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Å World top energies
Å highluminosity
Å p andion beams
Å highlysophisticated

state-of-the-art detectors
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Å World top energies
Å highluminosity
Å p andion beams
Å highlysophisticated

state-of-the-art detectors
Å Χ

ü Χwhich must not affect (degrade) the mainstream collider operation
(beamquality,machinevacuum,detectorsperformance,background,etc.)

ü TheLHCbeamscannotbepolarized needa polarizedtarget

Is it possibleto do spinphysicsat the LHC?
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ü Χandthe LHCbspectrometeris the perfectplaceto host it.
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ü Χandthe LHCbspectrometeris the perfectplaceto host it.

Å World top energies
Å highluminosity
Å p andion beams
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state-of-the-art detectors
Å Χ

ü Χwhich must not affect (degrade) the mainstream collider operation
(beamquality,machinevacuum,detectorsperformance,background,etc.)

ü A gaseouspolarizedtarget is the only viablesolution!

ü TheLHCbeamscannotbepolarized needa polarizedtarget

project!

Is it possibleto do spinphysicsat the LHC?



LHCb fixed -target setup

üUnique opportunity to study pA/AA collisions on various
targetsexploiting the high-energy,high-intensity LHCbeams!

üSince 2015 LHCbcan also be operated as a fixed-target
experimentwith the SMOGsystem, by injecting low pressure
noblegases(He,Ne,Ar) into the VELOvessel.
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FT kinem. with ╔▬ ȢἢἭἤ:

Å ί ρρπὋὩὠ
Å σȢπ ώ π
Åὼ π
Å intermediate-large ὼ
Å intermediate ὗ
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Many interesting published analyses:
Å Antiproton prod.  cross section in p-He
Å Charmonium production in p-Ne and Pb-Ne
Å Open charm production in p-Ne and Pb-Ne

FT kinem. with ╔▬ ȢἢἭἤ:
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Å σȢπ ώ π
Åὼ π
Å intermediate-large ὼ
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ü 20 cm storage cell for the target gas installed upstream of the VELO

ü  Brandnew,more flexibleandsophisticatedGasFeedSystem(GFS)

[SMOG2 TDR]

The SMOG2 upgrade

https://cds.cern.ch/record/2673690/
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ü 20 cm storage cell for the target gas installed upstream of the VELO

ü  Brandnew,more flexibleandsophisticatedGasFeedSystem(GFS)

Å more gas species: ὌȟὈȟὌὩȟὔȟὕȟὔὩȟὃὶὑὶÁÎÄὢὩÔÏÂÅÔÅÓÔÅÄ

Å target density increased by large factor (up to 30)

Å precise density (luminosity) determination

Å negligible impact on LHC and LHCb performance

Å can run  un parallel  with  collider  mode!

[SMOG2 TDR]

The SMOG2 upgrade

https://cds.cern.ch/record/2673690/


Early 2024 SMOG2 data

Å FT and collider interaction regions 
are very well separated!

Å LHCbis now the first (unique) LHC 
experiment with two simultaneous 
interaction regions!
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ü SMOG2 is performing very well! 

ü Large beam-gas samples already collected in 2024 with all available gases!
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LHCB-FIGURE-2024-005

p-Ar p-Ar
p-H2

Ὀ ᴼὑ “ ϳὐ‪ᴼ‘‘ ɤ ᴼὴ“

https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697
https://cds.cern.ch/record/2898697


The LHCspin project

TheLHCspinproject representsthe naturalevolutionof
SMOG2 andwill allow for the first time to perform spin
physics measurements at the LHC through the
implementationof a new-generationpolarizedgaseous
target in the LHCbspectrometer.
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Study multi-dimensional nucleon structure at
uniquekinematicconditions (backwardCMregion,
poorlyexploredlarge-ὼregionat intermediateὗ )

Physics Motivations
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Study multi-dimensional nucleon structure at
uniquekinematicconditions (backwardCMregion,
poorlyexploredlarge-ὼregionat intermediateὗ )

Physics Motivations

Vuse of well-established polarized gas target 
technology όI9wa9{ Ϫ 59{¸Σ !bY9 Ϫ /h{ Σ̧Χύ

Vmarginal impact on LHC beam lifetime and LHCb
mainstream physics program and performances

Vcan run in parallel with collider mode (well 
displaced interaction regions)

Vcan benefit from both protons and ion beams

Vallows also injection of non-polarized gases (a-la 
SMOG2): ὌȟὈȟὌὩȟὔȟὕȟὔὩȟὃὶȟὑὶȟὢὩ

Vbroad and unique physics program (next slides)

Points of strenght
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Nucleon tomography in momentum space: TMDs

TMDs  █●ȟ▓

Courtesy QuantOm Collaboration

Å Describe spin-orbit correlationsof the form ᴆὛɇᴆὴ ᴆὴ

Å generatedistorsionsof the partondensitiesin transversemomentumplane(e.g. Siverseffect)

Å canprovidesensitivityto unknownparton OAM!



