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Abhstract

In order to comply with Pauli's exclusion principle baryons with
spin greater than } 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 cur oscillation orbits machine program and that
obtained by our circular orkits 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).

The 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 orbits with angular momentum greater than

zero is not as obvious as it is for baryons of spin greater than 3.

1. Introduction

In a preceding paper (Barricelli 13981, section 9) it was noticed
that several decaplet baryons of spin 3/2 could not be interpreted
by linear osciilation orbits without violating Pauli's exclusion
principle. For example the spin 3/2 baryon AT(1232} is ascribed
the {L~5) configuration ((BD)1DD}S5. If all orhits were linear os-
cillation orbits which have angular momentum egual to 0, the spin
3/2 would have to be interpreted by assigning parallel spins to
the three D quarks. The positionally associated D guarks 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 dilemma was found by ascribing to

the positionally associated D quarks an (L-5) orbit of angular mo-
mentum eqgual to 1 instead of a linear oscillation orbit. This way
the two external D gquarks could be assigned anti-parallel gpins

and the angular momentum cof the baryon could nevertheless he 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 which can directly calculate the
mass of a system with an (L-5) orbit of angular momentum 1. We
have, however, a program which can handle linear oscillation
orbits, of angular momentum C, and one which can handle circular
orbits. The circular (L-5) orbit has angular momentum 5. A&n 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 47(1232) baryon

may be possible for example on the following assumption: that the
(L-5) orbit's energies corresponding to angular momentum values
0,1,2,...5 are about equally spaced. On this assumpticn, which
is consistent with observations in various examples of multiple
energy levels, the mass of A7 (1232) can be calculated by inter-
polation, and the value cne finds is 1226 MEV in fairly good
agreement with the observed value of roughly 1232 MEV.

In the preceding paper {Barricelli 1981, table 7) the same method
has been applied for the calculation of interpolated masses of the
cther decaplet baryons, obtaining in each case a better fit than
that obtained by linear oscillation orbits alone.

The same interpolation method is also found usefal in the inter-
pretation of several spin 1 mesons, also included in the same table,
whose angular momentum could be ascribed to an orbit cof angular

momentum 1 rather than two quarks with parallel szpins.

The data contained in the mentioned table are alsc included in the
table 1 below, which is calculated by a new data-machine proyram,
to be described below, which is capable of calculating directly

the interpolated masses. The new program has alsc made it possible
to éarry out an investigation leading to the interpretation of
several other masses of elementary particles whoih had nct been

interpreted by earliér programs.



£

2. The interpclation program

The interpolation program is intended to be used for the theoretic
calculation of wmasses of certain groups of elementary particles
with spin greater than . The groups of particles in which the
program has been fairly succesful (predicted masses with erroxe
lower than 1%) arxe:

1. Several common mesons of spin 1.

2. Common decaplet baryons of spin 3/2.

3. Recently also a group {octet) of baryons of epin 5/2 hag besn
intarproted by the interpolation program.

The preogram operates in the following way. For each particle whoss
mass is to be calculated, the input data will contain the name of
the particle, its configuration and spin (see Barricelli 1981,
tables 5 and 6). Besgides the mass calculated by using osciliation
orbits, the program will also calculate a mass obtained by assuming
that the orxbit {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 orxbit mass and the interpolatéd mass will
be printed in the machine output together with the usual informa-
tion including the name and the observed mass of the particle, its

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

The interpclated mass for an elementary particle with spin largex
than 4 is calculated as follows. For an (L-n} meson {X¥)n of
orbital energy level n and gpin s the interpolated mass ! is
calculated by the formula

o -—}

gdce-{n 5) M,

{1} M 5 o e

n

where ﬂg==oscillation orbit wmasg, and ﬁc=-cixeukar crbit mass.

