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Data of �� reaction cross sections



� Challenge :

Extensive data of electromagnetic production of

� , � , � , � , � , and � �� ( 	 N, �
 )

� �

Understand the structure of nucleon resonances (� � )

� �
Understand non-perturbative QCD :

– Confinement of constituent quarks

– Chiral dynamics of meson cloud of baryons



 Traditional practice:

Amplitude Analyses of data
�

Extract ��� parameters

No interpretation of � � parameters

 Theoretical task :

Develop Dynamical Reaction Models

�

Extract ��� parameters

Also attempt to interpret � � parameters in terms of QCD :

– Hadron Models (now )

– Lattice QCD (near future )



Question :

Why do we need reaction models ??

(difficult and complicated)

�

Answer :

Many-year’s experiences in nuclear physics

Herman Feshbach :

”Much of the present-day understanding of �� ��� �� �� � � �� � � � has been
gained from the study of � � ��� �� � � � ��� � � � . For this purpose it is
necessary to understand the dynamics of �� ��� �� � � � ��� � � � , while at the
same time methods must be developed that permit the extraction of

� � ��� �� �� � � �� � � � information.”



�
Develop reaction models

to separate  !" #$% &' ( ! #) " ' % * ( * from'+ #, !"  * $  + # $+  !

(Optical potentials, DWIA, Coupled-channel, multiple-scattering etc.)

�

Replace'+ #, !"  � ) " -  & '

Similar situation in the study of .0/ structure

�

Develop reaction models

to separate  !" #$% &' ( ! #) " ' % * ( * from) " -  &' * $  + # $+  !



Question :

What could be wrong in using the information from amplitude analyses
(Particle Data Group ) to test theoretical models of 102 structure ?

3 Analyses are often guided by numerical simplicity in many-parameters
fits

4

Answer:

Results from the study of 1 - 5 transitions in the past 10 years



In a dynamical reaction model of 687 9 : 7 :
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V Pion cloud has a very large effect on P Q ; about 40% atS T W X

V AtS T W X , P0Y Z[\Q ] P_^ ` acb dQ ] e .

N

Resolve a fgh i - jkl h mn h i puzzle !!



Possible Plan

QCD

LQCD

Data

Models

Reaction Theory Amplitude Analyses

N - N*



This talk:

o Review the current reaction models of meson production reactions

o Report the status of a reaction model being developed by
Argonne-Osaka-Schizuoka collaboration

(A. Matsuyama, T. Sato, T.-S. H. Lee)



General Consideration

Question :

What is the structure of p�q ?

Theoretical guidence:

Chiral symmetry in QCD is broken spontaneously

r
p�q can be described in terms of constituent quarks and meson clouds

r
s p0q tvu s pq w t x s pq wy t x s pq wy y t x{z z

s p0q w tvu s| | | t

| u constituent quarks



}
A tractable reaction model is based on:

~ each quark core (� �� ) is treated as an elementary field ��

~ � �� structure is defined by form factors

data } [form factors] � hadron models/Lattice QCD

}

Starting Interaction Lagrangian :

� ��� � �� � �
��� � ��� � � � � ��

~ �� � bare� ��� � � �� � � ���� �

~ � � � � ��� � � ��� ��� � � � � �

~ � � must be consistent with chiral symmetry :

� �{� ��  � �¡ �£¢ ¤¢ �¥ � �  ¦ � � �



Approximations:
§ Ladder Bethe-Salpeter equations

– I. Afnan and collaborators

– N. Kaiser, E. Oset, M. Lutz et al

§ Three-dimensional ladder Bethe-Salpeter equations

– Julich coupled-channel model

– F. Gross and Y.Suyra

– Dubna-Mainz-Taipei (MAID-DMT) model (S.N. Yang)

– V. Pascalutsa, J. Tjon, G. L. Caia, L. Wright

– Many earlier ¨© models

§ Unitary transformation method

– T. Sato, A. Matsuyama, and T.-S. H. Lee

– M. Fuda

– B. Julia-Diaz W.-T. Chiang, B. Saghai, F. Tabakin, T.-S. H. Lee



Focus on :

