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HADRON RESONANCE GAS 
& 

S-MATRIX FORMULATION



HADRON RESONANCE GAS 
MODEL

• Confinement 

physical 
quantities
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X
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hadronic states 
representation

QCD spectrum
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confinement +  
spontaneous chiral symmetry breaking
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FLUCTUATIONS

• studying the system  
by linear response

µB µS

µQ mq

�B,S,... =
1

�V

@2

@µ̄B@µ̄S ...
lnZ

µ = µBB + µQQ+ µSS

pandemic
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freezeout 
hadrons yields 

described by HRG

Freezeout parameters
T f , µf

B , µ
f
S , µ

f
Q, ...

A. Andronic et al 2018 Nature 561, 321-330 (2018)

How to calculate  
Feed-down from 

resonances / correlated 
pairs?



aS = 0.26 m�1
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Estabrooks & Martin
Froggatt & Petersen

Grayer et al.
Rosselet et al.

Belkov et al.
this work

0

50

100

150

200

250

300

0.2 0.4 0.6 0.8 1 1.2

aS = �0.028 m�1
�

-20

-15

-10

-5

0

0.2 0.4 0.6 0.8 1 1.2

��
��
�
��
��

��
	

�	
	�

������

Froggatt & Petersen
���� ����

-20

-15

-10

-5

0

0.2 0.4 0.6 0.8 1 1.2

� ⇡ aS ⇥ q

phase shifts encode 
hadronic interactions.

• positive: 

• attractive forces 

• resonances formation 

• negative: 

• repulsive forces 

• hard-core

W. Broniowski, F. Giacosa and V. Begun, 
PRC 92, 034905 (2015)

poles and roots effects



WHAT IS POSSIBLE  
WITH S-MATRIX?
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Pb-Pb @ 2.76 TeV
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LQCD result on chiBQ

A. Bazavov, et al.,  
Phys. Rev. D 86 (2012) 034509. 

see also  
Bellwied et al.  
Phys. Rev. D 101, 034506 (2020)

Phys. Lett. B 792, 304 (2019)  

PRC 103, 014904 (2021) 
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⇤,⌃

|S| =
2, 3

g.s.

I = 0
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piN phase shifts 
pipiN BGs 
hyperons

Coupled-Channel system: 
  

extra hyperon states  
beyond PDG 
unitarity BGs

<latexit sha1_base64="jL5ZRofn2puAT107PvXcWQib8DA=">AAACEXicbVBLSwMxGMzWV62vVY+KBIvoQZZdEfRY9OJBpEVrC92lZLNpDU2yS5IVytKjRy/+FS89KIhXb978Df4J08dBWwcCk5lvSL4JE0aVdt0vKzczOze/kF8sLC2vrK7Z6xu3Kk4lJlUcs1jWQ6QIo4JUNdWM1BNJEA8ZqYWd84FfuydS0Vjc6G5CAo7agrYoRtpITXvfD5HMOj14dQj9hEL/0mQjNL5c0zY33HGcpl10HXcIOE28MSmWtvuV74edfrlpf/pRjFNOhMYMKdXw3EQHGZKaYkZ6BT9VJEG4g9qkYahAnKggGy7Ug3tGiWArluYIDYfq70SGuFJdHppJjvSdmvQG4n9eI9Wt0yCjIkk1EXj0UCtlUMdw0A6MqCRYs64hCEtq/grxHZIIa9NhwZTgTa48TWpHjnfseF7F1HEGRsiDLbALDoAHTkAJXIAyqAIMHsEzeAGv1pPVt96s99FozhpnNsEfWB8/gUGedQ==</latexit>

k̄N,⇡⇤,⇡⌃, ...

consistent treatment of res and non-res. int.
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S-MATRIX APPROACH TO 
STATISTICAL MECHANICS

R. Dashen, S. K. Ma and H. J. Bernstein, 
Phys. Rev. 187 (1969) 345. 

R. Venugopalan and M. Prakash,  
Nucl. Phys. A546, 718 (1992).



S-MATRIX FORMULATION OF 
THERMODYNAMICS

� lnZ =

Z
dE e��E 1

4⇡i
tr

⇢
S�1
E

@

@E
SE

�

c

thermo-statistical dynamical

R. Dashen, S. K. Ma and H. J. Bernstein, 
Phys. Rev. 187 (1969) 345. 

b⇡⇡⇠
2
⇡ + b⇡K⇠⇡⇠K + b⇡N⇠⇡⇠N + b⇡⌘⇠⇡⇠⌘ + bKK̄⇠K⇠K̄ + . . .
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b⇡N = 2⇥ bI=1/2
⇡N + 4⇥ bI=3/2

⇡N
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S, P, D, F, etc..
orbital L:



DENSITY OF STATES

� lnZ =
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dE
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single channel, elastic

multi (coupled) channel

sum over eigenphases
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Q =
1

2
ImTr lnS

=
X

channels

�i
PML, EPJC 77 no.8 533 (2017) 

PML PRD 102, 034038 (2020) 

 

N-body &  
Coupled-Channel problem



REPULSIONS  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RESONANCES

PML, Francesco Giocosa EPJC 79(2019)



PHASE SHIFT AND DENSITY OF 
STATES

particle in a box

in the presence of  a scattering potential

� � sin(kx + �(k))
density of states

k(0) =
n�

L
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|⇡⇡(0)i
<latexit sha1_base64="biYRSMuAuEXxDurcI/pZObOW5d8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCVm58THcunGhiFufwZ1v4/Sy0OqBAx//fw4z5w8SzpR2nC+rsLS8srpWXC9tbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6PLid++o1KxWNzocUL9CA8ECxnB2kg9+9AzrkaZlzBkOke3WdU5zj2JxYDTnl1xas600F9w51Cpl72TRwBo9OxPrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aFDiiys+mZ+ToyCh9FMbStNBoqv7cyHCk1DgKzGSE9VAtehPxP6+b6vDcz5hIUk0FmT0UphzpGE0yQX0mKdF8bAATycxfERliiYk2yZVMCO7iyX+hdVpzDV+bNC5gVkU4gDJUwYUzqMMVNKAJBO7hCV7g1Xqwnq036302WrDmO/vwq6yPb1cimd0=</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="1w5ABh5WktlSAN21/sIjAD1iuWs=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFqJuSuNFl0Y3LCvYCTSyT6aQdOpmEmYlQQlZufBU3LhRx6zO4822ctllo64EDH/9/DjPnDxLOlHacb6u0srq2vlHerGxt7+zu2fsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E4+up33mgUrFY3OlJQv0IDwULGcHaSH372DOuRpmXMGQ6R/dZzTnLPYnFkNO+XXXqzqzQMrgFVKGoZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcJpXvFTRBJMxHtKeQYEjqvxsdkaOTo0yQGEsTQuNZurvjQxHSk2iwExGWI/UojcV//N6qQ4v/YyJJNVUkPlDYcqRjtE0EzRgkhLNJwYwkcz8FZERlphok1zFhOAunrwM7fO6a/jWqTauijjKcAQnUAMXLqABN9CEFhB4hGd4hTfryXqx3q2P+WjJKnYO4U9Znz9Eo5hU</latexit>

H
<latexit sha1_base64="f00bHJsRyEhTg/O4E50YSInus5Q=">AAAB8nicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTddVrAXmA4lk2ba0EwyJBmhDAVfwo0LRdz6Hu7d+TZm2i609YfAx3/OIf85UcqZNp737aysrq1vbJa23O2d3b398sFhS8tMEdokkkvVibCmnAnaNMxw2kkVxUnEaTsa3Rb19gNVmklxb8YpDRM8ECxmBBtrBd0EmyHBPK9PeuWKV/WmQsvgz6Fy/elePQJAo1f+6vYlyRIqDOFY68D3UhPmWBlGOJ243UzTFJMRHtDAosAJ1WE+jTxBp9bpo1gq+4RBU/f3RI4TrcdJZDuLiHqxVpj/1YLMxJdhzkSaGSrI7KM448hIVOyP+kxRYvjYAiaK2ayIDLHCxNgrufYI/uLKy9A6r/qW77xK7QZmKsExnMAZ+HABNahDA5pAQMITvMCrY5xn5815n7WuOPOZI/gj5+MH6OuTJw==</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="xMvZpWkaumMdvdofP2TM6Moon/k=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclcSNLotuuqxgH5CGMplO2qGTSZi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXOfeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddk2Sa8Q5LZKL7ITVcCsU7KFDyfqo5jUPJe+H0vvB7T1wbkahHnKU8iOlYiUgwilbyBzHFCaMyb82HtbrbcBcg68QrSR1KtIe1r8EoYVnMFTJJjfE9N8UgpxoFk3xeHWSGp5RN6Zj7lioacxPki8hzcmmVEYkSbZ9CslB/b+Q0NmYWh3ayiGhWvUL8z/MzjG6DXKg0Q67Y8qMokwQTUtxPRkJzhnJmCWVa2KyETaimDG1LVVuCt3ryOuleNzzLH9x6866sowLncAFX4MENNKEFbegAgwSe4RXeHHRenHfnYzm64ZQ7Z/AHzucPebORWg==</latexit>

E
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

E
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

..
.

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>..
.

