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Physics opportunities for a �xed-target programme in the ALICE experiment

by F. Galluccioet al.[Submitted by L. Massacrier] : ID 47
„e LHCSpin Projectby C. Aidalaet al.: ID 111
Talk at the Granada Symposium: Indico link

J.P. Lansberg (IJCLab) AFTER@LHC February 6, 2020 4 / 27



Using the LHC beams in the �xed-target mode
Contributions to the ESPP update and other scienti�c sources

3 ESPPU contributions submitted in Dec. 2019[overall signed by 200+ physicists]

Community Support for A Fixed-Target Programme for the LHCby J.D. Bjorkenet al.: ID 67
Physics opportunities for a �xed-target programme in the ALICE experiment

by F. Galluccioet al.[Submitted by L. Massacrier] : ID 47
„e LHCSpin Projectby C. Aidalaet al.: ID 111
Talk at the Granada Symposium: Indico link

Physics Beyond Colliders documents

Physics Beyond Colliders: QCD Working Group Report
by the PBC QCD Working Group (A. Daineseet al.) : arXiv:1901.04482

Summary Report of Physics Beyond Colliders at CERN
by R. Alemanyet al.: arXiv:1902.00260

CERN-PBC-Notes: e.g. 2019-003,2019-002,2019-001,2018-008,2018-007,2018-003,2018-001
Summary by the PBC LHC FT Working Group:CERN-PBC-REPORT-2019-001

J.P. Lansberg (IJCLab) AFTER@LHC February 6, 2020 4 / 27



Using the LHC beams in the �xed-target mode
Contributions to the ESPP update and other scienti�c sources

3 ESPPU contributions submitted in Dec. 2019[overall signed by 200+ physicists]

Community Support for A Fixed-Target Programme for the LHCby J.D. Bjorkenet al.: ID 67
Physics opportunities for a �xed-target programme in the ALICE experiment

by F. Galluccioet al.[Submitted by L. Massacrier] : ID 47
„e LHCSpin Projectby C. Aidalaet al.: ID 111
Talk at the Granada Symposium: Indico link

Physics Beyond Colliders documents

Physics Beyond Colliders: QCD Working Group Report
by the PBC QCD Working Group (A. Daineseet al.) : arXiv:1901.04482

Summary Report of Physics Beyond Colliders at CERN
by R. Alemanyet al.: arXiv:1902.00260

CERN-PBC-Notes: e.g. 2019-003,2019-002,2019-001,2018-008,2018-007,2018-003,2018-001
Summary by the PBC LHC FT Working Group:CERN-PBC-REPORT-2019-001

Reviews, special issues

S.J. Brodskyet al.: Phys.Rept. 522 (2013) 239
Adv. High En. Phys.Special issue
AFTER@LHC Study Group Review:arXiv:1807.00603 [hep-ex]

J.P. Lansberg (IJCLab) AFTER@LHC February 6, 2020 4 / 27



„e AFTER@LHC programme
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Physics Case and Projected Performances for Heavy-Ion, Hadron, Spin and
Astroparticle Studies

C. Hadjidakisa,1, D. Kikoøab,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. HÏrivnÂaÏcovÂaa, A. Kleinm, A. Kurepinq, C. LorcÂer, F. Lyonnets,
Y. Makdisit, S. Porteboeufu, C. Quintansg, A. Rakotoza®ndrabev, P. Robbew, W. Scandalex,

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

Abstract

We review the context, the motivations and the expected performances of a comprehensive and ambitious
“xed-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 “xed-target mode are also reviewed.

