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The fixed-target mode at the LHC

The fixed-target mode with TeV beams: why and what for ?

4 decisive features

@ accessing the high x frontier (x| = 1% - 1]
@ achieving high luminosities,

@ varying the atomic mass of the target almost at will,

@ polarising the target.

3 physics cases

e High-x gluon, antiquark and heavy-quark content in the nucleon & nucleus
@ Transverse dynamics and spin of gluons inside (un)polarised nucleons

@ Heavy-ion physics between SPS & RHIC energies towards large rapidities

All this can be realised at CERN in a parasitic
mode with the most energetic beams ever !

Nota: all (past) colliders with E, > 100 GeV have had a fixed-target program (Tevatron, HERA, SPS, RHIC)
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The fixed-target mode at the LHC

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

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

Rapidity shift:
yCJ‘H.b, =0—> ylab =48

2.76 TeV Pb beam on a fixed target

C.M.S. energy:/Sw =+2mEy, = 72GeV

Boost: y~40

Rapidity shift:
yc.m.s. = 0 - YIab = 43
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The fixed-target mode at the LHC

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: , 5Gev ;
Boost: 7 =+/s/(2m,) ~ 60 Yems =0 Vi, =4.8 @
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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

J.P. Lansberg (IPNO, Paris-Sud U.)

AFTER@LHC April 4, 2017 4/21



The fixed-target mode at the LHC

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 Yoms =0 ¥, =4.8 @
2.76 TeV Pb beam on a fixed target

C.M.S. energy: /sy =+2m,E,, ~72GeV | Rapidity Shgt; .l &ﬁv’ é
Boost: y~40 Yems. =V Yiap =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]

@ LHCD and the ALICE muon arm become backward detectors [Ye.m.s. < 0]
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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
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The fixed-target mode at the LHC

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: , 5Gev ';
Boost: 7 =+/s/(2m,) ~ 60 Yems =0 Vi, =4.8 @
2.76 TeV Pb beam on a fixed target

c.m.s. energy:\/ﬂa/ZmN Ep, #72GeV | Rapidity shi(;t: 43 sﬂ ;

Boost: v~ 40 Yems. =V Vi =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]

@ LHCD and the ALICE muon arm become backward detectors [Vem.s. < 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 xrget (= x2)

[uncharted for proton-nucleus; most relevant for p-p! with large x' ]
AFTER@LHC
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The fixed-target mode at the LHC

LHCDb acceptance for various colliding modes
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@ (1) Fixed-target using p beam, E, = 7 TeV
@ (2) Fixed-target using Pb beam, Epj, = 2.76 A.TeV
@ (3) Collider using p beams, E, = 7 TeV
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The fixed-target mode at the LHC

ALICE muon acceptance for various colliding modes
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@ (1) Fixed-target using p beam, E, = 7 TeV
@ (2) Fixed-target using Pb beam, Epj, = 2.76 A.TeV
@ (3) Collider using p beams, E, = 7 TeV
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The fixed-target mode at the LHC

Possible implementations

Nota: In most of the cases, the luminosity is limited by the detector or by the parasiticity
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The fixed-target mode at the LHC

Possible implementations

@ Internal gas target (see next slide)
- can be installed in one of the existing LHC caverns, and coupled to existing experiments
- currently validated by the LHCb collaboration via a luminosity monitor (SMOG)

- bears on the high LHC particle current
- proton flux: 3.4 x 10" s™! & lead flux: 3.6 x 10 57!
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- currently validated by the LHCb collaboration via a luminosity monitor (SMOG)
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Possible implementations

@ Internal gas target (see next slide)
- can be installed in one of the existing LHC caverns, and coupled to existing experiments

- currently validated by the LHCb collaboration via a luminosity monitor (SMOG)

- bears on the high LHC particle current
- proton flux: 3.4 x 10" s™! & lead flux: 3.6 x 10 57!

@ Internal wire target [used by Hera-B on the 920 GeV HERA p beam and by STAR at RHIC]
@ Beam line extracted by a bent crystal
- the most ambitious solution [civil engineering required]

- provides a new facility with 7 TeV proton beam

- the LHC beam halo is recycled
- proton flux: 5x 10° s7! & lead flux: 2 x 10° s~

Nota: In most of the cases, the luminosity is limited by the detector or by the parasiticity
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The fixed-target mode at the LHC

Possible implementations

Internal gas target (see next slide)
- can be installed in one of the existing LHC caverns, and coupled to existing experiments
- currently validated by the LHCb collaboration via a luminosity monitor (SMOG)

- bears on the high LHC particle current
- proton flux: 3.4 x 10" s™! & lead flux: 3.6 x 10 57!

