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Fiction , noun

A fictitious particle, i.e. a particle
predicted by some model without solid
empirical evidence for its existence
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Fluctuations of conserved charges

n 4
X _ qwO"P/T
)(n, T é? n

n+m 4

XY ‘zﬂﬂrFTn 69 lj/jj
X7Y  lpx=0, py=0
0.35 | ]
XE free quark gas |
0.3 ]
| — T
0.25 | o~ A |
| g PDG-HRG — |
- cont. extrap. 1
0.2 [ To=(154 +/-9) MeV @;@ N=16 = |
0.15 | 12 :
01 | &y
i m¢/m=20 (open) |
0.05 | 27 (filled) ]
E T [MeV ’

) T [MeV]

140 | 160 | 180 | 200 220 240 | 260 | 280
Bazavov et al., PRD95, 054504 (2017)

P. Huovinen @ GSI, February 12, 2018 2/29






0.30

0.25

0.20

0.15

0.45

0.35

0.25

0.15

P. Huovinen @ GSI, February 12, 2018

More resonances?
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Baryon spectrum
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Baryon spectrum
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Hadron spectrum
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Trace anomaly
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Trace anomaly
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Differences of fluctuations
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Virial expansion

P =Pl 4 TN b (T)ePHielH

(Y]

bgj can be related to the S-matrix of scattering of particles : and j

e 7w, mIN, etc. scatterings dominated by resonance formation
e no resonances in NN scatterings
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Virial expansion in nucleon gas

P(T,u) = Py(T)cosh(Bu) + 2bx(T) T cosh(26u)
P(T) = T Ko(pm)
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Virial expansion in nucleon gas

Elastic part of the S-matrix from scattering phase shift:
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Repulsive mean field

Assume: interactions reduce single partice energy by U = Kn; where ny is
single nucleon density (Olive, NPB190, 483 (1981))
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Virial expansion vs. mean field

Repulsive mean field Virial expansion
P(T, p) = Po(T) X P(T, p) = Bo(T)x
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Trace anomaly
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Trace anomaly
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Differences of fluctuations
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e These zero in Boltzmann approximation
e Repulsive interactions create similar differences
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Summary

e lattice QCD indicates there are more resonances than observed

— inclusion of quark model states improves the fit to some, and weakens
the fit to some observables
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Summary

e lattice QCD indicates there are more resonances than observed

— inclusion of quark model states improves the fit to some, and weakens
the fit to some observables

e repulsive mean field can describe the differences between baryonic
fluctuations of different orders

e mean field strength can be constrained by phase shifts
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Hadron Resonance Gas with mean field

Assume: only members of baryon octet and decuplet repel each other

P(T, 1) =Tn — = ((ngg)* + (naq)°)

where T
_ 2
nod(T) = 52 E gim; Ka(Sm;)

i=N,%. 2 A Y 5 Q
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Hadron Resonance Gas with mean field

Assume: only members of baryon octet and decuplet repel each other

where

T
nea(T) = ) > gim? Ky(Bm;)

i=N,%. 2 A Y 5 Q

X = xn¥ —2"6*K (ngy)’
Xt = Xur 4+ 2"T B Kndy(PE + 2P + 3P5°)
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