Quark and gluon TMDs
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Å8 independent quark TMDs at leading-twist

Åsignificant experimental progress in the last 20 years!

ÅƳŀƛƴ ǊŜǎǳƭǘǎ ŦǊƻƳ {L5L{ όI9wa9{Σ /hat!{{Σ W[!.Σ Ҧ 9L/ύ

Åmany phenomenological extractions available from global analyses
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Å8 independent gluon TMDs at leading-twist

ÅSimilar notation, but important differences!

Ådifferent naïve-time-reversal properties

ÅExperimental access still very limited! 
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Å8 independent gluon TMDs at leading-twist
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Polarized hadronic collisions with LHCspinoffer a complementary approach!

ÅMeasure experimental observables sensitive to both quarks and gluons TMDs

ÅMake use of new probes (charmed and beauty mesons)

ÅTest non-trivial process dependence of quarks and (especially) gluons TMDs

Å8 independent quark TMDs at leading-twist

Åsignificant experimental progress in the last 20 years!

ÅƳŀƛƴ ǊŜǎǳƭǘǎ ŦǊƻƳ {L5L{ όI9wa9{Σ /hat!{{Σ W[!.Σ Ҧ 9L/ύ

Åmany phenomenological extractions available from global analyses



Unpolarized Drell-Yan

Quark TMDs
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Å dominant: ήὼ ήὼ ᴼ‘‘

Å Theoretically cleanest hard h-h scattering process

Å beam sea quarks probed at small ὼ

Å target valence quarks probed at large ὼ

Å LHCb has excellent ‘-ID & reconstruction for ‘‘
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Expected mass resolution 
ͯρπὓὩὠin ς ὓ υὋὩὠ

Sensitive to unpol. and BM TMDs

Ὠ„ ᶿὪἆὪ ÃÏÓς‰Ὤ
ȟ
ἆὬ

ȟ

Å dominant: ήὼ ήὼ ᴼ‘‘

Å Theoretically cleanest hard h-h scattering process

Å beam sea quarks probed at small ὼ

Å target valence quarks probed at large ὼ

Å LHCb has excellent ‘-ID & reconstruction for ‘‘

Unpolarized Drell-Yan



Transv. polarized Drell-Yan

Quark TMDs
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Sensitive to quark TMDs through TSSAs

ὃ
ρ

ὖ

„ᴻ „ᴽ

„ᴻ „ᴽ
ȟ ȟȟ ȟȣ

[arXiv:1807.00603]
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Sensitive to quark TMDs through TSSAs

ὃ
ρ

ὖ

„ᴻ „ᴽ

„ᴻ „ᴽ
ȟ ȟȟ ȟȣ

Å In DY extraction of qTMDs does not 
require knowledge of FF

Å Verify sign change of Sivers func. wrt SIDIS

Å Test flavour sensitivity using both H and D 
targets

[arXiv:1807.00603]

Expected mass resolution 
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Gluon TMDs
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In high-energyhadroncollisions,heavyquarksaredominantlyproducedthroughggfusion:

the mostefficient wayto accessthe gluondynamicsinside
the proton at LHCisto measureheavy-quarkobservables



Gluon TMDs
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Polarized gTMDscan be accessed through TSSAs in inclusive 
heavy meson production

ὃ
ρ

ὖ

„ᴻ „Ȣ

„ᴻ „Ȣ
ᶿ Ὢ ὼȟὯ ἆὪ ὼȟὯ ÓÉÎ‰ Ễ

Ɫ╬ȟⱵ╬ȟȣ
Ɫ╫ȟⱵ╫ȟȣ
ϳ╙ⱶȟⱶȟȣ

♇▪╢

Ὣ

Ὣ

In high-energyhadroncollisions,heavyquarksaredominantlyproducedthroughggfusion:

the mostefficient wayto accessthe gluondynamicsinside
the proton at LHCisto measureheavy-quarkobservables
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Polarized gTMDscan be accessed through TSSAs in inclusive 
heavy meson production

ὃ
ρ

ὖ

„ᴻ „Ȣ

„ᴻ „Ȣ
ᶿ Ὢ ὼȟὯ ἆὪ ὼȟὯ ÓÉÎ‰ Ễ

LHCspin simulation

 ὴὴO ϳὐ‪ὢ  ( ϳὐ‪ᴼ‘‘)GluonSiversfunction:

Å Shedslight on spin-orbit correlationsof
unpol. gluonsinsidea transv. pol. proton

Å issensitiveto gluonOAM

Ɫ╬ȟⱵ╬ȟȣ
Ɫ╫ȟⱵ╫ȟȣ
ϳ╙ⱶȟⱶȟȣ

♇▪╢

Ὣ

Ὣ

In high-energyhadroncollisions,heavyquarksaredominantlyproducedthroughggfusion:

the mostefficient wayto accessthe gluondynamicsinside
the proton at LHCisto measureheavy-quarkobservables

[Phys. Rev. D 102, 094011 (2020)]

https://arxiv.org/abs/2007.03353


Probing the gluon TMDs

TMD factorization requiresή ὗ Ḻὓ . Can look at
associatequarkoniaproduction, whereonly the relative

ή needsto besmall,e.g.: ὴὴᴻᴼ ϳὐ‪ ϳὐ‪ ὢ
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JHEP 03 (2024) 088ὴὴȟρσὝὩὠ

https://link.springer.com/article/10.1007/JHEP03(2024)088
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ὴὴȟρσὝὩὠ

Å azimuthal amplitudes consistent with zero

Å a few-% asymmetry cannot be excluded

Å uncertainties statistically dominated

Å But very challenging at fixed-target kinematics

JHEP 03 (2024) 088ὴὴȟρσὝὩὠ

https://link.springer.com/article/10.1007/JHEP03(2024)088
https://link.springer.com/article/10.1007/JHEP03(2024)088


Transverse momentum coordinates

Transverse spatial coordinates

TMDs
█●ȟ▓

█●ȟ►

           GPDs
╗●ȟⱩȟ◄

FT

nucleon 
tomography in 
mom. space

nucleon 
tomography in 
coord. space

Courtesy QuantOm Collaboration
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GPDs: a complementary approach to the nucleon tomography 



36

Gluon GPDs and UPC

Gluon GPDs can be accessed at LHC in Ultra-Peripheral collisions (UPC) where a 
quasi-real photon is emitted by the relativistic beam particle 

At LHCenergies,thesephotonsare energeticenoughto trigger the production
of harddileptonsandcharmoniaandbottomonia.

Mur ilo  Rang el T uesd ay Meet ing  ( 2 1- May- 2 02 4)                       Slid e6

Ultraperipheral collisions ï LHCb publications

Two published papers with 2015 and 2018 data (each with > 30 citations)
JHEP 06 (2023) 146
JHEP 07 (2022) 117

Coherent UPC: 
pomeron emitted by 

entire nucleus

Incoherent UPC:
pomeron emitted by 

single nucleon

- Impact parameter larger than sum of radii
- Process dominated by EM interaction
- Gluon distributions probed by pomeron exchange
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[PRD 85 (2012), 051502]

https://arxiv.org/abs/1112.1334
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[PRD 85 (2012), 051502]

J. High Energ. Phys. 2023

Pb-Pb collisions

ί υȢπςὝὩὠ

ϳὐ‪ ‪ςὛ

Diff. cross section vs. ὴ  for coherent ϳὐ‪ and ‪ςὛ 
photoproduction, compared with models

https://arxiv.org/abs/1112.1334
https://link.springer.com/article/10.1007/JHEP06(2023)146


With LHCspin exclusive photo-production of ϳ╙ⱶ in UPCof
proton (or lead) beams with polarized ╗ᴻ target can be
studied, providing constraints to the essentiallyunknown
gluonGPD╔▌whichplaysa crucialrole in the Jisumrule:

Gluon GPDs and UPC
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Gluon GPDs and UPC
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PLB 793 (2019) 33-40

Å Extraction based on models for the GPD 
Ὄ  (Goloskokov-Kroll) and Ὁ  (PRD 85, 
051502 (2012))

▬╗ᴻ  UPC Pb╗ᴻ  UPC

Å AFTER model-dependent predictions 

very promising for ▬╗ᴻ  UPC

The hadronic STSA ὃ can be parametrized in terms of the photonic 
STSA ὃ  which incorporates the GPDsὌ and Ὁ through their
gluonicCFFs꞊ and꜡

With LHCspin exclusive photo-production of ϳ╙ⱶ in UPCof
proton (or lead) beams with polarized ╗ᴻ target can be
studied, providing constraints to the essentiallyunknown
gluonGPD╔▌whichplaysa crucialrole in the Jisumrule:

https://www.sciencedirect.com/science/article/pii/S0370269319302308?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269319302308?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269319302308?via%3Dihub
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Merging  spin physics with heavy-ion physics

Å probe collective phenomena in heavy-light systems through ultra-
relativistic collisions of heavy nuclei with trasv. pol. deuterons

Å polarized light target nuclei offer a unique opportunity to control 
the orientation of the formed fireball by measuring the elliptic 
flow relative to the polarization axis (ellipticity).

