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Motivations

1. Few measurements in fixed-target mode for hyperons, giving intruiguing results

2. For charmed baryons one measurement performed in the 90’s at Fermilab E791

3. Polarization in fixed target needed for MDM and EDM measurements with crystals, see talks:

Ø Alex Fomin https://indico.ijclab.in2p3.fr/event/7201/contributions/22630/

Ø Federico Benedetti https://indico.ijclab.in2p3.fr/event/7201/contributions/22631/

Ø Andrea Merli https://indico.ijclab.in2p3.fr/event/7201/contributions/22625/

4. SMOG offers the unique opportunity to preform a measurement of baryon polarization in 

fixed-target mode at the LHC
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How to measure polarization
Ø Polarization P: projection of the spin on an arbitrary axis, 

à to choose the polarization axis exploit symmetries:
for strongly produced baryons the polarization must be perpendicular to the production plane

Ø Need a decay that allow to measure the polarization, angular distribution for 𝐵 → 1 + 2:

𝑑Γ
𝑑Ω

∝ (1 + 𝛼B 𝑃 cos 𝜃)

• θ is the angle between the particle 1 momentum and the baryon spin/polarization axis
• P is the magnitude of the baryon polarization 
• 𝛼B is the decay asymmetry parameter, defined as:

à Need parity violating decay to be sensitive to the polarization
Ø Degree of polarization depend on the production mechanism involved:

Ø In pp at the LHC energies: expected zero polarization for promptly produced
baryons based on prevous measurements for Λ and Λ"#

Ø Fixet-target: a polarization has been observed

𝐴$, 𝐴% are the parity-even and
parity-odd amplitudes

JHEP 2006 (2020) 110

Phys. Rev. D 91, 032004 (2015)

For Λ!"

For Λ

𝛼& =
2𝑅𝑒(𝐴$∗ 𝐴%)
𝐴$ ( + 𝐴% (
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Hyperon polarisation: first measurements
I. 1976: 300 GeV protons on Be target FERMILAB-PUB-76-157-E 

vMeasured the three components of the polarization independently
vUnexpected result: 28% polarization (not predicted by pQCD)

I. Polarisation vs
transverse momentum

4

https://inspirehep.net/files/0039d31f2b126ed540695b9fd6cb167a


Hyperon polarisation: first measurements
I. 1976: 300 GeV protons on Be target FERMILAB-PUB-76-157-E 

vMeasured the three components of the polarization independently
vUnexpected result: 28% polarization (not predicted by pQCD)

II. 1978: 400 GeV proton beam on Be target FERMILAB-PUB-78-145-E
vThe Λ! transverse polarization was found to be about 24%, 

agreeing with previous experiments, Λ! polarisation found to be zero

I. Polarisation vs
transverse momentum
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Hyperon polarisation: first measurements
I. 1976: 300 GeV protons on Be target FERMILAB-PUB-76-157-E 

vMeasured the three components of the polarization independently
vUnexpected result: 28% polarization (not predicted by pQCD)

II. 1978: 400 GeV proton beam on Be target FERMILAB-PUB-78-145-E
vThe Λ! transverse polarization was found to be about 24%, 

agreeing with previous experiments, Λ! polarisation found to be zero
III. Other hyperons: 

1. Σ" 1993, A. Morelos , p-Cu p at 800 GeV
2. Ξ# 1990, P. M. Ho, et. al., p+Be, p at 800 GeV
3. Ω# 1993, K. B. Luk, et. Al, p+Be, p at 800 Ge

I. Polarisation vs
transverse momentum

Phys. Rev. Lett. 71, 2172 (1993) 

Phys. Rev. Lett. 65, 1713

Phys. Rev. Lett. 70, 900
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Baryon polarisation: first measurements
In summary, it seems that:

1. Polarization increase with transverse momentum
2. It depends on the type of baryon

Other measurements have been performed in

• 𝑒$𝑒% collisions:
1. BES III at the BEPCII accelerator : 𝑒+𝑒− → 𝐽/𝜓 → Λ;Λ

where Λ → 𝑝𝜋− , polarization up to 25 %

2. BELLE: 𝑒+𝑒− → Λ ;Λ 𝑋, 800.4 𝑓𝑏−1 collected at or 
near a center-of-mass energy of 10.58 𝐺𝑒𝑉 , significat 
polarisation that rises with the fractional energy carried by 
the Λ/;Λ hyperon

• Ion-ion  collisions
1. Λ and ;Λ polarization compatible with zero in Pb-Pb 

collisions at 2.76 and 5.02 TeV
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Phys. Rev. C, 101(4):044611, 2020

Nature Physics, 15(7):631–634, May 2019 

Phys. Rev. Lett., 122(4):042001, 2019 

Polarization measuremetns in fixed-target systems



The LHCb detector

~20m

~12m

10-300mrad

10-250mrad

Vertex Detector
reconstruct vertices
decay time resolution: 45 fs
IP resolution: 20 μm

RICH detectors
K/π/p separation
ε(K→K) ~ 95 %, 
mis-ID ε(π→K) ~ 5 %

Dipole Magnet
bending power: 4 Tm

Tracking system: 
TT and OT
momentum resolution
Δp/p = 0.5%–1.0%
(5 GeV/c – 100 GeV/c)

Calorimeters (ECAL, 
HCAL)
energy measurement
e/γ identification
ΔE/E = 1 % ⨁10 %/√E (GeV)