For example in the PHX{1020}-meson with the ascribed configuration
{TT}3 and spin 8 =1, the orbital energy level is n =3, the MO
and MC masses calculated by the machine and listed in table 1
are respectively 1026.3 MEV and 927.0 MEV and the interpolated
masg is according to formula {1}):

M_+2M
o= 2@ = 015 mev

in good agreement with the observed macs of 1620 MEv.
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DEFINITION OF

PARTICLE
PARTICLE
PARTLCLE
PARTICLF

£E1 E2 61

-1 1 -1
0 0 -1
0 0 -1
0 1 -1
0 1 -1

£1 €2 61
0 -1 2
0 -1 2
0 -1 2
0 -1 2
0 -1 2
0 -1 2
0 -1 2
0 -1 2

E1 E2 61
0o 0 -1
0 0 -1
0 0 -1
0 0 -1
0 -1 2
0 -1 2
1 -1 2
1 -1 2
0o 0 2
o0 2
t o 2
1 0o 2

DEFINED: B
DEFINED: L
DEFINED: U
DEFINED: T
62 3 |
3 1.00021301
2 1.00000000
2 1.80000000
2 1.00000000
2 1.00000000
62 L |
-2 4.00000002
-2 A.00000802
=2 A4.06300001
-2 A.0A%00001
=2 A.06500001
-2 8.06700Nn01
=2 4.13A700000
-2 A.,13600000
62 M1
1 1.05%00090
1 1.06500000
1 1.06°00000
1 1.06%00000
=2 A.0306216%
-2 A,084621K%
=2 4.088%4245
=2 4.03434245
=2 4.034562164
-2 A,03462164
=2 8.07424245
=2 8.03438245

TAALE 1.

INTERPRETATION NF SOME RARYONS OF SPIN 372 AND SESONS Of

QUARKXS AND MAGNETICALLY CHARGED ORJECTS.

MASS:z 5.00021301 EL CHARGE:z =1 FAGN, CHARGF:
MASS: 1.00000000 EL CHARGE: O FAGN. CHAPSGE:
MASS: 1.00021301 FL CHARCEz 1 FAGN, CHARGE:
MASS: 1.06700N00 EL CHAREE: 0 MAGN, CHARGE:
F¥2 R vi v2
“.00021301 0.00300700 0.00000000 0.00080000
4.000000701 0.00000000 O0.00000000 O0.D0DR00CO0
4.00000001 27535403 « 33936446 «0R9B2503
4,27224333 «AAI33314 . 51961°72 «16FA3270
4.26174400 - 442380 4R -53758027 «162R1149
BARYONS
w2 R V1 v2
A. 05434285 - 28652772 - 253680216 «24197°21
4.07488245 - 40181465 - 31808333 - 31212656
INTERPOLATED PMASS
A.0%434245 - 236083645 - 2432761%8 «28233218
A.074%4245 - 40115076 -31372704 +31256010
INTERPOGLATED ®ASS
4,.14984165 . 28567603 .2436047°6 « 23G0T7FR
0, 14788165 -40053713 < 31413078 -30853069
INTERPOLATED WMASS
4.14784165 . 28524137 - 28017642 «23942131
4,14784165 39988676 - 30738711 «30895330
INTERPOLATED MASS
RESONS
v2 R vi v2
1.06300000 - 40136721 « 37321745 « 37821745
1. 04300000 . 57825723 « A7TS53406C = 8T7534060
INTERFOLATED ™MASS
1.07932571 « 33763753 « 30635775 « 30344280
1.0773257%1 -AT187¢68 «3 071144 «3R7227CS
" TNTERPOLATED MASS
4. 16069466 . 20439075 13850520 -12F02002
4. 16067665 «232633°5 .12110508 <17729°46
INTFRPOLATED MASS
A, 16069666 <« 20433782 «13%49980 <13R02194%
8.1R0696A6 23262768 » 17107313 «17790193
INTFRPOLATED RmASS
4,62°23577 « 20254707 -13974006 - 12359326
4, 62923577 27001136 « 12267602 «16183558
INTCRFOLATED MASS
4.62°235°7 20254707 - 13973335 « 12359447
4.623223577 .2%000:7°0 -12262736 «16183A37