ί χςGeV

pol. deuteron
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Merging  spin physics with heavy-ion physics

Unpol. deuterons: the 
fireball is azimuthally 
symmetric Ҧ ○ .

Å probe collective phenomena in heavy-light systems through ultra-
relativistic collisions of heavy nuclei with trasv. pol. deuterons

Å polarized light target nuclei offer a unique opportunity to control 
the orientation of the formed fireball by measuring the elliptic 
flow relative to the polarization axis (ellipticity).

ί χςGeV

pol. deuteron
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Merging  spin physics with heavy-ion physics

Unpol. deuterons: the 
fireball is azimuthally 
symmetric Ҧ ○ .

▒ ᴼ prolate fireball 
stretched along the pol. 
axis, corresponds to ○

▒  Ooblate fireball 
corresponds to ○

Å probe collective phenomena in heavy-light systems through ultra-
relativistic collisions of heavy nuclei with trasv. pol. deuterons

Å polarized light target nuclei offer a unique opportunity to control 
the orientation of the formed fireball by measuring the elliptic 
flow relative to the polarization axis (ellipticity).

ί χςGeV

pol. deuteron



L. L. Pappalardo                                                Sar Wors 2025 - 4th Sardinian Workshop on Spin - Pula (Cagliari) 11-13 June 2025 43

Merging  spin physics with heavy-ion physics

Unpol. deuterons: the 
fireball is azimuthally 
symmetric Ҧ ○ .

▒ ᴼ prolate fireball 
stretched along the pol. 
axis, corresponds to ○

▒  Ooblate fireball 
corresponds to ○

Å probe collective phenomena in heavy-light systems through ultra-
relativistic collisions of heavy nuclei with trasv. pol. deuterons

Å polarized light target nuclei offer a unique opportunity to control 
the orientation of the formed fireball by measuring the elliptic 
flow relative to the polarization axis (ellipticity).

ί χςGeV

pol. deuteron

Predictions for LHC FT kinematics
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https://arxiv.org/abs/1906.09045


The LHCspin apparatus

The LHCspinapparatusconsistsof a new-generation HERMES-like polarized gaseousfixed target to be
installedusptreamof the VELO
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The LHCspin apparatus

The LHCspinapparatusconsistsof a new-generation HERMES-like polarized gaseousfixed target to be
installedusptreamof the VELO

[NIMA 540 (2005) 68]

75-80% transv. pol. 
@ HERMES
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https://arxiv.org/abs/physics/0408137


The LHCspin apparatus

The LHCspinapparatusconsistsof a new-generation HERMES-like polarized gaseousfixed target to be
installedusptreamof the VELO

[NIMA 540 (2005) 68]

75-80% transv. pol. 
@ HERMES
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A
B
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R
P

VELO vessel

https://arxiv.org/abs/physics/0408137
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The LHCspin apparatus

Å Compact dipole magnet for static transverse field to maintain 
polarization inside the cell 

Å Required ║ □╣with ϳЎ║║ͯ Ϸ
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The LHCspin apparatus

Å Compact dipole magnet for static transverse field to maintain 
polarization inside the cell 

Å Required ║ □╣with ϳЎ║║ͯ Ϸ

Å Need to modify main flange of VELO vessel (inward)

Å No need for additional detectors!
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The LHCspin apparatus

Å Compact dipole magnet for static transverse field to maintain 
polarization inside the cell 

Å Required ║ □╣with ϳЎ║║ͯ Ϸ

Å Possibilityto switch from dipole magnet to solenoid to realize
a Longitudinalpolarizedtarget in a future phase

Å Need to modify main flange of VELO vessel (inward)

Å No need for additional detectors!
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Kinematic  coverage

The kinematic coverage depends on the cell position:
Å SMOG2 cell position: [-560,-360] mm

ί ςά Ὁ ρρυὋὩὠ

ὼ ς ϳὉ ίÓÉÎÈώz Ὁ ὓ ὴ

ὗ ὴ ά ὼ ὗὩ ϳ
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Kinematic  coverage

