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3 main research axes:

High-x gluon, antiquark and heavy-quark content in the nucleon & nucleus

- Very large gluon PDF uncertainties for x 2 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 gluon, antiquark and heavy-quark content in the nucleon & nucleus

- Very large gluon PDF uncertainties for x 2 0.5.
- Gluon EMC effect to understand the quark EMC effect

- Proton charm content
< high-energy neutrino & cosmic-ray physics
v

Dynamics and spin of gluons and quarks inside (un)polarised nucleons
- Possible missing contribution to the proton spin: Orbital Angular Momentum Ly, :
1 =AY+ AG+ L, + L,

272
- Test of the QCD factorisation framework
- Determination of the linearly polarised gluons in unpolarised protons
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- Possible missing contribution to the proton spin: Orbital Angular Momentum Ly, :
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272
- Test of the QCD factorisation framework
- Determination 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
- Test the formation of 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
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3 main research axes:

High-x gluon, antiquark and heavy-quark content in the nucleon & nucleus

- Very large gluon PDF uncertainties for x 2 0.5. Talk by A. Kusina on Wednesday
- Gluon EMC effect to understand the quark EMC effect
. Proton charm content Talk by F. Fleuret this morning

< high-energy neutrino & cosmic-ray physics
v

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

- Possible missing contribution to the proton spin: Orbital Angular Momentum Ly, :
1o 1AZ+AG+Eg+Lq‘

272
- Test of the QCD factorisation framework
- Determination of the linearly polarised gluons in unpolarised protons

Talk by N.Yamanaka on Tuesday

Heavy-ion collisions towards large rapidities Talk by A. Uras this morning

- A complete set of heavy-flavour studies between SPS and RHIC energies
- Test the formation of 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
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Part II1

Possible Implementations and Luminosities
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Fixed-target collisions at the LHC: main kinematical features
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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:

Rapidity shift: , 115Gev
y= \/gl(ZmN) ~ 60 Viaring: = 0— Yian = 438

2.76 TeV Pb beam on a fixed target

C.M.S. energy:/Su =+2mE,, ~72GeV

=
Rapidity shift: .
Boost: 7 ~40

72 GeV
— &
yc.m.s. =0—> ylab =43 Q

&
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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: 7 =+/sl(2m,) ~ 60

Rapidity shift: , 115Gev
yc.m.>. =0—> ylab =48

2.76 TeV Pb beam on a fixed target

C.M.S. energy:/Su =+2mE,, ~72GeV

-3
Rapidity shift:

Boost: y =40

72 GeV
— &
yc.m.s. =0—> ylab =43 g

&

Effect of boost :

[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=.[2mE, ~115GeV | Rapidity shift:

. 115 GeV
Boost: 7 =+/sl(2m,) ~ 60 Yems. =0 Yip =4.8

2.76 TeV Pb beam on a fixed target

C.M.S. energy:/Su =+2mE,, ~72GeV
Boost: y =40

-3
Rapidity shift:

72 GeV
yc.m.s. = 0 - ylab = 43 g - é
v
Effect of boost :

[particularly relevant for high energy beams]
@ LHCb and the ALICE muon arm become backward detectors

[}’c‘m.s. < 0]
@ The ALICE central barrel becomes an extreme backward detector
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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:

. 115 GeV
Boost: 7 =+/sl(2m,) ~ 60 Yems. =0 Yip =4.8

2.76 TeV Pb beam on a fixed target

C.M.S. energy:/Su =+2mE,, ~72GeV
Boost: y =40

Rapidity shift: g 72 GeV
yc.m.s. = 0 - ylab = 43

Effect of boost :

[particularly relevant for high energy beams]
@ LHCb and the ALICE muon arm become backward detectors

[}’c‘m.s. < 0]
@ The ALICE central barrel becomes an extreme backward detector
@ With the reduced /5, their acceptance for physics grows and nearly covers

half of the backward region for most probes [-1 < xf < 0]
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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: , T5Gev ;
Boost: 7 =+/s I(2m,) ~ 60 Yems. =0 ¥y =4.8 @
2.76 TeV Pb beam on a fixed target
c.m.s. energy:+/sw =+2mE,, = 72GeV | Rapidity shift: g 726 g
=0->vy,=43
Boost: y =40 Yems. lab @
v
Effect of boost :

[particularly relevant for high energy beams]
@ LHCb and the ALICE muon arm become backward detectors [Vem.s. < 0]

@ The ALICE central barrel becomes an extreme backward detector
@ With the reduced /5, 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 x;,

[uncharted for proton-nucleus coll.; most relevant for pp' with large x |

v
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N
POSSible implementations Talk by C. Hadjidakis this morning

Internal gas target (with or without storage cell)

J.P. Lansberg (IPNO) The AFTER@LHC programme October 4, 2018 8/21



N
POSSible implementations Talk by C. Hadjidakis this morning

Internal gas target (with or without storage cell)

- can be installed in one of the existing LHC caverns, and coupled to existing experiments

- validated by LHCb with SMOG [their luminosity monitor used as a gas target]

- uses the high LHC particle current: p flux: 3.4 x 10'® s™' & Pb flux: 3.6 x 10 s7}

- Hermes storage cell proposed in LHCb (R&D needed for coating and polarisation performance)
- A system like the polarised H-jet RHIC polarimeter (no storage cell) may also be used
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- Hermes storage cell proposed in LHCb (R&D needed for coating and polarisation performance)
- A system like the polarised H-jet RHIC polarimeter (no storage cell) may also be used

Bent crystal option: beam line vs split
- crystals successfully tested at the LHC for proton and lead beam collimation [UA9 collaboration]

Internal wire/foil target [used by Hera-B on the 920 GeV HERA p beam and by STAR at RHIC] J
- the LHC beam halo is recycled on dense target: proton flux: 5 x 108 s™! & lead flux: 2 x 10° s71 J
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Internal gas target (with or without storage cell)

