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S-MATRIX FORMULATION OF
STATISTICAL MECHANICS
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Thermodynamics & Scattering
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thermo-statistical dynamical
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thermo-statistical dynamical
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QM N-body QFT
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thermo-statistical dynamical
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S-MATRIX FORMULATION OF
STATISTICAL MECHANICS
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REPULSION
AND
RESONANCES



particle in a box

W ~ sin(k9z) (0 = nfﬂ

in the presence of a scattering potential
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PHASE SHIFT AND DENSITY OF
STATES

Effect of repulsive
interaction:

pushing states from low k
to high k
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W. Weinhold & B. Friman, Phys. Lett. B 433, 236 (1998).

0 = —Im Trln G;l physical interpretation:
P contribution from
B =2 0_E§ correlated pi pi pair
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to rho or not to rho?
that’s out of the question!

PHYSICS OF B

resonance’s picture:

B(E) =A,(E)+ AA

scattering picture:




th.proton &
-2,-3 hyperon
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muB=0 @T=155MeV

- LHC conditions = pion rich: p = pbar; (m)/{(p) = 15
Need to Take Pions Seriously!

NN Is heavily (Boltzmann) suppressed compared to
pi N

- Issues of Missing States

- |In-medium Effects from S-matrix
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S =-1 HYPERONS
COUPLED CHANNEL SYSTEM
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JPAC, PRD Q3 - 03400 - 20 L5

Coupled Channels partial wave calculator for KN scattering
by the Joint Physics Analysis Center (JPAC)

Version: September 1, 2015
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Contact: cefera@gmail.com (Cesar Fernandez-Ramirez)
Disclaimers:

1 - This code follows the 'garbage in, garbage out' philosphy. If your
parameters do not make sense, the output will not make sense either.

2 - You can use, share and modify this code under your own responsability.
3 - This code is dlstrlbuted in the hope that 1t will be useful,

MERCHANTABILITY or FITNESS'FOR A PARTICULAR PURPOSEA
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« K-N system requires a coupled channel analysis

|KN>7 ‘7‘-2>7 ‘T‘-A>7 ‘77/\% 16 basis states
1 | Compute det S for each
Q(M) = 5 Im (tr In S) sqrt(s) for each channel
1 ISOSpin conserving
o
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S-matrix VS HRG

Will still go up!
Andronic et. al. NPA1010 (2021) 122176
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less protons

more lambdas

(P +P)(A + A)
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B Thermal Model (SCE)
i T, =160 MeV (with S-matrix)
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Phys. Rev. C 103, 014904 (2021).
Phys. Lett. B 792, 304 (2019).
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HOW TO PROPERLY ADD STATES



HRG AS AN S-MATRIX SCHEME

dets(E) = [ Ze L

Z _E, Zres %mres_io_l_.
res
{res}

QHRG(E) — ZdIJ X 7T(9(E — mres)a

res

N (M)




HRG AS AN S-MATRIX SCHEME

PASIE )
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» dynamical generation of bound states /
resonances:

f(980) close to K Kbar threshold
f(500) dynamically generated

e coupling of open channels: pipi, kkbar
with a |qq) state

i e N e AT =N e lire e c DRSS AT A P SR ANS P S RS e e B
Kamznsks, Tesniak, lTortscan, ERIJIC (1900
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eff. spectral func. (Gev~1)
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eff. spectral func. (Gev~1)
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(x,y)=(0.129, 1.0)
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(X,y)=(0.36, 1.0)
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(x,y)=(0.641, 1.0)
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(X,y)=(1.0, 1.0)
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phase shift / (m)
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II. Location of resonance poles (p;) and roots (r;)
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LATTICE COMPUTATIONS ON
PHASE SHIFT

deuteron physics?
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NO SERIOUS MESON SPECTROSCOPY
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IN-MEDIUM EFFECTS



VACUUM PHYSICS?

Quantum statistical mechanics of gases in terms of
dynamical filling fractions and scattering amplitudes
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It helps to realize that at least in principle it is possible to decouple the zero temperature
of the zero temperature eigenstates of the Hamilfonian H.In practice this is rather difficult

and one resorts to perturbative methods such as the Matsubara method, which unfortunately
entangles the zero temperature dynamics from the quantum statistical mechanics. However,
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@ A(s) @ T=155 MeV
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Pion spectral function
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Proton spectral function
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A SMALL UPDATE
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