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

g(E, ✏) =
X

n

✓✏(E � En)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�g(E, ✏)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B(E) = 2⇡
d

dE
�g(E, ✏)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B(E)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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0 <latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1 <latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
= A⇢ +�A⇡⇡

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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|⇢i
<latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit>

|⇡⇡i
<latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit>

+

Tr e��H0

<latexit sha1_base64="AWnMQddXe/9NOvnV931mbu18/Vg=">AAACDXicbVC7SgNBFJ2Nr7i+opY2g1Gw0LArAW3EoE3KCHlBNobZyU0yZPbBzKwQlv0BGz/CH7CxUMQ2vY34N84mKTR64MLhnHu59x435Ewqy/oyMguLS8sr2VVzbX1jcyu3vVOXQSQo1GjAA9F0iQTOfKgppjg0QwHEczk03OF16jfuQEgW+FU1CqHtkb7PeowSpaVO7iB2hIerIsHOMYbb+MRxQRHseEQNKOFxOelYSSeXtwrWBPgvsWckfzk2L8LHT7PSyX043YBGHviKciJly7ZC1Y6JUIxySEwnkhASOiR9aGnqEw9kO558k+BDrXRxLxC6fIUn6s+JmHhSjjxXd6ZXynkvFf/zWpHqnbdj5oeRAp9OF/UijlWA02hwlwmgio80IVQwfSumAyIIVTpAU4dgz7/8l9RPC3axULyx8qUrNEUW7aF9dIRsdIZKqIwqqIYoukdP6AW9Gg/Gs/FmvE9bM8ZsZhf9gjH+BoY3nj0=</latexit>

Tr e��H

<latexit sha1_base64="3TSD1cPAaKyD5P7NtNHJDIp71Og=">AAACC3icbVC7SgNBFJ31GdfXqqXNkCBYaNiVgDZi0CZlhLwgG8Ps5CYZMvtgZlYIy/Y2foW9jYUitmJvI/6Nk0ehiQcuHM65l3vv8SLOpLLtb2NhcWl5ZTWzZq5vbG5tWzu7NRnGgkKVhjwUDY9I4CyAqmKKQyMSQHyPQ90bXI38+i0IycKgooYRtHzSC1iXUaK01LayiSt8XBEpdo8w3CTHrgeKYNcnqk8JT0pp2rZydt4eA88TZ0pyFx/mefTwZZbb1qfbCWnsQ6AoJ1I2HTtSrYQIxSiH1HRjCRGhA9KDpqYB8UG2kvEvKT7QSgd3Q6ErUHis/p5IiC/l0Pd05+hGOeuNxP+8Zqy6Z62EBVGsIKCTRd2YYxXiUTC4wwRQxYeaECqYvhXTPhGEKh2fqUNwZl+eJ7WTvFPIF67tXPESTZBB+yiLDpGDTlERlVAZVRFFd+gRPaMX4954Ml6Nt0nrgjGd2UN/YLz/AEo+nZo=</latexit>

VS
W. Weinhold,, and B. Friman, Phys. Lett. B 433, 236 (1998). for Delta



PROTON PUZZLE

A. Andronic, P. Braun-Munzinger, B. Friman, PML,  
K. Redlich, J. Stachel 

Phys. Lett. B 792, 304 (2019)  



proton yields

<latexit sha1_base64="c8ER/Jhf+bvsVZqz/5JpBKUYBDo="></latexit>

hpi = hpith. + hpiN⇤ + hpi� + hpihyp. + . . .

⇡

N

I = 1, j = 0

I = 1/2, j = 1/2

I = 1/2, 3/2

j = | l ± 1/2 |,

P = (�1)l+1

N⇤ �

l = 0, 1, 2, . . .

<latexit sha1_base64="ZvgT1tEWL1y6OORu3jzNkbtruHU="></latexit>

hpiN⇤ =
2

3
hN⇤

Q=0i+
1

3
hN⇤

Q=1i ⇡
1

2
hN⇤i

<latexit sha1_base64="RA1sLxZRONqHVA04Kd9F9AH3s3s="></latexit>

hpi� = h�Q=2i+
2

3
h�Q=1i+

1

3
h�Q=0i ⇡

1

2
h�i

@ LHC

<latexit sha1_base64="45S2KM941Q/Dp/orZ3KXrVPaRlE="></latexit>

na(T ) =

Z 1

mth

dM

2⇡
Ba(M)n(0)(T,M)

isospin symmetric

resonant and non-resonant int.
empirical phase shifts



�(1232)
<latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit><latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit><latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit><latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit>

N⇤(1520)
<latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit><latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit><latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit><latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit>

N⇤(1680)
<latexit sha1_base64="CCJnDVWdYYJQd37I+BkfKXVf5Yo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2VXRHssevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3kXFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsKKnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVtCN78y4ukcVb23LJ3d16sXmVx5OAQjqAEHlxCFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBWZGOyg==</latexit><latexit sha1_base64="CCJnDVWdYYJQd37I+BkfKXVf5Yo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2VXRHssevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3kXFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsKKnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVtCN78y4ukcVb23LJ3d16sXmVx5OAQjqAEHlxCFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBWZGOyg==</latexit><latexit sha1_base64="CCJnDVWdYYJQd37I+BkfKXVf5Yo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2VXRHssevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3kXFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsKKnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVtCN78y4ukcVb23LJ3d16sXmVx5OAQjqAEHlxCFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBWZGOyg==</latexit><latexit sha1_base64="CCJnDVWdYYJQd37I+BkfKXVf5Yo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2VXRHssevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3kXFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsKKnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVtCN78y4ukcVb23LJ3d16sXmVx5OAQjqAEHlxCFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBWZGOyg==</latexit>

�(1950)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�(1620)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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S = -1 HYPERONS  
COUPLED CHANNEL SYSTEM

C. Fernandez-Ramirez, PML, and P. Petreczky, 
PRC 98, 044910 (2018) 

J. Cleymans, PML, K. Redlich, and N. Sharma 
PRC 103, 014904 (2021) 

JPAC, PRD 93, 034029 (2016)



PHASE SHIFT FROM PWA



elastic scatterings (elementary)

quasi elastic scatterings

unitarity background



<latexit sha1_base64="mgqNFC8YlyT0Wyy4vILtbESOPJM=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4kJJ0Ud0USgVxWcE+oKlhMp20Q2eSMDMRSoi48TvcuXGhiFt/Qlf+gT8hOH0stPXAhcM593LvPV7EqFSW9WnMzS8sLi1nVrKra+sbm+bWdl2GscCkhkMWiqaHJGE0IDVFFSPNSBDEPUYaXv906DeuiZA0DC7VICJtjroB9SlGSkuuuVuBJejImLsJKtnpVWIXU+gcwYqLXDNn5a0R4CyxJyRXPvv6vv8Ib6qu+e50QhxzEijMkJQt24pUO0FCUcxImnViSSKE+6hLWpoGiBPZTkY/pPBAKx3oh0JXoOBI/T2RIC7lgHu6kyPVk9PeUPzPa8XKP2knNIhiRQI8XuTHDKoQDgOBHSoIVmygCcKC6lsh7iGBsNKxZXUI9vTLs6ReyNvFfOFCp1EBY2TAHtgHh8AGx6AMzkEV1AAGt+ABPIFn4854NF6M13HrnDGZ2QF/YLz9AGtQmpk=</latexit>

B =
16X

a=1

Ba



1520, 1690 1670



branching ratio?



summing all channels…
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I = 0
<latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit><latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit><latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit><latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit>

I = 1
<latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit><latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit><latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit><latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit>



not about what resonances should be added,  
but more about how they should be added…
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meson loops effects:
shift in hadron masses

S-matrix issues:
how resonances are expressed 
by the scattering states? 
(and by quarks and gluons?)



WHY IT’S NOT SUM OF BW



HRG AS AN S-MATRIX SCHEME
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⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

⇢
<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>

detS(E) =
Y

{res}

z?res � E

zres � E
,

<latexit sha1_base64="LGy5uvdBHvX+Z4Mi9az97nSkWiM="></latexit>

zres ⇡ mres � i 0+.

<latexit sha1_base64="YG81rmS6HdmEuMwspGzirKDNsgM=">AAACFXicbVDLSsNAFJ3UV62vqODGzWARBGtJRFB3pW5ctmAf0MQymU7boTNJmJmINfQn3PgV7t24UIpbwZ0bv8VJ20VtPXDhcM693HuPFzIqlWV9G6mFxaXllfRqZm19Y3PL3N6pyiASmFRwwAJR95AkjPqkoqhipB4KgrjHSM3rXSV+7Y4ISQP/RvVD4nLU8WmbYqS01DRzD83YERwKIgfQQWEognvIp7QTSKGTg9btcT7TNLNW3hoBzhN7QrKFvfIPfS4OS03zy2kFOOLEV5ghKRu2FSo3RkJRzMgg40SShAj3UIc0NPURJ9KNR18N4KFWWrAdCF2+giN1eiJGXMo+93QnR6orZ71E/M9rRKp94cbUDyNFfDxe1I4YVAFMIoItKghWrK8JwoLqWyHuIoGw0kEmIdizL8+T6mnePstflnUaRTBGGuyDA3AEbHAOCuAalEAFYPAIXsAbeDeejFdjaHyMW1PGZGYX/IHx+Qtb3KCw</latexit>

Q(M) ⌘ 1

2
Im (tr ln S)

<latexit sha1_base64="z7KUr95PdkqQPPlrXizmsSukU6M="></latexit>

QHRG(E) =
X

res

dIJ ⇥ ⇡ ✓(E �mres),

<latexit sha1_base64="i0IwlL31hRrrMhxprrZA3ya7hw8="></latexit>



HRG AS AN S-MATRIX SCHEME

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

⇢
<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>
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@E
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

detS(E) =
Y

{res}

z?res � E

zres � E
,

<latexit sha1_base64="LGy5uvdBHvX+Z4Mi9az97nSkWiM="></latexit>

zres ⇡ mres � i 0+.

