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Motivation
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Wide range of new physics scenarios with polarization at LHC

Hadron Tomography Hadron Structure

Collective Phenomena Spin Structure
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Worldwide effort

Past present and future experiments with polarization
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Worldwide effort

Past present and future experiments with polarization

Issue at LHC

LHC beams cannot be polarized.

Polarized fixed-target: only option for polarized collisions
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Kinematic plane for a fixed target experiment at LHC

p-p: 0.45-7 TeV beam on fix target√
s =

󰁳
2mNEp : 41 − 115 GeV

A-p: 2.76 TeV beam on fix target

x1: beam; x2: target
Large CM boost (γ =

√
sNN

2mp
≃ 60)

large x2 (XF <0), small x1
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Kinematic plane for a fixed target experiment at LHC

p-p: 0.45-7 TeV beam on fix target√
s =

󰁳
2mNEp : 41 − 115 GeV

A-p: 2.76 TeV beam on fix target

x1: beam; x2: target
Large CM boost (γ =

√
sNN

2mp
≃ 60)

large x2 (XF <0), small x1

Broad and poorly explored kinematic range
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LHCb: a collider detector ...
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LHCb: ... ideal for a fixed target experiment

Lenisa (Ferrara) LHCspin PSTP2024 7 / 34



The SMOG2 apparatus
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SMOG2 an unpolarized target at LHCb

Openable storage cell installed in Autumn 2020 - operational since 2022
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SMOG2 an unpolarized target at LHCb

Openable storage cell installed in Autumn 2020 - operational since 2022

LHCb successfully operating in both fixed target and collider modes
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SMOG2 an unpolarized target at LHCb

Only system in the LCH primary vacuum

Lenisa (Ferrara) LHCspin PSTP2024 10 / 34



SMOG2 early results - 1

Two well separated and independent interaction points operaing simultaneously

Selected for publication as Editor’s suggestion on Phys. Rev A&B

Lenisa (Ferrara) LHCspin PSTP2024 11 / 34



SMOG2 early results - 2

beam-beam and beam-gas
interactions well detached

same resolution for beam-gas and
beam-beam interactions
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SMOG2 early results - 2

beam-beam and beam-gas
interactions well detached

same resolution for beam-gas and
beam-beam interactions

LHCb is the only experiment able to run in collider and fixed target mode simultanously
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SMOG2 early results - 3
Cell tomography from residual gas and secondary interactions
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SMOG2 early results - 3
Cell tomography from residual gas and secondary interactions

Excellent results in only 18 minutes of data taking

Λ and J/Ψ identification
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LHCspin
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Physics perspectives

Physics goals

Multi-dimensional nucleon structure in a poorly explored kinematic domain

Measure experimental observables sensitive to both quarks and gluons TMDs

Make use of new probes (charmed and beauty mesons)

Complement present and future SIDIS results

Measure exclusive processes to access GPD
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Physics perspectives

Physics goals

Multi-dimensional nucleon structure in a poorly explored kinematic domain

Measure experimental observables sensitive to both quarks and gluons TMDs

Make use of new probes (charmed and beauty mesons)

Complement present and future SIDIS results

Measure exclusive processes to access GPD

Event rates

Huge statistics
Precise spin asymmetry on J/Ψ → µ+µ− and D0 → K+π0 for pH↑ collisions
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A polarized target at LHCb

Successful technology based on HERA, COSY and RHIC experiments
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Experimental setup
From the HERMES/PAX target setup
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Experimental setup
From the HERMES/PAX target setup

To a new generation of fixed target experiments

Luminosity
◮ Target density (H): 3.7 × 1013cm2

◮ LHC beam (Run5): 6.8 × 1018ps−1

◮ LpH = 2.5 ×1032cm−2s−1

Negligible impact on beam lifetime:
◮ induced τ p−H

beam−gas ∼ 2000 days;
◮ typical τLHC : 10 h
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Polarized gas target implementation

ABS + BRP polarmeter
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Polarized gas target implementation

ABS + BRP polarmeter Holding field

Compact dipole magnet
B = 300 mT with polarity inversion
Possibility to switch to a solenoid
and provide long. polarization
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Storage cell coating: amorphous carbon

Amorphous carbon as low emission yield material
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Storage cell coating: amorphous carbon

Amorphous carbon as low emission yield material

SMOG2 cell coating
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Coating issues for a polarized storage cell

Previous experience

HERA and COSY: Drifilm (silicon) or Teflon (fluoride) coatings combined with ice
layers, kept SEY low and prevented recombination

LHC: no fluoride or silicon materials allowed
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Coating issues for a polarized storage cell