Beam line extracted by a bent crystal

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

- the most ambitious solution [civil engineering required]

- provides a new facility with 7 TeV proton beam

- the LHC beam halo is recycled
- proton flux: 5x 10° s7! & lead flux: 2 x 10° s~

Beam split by a bent crystal

- intermediate option which reduces the civil enginneering

- might be coupled to an existing experiment
- similar fluxes

Nota: In most of the cases, the luminosity is limited by the detector or by the parasiticity
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The fixed-target mode at the LHC

Possible implementations

Internal gas target (see next slide)
- can be installed in one of the existing LHC caverns, and coupled to existing experiments

- currently validated by the LHCb collaboration via a luminosity monitor (SMOG)
- bears on the high LHC particle current
- proton flux: 3.4 x 10" s™! & lead flux: 3.6 x 10 57!
Internal wire target [used by Hera-B on the 920 GeV HERA p beam and by STAR at RHIC]
Beam line extracted by a bent crystal
- the most ambitious solution [civil engineering required]
- provides a new facility with 7 TeV proton beam
- the LHC beam halo is recycled
- proton flux: 5x 10° s7! & lead flux: 2 x 10° s~
Beam split by a bent crystal

- intermediate option which reduces the civil enginneering

- might be coupled to an existing experiment
- similar fluxes
Similar luminosities with an internal gas target or a crystal-based solution
PP PA PbA
o010 fb'yr™")  0(01-17'yr!)  O@1-50nb 'yr ")
Nota: In most of the cases, the luminosity is limited by the detector or by the parasiticity
-Sud U.) AFTER@LHC April 4, 2017 7121
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SMOG(-like) system HERMES(-like) system
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SMOG(-like) system

- SMOG: System for Measuring Overlap with Gas
- Designed for precise luminosity determination

- Noble gas directly injected in the VELO
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SMOG(-like) system HERMES(-like) system
- SMOG: System for Measuring Overlap with Gas - Injection of gas in an open-end storage cell
- Designed for precise luminosity determination - Used e.g. at DESY for 10 years

- Noble gas directly injected in the VELO
v p(He,Ne,Ar), Pb(Ne,Ar) tested : completely
parasitic [up to one week, so far]
v/ New pressure monitoring to be installed
v/ Could be coupled to ALICE: ideal demonstrator
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Internal gas targets

SMOG(-like) system HERMES(-like) system

- SMOG: System for Measuring Overlap with Gas - Injection of gas in an open-end storage cell

- Designed for precise luminosity determination - Used e.g. at DESY for 10 years

- Noble gas directly injected in the VELO v Dedicated pumping system  [turbo-molecular pumps]
v p(He,Ne,Ar), Pb(Ne,Ar) tested : completely v/ Pressure in the cell significantly higher

parasitic [up to one week, so far] [diameter < 2cm in the closed position]

v New pressure monitoring to be installed v Polarised H and D can be injected ballistically with
v Could be coupled to ALICE: ideal demonstrator high polarisation

v Polarised *He or unpolarised heavy gas (Kr, Xe)
can also be injected
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Internal gas targets

SMOG(-like) system

- SMOG: System for Measuring Overlap with Gas
- Designed for precise luminosity determination
- Noble gas directly injected in the VELO
v p(He,Ne,Ar), Pb(Ne,Ar) tested : completely
parasitic [up to one week, so far]
New pressure monitoring to be installed
Could be coupled to ALICE: ideal demonstrator
X No specific pumping system: limits the injected gas
[pressure and duration]
X No possibility to use polarised gases
X Gas flows in the beampipe; pressure profile not
optimised
X Krand Xe maybe only at end of a run

J.P. Lansberg (IPNO, P

AFTER@LHC
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- Injection of gas in an open-end storage cell
- Used e.g. at DESY for 10 years

Dedicated pumping system  [turbo-molecular pumps]
Pressure in the cell significantly higher
[diameter < 2cm in the closed position]
Polarised H and D can be injected ballistically with
high polarisation
Polarised *He or unpolarised heavy gas (Kr, Xe)
can also be injected
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SMOG(-like) system

- SMOG: System for Measuring Overlap with Gas

- Designed for precise luminosity determination

- Noble gas directly injected in the VELO

p(He,Ne,Ar), Pb(Ne,Ar) tested : completely
parasitic [up to one week, so far]

New pressure monitoring to be installed

Could be coupled to ALICE: ideal demonstrator

X No specific pumping system: limits the injected gas

[pressure and duration]

X No possibility to use polarised gases

Gas flows in the beampipe; pressure profile not
optimised

Kr and Xe maybe only at end of a run
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- Injection of gas in an open-end storage cell
- Used e.g. at DESY for 10 years

Dedicated pumping system  [turbo-molecular pumps]
Pressure in the cell significantly higher
[diameter < 2cm in the closed position]
Polarised H and D can be injected ballistically with
high polarisation
Polarised *He or unpolarised heavy gas (Kr, Xe)
can also be injected
Not compatible with an injection inside ALICE;
only upstream

May need complementary vertexing capabilities
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SMOG(-like) system