TNTERPOLATEN MASS

-3
-1

SPIN: O
SPIN: O

SPIN: 1/2
SPIN:= 172

4.00000001
1.80000001
1. 07232571
1.57227303
1.562068%1

o

-43043614
.51878061
-51111172
- 54636313
« 53459650
«57694982
« 607745133
-6AT58B0S3
« 63795469
« 67543206
«T71345121
« 70584738

u

-« 41551745
« 42781938
- 42371774
«31°30203
- 33087371
- 32459037
« 36607635
«33144281
< 37375784
« 355837177
« 33123733
- 373554%C
« 3266767
«-34860652
~B5713%09
- 832788111
.Rn 382492
«837356R2

W= O

SPIN 1.

7596.064
2399.016
2587, 320
3771.720
3747.42%8

1152.574
1244.563
1226.165
1310. 734
1402. 456
1384.112
1862.083
1553. 556
1535. 262
1620. 372
1711. 581
1693. 339

796.R33
1025. 346
1016.508
T763.612
T793. 733
T7%.697
872,224
915. 087
396.656
877.732
918, 596
896. 164
1990. 321
2026.225
2008. 308
1990.°15
2026. 749
2008. 832

NAME COMFIGURATION
(B)Yo

(FL)O

(FL)1
(ms2u 3
«rM2LY3

DRI R 2]

NAME CONFIGURATION
CIRCULAP ORBITT.
OSCILLATION ORBII.

DLTA(1232) ((8D)1DN)S
CIRCULAR ORNIT,
OSCILLATION ORBIV.

SGRA(1385) ((rP)ILIDI)S
CIRCULAR ORTIT,
OSCILLATION ORAIT.

X1¢(1530) ((n1)1D7)S
CIRCULAR ORPIT,
OSCILLATYION ORBIT,

ORGA(1672) ((RYILTTIS

NARE CONFIGUPATION
CIRCULAR ORAIT,
OSCILLATION ORBIT.

PHI(1020) (rv)s
CIRCULAR ORAIT,
QSCILLATION ARRIT,

Gr(T783) (sT)2
CIRCULAR ORRIT
OSCILLATION ORARIT,

K+ (872) ((rS)IT(NUIL) 2
CIRCULAR ORRBRIT.
OSCILLATION ORRIT,

K0+ (R92) (s (e nplIL)2
CIRCULAR ORPILY,
OSCILLATION ORBIT,

Do+~ (2006) «rniemw1d2
CIRCULAR ORRIT,
OSCTILLATION ORBII,

D++(2009) (3111 (RDIL)2

SPIN

172
172
172
172
172

>PIN

3/>

32

32

SrIN

N i L



For an (L~n} baryon {{BX}r¥Z)n with an external orbits energy

level n and spin Syr we calculate a reduced spin s by the
formula
(2) s =85, -+

o 2

which eliminates the spin % of the internal quark. With this
definition of s and n, formula (1) c<an still be used also for
bagyons.

For example in the SGMA (1385} -baryon with the ascribed configura-~
tion ((BD)1DT)5 and spin so==§, the reduced spin is s=1, its
external orbits energy level is 5 =5, the MO and Mc masses
are respectively 1402.4 and 1211.0 and the interpclated mass is
according to formula (1):

- il
Mc 1 4.00

M=—-'—g—-—--—-= 1384 MEV

in good agreement with the cbserved mass of 1385 MEV.

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, has been tentatively interpreted by using the interpoia-
tion program. The result is presented in table 2. The model
follows guite ciosely the one used in the interxpretation cf the
first spin % octet (see Barxicelli 1881, tables 5,6 and £). The
main difference is an increase of the onorgy levels. The first
spin % octet includes two groups of baryons. One group consisting
of the Proton P({938) = ((BUD)4U) 1, the Neutron M{339) = ({(DUD}4D}1
and A{1113) = {(BUD)}45)1 is replaced in the spin 5/2 octet bv the
group of baryons N+{3670) = ({RUD}4U) 4, N05367§) = {{BUD}4D} 42 and
A{1830) = {{(BUD)4S)4. (see tabkle Z}. An other group concisting

