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Using the LHC beams in the fixed-target mode
Contributions to the ESPP update and other scientific sources

3 ESPPU contributions submitted in Dec. 2019
▶ Community Support for A Fixed-Target Programme for the LHC

by J.D. Bjorken et al. [inspirehep-1839432]
▶ Physics opportunities for a fixed-target programme in the ALICE experiment

by F. Galluccio et al.
▶ The LHCSpin Project [inspirehep-1716504]

by C. Aidala et al.
Physics Beyond Colliders documents
▶ Physics Beyond Colliders: QCD Working Group Report - arXiv:1901.04482
▶ Summary Report of Physics Beyond Colliders at CERN - arXiv:1902.00260
▶ Summary by the PBC LHC FT Working Group:

CERN-PBC-REPORT-2019-001
Reviews, special issues

▶ S.J. Brodsky et al.: Phys.Rept. 522 (2013) 239
▶ Adv. High En. Phys. Special issue
▶ AFTER@LHC Study Group Review: arXiv:1807.00603 [hep-ex]
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https://inspirehep.net/literature/1839432
https://inspirehep.net/literature/1716504
http://arxiv.org/abs/arXiv:1901.04482
http://arxiv.org/abs/arXiv:1902.00260
http://cds.cern.ch/record/2653780/
https://doi.org/10.1016/j.physrep.2012.10.001
https://www.hindawi.com/journals/ahep/si/354953/
http://arxiv.org/pdf/1807.00603.pdf
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The AFTER@LHC programme
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A Fixed-Target Programme at the LHC:

Physics Case and Projected Performances for Heavy-Ion, Hadron, Spin and

Astroparticle Studies

C. Hadjidakisa,1, D. Kikołab,1, J.P. Lansberga,1,∗, L. Massacriera,1, M.G. Echevarriac,2, A. Kusinad,2,

I. Schienbeine,2, J. Seixasf,g,2, H.S. Shaoh,2, A. Signorii,2, B. Trzeciakj,2, S.J. Brodskyk, G. Cavotol,

C. Da Silvam, F. Donaton, E.G. Ferreiroo,p, I. Hřivnáčováa, A. Kleinm, A. Kurepinq, C. Lorcér, F. Lyonnets,

Y. Makdisit, S. Porteboeufu, C. Quintansg, A. Rakotozafindrabev, P. Robbew, W. Scandalex,

N. Topilskayaq, A. Urasy, J. Wagnerz, N. Yamanakaa, Z. Yangaa, A. Zelenskit

a

Abstract

We review the context, the motivations and the expected performances of a comprehensive and ambitious

fixed-target program using the multi-TeV proton and ion LHC beams. We also provide a detailed account

of the different possible technical implementations ranging from an internal wire target to a full dedicated

beam line extracted with a bent crystal. The possibilities offered by the use of the ALICE and LHCb

detectors in the fixed-target mode are also reviewed.

in press in Physics Reports - DOI - 10.1016/j.physrep.2021.01.002

https://doi.org/10.1016/j.physrep.2021.01.002
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Three main research axes
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High-x partonic content of nucleons & nuclei
· Very large gluon PDF uncertainties for x ≳ 0.5.
· Gluon EMC effect to understand the quark EMC effect
· Proton charm content ↔ high-energy neutrino & cosmic-ray physics
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High-x partonic content of nucleons & nuclei
· Very large gluon PDF uncertainties for x ≳ 0.5.
· Gluon EMC effect to understand the quark EMC effect
· Proton charm content ↔ high-energy neutrino & cosmic-ray physics

Spin structure of (un)polarised nucleons
· proton spin decomposition and role of OAM Lg;q

· test of the QCD factorisation framework
· role of the linearly polarised gluons in unpolarised protons

Heavy-ion collisions towards large rapidities
· A complete set of heavy-flavour studies between SPS and RHIC energies
· Rapidity scan of the azimuthal asymmetries thanks to a broad rapidity reach
· Test the factorisation of cold nuclear effects from p+A to A+B collisions

with Drell-Yan



Kinematics

Energy range similar to RHIC

Effect of boost :