- SMOG: System for Measuring Overlap with Gas
- Designed for precise luminosity determination
- Noble gas directly injected in the VELO
v p(He,Ne,Ar), Pb(Ne,Ar) tested : completely
parasitic [up to one week, so far]
v/ New pressure monitoring to be installed
v/ Could be coupled to ALICE: ideal demonstrator
X No specific pumping system: limits the injected gas
[pressure and duration]
X No possibility to use polarised gases
X Gas flows in the beampipe; pressure profile not
optimised
X Krand Xe maybe only at end of a run
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Internal gas targets

SMOG(-like) system

- SMOG: System for Measuring Overlap with Gas

- Designed for precise luminosity determination

- Noble gas directly injected in the VELO

p(He,Ne,Ar), Pb(Ne,Ar) tested : completely
parasitic [up to one week, so far]

New pressure monitoring to be installed

Could be coupled to ALICE: ideal demonstrator

No specific pumping system: limits the injected gas

[pressure and duration]

No possibility to use polarised gases

Gas flows in the beampipe; pressure profile not
optimised

Kr and Xe maybe only at end of a run

entries / 16 MeVic
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W invariant mass (MeVic?)

AFTER@LHC

HERMES(-like) system

- Injection of gas in an open-end storage cell
- Used e.g. at DESY for 10 years

Dedicated pumping system  [turbo-molecular pumps]
Pressure in the cell significantly higher
[diameter < 2cm in the closed position]
Polarised H and D can be injected ballistically with
high polarisation
Polarised *He or unpolarised heavy gas (Kr, Xe)
can also be injected
Not compatible with an injection inside ALICE;
only upstream

May need complementary vertexing capabilities

The simulations showed in
Part IT are based on this
set-up coupled to a LHCb
like detector
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Beam splitting option

Beam splitting option

Proposed at the Physics Beyond Collider workshop Sept.2016 (S.Redaelli, W.Scandale)
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All devices placed in available slots in IR8
The crystal 1 is at 5.0 o from the center-line, whilst the collimation system has the 2016
nominal settings, with the primary TCP at 5.5 .

@ Crystal located ~ 100 m downstream the target to deflect the beam halo

@ Solid target close to the nominal interaction point

@ Absorber 100 m upstream for the non-interacting beam halo
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Part I1

A selection of projected performances

What is not covered by lack of time

Heavy-ion physics case

Azimuthal asymmetries [Spin]
Photon related observables [High-x, Spin]
W boson [High-x, Spin]
Antiproton and related x-section measurements for astroparticle MC tuning [High-x]
C-even quarkonia [High-x, Spin]
Associated production (beyond double J/y) [Spin]

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER@LHC April 4, 2017 10/ 21



R
Drell-Yan

D. Kikola et al.. arXiv:1702.01546 [hep-ex]

Sud U.) AFTER@LHC April 4, 2017 11/21



Drell-Yan

D. Kikola ef al.. arXiv:1702.01546 [hep-ex]
Unique acceptance (with a LHCb-like detector) compared to existing DY pA data used for
nuclear PDF fit (E866 & E772 @ Fermilab).

Drell-Yan, pXe@ Vs=115GeV ,2< Y':: <5, p: >1.2GeV/c, L =100 pb‘1
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- Same acceptance for pp collisions
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Drell-Yan D. Kikola ef al.. arXiv:1702.01546 [hep-ex]

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

- Same acceptance for pp collisions

- Extremely large yields up to x, — 1 [plot made for pXe with a Hermes like target]

Drell-Yan, pXe@ Vs=115GeV ,2< Y'::l’ <5, p: >1.2GeV/c, L =100 pb‘1
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Drell-Yan D. Kikola ef al.. arXiv:1702.01546 [hep-ex]

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

- Same acceptance for pp collisions

- Extremely large yields up to x, — 1 [plot made for pXe with a Hermes like target]
- No existing measurements at RHIC

Drell-Yan, pXe@ Vs=115GeV ,2< Y'::l’ <5, p: >1.2GeV/c, L =100 pb‘1
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Drell-Yan performances for spin analyses  [LHCb-like detector]

D. Kikola et al.. arXiv:1702.01546 [hep-ex]
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Drell-Yan performances for spin analyses  [LHCb-like detector]

D. Kikola et al.. arXiv:1702.01546 [hep-ex]
- DY pair production on a transversely

polarised target is the aim of several
experiment (COMPASS, E1039, STAR, E1027)
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Drell-Yan performances for spin analyses  [LHCb-like detector]

