IMPROVING THE HRG MODELS
THE S-MATRIX PERSPECTIVE
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S-matrix VS HRG
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S-matrix: A yield composition (%)
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A yield: S-matrix to HRG (with width)

A: SMAT to HRG
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S-MATRIX FORMULATION OF
STATISTICAL MECHANICS
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thermo-statistical dynamical
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thermo-statistical dynamical
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completeness assumption:
via asymptotic states
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S-MATRIX FORMULATION OF
STATISTICAL MECHANICS

thermo-statistical dynamical
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Schleiching Notes

asg = 20 fm

r ~ 0.0727 LHC
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CONVERGENCE?

d>P de p2 0
AP p— T 2 _B(2mtot —|—€) 2
5N/ (27)°2 o . 86( 95)
_ 2T 9 9
s TN yred €NnN
T
PO =nyTén  nn=(A")°% = (m2N )3/
v
AP
r= P(0) = —2 X (as/Ar) X &N

— —2as (mNT)1/2 e(lu_mN)/T

\

2m adding other channels

ag — as +3ap Mpegl + ...



CONVERGENCE? zero T, finite density

d°P de _g(_p2 0
_ 2 B(zmtot _|_€) 2
AP = TﬁN/ (27)°2 o . 86( 1as)
O 5 o dTasg
= — -—
- Myed €NnN 2aned N
mNT
PO =nyTény  nyv=(07")° = (?ﬂ\(‘
- L kp L
AP 672 By 672

— —2as (mNT)1/2 e(ﬂ_mN)/T

\ 2T
10

—— k
37 8 ( FCLS)




CONVERGENCE?

PART of the 3rd virial
3 coefficients
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particle in a box

W ~ sin(k9z) £ = nfﬂ

in the presence of a scattering potential

W ~ sin(kz + 5(k))

density of states |

kL + (k) =nm Ll A S i

dk T Ok



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).
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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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S =-1 HYPERONS
COUPLED CHANNEL SYSTEM
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Coupled Channels partial wave calculator for KN scattering
by the Joint Physics Analysis Center (JPAC)
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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
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HOW TO PROPERLY ADD STATES



» 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)
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eff. spectral func. (Gev~1)
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eff. spectral func. (Gev~1)
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LATTICE COMPUTATIONS ON
PHASE SHIFT

deuteron physics?

m, = 391 MeV

m, = 236 MeV
! -
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q** / GeV?

R. A. Briceno, J. J. Dudek and R. D. Young, arXiv:1706.06223 [hep-lat].
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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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Pion spectral function
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Proton spectral function
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A SMALL UPDATE



N

chiBQ/T™

0.04

0.03

0.02

0.01

—@— 3-body smat
2-body smat
HotQCD old

HotQCD new

— — — HRG

Prelim

0.00



N

chiBQ/T™

Prelim

/
/
—&@— 3-body smat /
2-body smat
HotQCD old
N HotQCD new
0.04 — — _ HRG
0.03
0.02
0.01
OOO ] ] ] ] ]




X (BS) /T?

S—-matrix

0.08 [ HRG ---- -
HotQCcD — W

Wuppertal —@®—

0.08

0.06

0.04

0.02

0.00

— 5=-2,-3
w 3-body

0.10

0.12

0.14

0.16

0.18



THANK YOU!



What about Levinsen’s theorem

it must also decrease gradually away from resonances by 180° times the total
number of resonances and bound states.




