


1 ‘Introductlon

comparatlvely sma.ll number of examples of the so ca.lled crude systems is known

in physics whose the gross or "global”; propertles can’ be descnbed by the: s1mplest
)_approaches while the 2 accuracy of descrlptlon deterlorates in ‘the ¢ case of detalled elab-
“oration. . For ‘the first- txme, such’a ‘behaviour of- systems in classxca.l mecha.nlcs was’
establlshed by Pomcare The'reductlon of iaccuracy’ with i mcreasmg number model
parameters has'in “detail been studlcd 1n the mathematical theory of polynomlal ap- o ‘[
;prox1ma.t10n of tabulated. functlons It is well- known that’ the beatlng starts_at’ the
,mter_‘unctxon points with increasing of polynomxa.l order and the problem of correct
nterpolatlon of experlmental data becomes in genera.l not feasxble A classxcal exa.mple
of’ correct: deal w1t11 crude systems. in physics i is the: theory of dlffractlon The aim of -
;thls paper is. the appllcatlon of diffraction. theory methods’ (together wnth the: dlmen
s10n ana.lys1s, the prmc1ples of smuhtude and automodehty, the methods of ana.logy) to
; udy the gross st,ructure of resonances in, mlcro— and macrophys1cs.‘

.2‘_ General ‘Results

“We have developed (see rev1ew pa.pers and references therem [1,2]) the followmg genera.l
: physxcal conceptlon of resonances the perlodlc motion’ and refractlon ‘of waves m the -
'restncted region of space are respon51ble for. creation of Tesonances in‘any: resonatmg
‘system ‘This conceptlon is con51dered here for quantum mechamcal systems, whose .
Wave nature plays a declswe role in our approach Within the R—matnx forma.hsm we '
,put at the: boundary of this region;a condition of radlatlon of physlca.l part:cles which
can be observed at large: (asymptotlc) d1sta.nces ‘and 1 requlres proper - matchmg of the -
-correspondlng external” ‘wave- functlons w1th the ” "inner” part of: the wave functlon of
the considered’ system.. ThlS inner” part can be constructed by using any reasonable et
‘-éxrstmg model and must be pro_1ected at the boundary into phys1ca.lly observed states s

for matchlng wnth the externa.l” part.: ¥ . e -
' The new quantlzatlon condltlon for asymptotlc momenta of decay products of a - n
resonance ‘has been obtalned in'the. fra.mework of thls conceptlon ~It  results in- the
‘Balmer-hke mass formula. used m our study, 1ts accuracy 1s surprxsmgly hxgh and. un-

Regular perlodlc structures in. dlstrlbutlons of mvarlan masses of resonances are <
estabhshed They have the penod Am ~200 MeV in reglons of the light unﬂavored Yo
and T ‘mesons.and Am w100 MeV for' baryon resonances. Such a regula.r behav1our of .
the mvarlant mass of \esonances is due t0 emergence of many-dlmenswna.l closed orblts
where some states have regions of hlgh amphtude as in the’ standard nuclear phys1cs
.T.~;We found also that'the charmonium’ a.nd bottomonium’ systems might have ”molec-
ular type” states in three-meson 177): decay channels. They should play an essentlal
role‘in understandmg mass dlstrlbutlons of the 1/) and T mesons “The main characterls- 5
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tlc feature of these states rs that the relatlve momentum in any thelr blna.ry subsystems i
rs very low: ~ 100 MeV/ c Therefore, this'i 1s a typical low energy phenomenon: " "

“formalism’ to’ particle react10ns[4] Accordmg to’ these papers, ‘one can*assumethat .