D. Kikola et al.. arXiv:1702.01546 [hep-ex]
DY pair production on a transversely
polarised target is the aim of several

Experiment particles  beam en- 5 (GeV) Xl Lems™h Py F (em 57!
. ergy (GeV)
experlment (COMPASS, E1039, STAR, E1027) - ey (Ge
AFTER@LHCb  p+p' 7000 15 005095 1-10% 80% 64107
. . TER@LHC et 2095 25.107 23% a1
Check the Slgn Change in AN DY Vs AFTER@LHCb  p+ Hf 7000 15 005095  2.5-10° 23% 1.4-10°
AFTER@ALICE, p+p 7000 115 0.1+03 2.5-10° 80% 1610
SIDIS: hot tOplC in spin phySlCS ! COMPASS T +pl 190 19 005055 2-10% 18% 65-10%
(CERN)
PHENIX/STAR pl+pt collider 510 005+ 0.1 210 50% 50-10"
RHIC)
E1039 (FNAL)  p+p' 120 15 01045  4-10% 15% 9.0-10%
E1027 (FNAL) P+p 120 15 03509 2-10% 60% 7.2-10%
NICA (JINR) pl+p collider 26 0.1+08 1-10% 70% 4910
{sSPHENIX pl+pt collider 200 0.1+05 8-10° 60% 2910
(RHIC)
fSPHENIX pr+pt collider 510 005:06  6-107 50% 15107
(RHIC)
PANDA (GSI) p+pt 15 55 02+04 2102 20% 8.0- 10
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Drell-Yan performances for spin analyses  [LHCb-like detector]

D. Kikola et al.. arXiv:1702.01546 [hep-ex]
DY pair production on a transversely

polarised target is the aim of several
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Drell-Yan performances for spin analyses  [LHCb-like detector]

D. Kikola et al.. arXiv:1702.01546 [hep-ex]
DY pair production on a transversely

polarised target is the aim of several

. Experiment particles  beam en- 5 (GeV) Xl Lems™h) Py F (ems7!)
experiment (COMPASS, E1039, STAR, E1027) _w GV
AFTER@LHCb  p+p' 7000 15 005095 1-10% 80% 64107
M 1 AFTER@LHCb  p+*He” 7000 15 005095  25-10% 23% 14107
Check the sign change in Ay DY vs
AFTER@ALICE, p+p 7000 115 01+03  25-10% 80% 16-10%
SIDIS: hOt tOpiC in Spin phySiCS ! E‘((ml@is ! 190 19 005055  2-10% 18% 65-10%
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an exploration phase to a consolidation E1039 (FNAL)  p+p' 120 15 01-1045 4-10: 15% 9.0 m:
E1027 (FNAL) pW +p 120 15 0.35+09 2-10° 60% 7.2.10°
phase NICA (JINR) pl+p collider 26 0.1+08 1-10% 70% 4910
3 + {sPHENIX pl+pt collider 200 0.1+05 8- 10° 60% 2910
. (RHIC)
With a “"He target’ access to the quark fSPHENIX pl+pt collider 510 005:06  6-10% 50% 15107
s s . : (RHIC)
Sivers eﬂ:eCt m the neutron via DY: PANDA (GSI) p+p 15 55 02+04 2-10% 20% 8.0 10°
5 r
unique . o3 T T T T T ! T T T T

T T
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Drell-Yan performances for nuclear matter analysis

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER@LHC April 4, 2017 13 /21



.
Drell-Yan performances for nuclear matter analysis

- New constraints on quark nPDF with DY in pA collisions
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Drell-Yan performances for nuclear matter analysis

- New constraints on quark nPDF with DY in pA collisions

- Stat. uncertainties smaller than nPDF: discrimating power
[only 1 bin out of 5 shown; global syst. : pp vs pA lumi.]

Yiab(M K )
1.8 2.8 3.8 4.8 5.8 6.8 7.8
1.2 T T T T T
Drell-Yan process at Vs =115 GeV AFTER
11 F EPSO09 error == 4
projected uncertainty +——
1
ALICE gt K
09 F = 35
g - — C‘)C
E 40
EEQ 0.8 | 3 :E]
= | 2
0.7 f EPS09LO+CTEQ6L1 1
LHCb  7<Mu*u)<8
0.6 -—HH 3
05 F E
0.4 L L L L L
-3 -2 -1 0 1 2 3
Yems (W)

[ Lpp =10 1675 L,pp =100 pb~']
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- Extremely good prospects to measure charm
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Open heavy flavour: charm

- Extremely good prospects to measure charm

p° yield per year [per 1 GeV bin]

- down to zero pr

over a wide rapidity coverage

with extremely high statistiscal precision in pp, pA and AA collisions

1e+10

1e+08

1e+06

10000

100

10 fb'\' of pp colliswon‘s at sqri(s)=1 1‘5 GeV

<e>=10%; Bry,=3.93 %

2<y'§$’<3 — _
3<yISIP<4 - —
4<yISIP<5‘ —

Same yields for p°

5 10
Prpo (GeV)

15

20

AFTER@LHC

[total x-section]

[xr = —1]
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.
Open heavy flavour: charm

- Extremely good prospects to measure charm

- With a LHCb-like detector, the background is well under control

p° yield per year [per 1 GeV bin]

- down to zero pr

over a wide rapidity coverage
with extremely high statistiscal precision in pp, pA and AA collisions

1e+10

1e+08

1e+06

10000

100

[total x-section]

[xr = —1]

S = 110 GeV pAr

LHCb preliminary

Ny = 6451 £ 90

o ~ 8 MeV/c?