<latexit sha1_base64="YG81rmS6HdmEuMwspGzirKDNsgM=">AAACFXicbVDLSsNAFJ3UV62vqODGzWARBGtJRFB3pW5ctmAf0MQymU7boTNJmJmINfQn3PgV7t24UIpbwZ0bv8VJ20VtPXDhcM693HuPFzIqlWV9G6mFxaXllfRqZm19Y3PL3N6pyiASmFRwwAJR95AkjPqkoqhipB4KgrjHSM3rXSV+7Y4ISQP/RvVD4nLU8WmbYqS01DRzD83YERwKIgfQQWEognvIp7QTSKGTg9btcT7TNLNW3hoBzhN7QrKFvfIPfS4OS03zy2kFOOLEV5ghKRu2FSo3RkJRzMgg40SShAj3UIc0NPURJ9KNR18N4KFWWrAdCF2+giN1eiJGXMo+93QnR6orZ71E/M9rRKp94cbUDyNFfDxe1I4YVAFMIoItKghWrK8JwoLqWyHuIoGw0kEmIdizL8+T6mnePstflnUaRTBGGuyDA3AEbHAOCuAalEAFYPAIXsAbeDeejFdjaHyMW1PGZGYX/IHx+Qtb3KCw</latexit>

Q(M) ⌘ 1

2
Im (tr ln S)

<latexit sha1_base64="z7KUr95PdkqQPPlrXizmsSukU6M="></latexit>

QHRG(E) =
X

res

dIJ ⇥ ⇡ ✓(E �mres),

<latexit sha1_base64="i0IwlL31hRrrMhxprrZA3ya7hw8="></latexit>



2 pole + 1 root

ROOTS IN S-MATRIXQ =
1

2
Im ln detS(E)

<latexit sha1_base64="wiCQ47GkE6OiTn0HOKlYFVLWnVk="></latexit>

detS / g1
E � p1

+
g2

E � p2

<latexit sha1_base64="jAyWvGV2pHmbaEWFd4O9T77MzCM=">AAACHXicbZDLSgMxFIYzXmu9VV26CRZBkJaZUrA7iyK6rGgv0A5DJs20oZlMSDJiGfoibnwVNy4UEXQjrnwV0wuirQdCfv7/HJLz+YJRpW3705qbX1hcWk6tpFfX1jc2M1vbNRXFEpMqjlgkGz5ShFFOqppqRhpCEhT6jNT93ukwr98QqWjEr3VfEDdEHU4DipE2lpcptomGV7AlZCR0BFuBRDjpeM4gOcsJc8FD+GMWxmZh4GWydt4eFZwVzkRky8dfb7e50nnFy7y32hGOQ8I1ZkippmML7SZIaooZGaRbsSIC4R7qkKaRHIVEuclouwHcN04bBpE0h2s4cn9PJChUqh/6pjNEuqums6H5X9aMdVByE8pFrAnH44eCmEHDYYgKtqkkWLO+EQhLav4KcRcZFtoATRsIzvTKs6JWyDvFfPHS0DgB40qBXbAHDoADjkAZXIAKqAIM7sADeALP1r31aL1Yr+PWOWsyswP+lPXxDddppCg=</latexit>

detS / g1
E � p1

⇥ g2
E � p2

<latexit sha1_base64="dsNrKTzppxh8qMec1E+zQTOAa20="></latexit>



DYNAMICAL GENERATION OF  
BS / RESONANCES

• dynamical generation of bound states / 
resonances: 
f(980) close to K Kbar threshold 
f(500) dynamically generated 

• coupling of open channels: pipi, kkbar 
with a         state 

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

|qq̄i

<latexit sha1_base64="7kA4t2qTbty3ucnyXIIKyHSyVQ0=">AAACAHicbVDLSsNAFJ3UV62vqAsXboYWQRBKIgVdFt24rGAf0IQymU7boZNJOnMjhNCN3+AfuHGhiFs/w13/xuljoa0HLhzOuZd77wliwTU4zsTKra1vbG7ltws7u3v7B/bhUUNHiaKsTiMRqVZANBNcsjpwEKwVK0bCQLBmMLyd+s1HpjSP5AOkMfND0pe8xykBI3XsE8+4gEfYC4jKRmPsKSL7gnXsklN2ZsCrxF2QUrXoXTxPqmmtY3973YgmIZNABdG67Tox+BlRwKlg44KXaBYTOiR91jZUkpBpP5s9MMZnRuniXqRMScAz9fdERkKt0zAwnSGBgV72puJ/XjuB3rWfcRknwCSdL+olAkOEp2ngLleMgkgNIVRxcyumA6IIBZNZwYTgLr+8ShqXZbdSrtybNG7QHHl0ioroHLnoClXRHaqhOqJojF7QG3q3nqxX68P6nLfmrMXMMfoD6+sHkWOZYA==</latexit>

PML PRD 102, 034038 (2020) 

 



1

E �H0

<latexit sha1_base64="7uvyQwkQtbDjt0dO7Pz6yCq9bdY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZECrqSqijFVQX7gCaUyXTSDp1MwsxEKCG48R/8AjcuFHHhxq9w5984abvQ1gMXDufcy733eBGjUlnWt5Gbm19YXMovF1ZW19Y3zM2thgxjgUkdhywULQ9JwigndUUVI61IEBR4jDS9wUXmN++IkDTkt2oYETdAPU59ipHSUsfccXyBcGKnyeWhEyDVx4gl1bRjpR2zaJWsEeAssSekWDm9Kj9+nF3XOuaX0w1xHBCuMENStm0rUm6ChKKYkbTgxJJECA9Qj7Q15Sgg0k1GL6RwXytd6IdCF1dwpP6eSFAg5TDwdGd2pZz2MvE/rx0r/8RNKI9iRTgeL/JjBlUIszxglwqCFRtqgrCg+laI+0hnonRqBR2CPf3yLGkclexyqXyj0zgHY+TBLtgDB8AGx6ACqqAG6gCDe/AEXsCr8WA8G2/G+7g1Z0xmtsEfGJ8/3UWaCQ==</latexit>

⇧KK̄(E)

<latexit sha1_base64="vm5RdK6s2fOVcTP4eSaDFj97qlc=">AAAB+3icbVDLSsNAFJ34rPUV69LN0CJUhJJIQZdFEYRuKtgHNCFMppN26GQSZiZiCPkL125cKOLWH3HXv3H6WGjrgQuHc+7l3nv8mFGpLGtirK1vbG5tF3aKu3v7B4fmUakjo0Rg0sYRi0TPR5IwyklbUcVILxYEhT4jXX98M/W7j0RIGvEHlcbEDdGQ04BipLTkmSWnRb2sCR0fiayZ59XbM8+sWDVrBrhK7AWpNMrO+fOkkbY889sZRDgJCVeYISn7thUrN0NCUcxIXnQSSWKEx2hI+ppyFBLpZrPbc3iqlQEMIqGLKzhTf09kKJQyDX3dGSI1ksveVPzP6ycquHIzyuNEEY7ni4KEQRXBaRBwQAXBiqWaICyovhXiERIIKx1XUYdgL7+8SjoXNbteq9/rNK7BHAVwAsqgCmxwCRrgDrRAG2DwBF7AG3g3cuPV+DA+561rxmLmGPyB8fUD6+eWsg==</latexit>

⇧⇡⇡(E)

<latexit sha1_base64="PltcQYZeATRYEgEMRFVN/R08tRI=">AAAB+XicbVDLSsNAFL2pr1pfUZduhhahIpRECrosiuCygn1AE8JkOmmHTh7MTAoh9C9cunGhiFv/xF3/xuljoa0HLhzOuZd77/ETzqSyrKlR2Njc2t4p7pb29g8Oj8zjk7aMU0Foi8Q8Fl0fS8pZRFuKKU67iaA49Dnt+KO7md8ZUyFZHD2pLKFuiAcRCxjBSkueaTpN5uVOwpCuSfX+wjMrVs2aA60Te0kqjbJz+TxtZE3P/Hb6MUlDGinCsZQ920qUm2OhGOF0UnJSSRNMRnhAe5pGOKTSzeeXT9C5VvooiIWuSKG5+nsix6GUWejrzhCroVz1ZuJ/Xi9VwY2bsyhJFY3IYlGQcqRiNIsB9ZmgRPFME0wE07ciMsQCE6XDKukQ7NWX10n7qmbXa/VHncYtLFCEMyhDFWy4hgY8QBNaQGAML/AG70ZuvBofxueitWAsZ07hD4yvH4Stlek=</latexit>

1

E �m0
res

<latexit sha1_base64="ii9q5XBIbZrE8s4MDBlA1riq7tY=">AAAB/nicbVC7SgNBFJ2Nrxhfq5LKZjAINoZdCWgZFMEygnlAsi6zk9lkyOzsMjMrhGHBwh+xsVDE1safsBFrf8TJo9DEAxcO59zLvfcECaNSOc6XlVtYXFpeya8W1tY3Nrfs7Z2GjFOBSR3HLBatAEnCKCd1RRUjrUQQFAWMNIPB+chv3hIhacyv1TAhXoR6nIYUI2Uk3y52QoGwdjN9cRTdOL4WRGaZb5ecsjMGnCfulJSq1e/i+2d4X/Ptj043xmlEuMIMSdl2nUR5GglFMSNZoZNKkiA8QD3SNpSjiEhPj8/P4IFRujCMhSmu4Fj9PaFRJOUwCkxnhFRfznoj8T+vnarw1NOUJ6kiHE8WhSmDKoajLGCXCoIVGxqCsKDmVoj7yOShTGIFE4I7+/I8aRyX3Uq5cmXSOAMT5MEe2AeHwAUnoAouQQ3UAQYaPIAn8GzdWY/Wi/U6ac1Z05ld8AfW2w+LnZmd</latexit>

[

<latexit sha1_base64="TQMQo2kwWwHlZFR/vaHlLga5brQ=">AAAB6HicbVDJSgNBEK2JW4xb1KOXJkEQhDAjAT0GvXhMwCyQDKGnU5O06Vno7hGGIV/gxUNEvPpJ3vI3dpaDJj4oeLxXRVU9LxZcadueWbmt7Z3dvfx+4eDw6PikeHrWUlEiGTZZJCLZ8ahCwUNsaq4FdmKJNPAEtr3xw9xvv6BUPAqfdBqjG9BhyH3OqDZSo9svlu2KvQDZJM6KlGul3vV0Vkvr/eJ3bxCxJMBQM0GV6jp2rN2MSs2ZwEmhlyiMKRvTIXYNDWmAys0Wh07IpVEGxI+kqVCThfp7IqOBUmngmc6A6pFa9+bif1430f6dm/EwTjSGbLnITwTREZl/TQZcItMiNYQyyc2thI2opEybbAomBGf95U3Suqk41Uq1YdK4hyXycAEluAIHbqEGj1CHJjBAeIUpvFvP1pv1YX0uW3PWauYc/sD6+gHXNI/x</latexit>

