RESONANCES AND S-MATRIX
APPROACH TO THERMODYNAMICS
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COUPLED-CHANNEL PROBLEM
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N-BODY SCATTERING



« EOS for dense system
-> nuclear matter
-> ultracold fermi gas (dimer)

» Explore the influence of N-body scatterings on
heavy ion collision observables:
pI-spectra, flow etc.

 phenomenology
-> model S-matrix element instead...



Feynman amplitude

e generalized phase shift /
: g :

O (M) = Tm 1n(1+/d¢Nz'/\/l)
d°pr 1 d°py 1 d’py 1
(27)3 2B, (27)3 2By (27)3 2EN
(2m)* 64 (P =) ).

dpn =

phase space approach



QN(M):%Im ln(l—l—/d(bNi./\/l)

o structureless scattering Dimension: ~ E*N—4

M =1 AN / Kallén triangle function

On(s) = 1 /S;ds’\/)\(s i ) 5%
Al 1671'28 g’ ’ 7 )

2 2 2
¢N—1(S/7 my,mMmoy, ..., mN—l)



0

0

.3

.25

0

.2

.15

0.

.1

05

sgrt(s) (GeV)



TRIANGLE DIAGRAM




ﬂ.
O

r

-—
o~

o~
N S’ % e’ S &

-

ﬁa
R

/ﬂ

-

Y )

w el »



1 . ]
to lowest order Q(s) = . Im /d¢3 j M triangle
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Explicit calculation
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FUNCTIONAL APPROACH AND
SCHWINGER DYSON EQUATIONS



1 1 A
L= 5(895)2 0 §m2gb2 = Z¢4 generators for...

| ; () (2 standard
Z1j(z)] = /nge [ (£+(2)$())

Green’s functions




ter equation
i [(L+i9)

6

ng =

-/

oW
0 I .
¢ 15].
" with 5 I¢
| — () /iG&b
<5i I] th O —
5 wi
—i{
(55 lj)l—
e






il —((92 3 m2)5 b %Z’G(x,x)5—|—

A

- 6/G(x,z)G(x,z)G(x,Z)FzL(Z,Z,Zay)




CHIRAL SYMMETRY



99% of the Mass of the visible Universe is not
explained by Higgs bosons!

NOT YOUR‘ USUAL WEIGHT PROBLEM

and it has little to do with the Higgs bosons!




SPONTANEOUS CHIRAL
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SPONTANEOUS CHIRAL
SYMMETRY BREAKING
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» An instantaneous potential obtained from QCD

» All degree of freedom are physical
ghost-free!

e Contfining and momentum dependent
VS NJL
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Pure Yang Mills




DYSON-SCHWINGER
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Dyson-Schwinger Equations
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Dyson-Schwinger Equations
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Dyson-Schwinger Equations
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Dyson-Schwinger Equations
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DYNAMICAL MASS GENERATION
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e S-matrix formulation of statistical mechanics
factorization of dynamical and statistical parts

 Many-body Techniques
Dispersion Relations
Functional methods

» Applications:
proton puzzle, hyperon spectrum, ...
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