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Faculty members

WHAT IS AFTER@LHC ?

AFTER@LHC is a proposal for a multi-purpose 

fixed target experiment using the multi-TeV 

proton or heavy ion beams of  the LHC at CERN
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PHYSICS OPPORTUNITIES OF AFTER@LHC
• Large-x gluon and (anti-,heavy-)quark content in nucleon & nucleus
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PHYSICS OPPORTUNITIES OF AFTER@LHC
• Large-x gluon and (anti-,heavy-)quark content in nucleon & nucleus

• Dynamics and spin of  gluons inside (un)polarised nucleons

• Heavy-ion collisions from middle to large rapidities

see T. Peitzmann’s talk
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PHYSICS OPPORTUNITIES OF AFTER@LHC
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• Advantages of  a fixed-target experiment:
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WHY WE NEED AFTER@LHC ?

• access to large Feynman |xF|

• target versatility

• possibility to polarize the target  (study spin physics)

• high luminosities can be achieved with either dense targets or high intensity beams

• AFTER@LHC kinematics with utilizing LHC beams
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HOW AFTER@LHC WORKS ?
• Beam line extracted with a bent crystal

• Dense targets: internal gas target similar to SMOG at LHCb

• High intensity beams: internal wire target Kurepin, Topilskaya (Adv. High Energy Phys.’15)

• Luminosities in pH and pA

• Luminosities in PbH and PbA

vs

LHC PbPb 
Collider: 0.5 nb-1
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• PDF in nucleon & nucleus (complementary to EIC, LHeC)
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PHYSICS HIGHLIGHT AT AFTER@LHC

• Spin physics (QCD factorization, Boers-Mulder effect, Sivers efffect etc)

• Heavy-ion collisions (cold nuclear matter effect, QGP, azimuthal asymmetries)

• Exclusive reaction (ultra-peripheral collisions)
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PHYSICS HIGHLIGHT AT AFTER@LHC

• Spin physics (QCD factorization, Boers-Mulder effect, Sivers efffect etc)

• Heavy-ion collisions (cold nuclear matter effect, QGP, azimuthal asymmetries)

• Exclusive reaction (ultra-peripheral collisions)

• Heavy quarkonium will play important role
• Large yields

• Easy to trigger (dilepton final states)
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PHYSICS HIGHLIGHT AT AFTER@LHC

• Spin physics (QCD factorization, Boers-Mulder effect, Sivers efffect etc)

• Heavy-ion collisions (cold nuclear matter effect, QGP, azimuthal asymmetries)

• Exclusive reaction (ultra-peripheral collisions)

• Heavy quarkonium will play important role
• Large yields

• Easy to trigger (dilepton final states)

• Selected relevant physics studies so far
• Feasibility studies

• Cold nuclear matter effect in pA
• Spin physics: single spin asymmetry
• Double parton scatterings
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FEASIBILITY STUDIES
Massacrier, Trzeciak, Fleuret, Hadjidakis, Kikola, Lansberg, HSS (Adv. High Energy Phys.’15)

• First simulations of  quarkonia at AFTER@LHC

• HELAC-Onia 2.0       +       Pythia 8.1
HSS (Comput.Phys.Commun.’13,’16) Sjostrand, Mrenna, Skands (Comput.Phys.Commun.’08)

• Signal: Quarkonium

• Background
• Drell-Yan, open charm, open bottom, uncorrelated background

• Events selection

• Reconstruction condition

Achilli et al. (JINST’13)
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FEASIBILITY STUDIES
Massacrier, Trzeciak, Fleuret, Hadjidakis, Kikola, Lansberg, HSS (Adv. High Energy Phys.’15)

• Signal simulations: a data-driven way

• Quarkonium production amplitude in crystal ball function
Kom, Kulesza, Stirling (PRL’11)

Model independent !
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FEASIBILITY STUDIES
Massacrier, Trzeciak, Fleuret, Hadjidakis, Kikola, Lansberg, HSS (Adv. High Energy Phys.’15)