]

<latexit sha1_base64="N3kLC1T/3YZUGIUz8lIW7hg0Ufk=">AAAB6HicbVDJSgNBEK2JW4xb1KOXJkEQhDAjAT0GvXhMwCyQDKGnU5O06Vno7hGGIV/gxUNEvPpJ3vI3dpaDJj4oeLxXRVU9LxZcadueWbmt7Z3dvfx+4eDw6PikeHrWUlEiGTZZJCLZ8ahCwUNsaq4FdmKJNPAEtr3xw9xvv6BUPAqfdBqjG9BhyH3OqDZSw+0Xy3bFXoBsEmdFyrVS73o6q6X1fvG7N4hYEmComaBKdR071m5GpeZM4KTQSxTGlI3pELuGhjRA5WaLQyfk0igD4kfSVKjJQv09kdFAqTTwTGdA9Uite3PxP6+baP/OzXgYJxpDtlzkJ4LoiMy/JgMukWmRGkKZ5OZWwkZUUqZNNgUTgrP+8iZp3VScaqXaMGncwxJ5uIASXIEDt1CDR6hDExggvMIU3q1n6836sD6XrTlrNXMOf2B9/QDaPI/z</latexit>

=

<latexit sha1_base64="cMdQ3HbbBeMNxpufKJtD1wYYf08=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZCeglGPTiMQGzQDKEnk4ladOz0N0jhCFP4MWDIl71Ybx7Ed/GznLQxB8aPv6/iq4qPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvzh9SRv3KNUPApv9ShGL6D9kPc4o9pY1VInl3cKzlRkGdw55C8/7FL8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6mcFt1goVp18+QpmysIRHMMpuHAOZbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf7pqQBQ==</latexit>

1 in 5 out!

g⇡⇡

<latexit sha1_base64="F8jGtZNadLJpUTChZwhci9jFTeM=">AAAB8nicbVDLSgNBEOz1GeMr6lGRwSB4CrsS0GPQi8cEzAM2S5idzCZDZmeWmVkhLDn6CV48KOLVD8h3ePMb/Aknj4MmFjQUVd10d4UJZ9q47pezsrq2vrGZ28pv7+zu7RcODhtaporQOpFcqlaINeVM0LphhtNWoiiOQ06b4eB24jcfqNJMinszTGgQ455gESPYWMnvdbJ2wpCtUadQdEvuFGiZeHNSrJyMa9+Pp+Nqp/DZ7kqSxlQYwrHWvucmJsiwMoxwOsq3U00TTAa4R31LBY6pDrLpySN0bpUuiqSyJQyaqr8nMhxrPYxD2xlj09eL3kT8z/NTE10HGRNJaqggs0VRypGRaPI/6jJFieFDSzBRzN6KSB8rTIxNKW9D8BZfXiaNy5JXLpVrNo0bmCEHx3AGF+DBFVTgDqpQBwISnuAFXh3jPDtvzvusdcWZzxzBHzgfPyO7lN4=</latexit>

g⇡K

<latexit sha1_base64="BZZxiBwTJbZEqr0EjUoBqRSczag=">AAAB8HicbVDLSgNBEOz1GeMr6lGRwSB4CrsS0GPQi+AlAfOQZAmzk9lkyMzsMjMrhCVHv8CLB0W8+gX5Dm9+gz/h5HHQxIKGoqqb7q4g5kwb1/1ylpZXVtfWMxvZza3tnd3c3n5NR4kitEoiHqlGgDXlTNKqYYbTRqwoFgGn9aB/PfbrD1RpFsk7M4ipL3BXspARbKx0322nrZih22E7l3cL7gRokXgzki8djSrfj8ejcjv32epEJBFUGsKx1k3PjY2fYmUY4XSYbSWaxpj0cZc2LZVYUO2nk4OH6NQqHRRGypY0aKL+nkix0HogAtspsOnpeW8s/uc1ExNe+imTcWKoJNNFYcKRidD4e9RhihLDB5Zgopi9FZEeVpgYm1HWhuDNv7xIaucFr1goVmwaVzBFBg7hBM7AgwsowQ2UoQoEBDzBC7w6ynl23pz3aeuSM5s5gD9wPn4Ab82T4A==</latexit>

g⇡R

<latexit sha1_base64="kVQ9R0Jo7qt7SdWqEjOgv4YVlWQ=">AAAB8HicbVDLSgNBEOz1GeMr6lGRwSB4CrsS0GPQi8dEzEOSJcxOZpMhM7PLzKwQlhz9Ai8eFPHqF+Q7vPkN/oSTx0ETCxqKqm66u4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+zUdJYrQKol4pBoB1pQzSauGGU4bsaJYBJzWg/712K8/UKVZJO/MIKa+wF3JQkawsdJ9t522YoZuh+1c3i24E6BF4s1IvnQ0qnw/Ho/K7dxnqxORRFBpCMdaNz03Nn6KlWGE02G2lWgaY9LHXdq0VGJBtZ9ODh6iU6t0UBgpW9Kgifp7IsVC64EIbKfApqfnvbH4n9dMTHjpp0zGiaGSTBeFCUcmQuPvUYcpSgwfWIKJYvZWRHpYYWJsRlkbgjf/8iKpnRe8YqFYsWlcwRQZOIQTOAMPLqAEN1CGKhAQ8AQv8Ooo59l5c96nrUvObOYA/sD5+AF6cJPn</latexit>

gKR

<latexit sha1_base64="5DDk27KJJjkQPuHzwa3rcAcJI3g=">AAAB7nicbVDLSgNBEOz1GeMr6lGRwSB4CrsS0GPQi+AlEfOAZAmzk9lkyOzsMDMrhCVHP8CLB0W8+gn5Dm9+gz/h5HHQxIKGoqqb7q5AcqaN6345S8srq2vrmY3s5tb2zm5ub7+m40QRWiUxj1UjwJpyJmjVMMNpQyqKo4DTetC/Hvv1B6o0i8W9GUjqR7grWMgINlaqd9vpLbobtnN5t+BOgBaJNyP50tGo8v14PCq3c5+tTkySiApDONa66bnS+ClWhhFOh9lWoqnEpI+7tGmpwBHVfjo5d4hOrdJBYaxsCYMm6u+JFEdaD6LAdkbY9PS8Nxb/85qJCS/9lAmZGCrIdFGYcGRiNP4ddZiixPCBJZgoZm9FpIcVJsYmlLUhePMvL5LaecErFooVm8YVTJGBQziBM/DgAkpwA2WoAoE+PMELvDrSeXbenPdp65IzmzmAP3A+fgDHYJLp</latexit>

gKK

<latexit sha1_base64="JJT/dz0nrq/V1Fm5ipDmgq/xMlQ=">AAAB7nicbVDLSgNBEOz1GeMr6lGRwSB4CrsS0GPQi5BLAuYByRJmJ7PJkNnZYWZWCEuOfoAXD4p49RPyHd78Bn/CyeOgiQUNRVU33V2B5Ewb1/1yVlbX1jc2M1vZ7Z3dvf3cwWFdx4kitEZiHqtmgDXlTNCaYYbTplQURwGnjWBwO/EbD1RpFot7M5TUj3BPsJARbKzU6HXSMiqPOrm8W3CnQMvEm5N86WRc/X48HVc6uc92NyZJRIUhHGvd8lxp/BQrwwino2w70VRiMsA92rJU4IhqP52eO0LnVumiMFa2hEFT9fdEiiOth1FgOyNs+nrRm4j/ea3EhNd+yoRMDBVktihMODIxmvyOukxRYvjQEkwUs7ci0scKE2MTytoQvMWXl0n9suAVC8WqTeMGZsjAMZzBBXhwBSW4gwrUgMAAnuAFXh3pPDtvzvusdcWZzxzBHzgfP7y9kuI=</latexit>

g⇡K

<latexit sha1_base64="BZZxiBwTJbZEqr0EjUoBqRSczag=">AAAB8HicbVDLSgNBEOz1GeMr6lGRwSB4CrsS0GPQi+AlAfOQZAmzk9lkyMzsMjMrhCVHv8CLB0W8+gX5Dm9+gz/h5HHQxIKGoqqb7q4g5kwb1/1ylpZXVtfWMxvZza3tnd3c3n5NR4kitEoiHqlGgDXlTNKqYYbTRqwoFgGn9aB/PfbrD1RpFsk7M4ipL3BXspARbKx0322nrZih22E7l3cL7gRokXgzki8djSrfj8ejcjv32epEJBFUGsKx1k3PjY2fYmUY4XSYbSWaxpj0cZc2LZVYUO2nk4OH6NQqHRRGypY0aKL+nkix0HogAtspsOnpeW8s/uc1ExNe+imTcWKoJNNFYcKRidD4e9RhihLDB5Zgopi9FZEeVpgYm1HWhuDNv7xIaucFr1goVmwaVzBFBg7hBM7AgwsowQ2UoQoEBDzBC7w6ynl23pz3aeuSM5s5gD9wPn4Ab82T4A==</latexit>

g⇡R

<latexit sha1_base64="kVQ9R0Jo7qt7SdWqEjOgv4YVlWQ=">AAAB8HicbVDLSgNBEOz1GeMr6lGRwSB4CrsS0GPQi8dEzEOSJcxOZpMhM7PLzKwQlhz9Ai8eFPHqF+Q7vPkN/oSTx0ETCxqKqm66u4KYM21c98tZWl5ZXVvPbGQ3t7Z3dnN7+zUdJYrQKol4pBoB1pQzSauGGU4bsaJYBJzWg/712K8/UKVZJO/MIKa+wF3JQkawsdJ9t522YoZuh+1c3i24E6BF4s1IvnQ0qnw/Ho/K7dxnqxORRFBpCMdaNz03Nn6KlWGE02G2lWgaY9LHXdq0VGJBtZ9ODh6iU6t0UBgpW9Kgifp7IsVC64EIbKfApqfnvbH4n9dMTHjpp0zGiaGSTBeFCUcmQuPvUYcpSgwfWIKJYvZWRHpYYWJsRlkbgjf/8iKpnRe8YqFYsWlcwRQZOIQTOAMPLqAEN1CGKhAQ8AQv8Ooo59l5c96nrUvObOYA/sD5+AF6cJPn</latexit>

