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In order to comply with Pauli's exclusion principle baryons with 

spin greater than i can not be interpreted by using linear oscilla­

tion orbits alone. The masses of such baryons can, nevertheless, 

be calculated in many cases by interpolation between the result 

obtained by using our oscillation orbits machine program and tha·t 

obtained by our circular orbits program. The results are consis­

tently better than those obtained by the oscillation program alone. 

The method has also made possible a calculation of the masses of 

several baryons of spin greater thatn 3/2 including a spin 5/2 

Octet (see table 2). 

'I'he method has also improved the interpretation of the masses of 

several mesons of spin greater than zero, although in this case 

the necessity of using orbi·ts with angular momentum greater than 

zero is not as obvious as it is for baryons of spin greater than t. 

1. Introduction 

In a preceding paper (Barricelli 1981 1 section 9) it was noticed 

that several decaplet baryons of spin 3/2 could not be interpreted 

by linear oscillation orbits without violating Pauli's exclusion 

principle. E'or example the spin 3/2 baryon .A-(1232) i.s ascribed 

the (L-5) configuration ((BD)1 DD}S. If all orbits were linear os­

cillation orbits which have angular momentum equal to 0, the spin 

3/2 would have to be interpreted by assigning parallel sp.ins to 

the three D quarks. The positionally associated D quarks in the 

external (L-5) orbit would therefore have parallel spins in viola­

tion of Pauli's exclusion principle. 
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The simplest solution to this dilem.rna was found by ascribing to 

the positionally associdLcd D qudrks an (L-5) orbit of angular mo­

mentum equal to 1 instead of a linear oscillati.on orbit. This way 

the two external D quarks could be assigned anti-parallel spins 

and the angular momentum of the baryon could nevertheless be 3/2 

if the internal D quark is assigned a spin parallel to the angular 

momentum of the external orbit. 

We have no data-machine program l.jhich can directly calculate the 

mass of a system with an (L-5) orbit of angular momentum 1. \'Je 

have, however, a program which can handle linear oscillation 

orbits, of angular momentum 0, and one which can handle circular 

orbits. The circular (L-5) orbit has angular momentum 5. -~~ in­

terpolation between the mass (1152.828 MEV) obtained with the 

circular orbit program applied to the (L-5} orbit and the mass 

(1244.530 MEV) obtained with the linear oscillation program for 

the configuration ((BD)1DD)5 ascribed to the A-(1232) baryon 

may be possible for example on the following a.ssumption: that the 

(L-5) orblt's energies corresponding to angular momentum values 

0,1,2, .•. 5 are about equally spaced. On this assumption, which 

is consistent with observations in various examples of multiple 

energy levels, the mass of ~-(1232) can be calculated by inter­

polation, and the value one finds is 1226 MEV in fairly good 

agreement with the observed value of roughly 1232 MEV. 

In the preceding pa.per (Barricelli 1981, table 7} the same met:hod 

has been a.pplied for the calculation of interpolated masses of t:he 

other decaplet baryons, obtaining in each case a better fit than 

that obtained by linear oscillation orbits alone. 

The same interpolation method is also found useful in the inter­

pretation of several spin 1 mesons, also included in the same table, 

whose angular momentum could be ascribed to an orbit of a:ngula.:::­

momE"ntum 1 rather than two quarks v1ith parallel spins. 

The data contained in the mentioned table are also included in the 

table 1 below, which is calculated by a new data-machine pro~ram, 

to be described below, which is capable of calculating directly 

the interpolated masses. The new program has also made i1: possible 

to carry out an inves·tigat.lon leading to the interpretation of 

several other masses of elementary particles whcih had not been 

interpreted by earlier programs. 