Muon system
μ identification ε(μ→μ) ~ 97 %, 
mis-ID ε(π→μ) ~ 1-3 %

b!𝒃 acceptance

[IJMPA 30 (2015) 1530022]
[JINST 3 (2008) S08005]

Single arm forward spectrometer with excellent vertexing, tracking, PID 
(acceptance 2 < 𝜂 < 5) ]

Ø Excellent performances

Ø It is a “charm factory”: for 𝑝𝑝 collisions,
§ 4 × 1032 𝑐𝑚−2𝑠−1 luminostiy for Run 2:

the rate of c ̅𝑐 pairs is 0.96 MHz 
§ The rate of Λ𝑐+ seen by the LHCb detector 

is 602 Hz 

Ø Unique system to inject gas (SMOG) originally 
designed for luminosity measurements.
Re-used to transform LHCb in a fixed-target 
experiment. See talk form Pasquale.

Ø Recent interesting physics results,
see talk from Benjamin

Ø Data Samples:
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SMOG pollution
• Data sample: 2.5 TeV protons on Neon, center of mass energy of 68.9 GeV

• Data are taken simultaneously wit 𝑝𝑝 collisions at 5 TeV, no special runs.
• Major problem: pollution from pp collisions « ghost charges ».

v pp and p-Gas data are taken at the same time  alternating full and empty bunches. 
v Some debunched protons from the previous beam go to the following bunch

which is supposed to be empty. 

Beam 1 Beam 2

pp 

p-empty
Pollution from previous
bunch

empty

SMOG gas

Debunched
protons
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SMOG pollution
Cleaning using the event topology:

• Z coordinate of the PV: SMOG has a larger PVZ region

• Number of hits in the Pile Up stations of VELO at z = −315 and z = −220 mm 
à small for smog events which are forward

• Number of reconstructed tracks (nTracks) pointing opposite to the LHCb detector

Global event cuts for 2017 pNe SMOG data. Technical
report, CERN, Geneva, Jun 2020. 
https://cds.cern.ch/record/2720461.
By Frédéric, Benjamin, Felipe and Emilie

Beam 1

VELO

VELO

PU
stations

𝑧 = 0𝑚𝑚𝑧 = −315𝑚𝑚
𝑧 = −220𝑚𝑚

𝑧 = 500𝑚𝑚𝑧 = −1000𝑚𝑚

Beam 1

Empty

SMOG

𝑝𝑝
pollution
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Charmed baryons: Λ!" at Fermilab E791
Ø 1999 Phys.Lett.B471:449-459, 2000

Ø 500 GeV/c 𝜋! N interactions by Fermilab experiment E791
Ø First five-dimensional resonant amplitude analysis of 
Λ"# → 𝑝𝐾!𝜋# with 𝟗𝟒𝟔 ± 𝟑𝟖 events

Ø evidence for an increasingly negative polarization of the Λ"# baryons as a function of 𝑝$
Ø Additional data are needed in order to conclusively demonstrate the presence 

of additional resonances 
Ø Today we know that the amplitude model used by E791 was incomplete

𝛬#$ → 𝑝 𝐾%𝜋$ non resonant

Λ#$ → (𝐾∗→ 𝐾%𝜋$) 𝑝 𝐾∗ chain

Λ#$ → (Δ$$→ 𝑝𝜋$) 𝐾% Δ chain

Λ#$ → (Λ → 𝑝𝐾%) 𝜋$ Λ chain
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https://arxiv.org/abs/hep-ex/9912003v1


Charmed baryons: Λ!" at LHCb
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• Preliminary amplitude model for the polarization measurement is build using the
high statistics sample from Run II, 𝑝𝑝 collisions at 13 TeV

• Model: iosbar decomposition with helicity amplitudes for spin factors and
relativitic Breit-Wigners for  (almost all) the intermediate resonances

• Include polarisation using density matrix (for spin ½)

• Finding a model describing the data is a big challenge! 
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Moving towards SMOG measurement
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• To measure the polarization: fix the helicity couplings to the values obtained in 𝑝𝑝 data, let only the polarization vary

• Expected number of 𝛬"#→ 𝑝 𝐾!𝜋# events after cleaning with an handmade selection: ~200-300 signal events
• Increase of the number of events using machine learning technique to optimise the selection: ~400 signal events

• Simplified model, not all the resonances seen in  𝑝𝑝 data, for now only: 𝐾∗ 890 , Λ∗ 1520 , Δ## (1232) . 
• Conclusion from toy studies: the measurement can be performed with a statistical error ~0.12 
• The statistics will be improved during Run 3 thanks to SMOG2: statistical error ~0.004 , systematics uncertainties

will dominate

CERN-LHCb-PUB-2018-015

Nb signal events Statistical error

200 0.144

300 0.118

400 0.103

SMOG2

300 000

SMOG2

0.004



Conclusions and prospects

1. Baryon’s polarisation has been studied starting from the first puzzling results on hyperon polarisation

2. LHC experiments can perform precise measurements on baryons (and not only) polarization and 
asymmetry parameters with complex multi-dimensional analyses

3. The interplay of 𝑝𝑝 and SMOG data will allow to measure 𝛬$" polarization with a statistical

(dominant) error around ~0.14 for 200 events (worst case scenario)

4. SMOG allows to performs a first measurement of 𝛬$" polarization and SMOG2 wil allow to increase

the precision significantly

Thank you
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