rapidity shift:
yc,m‘s. =0 YIab =43
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Such /s allow, for the first time, for systematic studies of W boson, bottomonia,
Pr spectra, associated production, ..., in the fixed target mode
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Fixed-target collisions at the LHC: main kinematical features

Energy range
7 TeV proton beam on a fixed target

c.m.s. energy: s=,[2mE, ~115GeV

Rapidity shift:

Boost: y=+/s/(2m,) ~60

yc.m.>. =0—> ylab =48

2.76 TeV Pb beam on a fixed target

C.M.S. energy: /sy =+2m,E,, ~72GeV

Rapidity shift:

Boost: y~40

yc,m‘s. =0— YIab =43

115 GeV

o g
&
o

s 72 GeV
B —

Such /s allow, for the first time, for systematic studies of W boson, bottomonia,
Pr spectra, associated production, ..., in the fixed target mode

Effect of boost :

@ LHCb and the ALICE muon arm become backward detectors

[particularly relevant for high energy beams]
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Energy range
7 TeV proton beam on a fixed target

c.m.s. energy: s=,[2mE, ~115GeV

Rapidity shift:

Boost: y=+/s/(2m,) ~60

yc.m.>. =0—> ylab =48

2.76 TeV Pb beam on a fixed target

C.M.S. energy: /sy =+2m,E,, ~72GeV

Rapidity shift:

Boost: y~40

yc,m‘s. =0— YIab =43

115 GeV
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Such /s allow, for the first time, for systematic studies of W boson, bottomonia,
Pr spectra, associated production, ..., in the fixed target mode

Effect of boost :

@ LHCb and the ALICE muon arm become backward detectors

@ With the reduced /s, their acceptance for physics grows and nearly covers
half of the backward region for most probes

[particularly relevant for high energy beams]
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Fixed-target collisions at the LHC: main kinematical features

Energy range
7 TeV proton beam on a fixed target

c.m.s. energy: /s=,[2m/E, ~115GeV | Rapidity shift: , 15GeY ;
Boost: 7 =+s/(2m,) ~60 Yems. =0 ¥y =4.8 @
2.76 TeV Pb beam on a fixed target

c.m.s. energy: /Sy =2mE,, ~72GeV | Rapidity shiét: 43 sﬂ ;

Boost: 7 =40 Yems. =V Yia =4 @

Such /s allow, for the first time, for systematic studies of W boson, bottomonia,
Pr spectra, associated production, ..., in the fixed target mode

Effect of boost :

[particularly relevant for high energy beams]

@ LHCb and the ALICE muon arm become backward detectors [Vems. < 0]
@ With the reduced /s, their acceptance for physics grows and nearly covers

half of the backward region for most probes

[—1 < Xp < 0]
@ Allows for backward physics up to high xiarget (= X2)

[uncharted for proton-nucleus; most relevant for p-p' with large x* |
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High-x frontier

Advance our understanding of the high-x gluon, antiquark and
heavy-quark content in the nucleon & nucleus
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N
High-x frontier

Advance our understanding of the high-x gluon, antiquark and
heavy-quark content in the nucleon & nucleus

- Very large PDF uncertainties for x 2 0.5.
[could be crucial to characterise possible BSM discoveries]

Gluon-Gluon, luminosity

s 9 T
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[ %% MMHT14
VS = 1.30e+04 Gev
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High-x frontier

Advance our understanding of the high-x gluon, antiquark and
heavy-quark content in the nucleon & nucleus
- Very large PDF uncertainties for x 2 0.5.

[could be crucial to characterise possible BSM discoveries]
Proton charm content important to high-energy neutrino & cosmic-rays physics

Gluon-Gluon, luminosity
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High-x frontier

Advance our understanding of the high-x gluon, antiquark and
heavy-quark content in the nucleon & nucleus
- Very large PDF uncertainties for x 2 0.5.
[could be crucial to characterise possible BSM discoveries]
- Proton charm content important to high-energy neutrino & cosmic-rays physics
- EMC effect is an open problem; studying a possible gluon EMC effect is essential
- Relevance of nuclear PDF to understand the initial state of heavy-ion collisions

Gluon-Gluon, luminosity
5 T
F e cmia
I IMHT14
VS = 1.30e+04 Gev

©

10% E° ¢, [GeVPem? s ']

°

M, (Gev]

5 6
ogyo E [GeV]

Best to take data at large x and small scale, than at large scale: advantange of low E; provided HT are under control
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High-x frontier

Advance our understanding of the high-x gluon, antiquark and
heavy-quark content in the nucleon & nucleus
- Very large PDF uncertainties for x 2 0.5.

