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» studying the system
by linear response
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WHAT IS POSSIBLE
WITH S-MATRIX?
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S-matrix: A yield composition (%)

S-matrix: proton yield composition (%)
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S-MATRIX APPROACH TO
STATISTICAL MECHANICS
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DENSITY OF STATES

thermo-statistical dynamical

sum over eigenphases
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PROTON PUZZLE



proton yields
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S =-1 HYPERONS
COUPLED CHANNEL SYSTEM



Coupled Channels partial wave calculator for KN scattering
by the Joint Physics Analysis Center (JPAC)
Version: September 1, 2015

Authors:
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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 respansability.
3 - This code 1is d1str1buted in the hope that it will be useful,

4 - No PhD students or postdacs were severely damaged during the development
of this project.
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summing all channels...
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A yield: S-matrix to HRG (with width)
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TABLE I. The contributions to |§| = 1 baryonic pressure from
different the partial waves in the S-matrix approach and in HRG
approximation in units of 10774 at T = 150 MeV. In the columns
labeled “B-W,” the partial pressure contributions obtained from the
B-W parametrization of the spectral density are shown.

I =0 I =1

S matrix HRG B-W S matrix HRG B-W
So 0.916 1.139 1.224 S| 1.018 0.282 0.532
Py, 0539 0607 0.676 Py 1.681 1.275 1.465
Py 0426 0403 0472 P 1.868 1.857 2.406
Dy, 1.091 1.127 1.416 Dy 0.964 0995 1.052
Dys 0363 0221 0456 D;s 1478 1219 1.793
Fys 0.261 0.308 0.480 Fs 0514 0.503 1.119
Fy 0.160 0.085 0.222 Fyq 0.556 0.238 0.603
Go7 0.173 0.057 0.177 Gy 0.169 0.095 0.310

not about what resonances should be added,
but more about how they should be added...




NO SERIOUS MESON SPECTROSCOPY
WITHOUT SCATTERING?®
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HRG AS AN S-MATRIX SCHEME
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HRG AS AN S-MATRIX SCHEME
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» dynamical generation of bound states /
resonances:

f(9280) close to K Kbar threshold
f(500) dynamically generated

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

Locher, Markushin, zZheng, EPJC 4 (1998)
Kaminski, Lesniak, Loiseau, EPJC 9 (1999)

PML PRD 102, 034038 (2020)
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From Hamiltonian to Scattering Matrix
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TESTING THE ROBUSTNESS

Getting

1 ective
Q(E) = 5 ImTr{ln S} Hiective DOS

on
REAL Energy

effective DOS

what is being counted?

can it handle dynamically generated states?



study the phase of detS(sqrt(s))
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II. Location of resonance poles (p;) and roots (r;)
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LATTICE COMPUTATIONS ON
PHASE SHIFT

deuteron physics?

m, = 391 MeV

m, = 236 MeV
! -

0.05 0.07 0.09 0.11 0.13
q** / GeV?

R. A. Briceno, J. J. Dudek and R. D. Young, arXiv:1706.06223 [hep-lat].




WHAT’S COMING?
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DENSE ( R ) MEDIUM



Feynman amplitude

e generalized phase shift /
‘ i :
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VACUUM PHYSICS?

Quantum statistical mechanics of gases in terms of
dynamical filling fractions and scattering amplitudes

André LeClair

Newman Laboratory, Comell University, Ithaca, NY, USA

Received 22 November 2006, in final form 3 May 2007
Published 19 July 2007
Online at stacks.iop.org/JPhysA/40/9655
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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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CONVERGENCE?
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