“ the" resonatlng system - having’ several two-partlcle decay channels is-free at relative - -
sepa.ratlon r 2 roin the center of mass; hence, the followmg logar1thm1c ra.dlal derlvatlve" N

of the 1nterna.l wave functlons can be mtroduced

B ,I’ St um dr e

r-ro —0

modern quark models L - ) AT

here h(l)(Pr) \/ lad HS_; (Pr) are the spherlca.l Rlcca.tl Ha.nkel functlons We as-A? :

:qull refractlon of the waves ‘on the boundary. separa.tlng two _media with different re- '
fra.ctlon propertles Ralnbow effects[5] and open resonators [6] can be! consrdered as’

other examples of that kind.. It means, that nuclear and ha.dromc resonances ‘have the
“same. physu:al orxgm emergence of well localrzed surface waves with' wavelengths of
g ‘an order of .ro. Sta.ndlng wave resonances prov1de a genera.lly strlkmg example, and ©
e 1t has long been recognlzed that the potentla.l barrler resonances of scattering theory
“in all branches of phys1cs, the transrmss]on maxima of a’ Fabry-Perot. interferometer, " \
‘and’ the’ appeara.nce of standlng wa.ves 1n waveguldes transmlsswn lines, "whispering .
ga.llery ,-and musical mstruments, open resonators in. class1cal electrodyna.rmcs a.re all L

mamfestatlons of - the same cav1ty-resonator prmcrple P
s The new qua.ntlzatlon condltlon for’ a.symptotlc momenta P ‘of decay products of a
o resona.nce was obtalned 1n ‘the fra.mework of thls conceptxon (see, for detalls ref. [7]) :

£ here Prg =n + 1/2 may be mterpreted as a radral quantrzatxon and Pro = l-may bev B
L considered: as the well-known' Bohr-Sommerfeld orbltal qua.ntlzatlon It results in‘ the/‘ -

Ba.lmer-llke mass formula used i in our study L

i‘»r""“'m"(R) ‘/ml+P2+\/m2+P’"\/ +(n+7)2+~\:/“ +(

The' asymPtOth quantization condition can be obtained by’ applylng the R~matr1x‘[3l Fs K 5’7{ respectlvely

',whlch should be ca.lculated in the frarnework of some mrcroscoplc rnodels, for example,’g' ‘

) . ‘cylmdrlcal form with the radius R and. w1th the length d ha.ve the same a.na.lytlcal form

" For simplicity let us ‘consider’ only systems w1th one domlnatmg open channel As R

ha.s been argued in the papers[l 2]; the decay.of ha.dromc resonances can be considered v
~in full analogy wrth ‘open classical electrodynamic resona.tors[ﬁ], and the ma.thematlca.l 2
formallsm g1ven in, thls excellent monogra.ph canbe -used. Therefore the boundary
_‘,condltlons for the emltted waves must be wrltten as fOIIOWS (the condrtrons of radratxon) S

v X te’
sumed that Fo for e lnted resonances Such R wa.ves loca.llzed S .- atoms'is not’ accldenta.l but: represents the: genera.l la.w of the resonator prlnc1p1e No e
ir=Tg have: exponentlally small absorptlon (for r. < 1) in full’ a.na.logy with the waves“’ .
” - e
‘in ] the wh1sper1ng gallery”. Th1s _phenomenon is very close to ‘the phenomenon of the g

kldrogen - hke system. Equatrng the ma.gmtude of the Coulomb force to the centrlfuga.l
e a.cceleratlon ‘(the ¢ classlca.l equa.tlon of motlon) we obta.m R LEL

)2+Am,. (4) I

AP et N

where 7—-0 or. 1/2 R labels the resonance, whlle the 1nd1ces 1 a.nd 2: refer to the

constltuents 1 and 2 observed in the 2- pa.rtlcle decay of the resonance.. R --» 1 + 2,.
“Formula (4) descrlbes the gross structure of the resonance spectrum w1th rea.sona.ble
a.ccuracy because of the relation Amg, < T that is valid in all 1nvest1gated cases of strong
- decays R — 1+ 2. The leading term of the mass formula describes “only the ”center of .
~~gravity” . position.of the correspondmg multrplets, a.nd ‘thusthe gross structure of the
-hadron and dlbaryon resonances. “The fine structure in each multiplet i is determined by
“residual interactions and correspondmg quantum numbers that are not’ conta.med in'the:*

l\. a.pproa.ch[l 2). Therefore, the condition Am, <T is to be consrdered as an emplrlca.l