• Signal simulations: a data-driven way

• Quarkonium production amplitude in crystal ball function
Kom, Kulesza, Stirling (PRL’11)

• Fit double differential distributions of  the pp data
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FEASIBILITY STUDIES
Massacrier, Trzeciak, Fleuret, Hadjidakis, Kikola, Lansberg, HSS (Adv. High Energy Phys.’15)

• Signal simulations: a data-driven way

• Quarkonium production amplitude in crystal ball function
Kom, Kulesza, Stirling (PRL’11)

• Fit double differential distributions of  the pp data

• Simulations with background
• Good separation of  different quarkonium states 

updated plot

Thursday, August 25, 16



QCD@LHC 2016,Zurich Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

9

FEASIBILITY STUDIES
Massacrier, Trzeciak, Fleuret, Hadjidakis, Kikola, Lansberg, HSS (Adv. High Energy Phys.’15)

• Signal simulations: a data-driven way

• Quarkonium production amplitude in crystal ball function
Kom, Kulesza, Stirling (PRL’11)

• Fit double differential distributions of  the pp data

• Simulations with background
• Good separation of  different quarkonium states 

• Differential distributions

pT

Thursday, August 25, 16



QCD@LHC 2016,Zurich Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

9

FEASIBILITY STUDIES
Massacrier, Trzeciak, Fleuret, Hadjidakis, Kikola, Lansberg, HSS (Adv. High Energy Phys.’15)

• Signal simulations: a data-driven way

• Quarkonium production amplitude in crystal ball function
Kom, Kulesza, Stirling (PRL’11)

• Fit double differential distributions of  the pp data

• Simulations with background
• Good separation of  different quarkonium states 

• Differential distributions

pT

Thursday, August 25, 16



QCD@LHC 2016,Zurich Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo• Nuclear effects on PDF

10

COLD NUCLEAR MATTER EFFECTS
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COLD NUCLEAR MATTER EFFECTS

• Quite large uncertainties even in modern nuclear PDF

Q=1.3

Kovarik et al. (PRD’16)

Q=1.3

Eskola, Paukkunen, Salgado (JHEP’09)
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COLD NUCLEAR MATTER EFFECTS

• Quite large uncertainties even in modern nuclear PDF
• Not a precise test for the LHC collider data
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Lansberg, HSS (in prep.)
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COLD NUCLEAR MATTER EFFECTS

• Quite large uncertainties even in modern nuclear PDF

• Quarkonium help to constrain both small x (PbH) and large x (pPb)

• Not a precise test for the LHC collider data

Massacrier, Trzeciak, Fleuret, Hadjidakis, Kikola, Lansberg, HSS (Adv. High Energy Phys.’15)

• Combination of measurements of quarkonium for -3<yCM<0 will allow to pin 
down the existence of a possible gluon EMC and antishadowing effect
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COLD NUCLEAR MATTER EFFECTS

• Quite large uncertainties even in modern nuclear PDF

• Quarkonium help to constrain both small x (PbH) and large x (pPb)

• Not a precise test for the LHC collider data

• Combination of measurements of quarkonium for -3<yCM<0 will allow to pin 
down the existence of a possible gluon EMC and antishadowing effect

• Other cold nuclear matter effects
• Larger suppression for excited quarkonium in the backward
• Other mechanism at play, e.g. comovers Ferreiro (PLB’15) ? see B. Schmidt’s talk
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SPIN PHYSICS: SINGLE SPIN ASYMMETRY

• Gluon PDF in polarized proton                                                  (Sivers effect) 
• Much larger Feynman |xF| achievable compared with PHENIX
• Much smaller stat. uncertainty (permille level)
• First opportunity to observe single spin asymmetry in Upsilon

AN =
1

P

�" � �#

�" + �#
Single Spin Asymmetry

gp"(x, kT )
?
= gp#(x, kT )

Preliminary

Preliminary

• The precise verification of  sign change of  the Sivers function
• SIDIS data (current only) vs more data (Drell-Yan, quarkonium etc)
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DOUBLE PARTON SCATTERINGS
• Double Parton Hard Scatterings

• An important production mode of  particles in high-energy coll.
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DOUBLE PARTON SCATTERINGS
• Double Parton Hard Scatterings

• An important production mode of  particles in high-energy coll.
• How to quantify its size ?