ί ςά Ὁ ρρυὋὩὠ

ὼ ς ϳὉ ίÓÉÎÈώz Ὁ ὓ ὴ

ὗ ὴ ά ὼ ὗὩ ϳ

The kinematic coverage depends on the cell position:
Å SMOG2 cell position: [-560,-360] mm
Åὼ/ ὼ ranges shrink towards larger backward distances
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Kinematic  coverage

ί ςά Ὁ ρρυὋὩὠ

ὼ ς ϳὉ ίÓÉÎÈώz Ὁ ὓ ὴ

ὗ ὴ ά ὼ ὗὩ ϳ

The kinematic coverage depends on the cell position:
Å SMOG2 cell position: [-560,-360] mm
Åὼ/ ὼ ranges shrink towards larger backward distances
Å Probable position of LHCspincell: [-670,-470] mm
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Expected  performance
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ÅὍ φȢυɇρπί  (HERMES)

Å Ctot = 17.4 l/s   (20 cm cell)

ÅⱣ= 3.7 ɇ1013  atoms/cm2

Target

Expected  performance

ÅςȢςɇρπ p/bunch

Å 2760 bunches

Å╘╫▄╪□ Ȣɇ ▬Ⱦ▼

Beam (Run4) fl▬╗ Ȣɇ Ἣἵ Ἳ

╛▬╗╡◊▪ █╫
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ÅὍ φȢυɇρπί  (HERMES)

Å Ctot = 17.4 l/s   (20 cm cell)

ÅⱣ= 3.7 ɇ1013  atoms/cm2

Target

ÅςȢςɇρπ p/bunch

Å 2760 bunches

Å╘╫▄╪□ Ȣɇ ▬Ⱦ▼

Beam (Run4)

Expected  performance

ü fully reconstructed and selected events (after cuts)!

ü based on extrapolation of current SMOG2 performance

fl▬╗ Ȣɇ Ἣἵ Ἳ

╛▬╗╡◊▪ █╫
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ÅὍ φȢυɇρπί  (HERMES)

Å Ctot = 17.4 l/s   (20 cm cell)

ÅⱣ= 3.7 ɇ1013  atoms/cm2

Target

ÅςȢςɇρπ p/bunch

Å 2760 bunches

Å╘╫▄╪□ Ȣɇ ▬Ⱦ▼

Beam (Run4)

Expected  performance

ü fully reconstructed and selected events (after cuts)!

ü based on extrapolation of current SMOG2 performance

fl▬╗ Ȣɇ Ἣἵ Ἳ

╛▬╗╡◊▪ █╫

Will be much higher in Run5 (HL-LHC)!!



The jet target option

Alternativesolutionwith jet target alsounderevaluation:

Å lower density( ρͯπÁÔÏÍÓȾὧά)Ҧabouta factorof 40smaller
Åhigherpolarization(up to 90%)
Å lower systematicsin Pmeasurement(virtuallycloseto 0)
ÅCompatiblewith SMOG2 setup

Distance ABS ςbeam axis configuration 2

286

PFJ + SMOG2 cel - View 2

SMOG2
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The plan for the upcoming years
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Necessary pre-requisites for approval of the project at LHCb(Run5)

Å R&Dcampaignfor the apparatustowardsthe final setupfor LHCb

Å feasibilitystudiesin a dedicatedexp. areaservedbyLHCbeams
Å Developandtest a RHIC-like absolutepolarimeter



The plan for the upcoming years
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IR4is the ideal place for our R&D:
Å Lots of free space for our instrumentation
Å Rails, cables and racks already available in-situ

IR4

Necessary pre-requisites for approval of the project at LHCb(Run5)

Å R&Dcampaignfor the apparatustowardsthe final setupfor LHCb

Å feasibilitystudiesin a dedicatedexp. areaservedbyLHCbeams
Å Developandtest a RHIC-like absolutepolarimeter



The plan for the upcoming years
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ABS and BR-polarimeter have already been
movedto Ferrarafor first testsand optimization
prior to full installationat IR4.
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-to develop  a  new genera tion ta rget system

27

IR4 is a  grea t opportunity to perfo rm R&D and  physics on beam:

-to study the beam-p ola rised  ta rget mu tua l interact ions (Beam Induce d  Depola risa tion, 

Imp edance , Co a ting, Reco mb ina tion, SEY, é)

-to develop  a  new pola rime ter

requires a lso R&D fo r silico n detect ors in the LHC 

vacu um, interesting  fo r ma ny other p roject s 

e.g. similar to the RHIC/EIC hadronic polarimeter
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LS3 (2027-30):
Å Installation at IR4 of existingsetup(ABS+ BRpolarimeter)
Å Implementation of a RHIC-like absolute polarimeter: exploits