Formulation based on unitary transformation method

ª
« Derive most of the current reaction models



Method of Unitary Transformation

¬ Start with a Lagrangian  ®K¯ ° of relativistic quantum field theory

¬ Apply the canonical quantization to define Hamiltonian density

± ®K¯ °0² ³
´ ³ ®K¯ °¶µ · ¸ ³ ® ¯ °º¹ »
´ » ®K¯ °¶µ · ¼ » ®K¯ °¾½  ®K¯ °

¬ Define Hamiltonian in Fock-space
¿ ² ÀÂÁ ¯ ± ®Á ¯ ÃÄ ² Å °

¬ Apply unitary transformation to derive ¿ Æ Ç Ç ² ÈÊÉ ¿ È which leads to

Soluble few-body scattering equations



Example :Ë ÌÎÍ ÏÐÑ Ò ÓÕÔ Ö× ÐÑ (Ø Í Ù Ú�Û Ú�Ü Í Ý Ú Þ )
ß Hamiltonian :

à Í à Ô á à Ì á à âã Ú

with

à Ì Í
Ñ äÑ Ò Ó

Ô åÑ Ò äÑ

à âã Í æçè é ê

êìë Í êë å á êëÑ Ò äÑ á êëÑ Ò äÑ ä å Ú
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í Decompose interaction term :

î ïÎð îòñ óvô îÕõ óö

Physical process: ÷ øù ú
îòñ ó ð ûýü þÿ � �

Unphysical process : ú øù ú , ú øù ÷ , ÷ øù ÷

î õ ó ð û ü þÿ �ÿ ô ûýü þ � �ÿ ô û ü þ � � �



� Introduce unitary transformations

� � � �� � 	�
 � � 

� � � 	�� �  �

�

� � � � � ��� � ��� ��� ��� � � � � � ��� � � �

� � � � � 	� �  � � �  � � "! # $ �%
� & 	� # "! � ' 	 � #  (

� � � � 	� �  � � �  � �  : no unphysical processes (� � � � )



Consider n=2 :

) * ) + , ,-. / 0. 1 2 * ) 34 5

5 * 687 9 4 :<; =
>@? A4 ? BAC

6D7 9 : Non-resonant EF G EIH F H

? A : JIK G EF

G

Scattering amplitude

L -�M 2 * 5 4 5 N

M O ) 4 PQ 5

Main Feature : 5 is energy-independent and hermitian

G

Unitarity condition is trivially satisfied.



n=2 interactions:
RTS U : Non-resonant

RWV X Y[Z \ Y \]_^ ` acb \ : Resonant

Baryons

Mesons
(e)

*N

(d)(c)(b)(a)



d
Can derive

e Unitary Isobar Models :

MAID

Jlab/Yerevan UIM

e Multi-channel K-matrix models :

SAID

Giessen

Kent State University ( KSU )

e Carnegie-Mellon Berkeley (CMB) Model

e Dynamical reaction models



Starting point :

f Relation between scattering T and K matrix :

g h�i j k l m l n o
i p q r p st u hi p q r j v g hi j

w h�i j k l m l o
i p q r w h�i j

o : the principal-value integration.

x

g h�i j k w hi j p g h�i j n st u hi p q r j v w hi j

x

Lead to on-shell relations between g and w



Approaches :
y Start with z_{ |W} ~ � |D� :

� � �} ��� � � � } ��� � { z � �} ��� � � � } �

� �
� � z � � � �� � � � � � � �} �� � � } �� � � � � �� � � � � � �� � �� �

a,b = �� , �� , �� , � � , �� , �� � �� ��� � ( represent � �� )

– Need off-shell information

– Equations for Dynamical Models



� Start with � matrix:

A matrix relation in partial-wave representation:
�   ¡£¢ ¤�¥ ¦¨§ ©ª ¤�« ¬ � ¤ ¥ ¦ ¦® ¯ °   ¡ © � © ¡ ¢ ¤ ¥ ¦

a,b = ±² , ³² , ´² , µ ² , �¶ , ·² ¸ ±¹ ¸�º ² ( represent ± ±² )

– Need only on-shell information

– Equations for K-matrix Models



Derivations
» Unitary Isobar Model (UIM ) :

– start with K matrix

– channels : ¼¾½ , ¿ ½ (or À½ )

Á
¼¾½ Á ¿ ½ amplitude :