- can be installed in one of the existing LHC caverns, and coupled to existing experiments

- validated by LHCb with SMOG [their luminosity monitor used as a gas target]
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- Hermes storage cell proposed in LHCb (R&D needed for coating and polarisation performance)
- A system like the polarised H-jet RHIC polarimeter (no storage cell) may also be used

Internal wire/foil target [used by Hera-B on the 920 GeV HERA p beam and by STAR at RHIC] J
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- crystals successfully tested at the LHC for proton and lead beam collimation [UA9 collaboration]
- the LHC beam halo is recycled on dense target: proton flux: 5 x 108 s™! & lead flux: 2 x 10° s71

- Beam line : provides a new facility with 7 TeV proton beam but requires civil engineering
- Beam split : similar fluxes; less/no civil engineering; could be coupled to an existing experiment

— Luminosities with internal gas target or crystal-based solutions are not very different
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- can be installed in one of the existing LHC caverns, and coupled to existing experiments

- validated by LHCb with SMOG [their luminosity monitor used as a gas target]
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- Hermes storage cell proposed in LHCb (R&D needed for coating and polarisation performance)
- A system like the polarised H-jet RHIC polarimeter (no storage cell) may also be used

Internal wire/foil target [used by Hera-B on the 920 GeV HERA p beam and by STAR at RHIC] J
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- crystals successfully tested at the LHC for proton and lead beam collimation [UA9 collaboration]
- the LHC beam halo is recycled on dense target: proton flux: 5 x 108 s™! & lead flux: 2 x 10° s71

- Beam line : provides a new facility with 7 TeV proton beam but requires civil engineering
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— The beam line option is currently a little too ambitious (this could change with FCC)
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N
POSSible implementations Talk by C. Hadjidakis this morning

Internal gas target (with or without storage cell)

- can be installed in one of the existing LHC caverns, and coupled to existing experiments

- validated by LHCb with SMOG [their luminosity monitor used as a gas target]

- uses the high LHC particle current: p flux: 3.4 x 10'® s™' & Pb flux: 3.6 x 10 s7}

- Hermes storage cell proposed in LHCb (R&D needed for coating and polarisation performance)
- A system like the polarised H-jet RHIC polarimeter (no storage cell) may also be used

Internal wire/foil target [used by Hera-B on the 920 GeV HERA p beam and by STAR at RHIC] J

Bent crystal option: beam line vs split
- crystals successfully tested at the LHC for proton and lead beam collimation [UA9 collaboration]
- the LHC beam halo is recycled on dense target: proton flux: 5 x 108 s™! & lead flux: 2 x 10° s71

- Beam line : provides a new facility with 7 TeV proton beam but requires civil engineering
- Beam split : similar fluxes; less/no civil engineering; could be coupled to an existing experiment

— Luminosities with internal gas target or crystal-based solutions are not very different
— The beam line option is currently a little too ambitious (this could change with FCC)
— The gas targets are the best polarised targets and satisfactory for heavy-ion studies

v
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One example of the solutions reviewed by the PBC working group

@y Solid targets

<7
)z

Conceptual design work for a crystal beam-splitting scenario with in-
beam solid targets in ALICE started by the proponents.
Compatibility with ALICE collider programme to be studied in detail.

Sketch of the internal solid target

Alice 10 192 - Crystal = 350 urad @ -72 m from P2 =
£ 6.5 TeV - Emittance = 5.05¢-10 m rad, sigma = §

o0 | Machine aperture

-

* movable target with pneumatic system
= 2valves on each side
» possibility to have several target types

max deflection 350 prad
/il distance target-beam axis ~13mirfe

* First study of single-crystal experiment at IP2 by F. Galluccio and W. Scandale
« Integration of a movable internal solid target with ALICE under study by K. Pressard

[Slide from S. Redealli, PBC workshop]|

The AFTER@LHC programme October 4, 2018
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SMOG: more than a demonstrator ?
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SMOG: more than a demonstrator ?

Beam Energy

2500 GeV
8 4000 Gev
B 6500 GeVv

107"

102

protons (Pb) on target [10%]

pNe pHe pAr PAr PbAr pHe pHe pNe pNe
2015 | 2016 | 2017

PhySiCS results now ﬂOWil’lg in : Talk by E. Maurice on Monday & F. Fleuret this morning
Limited statistical samples (400 J/v) and no pH baseline yet; £ppe ~ 7 nb™*
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Beam Energy
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8 4000 Gev
B 6500 GeVv

protons (Pb) on target [10%]

pNe pHe pAr PAr PbAr pHe pHe pNe pNe
2015 | 2016 | 2017

. PhySiCS results now ﬂOWil’lg in : Talk by E. Maurice on Monday & F. Fleuret this morning

- Limited statistical samples (400 J/) and no pH baseline yet; Lpme = 7 nb™

- Plan to install a storage cell [SMOG2] to increase the target local density

- Different options discussed for future LHCb upgrades: No decision taken yet
- However decision for the installation of a vacuum valve during LS2.
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- Physics results now flowing in : Talk by E. Maurice on Monday & E. Fleuret this morning

- Limited statistical samples (400 J/) and no pH baseline yet; Lpme = 7 nb™

- Plan to install a storage cell [SMOG2] to increase the target local density

- Different options discussed for future LHCb upgrades: No decision taken yet
- However decision for the installation of a vacuum valve during LS2.

Can ALICE catch up ? Certainly !
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SMOG: more than a demonstrator ?

Beam Energy

2500 GeV
8 4000 Gev
B 6500 GeVv

protons (Pb) on target [10%]

pNe pHe pAr PAr PbAr pHe
2015 | 2016

pHe pNe pNe
| 2017

- Physics results now flowing in : Talk by E. Maurice on Monday & E. Fleuret this morning

- Limited statistical samples (400 J/) and no pH baseline yet; Lpme = 7 nb™

- Plan to install a storage cell [SMOG2] to increase the target local density

- Different options discussed for future LHCb upgrades: No decision taken yet
- However decision for the installation of a vacuum valve during LS2.