Previous experience

HERA and COSY: Drifilm (silicon) or Teflon (fluoride) coatings combined with ice
layers, kept SEY low and prevented recombination

LHC: no fluoride or silicon materials allowed

Amorphous carbon properties

Amorphous carbon: excellent for low SEY
What about recombination?
Eley-Rideal recombination mechanism:
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Polarization measurement on an amorphous carbon coated cell
Quartz cell coated with amorphous carbon
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Polarization measurement on an amorphous carbon coated cell
Quartz cell coated with amorphous carbon

Measurements with Lamb-shift polarimeter setup at FZ-Jülich
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Polarization measurement on an amorphous carbon coated cell
Quartz cell coated with amorphous carbon

Measurements with Lamb-shift polarimeter setup at FZ-Jülich

Result: recombined molecules preserve polarization! → talk by R. Engels
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Inverting the paradigm: a polarized molecular target

Exploitation of recombination effects. Possible if:

Recombination "fast enough" to recombine two polarized atoms
Recombination rate high

Development of a new storage cell with polarized molecules
◮ High density
◮ Better polarization preservation
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Inverting the paradigm: a polarized molecular target

Exploitation of recombination effects. Possible if:

Recombination "fast enough" to recombine two polarized atoms
Recombination rate high

Development of a new storage cell with polarized molecules
◮ High density
◮ Better polarization preservation

Problem

Breit-Rabi polarimeter cannot measure molecular polarization

Absolute polarimeter required!
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Absolute Polarimetry with Carbon Nuclear Interference (CNI)
Recoil spectrometer at RHIC

Array of Si detectors measures TR & ToF of recoil proton.

Channel no corresponds to recoil angle θR .

Correlations (TR & ToF ) and (TR & θR) → elastic process

AN → beam/target polarization
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Recoil polarimetry at LHCspin

Estimations from N. Buttimore (Trinity College)

Analyzing power:

Cross section at 7 TeV: σtot = 47 mb (255 GeV: σtot = 39.2 mb)
Recoil energies at 7 TeV: 1.7 MeV < TR <4.6 MeV
Recoil angles at 90o: 30 mrad < θ < 50 mrad
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Recoil polarimetry at LHCspin

Estimations from N. Buttimore (Trinity College)

Analyzing power:

Cross section at 7 TeV: σtot = 47 mb (255 GeV: σtot = 39.2 mb)
Recoil energies at 7 TeV: 1.7 MeV < TR <4.6 MeV
Recoil angles at 90o: 30 mrad < θ < 50 mrad

To validate the predictions of AN at 7 TeV, the absolute polarimeter must be installed in
coincidence with the BRP polarimeter along the beamline at LHC
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Installation of a polarized jet target at LHC Interaction Region 4

Other options

IR3

IR8 before or after LHCb (beyond the wall)
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Objectives of the installation at the IR4

Apparatus

Jet target
Absolute polarimeter & BRP
Full (minimal) spectrometer: dipole
mag., track. stations, muons syst.
Simple PID detector (Calo, RICH)

Goals

PoP absolute polarimeter

PoP future experiment at LHCb

Single spin asymmetries in
inclusive hadron production in pH ↑
and PbH ↑
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Project development in two phases

Phase 1 - Test installation at IR4

Develop a compact - LHCb
independent apparatus at IR4

conduct R&D for a PGT for Run5

feasibility of absolute polarimetry

perform new physics measurements
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Project development in two phases

Phase 1 - Test installation at IR4

Develop a compact - LHCb
independent apparatus at IR4

conduct R&D for a PGT for Run5

feasibility of absolute polarimetry

perform new physics measurements

Phase 2 - Installation at LHCb

Install the PGT in LHCb for Run5

exploit the potentialities of LHCb
(upgrade II): c-. b- quark
reconstruction, rare probes
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Backup solution: polarized jet target

Jet target option

Lower density (∼ 1012 at/cm2)

Higher polarization (∼ 90 %)
Small Helmholtz coil with no impact
on LHCb current and future setup
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Backup solution: polarized jet target

Jet target option

Lower density (∼ 1012 at/cm2)

Higher polarization (∼ 90 %)
Small Helmholtz coil with no impact
on LHCb current and future setup

Pro

no recombination
high polarization
small systematics in P meas.

Contra

× 40 lower luminosity
tolerable for standard channels
relevant for rare probes
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Perspectives
LHCspin is complementary to EIC

Timetable
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Spare
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Rates
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Beam Gas Vertex Instrument
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Beam Induced Depolarization
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Beam Induced Depolarization: HERA vs LHC
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