fact Further, we neglected the contnbutlon of Amy; to the mass of resonances. .- .-
It is 1nterest1ng to note that the eigenfrequences of the cav1ty-resona.tors havmg a’

whlle V > 0 a.nd i= 1 2 3 «The smuhtude of ana.lytlca.l forms for elgenfrequencfs of the'
cav1ty-resona.tors, invariant. masses of hadron resonances a.nd elgenva.lue for. hydrogen

that in obta,mmg the mass formula (4) for hadron resonances we' have used the same
bounda.ry conditions (2) as for the cav1ty~resona.nces (4b). It means that identity of the
“equation of-motion and: the bounda.ry conditions in dlmens1onless representatlon lea.ds;,,
to the 1dent1ty of the. e\genvalues and ergenfunctmns in: both the cases. -

Let us consider the qua.ntlzatlon of the hydrogen - hke system. - The klnetlc energy
f the system in the nonrelat1v1st1c limit ca.n be obtaxned from (4) : :

where mu is the reduced mass of the system a.nd I = Pr = muvr = nfi is. the a.dla.batlc, T

‘mva.rla.nt The electrosta.tlc force between the nucleus and* the electron binds’the hy-v o i
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i ‘radlus while /\D = h/P h/mv is the de. Broglle wave ‘length.

s Thus, one concludes that the mass formula (4) for resonances in the nonrelatrvrstrc lrmrt
=7 s reduced to the Bohr result or.to the Balmer formula CaE T S e T :

“only if the ratio of the- Compton wave length to the de Broglre ‘wave length (v/c). is-.
L commensurable with the fine structure coristant . The ratio (9) can be interpreted as
" a definition of a s1m111tude pa.rameter for a. hydrogen - like” atom where r xs the Bohr

. The hypothesrs of automodehty 1ntroduced in elementary partlcle /physrcs in’ ref [8]
L means that some phys1cal observables are invariant in respect of the transformatlon of -
- the momentum  space Py —. EP Further development of the pr1nc1ples of similitude and’

.automodellty was achleved in ref [9] devoted to the relat1v1st1c theory of a dynamlcal o

wr1te (4) T

o system Let us't

: —\/m, + P2 + \/m + P_ :

\/,\(1)0 +25 ,f'\/,\(z)

Here /\D//\C and To//\c are the smuhtude parameters” ‘The magmtudes of 1nvar1ant

*‘masses of resonances at the given. value’ of the sunllltude pa.rameters remain fixed for:
o different values of. other pa.rameters (at ro//\D >> 1).. This is-the automodellty of
~.the. second type The 1nva.r1ant ma.sses of resonances .are’ changlng as a homogen ous
: ;ifunctlon : ‘ e

"17 e : : (SRR m,,(R) "' fmn(R)

‘under scale transformatron P -—» fP m. ﬁ Em. Th1s is the formulatron of the pr1nc1ple :

‘of automodehty for hadronrc resonances decaylng into two partrcles w1th equal masses.
: Subtractlng my+m; in (10), we obtam ‘under the conditions m; >: P and mg > P
: v(rn the nonrelatlvrstrc lmut), that the excrtatlon energy E 1s

52
E (R) \/m1 P2+\/m +P2—-m1—m2~25
,. 12.

- n+7)2‘ :
2’\D <2m12 <70

5‘"where mn = mlmg/(ml + mg) is'a. reduced mass ThlS expressron is completely the
same as the well known formula for the rotatlonal energy of a’diatomic‘molecule [10]
~in the quaslc]asslcal approach Indéed; the quantlty Mi2ro plays the role ofa moment

- of inertia of a molecule while n + 5. (lf v = 1/2) is.a quamclassrcal analog of the tota.l

f angular momenturn of the molecule
Ifm1<Pandm-;<P then s

E(R)~2P_—=2

.o

It is easy to obtam useful relatlons by us1ng (3) and’ (6) for 7 = 0 : ‘ ,‘ P .

