
Nonperturbativesalar-meson resonaneswithopen Charm and Bottomprepared forTime Asymmetri Quantum Theory:the Theory of ResonanesJuly 23-26 (2003)Centro de F��sia das Intera�~oes FundamentaisInstituto Superior T�enio, Lisboa (Portugal)
Eef van BeverenGeorge Rupp
Miss QCDand her little fellow EletroweakLisboa, July 25, 2003Miss QCD, now in her early thirties,embarrassed by the very thoughtthat, out of the not-exatly-faithfulandidates, soon she should selet apartner for life. 1



What is a � meson?
1. A quark-antiquark system.2. A remnant of something what might have been, butnot is, beause of that part of strong interations whihis responsible for deay.Quark-antiquark system?internal frequeny � 200 MeV (size 1 fm)width � 160 MeVq and �q perform ONE yleand then deay.Can hardly be alled a q�q system!We believe that the latter response is what we arehunting for.It ould have been, if not : : :Is it possible to extrat the properties of those non-existing permanently-bound q�q systems diretly from thedata? YES it is possible!
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Warming upLet us start by studying the elasti sattering in S waveof Kaons and pions for total isospin I = 1=2, within aharmoni osillator model for on�nement.Below we represent the sattering ross setion pro-dued by the model, while taking the harmoni osilla-tor ground state at 1.389 GeV and a level spaing of 380MeV.
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� is the parameter whih desribes the intensity of theoupling between the on�nement states (harmoni osil-lator states in the present ase) and the K� ontinuum.In the following page we study what happens when weonly modify �, nothing else.
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j f j2 = probability meson-mesonj j2 = probability quark-antiquark8>>><>>>:Hf  f (~r ) + Vt   (~r ) = E  f (~r )H   (~r ) + Vt  f (~r ) = E   (~r )
quark-antiquark is unobservable(E �Hf)  f (~r ) = Vt (E �H)�1 Vt  f (~r )| {z }  (~r )
Complete Solution (partial-wave K matrix):
K`(p) = ��2�p 1Xn = 0 J �n`(p) Jn`(p)E(p)� En`��2�p 1Xn = 0 J �n`(p) Nn`(p)E(p)� En` � 1
En` = radial spetrum quark-antiquark
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E� = 0 n = 0 n = 1 n = 2 n = 3� � � �
The spetrum of on�nement
�

EElasti meson-meson sattering (� small)
utthreshold �����n = 0 �n = 1 �n = 2 �n = 36=m(ps)- <e(ps)

Sattering-matrix poles (� small)
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Near a Breit-Wigner Resonane (� small)
K`(s) � �R=2ER �psER � entral resonane mass�R � resonane width

=m(E)6 <e(E)-
�� ER � i �R2 Breit-Wigner pole
6
?� �R=2XER

omplex E(p) plane
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Our resonane expression:
K`(p) = ��2�p 1Xn = 0 J �n`(p) Jn`(p)E(p)� En��2�p 1Xn = 0 J �n`(p) Nn`(p)E(p)� En � 1
There are two ases:1. EN above threshold

utthresholdps =M1 +M2 �EN����� �E� resonane position
6=m(ps)- <e(ps)
2. EN below threshold

utthresholdps =M1 +M2�EN� �E�bound state position6=m(ps)- <e(ps)
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Approximation in our expressionfor a better ontat with the physis
K`(p) � 2�2 � pa j 2̀(pa) 1Xn = 0 jFn(a)j2E(p)� En2�2 � pa j`(pa) n`(pa) 1Xn = 0 jFn(a)j2E(p)� En � 1
� = oupling onstantp = relative meson-meson linear momentumE(p) = total invariant meson-meson massEn = n-th level of the on�nement spetrum� = redued meson-meson massj` = spherial Bessel funtionn` = spherial Neumann funtionFn = quark-antiquark on�nement wave funtiona = q�q separation distane (� 0.5 fm)and a further approximation
�2 1
Σn = 0 jFn(a)j2E � En � �2 0BBBBBBBB� N