of 5 baryons I (1197) = {(BD}1DS)4, £°(1192) = {(BU}1DS)4,

£*(1189) = ({BU)1US)4, 57(1321) = ((BS)IDTI4, 20{1321} = ((BS)1UT) 4
is replaced in the spin 5/2 octet by the group £T{1915) = { {ED)2D&} 6,
20(1915) ((BU§2D$§6.§+(1915) = {({BU)208)6, I {2030} = ({BD)2TT)6,
50(2630} ((BU)2TT)6 (see table 2). Besides thz increased energy
levels in the two £ baryons of spin 5/2 there is also a substi-

1

{1

L]

tution of a split strange quark (T} f£for a compact one (S} come
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L

-

- -

-1
-1

-1
-1

=2
-2

-2
-2

=2
-2

-1
=1

M1

1.00000001
1.00000001

1.07232571
1.077325%1

4.079325v2
4.077932572

4.06321301
8. 06321301

4.06%21301
4.06%21301

1.07732571
1.079325°1

¥2

1.31436132
1. 31236152

1.3143A132
1.31436132

4.20021767
4.2002176"

4.26194500
4.26198400

4,27224333
4,272243R3

1.4154377s
1.8154377s

R

- 42710007
-65530377

- 44541 06
- 684796541

-« 30576274
- 43047040

- 30543203
- 4299370

« 30536523
- 429831358

3708077
« 500704844

TAPLE 2.
THTERFOETATICN OF SOME RARYCNS OF SPIN S/2 COCTETHLARBDA(LILS)).

RARY QNS

Vi v2
- 401326051 - 36786155
~5ATRT 320 « AFATE362

INTERFOLATED MaSS
- 43671457 « JTDARSSY
-59159917 +86THART2

INTERPOLATFD MASS
-27036513 «2A312%81
« 347059878 «33F22%40

INTERPOLATED MASS
«27132136 -259839 30
- 34R8221€6 - 33019797

INTEFFOLATED MASS
« 27137635 «259307¢1
«34828R0S « 33354627

INTERPOLATED WMASS
« JR374737 «30207747
- 47135951 «37625753

INTERPOLATED MASS

L)

-67132%76
-61732027
+6?532462
«T6H220749
«TI0714RY
- 16656215
-THh94T3)4
. B1295411
. 77846238
-81794347
- 85135012
. 34683131

.8278904%6
- 87128250
- 85681856

- 15295731
- 76500048
«T5727170

1658.507
1677. 631
1668.095
1828554
1849.837
1333.99s
1845.992
1750. 290
1715. 524
1962.260
2066. 393
2031.632

1786.122
2090.221
2055. 521

1806. 357
1837.408
1816. 707

NAvE COMFIGU- ATTON
CIRCULAP ORRIT.
OSCILLAYION OPRBIT .

N(1670) ((pyn)an)a
CIRCULAR ORAILT.
OSCILLATION ORBIT,

L®DA(1830) ((NUD)IAS)S
CIRCULAR ORRIT.
OSCILLATION ORBIT,

SEMA(1915) ((nu2ns)e
CIRCULAR ORRIT,
OSCILLATION ORBIT,

XI(2030)¢ «nr)a2umne

CTIRCULAR ORNIT,
OSCILLATION NPRIT.
XT UNIDF «ns)2ut)e

CIRCULAP ORRIY
OSCILLATION ORBIT.
LMDA(181S) ((HUD)ISS)3

3PIN

<1
~
~




pared with the £ baryons of spin 4. If we hdad used one compact
and one split guark as is done in the spin 4 case we would have
cbtained a too large mass value (see table 2). Whatever its cause,
this is in line with the general tendency of split s-guarks to
substitute for compact ones the more frequently the higher the
energy level {see Barricelli 1281, table 8}.

A tentative identification of the spin 5/2 baryon A{1815) is alsc
indicated at the end of table 2.

The possibility of interpreting the masses of othar slementary
particles by interpolation methceds like the one presented here

is being explored.
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