10 fb'\' of pp colliswon‘s at sqri(s)=1 1‘5 GeV
<e>=10%; Bry,=3.93 %
7 & F
< 1800
X -0 1600
Same yields for D = oE-
> 1200;
7 o
g 1000
S F
2<y'§$’<3 — _ -g 800[—
3<V:SP<4 o — 8 soof-
4<y§1!’<5‘ L ‘ o0
5 10 15 20 200 :— —
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AFTER@LHC
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Open heavy flavour: charm

Extremely good prospects to measure charm

- down to zero pr [total x-section]
over a wide rapidity coverage [xr - —1]
with extremely high statistiscal precision in pp, pA and AA collisions

With a LHCb-like detector, the background is well under control [see below]

Looking at D — K gives direct acces to charm — anticharm asymmetries

1e+10 T — T
= 10 fb™ of pp collisions at sqrt(s)=115 GeV
5 <e>=10%; Bry,=3.93 %
3 te+08 | E
9 4 1800—
g > 1600 LHCb preliminary
= 1e+06 Same yields for Do A E VS = 110 GeV pAr
g 10 1400~
> Z F
12001~ Npo = 6451 £ 90
EJ_ 10000 - B SF o
T 1000—
e iap 8 o ~ 8 MeV/c?
@ 100 | 2<ypi<3 — — 5 o0
c>> 3<VISP<4 - — 8 a0
o | — E
] 4<y§1!’<5‘ ‘ ‘ - soof-
0 5 10 15 20 200 :— —
F,T,DO (GeV) [ T ‘m‘ec‘ ’ ‘18‘50‘ 1900 1920 1940

m(K %) [MeV/c?]
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Open charm projections

- 'This huge data sample over a wide kinematical
coverage gives a unique handle on the charm
content in the proton at high x [Only 1 bin shown]
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Open charm projections

This huge data sample over a wide kinematical
coverage gives a unique handle on the charm
content in the proton at high x [Only 1 bin shown]
Longstanding debate in the QCD community:
pertubative vs. non-perturbative origin

Yield relative uncertainty due to c(x)

101b " of pp collisions at sqri(s)=115 GeV j j
Syst. : 5%, <e> = 10%; 2<yp0<3, Bryy=3.93 %
central c(x) with scale uncert.
AFTERaILHC projected uncertainty —
Coloured curves: yield uncert. from IC

P 0 (GeV)

Sud U.) AFTER@LHC

D. Kikola et al.. arXiv:1702.01546 [hep-ex]
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Open charm projections

This huge data sample over a wide kinematical
coverage gives a unique handle on the charm
content in the proton at high x [Only 1 bin shown]
Longstanding debate in the QCD community:
pertubative vs. non-perturbative origin

Yield relative uncertainty due to c(x)

Relevant for cosmic neutrinos
[not well constrained by lack of inputs]

101b " of pp collisions at sqri(s)=115 GeV
Syst. : 5%, <e> = 10%; 2<yp0<3, Bryy=3.93 %

central c(x) with scale uncert.
AFTERaILHC projected uncertainty —
Coloured curves: yield uncert. from IC

P 0 (GeV)
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D. Kikola et al.. arXiv:1702.01546 [hep-ex]
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Open charm projections

101b " of pp collisions at sqri(s)=115 GeV
Syst. : 5%, <e> = 10%; 2<yp0<3, Bryy=3.93 %

sl central c(x) with scale uncert.
\ AFTERaILHC projected uncertainty —
Coloured curves: yield uncert. from IC

This huge data sample over a wide kinematical
coverage gives a unique handle on the charm
content in the proton at high x [Only 1 bin shown]

Longstanding debate in the QCD community:
pertubative vs. non-perturbative origin

Yield relative uncertainty due to c(x)

Relevant for cosmic neutrinos o
[not well constrained by lack of inputs] ‘oz & & 8w u

P 0 (GeV)

i D. Kikola et al.. arXiv:1702.01546 [hep-e:
D can also be collected with a transversely ot e at. artiv [hep-ex]

polarised target [Never measured]
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Open charm projections

This huge data sample over a wide kinematical
coverage gives a unique handle on the charm
content in the proton at high x [Only 1 bin shown]
Longstanding debate in the QCD community:
pertubative vs. non-perturbative origin

Relevant for cosmic neutrinos

Yield relative uncertainty due to c(x)

[not well constrained by lack of inputs]

101b " of pp collisions at sqri(s)=115 GeV j j
Syst. : 5%, <e> = 10%; 2<yp0<3, Bryy=3.93 %
sl central c(x) with scale uncert.

\ AFTERaILHC projected uncertainty —
Coloured curves: yield uncert. from IC

P 0 (GeV)

D can also be collected with a transversely

polarised target

[Never measured]

Gives access to the tri-gluon correlation and the

gluon Sivers effect

ris-Sud U.)