Coulomb-Nuclear Interference in beam-target scattering to
measureof molecularpolarization(to becalibratedwith the BRP)

Å Possibilityto implement a minimal spectrometer
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-to develop  a  new genera tion ta rget system

27

IR4 is a  grea t opportunity to perfo rm R&D and  physics on beam:

-to study the beam-p ola rised  ta rget mu tua l interact ions (Beam Induce d  Depola risa tion, 

Imp edance , Co a ting, Reco mb ina tion, SEY, é)

-to develop  a  new pola rime ter
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Run4 (2030-33): 
Å In-beam polarimetry studies 
Å proof-of-principle prototype experiment: first pol. meas. at 

the LHC (SSAs in inclusive light hadron production)

LS3 (2027-30):
Å Installation at IR4 of existingsetup(ABS+ BRpolarimeter)
Å Implementation of a RHIC-like absolute polarimeter: exploits

Coulomb-Nuclear Interference in beam-target scattering to
measureof molecularpolarization(to becalibratedwith the BRP)

Å Possibilityto implement a minimal spectrometer
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-to develop  a  new genera tion ta rget system

27

IR4 is a  grea t opportunity to perfo rm R&D and  physics on beam:

-to study the beam-p ola rised  ta rget mu tua l interact ions (Beam Induce d  Depola risa tion, 

Imp edance , Co a ting, Reco mb ina tion, SEY, é)

-to develop  a  new pola rime ter

requires a lso R&D fo r silico n detect ors in the LHC 

vacu um, interesting  fo r ma ny other p roject s 

e.g. similar to the RHIC/EIC hadronic polarimeter
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Run4 (2030-33): 
Å In-beam polarimetry studies 
Å proof-of-principle prototype experiment: first pol. meas. at 

the LHC (SSAs in inclusive light hadron production) https:// arxiv.org/abs/2504.16034

LS3 (2027-30):
Å Installation at IR4 of existingsetup(ABS+ BRpolarimeter)
Å Implementation of a RHIC-like absolute polarimeter (exploits

Coulomb-Nuclear Interference in beam-target scattering) to
measureof molecularpolarization(to becalibratedwith the BRP)

Å Possibilityto implement a minimal spectrometer

https://arxiv.org/abs/2504.16034
https://arxiv.org/abs/2504.16034
https://arxiv.org/abs/2504.16034
https://arxiv.org/abs/2504.16034
https://arxiv.org/abs/2504.16034


Timeline of the project

First tests and 
characterization 

in Ferrara
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The setup @ Ferrara



Timeline of the project

Installation at IR4 (LHC):
- ABS + Breit-Rabi polarimeter
- Absolute polarimeter
- minimal spectrometer ?

First tests and 
characterization 

in Ferrara
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Implementation @ IR4



Timeline of the project

Installation at IR4 (LHC):
- ABS + Breit-Rabi polarimeter
- Absolute polarimeter
- minimal spectrometer ?

- Polarimetry measurements
- First physics measurements (SSAs)?

-to develop  a  new genera tion ta rget system

27

IR4 is a  grea t opportunity to perfo rm R&D and  physics on beam:

-to study the beam-p ola rised  ta rget mu tua l interact ions (Beam Induce d  Depola risa tion, 

Imp edance , Co a ting, Reco mb ina tion, SEY, é)

-to develop  a  new pola rime ter

requires a lso R&D fo r silico n detect ors in the LHC 

vacu um, interesting  fo r ma ny other p roject s 

e.g. similar to the RHIC/EIC hadronic polarimeter
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polarimeter

First tests and 
characterization 

in Ferrara
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Basic spectrometer at IR4

Implementation @ IR4



Timeline of the project

Installation at IR4 (LHC):
- ABS + Breit-Rabi polarimeter
- Absolute polarimeter
- minimal spectrometer ?

- Polarimetry measurements
- First physics measurements (SSAs)?

Move apparatus from 
IR4 to LHCb

Data taking with LHCb

-to develop  a  new genera tion ta rget system

27

IR4 is a  grea t opportunity to perfo rm R&D and  physics on beam:

-to study the beam-p ola rised  ta rget mu tua l interact ions (Beam Induce d  Depola risa tion, 

Imp edance , Co a ting, Reco mb ina tion, SEY, é)

-to develop  a  new pola rime ter

requires a lso R&D fo r silico n detect ors in the LHC 

vacu um, interesting  fo r ma ny other p roject s 

e.g. similar to the RHIC/EIC hadronic polarimeter
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characterization 

in Ferrara
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Basic spectrometer at IR4

A
B

S
B

R
P

VELO vessel

Implementation at LHCb

Implementation @ IR4



Conclusions

L. L. Pappalardo                                                Sar Wors 2025 - 4th Sardinian Workshop on Spin - Pula (Cagliari) 11-13 June 2025 68

ü LHCspinis the naturalevolution: a polarizedfixed target at LHCbwill bring spin-physicsfor the first time
at the LHCandwill openthe way to a broadanduniquephysicsprogram!