B where /\c and /\D are the lengths of Compton ‘and-de Broglre waves, respect1vely It F
"/ ‘means_ that the Compton ‘and de Broglie waves play a fundamental role in the quantl- :
~+ 'zation of af electronic orbit in a hydrogen - like atom.’ Such a quantrzatlon is possrble

ThlS is-in full analogy wrth the formula of v1brat10nal energy of nuclel w1th1n thei
s “molecule. , rner . ) .
‘ Thus, the Lorenz- 1nvar1ant ‘mass formula ( 10) obtalned from the resonance condxtron ‘s

: by usmg the Hersenberg uncertamty relatron ‘contains-two limiting’ cases: 1) the rota-

e

L tlonal ‘spectra and '2) the vibrational spectra It is well known in nuclear phys1cs that
~ -y'pure elementary statés (say, rotational;’ vibrational etc. ) are model concepts in nuclel o
<. “'and.are only: approx1mately reallzed for the ground and low- lylng parts of spectra in

“nuclei having large spectroscopic factors (branchmg ratios, see: for details, ref. *[11])."

Such states:played a decisive role in the. development of modern nuclear physlcs A

- similar situation could take place 1n the partrcle physics. .

We assumed that resonances are the result. of interplay between the effectlve size”

e (o) and wavelength of the system (the automodelrty of the second type by the defini-

. ;thIl) We have demonstrated[l 2] that this hypothe51s does not contradlct the existing -
?_experlmental data, it is useful for systematrc analysis of hadronlc resonances and for -
':,predlctlons of new resonances ‘We have established the s1mllar1ty of spectra between dif- -
© . "ferent systems (see for detalls [1 2 12]) in nuclear, atomlc
. "and metalllc clusters i ,
o Let us return’ to- the 2 partlcle decay of the hadron resonances R => 1 F2. and o

,,;‘1,‘1ntroduce the ev1dent notatron /\c(m,), 1= 1 2 where m and mg are ‘the masses of
- decay. product partrcles of hadron resonances: We should like to generallze quantxzatlon ST
g ’condltlons (3) asa working hypothesis'to test “from’ ex1st1ng experlmental data that the .
.. resonances are the result of the commensurablllty between the Compton and de Broglle R
\,wa,velengths 5 : 2 : : : o

s We wrll use the same notatrons as Partrcle Data Group [13]) and w111 analyze ﬁrst:»:

,0(

= 497 672 x0. 031 M eV) Thrs meson has two domlnatlng decay channels
' L et (8 61 +£0.28)%, P,\— 206 MeV/e,” »5 e

”tween dlﬂ'erent partlal amphtuda Thls phenomenon i

elementary partlcle phylsms"-,l §

o r1ch or qu1te dlﬂ'erent from. the assumed ones but they are’ very attractive. due to the’ :': _
g —Mfact that they do not contam ‘any_ free parameters We will. analyze here only st‘range;; -

7r°7r°(31 39 0. 28)%, P, = 2090 MeV/e . (15b)i

L —.’:“One can see that P]/m,,n‘ Pz/m,,:t '3/2.: So the quantum numbers n and 3 are.),
o equal to 3 and 2, respectrvely It means. that there are mterestmg commensurabxlltles“ S
; between two subsystems the ratio of the Compton wavelength from the first channel =
S "to the de ‘Broglie one from. the second channel is equal to the ratio of the Comptonf‘ =
o wavelength from'the second channel to the de Broglie one from the ﬁrst channel. The
- common system is created in a such way. ‘that- the Compton and the de: Broglle waves .’
" of subsystems or masses and relative motions of subsystems should be selfcons1stent by
/. the quantization conditions (14). This leads to the definite commensurable ratios of the -
e1genfrequenc1es from dlﬂ'erent cha.nnels and, as the. result ‘to the quantum beat of the i
i common amplrtude of motlon or'in’ another words to the constructlve 1nterference be-
‘ observed in all '“ases consldered :




' :»‘.between dlﬂ'erent subsystems again.