;w' 



2. The intereolati~J£!~~ 

The interpolation program is intended to be used for the theoretic 

calcula.tion of masses of certain groups of elementary particles 

\lfith spin greater than ! . The· groups of particles i.n which the 

program has been fairly succesful Cpredicted masses with error£" 

lower than 1%) are: 

1. Seve.i;al common mesons of Slpin 1. 

2. Coro.mon d.ecaf!let baryons of spin l/2. 
3. Recently a.lso a group (octet) of baryons of spin 5/2 ha~ been 

intsrr:-:-.:.,tl?!d ·by the interpolation programs 

The program operates in the following way. For each particle whoa~ 

mass is to be calculated, the input data will contain the name of 
the particle, its configuration and spin (see Barricelli 19S1, 
tables 5 and 6). Besides the mass calculated by using oscillation 

orbits, the program wi.ll also calculate a mass obtained by assuming 

that the orbit (or the external orbit if there are several) is 

circular. An interpolated mass will than be calculated by the 

rules presented below. The three masses, namely the oscillation 

orbit mass, the circular orbit mass and the interpolated mass will 
be prin·ted in the machlne output together with the usual informa­

tion including the name and the observed mass of the particler its 

configuration, its spin etc, (See table 1). 

The interpolated mass for Z~n elementary particle with spin larger 

than l is calculated as follows. For an (L-n} meson {XY} r1 of 

orbital energy level n and spin s the interpolated mass ~1 is 

calculated by the formula 

'1 ) \ . 

where 

For example in ·the PHI ( 1020) -w1eson with the ascribed configuration 

(TT) 3 and spin s = "i, the orbital energy level is n = 3, the H.0 
and Me masses calculated by the machine and listed in table 1 

are r·espectl.'lely 1026.3 MEV and 997.0 ~1EV and the interpolated 

mas~ is according to formula (1): 
M ·'1- 2M0 

c = 1016 MEV 
.3 
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TARU: 1. 

;~ 

INTERP~~T•TION nF ~n~E R~RYONS OF SPIN 312 AND ~ESO~S OF S~IN 1. .. OEflNITION Of QU~R~S AND MAGNETICALLY CHARtED ORJECTS. . ~ 
PARTICLE OFFI~EO: B ~ASS: 9.00021101 EL CHAtl(.E: -1 ,Ar.N. CHAPII;f: -3 '>PU: 0 

"~ 
• PARTICLE OEFI~ED: L MASS: 1.00000000 EL CHARliE: 0 I'AG!I. CtiAP.t;£: -1 SPill: 0 • 

PARTlCLE DEfl~ED: U ~·~~= 1.000~1101 H CHAI'H: I , .atN. C HARG£: 1 SrtN: 112 
PAIITICLr Dfrii'IEb: T ~ASS: 1.06~00000 EL CtfAilH: I! ~AiifC.CtiARGf.: 1 SPIN: 112 • • 

E1 E2 U &2 I'll 1"2 R Y1 Y2 II N !II fUM[ COhf IGUR A fi ON ~PIN 

• -.l 1 -1 J 1. 0002001 -,_ 00021301 n.onooonoo o.oooooooo 0.10080000 ~- 00000001 0 ';596. 064 F (f!IJ) 0 lP • 
0 0 -1 2 1.00000000 ~- 00000001 o.oooooooo o.oooooooo o.ooooocoo 1.10000001 0 2 :5?9. 016 ' uuo lP. 
0 0 -t 2 1.00000!Ill0 4.00000001 .2'!5151103 • J3'?J64~fi • 011982"03 1. 07''325?1 1 258<"1. J20 s {fl )1 lP .. 0 1 -1 2 l.OOODOOOO II. 27224:H3 • 44 '1JJ3H· • 51961072 .16P432llO 1.57221il03 3 H71. ?20 c ((H<;)2U 3 1/'> • 
0 1 -1 2 1.00000000 ~-261'141100 • ~4~3~04'! • 5C;Q51102l .l6P~l1H 1.56206891 3 J7U. 42'1 I ((Pll2ll 3 ll? 

• • 
BARYONS .. • 

::1 E2 lil ~2 111 •2 R Vl V2 v " Ill NAI'IE CO .. rtGtiR A Jf ON ;P(Oj 

• 0 -1 2 -2 ~.000011002 "· 01''18424'5 .28f;52;72 - 211680216 .2H 97'721 .4~043614 5 1152.574 C IRC ULAP ORB TT. • 
0 -1 2 -2 '1.0001100112 ~- 0:'484245 • 41111111165 • Jl80IIJ33 • 31212658 .518711061 5 12411.563 OSCI LLA Jl ON OR!111-