Oˆ100• pages {Submitted to Physics Reports
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� Testof the QCDfactorisationframework
� Determination of thelinearly polarised gluonsin unpolarised protons

Heavy-ion collisions towards large rapidities
� A completeset ofheavy-
avourstudiesbetween SPS and RHICenergies

� Rapidity scan of theazimuthal asymmetriesthanks to a broad rapidity reach

� Test thefactorisationof cold nuclear e�ectsfrom p � A to A � B collisions with Drell-Yan
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Energy range similar to RHIC

7 TeV proton beam on a fixed target

c.m.s. energy: Rapidity shift:

Boost :
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„e ALICE central barrel becomes anextreme backward detector
Allows for backward physics up to highx2

[uncharted for proton-nucleus coll.; most relevant forpp� with largex� ]
Yet the rapidity coverage crucially depends on the target location
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E�ect of the target location

6- 4- 2- 0 2 4 6
Center-of-mass rapidity

=0targetLHCb z

=-0.4mtargetLHCb z
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=-4.7mtargetALICE z

Fixed Target
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ALICE

PHENIX

STAR
Collider
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LHCb:
z � 0 (� SMOG) : 2@� @5 approx. leads to� 2:8 @ycms @0:2
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not so backward anymore . . .
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Possible implementations

Internalgastarget (with or without storage cell)
� can be installed in one of the existing LHC caverns, andcoupled to existing experiments
� validatedby LHCb withSMOG[their luminosity monitor used as a gas target]
� uses the high LHC particle current:p 
ux: 3:4 � 1018s� 1 & Pb 
ux: 3:6 � 1014s� 1

� SMOG2 approved by LHCb: open-end cell to increase the luminosity with the same gas 
ux
� Storage cellwith polarised gasesin LHCb: R&D needed for coating and polarisation performance
� A system like the polarisedH-jet RHIC polarimeter(no storage cell) may also be used
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J.P. Lansberg (IJCLab) AFTER@LHC February 6, 2020 11 / 27



Possible implementations

Internalgastarget (with or without storage cell)
� can be installed in one of the existing LHC caverns, andcoupled to existing experiments
� validatedby LHCb withSMOG[their luminosity monitor used as a gas target]
� uses the high LHC particle current:p 
ux: 3:4 � 1018s� 1 & Pb 
ux: 3:6 � 1014s� 1

� SMOG2 approved by LHCb: open-end cell to increase the luminosity with the same gas 
ux
� Storage cellwith polarised gasesin LHCb: R&D needed for coating and polarisation performance
� A system like the polarisedH-jet RHIC polarimeter(no storage cell) may also be used

Internalwire/foil target[used by Hera-B on the 920 GeV HERAp beam and by STAR at RHIC]

Bent crystaloption: beamline vssplit
� crystals successfully tested at the LHC for proton and lead beam collimation [UA9 collaboration]

� the LHC beam halo is recycled on dense target: proton 
ux: up to 5� 108 s� 1 & lead 
ux: up to 2� 105 s� 1

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

� Luminosities withinternal gas targetor crystal-basedsolutions are not very di�erent
� „e beam line option is currently a little too ambitious (this could change with FCC)
� „e gas targets are thebest polarisedtargets andsatisfactory for heavy-ionstudies
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SMOG: more than a demonstrator ?

� Physics results now
owing in PRL 122 (2019) 132002; PRL 121 (2018) 222001

� Limited statistical samples(hundreds ofJ~ only) and nopH baseline yet
� „e physics reach is still currently very limited

� Approved installation of astorage cell [SMOG2]to increase the target local density
� Di�erent options discussedfor futureLHCb upgrades: No decision taken yet
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Solutions within LHCb & reviewed by the PBC working group

SMOG 2:installation of an openablestorage cell during LS2 [approved by LHCb]
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SMOG 2:installation of an openablestorage cell during LS2 [approved by LHCb]
� boost thelocal gas densitywith the same gas 
ow
� might allow forH2 or D2 injection [� absolutely essential for the physics case]

LHCb-PUB-2018-015 & CERN-PBC-Notes-2018-007
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Solutions within LHCb & reviewed by the PBC working group

SMOG 2:installation of an openablestorage cell during LS2 [approved by LHCb]
� boost thelocal gas densitywith the same gas 
ow
� might allow forH2 or D2 injection [� absolutely essential for the physics case]

LHCSpin: injection of polarised gases
� R & D neededfor thecoating(depolarisation); goal :installation during LS3
� „e target position is critical: acceptance toward largex� lost if too remote
� Gain of an additional tracker yet to be studied

Alternative: w/o storage celllike the RHICH-jet polarimeter and/or modi�cation of
the VELO vessel
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Solutions within ALICE & reviewed by the PBC working group