Â ÃÄ Å ÆÄ Ç È@É ÊË Ì Ã Ä Å Ã Ä Í�Î Ï ÐÑ Ò Ì Ã Ä Å ÆÄ Í�Î Ï

Ç Ó8Ô Õ Ö× ØÙÚ Û Ã Ä Ì Ã Ä Å ÆÄ Í�Î Ï

Ü Ó8Ô Õ Ö× ØÙÚ Û Ã Ä Ý Ã Ä Å ÆÄ

Ý Ã Ä Å ÆÄ Ç Tree-diagrams

Û ÃÄ : ¿ ½ phase shifts

Á

Satisfy Watson Theorem in Þ ß Éà á GeV



– MAID and Jlab/Yerevan UIM :

1. Include of âIã by using Walker’s parameterization
2. Unitarize the total amplitude

ä

å æç è éç êëì í î ï ð8ñ òóô õ öø÷úù ûæç è éçü ý çÿþ �
å çþ �æç è éç ê � î

å çþ �æç è éç ê�� î ï � æç ê � î ���� � 	 
 ð 
 � �

	� 
�� �� � � 	 
 �� � ��� éç ê � î

� 
 : Unitarization Phase



Results from MAID and JLab/Yerevan UIM:
1. Successful in extracting � parameters
2. Can fit pion production data up to W=2 GeV
3. More will be discussed in I. Aznauryan’s talk

Comments:
Coupled-channel effects are not treated explicitly

[ ��� � ��� � � �� � � � � � � is neglected ]

�

The extracted�  parameters in the second and third resonance
regions need to be verified



! Multi-channel K-matrix models

– SAID :

Consider "�# , $ # , $% (all inelastic channels )

&

' (*) +-, ) ./0 12 3 4 0 5 .�6 78 ' , ) +, ) 3 70 9 ' , ) +, )

0 5 4 : (*) +-, ) ; : ( ) +,< : , ) +, ): , ) +,<

0 9 4 : ( ) +,<: , ) +,<



Actual analysis:

= > ? @BA CD*E F-G E H
I

JK L
M N JO PQ RS J TO U

= V ? W G
X L TY L
X L UQ R E

JK L N J TZ G
W G U J

M N J [ N J : fitting parameters

\^] parameters are extracted by fitting the resulting amplitudes to a
Briet-Wigner parameterization at _ `a ]



Results from SAID :
b determine cd e cd amplitudes

b determine fd e cd multipole amplitudes

b extractd g parameters

Comments :
Its many-parameter parameterization of the non-resonant
amplitudes need to be justified theoretically

Coupled-channel effects are not treated explicitly

e

The extractedd g parameters in the second and third resonance
regions need to be verified



– Giessen Model :
Approximation : hji ki Tree-daigrams

l

m n o-p qrs tu u tv wi
xy q�z {| k q�} w w~ � � n o x k x o-p q} w

Results:

� Fit both �� and �� reaction data with channels:

�� , �� , �� , �� , h� , h� and � � .

� Indentify� � : � � � q z ��� w , � � � q z �� � w , � � � q z �� � w , � � � q�z � �� w

Comments :
Multiple-scattering effects in h matrix is neglected

l

The extracted� � parameters in the second and third resonance
regions need to be verified



For deriving:
� Carnegie-Mellon Berkeley (CMB) Model

� Kent State University (KSU ) model

� Dynamical models

Apply two-potential scattering formulation

for ��� ��� � ��� ��¡ � �  ¢�£ ¤¦¥ �¡ 

§

¨ ©�ª « � ¬� � ©�ª « �
®°¯ ±   ©�ª « ® ±   ©�ª «ª ² ³µ´ ±   ² ¶ ±   © ª «

¬� � � �·� � � �� � ¸ ©�ª « ¬� � © ª «



Resonances are detrmined :

¹º »½¼ ¾ º » ¼ ¿ º » ¼ À Á�Â Ã�ÄÆÅ Ç Á�Â Ã

È » ¼ Á�Â Ã ¾ ºÊÉ » ¼ À Á�Â Ã ¹º »Ë¼

Main feature :

Ì Non-resonant effects on resonance parameters

are identified



For multi -channels multi -resonances case:

