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STSAs in pp collisions
Main observables in pol. hadron collisions: Single Transverse Spin Asymmetries (STSAs)
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Polarized	inclusive	hard	scattering	
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LHCb is the only experiment able to run pp and pA-fix target collisions, in synergy. 
This opens new panorama in the LHC physics in a kinematical range never accessed before

Nucleons are emerging phenomena of the underlying theory of 
Quantum ChromoDynamics (QCD). They can be considered as 
the smallest complex systems of our Universe. In order to reliably 

compute observables involving hadrons, a knowledge of the 
multidimensional phase-space distribution of their internal 

constituents (quarks and gluons) is of paramount importance. 
Through pioneering results obtained in the last decade, we have 

learned how to reconstruct from experimental data the 
distribution of quarks and gluons in three-dimensional momentum 

space, encoded in the so-called Transverse Momentum 
Distributions (TMDs). LHCb is able to give unique and innovative  
contributions both from the physics and technological point of 

view
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I Phase 
SMOG2

II Phase

Unpolarised gas target: 

-QGP and charmonia 

-QCD and nPDF 

-xsection for  
cosmic rays and astroparticle 

-linearly polarized gluons in  
hadronic collisions 

-dipole gluon distributions and  
saturation 

-anti-quark distribution  
functions 

-Heavy partner of gauge bosons 
- …. 
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The high-! frontier

• Huge	uncertainties	at	very	large	!
• Quest	for	data	in	this	z region
• | !�~Ä^ with	H	and	D	at	SMOG2

[R.	D.	Ball	et	al.	Eur.	Phys.	J.	C76	(2016)	383]

Fermi motion in the nucleus can allow to access the exotic z > Ü
region, where parton dynamics depends on the interaction between
the nucleons within the nucleus (unexplored bridge between QCD
and nuclear physics!)

Can in principle be probed at LHCb with unpolarized nuclear targets
(He, O, Ne, Ar, Kr, …)

PDFs	parametrizations	
from	global	fits

predictions	from	
non-perturbative	

models

3/14

Charmonia studies in fixed-target configuration

Charmonia are among the best probes to study the phase transition from normal
matter to deconfined matter (quark gluon plasma)

I cc bound pairs: J/ , �c ,  0, ...
I di↵erent binding energy, di↵erent dissociation temperature / critical QGP

temperature (Td/ Tc )

States J/ �c  0

Td/ Tc 2.10 1.16 1.12
[H. Satz, J. Phys. G 32 (2006)]

When energy density increases:

1.  0 is suppressed

2. Then, �c is suppressed

3. Finally, J/ is suppressed

J/ production: 60% direct, 30% from �c decays, 10% from  0 decays

! J/ suppression should exhibit a sequential pattern

Manifestation of interest for SMOG2 LLR, LAL

Polarised gas target: 

- 3D nucleon structure  

- quark and gluon Transverse 
Momentum Distribution functions 
 
- fundamental tests of QCD 
(universality, factorization, etc)  

- probing the gluon PDFs 

- gluon dynamics 

-Single Transverse  
Spin Asymmetries 
- low-pT Higgs sector
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Probing the gluon PDFs
Heavy quarks dominantly produced through gg interactions in high-energy hadron collisions:

The most efficient way to access the gluon dynamics inside the proton at LHC is to measure
heavy-flavour observables
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$̅(!) ≠ xy(!)!!
• sea	is	not	flavour	symmetric!
• hints	that:	:̅(!) ≠ :	(!)
• intrinsic	sea	quarks?

What about quark PDFs ?

• Allows to study the antiquark content of the
nucleon!

• Unpolarized Drell-Yan	provides	sensitivity	to	
unpolarized and	BM	TMDs	up	to	high	z{

New breakthroughs in the field can only arise from the joint effort of experimentalists and theoreticians: the former
providing high-precision results on TMDs observables based on both consolidated and innovative experimental
approaches, the latter developing the theoretical background, the phenomenological interpretation as well as
sophisticated global analysis procedures.

The 3D-FOUNDATION project is driven by this joint effort. Its strength is based on the synergic interplay of three Work
Packages (WP):

WP1. Construction and implementation of a gaseous target internal to the LHCb experiment. This will allow the study of
unpolarized quark and gluon TMDs in hadron-hadron collisions at unique kinematic conditions.

WP2. Development of original techniques to analyze experimental data at CLAS12 and COMPASS, to facilitate TMD
extractions and pave the way to analysis at LHCb and at a future Electron-Ion Collider (EIC).

WP3. Implementation of global fit procedures and phenomenological paradigms for the physical interpretation of the
results and the elaboration of predictions for relevant observables for the experiments.

Fig. 1: 3-D structure of the proton as emerging from one of the latest global analysis.

WP1: Internal gas target for LHCb

The construction and implementation of an internal gas target at the LHC constitutes a major milestone of the project.
The LHCb detector [LHCB08], the sole forward magnetic spectrometer at the LHC, is perfectly suited for the study of
fixed target hadron-hadron collisions. A gaseous fixed target can be installed in the proximity of the nominal interaction
region, as an integration of the LHCb detector system (Fig. 2).

Presently, LHCb detects unpolarized beam-target collisions using the SMOG (System for Measuring the Overlap with
Gas) system [LHCB14]. The injected gas propagates throughout the whole length of the LHCb beam-pipe section and
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