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Outline �2

1.  ALICE in fixed-target mode 

2.  Fixed-target technology and integration

3.  Physics opportunities

4.  Conclusion and Timeline

This introductory talk is based on the work and material achieved by Cynthia Hadjidakis and Laure 
Massacrier (ALICE members from IPNO) within the AFTER@LHC study group (link) and the Physics 
Beyond Collider community (link, working group QCD: arXiv:1901.04482).

This talk aims to introduce the physics project of fixed-target experiment with ALICE for Run 4. 
I personally applied to a Norwegian grant program for investigating the unpolarized gas target solution.

http://after.in2p3.fr/after/index.php/Main_Page
http://pbc.web.cern.ch/
https://arxiv.org/abs/1901.04482


Fixed-target experiment with LHC beams �3
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�4Fixed-target experiment with LHC beams
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Target location in ALICE �5

- Parasitic mode: running in parallel with the collider collisions 
       —> the collision rate has to be limited not to interfere with other physics programs 
- Dedicated runs 

    —> run could be shorter, with a higher target density (storage-cell solution). 
The ALICE Collaboration could potentially release a significant amount of data taking time for used by 
a FT program (especially with the proton beam), allowing the collection of large integrated luminosities 
and the investigation of several target species

Running mode:



ALICE main strengths in fixed-target mode �6
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Fixed-target technology and its integration �7
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Internal gas target: SMOG in LHCb �8

The SMOG system 

!  SMOG: System to Measure 
the Overlap integral with Gas 
"  It is part of the luminosity 

measuring system of LHCb 
"  LHCb can measure the 

luminosity both with Van Der 
Meer scan and with the Beam 
Gas Imaging system 
" Measure interaction vertices 

between the circulating beam 
and the residual gas present at 
the interaction point  

"  SMOG is a small system used to 
inject gas inside the beam pipe 
at IP8 to measure the 
luminosity with BGI method 
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ćF ĕSTU NFBTVSFNFOU JT QFSGPSNFE XJUIPVU UIF IJHI QSFTTVSF UVCF� " CMJOE ĘBOHF JT QMBDFE BU UIF
4.0(IJHI QSFTTVSF JOQVU� 5BCMF '�� MJTUT UIF QSFTTVSFT GPS FBDI TUBUF BęFS POF EBZ PG QVNQJOH� ćF
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p-He cross-section Workshop - 06 July 2015 
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Internal gas target: storage cell �9

Figure 7: Schematic view of an ABS with dissociator and collimator for beam formation. The gas flow is from
the left to the right. Two sets of sextupole magnets are located along the beam gas axis as are the high-frequency
transitions.

ensures a higher luminosity and also results in a higher number of wall collisions, thus enhancing depolarization
and recombination effects, and in an increased rate of spin-exchange collisions, which scale with the volume
density. The cell temperature could be set to values between 50 and 300 K, although a temperature not higher
than 100 K would be desirable to allow the formation of an ice layer on the cell walls. A dedicated R&D for
the choice of the coating of the cell wall is foreseen. An ideal coating material has to simultaneously ensure low
Secondary Electron Yield and low recombination at the cell walls. An interesting option, to be investigated and
validated with laboratory tests, is amorphous Carbon.

Figure 8: Sketch of the storage cell geometry and the corresponding gas density profile. The proton beam passes
through the cell, which has a total length L = 2L1. The gas is injected in the center of the storage cell (where
the density reaches its maximum ⇢0) through a feed tube of length L2. Symbols Ii and Ci indicate fluxes (in
atoms/s) and conductances (in l/s), respectively. The other symbols (Li and Di) indicate lengths and internal
diameters.

3.3 The diagnostic system

A diagnostic system is needed for continuously analyzing small samples of gas drawn from the target cell. It must
consist of a Breit-Rabi Polarimeter (BRP), measuring the relative population of the injected hyperfine states, and
a Target Gas Analyzer (TGA), detecting the molecular fraction and thus the degree of recombination inside the
cell. From the measurements of these parameters, the target polarization, as seen by the beam, can be deduced.