gKR

<latexit sha1_base64="5DDk27KJJjkQPuHzwa3rcAcJI3g=">AAAB7nicbVDLSgNBEOz1GeMr6lGRwSB4CrsS0GPQi+AlEfOAZAmzk9lkyOzsMDMrhCVHP8CLB0W8+gn5Dm9+gz/h5HHQxIKGoqqb7q5AcqaN6345S8srq2vrmY3s5tb2zm5ub7+m40QRWiUxj1UjwJpyJmjVMMNpQyqKo4DTetC/Hvv1B6o0i8W9GUjqR7grWMgINlaqd9vpLbobtnN5t+BOgBaJNyP50tGo8v14PCq3c5+tTkySiApDONa66bnS+ClWhhFOh9lWoqnEpI+7tGmpwBHVfjo5d4hOrdJBYaxsCYMm6u+JFEdaD6LAdkbY9PS8Nxb/85qJCS/9lAmZGCrIdFGYcGRiNP4ddZiixPCBJZgoZm9FpIcVJsYmlLUhePMvL5LaecErFooVm8YVTJGBQziBM/DgAkpwA2WoAoE+PMELvDrSeXbenPdp65IzmzmAP3A+fgDHYJLp</latexit>

[

<latexit sha1_base64="TQMQo2kwWwHlZFR/vaHlLga5brQ=">AAAB6HicbVDJSgNBEK2JW4xb1KOXJkEQhDAjAT0GvXhMwCyQDKGnU5O06Vno7hGGIV/gxUNEvPpJ3vI3dpaDJj4oeLxXRVU9LxZcadueWbmt7Z3dvfx+4eDw6PikeHrWUlEiGTZZJCLZ8ahCwUNsaq4FdmKJNPAEtr3xw9xvv6BUPAqfdBqjG9BhyH3OqDZSo9svlu2KvQDZJM6KlGul3vV0Vkvr/eJ3bxCxJMBQM0GV6jp2rN2MSs2ZwEmhlyiMKRvTIXYNDWmAys0Wh07IpVEGxI+kqVCThfp7IqOBUmngmc6A6pFa9+bif1430f6dm/EwTjSGbLnITwTREZl/TQZcItMiNYQyyc2thI2opEybbAomBGf95U3Suqk41Uq1YdK4hyXycAEluAIHbqEGj1CHJjBAeIUpvFvP1pv1YX0uW3PWauYc/sD6+gHXNI/x</latexit>

]

<latexit sha1_base64="N3kLC1T/3YZUGIUz8lIW7hg0Ufk=">AAAB6HicbVDJSgNBEK2JW4xb1KOXJkEQhDAjAT0GvXhMwCyQDKGnU5O06Vno7hGGIV/gxUNEvPpJ3vI3dpaDJj4oeLxXRVU9LxZcadueWbmt7Z3dvfx+4eDw6PikeHrWUlEiGTZZJCLZ8ahCwUNsaq4FdmKJNPAEtr3xw9xvv6BUPAqfdBqjG9BhyH3OqDZSw+0Xy3bFXoBsEmdFyrVS73o6q6X1fvG7N4hYEmComaBKdR071m5GpeZM4KTQSxTGlI3pELuGhjRA5WaLQyfk0igD4kfSVKjJQv09kdFAqTTwTGdA9Uite3PxP6+baP/OzXgYJxpDtlzkJ4LoiMy/JgMukWmRGkKZ5OZWwkZUUqZNNgUTgrP+8iZp3VScaqXaMGncwxJ5uIASXIEDt1CDR6hDExggvMIU3q1n6836sD6XrTlrNXMOf2B9/QDaPI/z</latexit>

Vint

<latexit sha1_base64="0laSgy2TZtU2vudLR+nae/LoogA=">AAAB7nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuBLQMsbFMwDwgWcLsZJIMmZ1dZu4KYclH2FgoYmvjX/gFdjZ+i5NHoYkHBg7n3Mvcc4JYCoOu++Vk1tY3Nrey27md3b39g/zhUcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqZ+s17ro2I1B2OY+6HdKBEXzCKVmo2uqlQOOnmC27RnYGsEm9BCuWT2rd4r3xUu/nPTi9iScgVMkmNaXtujH5KNQom+STXSQyPKRvRAW9bqmjIjZ/Ozp2Qc6v0SD/S9ikkM/X3RkpDY8ZhYCdDikOz7E3F/7x2gv1r3waKE+SKzT/qJ5JgRKbZSU9ozlCOLaFMC3srYUOqKUPbUM6W4C1HXiWNy6JXKpZqto0KzJGFUziDC/DgCspwC1WoA4MRPMATPDux8+i8OK/z0Yyz2DmGP3DefgB3PpNc</latexit>

=

<latexit sha1_base64="cMdQ3HbbBeMNxpufKJtD1wYYf08=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZCeglGPTiMQGzQDKEnk4ladOz0N0jhCFP4MWDIl71Ybx7Ed/GznLQxB8aPv6/iq4qPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvzh9SRv3KNUPApv9ShGL6D9kPc4o9pY1VInl3cKzlRkGdw55C8/7FL8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6mcFt1goVp18+QpmysIRHMMpuHAOZbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf7pqQBQ==</latexit>

G = G0 +G0VintG

<latexit sha1_base64="hsiIjewSWKbE8Nz6LRGeF1A8kco=">AAACAHicbVDNS8MwHE3n15xfVUEPXoJDEITRykAvwpiHedzAfcBWSpqlW1ialiQVRunFf8WLB4d49exf4M2Lf4tZt4NuPkh4vPf7kbznRYxKZVlfRm5ldW19I79Z2Nre2d0z9w9aMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vZGt1O//UCEpCG/V+OIOAEacOpTjJSWXPO4Bm9gzbXgRXa33IRylWpuFq2SlQEuE3tOipWjxjedVD/qrvnZ64c4DghXmCEpu7YVKSdBQlHMSFroxZJECI/QgHQ15Sgg0kmyACk800of+qHQhyuYqb83EhRIOQ48PRkgNZSL3lT8z+vGyr92dKQoVoTj2UN+zKAK4bQN2KeCYMXGmiAsqP4rxEMkEFa6s4IuwV6MvExalyW7XCo3dBtVMEMenIBTcA5scAUq4A7UQRNgkIIn8AImxqPxbLwab7PRnDHfOQR/YLz/AJVZl48=</latexit>

|qq̄i

<latexit sha1_base64="o1gydvTUN3phGHYhvAQi1ERaLOs=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSSEG9Fb14rGBroQlls920SzebdHcjlJCLf8WLB0W8+jO8+W/ctjlo64OBx3szzMwLEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeS0BaJeSw7AVaUM0FbmmlOO4mkOAo4fQhGN1P/4ZFKxWJxrycJ9SM8ECxkBGsj9ewjz7gajZEXYJmNc+RJLAac9uyqU3NmQMvELUgVCjR79pfXj0kaUaEJx0p1XSfRfoalZoTTvOKliiaYjPCAdg0VOKLKz2YP5OjUKH0UxtKU0Gim/p7IcKTUJApMZ4T1UC16U/E/r5vq8NLPmEhSTQWZLwpTjnSMpmmgPpOUaD4xBBPJzK2IDLHERJvMKiYEd/HlZdI+r7n12tVdvdq4LuIowzGcwBm4cAENuIUmtIBADs/wCm/Wk/VivVsf89aSVcwcwh9Ynz94VJZa</latexit>

|⇡⇡i

<latexit sha1_base64="IPHVEgSjNNK+UUk3Np79OEByxcQ=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArAfUW9OIxgnlAdgmzk0kyZHZ2mekVwhLwV7x4UMSr3+HNv3HyOGhiQUNR1U13V5RKYdDzvp2V1bX1jc3CVnF7Z3dv3z04bJgk04zXWSIT3Yqo4VIoXkeBkrdSzWkcSd6MhrcTv/nItRGJesBRysOY9pXoCUbRSh33OLAukiAVs9JU9SXvuCWv7E1Blok/JyWYo9Zxv4JuwrKYK2SSGtP2vRTDnGoUTPJxMcgMTykb0j5vW6pozE2YT88fkzOrdEkv0bYUkqn6eyKnsTGjOLKdMcWBWfQm4n9eO8PeVZgLlWbIFZst6mWSYEImWZCu0JyhHFlCmRb2VsIGVFOGNrGiDcFffHmZNC7KfqV8fV8pVW/mcRTgBE7hHHy4hCrcQQ3qwCCHZ3iFN+fJeXHenY9Z64oznzmCP3A+fwCWoZVF</latexit>

|KK̄i

<latexit sha1_base64="k/f01FT34c7Z8c8920KsQx+ozWM=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSEG9Fb0IvVSwttCEstlO2qWbTdjdCCXk4l/x4kERr/4Mb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrK6tb5Q3K1vbO7t79v7Bg4pTSaFNYx7LbkAUcCagrZnm0E0kkCjg0AnGN1O/8whSsVjc60kCfkSGgoWMEm2kvn3kGVfjJvYCIrNmjj1JxJBD3646NWcGvEzcglRRgVbf/vIGMU0jEJpyolTPdRLtZ0RqRjnkFS9VkBA6JkPoGSpIBMrPZg/k+NQoAxzG0pTQeKb+nshIpNQkCkxnRPRILXpT8T+vl+rw0s+YSFINgs4XhSnHOsbTNPCASaCaTwwhVDJzK6YjIgnVJrOKCcFdfHmZPJzX3Hrt6q5ebVwXcZTRMTpBZ8hFF6iBblELtRFFOXpGr+jNerJerHfrY95asoqZQ/QH1ucPAW6WDg==</latexit>

|R0i

<latexit sha1_base64="UzbbrCe+e1EX2/J1HGcgtWwThto=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JIQb0VvXisYj+giWWz3bRLN5uwO1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgkRwDY7zbRVWVtfWN4qbpa3tnd09u7zf0nGqKGvSWMSqExDNBJesCRwE6ySKkSgQrB2MrqZ++4EpzWN5B+OE+REZSB5ySsBIPbvsGRfw7b2DPUXkQLCeXXGqzgx4mbg5qaAcjZ795fVjmkZMAhVE667rJOBnRAGngk1KXqpZQuiIDFjXUEkipv1sdvoEHxulj8NYmZKAZ+rviYxEWo+jwHRGBIZ60ZuK/3ndFMJzP+MySYFJOl8UpgJDjKc54D5XjIIYG0Ko4uZWTIdEEQomrZIJwV18eZm0TqturXpxU6vUL/M4iugQHaET5KIzVEfXqIGaiKJH9Ixe0Zv1ZL1Y79bHvLVg5TMH6A+szx9fbpNz</latexit>