Can ALICE catch up ? Certainly !

My suggestion: slightly modify during LS2 the beampipe to have a small

vacuum zone between 2 valves

[usable by a solid-target+crystal, a wire target or a gas target a la SMOG]

J.P. Lansberg (IPNO) The AFTER@LHC programme

October 4, 2018
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Luminosity comparison

[w/o detector constraints]

‘ Beam
P Pb
Target L At Jc L At fc
[em~2s7"] [s] [nb~"] [em~2s7!] [s] | [mb7"]
SMOG He, Ne, Ar 5.8 x10% 2.5 x10° 145 7.4 x10% 10 0.074
HT 43 x10% 107 43x10* 5.6 x10% 10° 0.56
Hy 3.6 x (10 -10%) 107 | 3.6 x (107 -10%) | 4.66 x (10% -10°) | 10° | 466-4660
Gas-Jet 30 7 4 26 6
D' 4.3 %10 10 43 %10 5.6 x10% 10 0.56
He! 3.6 10 107 3.6 x10° 4.66 x10% 10° 47
Internal gas target = 3 55 3
H' 0.92 x10% 107 9.2 x10 1.18 x10° 10f 118
Hy 5.8 x10% 107 5.8 x107 7.5 x10% 10° 750
Storage Cell DT 1.1 x10% 107 1.1 x107 1.4 x10% 10 140
He! 3.7 x10% 107 3.7 x107 4.7 x10% 10° 474
Xe 2.34 x10%2 107 2.34 100 3.0 x10% 10° 30
Internal solid Wire ¢ 2.8 x10% 107 2.8 x10* 5.6 x10% 10° 0.56
target with Target Ti 1.4 x10% 107 1.4 x10* 2.8 x10% 10° 0.28
beam halo (0.5 mm) w 1.6 X103 107 1.6 x10* 3.1 x10% 10 0.31
NH] 7.2 x10%! 107 7.2 x10° 1.4 x10% 10° 14
E1039 H o
ND} 7.2 x10%! 107 7.2 x10° 1.4 x10% 10° 14
Beam splitting Unpolarised C 2.8 x10°! 107 2.8 x10° 5.6 x1077 10° 5.6
solid Ti 1.4 x10%! 107 1.4 x10° 2.8 x107 10° 2.8
target (5 mm) w 1.6 x10%! 107 1.6 x10° 3.1 x10%7 10° 3.1
NH] 7.2 x10%! 107 2 x10° 1.4 x10% 10° 14
E1039 ; X 0‘ 0 7.2x (; X (J7 0
. ND] 7.2 x10°%! 107 7.2 x10 1.4 x10% 10° 14
Beam extraction + 3 - - 55 3
NH] 1.0 x10 10 1.0 x10 2.0 x10° 10f 200
COMPASS 3 ;« . - .
butanol T 2.7 x10% 107 2.7 x10 5.3 x10% 10/ 53

NB: The storage-cell figures correspond to a 1-m long cell with a coating with the same performances as the
HERMES-cell coating (a priori not compliant with the LHC requirement).
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I Beam
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Gas-Jet " 30 7 a 26 6
D 4.3 10 10 43 %10 5.6 x10% 100|056
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HERMES-cell coating (a priori not compliant with the LHC requirement).
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Luminosity comparison

[w/o detector constraints]

I Beam
P Pb
Target L At Iz L At fc
[em™2s7] [s] [nb~'] [em™2s7'] [s] | [mb™']
SMOG He, Ne, Ar 5.8 x10% 2.5 x10° 145 7.4 x10% 10° | 0.074
H 43 x10% 107 43x10* 5.6 x10% 10° 0.56
H, 3.6x (1033 -103) 107 3.6x (107 -108) | 4.66 x (1022 -10%%) | 10° | 466-4660
Gas-Jet o N
D 43 x10% 107 43x10* 5.6 x10% 10° 0.56
He! 3.6 x10* 107 3.6 x10° 4.66 x10% 10° 47
Internal gas target X 7 6 29
H' 0.92 x10 107 9.2 x10 1.18 x10° 10° 118
H, 5.8 x10% 107 5.8 x107 7.5 x10% 10° 750
Storage Cell D! 1.1 x10% 107 1.1 x107 1.4 x10% 100 140
He! 3.7 x10% 107 3.7 %107 4.7 x10% 100 | 474
Xe 234 x10%2 107 2.34 x10° 3.0 x10% 100 30
Internal solid Wire c 2.8 x10% 107 2.8 x10* 5.6 x10% 10° | 0.56
target with Target Ti 1.4 x10% 107 1.4 x10* 2.8 x10%° 100 028
beam halo (0.5 mm) w 1.6 x10%° 107 1.6 x10* 3.1 x10% 106 0.31
NH] 7.2x10%! 107 7.2x10° 1.4 x10% 100 14
E1039 ’ :
ND} 7.2x10%! 107 7.2 x10° 1.4 x10% 100 14
Beam splitting Unpolarised [ 2.8 x10°! 107 2.8 x10° 5.6 %1077 10° 5.6
solid Ti 1.4 x10°! 107 1.4 x10° 2.8 x107 10° 2.8
target (5 mm) w 1.6 x10%! 107 1.6 x10° 3.1 %1077 10 3.1
NH 7.2 x10%! 107 7.2 x10° 1.4 x10% 100 14
E1039 N
ND 7.2 x10°! 107 7.2 x10° 1.4 x10% 10° 14
Beam extra .
NH} 1.0 x10%4 107 1.0 x107 2.0 x10% 10° 200
COMPASS » ;
butanol T 2.7 x10% 107 2.7 x10° 5.3 x10% 10° 53