Í Î Ï-Ð Ñ�Ò Ó Ô Õ Ð ÖÎ Ï-Ð Ñ�Ò ÓØ× ÙÛÚ Ü Ï ÙÛÚ Ý
Þ ßÊà ÙÛÚ Ü Ï Î Ñ�Ò Ó áâ ã Ñ�Ò Ó äå Ï æÞ ß ÙÚ Ý Ï Ð Ñ Ò Ó

Õ Ð ÖÎ Ï-Ð Ô ç Ð ÖÎ Ï-Ð × è
ç Ð ÖÎ Ï è ã è Ñ�Ò Ó Õ Ð Öè Ï-Ð Ñ�Ò Ó

Þ ß Ù½Ú Ï Î Ô ß Ù½Ú Ï Î × Ð
ß ÙÚ Ï-Ð ã Ð Ñ�Ò Ó Õ Ð ÖÐ Ï Î

áâ ã Ñ Ò Óé ê äå Ï æ Ñ Ò Ó Ô Ñ Ò ë ìîí ÙÚ Ü Óðï å Ï æ ë ñ å Ï æ Ñ�Ò Ó

ñ å Ï æ Ñ Ò Ó Ô
Î

ßÊà Ù�Ú Ï Î ã Î Ñ�Ò ÓÞ ß ÙòÚ Ý Ï Î

ó ôöõ Ô ÷�ø , ù ø , úø , û ø ,ü ý , ùþ , ÿø , �ø ( for ù ù ø )



� Carnegie-Mellon Berkeley (CMB) Model

Set : ��� �� �� �
	 �� ��� � �� � � ����� � � � ��� � �� � � � ���� � � (separable form)
�

� � ��� � � ��� �
 ! "$# % �'& �'(

)+*  � � )  ��
	 , -  � ./ 0213 14 5/

�

6 � �� � 	 � �
 � 7

)*  � �98  � 7 � 	 � ) 7 ��

8 � 	 �� : � 7 � � 	 , -<;  �>=  � 7 , ?  � 7 � 	 �

?  � 7 � 	 � �

�
@BA C @ )D*  � � � @ � ) 7 � � � @ �

	 , 	 � � � @ � , 	 E � � @ � �F G



With appropriate variable changes : HJI KML

N

CMB’s dispersion relations :

O P Q RS H T I

UV P Q UXW US H TV R Q U

YZ [W US H T \ I YZ [W US H ] T \_^ Ha` H bc Q Ud

e
f gh

i j [W US H<k T \

S H k ` H TS Hlk ` H ] Tm Hnk

N

CMB model is analytic



Recent applications/extensions of CMB model :

– Zagreb : M. Batinic, A. Svarc and collaborators

Consider three channels : op , qp , r s o o tp

– PITT-ANL : T. Varana, S. Dytman, T.-S. H. Lee

Consider up to eight channels:

o p , qp , ou , vp , r s o o tp , o p w s
xy y z t ,{ | , }p



Results:
~ ��� in � � � channel is better understood

~ The interplay between channel coupling and �� excitation has been
better understood

~ Some extracted � � parameters are very different from PDG values

�

be careful in using PDG’s values to test hadron models

Comments :

Its separable non-resonant amplitudes need to be justified theoretically

�

The extracted �� parameters in the second and third resonance regions
need to be verified



� Kent State University (KSU ) model

Start with

� �
� � � ��� � �
� ���

��l� ��� �� ���

� � ��� � � � � ��� � � �

One can derive exactly the distorted-wave form

� � � � � � � � � � � � �

�  $¡¢ £_¤ ¥ � � � � �� � � �
� � � � �

� � �l� � � � � �¦� � � �¨§  $¡¢ £

where

 ©¡¢ £ � � � ª � � � ��� � �
� �
(1)



«
S-matrix :

¬ 
® ¯ ° ±$²³ ´_µ ¶ ® ¯ ±²³ ´

¶ 
® ¯ ° · ¸¹ º»½¼ ® ¯

»<¼ 
® ¯ ° ¾D¿ À�Á ® ¯ ¾ À�Á ® ¯® Â ÃlÄ À�Á Â Å ÀÁ 
® ¯

KSU separable parameterization:

Æ¼ 
® ¯ ° Ç
· ¸ º Ç È É ¾ Ê¹
® Â Ã Â º ¾ Ê¹

±©²³ ´ ° Ë Ì Ë ÍÏÎ Î Ë Ð

Ë Ñ È Ò ÑÓÔ Õ

¾ , É and Ö are parameters in the fit



Results from KSU:

× fits to Ø ÙÛÚ of Ü¦Ý Þß Ý

× being applied to study kaon production

Comments :