[related to L]

AFTER@LHC

D. Kikola et al.. arXiv:1702.01546 [hep-ex]
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Open charm projections

0 o pp collisions at sqri(s)=115 GeV j j
This huge data sample over a wide kinematical N R m%;:gg;g;g&zfimawe o, |
] projected uncertainty —
coverage gives a unique handle on the charm 3 Coloured curves:yiold uncer. rom 10
content in the proton at high x [Only 1 bin shown] E i |
Longstanding debate in the QCD community: § ar \
pertubative vs. non-perturbative origin é .|
Relevant for cosmic neutrinos g _
[not well constrained by lack of inputs] %o 2 r . D%(Gev) s o 1
D can also be collected with a transversely D- Kikola et al. arXiv:1702.01546 [hep-ex]
polarised target [Never measured] O X e TG T e 1o ]
Gives access to the tri-gluon correlation and the 0.1 PHENX 125950 GeVle -~ Tuist:S mode}2 (043
gluon Sivers effect [related to L] o5 i 4
Differences in AQO and AQO gives acces to C-odd < o
correlators [No other facility can directly 005 E
measure this; PHENIX via charged muons o1 epe21is1sziGeve 3
ST T A T

arXiv:1703.09333]

5 006 -0.04 0.02 0 002 0.04 006 008 01
F

[ Beware of the unconventional definition of xr at RHIC which does not correspond to x; — x; in the fixed target mode]
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Open charm projections

This huge data sample over a wide kinematical
coverage gives a unique handle on the charm
content in the proton at high x [Only 1 bin shown]
Longstanding debate in the QCD community:
pertubative vs. non-perturbative origin
Relevant for cosmic neutrinos

[not well constrained by lack of inputs]

Yield relative uncertainty due to c(x)

101b " of pp collisions at sqri(s)=115 GeV

Syst. : 5%, <e> = 10%; 2<yp0<3, Bry,=3.93 %
sl central c(x) with scale uncert.

\ AFTERatLHC projected uncertainty —

Coloured curves: yield uncert. from IC

P 0 (GeV)

D can also be collected with a transversely
polarised target [Never measured]
Gives access to the tri-gluon correlation and the
gluon Sivers effect [related to L]

Differences in AQO and AQO gives acces to C-odd
correlators [No other facility can directly
measure this; PHENIX via charged muons
arXiv:1703.09333]

Precision at the per cent level with AFTER@LHC

D. Kikola et al.. arXiv:1702.01546 [hep-ex]

F Yems
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i
AR RARRGRARES]

T T T T
=225 p+p (5=115GeV  SIDISL
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[ Beware of the unconventional definition of xr at RHIC which does not correspond to x; — x; in the fixed target mode]
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Quarkonium Projections

Our aim is to measure a complete set of heavy-flavours to use them as tools
[gluon luminometers (TMDs, PDFs, nPDFs), QGP effects]
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Quarkonium Projections

Our aim is to measure a complete set of heavy-flavours to use them as tools
[gluon luminometers (TMDs, PDFs, nPDFs), QGP effects]

- Wide rapidity coverage; Pr up 20 GeV, down to 0 GeV
[Rapidity coverage important to pin down nuclear effects]
B. Trzeciak, L. Massacrier et al., 1504.05145 [hep-ex], Adv.Hi.En.Phys. (2015) 986348
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Quarkonium Projections

Our aim is to measure a complete set of heavy-flavours to use them as tools
[gluon luminometers (TMDs, PDFs, nPDFs), QGP effects]

- Wide rapidity coverage; Pr up 20 GeV, down to 0 GeV
[Rapidity coverage important to pin down nuclear effects]
B. Trzeciak, L. Massacrier et al., 1504.05145 [hep-ex], Adv.Hi.En.Phys. (2015) 986348

- Typically 10° charmonia, 10° bottomonia per year
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Quarkonium Projections

Our aim is to measure a complete set of heavy-flavours to use them as tools
[gluon luminometers (TMDs, PDFs, nPDFs), QGP effects]

- Wide rapidity coverage; Pr up 20 GeV, down to 0 GeV
[Rapidity coverage important to pin down nuclear effects]
B. Trzeciak, L. Massacrier et al., 1504.05145 [hep-ex], Adv.Hi.En.Phys. (2015) 986348

- Typically 10° charmonia, 10° bottomonia per year

Unique opportunity to access to C-even quarkonia (x.», #1c) + associated production
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Quarkonium Projections

Our aim is to measure a complete set of heavy-flavours to use them as tools
[gluon luminometers (TMDs, PDFs, nPDFs), QGP effects]

- Wide rapidity coverage; Pr up 20 GeV, down to 0 GeV
[Rapidity coverage important to pin down nuclear effects]
B. Trzeciak, L. Massacrier et al., 1504.05145 [hep-ex], Adv.Hi.En.Phys. (2015) 986348

- Typically 10° charmonia, 10° bottomonia per year
Unique opportunity to access to C-even quarkonia (x.», #1c) + associated production

