


We develop1 -4 the followrng general physical conception of resonances: :the peri-
odic motion and’ refractlon of waves in the restricted region of space are respons1ble for’
creation ‘of resonancesin any resonating system This conceptron is considered here for
quantum’ mechanical systems, whose wave nature plays a decrsrve role in our approach.’
Within the ‘R-matrix-formalism we: put-at’'the: bounda.ry of this region ‘a‘ condition of
radiation of phys1cal particles’ which”can be observed at large (asymptotlc) distances’
and requ1re proper matching of the corresponding’ "external” ‘wave functions wrth the

"inner” part of the wave function of the considered system ‘This ”inner’ ’ part’can be con- -
structed by.using any reasonable existing model and must be’ prOJected at the bounda.ry
into physically observed states-for matching with the "external” part.” ¥

The new quantization condition for asymptétic momenta of deca.y products of a -
resonance was obtained in the framework of this conception. It results in the Balmer-like
mass formula used in our study; its accuracy is surprisingly high and unusual for this
branch of physlcs Followrng the outlined conception we carried out the systematical in-:-
vestlgatron of the gross. structure of spectra and mass dlstrrbutlons of all known hadronrc ;
resonances startmg from lrght mesons and endrng with bottomonrum resonances. We‘v
have used a s1mpllﬁed version of the strength function method in this study.

Regular periodic structures in drstrlbutlons of 1nvar1a.nt masses of resonances are -
established. They have the per1od Am =200 MeV in regions of the light unflavored L
and T mesons and Am 100 MeV for baryon resonances.. Such regular behaviour of the
invariant: mass: of resonances is due to an emergence of many-dimensional closed orbits
where some states have regions of hrgh amplitude as in the’ standard nuclear physics:

- We found also that the charmonium and bottomonrum systems might have ” "molec- : .
ular type” states in three-meson (17=) decay channels: They should play an essential fole’
in- understandlng of mass distributions of the 3 and T ‘mesons. The' main characterlstlc;
feature of these'states'is that the relativeé' momentum in any their brnary subsystems 1s
very low:"~ 100 'VleV/c Therefore this is the typical low energy phenomenon’ V{ B

‘The asymptotic quantlzatlon condition can'be obtarned by applylng the R-ma.trlx
formalism to particle | reactlons Accordrng to these’ papers ‘one can assume that the’
resonatlng system having several two- partrcle decay channels is free at relative separa.tron -
r > rg'in the center of mass; hence the followrng loga.rrthmrc ra.dla.l derrva.trve of the .
internal wave functions can be introduced: SR : ' S
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Wthll should be calculated in the framework of some mlcroscoplc models for exa.mple
modern quark models. Sl AT e R TR A ik
For simplicity let us consider only systems wrth one domrna.trng open channel As g
has been argued in the papers1 =4, the decay of hadronic. resona.nces can be considered .
in a full analogy with open class1cal electrodynamic resona.tors and the mathemati-
cal formalism given in this excellent monograph can be used. Therefore the boundary..
condltlons for the emltted waves must be wrrtten as follows (the condrtrons ofra.dlatron) -

dh(”(Pr))
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- sumed that f=

here Pro = n + 1/2 may be interpreted as a radiallq'uantization' and Pro =

T =m,(R)—my—~my = \/mf+P2+\/m§+P7:—- my—mg =

“

‘/"P'Hl(i,(Pr) are the spherlcal Rlccatl Hankel functlons We as- .
0 for the well isolated resonances. -Such surface waves localized at_
r = ro have exponentlally small absorption (for r < rp) in full analogy with the waves in -
the "whispering gallery ‘This phenomenon is_very, close to the phenomenon of the full

where h(l)(Pf)/ =(:

properties. Rainbow effects8 and open resonators ” can be considered as other examples:
of such kind. It means that nuclear and hadromc ‘resonances; have: the same physical ©
origin: emergence of well localized surface waves with. wavelengths of order rq. -

a resonance was obtalned _in the framework of this conception (sce for details ref.%):

'refractlon of the waves on the boundary separating two media with dlfferent refraction: -

P

The new quantrzatron condition for asymptotic momenta P of decay products of

R

)

considered as’ the well-known Bohr- Sommerfeld orbrtal quantlzatron
Balmer like mass formula used in our study

ma(R \/m +P2+\/m +P2~”\/ +("+7

) Am (4)
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where ~y= 0 or 1/2 R labels the resonance, V whrle the 1ndrces 1 and 2 refer to the con-

stltuents land 2 observed in the 2-particle decay of the resonance. R — 142 respectively.
. Formula (4) descrlbes the gross structure of ;the resonance spectrum with reason-
able accuracy because of the relation Am, < I' that is valid in all investigated cases of :

strong decays R — 1+ 2. The lead1ng term of the mass. formula describes only the ”cen-
‘ter of gravity” position, of the corresponding multiplets and:thus the gross structure of

the hadron. and dibaryon resonances. The fine structure in each multiplet is determined -
by residual interactions and correspondlng quantum numbers that are not contained in
the a.pproach1 =4, Therefore ‘the condition Am;, . < I'is to be consrdered as an empmcal