,*;

5 -

The followmg is A(
channels F 3

As a ﬁnal result we have shown below (Tables L'and 2) the 1nva.r1ant masses for the~ =
(7r 7*) and (NK) resonances ca.lculated using the formulae (10) and (14).: Note, we. L
““have no free pa.ra.meters -One can see a good descrlptlon of emstlng expenmental da.ta T

A = n7r°(35 89 £0. 5)%’ Pz - 103 98 MeV/c o We hope that th1s is not acc1denta.l SIPEL ; " , s

: Y FRREEE R R - Tablel B R ,
In thlS case we. e have P;/m,,o Pz/mr- & 3/4 and Pz/m,, = Pl/m,. & 0 11. The reso-_:» S The 1nvar1ant ma.sses (MeV) o 1r+ of mmn systems Experlmental data. a.re ta.ken :
nance condmons are fulfilled in a such way that the self—consnstencv of relatlve motion - i el f 13 1 4 e » s
. of pions in- dlﬂ'erent channels .occurs w1th the snmulta.neous self-con51stency condmons B S »‘»'*;' o rom [ ]
o of relative motion of neutrons and protons ARG - T :
Two strange (S —2) ba.ryons =0 and = have practlcally one decay channel

A => p7r (63 9 :1:0 5)%, Pl 100 58 MeV/c,

s = n/) m(1r .9 )theorf": (7r s )c:p (ﬂ. g )e:p"”",";'

1f200 310 ‘ % Zf;

—*’(m = 1314 9 :l: 0. 6 MeV) => A7r°(~ 100)%, P; = 135 2 MeV/c s (17a)2v, e ' “"’?13 £3

S CUBf4 o345 -7']3325:"3'
""(m = 1321 32 :I:O 13 AIeV) => A7r"(~ 100)%, P2 = 139 MeV/c (17b)', S SOES I TR -1 B . 388 :i:2

o The quantlza.tlon condltlons are Py /m,,o = P, /m,,- 1. It seems tha.t the bea.t phenom~ o
" ena are not observcd in these two' cases because these baryons have only one dominating Sain
D deca.y cha.nnel “The deca.y cha.nnel contams the baryon A decaymg as we have discussed = -
- ~above via two channels Tt is easy: to see. that the commensurabllmes are esta.bllshedé

(497 672 £ 0 031)
: r)(547 45 £0. 19)

p(769 9+ 0: 8)
w(781.9 £ 0.12) -

The strange ba.ryon Q (1672 45:1:0 29 M eV) has three rema.rkable decay channels e

- n V =>{AK (67. 8 :i:O 7)%, P, = 211 2 MeV/c,

v 5(23 6:£0. 7)%, P2 = 293 7 MeV/c
: n => :'7r°(8 6+ 0. 4)%, P;, = 289 8 MeV/c £

g AThe quantlza.tlon CODdlthl’lS are in, the case con51dered Pl /m,,-' & 3/2 and P /m,,o
Pa/m,,-~~ 2. Further one can established - very s1mple commensurable ratios” between ..
- the Compton and the de Broglie wavelengths in different subsystems con51dered a.bove

. The-unique exa.mple is the deca.y of 20 to’ A7(~ 100%) by electromagnetlc 1nter-_-,’
" vaction.’ The electroma.gnetxc waves of 7- quantum come into the resonance beat  with
" the de Broghe waves of relative motion in"the (pr=) and- (mr ) subsystems. thle',
this example is extremely mterestmg and. 1mportant for us let us, wnte the constltuent
- subsystem of 2 in deta.ll . o '

f3(1275 + 5)
, 0(1000 - 1500)

(1465 + 25)

. f;(léfo) |
- X(1910) -
TX(1952% 14)

Wehave - ’~""'f4(2044:1:11)

p(2150)

-fTherefore we can 1mag1ne E° asa general composnte system conta.mmg three subsystems - ‘2 & ' “p(2250)
.-A7, pr~ and nx® in self-consistent way that all'wave ratios or quantization condltlons"i‘- o 2312 e "_ ‘f4(2300)
are equal to the same number 3/4- mdependent of the form'of interaction in. -+2379 p5(2350)

" subsistems. We' can brmg many exa.mples, all of them supportmg w1thout exceptlons
: thrs observa.txon Ry : :

