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Resonance Basics

Exp eriment

� `Bump' in the cross section

� Phase shifts sho w rapid change through �=2
� Time dela y

� Exp onential deca y la w

Theo ry

Resonant structures a rise from three t yp es of mechanisms:

P oles of the S -matrix co rresp onding to elementa ry resonances

P oles of the S -matrix co rresp onding to dynamic resonances

Structures that p ro duce the usual signals of resonances (see ab ove) without accompanying p oles of

the S -matrix [Calucci/Ghira rdi, Phys. Rev. 169, 1339 (1968)]Will ignore last item be
ause it 
annot be treated generi
ally. However, its experimentalmanifestation may lead to erroneous phenomenologi
al pole-type des
ription.H. Haberzettl Edinburgh, 8{10 June, 2009
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Resonance Basics
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Resonance Basics | Wide Resonance

Resonant phase shifts with va rious constant background contributions
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Some Basics of Scattering Theo ry

Time- indep endent scattering:  (+) (r ) r !1

� � � � � ! ei p � r + T eiprr
Time- dep endent scattering:	(+) (r ; t) r !1

� � � � � !

Z d3 p �(p ) e� iE

p

t

� ei p � r + T eiprr � = 	
in

(r ; t) + 	
sc

(r ; t)�(p ): exp erimental momentum distribution p eak ed at p

0

IF structures in T smo oth compa red to width of �(p ), then	
sc

(r ; t) = Tr Z d3 p �(p ) ei ( pr � E

p

t )

)

d�d
 = j T j

2Needed: Corre
t theoreti
al des
ription of narrow stru
tures.H. Haberzettl Edinburgh, 8{10 June, 2009
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Some Basics of Scattering Theo ry

Ho w ever:

IF T va ries rapidly across the width of �(p ), then	
sc

(r ; t) 6= Tr Z d3 p �(p ) ei ( pr � E

p

t )

and

d�d
 6= j T j

2

Usual scattering-theo retical relations do not apply .Needed: Corre
t theoreti
al des
ription of narrow stru
tures.
H. Haberzettl Edinburgh, 8{10 June, 2009



Elementa ry vs. Dynamic Resonances PRC56,2041(1997)�N ! �N
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Elementa ry vs. Dynamic Resonances PRC56,2041(1997)
N ! �N
= + ++ + U

++ + UX+

M = ++ +

interaction current
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Elementa ry vs. Dynamic Resonances PRC56,2041(1997)
N ! �N
= + ++ + U

++ + UX+

M = ++ +

elementa ry p ole

dynamic p oleSame me
hanisms as in hadroni
 rea
tion.H. Haberzettl Edinburgh, 8{10 June, 2009



App ro ximations

= + X

T X= +

X X= +U U

= + = + ++ + U

++ + UX+

M = ++ +

App ro ximations necessa ry to mak e equations manageable.However: Approximations often violate basi
 theoreti
al 
onstraints. (But the pa rents of the

co rresp onding mo dels love their children anyw a y ...)Case in point: K -matrix Bo rn app ro ximation destro ys gauge inva riance. (Constructing a conserved

current is not enough fo r a microscopic mo del!)

If things go wrong, oftentimes mo del builders a re to o quick to lo ok fo r alternative physical mechanisms

instead of blaming the de�ciencies of their mo dels.H. Haberzettl Edinburgh, 8{10 June, 2009
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Basic Tw o-pion Pro duction Mechanisms
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App ro ximations

= + X

T X= +

X X= +U U

= + = + ++ + U

++ + UX+

M = ++ +

App ro ximations necessa ry to mak e equations manageable.However: Approximations often violate basi
 theoreti
al 
onstraints. (But the pa rents of the

co rresp onding mo dels love their children anyw a y ...)Case in point: K -matrix Bo rn app ro ximation destro ys gauge inva riance. (Constructing a conserved

current is not enough fo r a microscopic mo del!)

It is relatively easy and straightfo rw a rd to �x the gauge-inva riance p roblem in any app ro ximation.

HH, Nak a y ama, Krew ald, PRC 74, 045202 (2006)H. Haberzettl Edinburgh, 8{10 June, 2009
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Elementa ry Resonances and Hadron-Dynamical Mo dels

����������	�
��

	���
�
������
���
��
�

�����
�����
�
����

�

�

����������
�� ����
������������
��

�
��
����� �����
!���
��
"�����#
��$

����������
�� �������
������������
��

���
�   qqq$

����������������
�����%���
���

&

'

(

��

Constituent Quark Model
Resonance Poles

Partial-Wave 
Analysis

Experimental 
Data

Hadron-Dynamical 
Models

2

3

A

B

1

Bare Masses and 
Bare Vertices

Hadron-Dynami
al ModelH. Haberzettl Edinburgh, 8{10 June, 2009



Elementa ry Resonances and Constituent Qua rk Mo dels
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Elementa ry Resonances
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The interface b et w een qua rk and

hadron dynamics | ba re masses and

ba re vertices | is not just mo del-

dep endent, it is unphysical.
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Elementa ry Resonances
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Elementa ry Resonances | Self-Consistency
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Optical p otential

Schematic connection b et w een qua rk-mo del calculations (top

t w o b o xes on the left) and �eld-theo ry-inspired hadron-

dynamical mo dels (top t w o b o xes on the right). Both qua rk-

mo dels with explicit hadron degrees of freedom and hadron-

dynamical mo dels can b e used to directly extract resonance-

p ole pa rameters (masses and widths). The exp erimental data

a re link ed to these pa rameters via pa rtial-w ave analyses. The

lines lab eled 1{4, tak en b y themselves, describ e an app roach

where there is no feedback b et w een the hadronic dynamics

that link to the data and the qua rk mo del. The feedback

mechanism enters via lines 6 and 8: Line 6 supplies the

optical p otential into the qua rk mo del which ma y then b e

used to calculate the physical resonance-p ole pa rameters di-

rectly . Compa rison of the co rresp onding values obtained via

the hadronic o r qua rk routes 3 o r 7, resp ectively , p rovide a

feedback that, via line 8, can b e used to imp rove, along line

1, the ba re input fo r the hadronic app roach.H. Haberzettl Edinburgh, 8{10 June, 2009



Elementa ry Resonances | Self-Consistency
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Optical p otential

Self-consistency scheme very elab o rate

Presumably not very p ractical

Serves only to sho w that idea of de�ning

an interface b et w een CQM and hadronic

mo dels without any co rrection mechanism

is ill-advised

H. Haberzettl Edinburgh, 8{10 June, 2009



Summa ry

There a re many structures | dynamical o r otherwise | that p ro duce signatures usually attributed

to resonant b ehavio r.

F o r a truly resonant state one should establish that there is a (p ositive) time dela y , i.e., that the

reacting pa rticles sp end an enhanced p erio d of time in the interaction region.

F o r na rro w structures with �E & �, the basics of scattering theo ry need to b e revisited.

Mo del builders need to b e mo re critical of their o wn mo dels when assessing the physical consequences

of their �ndings.

Whether p oles of T - o r S -matrices a re elementa ry o r dynamic in o rigin cannot b e unambiguously

decided at the phenomenological level.

Ba re input fo r hadron-dynamical mo dels cannot b e directly related to qua rk constituent mo dels. (A t

least not without a lot of w o rk.)

Thank You!H. Haberzettl Edinburgh, 8{10 June, 2009