▶ LHCb/ALICE muon arms become backward detectors: [yc.m.s. < 0]
▶ ALICE central barrel becomes an extreme backward detector
▶ access the high x2 region (relevant for pp, uncharted in pA)
▶ the rapidity coverage depends on the target location

6 / 19



Kinematics
Energy range similar to RHIC
7 TeV proton beam on a fixed target

c.m.s. energy: Rapidity shift:
Boost:

7 TeV proton beam on a fixed target

GeV 1152  pN Ems
8.40  l byy60)2/(  msBoost:

c.m.s. energy: Rapidity shift:

2.76 TeV Pb beam on a fixed target
GeV 722 Pb  Ems NNN

8.40...  labsmc yy60)2/(  Nms

gy p y
Boost:

PbNNN

3.40...  labsmc yy40

Effect of boost :

▶ LHCb/ALICE muon arms become backward detectors: [yc.m.s. < 0]
▶ ALICE central barrel becomes an extreme backward detector
▶ access the high x2 region (relevant for pp, uncharted in pA)
▶ the rapidity coverage depends on the target location

6 / 19



Kinematics
Energy range similar to RHIC
7 TeV proton beam on a fixed target

c.m.s. energy: Rapidity shift:
Boost:

7 TeV proton beam on a fixed target

GeV 1152  pN Ems
8.40  l byy60)2/(  msBoost:

c.m.s. energy: Rapidity shift:

2.76 TeV Pb beam on a fixed target
GeV 722 Pb  Ems NNN

8.40...  labsmc yy60)2/(  Nms

gy p y
Boost:

PbNNN

3.40...  labsmc yy40

Effect of boost :

▶ LHCb/ALICE muon arms become backward detectors: [yc.m.s. < 0]
▶ ALICE central barrel becomes an extreme backward detector
▶ access the high x2 region (relevant for pp, uncharted in pA)
▶ the rapidity coverage depends on the target location

6 / 19



Kinematics
Energy range similar to RHIC
7 TeV proton beam on a fixed target

c.m.s. energy: Rapidity shift:
Boost:

7 TeV proton beam on a fixed target

GeV 1152  pN Ems
8.40  l byy60)2/(  msBoost:

c.m.s. energy: Rapidity shift:

2.76 TeV Pb beam on a fixed target
GeV 722 Pb  Ems NNN

8.40...  labsmc yy60)2/(  Nms

gy p y
Boost:

PbNNN

3.40...  labsmc yy40

Effect of boost :
▶ LHCb/ALICE muon arms become backward detectors: [yc.m.s. < 0]
▶ ALICE central barrel becomes an extreme backward detector

▶ access the high x2 region (relevant for pp, uncharted in pA)
▶ the rapidity coverage depends on the target location

6 / 19



Kinematics
Energy range similar to RHIC
7 TeV proton beam on a fixed target

c.m.s. energy: Rapidity shift:
Boost:

7 TeV proton beam on a fixed target

GeV 1152  pN Ems
8.40  l byy60)2/(  msBoost:

c.m.s. energy: Rapidity shift:

2.76 TeV Pb beam on a fixed target
GeV 722 Pb  Ems NNN

8.40...  labsmc yy60)2/(  Nms

gy p y
Boost:

PbNNN

3.40...  labsmc yy40

Effect of boost :
▶ LHCb/ALICE muon arms become backward detectors: [yc.m.s. < 0]
▶ ALICE central barrel becomes an extreme backward detector
▶ access the high x2 region (relevant for pp, uncharted in pA)

▶ the rapidity coverage depends on the target location

6 / 19



Kinematics
Energy range similar to RHIC
7 TeV proton beam on a fixed target

c.m.s. energy: Rapidity shift:
Boost:

7 TeV proton beam on a fixed target

GeV 1152  pN Ems
8.40  l byy60)2/(  msBoost:

c.m.s. energy: Rapidity shift:

2.76 TeV Pb beam on a fixed target
GeV 722 Pb  Ems NNN

8.40...  labsmc yy60)2/(  Nms

gy p y
Boost:

PbNNN

3.40...  labsmc yy40

Effect of boost :
▶ LHCb/ALICE muon arms become backward detectors: [yc.m.s. < 0]
▶ ALICE central barrel becomes an extreme backward detector
▶ access the high x2 region (relevant for pp, uncharted in pA)
▶ the rapidity coverage depends on the target location

6 / 19



Possible implementations
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(see also next talk by S. Mariani)



Part II

A selection of projected performances

For what is not covered here see:
AFTER@LHC study group review - C. Hadjidakis et al. 1807.00603

8 / 19

https://www.sciencedirect.com/science/article/pii/S0370157321000405?dgcid=author


Kinematical coverage for heavy flavours

2x
2−10 1−10 1

)2 c
 (

G
eV

/
T

m

0

5

10

15

20

25

 = 115 GeV, AFTER@LHCbNNs pp

c < 15 GeV/
T

bottomonium, p

c < 18 GeV/
T

charmonium, p

c < 20 GeV/
T

D meson, p

c < 16 GeV/
T

B meson, p

<5Lab2<y

2x
2−10 1−10 1

)2 c
 (

G
eV

/
T

m

0

5

10

15

20

25

 (z=0)µ = 115 GeV, AFTER@ALICENNs pp

c < 8 GeV/
T

bottomonium, p

c < 12 GeV/
T

charmonium, p

c < 12 GeV/
µ

T
 from charm, 4 < pµ

<4Lab2.5<y

OX
D meson with the Central Barrel at z=0

· unprecedented access to gluon dynamics over broad x range
· Both for LHCb and ALICE, the coverage also depends on the target

position

9 / 19



Kinematical coverage for heavy flavours

2x
2−10 1−10 1

)2 c
 (

G
eV

/
T

m

0

5

10

15

20

25

 = 115 GeV, AFTER@LHCbNNs pp

c < 15 GeV/
T

bottomonium, p

c < 18 GeV/
T

charmonium, p

c < 20 GeV/
T

D meson, p

c < 16 GeV/
T

B meson, p

<5Lab2<y

2x
2−10 1−10 1

)2 c
 (

G
eV

/
T

m

0

5

10

15

20

25

 (z=0)µ = 115 GeV, AFTER@ALICENNs pp

c < 8 GeV/
T

bottomonium, p

c < 12 GeV/
T

charmonium, p

c < 12 GeV/
µ

T
 from charm, 4 < pµ

<4Lab2.5<y

OX
D meson with the Central Barrel at z=0

· unprecedented access to gluon dynamics over broad x range

· Both for LHCb and ALICE, the coverage also depends on the target
position

9 / 19



Kinematical coverage for heavy flavours

2x
2−10 1−10 1

)2 c
 (

G
eV

/
T

m

0

5

10

15

20

25

 = 115 GeV, AFTER@LHCbNNs pp

c < 15 GeV/
T

bottomonium, p

c < 18 GeV/
T

charmonium, p

c < 20 GeV/
T

D meson, p

c < 16 GeV/
T

B meson, p

<5Lab2<y

2x
2−10 1−10 1

)2 c
 (

G
eV

/
T

m

0

5

10

15

20

25

 (z=0)µ = 115 GeV, AFTER@ALICENNs pp

c < 8 GeV/
T

bottomonium, p

c < 12 GeV/
T

charmonium, p

c < 12 GeV/
µ

T
 from charm, 4 < pµ

<4Lab2.5<y

OX
D meson with the Central Barrel at z=0

· unprecedented access to gluon dynamics over broad x range
· Both for LHCb and ALICE, the coverage also depends on the target

position

9 / 19



Charm prospects

· Extremely good prospects to measure charm

· down to zero pT [total x-section]
· over a wide rapidity coverage [xF → −1]
· with extremely high statistiscal precision in pp, pA and AA collisions
· Relevant for cosmic neutrinos

· LHCb-like detector: the background is well under control [see below]
LHCb (SMOG) Phys. Rev. Lett. 122, 132002 (2019)