Its separable parameterization of non-resonant amplitude need to be
justified theoretically

Þ

The extractedÝ à parameters in the second and third resonance regions
need to be verified



Dynamical Models

Two equivalent approaches:

á Solve dynamical equations with â�ã äæå ç è äêé directly :

ë ì íå î
ï ð ã â ì íå è ñ
â ì í ñóò ñ î
ï ð ë ñ íå î ï ð

ô õ2ö õ2÷ ã øù õ úù õ ûù õ øü ý ý ý
Recent works :

– Julich Model : øù

– Fuda et al. : ø ù , úù

– DMT Model : ø ù , úù , ûù (S.N. Yang’s talk)

– Ohio-Utrecht Model : ø ù , úù ( V. Pascalutsa’s talk )

– Chiral SU(3) models : þÿ , � ù , úù , ø ù (M. Lutz’s talk )



� Use two-potential formulation to identify resonant mechanism

� � ��� �	� 
 � � � � �� �� 
�� ��� � � ��� �
� ��� ��� � � ���� � � �� 
 �� �  � � � � � ��

� � � ��� �	� 
 � ! � � �� � "
! � � � "# " �	� 
 � � " ��� �	� 


� � �$� � � � � �$� � � � �
� �$� �� # � �	� 
 � � � � � �� 


Recent Works

– Sato-Lee Model : %& , '&

– Yoshimoto et al. : %& , (& , %)

– Oh et al.: '& , * &

– Julia-Diaz et al. : '& , +, , %& (B. Julia-Diaz’s talk)

– Lee, Matsuyama, Sato (2004) : %& - (& - '&



DMT model (S.N. Yang’s talk)

Ohio-Utrecht Model ( V. Pascalutsa’s talk )

Kaon production ( B. Julia-Diaz’s talk)

Chiral SU(3) models (M. Lutz’s and E. Kolomeitsev’s talk )



Julich’s Coupled-channel Model

O. Krehl, C. Hanhart, S. Krewald, J. Speth (2000)

. Channels : /0 1 20 143 0 1 /5 1 60 .

. V : meson-exchange, s-channel0 7

. fit : / 0 amplitudes up to 1.9 GeV

. Main result:

8 9 9 is due to meson-baryon coupled-channel effects

Comments :

1. It does not satisfy / / 0 unitarity condition

2. Need to check its predictions of / 0 : / / 0 and ;0 cross sections

:

Question on the nature of 8 9 9 is still open



Coupled-channel study of <>= in ? @ @

( T.-S. H. Lee, A. Matsuyama, T. Sato (2004))
A Channels : B < C D < C E <

A Non-resonant int. : tree-diagram of chiral Lagrangian

F GH I GH C F GH I JH C F JH I JH

F KH I GH C F KH I JH

A 2 <= : Related to constituent quark model

A Finding :

1. Can describe the data only up to W= 1.7 GeV

2. Meson cloud effect on E < L <= is about M N O
3. Bare helicity amplitude is close to quark model

L

Consistent with the finding in the study of P excitation



QR S QR amplitude
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TVU W X U amplitude
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YZ [ \Z amplitude

1400 1500 1600 1700 1800 1900 2000
W (MeV)
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0.2

0.4 Data from Pitt-ANL

Re T(pi N, eta N)
Two N*, Channels : pi N, eta N
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Im T (pi N, eta N)
Two N*, Channels : pi N, eta N



] ^ _ ^ ` a` b$ced f g h ikj

Coupled-channel model 1538 122 36 61.24

Bare (77.64)

Capstick 76



Comments :

To explore lnm from all o l and p l data up to q r st u GeV, we need to include
coupling with o o l channel

v

Develop coupled-channel model with o o l channels

Argonne-Osaka-Shizuoka collaboration

A. Matsuyama, T. Sato, T.-S. H. Lee (in progress)



Coupled-channel model with w wx

y

Apply second-order unitary transformation method to derivez { | |}~ � �~ � �

~ : strong coupling constant ofz �
z � � � ��� �� z � � � �

z � � ��� �z � �

� z { | |}~ � �� z � �� }~ � ��� z � �� }~ � � � z � �� }~ � �� � �

Note :