_ fact Further we neglected the contrlbutlon of Am,. to mass of resonances

Let us consider the. quantlzatlon of the hydrogen like system. The kinetic energy
of the system in nonrelativistic limit can be obtained from (4):

P2 12

2m12

(5)
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where m,, is the reduced mass of system and | = Pr = mypur = nh is the adiabatic

-invariant. ‘The electrostatic force between the nucleus and the eléctron’ binds’ the' hy—

drogen -like system. Equating the magnitude of the Coulomb force to thc ccntrrfugal

acceleratlon (the classical equatlon of motlon) we obtain G e
.oer . ™yt o G T R R ‘
F=—'=mpa= = 3= —. T (6).
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The second "and the last forms may be solved to determme the allowed values for T,
y1eld1ng ‘ :

. 2
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where ap is the Bohr radius by definition and is given'by ap =A% /me2. *
-, The total energy of the system is the sumn of the kinetic and potential energy
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Thus one concludes that the mass formula (1) for rcsonances in the nonrelatnlstlc lrm1t ‘
is reduced to'the Bolr result or to the’ Balmer formula.*** S
lt is casy to obtam usoful rclatlons usmg (3) and ( ) fory=0" ’

”n,en-%'"--’ o j i ,,(9?

where )\c and )\D arc the l('ngths of Compton an(l de Brogll(‘ way cs r(‘sp(’ctn el\ It means
that the Lompton and de llrogh(‘ waves play a fundamcntal rol(' in the quantrzahon of
clectrom(‘ rbit in hydrog(‘n = like atom. Such quantllatlon is posslble onl\ if the ratio of
the (,ompton wave lengtlx to th(' de Brogll(‘ wave length (@ :[e)is (‘ommcnsurabl(‘ with tlle
f'nc stru(‘tur(‘ const ant .. T he ratlo (9) can be mt(‘rpr(‘t('d as.a deﬁmtlon of a slmllltud(‘
paramet(‘r for lnydrog(‘n ~like atom Wl](‘l‘(‘ ris, lll(‘ llolu radlus wlnl(‘ Ap = h/l’ h/nn'
is the de llrogl:e wave l(‘ugth . < :

The hypoth(’sm of automodcllty mtrodu(‘(‘d in (‘l(‘m(‘ntar\' partl(‘l(‘ ph\ sics m r(‘f 10
: “l,lla.l, somc pllyslcal obsorvables arc. invariant. in r(‘sp('(‘t of the, transformatlon of
the momcnt um spa(‘e Po— En

mea

Further d(‘\(’lopmont of tlic prm(‘lpl(‘s of slmllltud(‘

: and automodclxty were achieved in ref. ll dev oted 10 lll(‘ r('latl\ Ml( tll(‘or\ of dy naml(‘al

systcm Let us rewrite “)

. o .

m(R) \/m +P2 4 i} +I’2-hr\/)\ )2 +A,, +h(‘\/)\(" (..+)\D . (10)

Here )\D/)\p, ro/)\p are snmhtud(‘ paramctcrs llw magmtudcs of i m\ ar1ant masses of
rcsonances al the given valu(‘ of the, similitude paramctcrs rcmam fixed for dlffcrcnt
valucs I fotllcr paraln(‘tcrs (at 10/)\,) >> 1).. llns Jis the automod(‘llt\ of tllc s(‘(‘ond type.
'lh(' mvarlant masscs of TCSONANCes are, (hangmg as a lmmogcn(ous fun(tlon o

(1)
under scale transformation 1’ = fl"m;, =€m;. llns is"the formulat jon  of the prm(lpl(‘
of'automodelity for’ lla(lrom( resonances decaying to two particles with the equal masses,