?
=

�DPS(X + Y )
?
=

1

m

�(X)�(Y )

�e↵
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DOUBLE PARTON SCATTERINGS
• Double Parton Hard Scatterings

• An important production mode of  particles in high-energy coll.
• How to quantify its size ?

?
=

�DPS(X + Y )
?
=

1

m

�(X)�(Y )

�e↵

• Universal           ?�e↵
• process independent ?
• energy independent ?
• initial flavor independent ? gluon = quark ?

Lansberg, HSS (1608.03198)

see I. Belyaev, D. Bertsche’s talks
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DOUBLE PARTON SCATTERINGS
• Double Parton Hard Scatterings

• An important production mode of  particles in high-energy coll.
• How to quantify its size ?

?
=

�DPS(X + Y )
?
=

1

m

�(X)�(Y )
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• Universal           ?�e↵
• process independent ?
• energy independent ?
• initial flavor independent ? gluon = quark ?

Lansberg, HSS (1608.03198)

AFTER@LHC

see I. Belyaev, D. Bertsche’s talks
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DOUBLE PARTON SCATTERINGS
• Double Quarkonium Production at AFTER@LHC

• First opportunity to measure it at        ~100 GeV due to high luminosity

Lansberg, HSS (NPB’15)

J/ + J/ 

p
s
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DOUBLE PARTON SCATTERINGS
• Double Quarkonium Production at AFTER@LHC

• First opportunity to measure it at        ~100 GeV due to high luminosity

Lansberg, HSS (NPB’15)

• Only double charmonium is feasible
• Other processes are not even observed yet in the LHC collider mode
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DOUBLE PARTON SCATTERINGS
• Double Quarkonium Production at AFTER@LHC

• First opportunity to measure it at        ~100 GeV due to high luminosity

Lansberg, HSS (NPB’15)

• Only double charmonium is feasible
• Other processes are not even observed yet in the LHC collider mode

• Maintain the maximal DPS with pT down to 0
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DOUBLE PARTON SCATTERINGS
• Double Quarkonium Production at AFTER@LHC

• First opportunity to measure it at        ~100 GeV due to high luminosity

Lansberg, HSS (NPB’15)

• Only double charmonium is feasible
• Other processes are not even observed yet in the LHC collider mode

• Maintain the maximal DPS with pT down to 0

• Much hope to separate SPS vs DPS via kinematical distributions
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SUMMARY

• Novel testing ground for QCD in the high-x frontier with AFTER@LHC

• Very high luminosities can be achieved and target versatility

• Heavy quarkonium will play an important role at AFTER@LHC

• Many ideas in favour of  AFTER@LHC published

• First feasibility study performed

• New opportunities for studying nuclear effect, spin, DPS etc

• Expression of  Interest in preparation
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Vielen Danken !
Thank you for your attention !
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LUMINOSITIES: INTERNAL GAS TARGET
• Luminosities in pH and pA with internal gas target

• Luminosities in PbH and PbA with internal gas target
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BEAM EXTRACTION WITH BENT CRYSTAL
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INTERNAL GAS TARGET WITH SMOG

• Low density noble gas injected into VELO in LHCb

• Short pNe pilot run at 87 GeV (2012)

• Short PbNe pilot run at 54 GeV (2013)

• He, Ne and Ar gas injected (2015)

• pNe, pAr run at 110 GeV (2015)

• 1.5 week of  PbAr at 69 GeV (2015)

Limitations so far:

• Only noble gas

• Target polarization is not possible with SMOG
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