� Di�erent options for the FT mode used with
ALICE can be considered

� An internal gas targetis obviously one
� Investigations are most advanced for asolid

targetcoupled with a bent crystal for
beam-halo deviation

� ITS removal during EYETS� target
location at min. -4.8mfrom the IP using the
existing valve layout
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Solutions within ALICE & reviewed by the PBC working group

� Di�erent options for the FT mode used with
ALICE can be considered

� An internal gas targetis obviously one
� Investigations are most advanced for asolid

targetcoupled with a bent crystal for
beam-halo deviation

� ITS removal during EYETS� target
location at min. -4.8mfrom the IP using the
existing valve layout

� A possibleextraction layout worked outby
the UA9 collaboration

� Extraction of thesecondary proton halois
preferred. Luminosity reduction can be
compensated by a thicker target.

� A gas-target layout will also be studied
within STRONG2020

� Gain of an additional tracker and TPC perf.
yet to be studied within STRONG2020
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Luminosity comparison [w detector constraints]
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Luminosity comparison [w detector constraints]

LHCb `possible'

Assumption: Rates only constrained by the DAQ (40 MHz forppcoll.)
L pH2~H � : 10  � 1 yr� 1; L pXe: 300 pb� 1 yr� 1; L PbXe: 30 nb� 1 yr� 1
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Luminosity comparison [w detector constraints]

LHCb `possible'

Assumption: Rates only constrained by the DAQ (40 MHz forppcoll.)
L pH2~H � : 10  � 1 yr� 1; L pXe: 300 pb� 1 yr� 1; L PbXe: 30 nb� 1 yr� 1

LHCb `SMOG2' baseline for Run3

Assumption: Storage cell installed, very parasitic mode
L p beam: 150 pb� 1 on H, 10 pb� 1 on D or 45 pb� 1 on Ar; L Pb beam: 5 nb� 1 on Ar

ALICE `possible' from Run4†

Assumption: Readout rate: 50 kHz in PbPb coll. and possibly up to 1 MHz inppandpA coll.
With internal gas target:L pH2~H � : 250 pb� 1; L PbXe: 8 nb� 1

With beam splitting and solid target:L pW : 0:6 � 6 pb� 1 ; L PbW: 3 nb� 1
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Qualitative comparison
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Part III

Examples of Physics Studies
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C. Hadjidakis et al., 1807.00603

J.P. Lansberg (IJCLab) AFTER@LHC February 6, 2020 18 / 27



Drell-Yan
C. Hadjidakis et al., 1807.00603

� Unique acceptance(with a LHCb-like detector) compared toexisting DYpA dataused for
nuclear PDF �t (E866 & E772 @ Fermilab).
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� Unique acceptance(with a LHCb-like detector) compared toexisting DYpA dataused for
nuclear PDF �t (E866 & E772 @ Fermilab).

� Extremely large yieldsup to x2 � 1 [plot made forpXe with a Hermes like target (atz � 0 !)]
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� Unique acceptance(with a LHCb-like detector) compared toexisting DYpA dataused for
nuclear PDF �t (E866 & E772 @ Fermilab).

� Extremely large yieldsup to x2 � 1 [plot made forpXe with a Hermes like target (atz � 0 !)]
� Same acceptance forppcollisions
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� Unique acceptance(with a LHCb-like detector) compared toexisting DYpA dataused for
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� Extremely large yieldsup to x2 � 1 [plot made forpXe with a Hermes like target (atz � 0 !)]
� Same acceptance forppcollisions
� A single measurement (inppcoll.) at RHIC, just released
� Decrease of the proton PDF uncertainties: FoM using Bayesian reweighting
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Drell-Yan
C. Hadjidakis et al., 1807.00603

� Unique acceptance(with a LHCb-like detector) compared toexisting DYpA dataused for
nuclear PDF �t (E866 & E772 @ Fermilab).