INTERPOLATED ~ASS • !';1111172 1 ?.26.lf>5 DLT A (12 JZ) ((qO)l 0"' l5 H2 • 0 -1 2 -2 11.06l'l00001 "· 0111184245 • 2·1601%'15 - 2432161'1 • 211233214 • 546J6:5lJ 5 1310. 734 CIRCULAR OI!"IT. -0 -1 2 -2 4.0G"D0D!l1 4.0'1'1~42'15 • 401150'1 6 • 31 J1270~ .31256010 .5~~59650 5 1402. 456 OSCILLATION ORBir • 
t~TERPOLATED ,ASS .51694982 13114.112 SGI'U (13851 {(flll)llHlS H" • 0 -l 2 -2 II. 06P·001l01 ll.l'IQI!IIlf.S • 21\'5~16{]3 • 2nG04"l6 • 2J"OHI'R • 60'145133 5 1462. 08J CIRCULAR oRniT . • 

0 -I 2 -2 4.06~00001 11.1'1:84};5 .40053113 • 3\U307S .30853069 • 611 rs11os3 5 1553. 5'56 OSCILLATION ORBIJ. 
INTERPOLATED ~ASS .63995'169 1535. 262 XH15JOl ((Rl)lDT )5 H2 • 0 -1 2 -2 4.1Jf.ODOOO '1.1'1"1!'1165 • 21152413? • 2'101'l642 -2l'i421J1 • 6"'543206 5 1 (,20. 372 C IRClJLAR OR"If. • 

0 -1 2 -2 4.13!;00000 '1.1'1?84165 • 3991!8(,06 • 30?R8'111 .308?5330 • 71345121 5 1711.5111 OSCILLATION ORRir • 
INTERPOLATED "ASS • 70584138 Ui9J. 33~ o~'a UG72l ((RT)lTTJ5 J/2 • • 

I"ESONS • • 
E1 E2 Gl G2 I'll 1'2 R Yl 'V2 w M "' NA"'E CONfiGliPATION ~ t• IN 

• 0 I} -1 1 1.0&'100!190 1.06 1 00000 .11013~721 • 31'1217~5 • Hll217~5 • ~~ '551.H5 3 <?96. RJJ C II! C IJU R OR 11 IT • • 
0 0 -1 l l.O!iliOOOOO 1. 06Jl00000 • 51'125''23 • 415311061! .H5341J60 • 4UIH9H 3 1026. J4G OSCILLATION ORBIT • 

tNTEPfOLATED ~~SS • ~23711!14 1016.508 Pill U020) (TT)3 • 0 0 -1 1 1.06~00000 1.071J25'lt • J3 }6oPSJ • 306J5'J75 • 303H2~0 .3t<J020J 2 763.612 CIRCULAP 011111T. • 
0 0 -1 1 1.06'100000 1.07'1325)1 • 4 .'H 87\'fil! • J OlllH .3~'722~'05 • 3308 7~11 2 791. 7H OSCILLATION ~R~I1. 

T~TERPOLATED ~ASS .J24590:H 77~. f.97 01"(1RJl (STl2 • 0 -1 2 -2 4-0 3Hi21 ,;4 11.1606%66 • 2043'''11''1 .13A5052tl • UF02002 • J(,f,Q 76 :'1, '- 37!1!. 224 CIRCULU Ql?RIT. • 
0 -1 2 -2 11.08'1621(,'1 "· 1606?~613 • 2~263,11''5 • 1''11111308 .117l'l9"= 46 • J'HH281 2 91'5. OIH 05C I LLA TI 0'-1 OR~lT • 

INTfR~OLATEO "AS~ • 31375'~64 11?6.656 ICH( 812} ((RS)1CnUJ1)2 - 1 -1 2 -2 4. Oll'l~42~5 '1.160fi 0 ,,, • 20'133fl!2 • 13'14?'1110 .13fi02t94 • 3f.58'1177 2 817.732 ClqCULAI! ORBIT • .. 
1 -1 2 -2 11.03484?45 l!.ll'i069r;r.r; • 2"1262'·1 61! • 1''1 O? 313 .lH?Ol'ilJ • 3'H237·~~ 2 91'1. 596 OSCILL~TlON OROIT. 