Σn = 0 BnE � En � 11CCCCCCCCAwith a rede�nition of �
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K�Elasti I = 12 P -wave sattering� = 0:75 GeV�3=2 and a = 5 GeV�11
Σn = 0 jFn(a)j2E � En � 0BBBB� 0:5E � 0:945 � 11CCCCA GeV2
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Complex-energy singularities of the S-matrixas funtion of �The point on the real axis orresponds to the bare state(� = 0) at 945 MeVUnits are in MeV
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K�Elasti I = 12 S-wave sattering� = 0:75 GeV�3=2 and a = 3:2 GeV�10BBBB� 1:0E � 1:31 + 0:2E � 1:69 � 11CCCCA GeV2
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Complex-energy singularities of theS-matrix as funtion of �The points on the real axis orrespondto the bare states (� = 0)Units are in MeV1350 1450
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Notie nonperturbative behaviour oflower singularity
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and a singularity at713 - 227i MeVinE. van Beveren, T. A. Rijken, K. Metzger,C. Dullemond, G. Rupp, and J. E. RibeiroZeitshrift f�ur Physik C30, 615 (1986)found at727 - 263i MeV
many more hannelsfull transition potentialharmoni osillator on�nementno free parameters
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Complex-energy singularities of theS-matrix as funtion of �Singularity disappears in bakgroundfor � = 00.66 0.70
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Study of the extra polethreshold dependene
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�gure thresholda 0.70 GeVb 0.81 GeV 0.99 GeV
� = 1.0 here,orresponds to� = 0.75in the other �gures()
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KK, elasti I = 1 S-wave sattering� = 0:75 GeV�3=2 and a = 3:2 GeV�10BBB� 1:0E � 1:21 + 0:2E � 1:59 � 11CCCA GeV2
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But KK $ 1p2 �u�u� d �d� $ ��This gives a width to the a0(980)We �nd the pole at 962� i28 MeV.
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We �nd a nonetof extra polesin S-wave sattering
Isospin pole position (MeV)
I = 1 968-28iI = 12 727-263iI = 0 470-208i and 994-17iformsTHE nonet ofthe lowest lying singularitiesof the sattering matrixfor JP = 0+ states
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E0 = 2545 MeV and E1 = 2925 MeVthe other parameters unaltered2.0 2.2 2.4 2.6
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We �nd the D�sJ(2317).
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2 4 6 80.20.4
0.60.8
1.0

number of q�q pairs

I �
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The importane I of ontribution to the dynamis ofmesoni states for di�erent on�gurations of q�q pairs, asa funtion of the number of q�q pairs.# q�q I0 just glue, very important for on�nementand for the e�etive quark masses1 gives the degrees of freedomto mesoni systems2 mediates the ouplingto two-meson systems3 mediates the ouplingto three-meson systems
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meson-meson
on�nement setorwith q�q degrees of freedom

2 4 6 80.20.4
0.60.8
1.0

number of q�q pairs

I �
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One has then1. on�nement spetrum2. deformed by ommuniation to two-meson setor- mass shifts- resonane widths- extra resonanes/bound states
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E0 = 2443 MeV and E1 = 2823 MeVthe other parameters unaltered2.0 2.2 2.4
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We �nd the D�0(2100-2300) and D�0(2640).
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E0 = 5605 MeV and E1 = 5985 MeVthe other parameters unaltered5.4 5.6 5.8
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We �nd the B�0(5400-5450) just at threshold,B�0(5900) and B�0(6050).
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E0 = 5707 MeV and E1 = 6087 MeVthe other parameters unaltered5.6 5.8 6.0
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We �nd the B�s0(5570) below threshold,B�s0(6000) and B�s0(6200).
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E0 = 6761 MeV and E1 = 7141 MeVthe other parameters unaltered6.6 6.8 7.0 7.2
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����
We �nd the B�0(6500) below threshold,B�0(7000) and B�0(7170).
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CONCLUSION(S)
The expression

K`(p) � 2�2 � pa j 2̀(pa) 1Xn = 0 jFn(a)j2E(p)� En2�2 � pa j`(pa) n`(pa) 1Xn = 0 jFn(a)j2E(p)� En � 1
seems a good approximationfor data analysis.

Full o�-shell T matrix:- hep-ph/0304105 (Æ-shell for Vt)- hep-ph/0306155 (in the appendix, more general)Many-hannel analysis of light salar mesons:- Zeitshrift f�ur Physik C30, 615 (1986)(postsript version available through Spires)
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