� Extremely large yieldsup to x2 � 1 [plot made forpXe with a Hermes like target (atz � 0 !)]
� Same acceptance forppcollisions
� A single measurement (inppcoll.) at RHIC, just released
� Decrease of the proton PDF uncertainties: FoM using Bayesian reweighting
� as well as thenuclearPDF uncertainties

pW case
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Drell-Yan
C. Hadjidakis et al., 1807.00603

� Unique acceptance(with a LHCb-like detector) compared toexisting DYpA dataused for
nuclear PDF �t (E866 & E772 @ Fermilab).

� Extremely large yieldsup to x2 � 1 [plot made forpXe with a Hermes like target (atz � 0 !)]
� Same acceptance forppcollisions
� A single measurement (inppcoll.) at RHIC, just released
� Decrease of the proton PDF uncertainties: FoM using Bayesian reweighting
� as well as thenuclearPDF uncertainties
� On-going theory study forW � production accounting for threshold resummation
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Drell-Yan Intermediate-Mass-Region acceptance

C. Hadjidakis et al., 1807.00603 (v2)
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Drell-Yan Intermediate-Mass-Region acceptance

C. Hadjidakis et al., 1807.00603 (v2)

� Intermediate Mass Region (1@M `` @2:5 GeV) DY dominated by combinatorial background:
di�cult to simulate: no FoM
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Drell-Yan Intermediate-Mass-Region acceptance

C. Hadjidakis et al., 1807.00603 (v2)

� Intermediate Mass Region (1@M `` @2:5 GeV) DY dominated by combinatorial background:
di�cult to simulate: no FoM

� But rather easy to access: high rates and good acceptance
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Drell-Yan Intermediate-Mass-Region acceptance

C. Hadjidakis et al., 1807.00603 (v2)

� Intermediate Mass Region (1@M `` @2:5 GeV) DY dominated by combinatorial background:
di�cult to simulate: no FoM

� But rather easy to access: high rates and good acceptance
� For LHCb withz � � 1:5m (right plot, green), the acceptance is signi�cantly shiƒed to lowerx

(0:003@x2 @0:04 forM `` � 2 GeV)
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Drell-Yan STSAs & the target location

C. Hadjidakis et al., 1807.00603 (v2)
As aforementioned, without additional detector:
z � � 1500 mm (� LHCSpin): 4@� ˆ lab• @6:5
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Drell-Yan STSAs & the target location

C. Hadjidakis et al., 1807.00603 (v2)
As aforementioned, without additional detector:
z � � 1500 mm (� LHCSpin): 4@� ˆ lab• @6:5

­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
mm

2 < y

 < 4lab
mm

3 < y

 < 5lab
mm

4 < y

EIKV

AD'AM

2 < 9 GeV/cmm4 < M
2dM = 0.5 GeV/c

 = 115 GeVs pp

-1 = 10 fbppL

 = 0.8Peff. pol. 

� Only the green points remain accessible for these masses
� For larger masses, the STSAs may be reduced by the evolution
� Might be worth considering the gas-jet option allowing for a less remote target (here for He)
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� ALICE could extend its coverage with� Lab � 1� 2 for quarkonia into dileptonswith
one muon in themuon armand another in thecentral barrel

� Both for LHCb and ALICE, the coverage also depends on the target position
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Rapidity scanthrough � B & T
with a good PID (LHCb and ALICE)

At backward rapidities, lower
backgrounds

Handle onmore quarkonium states
(e.g.� c;b, � c) and on open charm and
beauty

FoMs for � c;b and� c to be done in
cooperation with the LHCb and
ALICE collaborations with advanced
simulations
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Rapidity scan
Illustration of the ALICE-LHCb complementarity

C. Hadjidakis et al., 1807.00603
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Quarkonium Projections: heavy-ion collisions

C. Hadjidakis et al., 1807.00603; B.Trzeciaket al.Few-Body Syst (2017) 58:148
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Like for nPDF studies (see later),multiple quarkonium studies are needed

Clearneedfor a reliablepA baseline

Statistical-uncertainty projections (accounting for background subtraction)
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[esp. since initial nPDF uncertainties forx A 0:1
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limited cost with the adjunction of an ambitious and long term research pro-
gram using the LHC beams in the �xed-target mode.„e CERN laboratory
should support the e�orts of the existing LHC experiments to implement such
a program, including speci�c R&D actions on the LHC.
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