INT~RPOLATED ~~5~ • 37155~ "C 8%. 164 .::o~ 01121 ((f1<;)1 (I'Oll )2 • 0 0 2 -2 4. O~Hi21G4 '1. 62"2JC.';7 • 202'5'1 ion • 1.'\'l"1400f.t • .l2J51,1Jl'6 • '1;!''1<,6?61 2 t ~Qo. 3~1 CIRCtllAI! OR"lf • .. 
0 0 2 -2 <II.O'l~62lt4 11.6:?)123C1'i7 .::! 0 001136 • p,~6?6ft2 • 161!!3!158 • 811 '160G!:i2 2 2026.225 O'iCILLAJIO~l ORBIT • 

l~T~~fOLATEn '-•Ss .'L5713109 200~. 3011 DO• (200(,) ((r>I)J(f1U)1)2 .. 1 0 2 -2 ~.0 1H4211'5 II. 62°235 ?7 • 21J2'H. "7 .1~07J335 .12~S"Hl • ~~·::-s•n~t 2 1?90. <";15 r.tqCIILAR ORP.IT. • ... 
1 0 2 -2 'I.OH!l<i12~5 ~. 62"23!'i'll • 2'1000 ,- 0 .1 2 261!736 .161!\3f.37 • 11'14824')2 2 2026. 7'9 OSCTLLATIO~ ORBII~ 

l~TEPPOLATfO ~ASS .~3135(,(,2 2llOII. !132 DH(2009) ((!:Jill (1ll))1 )2 1 • • ' ' .. .. ~ 
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For an (L-n) :baryon ( {BX) rYZ) n with an external orbits energy 

level n and spin s 0 , we calculate a reduced spin s by the 

formuld 

(2) 

which eliminates the spin ~ of the internal quark. With this 

definition of s and n, formula (1) can still be used also for 

For example in the SGMA(1385)-bc.ryon with the 
3 tion ( ( BD) 1 DT) 5 and spin s 0 = 2 , the reduced 

external orbits energy level i:o n = 5, the H0 

ascribed configura-

spin is s = 1 , its 

and M masses c 
are respectively 1402.4 and 1311.0 and the interpolated mass is 

according to formula (1): 

M = 
M + 4~'1 

c O = 1384 MEV 
5 

in good agreement with the observed mass of 1385 N.BV. 

3. Results 

Besides the masses of mesons and baryons calculated in the machine 

output presented in table 1 .• a new group of baryons, an octet of 

spin 5/2 1 has been tentati ve1y in-terpreted by using the i.nterpolc-t­

tion prograra. The result is presented in table 2. The model 

follow::> quite closely ·the one used in the interpretation of the 

first spin l octet (see Barricelli 1981, tables 5,6 and S). The 

main d.ifference is an incx·ease of the cn~rgy levels. The firs·t 

spin ~~ octet incl~1des two groups of baryons. One g:coup consistin-g 

of the Proton P(938) = ((BUD) 4U) 1, the Neutron N (939} = { {ZUD) 4D} 1 

and A(1115) = ((BUD)4S)1 is replaced in the spin 5/2 octet by the 

group of .baryons N+(1670) = ({BUD)4U)4, N°(1679) = ((Bt'D)4D),~ .;;;nd 

A(1830) = {(BUDJ4S)4. (see table 2). An other group con~isting 

of 5 baryons L:-(1197}::; ((BD)1DS)4, r. 0 (1l92) = ((BU}iDS)4, 

E+{1189) = (!BU).1US)4, ::'-(1321) = ({BS)10T)4, :::! 0 (1321) = ((BS)1U'I')4 

is replaced in the spin 5/2 octet by the group 1- { 1915) = { (BD) 2DS} 6, 

I: 0 (EI'IS)- i(BU)2D$)6,E+(1915) = ({DU)20S)6, ::-·(2030} = ((BD)2'l'T)6r 

E0 (2030) = ((BU)2TT)6 (see table 2). Besides the increased energy 

levels in the two " baryons of spin 5/2 there is also a substi­

tution of a split strange quark (T) fer a comp~ct one {S} com..-
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T~fllE 2. 
TtiHRJ'""TATICN Of '>01'1€ RARTCii!i OF Sf'IN '512 (OCTi'HUI'IRDA(l 115)). 

t RARTON<; 

