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Chiral symmetry restoration in QGP
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● Chiral symmetry restoration can be achieved when a system 
approaches the phase transition from hadronic matter to the Quark 
Gluon Plasma. 
✓Parity partners approach the same mass.

 . arXiv:1604.08888v1



Parity doubling in lattice QCD 
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 . arXiv:1710.00566 (Swansea collaboration) 

● Chiral symmetry restoration can effect the mass of negative parity 
bound states.
✓Change in mass will depend on temperature.

● Expected signal: change in yield ratio between 2 parity partners, 
mass shift, width broadening.

Ξ(1820)
Ξ(1530)



Resonance
● Resonant states are excited 

particles that decay strongly.
● 𝚪 = ℏ/𝜏

● 𝚪 = width of the resonance
● 𝜏 = mean lifetime
● ΔEΔt ≥ ℏ/2

● Ξ(1820):
✓ Width: 24 MeV/c2

✓ Lifetime: 8.21 fm/c
● Lifetime of QGP(PbPb): ~10 fm/c.
● First measurement in 30 years.
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Particle lifetimes from the
uncertainty principle

The Breit-Wigner distribution is
similar to a gaussian near the peak,
but the tails of the curve are flatter.

The uncertainty principle provides
a tool for characterizing the very
short-lived products produced in
high energy collisions in
accelerators. The uncertainty
principle in the form

suggests that for particles with
extremely short lifetimes, there will
be a significant uncertainty in the
measured energy. The measurment
of the mass energy of an unstable
particle a large number of times
gives a distribution of energies
called a Lorentzian or a Breit-
Wigner distribution.

If the width of this distribution at half-maximum is labeled Γ , then the
uncertainty in energy ΔE could be reasonably expressed as

where the particle lifetime τ is taken as the uncertainty in time τ = Δt.

In high energy scattering experiments, the energy uncertainty ΔE can be
determined and the lifetime implied from it. In other cases, the lifetime is
most conveniently measured and the "particle width" in energy implied
from that lifetime measurement.

For linewidth = x10^  eV = MeV = GeV,
and the energy uncertainty can be taken to be half of that value.
The associated lifetime is = x10^ seconds.

Γ is often referred to as the "natural line width". It is of great importance in
high energy accelerator physics where it provides the means for
determining the ultrashort lifetimes of particles produced. For optical
spectroscopy it is a minor factor because the natural linewidth is typically

Index

Uncertainty
principle
concepts

Reference
Rohlf
Ch 5

Κ-

π-

Λ

P

Ξ**-

Strangeness: (dss) -2
Charge:(-1/3 -1/3 -1/3) -1

Isospin: (1/2 0 0) 1/2
Isospin z-component: (-1/2 0 0) -1/2

Strangeness: (uds) -1
Charge:(2/3 -1/3 -1/3) 0

Isospin: (1/2 1/2 0) 1
Isospin z-component: (1/2 -1/2 0) 0

Strangeness: (us̅) -1
Charge:(-2/3 -1/3) -1
Isospin: (1/2 0) 1/2

Isospin z-component: (-1/2 0) -1/2
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Width broadening estimation 

● ~14%(~17%) of forming inside(outside) QGP and 
decaying before chirality is completely broken.

● ~20% are decaying in the mass range we can 
detect.

● Estimated change in mass:-0.16%
● Estimated change in width:+30%
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Original

“new” Fit

Temp. Vs. Time

Chiral condensate vs. Temp. (Lattice QCD)

Mass vs. Temp. 
arXiv:1710.00566 see slide 3



Particle identification methods (ALICE)

● To identify Κ, π, and p, both 
TOF(β measurement) and 
TPC(dE/dx) are used for 
particle identification.

● The TOF and TPC  are effective 
for different pT ranges, so using 
both allows for a wide pT range 
for particle identification.
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Analysis details
● Data set: pp 13 TeV (~1.6 billion events over several years)

● pT range: 1.5 - 20.0 GeV/c

● 3 Multiplicity classes: 0-10% (dNch/dη > 15),10-30% (9 < 
dNch/dη <15), 30-100% (dNch/dη < 9)

● The signals we are looking for are:
1.Width broadening. Results shown here.
2.Mass shift.
3.Yield modification compared to Ξ(1530).
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Ξ**±→Λ(Λ̅)Κ±
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● Raw signal. ΛΚ- + Λ̅Κ+ ● “Same-event” like-sign combinational 
background.ΛK+ + Λ̅Κ-



Steps 1 & 2 of signal extraction 

● Step 1: Fit the “same-event” subtracted data with a polynomial 
representing the residual background. 

● Step 2: Calculate the difference between the polynomial and the 
data points, then fit with a Voigtian (Breit-Wigner for the 
resonance convoluted with Gaussian for detector resolution).
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Present status of analysis
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●Projection of measurement quality across system sizes.
●pp@13TeV (LHC 15-18): 1.6*109 events. Dramatic improvement compared to PDG
●pPb@5.02 TeV (LHC16q): 5.6*108 events
●PbPb@5.02 TeV (LHC15o):1.1*108 events
●Width broadening of at least 15 MeV/c2 leads to 2σ or higher significance.
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Projections for upcoming analysis
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Conclusion
● First study of Ξ(1820) resonance at LHC.
● Dramatically improved measurement of Ξ(1820) 

compared to PDG in pp collisions.

● Next steps:
✦ More detailed comparison to features of the 
Ξ(1530).

✦ Extension of research to p+A and A+A collisions.
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