3.4 Additional tracker

Due to the dimensions of the apparatus (mainly of the ABS and polarimeter) and of the vessel hosting the
VELO detector, the TC has to be located at least 1 m upstream of the LHCb nominal Interaction Point (IP).
Considering also the need for a 20 cm long Wake Field Suppressor (WFS) and a perforated tube for allowing the
gas pumping downstream of the storage cell, the latter can not be positioned closer than about 1.5 m from the

7
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�10Detector acceptance vs ztarget
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Physics opportunities �11

Three main physics cases:
- High-x gluon and heavy-quark content in the nucleon and nucleus and input to astroparticle:

• Quarkonium production in the Muon Spectrometer in pp and pA 
• Open charm production in the Central Barrel in pp and pA  
• J/ψ photo-production in the Central Barrel and Muon Spectrometer in pp and pp↑ 
• Antiproton measurements in pp and pA as input to astroparticle 

- The spin of the nucleon
• Strangeness production in the Central Barrel in pp↑ 

- Quark Gluon Plasma at √sNN ~ 72 GeV
• Quarkonium production in the Muon Spectrometer in PbA 
• Open charm production in the Central Barrel in PbW 
• Longitudinal expansion of the QGP formation: with v2 and yield measurements of identified light particles in 

Central Barrel
• Limiting fragmentation with identified light particles (no performance plot)  

Other physics opportunities unique to ALICE: 
- Mid-backward rapidity correlations (muon-hadron correlations) 
- Drell-Yan measurements (factorization of CNM effects in heavy-ion) with the Muon Spectrometer 



Nucleon and nuclear structure at high-x �12
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2 MOTIVATIONS

The structure of this review is as follows. In the section 2, we quickly review the context in which such
a AFTER@LHC program would take place and highlight the motivations for the 3 main aforementioned
research axes. In the section 3, we provide a state-of-the-art overview of the different available technologies
to initiate collisions of the LHC beams with fixed targets. In the section 4, we elaborate on the detector
aspects both for an ideal detector and for existing detectors, i.e. those of the LHCb and ALICE collab-
orations4. In the section 5, we extensively review the projected performances for flagship studies and the
studies proposed within the community for each of the 3 main topics. The section 6 gathers our conclusions.

2. Motivations

2.1. The high-x frontier
Whereas the need for precise measurements of the partonic structure of nucleons and nuclei at small mo-

mentum fractions x is usually highlighted as a strong motivation for new large-scale experimental facilities,
such as the Electron-Ion Collider (EIC) or Large Hadron electron Collider (LHeC) projects, the structure of
nucleon and nuclei at high x is probably as poorly known. Let us mention the long-standing puzzles such
as the origin of the nuclear EMC5 effect in nuclei or a possible non-perturbative source of charm or beauty
quarks in the proton which would carry a relevant fraction of its momentum. With an extensive coverage of
the backward region corresponding to high x in the target, AFTER@LHC is probably the best program for
such physics with hadron beams.
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Figure 1: (a) Gluon-Gluon-luminosity uncertainty computed for 3 sets of proton PDFs as a function of the invariant mass (MS)
of a to-be produced system at

p
s = 13 TeV. For y ⇠ 0, x ' MS/

p
s at the LHC (indicated on the upper x axis), whereas the

kinematics of the AFTER@LHC program is mainly that of high x where the uncertainties blow up. Plot done thanks to the APFEL
program [3]. (b) Compilation of the gluon nuclear PDF relative uncertainties [4, 5, 6, 7] in a lead nucleus at a factorisation scale
(here denoted Q) of 2 GeV.

Studying the so-called high-x physics also provides us with novel decisive means to advance our ex-
perimental knowledge of the still poorly understood confinement properties of the strong interaction, which

4In what follows, AFTER@LHC will refer to a generic experimental fixed-target set-up using the LHC beams, AFTER@LHCb,
AFTER@ALICE, AFTER@ALICEµ and AFTER@ALICECB to specific implementations using the LHCb or ALICE detectors.

5Named after its observation in 1983 by the European Muon Collaboration [2].
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Quarkonium production in pp and pA �13
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High-x: open charm with the Central Barrel �14
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Astroparticle: Antiproton measurements pp & pA �15
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Quark Gluon Plasma �16
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Quarkonium production in Pb-A �17
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QGP towards large (backward) rapidities �18
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Soft probes towards large (backward) rapidities �19
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�20QGP: Identified charged particles in Pb-A
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3.3 Heavy-ion physics

Despite the considerable progress achieved in the last
decades to understand the hadronic-matter properties at
extreme conditions, key aspects remain challenging [65].
The clarification of crucial properties of the QCD phase
structure requires a facility to study HIC spanning energy
and rapidity regimes not covered by the existing AA, pA
and pp programmes. This is the scope of the FTP4LHC
HIC research axis, in which we propose to measure, at an
energy between RHIC and SPS:
(i) The suppression of the entire bottomonium family.
(ii) A complete set of charm observables down to low P

T

(e.g.  , �
c
, D , D + D ,  + D and their ratios), comple-

mented by bottom production observables.
(iii) The DY process in pA, Pbp and PbA collisions to check
–for the first time– the collinear factorisation in HIC.
(iv) Particle yields and azimuthal asymmetries over the en-
tire negative ycms to perform a rapidity scan complementary
to the beam-energy scan of RHIC whose primary goals are
to probe the temperature dependence of the shear viscosity
and look for the QCD critical point.