NB: The storage-cell figures correspond to a 1-m long cell with a coating with the same performances as the
HERMES-cell coating (a priori not compliant with the LHC requirement).
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Luminosity comparison

[w/o detector constraints]

I Beam
P Pb
Target L At Iz L At fz
[em™2s7] [s] [nb~'] [em™2s7'] [s] | [mb™'"]
SMOG He, Ne, Ar 5.8 x10% 2.5 x10° 145 7.4 x10% 10° | 0.074
HT 43 x10% 107 43x10* 5.6 x10% 10° 0.56
H, 3.6x (1033 -103) 107 3.6x (107 -108) | 4.66 x (1022 -10%%) | 10° | 466-4660
Gas-Jet T 30 7 a 26 6
D 4.3 10 10 4.3 %10 5.6 x10% 100|056
He! 3.6 x10* 107 3.6 x10° 4.66 x10% 10° 47
Internal gas target — 3 — = 5
H 0.92 x10 107 9.2 x10 1.18 x10° 10° 118
H, 5.8 x10% 107 5.8 x107 7.5 x10% 10°0 750
Storage Cell D' 1.1 x10% 107 1.1 x107 1.4 x10% 100 140
3He! 3.7 x10% 107 3.7 %107 4.7 x10% 10° 474
Xe 234 x10%2 107 2.34 x10° 3.0 x10% 100 30
Internal solid Wire c 2.8 x10% 107 2.8 x10* 5.6 x10% 10° | 0.56
target with Target Ti 1.4 x10% 107 1.4 x10* 2.8 x10%° 100 028
beam halo (0.5 mm) w 1.6 x10%° 107 1.6 x10* 3.1 x10% 106 0.31
NH] 7.2x10°! 107 7.2 x10° 1.4 x10% 100 14
E1039 H :
ND} 7.2x10%! 107 7.2 x10° 1.4 x10% 100 14
Beam splitting Unpolarised [ 2.8 x10°! 107 2.8 x10° 5.6 %1077 10° 5.6
solid Ti 1.4 x10°! 107 1.4 x10° 2.8 x107 10° 2.8
target (5 mm) w 1.6 x10%! 107 1.6 x10° 3.1 %1077 10 3.1
NH 7.2 x10%! 107 7.2 x10° 1.4 x10% 100 14
E1039 ; N
ND 7.2 x10°! 107 7.2 x10° 1.4 x10% 10° 14
Beam 33 7 7 29 6
NH] 1.0 x10 10 1.0 x107 2.0 X107 10| 200
COMPASS ‘, :
butanol T 2.7 x10% 107 2.7 x100 53 x10% 10° 53

NB: The storage-cell figures correspond to a 1-m long cell with a coating with the same performances as the
HERMES-cell coating (a priori not compliant with the LHC requirement).
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Luminosity comparison

[w/o detector constraints]

I Beam
P Pb

Target L At Iz L At fc
[em™2s7] [s] [nb~'] [em™2s7'] [s] | [mb™']
SMOG He, Ne, Ar 5.8 x10% 2.5 x10° 145 7.4 x10% 100 0.074

HT 43 x10% 107 43x10* 5.6 x10% 10° 0.56

i H, 3.6x (1033 -103) 107 3.6x (107 -108) | 4.66 x (1022 -10%%) | 10° | 466-4660
as-Jef N

D 43 x10% 107 43x10* 5.6 x10% 10° 0.56

Internal gas tareet He! 3.6 x10* 107 3.6 x10° 4.66 x10% 10° 47
g tare H' 0.92 x10% 107 9.2 x10° 1.18 x10% 10°0 118

H, 5.8 x10% 107 5.8 x107 7.5 x10% 10°0 750

Storage Cell D! 1.1 x10% 107 1.1 x107 1.4 x10% 100 140

He! 3.7 x10% 107 3.7 %107 4.7 x10% 100 | 474

Xe 234 x10%2 107 2.34 x10° 3.0 x10% 100 30

Internal solid Wire c 2.8 x10% 107 2.8 x10* 5.6 x10% 10° | 0.56
target with Target Ti 1.4 x10% 107 1.4 x10* 2.8 x10%° 100 028
beam halo (0.5 mm) w 1.6 x10% 107 1.6 x10* 3.1 x10% 10°] 031

£1039 NH] 7.2x10°! 107 7.2 x10° 1.4 x10% 100 14

ND} 7.2x10%! 107 7.2 x10° 1.4 x10% 100 14

Beam splitting Unpolarised [ 2.8 x10°! 107 2.8 x10° 5.6 %1077 10° 5.6
solid Ti 1.4 x10°! 107 1.4 x10° 2.8 x107 10° 2.8

target (5 mm) W 1.6 x10%! 107 1.6 x10° 3.1 %1077 106 3.1

£1039 NH] 7.2 x10%! 107 7.2 x10° 1.4 x10% 100 14

B ) ND 7.2 x10°! 107 7.2 x10° 1.4 x10% 10° 14

eam a

COMPASS NH] 1.0 x10% 107 1.0 x107 2.0 x10% 10° 200

S butanol T 2.7 x10* 107 2.7 x10° 5.3 x10% 10° 53

NB: The storage-cell figures correspond to a 1-m long cell with a coating with the same performances as the
HERMES-cell coating (a priori not compliant with the LHC requirement).
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Luminosity comparison [w detector constraints]
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Luminosity COIl’lp&I'iSOIl [w detector constraints]

LHCDb ‘possible’

Assumption: Rates only constrained by the DAQ (40 MHz for pp coll.)
Lsz/HT: 10 fb! yr_l; Lpxe: 300 pb_1 yr_l; Lpbxe: 30 nb™ yr_1
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Luminosity comparison [w detector constraints]

LHCDb ‘possible’

Assumption: Rates only constrained by the DAQ (40 MHz for pp coll.)
Lsz/HT: 10 fb! yr_l; Lpxe: 300 pb_1 yr_l; Lpbxe: 30 nb™ yr_1

LHCb ‘SMOG?2’ baseline for Run3

Assumption: Storage cell installed, very parasitic mode
Ly beam: 30 pb’1 (on H,D or Ar); £ pp peam: 5 nb~" (on Ar)

ALICE ‘possible’ from Run4*

Assumption: Readout rate: 50 kHz in PbPb coll. and possibly up to 1 MHz in pp and pA coll.
With internal gas target: Esz/H“ 250 pbfl; Lpbxe: 8nb~!