· Looking at D → Kπ gives direct acces to charm – anticharm asymmetries
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Linearly polarised gluon TMD PDF
Extracting the distribution of linearly polarised gluons in an unpolarised proton: h⊥g

1

C. Hadjidakis et al., 1807.00603

Linearly polarised gluons alter the qT distribution of (pseudo)scalar
mesons and generates azimuthal asymmetries in pair production
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· Extremely large yields up to x2 → 1

· Same acceptance for pp collisions
· Decrease of the proton PDF uncertainties : FoM using Bayesian

reweighting
· as well as the nuclear PDF uncertainties
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ū

ū−PDF

0.0 0.2 0.4 0.6 0.8 1.0
x

5

0

5

10

R
d̄

d̄−PDF



Drell-Yan

15 / 19

C. Hadjidakis et al., 1807.00603

· Unique acceptance (with a LHCb-like detector) compared to existing DY
pA data used for nuclear PDF fit (E866 & E772 @ Fermilab).

· Extremely large yields up to x2 → 1

· Same acceptance for pp collisions
· Decrease of the proton PDF uncertainties : FoM using Bayesian

reweighting

· as well as the nuclear PDF uncertainties

pp case

10-4 10-3 10-2 10-1 100

x

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

R
u

u−PDFQ=1.3 GeV

CT14nlo

CT14nlo prof.

10-4 10-3 10-2 10-1 100

x

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

R
d

d−PDF

10-4 10-3 10-2 10-1 100

x

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4
R
ū
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ūW−PDF

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
x

0.4

0.6

0.8

1.0

1.2

1.4

1.6

R
W d̄

d̄
W−PDF



AN : Drell-Yan [LHCb-like detector]

D. Kikola et al. Few Body Syst. 58 (2017) 139

16 / 19

· DY pair production on a transversely polarised target is the aim of several
experiment (COMPASS, E1039, STAR, E1027)



AN : Drell-Yan [LHCb-like detector]

D. Kikola et al. Few Body Syst. 58 (2017) 139

16 / 19

· DY pair production on a transversely polarised target is the aim of several
experiment (COMPASS, E1039, STAR, E1027)

· Check the sign change in AN DY vs SIDIS: hot topic in spin physics !



AN : Drell-Yan [LHCb-like detector]

D. Kikola et al. Few Body Syst. 58 (2017) 139

16 / 19

· DY pair production on a transversely polarised target is the aim of several
experiment (COMPASS, E1039, STAR, E1027)

· Check the sign change in AN DY vs SIDIS: hot topic in spin physics !
· 3He↑ target → quark Sivers effect in the neutron via DY: unique !



AN : Drell-Yan [LHCb-like detector]

D. Kikola et al. Few Body Syst. 58 (2017) 139

16 / 19

· DY pair production on a transversely polarised target is the aim of several
experiment (COMPASS, E1039, STAR, E1027)

· Check the sign change in AN DY vs SIDIS: hot topic in spin physics !
· 3He↑ target → quark Sivers effect in the neutron via DY: unique !

↑x
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

D
Y

N
A

0.25−

0.2−

0.15−

0.1−

0.05−

0

0.05

0.1

 < 3lab
µµ2 < y

 < 4lab
µµ3 < y

 < 5lab
µµ4 < y

EIKV

AD'AM

2 < 9 GeV/cµµ4 < M
2dM = 0.5 GeV/c

 = 115 GeVs pp

-1 = 10 fbppL

 = 0.8Peff. pol. 

↑x

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

D
Y

N
A

1−
0.8−
0.6−
0.4−
0.2−

0
0.2
0.4

0.6
0.8

1

< 3lab
µµ2 < y

< 4lab
µµ3 < y

< 5lab
µµ4 < y

2< 9 GeV/cµµ4 < M
2dM = 1 GeV/c

= 115 GeVs↑He3p

-1= 2.5 fbL

= 0.7/3Peff. pol. 



AN : light mesons
”Flavour sign” change C. Hadjidakis et al., 1807.00603
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More about polarised Drell-Yan
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