Full background simulations show very good prospects in all systems
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Quarkonium Projections 2

- Ay for all quarkonia (J/y, ¥/, Y(nS), xc,» & 71c) can be measured D Kikola et al.. 1702.01546 [hep-ex]
[So far, only J/w by PHENIX with large uncertainties]
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Quarkonium Projections 2

Ay for all quarkonia (J/y, ¥/, Y(nS), xc» & 7c) can be measured D Kikola et al.. 1702.01546 [hep-ex]
[So far, only J/w by PHENIX with large uncertainties]
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Quarkonium Projections 2

Ay for all quarkonia (J/y, ¥/, Y(nS), xc,» & #c) can be measured  D. Kikola et al.. 1702.01546 [hep-ex]
[So far, only J/w by PHENIX with large uncertainties]

Also access on polarised neutron (*He') at the per cent level !
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Quarkonium Projections 2

Ay for all quarkonia (J/y, ¥/, Y(nS), xc,» & #c) can be measured  D. Kikola et al.. 1702.01546 [hep-ex]
[So far, only J/w by PHENIX with large uncertainties]

Also access on polarised neutron (*He') at the per cent level !
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Xe Xe
Completely new perspectives to study the gluon Sivers effect [and beyond — L,]
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Quarkonium Projections 2

Ay for all quarkonia (J/y, ¥/, Y(nS), xc» & #c) can be measured

D. Kikola et al.. 1702.01546 [hep-ex]

[So far, only J/w by PHENIX with large uncertainties]

Also access on polarised neutron (*He') at the per cent level !

0.1

0. T Aanan Asanaasase T B e isaaaasass e
. 08F -vas 3
- V5= 200 GeV Rev. D 82, 112008 (2010) 4
02] 5= 200 GeV (Phys. Rev. (2010) ock s 3
== St unc. projection o0 @y ]
02F El
T I H< h{ fe §
] I S G
it pol. P= 0713 l 1 04 E
£ P 1 _oebef.po.P=073 El
p+He (5, =115GeV L =25fb* —0.8F P+He (5, =115GeV L =25fb* El
| L L , _ TN T TORTT
3 -025 -02 -015 -01 -005 0 005 01 -0.4-0.35-0.3-0.25-02-0.15-0.1-0.05 0 0.05 0.1

Xe

Xe

Completely new perspectives to study the gluon Sivers effect
Di-J/y allow one to study the k1 dependence of the gluon Sivers function for the very first time !

ris-Sud U.)

[and beyond — L,]

0.6 T T T ]
[ stat. unc. projection |
0.4 _+ 4vinswiith equal yields !
[ ——dk;=1GeVic ]
0.2F [ 4
2 elidedde ol ]
s P TrrerTTeTTTTTT J ]
-0.2F -
o4 PP 5=115GeV Ly =10fb? B
F eff.pol. P=08 1
Y o PO T TN T ST
05 1 15 2 25 3 35 4 45
K& [Geviq)
AFTER@LHC

o

April 4, 2017 18 /21



R
UPC in the fixed target mode and J/y production

JPL, L. Massacrier, L. Szymanowski, J. Wagner, in progress

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER@LHC April 4, 2017 19 /21



R
UPC in the fixed target mode and J/y production

JPL, L. Massacrier, L. Szymanowski, J. Wagner, in progress

o L™ = 7450 (E, = 7000 GeV)

o yPbbeam o 2940 (Ep, = 2760 GeV)
@ EM* ~ ybeam 30 MeV (1/(Rpy +R,) = 30 MeV)

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER@LHC April 4, 2017 19 /21



R
UPC in the fixed target mode and J/y production

JPL, L. Massacrier, L. Szymanowski, J. Wagner, in progress

o yI2%™ ~ 7450 (E, = 7000 GeV)
o yPbbeam o 2940 (Ep, = 2760 GeV)

© B« ybeam 5 30 MeV (1/(Rpp + Ry ) ~ 30 MeV)
® /5y, =+/2myE, up to 20 GeV

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER@LHC April 4, 2017 19 /21



R
UPC in the fixed target mode and J/y production

JPL, L. Massacrier, L. Szymanowski, J. Wagner, in progress

VP2 7450 (E, = 7000 GeV)

yEb beam & 9940 (Epy, = 2760 GeV)
B o ybesm 5 30 MeV (1/(Rpy + Rp) = 30 MeV)
VSyp = \/2mpEy up to 20 GeV

Lpppt = 0.1pb7 Lont ~10 fb!

p polarised

LN
AY WP o /8y = tIm(E; H,y) — access to the GPD Eg and the gluon OA

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER@LHC April 4, 2017 19 /21



R
UPC in the fixed target mode and J/y production

JPL, L. Massacrier, L. Szymanowski, J. Wagner, in progress

o yI2%™ ~ 7450 (E, = 7000 GeV)
o yPbbeam o 2940 (Ep, = 2760 GeV)