ü Firstinsightsinto the yet unknowngluonTMDs(suchasthe GSF)will be possiblethanksto the excellent
capabilitiesof LHCbin reconstructingquarkoniastatesandheavymesons.

ü Novelapproachesandreactionswill beexploitedto studythe 3Dnucleonstructure

ü TheFixed-Targetprogramat LHCbisactivesinceRun2, now greatlyenrichedwith SMOG2

ü Theapprovalprocessof the first phase(R&Dat IR4) is in progress.



Backup
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Absolute polarimetry

ὸ
ψ“σ‌ ὤὤ

„ ί

Under Coulomb-Nuclear Interference (CNI) conditions one can measure L-R asymmetries in elastic ὴὌᴻ scattering:  

Analyzing power is maximal (τ-υϷ) for ◄ ◄▄

For a 7 TeVproton beam:

Å„ τχάὦ

Å proton recoil energies: 1.7 ς 4.6 MeV

Å proton recoil angles ψχЈ — ψωЈ

ü Find more here: https://www.maths.tcd.ie/~nhb/talks/2019_07_16_nhb.pdf

ü Techniqueused for polarimetry at
RHICwith p-Cscattering
(A. Poblaguev et al., PoS PSTP 2017 (2018) 022)

-to develop  a  new genera tion ta rget system

27

IR4 is a  grea t opportunity to perfo rm R&D and  physics on beam:

-to study the beam-p ola rised  ta rget mu tua l interact ions (Beam Induce d  Depola risa tion, 

Imp edance , Co a ting, Reco mb ina tion, SEY, é)

-to develop  a  new pola rime ter

requires a lso R&D fo r silico n detect ors in the LHC 

vacu um, interesting  fo r ma ny other p roject s 

e.g. similar to the RHIC/EIC hadronic polarimeter
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https://www.maths.tcd.ie/~nhb/talks/2019_07_16_nhb.pdf


Physics measurements at  IR4

L. L. Pappalardo                                                Sar Wors 2025 - 4th Sardinian Workshop on Spin - Pula (Cagliari) 11-13 June 2025 71



Can be measured at the EIC

Can be measured at RHIC & LHC 
(including LHCb+SMOG2)
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[D. Boer: Few-body Systems 58, 32 (2017)]

Can be measured at RHIC and 
LHCb+LHCspin

A synergic attack to gTMDs

https://arxiv.org/pdf/1611.06089.pdf
https://arxiv.org/pdf/1611.06089.pdf
https://arxiv.org/pdf/1611.06089.pdf
https://arxiv.org/pdf/1611.06089.pdf


Theory framework well consolidated Χōǳǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŀŎŎŜǎǎ ǎǘƛƭƭ ŜȄǘǊŜƳŜƭȅ ƭƛƳƛǘŜŘΗ

Å E.g. there are 2 types of Ὢ and Ὤ :     Weizsacker-Williams  (WW)    ; DiPole (DP)        

Å 2 indep. GSF:      Ὢ
ȟ
άf-typeέ Ҧantisymm. colour structure ;    Ὢ

ȟ
άd-typeέ Ҧ symm. colour structure

Å Dependingon their combinations,there are 2 independent versionsof each gTMD that can be probed in different
processesandcanhavedifferent magnitudeandwidthsanddifferentὼandὯ dependencies!

Gluoncorrelatordependson 2 path-dependentgaugelinks,different for ISIandFSI:

άCǳǘǳǊŜ ǇƻƛƴǘƛƴƎέ 
²ƛƭǎƻƴ ƭƛƴŜ όάέύ

FSI (SIDIS)

άtŀǎǘ ǇƻƛƴǘƛƴƎέ 
²ƛƭǎƻƴ ƭƛƴŜ όάέύ

ISI (DY))

gluon TMDs

ȟ ȟ
Sign-change relation expected for 

the other T-odd gTMDs▐
▌

and ▐ ╣
▌
!
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A preliminary  analysis tool for pseudo -data
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A pseudo-dataset basedon a TransverselyPol. H target hasbeengeneratedto study the interplaybetweenstatisticaland
systematicuncertainties(dueto the measurementof the polarization).