As for charmonia, the precision data will be sufficient to
greatly contribute to the resolution of the long-standing
charmonium-suppression puzzle [22,23,66]. Fig. 4a shows
the projected statistical precision of the J/ and  (2S) nu-
clear modification factor vs ylab. in PbXe (RPbXe) and pXe
(R

pXe) collisions in the FT mode. It clearly shows that the
per-cent level precision is within reach for the LHCb de-
tector. Similar performances are expected with the ALICE
muon arm owing to the background reduction from the ab-
sorber. Such measurements along with �

c
and open HF

ones should allow one to uncover the charmonium sequen-
tial pattern predicted by Matsui and Satz more than 30 years
ago [67]. Moreover, the 3 ⌥(nS) states will be measur-
able [6, 8, 9], complementing the CMS LHC collider stud-
ies. These hinted at a sequential suppression, whose inter-
pretation however remains unclear with the recent obser-
vation of a similar relative ⌥(nS) suppression in pPb colli-
sions [23]. The FTP4LHC will address this issue.

The study of QCD collective effects is another domain
where the FTP4LHC can have a considerable impact.
Fig. 4b displays the projected statistical uncertainties for the
elliptic flow (v2) measurements for identified hadrons using
as low as 10 million 20-30% central PbPb events, i.e., for
an integrated luminosity of 14/µb with the ALICE CB and
LHCb detectors. Altogether, they could cover as much as 6
units of rapidity! This clearly indicates the reach for v2 (and
v
n

in fact [9]) precision studies over a very broad rapidity
range. These will then yield to an accurate determination of
the temperature dependence of the shear viscosity to en-
tropy ratio ⌘/s complementing existing v

n
studies.

Fig. 4c shows how a rapidity scan at 72 GeV can comple-
ment the RHIC beam-energy scan from 62.4 GeV down to
7.7 GeV for ycms close to zero, and help us better under-
stand the interplay between the baryon chemical potential
µ
B

, the temperature T and the rapidity. In fact, recent cal-
culations show [68, 69] that, in PbPb collisions in the LHC
FT mode, µ

B
does vary with rapidity in the range accessible

by ALICE and LHCb. This µ
B

range covers a large fraction
of that accessible at the RHIC BES program [70]. Corre-
lation and fluctuation measurements of conserved quanti-
ties in small rapidity bins provide new ways to search for
the QCD critical point and to probe the nature of the phase

transition to confined partons. The large rapidity coverage
of the LHC FT mode, combined with the excellent particle
identification capabilities of ALICE and LHCb, makes it a
perfect place for such a rapidity scan.

Finally, the LHC in the FT mode offers a unique play-
ground to probe initial-state effects on quarks via DY mea-
surements in different collision species. This will allow
one to check whether such initial-state effects in AA colli-
sions, usually embedded in nuclear PDF defined within the
collinear factorisation, can be extrapolated from pA and eA

collision data. One indeed usually assumes that they lin-
early factorise, although some effects [71] may break this
linearity. DY measurements in AA collisions will be acces-
sible in the backward region thanks to a smaller background
compared to the collider mode [8].

(a) Projected statistical precision of RPbXe and R
pXe vs ylab. for

 (nS) using LHCb in the FT mode [8,9].

(b) Projected statistical precision for elliptic flow measurements of
various light hadrons vs ⌘lab. with the ALICE CB and the LHCb de-
tectors used in the FT mode [9].

y  yc.m.s.

(c) Illustration of the similarity between a beam-energy scan at RHIC
and a rapidity scan in the LHC FT mode in terms of values of T and
µ
B

probed [68].

Figure 4: Representative projections of the heavy-ion FTP4LHC.
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Conclusion �21

- Physics opportunities by using ALICE in a fixed-target mode with the proton and lead LHC beams are 
being explored within the ALICE Collaboration (very low man-power nevertheless!)

- The wide rapidity coverage, from the target fragmentation region to the center-of-mass mid-rapidity, 
and the reconstruction of events in high-multiplicity Pb-A events are the main strengths of the ALICE 
detectors 

- First performance studies for a selection of probes from p-p to heavy-ion collisions have been 
initiated for three physics motivations: nucleon and nuclear structure at high-x and astroparticle, 
spin and QGP physics. 

- The fixed-target system technology as well as the target location and its integration is under 
investigation 

Thanks