.fe(2510 £ 30)
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) equ1rement oL bootstrappmg

e

: 'Shell structure, _as. we’ know from the perlodlc system of elements a.nd from magnc

- numbers in- nuclei, has been extended (16, 17] to much. la.rger systems (metal clusters, -

‘jfullerenes, 1He a.nd 3H é clusters and quantum dots, or clusters as they dre called). All
" these clusters have’ a common property .the mean path of their constituert partrcles

1s of the sa.me order as the size of the. system that

: 72(3‘@0) 5

LR We come to the fundamental approach to- the elementa.ry pa.rtlcle physrcs problem S
T tha.t has been suggested by Chew and Frautschi (15): ‘They ‘assume that all hadrons
~are equally’ fundamental. - Each hadron is assumed to "be made up” of all
_others so. that it'is 1mpossrble to say . whlch are elementary ‘and” whlch are
composite. Gell Mann called this prcture nuclear democracy It is assumed that such
, modellleads to self-consrstency condrtrons and tha.t they are such that the masses of "
'vall hadrons and their coupling constants are the umque result of ‘the self-consrstency o

" We can conclude that the deca.y of a resonance 1nto two partlcles obeys the srmxlr-

: ude prmc1ple accordrng to whrch the Compton a.nd de Broglre wavelengths ha.ve to be S
' commensurable rndependently of a pa.rtrcula.r form of the 1ntera.ct10n G s ol
In conclusron, we would like to’ say that the Balmer-lrke mass formula. ( IO)and quan-ft v
.tlza.tron conditions (14) have been a.pplred to systema.tlc analysrs of the gross structure -
“of : all known’ hadromc resonances.. It means that these equations could be useful at least
< for predlctron and estlmatlon of the’ 1nvar1ant ma.sses of unknown resonances ‘We can.
Qsa.y tha.t the correspondence prmclple between old classrcal and new quantum theorres
“plays an outsta.ndmg role in'the mterpretatlon of the results and tlns correspondence
allows us:to go-even mto ﬁne details.
a.na.ly31s, the principles of srmrlrtude and automodelrty and the methods of analogy can ..
‘put some brrdge between the various branches of physics. " CaT

~We have demonstra.ted ‘that: ‘the’ d1mensrona.l

i Therefore, we can conclude tha.t the classrca.l and’ quantum mechamca.l prmcxples
- are sufﬁcrent for explana.tlon of the gross properties of ha.dron resonances ‘That means.. . .-
o ;that new qua.ntum numbers new pa.rtlcles or other exotrcs are not necessary SR e

creates conditions for qua.ntrza.tlon




k’ - of the system and formlng the mean ﬁeld hke in nucle1 and atoms The d1mens1ons

, - and ‘energy scale in ‘metal drops are qurte drfferent and the correspondlng forces have ="

i L 3

‘4! a completely different origin.- It seems very 1mportant that there are many_ inter- . .o
 esting analogles between atoms, nuclei and small. drops of metal. Thereby,

" the correspondence between closed orbits” (standmg waves) in"a classical system with

" sufficient symmetry to allow ordered motion and quantum shell structure has become ;" ’;

str1k1ngly visible. The quantum beat in the form of supershells is a new and partrcula.rly
.~interesting manrfestatron of thls correspondence Standrng wave Tesonances provrde a‘’

partlcularly surprising example, a.nd it-is. well-known that the potentral barrxer reso:. . g

~-nances of the scattering theory in-all branches of physrcs the transmxssron maxrma of

_ Fabry Perot -‘type interferometers-and the appearance of standmg waves in waveg-
’ "',',, uides, transmission lmes, and. mus1cal mstruments, and open* resonators in-classical
T electrodynamxcs, acoustics;’ optlcs .are all’ mamfestatron of the same resonator prin

" ciple. This type of resonances can’ be in'any wave system if the correspondmg wave -