With beam splitting and solid target: L,w: 6 pb71 s Lppw: 3nb ™

* : Unless valves can be installed during LS2 (see my suggestion above)
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Part IV

Examples of Heavy-Ion Studies

J.P. Lansberg (IPNO) The AFTER@LHC programme October 4, 2018 13/21



Kinematical coverage for heavy flavours

m; (Gevic?)

25

20

15F

10

pp Sy = 115 GeV, AFTER@LHCD
[777] bottomonium, p_ <15 Gevic
charmonium, p, < 18 GeV/c
D meson, p, < 20 GeVic
B meson, p, <16 GeVic

2<ybes

107

J.P. Lansberg (IPNO)

.- e a— — ———rr
1L E ]
] % L PP \sy = 115 GeV, AFTER@ALICE (z=0) 1
1 2 50 777 votomonium, p, <8 Gevic ;
o2 é_ N charmonium, p, < 12 GeVic ]
C  from charm, 4 < p} < 12 GeVic ]
15—
[ 25<®<q
10 7
5
0 2 1
1 10~ 10~ 1
X3 X3
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25

20

15F

10

pp Sy = 115 GeV, AFTER@LHCD
[777] bottomonium, p_ <15 Gevic
charmonium, p, < 18 GeV/c
D meson, p, < 20 GeVic
B meson, p, <16 GeVic

2<ybes

107
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T - e a— — ———rr
1L E ]
] % L PP \sy = 115 GeV, AFTER@ALICE (z=0) 1
1 2 50 77 votomonium, p, <8 Gevic ;
o2 é_ N charmonium, p, < 12 GeVic ]
C  from charm, 4 < p} < 12 GeVic ]
15—
[ 25<®<q
10 7
5
0 2 1
1 10~ 10~ 1
X3 X3
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Kinematical coverage for heavy flavours

o~ 25Ty ———rerry ) g 25—y — ———rr
L L 1L C
% L pp Vsy = 115 GeV, AFTER@LHCb ] % L PP Vs = 115 GeV, AFTER@ALICEp (2=0) i
© o[ 7777 botiomonium, p, <15 Gevic 1 2 50 77 votomonium, p, <8 Gevic ]
g r charmonium, p, < 18 Gevic g r charmonium, p, < 12 Gevic ]
5 D meson, p, <20 GeVic C J from charm, 4 < p! < 12 GeVic
15+ B meson, p, < 16 GeV/c 15—
2<y'<s5 L 25«
10 10~
5 5
0 2 1 0 2 1
10 10 x 10 10 X;

ALICE could also cover 7y, ~ 1 — 2 for quarkonia into dileptons with one
muon in the muon arm and another in the central barrel
[done for UPCs in the collider mode, see C. Mayer at QM 2018]
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Kinematical coverage for heavy flavours

o~ 25Ty ———rerry ——— o~ 25—y — ———rr
L L 1L
> [ pp {5y = 115GeV, AFTER@LHCD 1 3 [ pp V5= 115GeV, AFTER@ALICEY (2=0) ]
(S bottomonium, p, < 15 GeV/c 1 9 L bottomonium, p_ < 8 GeV/c ]
20 T 20 T
g r charmonium, p, < 18 Gevic g r charmonium, p, < 12 Gevic ]
5 D meson, p, <20 GeVic C J from charm, 4 < p! < 12 GeVic
15 B meson, p_ <16 GeV/c 15—
2<y'<s5 L 25«
10 10
5 5
0 0 ” ]
-2 -1 \—2 -
10 10 le 10 10 X3

ALICE could also cover 7y, ~ 1 — 2 for quarkonia into dileptons with one
muon in the muon arm and another in the central barrel

[done for UPCs in the collider mode, see C. Mayer at QM 2018]
NB: The coverage depends on the target position
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Heavy ions: rapidity scan & quarkonium precision studies

Deconfined quarks
and gluons

% Future NICA Experiments
"

Future FAIR Experiments

Critical Point

—

Color
e €ae Superconductor

/ Vacuum Neutron Stars
-
T

0 MeV
hemical Potential
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Heavy ions: rapidity scan & quarkonium precision studies

@ Energy domain: between SPS and
RHIC

Deconfined quarks
and gluons

% Future NICA Experiments
"

Future FAIR Experiments

Critical Point

—

Color
e €ae Superconductor

/ Vacuum Neutron Stars
-
T

0 MeV
hemical Potential

The AFTER@LHC programme October 4, 2018 15/ 21



Heavy ions: rapidity scan & quarkonium precision studies

Early Universe

@ Energy domain: between SPS and QB B paiies

RHIC 1
@ Rapidity scan to scan through yp & T Aoy Deconfined quarks
. R % and gluons
with a good PID (LHCb and ALICE) (A 5o

Future NICA Expenments
Future FAIR Exp:

Critical Point

|
Hadron Gas Colgr
Superconductor

Matter Neutron Stars
T T

-
900 MeV
Bal Chemical Potential
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Heavy ions: rapidity scan & quarkonium precision studies

Early Universe

@ Energy domain: between SPS and 1 G B peiinets
RHIC

@ Rapidity scan to scan through pp & T Deconf;neld quarks
with a good PID (LHCb and ALICE) S

