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NA61/SHINE experiment

Fixed target experiment located at the CERN SPS.
Coverage of the full forward hemisphere, down to pT = 0.

Beams:

Ions (Be Ar, Xe, Pb):
pbeam = 13A− 150A GeV/c,

√
sNN = 5.1− 16.8 GeV.

Hadrons (π, K, p):
pbeam = 13A− 400A GeV/c,

√
sNN = 5.1− 27.4 GeV.
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NA61/SHINE physics program

Strong interaction physics:

study properties of the onsets of deconfinement and fireball,

search for the critical point of strongly interacting matter,

direct measurements of open charm.

Neutrino and cosmic ray physics:

measurements for neutrino programs at J-PARC and Fermilab,

measurements of nuclear fragmentation cross section for cosmic
ray physics.
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NA61/SHINE 2D scan
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Two-dimensional scan in collision energy and mass of colliding nuclei.
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Diagram of high-energy nuclear collisions

Oleksandra Panova New results on Xe+La central collisions from NA61/SHINE at CERN SPS 5 / 18



Centrality selection

Centrality selection is based on the projectile spectator energy EF

measured by the Projectile Spectator Detector (PSD).
For Xe+La the 10% most central collisions are selected at 150A GeV/c
and 10% at 30A− 75A GeV/c.
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h− method for π−

h− – all negatively charged hadrons (≈ 90% π− + K− + p̄ + ...)

h− raw
spectrum

×

π− MC
generated

——–h− MC selected

=

π− corrected spectrum

Raw h− spectrum, MC generated π− and selected h− spectra,
corrected spectrum of π− using h− method for Xe+La at 150A GeV/c.
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dE/dx vs p after all cuts
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Fitting

Fit with sum of asymmetric Gaussians for p, p̄,K±, π±, e±, d:

f(x) =
∑

i=p,K,π,e,d

Ni
1∑
l nl

∑
l

nl√
2πσi,l

exp

[
−1

2

(
x− x′i

(1± δ)σi,l

)2
]
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MC corrections for dE/dx method (example for K−)

K− raw
spectrum

×

K− MC
generated

——–K− MC
selected

=

K− corrected spectrum

Raw K− spectrum, MC generated and selected K− spectra, corrected
spectrum of K− using dE/dx method for Xe+La at 150A GeV/c.
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d2n/dydpT spectra of K+, K−, and π− at 150A GeV/c

K+ K−

π−
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K+, K−, and π− pT spectra at y = 1.0− 1.2
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dn/dy spectra of π− and K+
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For all spectra open points are reflected measured data points.
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K+/π+ and K−/π− at y ≈ 0
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π+ at y ≈ 0 was estimated from π− at y ≈ 0 using isospin correction
factor calculated from MC.
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⟨K+⟩/⟨π+⟩ and ⟨K−⟩/⟨π−⟩
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⟨π+⟩ was estimated from ⟨π−⟩ using isospin correction factor calculated
from MC.
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System size dependence of the ⟨K+⟩/⟨π+⟩
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⟨W⟩ – mean number of wounded nucleons.
Statistical uncertainties are shown as bars and systematic with square
braces.
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Summary

Results on spectra and total yields of π−, K+ and K−

produced in central Xe+La collisions at beam momenta
30A− 150A GeV/c are presented.

The 10% most central collisions were selected at
30A− 75A GeV/c and 20% at 150A GeV/c.

K+/π+ and K−/π− ratios at y ≈ 0 and ⟨K+⟩/⟨π+⟩ and
⟨K−⟩/⟨π−⟩ for Xe+La are between the corresponding ratios
for Ar+Sc and Pb+Pb.
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Summary

New results at lower SPS beam momenta will be released soon
and they will help to locate Xe+La at the diagram of
high-energy nuclear collisions and answer the question
whether horn is visible in Xe+La.
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Backup Slides



Distribution of strangeness between hadrons

s̄

K+(us̄) K0(ds̄)
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density

– sensitive to strangeness content only

– sensitive to strangeness content and baryon density
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How to measure strangeness

2⟨Nss̄⟩ = ⟨Λ + Λ̄⟩+ ⟨K+ +K− +K0 + K̄0⟩+ ...

2⟨Nss̄⟩ ≈ ⟨Λ⟩+ ⟨K+ +K− +K0 + K̄0⟩,

⟨Nss̄⟩ ≈ ⟨Λ⟩+ ⟨K− + K̄0⟩ ≈ ⟨K+ +K0⟩ ≈ 2⟨K+⟩.

How to measure entropy

Entropy ∼ ⟨π⟩
⟨π⟩ = ⟨π+ + π0 + π−⟩ ≈ 3⟨π+⟩

Experimental measure of strangeness to entropy ratio

strangeness

entropy
∼ ⟨Nss̄⟩

⟨π⟩
≈ 2⟨K+⟩

3⟨π+⟩
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