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Resonan
e Basi
sExperiment� `Bump' in the 
ross se
tion� Phase shifts show rapid 
hange through �=2� Time delay� Exponential de
ay lawTheoryResonant stru
tures arise from three types of me
hanisms:Poles of the S-matrix 
orresponding to elementary resonan
esPoles of the S-matrix 
orresponding to dynami
 resonan
esStru
tures that produ
e the usual signals of resonan
es (see above) without a

ompanying poles ofthe S-matrix [Calu

i/Ghirardi, 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 Trento, 1{5 June, 2009
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Time Delay | Single-Channel Case [energy resolution �E � �℄S
attered parti
les in resonan
e experien
e a time delay within the intera
tion region:�t = ~ dÆdE�t 
an be negative. Causality demands: R0: size of intera
tion regionv0: velo
ity through intera
tion region�t = ~ dÆdE & �R0v0In a wave-pa
ket pi
ture, this limit arises from the fa
t that the s
attered wave must not arrive at the targetbefore the in
ident wave.
True resonan
e: �t = ~ dÆdE > 0
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Time Delay | Multi-Channel Case [energy resolution �E � �℄Eisenbud: [PhD Thesis, Prin
eton, 1948 (unpubl.)℄�t = ~ ddE arg(S � 1) Matrix!Same as previous result for single 
hannel where S = e2iÆ.
True resonan
e in 
hannel i:�tii > 0 Sii = �ie2iÆi , with �1 = �2 for N = 2 and PNi=1 �i = N � 2.
Smith 
laims: [PR118, 349 (1960)℄�tij = Re ��i~(Sij)�1dSijdE � Wrong! | See HH&RW, PRC76, 058201 (2007)Problem due to the fa
t that Eisenbud's notation does not distinguish between phases and eigenphases.H. Haberzettl Trento, 1{5 June, 2009



Time Delay | Multi-Channel Case [energy resolution �E � �℄Eisenbud: [PhD Thesis, Prin
eton, 1948 (unpubl.)℄�t = ~ ddE arg(S � 1) Matrix!Same as previous result for single 
hannel where S = e2iÆ.
True resonan
e in 
hannel i:�tii > 0 Sii = �ie2iÆi , with �1 = �2 for N = 2 and PNi=1 �i = N � 2.
Smith 
laims: [PR118, 349 (1960)℄�tij = Re ��i~(Sij)�1dSijdE � Wrong! | See HH&RW, PRC76, 058201 (2007)Problem due to the fa
t that Eisenbud's notation does not distinguish between phases and eigenphases.H. Haberzettl Trento, 1{5 June, 2009



Time Delay | Multi-Channel Case [energy resolution �E � �℄Eisenbud: [PhD Thesis, Prin
eton, 1948 (unpubl.)℄�t = ~ ddE arg(S � 1) Matrix!Same as previous result for single 
hannel where S = e2iÆ.
True resonan
e in 
hannel i:�tii > 0 Sii = �ie2iÆi , with �1 = �2 for N = 2 and PNi=1 �i = N � 2.
Smith 
laims: [PR118, 349 (1960)℄�tij = Re ��i~(Sij)�1dSijdE � Wrong! | See HH&RW, PRC 76, 058201(2007)Problem due to the fa
t that Eisenbud's notation does not distinguish between phases and eigenphases.H. Haberzettl Trento, 1{5 June, 2009



Time Delay | Multi-Channel Case [energy resolution �E � �℄Eisenbud: [PhD Thesis, Prin
eton, 1948 (unpubl.)℄�t = ~ ddE arg(S � 1) Matrix!Same as previous result for single 
hannel where S = e2iÆ.
True resonan
e in 
hannel i:�tii > 0 Sii = �ie2iÆi , with �1 = �2 for N = 2 and PNi=1 �i = N � 2.
Smith 
laims: [PR118, 349 (1960)℄�tij = Re ��i~(Sij)�1dSijdE � Wrong! | See HH&RW, PRC 76, 058201(2007)Problem due to the fa
t that Eisenbud's notation does not distinguish between phases and eigenphases.H. Haberzettl Trento, 1{5 June, 2009



Smith's Lifetime Matrix [PR 118, 349 (1960)℄Lifetime matrix: Q = �i~ dSdESy Same as previous result for single 
hannel where S = e2iÆ.Diagonal elements, Qii, are a measure for the time delay in the resonant 
hannel i.Qii = i~"Xj Sij dS�ijdE #E=ER = 2~"dT �iidE +Xj (2i~Tij)dTijdE #E=ERDire
t relationship to Eisenbud's time delay 
an only be established if there is one single resonant 
hannel.Otherwise one needs to 
onsider tra
e of Q:trQ = �i~tr �dSDdE S�D� = 2~Xj d�jdE = 2Xj �tjj �j: eigenphaseRelationship to speed plot:Qii = 2~ Sp(ER) ; with Sp(E) = ����dTii(E)dE ����H. Haberzettl Trento, 1{5 June, 2009
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Elementary vs. Dynami
 Resonan
es
N ! �N
= + ++ + U

++ + UX+

M = ++ +elementary pole
dynami
 poleSame me
hanisms as in hadroni
 rea
tion.H. Haberzettl Trento, 1{5 June, 2009
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Elementary Resonan
es | Self-Consisten
y
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onne
tion between quark-model 
al
ulations (toptwo boxes on the left) and �eld-theory-inspired hadron-dynami
al models (top two boxes on the right). Both quark-models with expli
it hadron degrees of freedom and hadron-dynami
al models 
an be used to dire
tly extra
t resonan
e-pole parameters (masses and widths). The experimental dataare linked to these parameters via partial-wave analyses. Thelines labeled 1{4, taken by themselves, des
ribe an approa
hwhere there is no feedba
k between the hadroni
 dynami
sthat link to the data and the quark model. The feedba
kme
hanism enters via lines 6 and 8: Line 6 supplies theopti
al potential into the quark model whi
h may then beused to 
al
ulate the physi
al resonan
e-pole parameters di-re
tly. Comparison of the 
orresponding values obtained viathe hadroni
 or quark routes 3 or 7, respe
tively, provide afeedba
k that, via line 8, 
an be used to improve, along line1, the bare input for the hadroni
 approa
h.H. Haberzettl Trento, 1{5 June, 2009
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ti
alServes only to show that idea of de�ningan interfa
e between CQM and hadroni
models without any 
orre
tion me
hanismis ill-advised
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Summary
There are many stru
tures | dynami
al or otherwise | that produ
e signatures usually attributedto resonant behavior.True resonan
es are 
hara
terized by an enhan
ed dwell time of rea
ting parti
les in the intera
tionregion �! positive delay time.Whether poles of T - or S-matri
es are elementary or dynami
 in origin 
annot be unambiguouslyde
ided.Bare input for hadron-dynami
al models 
annot be dire
tly related to quark 
onstituent models. (Atleast not without a lot of work.) Thank You!H. Haberzettl Trento, 1{5 June, 2009