Sul)tractlng My +my in (10) we obtain under’the ('()udltlons ml > I’ and 1712 > I’
(m nonrclatrvnstl(‘ lmnt) that tlw ”(‘X(‘llatron (‘n(‘rgy" I‘ ’
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where m; = 1"]7"2/(7"] + 7”2) is’ a. r(‘(lu(('(l mass. llus (‘\pr('sslon is (ompl('t(‘l\ lll(‘
same-as the well known formula for th(- rolalmnal energy of a (llaloum molecule. 12 in
qua.srclasslcal approacll ln(l(‘('(l quantlty My, plavs a rol(‘ of a mom('nl of ln('rtla of a -

molccul(- while n + (lf b= 1/2) is a qua_sl(lassu al analog of total angular momvnt unr
of the molec ule. - \



i Ifm1<Pandm2<Pthen

- (13)

o ;

whlch is in full analog\ with the formula of v1brat10nal energy of nuclei ‘within thie
molecule. ‘ :
. Thus the Lorenz-invariant mass formula (10) obtamed from the resonance condi-
tion usmg Heisenberg uncertainty relation contains two hmntmg cases:. 1) the rotational
spectra and 2) the vibrational spectra. It is well-known in nuclear physics that pure
elementary states (say, rotational, vibrational etc) are-model concepts in nuclei and
are only approximately realized for the ground afid low-lying parts of spectra in nuclei
having large spectroscopic factors (branchmg ratios, see for details, ref. ]3) Such states
played a decisive role in the development of modcrn nuclcar physlcs Slmllar 51tuat|on
could take place in partlcle physics. "

**We assumed as a working hypothesxs that the resonances ‘are the result of mter-
'play between the "effective size” (ro) and wavelength of the system (the automodehty
of the second type by definition). ‘We' have demonstrated! =4 that this hypothesis does
not contradict with'the existing experimental data, it is useful for systematic analysls of
hadronic resonances‘and for predictions of new resonances. We have established the sim-
ilarity of spectra between different systems. As example we show on Fig.1 experimental
spectra of the D, D7, D™, ... and B, B*, B>, systems ‘taken from talks M. Feindt,
J.Bartlet and G. Scxolla given at Hadron 95 Conference ]4. As the second example we
show on Fig.2 experxmental spectra (1~ states) 15 of the p,w, ¢, J/1,/J and T systems. As
final example we show on Flg 3 expeérimental spectra (1_ 2+ and 3- states) of dllferent
hadron resonances. - : :

We can conclude that the decay of a resonance mto two partlcles obeys to the
s]mllltude principle according.to which the. Compton and: de: Broglie wavelengths have
to bc commensurable independently on a _particular form of the interaction.

'The appearance of the puzzling peaks in the’ plon pion system (so called ABC
partlcles) in reactlons of typea+b— a b+ +(7=) were observed in different laboratorles
(see review paperl®). According to this review the existence of 4 resonance - like states
for m7 system at 315, 455, 550 and 750 MeV are not excluded by experiments carried
out so far. Such peaks were not observed in free pion - pion scattering. Note that the
ABC partlcles were never predicted by theoretical models except of our prediétion ¢ of
a resonance at 360 MeV (at least, we could not find:corresponding references).

i There are tremcndous number of examples i in the nuclear physics when.two par—
ticles dlsplay resonances- llke structure in presence. of a third particle (particles) but no
such structure appears when the third partlcle is absent. For example the proton - pro-
ton or proton - deuteron scattering at low energy does not display pecularities but in the

company with a third particle ( +n— +x d+d—» P +n.n H+6He—»a+t)b
p (r pp

resonance-like structures were observed!’. Two- partlcle resonance — like structure does
indeed depend on thc physical propertles of the third particle, dynamlcal conditions of
reactions and etc.” It'is not surprxsmg that expenmental groups claimed the observa-
tion of different two partlcle reésonances for'the same pair of particles (but in different
environment) usmg different reactions. This is a result of the coherent: enhancement of
amplitudes for resonances in'different binary channels “The presence of a thlrd partlcle
change dramatlcally the resonance property of two particle subsystem:
s
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Fig.3 ]'.“, 2+ and 3~ states for p, K*, &, D', J/¢, B* mesons. ‘

As_conclusion we would like to say that the Balmer-like mass formula (4) was
applied for systematic -analysis of gross structure of-all known hadronic resonances.: It
means that equation (4) could be useful atleast for- prediction and estimation of the

" invariant masses of unknown resonances.: We can say that.the correspondénce principle *
“-between old classical and new quantum theories plays an outstanding role-in the inter-.

*- pretation’of the results and‘this‘7’éofrespondence” ‘allows us to go even into fine details.
‘We have demonstrated that the dimension ahaly51s the principles of similitude and au-
tomodehty, the methods of a.na.logy can put some bridge between the different branches
- of .physics:- : R . ~ e

: Therefore we can conclude that the cla.ssmal and quantum mechamcal principles
- are sufficient for explanation of gross: properties of hadron resonances. -That means
that new. quantum numbers new particles or, other exotics are not necessary..
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