@ Atbackward rapidities, lower
backgrounds

@ Handle on more quarkonium states

¢ : % Future NICA Experiments
(e.8. Xc,b» 1) and on open charm and { o™ Flture FAIR Experiments
beauty k

Critical Point

—

e €ae Superconductor

Matter Neutron Stars
T T

-
900 MeV
Baryon Chemical Potential
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Heavy ions: rapidity scan & quarkonium precision studies

1Early Universe

@ Energy domain: between SPS and
RHIC

@ Rapidity scan to scan through yp & T Deconf;neld quarks
with a good PID (LHCb and ALICE) el

@ Atbackward rapidities, lower
backgrounds

£ LHC Experiments

@ Handle on more quarkonium states y ¥
(e-g Xcb» 1<) and on open charm and (o i A oo
beauty g

. Critical Point 5

@ FoMs for y. and 7. to be done in |
cooperation with the LHCb and Hadion Gas
ALICE collaborations with advanced pucea R I
simulations L ~ I

900 MeV
Baryon Chemical Potential

Superconductor
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Heavy ions: rapidity scan & quarkonium precision studies

1Early Universe

£ LHC Experiments

@ Energy domain: between SPS and
RHIC

@ Rapidity scan to scan through pp & T Dec"a'::l“eﬂ“?:: rks
with a good PID (LHCb and ALICE) 9

@ Atbackward rapidities, lower
backgrounds

@ Handle on more quarkonium states
(e.8. Xc,b» 1) and on open charm and
beauty

Critical Point

@ FoMs for y. and 7. to be done in c |
cooperation with the LHCb and fadron Gas Superconductor
ALICE collaborations with advanced o N
simulations - ~ T T

900 MeV
Baryon Chemical Potential

Even with 1 billion J/y’s, the direct ] /y yield will remain unprecise by 30 % !
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N
Rapidity scan

; 150 IS S B B S e e S S B B RN S B S S m
() [ 62.4 Gev 27 Gev
S [ 0<y=<05 0<y<05 19.6 GeV ]
0<y<05
— 140} ﬁ( '
= % L 11.5GeV. ]
O<y<05
72Gev 12 Gev 72 Gev
L e .', -
130 [ osycos U giliaa T 1T

_ 726ev |yl
y = yc.m.s. 4<y<4s

+++O++ Rapidity scan T, K, p, A
D> Energyscan 0<y<0.5 T, K, p, A

110..|....|....|....|.
100 200 300 400

M, [MeV]

120}

V. Begun, D. Kikola, V. Vovchenko, D. Wielanek, PRC 98 (2018) 034905
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N
Rapidity scan

150

T [MeV]

130}

120

110

72
7260V ps5iyzs 7269V

Y = Yems.

0=+ Rapidity scan T, K, p, A

0s<y<0 35<y<4

0=<y<05 0<y=<05 196 GeV

juPy

72 GeV
4sys4s

> Energyscan 0<y<0.5 T, K, p, A

115 GeV
0<y<05

7.7 GeV
0sy<05

H

100 200

300

MB [MeV] 0.1

V. Begun, D. Kikola, V. Vovchenko, D. Wielanek, PRC 98 (2018)

J.P. Lansberg (IPNO)

400

0.0

T T T T
PbPb \syy = 72 GeV g00sf

g "

entrality 20-30%
pion

The AFTER@LHC programme

]
kaon
proton
antiproton =0.0051- 1
3 N
J l 1. Tab 4
" T | E
1 M events (Ldt = 1.4ub") _;
ALICE LHCb
T T T T
0 1 2 3 4 5
r]]ab
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Quarkonium Projections: heavy-ion collisions

B.Trzeciak et al. Few-Body Syst (2017) 58:148
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Quarkonium Projections: heavy-ion collisions

B.Trzeciak et al. Few-Body Syst (2017) 58:148

@ Like for nPDF studies (see later), multiple quarkonium studies are needed
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Quarkonium Projections: heavy-ion collisions

B.Trzeciak et al. Few-Body Syst (2017) 58:148
@ Like for nPDF studies (see later), multiple quarkonium studies are needed

@ Clear need for a reliable pA baseline
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Quarkonium Projections: heavy-ion collisions

B.Trzeciak et al. Few-Body Syst (2017) 58:148
@ Like for nPDF studies (see later), multiple quarkonium studies are needed
@ Clear need for a reliable pA baseline

@ Statistical-uncertainty projections (accounting for background subtraction)

o 12—
2
g 2 T T @) 45l PPb-Xe V5=72Gev AFTERGLHCSm
O 1 &M L= 250ppt
L =72GeV 1 3 an w(s)
M, + P o PbXe 1 o LT Lye=2pbT Ly =300t ePhXe  WPb-Xe
5 [ ]
E 1.5 u pXe . 1.05) op-Xe Op-Xe
[~ N ] il +
[ ] 0.95
1 P | iy ‘ 1
N | T 1 b 09 1 n .
L ] 1 + #
L 1 0.85
L 1 4
0.5~ - 0 P
[ ] 075 pY >0.7 Gevic
[ 3<y,<5 LHCblike ] ok L
0 1 1 25 3 35
Y(1S) Y(2S) Y(3S) y
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Part V

One example of Cold Nuclear Matter Study
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Gluons at the high-x frontier TR e e
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Gluons at the high-x frontier

16
@ First extremely promising 14

projections 12
[NB: initial nPDF uncertainties for x > 0.1 (red i
band) are underestimated; simply no data exist %Im 1
there. Projection done assuming that other nuclear 0.8
effect are under control.]