JHEP, 12:010, 2020

Similarapproachusedat HERMES(AppendixCof [JHEP, 12:010, 2020]):

Å UseofficialLHCbMCdatafor inclusiveproductionof ϳὐ‪ᴼ‘‘ in fixed-target configuration(PYTHIA8 + EPOS)

Å Introducea spin-dependencein the simulation: assignto eachsimulatedeventa target polarizationstate( oᴻr )Ȣ usinga
randomextractionmodulatedwith a modelfor the crosssection

Å Themodelassumesa dominantÓÉÎ‰modulation(e.g. sensitiveto the gluonSivers) plusa suppressedÓÉÎς‰modulation
(to accounte.g. for possiblehigher-twist contributions). Bothtermsdependmildly on the kinematics(ὼȟὴ):

Å Usingthesepseudo-datathe TSSAiscomputedin the usualway:

ὃ
ρ

ὖ

ὔᴻ ὔȢ

ὔᴻ ὔȢ

andthe uncertaintieson ὔᴻ ᴽ (Poisson)andὖ(systematic)propagatedaccordingly.

https://arxiv.org/abs/2007.07755
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Å Thedatapointsarebinnedinὼ andὴ (2Dbinning),representedvs.‰andfitted with Ὢ ὥÓÉÎ‰ ὥÓÉÎς‰where
the free parametersὥ andὥ representthe amplitudeof the correspondingazimuthalmodulation

Å The extracted parametersὥ andὥ are
consistent with those used to generate
the model(no biasisobserved)

ÅWith the available MC statistics
(correspondingto 2 weeksof data-taking)
there isno sensitivityfor theÓÉÎς‰term

Å The amplitudesὥ are reported vs. ὼ in
binsofὴ (andvice-versa)

Å A mild kinematicdependenceis observed
consistentwith the model

A preliminary  analysis tool for pseudo -data



Statistical vs Systematics  uncertainties
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Å The analysistool describedabove allows to study the interplay between statistical uncertainties and systematic
uncertainties(dueto the measurementof the polarization)underdifferent data-takingscenarios

Å A5%systematicuncertaintyon Phasno impacton the total uncertaintyonὥ
Å Forɝὖ ςπϷ the systematicuncertaintyamountsto 30-40%of the statisticaluncertainty
Å Forɝὖ υπϷ the systematicuncertaintyapproximatelyequalsthe statisticaluncertainty
ÅWeexpect◕╟ Ϸ for the storagecell hypothesis(andcloseto 0 for the jet target hypothesis)



The LHCb detector 
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ü LHCb is a general-purpose single-arm spectrometer, fully 
instrumented in ς – υ and optimised for detection of 
charmed and beauty hadrons
[JINST 3 (2008) S08005] [IJMPA 30 (2015)1530022]

ü Excellent particle identification and momentum
resolution: ϳ„ ὴ ρȢπϷ (p [ɴ2,200] GeV)

ü DuringLS2 major hardwareupgradeto copewith the factor of 5 increasein luminosity starting from the Run3
[http://arxiv.org/abs/2305.10515]

ü Preciseprimary andsecondaryvertex reconstruction(VELO)

Types of collisions (Collider mode):

ί ρσȢφTeV ί ψȢςTeV ί υTeV

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://arxiv.org/abs/1412.6352
https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2305.10515
https://arxiv.org/abs/2305.10515


Å PbAcollisionsat ▼╝╝ ἑἭἤ(usingunpolarizedgas: He,N,Ne,Ar, Kr,Xe)
- Studyof QGPformation (searchfor predictedsequentialquarkoniumsuppression)

ÃÃstates: ϳ*ʕȟʔȟʕᴂΣΧ 
Different binding energies, different 
ŘƛǎǎƻŎƛŀǘƛƻƴ ǘŜƳǇŜǊŀǘǳǊŜǎ Ҧ medium 
thermometer

LHC @ 5.02 TeV

LHC 
fixed target

More physics reach  with unpolarized  FT reactions
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Å pA collisions(usingunpolarizedgas: He,N,Ne,Ar, Kr,Xe)
- constraintson nPDFs(e.g. on poorlyunderstoodgluon antishadowingat high●)
- studiesof parton energy-lossandabsorptionphenomenain the coldmedium
- reactionsof interest for cosmic-rayphysicsandDM searches

Å Intrinsic heavy-quark
- 5-quarkFockstateof the proton maycontributeat highὼ!
- charmPDFsat largeὼcouldbe largerthanobtainedfrom conventionalfits

[S.J. Brodsky  et al., Adv.HighEnergy Phys. 2015 (2015) 231547]
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