[could be crucial to characterise possible BSM discoveries]
- Proton charm content important to high-energy neutrino & cosmic-rays physics
- EMC effect is an open problem; studying a possible gluon EMC effect is essential
- Relevance of nuclear PDF to understand the initial state of heavy-ion collisions
- Search and study rare proton fluctuations

where one gluon carries most of the proton momentum
Gluon-Gluon, luminosity
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Best to take data at large x and small scale, than at large scale: advantange of low E; provided HT are under control
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3D mapping of the parton momentum

Advance our understanding of the dynamics and spin of gluons and quarks
inside (un)polarised nucleons
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3D mapping of the parton momentum

Advance our understanding of the dynamics and spin of gluons and quarks
inside (un)polarised nucleons
- Possible missing contribution to the proton spin: Orbital Angular Momentum Ly :

3= 3AS+AG+ L+ Ly [First hint by COMPASS that £, # 0]

= Gluon Spin Gluon angular momentum
«Quark Spin - Quark Angular Momentum
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Advance our understanding of the dynamics and spin of gluons and quarks
inside (un)polarised nucleons
- Possible missing contribution to the proton spin: Orbital Angular Momentum Ly :

=IAZS+AG+ L+ L, ‘ [First hint by COMPASS that £, # 0]
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- Test of the QCD factorisation framework [beyond the DY Ay sign change]

= Gluon Spin Gluon angular momentum
«Quark Spin - Quark Angular Momentum
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3D mapping of the parton momentum

Advance our understanding of the dynamics and spin of gluons and quarks
inside (un)polarised nucleons

- Possible missing contribution to the proton spin: Orbital Angular Momentum Ly :

‘ 3= 3AS+AG+ L+ Ly ‘ [First hint by COMPASS that £, # 0]
- Test of the QCD factorisation framework [beyond the DY Ay sign change]
- Determination of the linearly polarised gluons in unpolarised protons

[once measured, allows for spin physics without polarised proton, e.g. at the LHC]

= Gluon Spin Gluon angular momentum
«Quark Spin - Quark Angular Momentum
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heavy-ion collisions from one colliding nucleus rest frame

Heavy-ion collisions towards large rapidities
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heavy-ion collisions from one colliding nucleus rest frame

Heavy-ion collisions towards large rapidities

- A complete set of heavy-flavour studies between SPS and RHIC energies
[needed to calibrate the quarkonium thermometer (J/y, ¥/, xc, Y, D, J/w < b + pairs)]

The Phases of QCD
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heavy-ion collisions from one colliding nucleus rest frame

Heavy-ion collisions towards large rapidities

- A complete set of heavy-flavour studies between SPS and RHIC energies
[needed to calibrate the quarkonium thermometer (J/y, ¥/, xc, Y, D, J/w < b + pairs)]
- Test the formation of azimuthal asymmetries: hydrodynamics vs. initial-state radiation

The Phases of QCD -
ne012 -
" hamma

el 220 —,

o1 0z 93 04 [0
TiGey)

Au+Au 200GeV 10-20%
pr>0.15 GeV

[Nucleon and nucleus structure with quarkonia May 23, 2018 15/9



heavy-ion collisions from one colliding nucleus rest frame

Heavy-ion collisions towards large rapidities

- A complete set of heavy-flavour studies between SPS and RHIC energies

[needed to calibrate the quarkonium thermometer (J/y, ¥/, xc, Y, D, J/w < b + pairs)]
- Test the formation of azimuthal asymmetries: hydrodynamics vs. initial-state radiation
- Explore the longitudinal expansion of QGP formation

The Phases of QCD
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String Theory Limit
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Heavy-ion collisions towards large rapidities

- A complete set of heavy-flavour studies between SPS and RHIC energies
[needed to calibrate the quarkonium thermometer (J/y, ¥/, xc, Y, D, J/w < b + pairs)]
- Test the formation of azimuthal asymmetries: hydrodynamics vs. initial-state radiation
- Explore the longitudinal expansion of QGP formation
- Test the factorisation of cold nuclear effects from p + A to A + B collisions
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