0.6
0.4

16
14
12

Xe
RQ
-

08 ff

0.6
0.4

Talk by A. Kusina on Wednesday

p+Xe Vs =115 GeV A

10 bt
Lpp=101b

Original &3
HEmHy 22

He=2.01g
1F=0.54,
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Gluons at the hlgh-x frontier Talk by A. Kusina on Wednesday

1.6 [ pixe Vsgn=115 Gev [ QN 6 [ p+Xe Veyy=115 GeV/

i isi Lyp=10b Lpp=10 b
@ First extremely promising 14 o op : At e

projections 12
[NB: initial nPDF uncertainties for x > 0.1 (red

band) are underestimated; simply no data exist %Im 1y
there. Projection done assuming that other nuclear 08 H
effect are under control.]

@ Proton PDFs studies : yet to be
done along the lines of the
studies carried out for low-x
gluon at the LHC 16

PROSA Coll. Eur.Phys.J. C75 (2015) 396; R. Gauld, J. Rojo PRL 118 (2017) 072001y

12

Xe
RQ
-

s ff

0.6 .
Original &3 3 Original

=y i He=to
0.4 =201 & 3 4 =20y
=051y ] =051y
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Gluons at the hlgh-x frontier Talk by A. Kusina on Wednesday
1.6 | prxe syy=115 GeV p+Xe V=115 GeV
@ First extremely promising 14 Lyto Lyt 1™
projections 12

[NB: initial nPDF uncertainties for x > 0.1 (red
band) are underestimated; simply no data exist %Im
there. Projection done assuming that other nuclear 08 H

effect are under control.]
0.6

@ Proton PDFs studies : yet to be N
done along the lines of the 04 ez
studies carried out for low-x
gluon at the LHC 16 e TS Gev
PROSA Coll. Eur.Phys.J. C75 (2015) 396; R. Gauld, J. Rojo PRL118 (2017) 072001 14 Lpp=10 [
l» Contrary to nPDF studies 12
bearing on nuclear modification g 1§
factors, one needs ways to reduce o8 ff

the systematical theory 0.6

: Original
. o =
uncertainties 04 | ySom

HE=0.50,

Original
Hezhy 2

He=2.0}1p &

Hg=05lg 1

0 02 04 06 08
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Gluons at the hlgh-x frontier Talk by A. Kusina on Wednesday
) o e Yoy=115 Gev N 6 1 e Vo115 Gev
@ First extremely promising _ 7 0t ] ab o e

projections

[NB: initial nPDF uncertainties for x > 0.1 (red
band) are underestimated; simply no data exist %Im
there. Projection done assuming that other nuclear
effect are under control.]

@ Proton PDFs studies : yet to be
done along the lines of the
studies carried out for low-x
gluon at the LHC

PROSA Coll. Eur.Phys.J. C75 (2015) 396; R. Gauld, J. Rojo PRL 118 (2017) 072001

l» Contrary to nPDF studies
bearing on nuclear modification 2,

o
factors, one needs ways to reduce
the systematical theory orgnal ] 6 ongna
uncertainties 4 L ATo d 4o
1e=0.540 ] 1e=0.540
X X
Reward: unique constraints on gluon PDFs at high x and low scales J
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Part VI

Conclusion
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Conclusions

@ THREE MAIN THEMES PUSH FOR A FIXED-TARGET PROGRAM AT THE LHC
S.J. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg. Phys.Rept. 522 (2013) 239
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o The high x frontier: new probes of the confinement
and connections with astroparticles
e The nucleon spin and the transverse dynamics of the partons
e Heavy-ion studies
new energy, new rapidity domain and new probes
@ 2 WAYS TOWARDS FIXED-TARGET COLLISIONS WITH THE LHC BEAMS
o A slow extraction with a bent crystal
o An internal gas target inspired from SMOG@LHCb/Hermes/H-Jet, ...

@ Based on fast simulations, the AFTER@LHC study group has made FoMs
for LHCb and ALICE in the FT mode

which clearly support a full physics program
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Conclusions

@ THREE MAIN THEMES PUSH FOR A FIXED-TARGET PROGRAM AT THE LHC
S.J. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg. Phys.Rept. 522 (2013) 239

o The high x frontier: new probes of the confinement
and connections with astroparticles

e The nucleon spin and the transverse dynamics of the partons

e Heavy-ion studies
new energy, new rapidity domain and new probes

@ 2 WAYS TOWARDS FIXED-TARGET COLLISIONS WITH THE LHC BEAMS
o A slow extraction with a bent crystal
o An internal gas target inspired from SMOG@LHCb/Hermes/H-Jet, ...

@ Based on fast simulations, the AFTER@LHC study group has made FoMs

for LHCb and ALICE in the FT mode
which clearly support a full physics program

@ Our review is now out [arXiv:1807.00603] and will feed in the European Strategy via
the Physics Beyond Colliders Working Group
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Part VII

Backup slides
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Qualitative comparison

Internal gas target

Internal solid target

Beam splitting

Beam extr:

Characteristics SMOG | Gas Jet | Storage Cell with beam halo

Run duration™® * *ok >k * ok * Kk k
Parasiticity” * ok k *k ok * *k * ok k
Integrated lumi- * *k *k * *k * %k
nosity'®

Absolute  lumi- * >k *k * *k * K Kk
nosity determina-

tion'?

Target versality'® ok o _— ok x -
Target polarisa- - *x ** - -/ %20 *
tion!?

Use of existing *k * * * * -
experiment®!

Civil engineering || * * * *k *k *k *k *
or R&D 2

Cost * kK *k ke ok *k *
Implementation * x ok *ok *k *k *k *
time

High x* * *% * ok K * >/ e * * kK
Spin Physi - * * K * %k * - -/ *x * % K
Heavy-Ion® * *k *ok */ % % *k *k ok

Table 8: Qualitative comparison of the various technological solutions.
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Further readings

Heavy-Ion Physics
@ Estimation of the freeze-out parameters reachable in the AFTER@LHC project by V. Begun, D. Kikola,
V. Vovchenko, D. Wielanek, Phys. Rev. C 98 (2018)

@ Rapidity scan in heavy ion collisions at \/sNN = 72 GeV using a viscous hydro + cascade model by 1.
Karpenko: arXiv:1805.11998 [nucl-th]

Gluon shadowing effects on J [y and Y production in p+Pb collisions at \/syN = 115 GeV and Pb+p
collisions at \/syn = 72 GeV at AFTER@LHC by R. Vogt. Adv.Hi.En.Phys. (2015) 492302.