(        )

what you give         what you get6=

<latexit sha1_base64="cbMgs4rvljaWEc3wv8beiOUBmZ4=">AAAB63icbVA9SwNBEJ3zM0aNUUstFoNgFe5EULsQG8sI5gOSI+xt9pIlu3vn7p4QjvwFGwtFbP0P/g47/4mFhXtJCk18MPB4b4aZeUHMmTau++ksLa+srq3nNvKbW9uFneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHiV+c17qjSL5K0ZxdQXuC9ZyAg2mdSR9K5bLLlldwK0SLwZKVUO36vu91eh1i1+dHoRSQSVhnCsddtzY+OnWBlGOB3nO4mmMSZD3KdtSyUWVPvp5NYxOrZKD4WRsiUNmqi/J1IstB6JwHYKbAZ63svE/7x2YsILP2UyTgyVZLooTDgyEcoeRz2mKDF8ZAkmitlbERlghYmx8eRtCN78y4ukcVr2zsqXNzaNKkyRgwM4ghPw4BwqcA01qAOBATzAEzw7wnl0XpzXaeuSM5vZhz9w3n4A2ZmR0g==</latexit>
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<latexit sha1_base64="LuzMzeLxnujlol1AnnBeich+oUY="></latexit>

From Hamiltonian to Scattering Matrix
1

E �H0 ± i�

<latexit sha1_base64="u7fvYtFPGewmxkEBKoWxGHw2w7Q=">AAACD3icbVDLSsNAFJ34rPUVdelmsChuLIkU1I1URSmuKtgHNCFMJpN26OTBzEQoIX/gxpX/4aYLRdy6deffOGm70NYDFw7n3Mu997gxo0Iaxrc2N7+wuLRcWCmurq1vbOpb200RJRyTBo5YxNsuEoTRkDQklYy0Y05Q4DLScvtXud96IFzQKLyXg5jYAeqG1KcYSSU5+oHlc4RTM0uvj6wAyR5GLK1ljgGtOIAUWh5hEmWOXjLKxghwlpgTUqqe31Sehxe3dUf/srwIJwEJJWZIiI5pxNJOEZcUM5IVrUSQGOE+6pKOoiEKiLDT0T8Z3FeKB/2IqwolHKm/J1IUCDEIXNWZnyymvVz8z+sk0j+1UxrGiSQhHi/yEwZlBPNwoEc5wZINFEGYU3UrxD2kApIqwqIKwZx+eZY0j8tmpXx2p9K4BGMUwC7YA4fABCegCmqgDhoAg0fwAl7Bm/akDbV37WPcOqdNZnbAH2ifPwPGnvg=</latexit>

on-shell limit



Q(E) =
1

2
ImTr{lnSE}

<latexit sha1_base64="2ZYTkqCT7bE9RBFHbOFdcbaj7kg="></latexit>

TESTING THE ROBUSTNESS

effective DOS B = 2
d

dE
Q

<latexit sha1_base64="6Ee1diwfcsifbYaBmZGYemgM17M=">AAACB3icbVDLSsNAFJ34rPUVdSEiyGARXJWkFOxGKBXBZQv2AU0ok8mkHTp5MDMRSsjOjb/ixoUibv0Dcacbt36Gk7YLbT1w4XDOvdx7jxMxKqRhfGgLi0vLK6u5tfz6xubWtr6z2xJhzDFp4pCFvOMgQRgNSFNSyUgn4gT5DiNtZ3iR+e0bwgUNg2s5iojto35APYqRVFJPP6rBc1iClscRTtw0cS9TaPlIDjBiSSPt6QWjaIwB54k5JYVq5ett//P7oN7T3y03xLFPAokZEqJrGpG0E8QlxYykeSsWJEJ4iPqkq2iAfCLsZPxHCk+U4kIv5KoCCcfq74kE+UKMfEd1ZieKWS8T//O6sfQqdkKDKJYkwJNFXsygDGEWCnQpJ1iykSIIc6puhXiAVCRSRZdXIZizL8+TVqlolovlhkqjBibIgUNwDE6BCc5AFVyBOmgCDG7BPXgET9qd9qA9ay+T1gVtOrMH/kB7/QEM1JyY</latexit>

can it handle dynamically generated states?

Getting  
Effective DOS 

on  
REAL Energy

what is being counted?



root:
<latexit sha1_base64="51NnU3U4Bw5C0BwSXCVu8zFj91c=">AAAB+HicbVDLSgMxFM3UV62Pjrp0E1qEilhmXKjLohuXFe0DOkPJpJk2NDMJSUaYDv0Ld25cKOLWT3HXvzF9LLT1wIXDOfdy7z2BYFRpx5lYubX1jc2t/HZhZ3dvv2gfHDYVTyQmDcwZl+0AKcJoTBqaakbaQhIUBYy0guHt1G89Eakojx91KogfoX5MQ4qRNlLXLj5AT0guNIeV0bk87dplp+rMAFeJuyDlWsk7e57U0nrX/vZ6HCcRiTVmSKmO6wjtZ0hqihkZF7xEEYHwEPVJx9AYRUT52ezwMTwxSg+GXJqKNZypvycyFCmVRoHpjJAeqGVvKv7ndRIdXvsZjUWiSYzni8KEQfPmNAXYo5JgzVJDEJbU3ArxAEmEtcmqYEJwl19eJc2LqntZde9NGjdgjjw4BiVQAS64AjVwB+qgATBIwAt4A+/WyHq1PqzPeWvOWswcgT+wvn4AfkyVTw==</latexit>

S / (z � r)

pole:
<latexit sha1_base64="4d6soGN2zlMIt6/YpMtSKXnnjZw=">AAAB+nicbVC7TsMwFHXKq5RXCiOL1QqpCFESBmCsYGEsgj6kJqoc12mtOrFlO6BQ+hesLAwgxMqXsPVvcB8DtBzpSkfn3Kt77wkEo0o7zsjKLC2vrK5l13Mbm1vbO3Z+t654IjGpYc64bAZIEUZjUtNUM9IUkqAoYKQR9K/GfuOeSEV5fKdTQfwIdWMaUoy0kdp2/hZ6QnKhOXRPSo/H4rBtF52yMwFcJO6MFCsF7+h5VEmrbfvb63CcRCTWmCGlWq4jtD9AUlPMyDDnJYoIhPuoS1qGxigiyh9MTh/CA6N0YMilqVjDifp7YoAipdIoMJ0R0j01743F/7xWosMLf0BjkWgS4+miMGHQPDrOAXaoJFiz1BCEJTW3QtxDEmFt0sqZENz5lxdJ/bTsnpXdG5PGJZgiC/ZBAZSAC85BBVyDKqgBDB7AC3gD79aT9Wp9WJ/T1ow1m9kDf2B9/QBgSJXB</latexit>

S / 1/(z � p)

study the phase of



HRG AS AN S-MATRIX SCHEME

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

⇢
<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

detS(E) =
Y

{res}

z?res � E

zres � E
,

<latexit sha1_base64="LGy5uvdBHvX+Z4Mi9az97nSkWiM="></latexit>

zres ⇡ mres � i 0+.

<latexit sha1_base64="YG81rmS6HdmEuMwspGzirKDNsgM=">AAACFXicbVDLSsNAFJ3UV62vqODGzWARBGtJRFB3pW5ctmAf0MQymU7boTNJmJmINfQn3PgV7t24UIpbwZ0bv8VJ20VtPXDhcM693HuPFzIqlWV9G6mFxaXllfRqZm19Y3PL3N6pyiASmFRwwAJR95AkjPqkoqhipB4KgrjHSM3rXSV+7Y4ISQP/RvVD4nLU8WmbYqS01DRzD83YERwKIgfQQWEognvIp7QTSKGTg9btcT7TNLNW3hoBzhN7QrKFvfIPfS4OS03zy2kFOOLEV5ghKRu2FSo3RkJRzMgg40SShAj3UIc0NPURJ9KNR18N4KFWWrAdCF2+giN1eiJGXMo+93QnR6orZ71E/M9rRKp94cbUDyNFfDxe1I4YVAFMIoItKghWrK8JwoLqWyHuIoGw0kEmIdizL8+T6mnePstflnUaRTBGGuyDA3AEbHAOCuAalEAFYPAIXsAbeDeejFdjaHyMW1PGZGYX/IHx+Qtb3KCw</latexit>

Q(M) ⌘ 1

2
Im (tr ln S)

<latexit sha1_base64="z7KUr95PdkqQPPlrXizmsSukU6M="></latexit>

QHRG(E) =
X

res

dIJ ⇥ ⇡ ✓(E �mres),

<latexit sha1_base64="i0IwlL31hRrrMhxprrZA3ya7hw8="></latexit>

repulsive corrections in 
HRG-like scheme:  

via roots



solar eclipse

epicycles

`` Incomplete understanding’’



LATTICE COMPUTATIONS ON 
PHASE SHIFT

deuteron physics?

