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COUPLED-CHANNEL PROBLEM
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HOW TO COUNT?
S-MATRIX POINT OF VIEW
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1. INTRODUCTION

I DSOREETREHORhRORY | v belicl s that

major breakthrough has occurred and that within a
relatively short period we are going to achieve a depth
of understanding of strong interactions that a few
years ago I, at least, did not expect to see within my
lifetime. I know that few of you will be convineed by
the arguments given here, but I would be masking my
feelings if I were to employ a conventionally cautious
attitude in this talk. I am bursting with excitement,
as are a number of other theorists in this game,

tell me that this is a fetish, that field theory is an
equally suitable language, but to me the basic strong-
interaction concepts, simple and beautiful in & pure
S-matrix approach, are weird, if not impossible, for
field theory. It must be said, nevertheless, that my
own awareness of these concepts was largely achieved
through close collaboration with three great experts
in field theory, M. L. Goldberger, Francis Low, and
Stanley Mandelstam. Each of them has played a
major role in the development of the strong inter-
action theory that I desecribe,! even though the lan-
guage of my description may be repugnant to them.
Murray Gell-Mann, also, although he has not actu-

PARTICLES AS S-MATRIX POLES;
HADRON DEMOCRACY *

satisfy unitarity. There is no “reason” for any others.

but some are
more equal than
the others?

The second assumption may turn out to be closely
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RESONANCES / EXCITATIONS
VIA SCATTERING STATES
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DENSITY OF STATES



QUENCHED QCD &
CONSTITUENT QUARK MODELS

QCD spectrum




COUPLING TO CONTINUUM

QCD spectrum
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LATTICE COMPUTATIONS ON
PHASE SHIFT

WILSON et al.
180

900 1000 £, /MeV




LATTICE COMPUTATIONS ON
PHASE SHIFT

deuteron physic?

L~ 391 MeV

m, = 236 MeV

0.05 0.07 0.09 0.11 0.13
q*2 / GeV2

R. A. Briceno, J. J. Dudek and R. D. Young, arXiv:1706.06223 [hep-lat].
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forward amplitude
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IN-MEDIUM E
S-MATRIX

pipi, piK, piN

. . work in progress

-

forward amplitude



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,




thermo-statistical dynamical
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HRG AS AN S-MATRIX SCHEME

dets(E) = [ Ze L

Z _E, Zres %mres_io_l_.
res
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Q(M) = =Im(trln S)
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N (M)

Qnrc(E) =) dry X 70(E — Mires),



HRG AS AN S-MATRIX SCHEME
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ROOTS IN S'M 175: Q:%Im IndetS(F)
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phase shift / (m)
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Re /s | Im /s |sheet
pl[0.4637|-0.2357| 1l
p2| 0.975 [-0.0164] 11
p3| 1.401 [-0.249 | 11
p4|0.6654 [-0.2263| 111
p5|1.4176-0.2640| 111
r1]0.787 [+0.250 1
r2| 1.410 [+0.691] 1
r3|0.981 | -0.032 | 11
r4|1.393 | -0.669 | 11
15| 0.918 [+0.248] 1V

repulsive corrections in

HRG-like scheme:
via roots
T
n [ L \ .
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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)
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From Hamiltonian to Scattering Matrix
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S=(I-G°V)I+GLT)
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=I-G V+GLV+G . VGLT-G VGLT
=1+ (G -G V+(GL-GHVGLT
=1+ (G%. -G)T
— 1 +21Im (G?L) X T on-shell limit




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?



TESTING THE ROBUSTNESS

Getting

1 |
Q(E) — 5 ImTI'{lIl SE} Effective DOS

on
REAL Energy

effective DOS

[?
Need to find all the

poles ally generated st




How to find poles (and roots, and sheets, and many other?)

3. Find x.

3cm

Jlere i 4

The power of graphical solution



Im(sqrt(s))
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PROTON PUZZLE
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e (in)famous resonances:

N*: 1535 (511), 1440 (P11), 1520 (D13) ...
A 1232 (P33), 1620 (S31) ...

xBQ/T> =) d;BQ ></
l.:B

e S =-1hyperons are excluded:

Q=Iz+%(B+S)
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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:

Cesar Fernandez-Ramirez (Jefferson Lah)

Igor V. Danilkin (Jefferson Lab)

Vincent Mathieu (Indiana University)

Adam P. Szczepaniak (Indiana University and Jefferson Lab)

Citation: Fernandez-Ramirez et al., arxiv:1510.07865 [hep-ph]

First version: Cesar Fernandez-Ramirez (Jefferson Lab)
This versiaon: Cesar Fernandez-Ramirez (Jefferson Lab)

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 distributed in the hope that it will be useful,

but WITHOUT ANY WARRANTY: without even the implied warranty of
TMERCHAN A D or Al NR p i- l.,-’ 'l"‘

: 4 - No PhD students or postdacs were severely damaged during the development
- of this project.




STRANGENESS CONTENTIN A
HADRON GA

-1 - KN,
-2 > 7,

- 3 5 A,

- 4 — A,

-5 =0,

-6 — KN,
-7 = [K3N] _,
-8 — [R'gN]_l_,

-9 > [w¥*]_,
- 10 = [7¥*],
- 11 = [KA]

1 )
- 13 = [7A(1520)]
- 14 = [7A(1520)],,
- 15 — A,
- 16 — .
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UNQUENCHING
THE QUARK MODEL

NO SERIOUS MESON SPECTROSCOPY
WITHOUT SCATTERING*

(GEORGE RuUPP
CFIF, Instituto Superior Técnico, Universidade de Lisboa, 1049-001, Portugal
EEF VAN BEVEREN
CI'C, Departamento de Misica, Universidade de Coimbra, 3004-516, Portugal
SUSANA COITO

Institute of Modern Physics. CAS, Lanzhou 730000, China

(Reecived January 26, 2015)




QCD spectrum
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need to study the adiabatic surfaces...

DIAGRAMMATIC APPROACH TO MESON-MESON SCATTERING . ..
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impact of pipiN on thermodynamics

lifetimes of unstable states / exotics
in a thermal system

thermal aspects in unquenching the quark model
S-matrix interpretation of in-medium effect

N-body forces
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