@ EM* ~ ybeam 30 MeV (1/(Rpy +R,) = 30 MeV)
® /5, =+/2m,E, up to 20 GeV

® Loput = 0.1pb™% Lopt ~ 10 fb7! P poansea
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o AY WP o /8y = tIm(E; H,y) — access to the GPD Eg and the gluon OA

@ In the LHCDb acceptance (muon cuts):
e o[Pbp A (Pb) J/y (p) x Br(J/w — pp)] via 1-photon exchanges : 16nb
e a[pp A (p) /v (p) x Br(J/y — up)] via 1-photon exchanges : 34pb

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER@LHC April 4, 2017 19 /21



UPC in the fixed target mode and J/y production

JPL, L. Massacrier, L. Szymanowski, J. Wagner, in progress

VP2 7450 (E, = 7000 GeV)

yEb beam & 9940 (Epy, = 2760 GeV)
B o ybesm 5 30 MeV (1/(Rpy + Rp) = 30 MeV)
VSyp = \/2mpEy up to 20 GeV

Lpppt = 0.1pb7 Lont ~10 fb!

p polarised

LN
AY WP o /8y = tIm(E; H,y) — access to the GPD Eg and the gluon OA

In the LHCb acceptance (muon cuts):

e o[Pbp A (Pb) J/y (p) x Br(J/w — pp)] via 1-photon exchanges : 16nb
e a[pp A (p) /v (p) x Br(J/y — up)] via 1-photon exchanges : 34pb

@ 1600 dimuon events with the Pb beam [which we know for sure to be the y emitter]

@ 340 000 dimuon events with the p beam [each p can emit; possible OP contributions]
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@ THREE MAIN THEMES PUSH FOR A FIXED-TARGET PROGRAM AT THE LHC
[without interfering with the other experiments]

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

e The nucleon spin and the transverse dynamics of partons

o The approach to the deconfinement phase transition:
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/, ...
© Webpage: http://after.in2p3.fr
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The physics of AFTER@LHC is also included in the physics sub-WG for QCD
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working group for the "Physics Beyond Colliders” whose mandate is to

Explore the opportunities offered by the CERN accelerator complex to address some of today’s outstanding questions
in particle physics through experiments complementary to high-energy colliders and other initiatives in the world.

The kick-off workshop took place last September at CERN
AFTER@LHC was one of the proposed ideas (one talk)
Very recent outcome: creation of 2 WGs - AFTER@LHC considered as a core project
@ Accelerator [to study possible implementation of the projects at CERN]
@ Physics [to study the physics case [..] and optimize detectors including siting options.]
Creation of 5 Accelerator sub-WGs: Beam Dump Facility, EDM ring, Conventional beams,
LHC Fixed Target, Technology
Thus, one uniquely devoted to LHC Fixed-Target whose goal is a
CDR putting together UA9, LHC Collimation, AFTER...
The physics of AFTER@LHC is also included in the physics sub-WG for QCD
[the other is for BSM]
2 AFTER@LHC representatives named (C. Hadjidakis for the Accelerator WG; myself for the
physics one) + contact persons for ALICE (A. Dainese) and for LHCb (M. Ferro-Luzzi)
In parallel, we pursuit our effort to finalise the Expression of Interest
— Inputs are still welcome until June
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@ One could access to7, production in pA collisions for the first time

e High stat. - quarkonium polarisation in pA and AA collisions

[— production/suppression mechanisms]
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Further readings

Heavy-Ion Physics
°

Gluon shadowing effects on J [y and Y production in p+Pb collisions at \/syN = 115 GeV and Pb+p
collisions at \/sNN = 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, J. Wagner. JHEP 1509 (2015) 087

Quarkonium Physics at a Fixed-Target Experiment using the LHC Beams. By ].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

Double quarkonium production at high Feynman-x
by S. Koshkarev and S. Groote, Nucl. Phys. B 915 (2017) 384

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.

#c 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 B¢ 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

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]

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

Feasibility studies for quarkonium production at a fixed-target experiment using the LHC proton and
lead beams (AFTER@LHC)

by L. Massacrier, B. Trzeciak, F. 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
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Fast simulation using LHCb reconstruction parameters

Projection for a LHCb-like detector L. Massacrier, B. Trzeciak, et al., Adv.Hi.En.Phys. (2015) 986348

@ Simulations with Pythia 8.185

@ the LHCD detector is NOT simulated but LHCb reconstruction parameters are
introduced in the fast simulation (resolution, analysis cuts, efficiencies,...)

Requirements:
o Momentum resolution : Ap/p = 0.5%

e Muon identification efficiency: 98%

Cuts at the single muon level
0 2<n,<5
o pry > 0.7 GeV

@ Muon misidentification:

o If m and K decay before the calorimeters (12m), they are rejected by the
tracking

o otherwise a misidentification probability is applied following: F. Achilli et al,
arXiv:1306.0249
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