El E2 Gl'G2 rn 1'2 R VI V2 "' t4 "' II • "E CO~>~ rJ Gllf. A Tt OJI i"l~ 

0 0 1 -1 1.000000!11 1.Jl'IJf.n2 • H )100?1 • 4f,1J2f,51 .3r.7116155 • £.'.)132<1•/£, II 16511. 50? CIRCULAP OfiRlT. 0 0 1 -1 1.00000001 1. Jl'IJf>l '2 • 65530 3'17 • 5nJ'HJ20 • H.'ITI>J62 • ,,.~ 32021 II Hi 11. lil! 1 OSCILUfl01j OIHHI . 
I~TfRFOLATED ~~SS • f,'i 53 2"''2 166!1.095 N(l(,JO) ( ( HIJD) liD h '11? 0 0 1 -1 1. 01'} 325'~ 1 1.3H31;1J2 • H'lH 0"- • IIJ6?HS" • J 10111!'5>7 .7f,::0201qQ " 1 ~211. !i''H CIRCULAR Of! fliT . 0 0 l -1 1. 07? 325'•1 t. 311136132 .611 ~96JH • SH 59,1.11 .116764f.92 .1 10?14111 " 18119.•U7 0'5CI llATION ORO ll. 
INTf~POLATFn MA<;S .761;562'15 l.'!J,~. 995 l ~tnA (1830) ((RUD) 4;) II "'2 0 0 2 -2 11.019325'-12 '1.20021H,'l • 30':i162~1J • 2T031'.51J • 21'.312';1£,1 • 71>9'1 HH 6 1'145.992 CIRCULAR ORRIT. 0 0 2 -2 11.07?325'2 11.2002176'1 • 43011?0110 • JH0591ll! • 33JI2211IIO .1!1?951111 6 1?50.290 O!iCilLATIOfi OROIT • 
I~TERPOLATED MASS • 1·J 8116HI! 1?15.524 SGI'IA(1915> ( (rllJ)2 ns > 6 i I? 1 -1 2 -2 4.06il2l3!ll ~.2619HOO • 30'543.?03 • 27132136 • 25Qft:}'IJO .81 T9113liJ 6 1?62. 260 C IRCIILAR ORRT T. 1 -1 2 -2 '1. 01.'!21301 ~.26l'IHOO .11299.i''10 • :H'l221H • lJH9797 • 861J50l.? 6 .?066. J9J OSCILLATION ORRIT. 
IHTE~~OLATED MASS • 84118~1.51 2031.M2 XIC20JO)• (('lT)2UT )6 ~I?. 

1 -I 2 -2 4.06P.21301 '1.2122'11'B • JO'iJ65.?.J • 2TU76.35 .2'5?3071;} .82H904& (, 1'186.122 CIRCULAR ORIIIT • 1 -1 2 -2 '1. 06"21301 '1.2722113113 • 42Ql'1,~'511 • 3'1R2~~os • 331511627 .117t2112M 6 20'i0. 221 OSCillATION OPRIT. 
INTtRPOLATEO ~ASS .8:,681'156 2055.521 XI UNIDF ( (llS )2UT )6 '112 

0 0 1 -1 1.07"'325')1 l.4154l1H .1"0'16 117r:l .3R3H13? • 30207"'47 .7529SJJ1 J 1806.357 CIRt:UlAP ORPil 0 0 1 -1 1. 07'..>J2'1 = 1 1. 415'13TTII • sr.o 1011"" . 11"135551 .31'6251'53 .75590041\ l 1~37.1108 OSCILLATION OROIJ. 
INT[RPOLATED ~A~S • 7'H21170 1'111>. 101 LIIIOA(11H5J ((HIJ0)5~)3 ~1'2 
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pared with the E baryons of spin i. If we h~d used one compact 

and one split quark as is done in the spin 1 case we would have 

obtained a too large mass value (see table 2) . Whatever its cause 8 

this is in line with the general tendency of split s-quarks to 

substitute for compact ones the more frequently the higher the 

energy level (see Barricelli 1981, table 8}. 

A tentative identification of the spin 5/2 baryon A(1815) is also 

indicated at the end of table 2. 

The possibility of int~rpreting the masses of other elementary 

particles by j.nterpolation methods like the one presented here 

is being explored. 
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