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



WHAT’S COMING?



ISOBAR MODEL
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⇡
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NEED THIS!



ISOBAR MODEL

⇡

N

⇡

⇡ ⇡

N

⇡

�

sequential decay model

⇡

N

⇡

⇢
and / or



DENSE ( R ) MEDIUM



RECIPE

• generalized phase shift

QN (M) =
1

2
Im


ln (1 +

Z
d�N iM)

�

d�N =
d3p1
(2⇡)3

1

2E1

d3p2
(2⇡)3

1

2E2
· · · d

3pN
(2⇡)3

1

2EN
⇥

(2⇡)4 �4(P �
X

i

pi).

Feynman amplitude

phase space approach



PHASE SPACE DOMINANCE

• structureless scattering

iM = i�N

�N (s) =
1

16⇡2s

Z s0+

s0�

ds0
q

�(s, s0,m2
N )⇥

�N�1(s
0,m2

1,m
2
2, ...,m

2
N�1)

QN (M) =
1

2
Im


ln (1 +

Z
d�N iM)

�

Dimension: ⇠ E2N�4

Källén triangle function
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PML, EPJC 77 no.8 533 (2017) 



TRIANGLE DIAGRAM

• 3-body diagram

k1

k2

k3 k03

k02

k01

b3 / a3S

<latexit sha1_base64="b2L1b1VHvho/rz6Zn5yloi21G3M=">AAAB+nicbVDLTgIxFO3gC/E16NJNAzFhRWaEBJdENy4xyiMBnHRKBxo67aTtaMjIlxg3LjTGrT/h1p3Rj7E8Fgqe5CYn59ybe+/xI0aVdpxPK7Wyura+kd7MbG3v7O7Z2f2GErHEpI4FE7LlI0UY5aSuqWakFUmCQp+Rpj88m/jNGyIVFfxKjyLSDVGf04BipI3k2VnfK8FOJEWkBUTe5XXJs/NO0ZkCLhN3TvLVXOH7q/J+X/Psj05P4DgkXGOGlGq7TqS7CZKaYkbGmU6sSITwEPVJ21COQqK6yfT0MTwySg8GQpriGk7V3xMJCpUahb7pDJEeqEVvIv7ntWMdnHQTyqNYE45ni4KYQfPmJAfYo5JgzUaGICypuRXiAZIIa5NWxoTgLr68TBrHRbdcLF+YNE7BDGlwCHKgAFxQAVVwDmqgDjC4BQ/gCTxbd9aj9WK9zlpT1nzmAPyB9fYDMpqXDA==</latexit>



NN scat.



VACUUM PHYSICS?



IN-MEDIUM EFFECTS FROM  
S-MATRIX

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

⇡ ⇡
⌃⇡ =

<latexit sha1_base64="agnA5XyexSHBPQrj0Ketk7l2vMs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYWmlA22027dHcTdzeFEvo7vHhQ8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7uPegkU4T6JOGJakdYU84k9Q0znLZTRbGIOG1Fw+up3xpRpVki7804paHAfcliRrCxUhjcsb7A3SBl6BJ1qzW37s6A/hKvIDUo0OxWP4NeQjJBpSEca93x3NSEOVaGEU4nlSDTNMVkiPu0Y6nEguownx09QUdW6aE4UbakQTP150SOhdZjEdlOgc1AL3pT8T+vk5n4PMyZTDNDJZkvijOOTIKmCaAeU5QYPrYEE8XsrYgMsMLE2JwqNgRv8eW/xD+pX9Td29Na46pIowwHcAjH4MEZNOAGmuADgUd4ghd4dUbOs/PmvM9bS04xsw+/4Hx8AxHGkS0=</latexit><latexit sha1_base64="agnA5XyexSHBPQrj0Ketk7l2vMs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYWmlA22027dHcTdzeFEvo7vHhQ8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7uPegkU4T6JOGJakdYU84k9Q0znLZTRbGIOG1Fw+up3xpRpVki7804paHAfcliRrCxUhjcsb7A3SBl6BJ1qzW37s6A/hKvIDUo0OxWP4NeQjJBpSEca93x3NSEOVaGEU4nlSDTNMVkiPu0Y6nEguownx09QUdW6aE4UbakQTP150SOhdZjEdlOgc1AL3pT8T+vk5n4PMyZTDNDJZkvijOOTIKmCaAeU5QYPrYEE8XsrYgMsMLE2JwqNgRv8eW/xD+pX9Td29Na46pIowwHcAjH4MEZNOAGmuADgUd4ghd4dUbOs/PmvM9bS04xsw+/4Hx8AxHGkS0=</latexit><latexit sha1_base64="agnA5XyexSHBPQrj0Ketk7l2vMs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYWmlA22027dHcTdzeFEvo7vHhQ8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7uPegkU4T6JOGJakdYU84k9Q0znLZTRbGIOG1Fw+up3xpRpVki7804paHAfcliRrCxUhjcsb7A3SBl6BJ1qzW37s6A/hKvIDUo0OxWP4NeQjJBpSEca93x3NSEOVaGEU4nlSDTNMVkiPu0Y6nEguownx09QUdW6aE4UbakQTP150SOhdZjEdlOgc1AL3pT8T+vk5n4PMyZTDNDJZkvijOOTIKmCaAeU5QYPrYEE8XsrYgMsMLE2JwqNgRv8eW/xD+pX9Td29Na46pIowwHcAjH4MEZNOAGmuADgUd4ghd4dUbOs/PmvM9bS04xsw+/4Hx8AxHGkS0=</latexit>

forward amplitude

A. Schenk NPB 363(1991)

S. Jeon and P. J. Ellis PRD 58 045013 (1998)
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d3q

!q
nX T⇡X(s)

<latexit sha1_base64="V/3GAHb/flrQ+pryhhnsnsw43tE="></latexit>



IN-MEDIUM EFFECTS FROM  
S-MATRIX

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

⇡ ⇡
⌃⇡ =

<latexit sha1_base64="agnA5XyexSHBPQrj0Ketk7l2vMs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYWmlA22027dHcTdzeFEvo7vHhQ8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7uPegkU4T6JOGJakdYU84k9Q0znLZTRbGIOG1Fw+up3xpRpVki7804paHAfcliRrCxUhjcsb7A3SBl6BJ1qzW37s6A/hKvIDUo0OxWP4NeQjJBpSEca93x3NSEOVaGEU4nlSDTNMVkiPu0Y6nEguownx09QUdW6aE4UbakQTP150SOhdZjEdlOgc1AL3pT8T+vk5n4PMyZTDNDJZkvijOOTIKmCaAeU5QYPrYEE8XsrYgMsMLE2JwqNgRv8eW/xD+pX9Td29Na46pIowwHcAjH4MEZNOAGmuADgUd4ghd4dUbOs/PmvM9bS04xsw+/4Hx8AxHGkS0=</latexit><latexit sha1_base64="agnA5XyexSHBPQrj0Ketk7l2vMs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYWmlA22027dHcTdzeFEvo7vHhQ8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7uPegkU4T6JOGJakdYU84k9Q0znLZTRbGIOG1Fw+up3xpRpVki7804paHAfcliRrCxUhjcsb7A3SBl6BJ1qzW37s6A/hKvIDUo0OxWP4NeQjJBpSEca93x3NSEOVaGEU4nlSDTNMVkiPu0Y6nEguownx09QUdW6aE4UbakQTP150SOhdZjEdlOgc1AL3pT8T+vk5n4PMyZTDNDJZkvijOOTIKmCaAeU5QYPrYEE8XsrYgMsMLE2JwqNgRv8eW/xD+pX9Td29Na46pIowwHcAjH4MEZNOAGmuADgUd4ghd4dUbOs/PmvM9bS04xsw+/4Hx8AxHGkS0=</latexit><latexit sha1_base64="agnA5XyexSHBPQrj0Ketk7l2vMs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYWmlA22027dHcTdzeFEvo7vHhQ8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7uPegkU4T6JOGJakdYU84k9Q0znLZTRbGIOG1Fw+up3xpRpVki7804paHAfcliRrCxUhjcsb7A3SBl6BJ1qzW37s6A/hKvIDUo0OxWP4NeQjJBpSEca93x3NSEOVaGEU4nlSDTNMVkiPu0Y6nEguownx09QUdW6aE4UbakQTP150SOhdZjEdlOgc1AL3pT8T+vk5n4PMyZTDNDJZkvijOOTIKmCaAeU5QYPrYEE8XsrYgMsMLE2JwqNgRv8eW/xD+pX9Td29Na46pIowwHcAjH4MEZNOAGmuADgUd4ghd4dUbOs/PmvM9bS04xsw+/4Hx8AxHGkS0=</latexit>

forward amplitude

A. Schenk NPB 363(1991)

S. Jeon and P. J. Ellis PRD 58 045013 (1998)
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<latexit sha1_base64="V/3GAHb/flrQ+pryhhnsnsw43tE="></latexit>

 0

 10

 20

 30

 40

 50

 60

 0  0.1  0.2  0.3  0.4  0.5  0.6

A(
s)

sqrt(s)

full
Re Approx
Im Approx

full os
Re Approx os
Im Approx os

T = 155 MeV

pipi, piK, piN

work in progress

+ coupled-channel aspects



THANK YOU



CONVERGENCE?

