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S-MATRIX FORMULATION OF
STATISTICAL MECHANICS
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HOW TO RELATE PHASE SHIFTS
TO THERMODYNAMICS?
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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.
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« K-N system requires a coupled channel analysis

|KN>7 ‘7‘-2>7 ‘T‘-A>7 ‘77/\>7 ) 6 C 16 basis states
1 | Compute det S for each
Q(M) = 5 Im (tr In S) sqrt(s) for each channel
1 ISOSpIn conserving
e
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FINAL RESULTS



S-matrix VS HRG
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S-matrix: A yield composition (%)

S-matrix: proton yield composition (%)
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A yield: S-matrix to HRG (with width)

A: SMAT to HRG
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RESONANCES

/ EXCITATIONS
VIA SCATTERING ST

ATES
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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

- How to Include a resonance?

- Why it is NOT a Breit-Wigner?

- |In-medium Effects from S-matrix



thermo-statistical dynamical
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S-MATRIX FORMULATION OF
THERMODYNAMICS

thermo-statistical dynamical

Ny

NN effects convergence?

ag = 20 fm

r ~ (0.0727 LHC

o]
r ~ (0.36 T = 60 MeV S,PD,F
r ~ 1.92 up = 700,800 MeV




HOW TO INCLUDE
RESONANCES?
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to rho or not to rho?

PHYSICS OF B that’s out of the question!

resonance’s picture:
B(E) =A,(E)+ AA

scattering picture:
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What the medium see at low T and high T

1/n dn/dM (GeV'l)

B=A,+Adr

T=50 MeV
T=1060 MeV
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A SUM OF BREIT-WIGNERS



- Not (just) about adding width

- Not (just) about choosing the right table of
resonances

- To bind or not to bind, that’'s NOT the question!



HRG AS AN S-MATRIX SCHEME

dets(E) = [ Ze L
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HRG AS AN S-MATRIX SCHEME

PASIE )
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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

I EeNeAaT=R T ite R DS A D e A AT =N AN T e e AT AT SR re T
Kaminski, Lesniak, Loiseau, EPJC 9 (1999)



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].
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From Hamiltonian to Scattering Matrix

1

//"EHO@-(;
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=I-G V+GLV+G . VGLT-G VGLT
=1+ (G -G V+(GL-GHVGLT
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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?
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eff. spectral func. (Gev~1)
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phase shift / (m)
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IN-MEDIUM EFFECTS



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
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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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IN-MEDIUM EFFECTS FROM
S-MATRIX
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LQCD



» studying the system
by linear response

p=pupB + el + psS
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