@ Prospects for open heavy flavor measurements in heavy-ion and p+A collisions in a fixed-target
experiment at the LHC by D. Kikola. Adv.Hi.En.Phys. (2015) 783134

@ Quarkonium suppression from coherent energy loss in fixed-target experiments using LHC beams by E.
Arleo, S.Peigne. [arXiv:1504.07428 [hep-ph]]. Adv.Hi.En.Phys. (2015) 961951

@ Anti-shadowing Effect on Charmonium Production at a Fixed-target Experiment Using LHC Beams by
K. Zhou, Z. Chen, P. Zhuang. Adv.High Energy Phys. 2015 (2015) 439689

@ Lepton-pair production in ultraperipheral collisions at AFTER@LHC
By J.P. Lansberg, L. Szymanowski, ]. Wagner. JHEP 1509 (2015) 087

@ Quarkonium Physics at a Fixed-Target Experiment using the LHC Beams. By J.P. Lansberg, S.J.
Brodsky, E. Fleuret, C. Hadjidakis. [arXiv:1204.5793 [hep-ph]]. Few Body Syst. 53 (2012) 11.
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Further readings

Spin physics

@ Transverse single-spin asymmetries in proton-proton collisions at the AFTER@LHC experiment by K.
Kanazawa, Y. Koike, A. Metz, and D. Pitonyak. [arXiv:1502.04021 [hep-ph]. Adv.Hi.En.Phys. (2015)
257934.

@ Transverse single-spin asymmetries in proton-proton collisions at the AFTER@LHC experiment in a
TMD factorisation scheme by M. Anselmino, U. D’Alesio, and S. Melis. [arXiv:1504.03791 [hep-ph]].
Adv.Hi.En.Phys. (2015) 475040.

@ The gluon Sivers distribution: status and future prospects by D. Boer, C. Lorcé, C. Pisano, and J. Zhou.
[arXiv:1504.04332 [hep-ph]]. Adv.Hi.En.Phys. (2015) 371396

@ Azimuthal asymmetries in lepton-pair production at a fixed-target experiment using the LHC beams
(AFTER) By T. Liu, B.Q. Ma. Eur.Phys.]J. C72 (2012) 2037.

@ Polarized gluon studies with charmonium and bottomonium at LHCb and AFTER By D. Boer, C.
Pisano. Phys.Rev. D86 (2012) 094007.
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Further readings

Hadron structure

@ Exclusive vector meson photoproduction in fixed - target collisions at the LHC by V.P. Goncalves, M.M.
Jaime. Eur.Phys.]J. C78 (2018) no.9, 693

Double-quarkonium production at a fixed-target experiment at the LHC (AFTER@LHC).
by J.P. Lansberg, H.S. Shao. [arXiv:1504.06531 [hep-ph]]. Nucl.Phys. B900 (2015) 273-294

@ Next-To-Leading Order Differential Cross-Sections for Jpsi, psi(2S) and Upsilon Production in
Proton-Proton Collisions at a Fixed-Target Experiment using the LHC Beams (AFTER@LHC)
by Y. Feng, and ].X. Wang. Adv.Hi.En.Phys. (2015) 726393.

@ 1. production in photon-induced interactions at a fixed target experiment at LHC as a probe of the
odderon
By V.P. Goncalves, W.K. Sauter. arXiv:1503.05112 [hep-ph].Phys.Rev. D91 (2015) 9, 094014.

@ A review of the intrinsic heavy quark content of the nucleon
by S. J. Brodsky, A. Kusina, E Lyonnet, I. Schienbein, H. Spiesberger, and R. Vogt. Adv.Hi.En.Phys.
(2015) 231547

Hadronic production of E.c at a fixed-target experiment at the LHC
By G. Chen et al.. Phys.Rev. D89 (2014) 074020.
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Further readings

Feasibility study and technical ideas

@ Feasibility Studies for Single Transverse-Spin Asymmetry Measurements at a Fixed-Target Experiment
Using the LHC Proton and Lead Beams (AFTER@LHC) by Daniel Kikola et al. [arXiv:1702.01546
[hep-ex]]. Few Body Syst. 58 (2017) 139.

@ Heavy-ion Physics at a Fixed-Target Experiment Using the LHC Proton and Lead Beams
(AFTER@LHC): Feasibility Studies for Quarkonium and Drell-Yan Production by B. Trzeciak et al.
[arXiv:1703.03726 [nucl-ex]] Few Body Syst. 58 (2017) 148

@ Feasibility studies for quarkonium production at a fixed-target experiment using the LHC proton and
lead beams (AFTER@LHC) by L. Massacrier, B. Trzeciak, E. Fleuret, C. Hadjidakis, D. Kikola,
J.P.Lansberg, and H.S. Shao arXiv:1504.05145 [hep-ex]. Adv.Hi.En.Phys. (2015) 986348

@ A Gas Target Internal to the LHC for the Study of pp Single-Spin Asymmetries and Heavy Ion Collisions
by C. Barschel, P. Lenisa, A. Nass, and E. Steffens. Adv.Hi.En.Phys. (2015) 463141

@ Quarkonium production and proposal of the new experiments on fixed target at LHC by N.S.
Topilskaya, and A.B. Kurepin. Adv.Hi.En.Phys. (2015) 760840
Generalities

@ Physics Opportunities of a Fixed-Target Experiment using the LHC Beams
By S.J. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg. [arXiv:1202.6585 [hep-ph]]. Phys.Rept. 522
(2013) 239.
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