.in'micro- and macrophysrcs

~Recent developments in high’ energy phys1cs clearly mdlcate that there is a deep con- o ot

nectron (Regge tra_|ectory) between spins (angular momentum) and masses of strongly.
1nteractmg elementary partlcles, hadrons. Further; this connection has been extended
“by R.M:Muradian[18] for planets, stars; galaxxes and their- clusters: Muradian demon—
. “strated that angular momenta of galaxies and other celestial ob_]ects could be predxcted
-from Regge—llke spm /mass relations containing. only. fundamental constants k;'c, G and-

m,, -the proton mass.. He- concluded that the success of the appllcatlon of thecon-""

) \cepts of: Regge tra_]ectorles in astrophysrcs w1tnessed unity and srmphcrty
= of nature'in the range from- partrcles up to clusters of galaxres... On the
E ‘,other hand these relatlons show that there is a’ deep 1nterconnectron be—
 tween: quantum mechamcal ‘and’ macroscoplc gravrtatlonal phenomena. kWes
can here add that the observatlon of smularrty of some gross propertles of: dlfferent
~© “‘micro~ and macrosystems can be considered’ as the verlﬁca.tlon of the above-mentxoned

B ,to clusters of galaxres - . : :
v ThlS is-a good example of developlng sufﬁcrently umversal and unxﬁed methods

- .,_éoi mvestlgatlon of the’ phenomena from different domams of phys1cs So, theories of -

_ resonances.and’ rotatlons became a fruitful 1nterd1sc1plmary science of ‘general laws of

o -.of galaxres ~
i We are grateful to A Mondragon, E Herna.ndez, G Garcra-Calderon and I Kaplan
for helpful comments and dlscusswns . A e

Z f‘References

o “lengths (de Broqlre wave lengths in quantum mechanlcs) are commensurable with ge- *~ "
ometrrcal (effectwe) size of the consrdermg system., Therefore, such a standmg wave
resonance theory became a useful mterdlsc1plrnary science of general laws of resonances :

G Vconclusron about unlty and srmpllcrty of nature m the range from partlcles up S

 rotational processes rn va.rlous branches of physrcs, partlcles, nucler, atoms, . clusters P D

[3] A M Lane, R G Thomas Rev of Modern Physrcs 30 257 (1958)
[4] H Feshbach EL Lomon Ann Phys NY29 19 (1964) lbld 48 94 (1968)

N

[5] A S Dem yanova ot al Physrca Scrlpta, 32 89 (1990)

[6] L A Vamshtem, Otkrytye resonatory and otkrytye volnovody, Sovetskoe radlo, Bl
Moskva, (1966) NN i L

L gt

[7] F A Gareev et al Preprmt JINR E2 95 9 Dubna. (1995)

[8] V A Matveev, R M Myradyan A N Tavxehdze, TMF 15 332 (1973)

[9] ?M )Baldm, Nucl Phys A447 203 (1985), Preprmt JINR pz 94- 463 Dubnaw i
(1994 et LR |

[10] L. D Landau and E M L1fsh1tz Quantum mechamcs Pergament Press, 1958,-

[11] A Bohr and B. Mottelson, Nuclear Structure, Vol 1 New Yorl-c Amsterdam, 1969
Vol2, 1979 SR S

; ;",[12] F A Gareev Yu L Ratls and G S Kazacha Preprmt JINR P2—95 82 Dubna (1995)
o [13] Revrew of Partrcle Propertles Phys Rev D50 Part l (1994) i

l14] Yu A Troyan et al Proc of the Xth Intern Semmar on ngh Energy Physrcs S
s Problems 24 29 September 1990 Dubna USSR, World Screntlﬁc Smgapore, 1991 SR
149 5 v

el [15] G F Chew a.nd SbC Frautschr Phys Rev Le " 7, 394 (196 )

_: [1_6] fs}.Bj@rh}_;bl;h,[cqmerhpgra;'y ’*Phy;ics,,;s‘i; 309_ ‘(1990)’ :

1[18] R M Muradlan, Preprmt IC/94/ 143 Trleste 1994 Astrophysxcs and Space Sc1ence
;‘9340(1980) , o

; ~Recewed by Pubhshmg Depanmcm
i on February 13 1996

,»\'