SL model :z { | |}~ � � in� � �x � w x



Evaluate � � � ��� � �� � � in �� �� �  

¡

Coupled-channel model with� �  

� � � � ¢ � £¤ � ¥

� ¥ ¢ ¦ § ¤ ¨ � © �¤ ¨ � © �¤ ¨ � © �

with

¦ § ¢
ª$« ¬ ® ¦ ª$« © ¬ ¯¤ ° ± ©² ² ¤ ° ³ ©² ²

´ �� : µ   ��   � ¶   �� · � ¸   �4¹  

´ ¦ § : bare vertex interactions



º Non-resonant interactions

» ¼ ½ ¼ ¾
¿À Á ¿$Â À Â » ¿À Á ¿Â À Â Ã » Ä Ä

(2)

» ¿À Á ¿VÂ À Â : meson-baryon interactions

» Ä Ä : Å Å interaction.

» ¼ ½Æ : ÅÇ È Å ÅÇ

»Æ ½Æ : Å ÅÇ È Å ÅÇ

º » Ä Ä , É Ê ½ Ä Ä , É Ë ½ Ä Ä : from Å Å scattering



Ì Í ÎÏ :

iSHQ
IHQ

I
iSiS iSiS

H iSiS HiSQ Q
I iS

I

ÌÏ ÎÏ :

’Q’H
I

H’Q’
I’SS ’ S ’ H’Q’

I



Ð

Ñ ÒÔÓ ÕÖ Ö Ó ×	Ø Ù Ú Ñ ÒÔÓ ÕÖÛ × Ø ÙÝÜ ÖÛ ÞÛ Õ�Ö Ó

ß Ñ ÒÔÓ Õ àÓ × Ø ÙÜ àÓá à Õ�Ö Ö

ß Ñ ÒÔÓ Õâ Ó ×	Ø ÙÜ â Óá â Õ�Ö Ö

where

Ñ ÒÓ Õäã Ó ×	Ø Ù Ú å ÒÔÓ Õã Ó ×	Ø Ù ß Óçæ
èÞ ÒÔÓ é ÓVæ ×	Ø Ù èÞ Ó æ é ã Ó ×	Ø ÙØ ê ëíì Óçæ ê î Óçæ ×	Ø Ù

Ü ãï ×	Ø Ù Ú ð

Ø ê Ø ï ê Ø ã ê î × Ø Ù

î ×	Ø Ù Ú Self-energy of the unstable ñ , ò , and ó



The dressed vertices are
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Non-resonant amplitudes are:
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The channel-coupling interactions are:

� � � ���  � � � � � � ���  � ��� ��� ��� � �� � � � ���  � ��� � (3)

Three-body � �� cut is in

��� � �� � � � ���  � �� � � ��� � �� � ���  � ��� ��� ���! �� � ���  � ��� �



Example:
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F

Apply the Spline-function expansion method to solve the G GH coupled-channel
equations on real-axis

* The method was developed inH H F GH H studies by Matsuyama and Lee
(1986)



First Results from Unitary I IJ calculations

Objetive: explore the starting parameters

K L MNPO O and L Q N O O from fitting I I phase shifts (by Johnstone and Lee)

K R SN S are calculated using the coupling constants of Julich’s model

R T NPU

where V WYX = ZJ , IJ , [J , \J , I] , ^J
have been constructed

K J _ ` a ZJ , IJ , [J , \J , I] are taken from the b c d model of Capstick
and Roberts and/or from PDG
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Effect of coupled-channel and { {| cut on amplitudes
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Effect of coupled-channel and } }~ cut on amplitudes
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Effect of � �� cut
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Effect of � �� cut
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Fits to �� scattering amplitudes
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If coupled-channel multiple scattering and � �� cut structure is neglected

�
  Moscow/Jlab Isobar Model of ¡� � � ��

(V. Mokeev’s talk)

  Amplitude analyses of ¡� � � �� of RPI/JLab group



Concluding Remarks
¢ We have developed a dynamical approach for

investigating £¥¤ in ¦ £ and § £ reactions

¢ It is tractable and systematic in getting ¨ © ª ª from
relativistic quantum field theory

¢ The model in the « region can describe most of the current data

¢ Numerical methods for solving coupled-channel model including ¦ ¦ £ has
been well developed with some preliminary results.

¢ ¦ ¦ £ unitarity cut is crucial in predicting ¦ ¦ £ production cross sections and
identifing ”missing” resonances

¢ Much more work is needed to carry out complete coupled-channel analyses
of all meson production data.