P (0) = nNT ⇠N

<latexit sha1_base64="zrO8d2u8B6dePjMxdo50JvBWgF4=">AAAB/nicbVDLSsNAFJ3UV62vqLhSZLAIdVMSKehGKLpxVVroC9oYJtNJO3QyCTMTsYSCGz/EjQtF3PY73PkN/oTTx0JbD1w4nHMv997jRYxKZVlfRmppeWV1Lb2e2djc2t4xd/fqMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vD6N2O/cU+EpCGvqkFEnAB1OfUpRkpLrnlQvkty1tkQXkHulmAVth+oW3LNrJW3JoCLxJ6RbPFoVPl+Oh6VXfOz3QlxHBCuMENStmwrUk6ChKKYkWGmHUsSIdxHXdLSlKOASCeZnD+Ep1rpQD8UuriCE/X3RIICKQeBpzsDpHpy3huL/3mtWPmXTkJ5FCvC8XSRHzOoQjjOAnaoIFixgSYIC6pvhbiHBMJKJ5bRIdjzLy+S+nneLuQLFZ3GNZgiDQ7BCcgBG1yAIrgFZVADGCTgGbyCN+PReDHejY9pa8qYzeyDPzBGPyzFl2g=</latexit>

�P = T ⇠2N
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(�qaS)

= �aS
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mred
⇠2Nn2

N

<latexit sha1_base64="RjbrXaTTPNJATa+h2QOTEAurvrI="></latexit>

r =
�P

P (0)
= �2⇥ (aS/�T )⇥ ⇠N

<latexit sha1_base64="5eNAxem5wA1YaF3qiwbaCEzwDvw="></latexit>

nN = (��1
T )3 = (

mNT

2⇡
)3/2

<latexit sha1_base64="uN2Gzd1AG0DFKhl4Rao+6Nsg7ao="></latexit>

= �2aS (
mNT

2⇡
)1/2 e(µ�mN )/T

<latexit sha1_base64="4SSqNkTILUbq5HAK7AdcwAotAgY="></latexit>



CONVERGENCE?

P (0) = nNT ⇠N

<latexit sha1_base64="zrO8d2u8B6dePjMxdo50JvBWgF4=">AAAB/nicbVDLSsNAFJ3UV62vqLhSZLAIdVMSKehGKLpxVVroC9oYJtNJO3QyCTMTsYSCGz/EjQtF3PY73PkN/oTTx0JbD1w4nHMv997jRYxKZVlfRmppeWV1Lb2e2djc2t4xd/fqMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vD6N2O/cU+EpCGvqkFEnAB1OfUpRkpLrnlQvkty1tkQXkHulmAVth+oW3LNrJW3JoCLxJ6RbPFoVPl+Oh6VXfOz3QlxHBCuMENStmwrUk6ChKKYkWGmHUsSIdxHXdLSlKOASCeZnD+Ep1rpQD8UuriCE/X3RIICKQeBpzsDpHpy3huL/3mtWPmXTkJ5FCvC8XSRHzOoQjjOAnaoIFixgSYIC6pvhbiHBMJKJ5bRIdjzLy+S+nneLuQLFZ3GNZgiDQ7BCcgBG1yAIrgFZVADGCTgGbyCN+PReDHejY9pa8qYzeyDPzBGPyzFl2g=</latexit>
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@

@✏
(�qaS)
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2⇡

mred
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N

<latexit sha1_base64="RjbrXaTTPNJATa+h2QOTEAurvrI="></latexit>

r =
�P

P (0)
= �2⇥ (aS/�T )⇥ ⇠N

<latexit sha1_base64="5eNAxem5wA1YaF3qiwbaCEzwDvw="></latexit>

nN = (��1
T )3 = (

mNT

2⇡
)3/2

<latexit sha1_base64="uN2Gzd1AG0DFKhl4Rao+6Nsg7ao="></latexit>

= �2aS (
mNT

2⇡
)1/2 e(µ�mN )/T

<latexit sha1_base64="4SSqNkTILUbq5HAK7AdcwAotAgY="></latexit>

aS = 20 fm

<latexit sha1_base64="u3nzfqAbqKnClVZI9RHsh75cq7Q=">AAAB9XicbVDLSgNBEOyNrxhfUY+KDAbBg4TdENCLEPTiMUHzgGQNs5PZZMjM7jIzq4QlR//BiwdFvHrNd3jzG/wJJ4+DRgsaiqpuuru8iDOlbfvTSi0sLi2vpFcza+sbm1vZ7Z2aCmNJaJWEPJQNDyvKWUCrmmlOG5GkWHic1r3+5div31GpWBjc6EFEXYG7AfMZwdpIt7h9jc5RwUatE+SLdjZn5+0J0F/izEiutD+qfD0cjMrt7EerE5JY0EATjpVqOnak3QRLzQinw0wrVjTCpI+7tGlogAVVbjK5eoiOjNJBfihNBRpN1J8TCRZKDYRnOgXWPTXvjcX/vGas/TM3YUEUaxqQ6SI/5kiHaBwB6jBJieYDQzCRzNyKSA9LTLQJKmNCcOZf/ktqhbxTzBcrJo0LmCINe3AIx+DAKZTgCspQBQISHuEZXqx768l6td6mrSlrNrMLv2C9fwN4+pRB</latexit>

r ⇡ 0.0727

<latexit sha1_base64="c4JHRMB1VHeWhC+cBzWSrIbwrto=">AAAB+nicbZDLTgIxFIbPeEW8Dbp000g0rsgMIcEl0Y1LTOSSwIR0SgcaOp2m7agEeRQ3LjTGrU/izrexwCwU/JMmX/5zTs7pH0rOtPG8b2dtfWNzazu3k9/d2z84dAtHTZ2kitAGSXii2iHWlDNBG4YZTttSURyHnLbC0fWs3rqnSrNE3JmxpEGMB4JFjGBjrZ5bUOi8i6VUySPySl61XO25RQtzoVXwMyhCpnrP/er2E5LGVBjCsdYd35MmmGBlGOF0mu+mmkpMRnhAOxYFjqkOJvPTp+jMOn0UJco+YdDc/T0xwbHW4zi0nTE2Q71cm5n/1TqpiS6DCRMyNVSQxaIo5cgkaJYD6jNFieFjC5goZm9FZIgVJsamlbch+MtfXoVmueRXSpXbSrF2lcWRgxM4hQvwoQo1uIE6NIDAAzzDK7w5T86L8+58LFrXnGzmGP7I+fwBtB6SWA==</latexit>

LHC

r ⇡ 0.36

r ⇡ 1.92

<latexit sha1_base64="erXJc5KOeuU4yvAOBj/+gQoDSYs=">AAACCXicbVDLSsNAFJ3UV42vqEs3g0VwFZJafOyKblxWsA9oQplMJ+3QyWSYmYildOvGX3HjQhG3/oE7/8ZpG1BbD1w4nHMv994TCUaV9rwvq7C0vLK6Vly3Nza3tnec3b2GSjOJSR2nLJWtCCnCKCd1TTUjLSEJSiJGmtHgauI374hUNOW3eihImKAepzHFSBup40AJAySETO+h556cwiCwfxTfvSh3nJLnelPAReLnpARy1DrOZ9BNcZYQrjFDSrV9T+hwhKSmmJGxHWSKCIQHqEfahnKUEBWOpp+M4ZFRujBOpSmu4VT9PTFCiVLDJDKdCdJ9Ne9NxP+8dqbj83BEucg04Xi2KM4Y1CmcxAK7VBKs2dAQhCU1t0LcRxJhbcKzTQj+/MuLpFF2/YpbuamUqpd5HEVwAA7BMfDBGaiCa1ADdYDBA3gCL+DVerSerTfrfdZasPKZffAH1sc3kk6XtQ==</latexit>

T = 60MeV

µB = 700, 800MeV

<latexit sha1_base64="Qp5McbDp1X62/OuxZ+p0HEmQ2ng=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsiUkpGiu1GKHXjRqjQF3TKkEnTNjSTGZKMUEr/wY2/4saFIm7duPNvTB+Cth64cDjnXu69J4g5UxqhLyu1srq2vpHetLe2d3b3nP2DuooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwfXEb9xTqVgkqnoY03aIe4J1GcHaSL5zXoWnV/ASQS8Lb2kdep7thYlfnqgFhLKwiH4838mgHJoCLhN3TjJgjorvfHqdiCQhFZpwrFTLRbFuj7DUjHA6tr1E0RiTAe7RlqECh1S1R9OfxvDEKB3YjaQpoeFU/T0xwqFSwzAwnSHWfbXoTcT/vFaiu8X2iIk40VSQ2aJuwqGO4CQg2GGSEs2HhmAimbkVkj6WmGgTo21CcBdfXib1i5ybz+Xv8plSeR5HGhyBY3AGXFAAJXADKqAGCHgAT+AFvFqP1rP1Zr3PWlPWfOYQ/IH18Q1Xjpgy</latexit>



RESOLUTION OF PROTON 
PUZZLE BY EBW ?

• PRC 98, 034906 (2018)  
Vovchenko, Gorenstein, and Stoecker 
Energy dependent Breit Wigner  
as a resolution of proton puzzle  
=> Incomplete: 
Reasons: 
1. non-resonant interactions not accounted for 
 
2. overlapping resonances, non-BWs

<latexit sha1_base64="Jr2JDZvhQcy5XTyqzpCvD0CbcmU=">AAAB+XicbVDLSgNBEJyNryS+Vj16GQyCIIRdD+pFSKIHjxHMA5MlzE46yZDZ2WVmNhiWfIjgxYMiXjz4J978Gp08DppY0FBUddPd5UecKe04X1ZqaXlldS2dya5vbG5t2zu7VRXGkkKFhjyUdZ8o4ExARTPNoR5JIIHPoeb3L8d+bQBSsVDc6mEEXkC6gnUYJdpILdsu4QtcxMe4eQVcE1xs2Tkn70yAF4k7I7lCJnq4e7//Lrfsz2Y7pHEAQlNOlGq4TqS9hEjNKIdRthkriAjtky40DBUkAOUlk8tH+NAobdwJpSmh8UT9PZGQQKlh4JvOgOiemvfG4n9eI9adcy9hIoo1CDpd1Ik51iEex4DbTALVfGgIoZKZWzHtEUmoNmFlTQju/MuLpHqSd0/zzo1Jo4SmSKN9dICOkIvOUAFdozKqIIoG6BE9oxcrsZ6sV+tt2pqyZjN76A+sjx85y5Uw</latexit>

B = A+�A

W. Weinhold,, and B. Friman, Phys. Lett. B 433, 236 (1998). 

see Phys. Lett. B 792, 304 (2019)  


