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atomic physics timeline

1808 Dalton: chemistry is atomic

1869 Mendeleyev: periodic table

1885 Balmer: spectral rules <
1890 Rydberg: extended spectral rules

1987 Thomson: electron

1907 Lenard: model with (+,-) charges
1904 Nagaoka: planetary model
1913 Bohr: model of the Hatom @

1925 Heisenberg: matrix (QM)
1926 Schroedinger: equation (QM)
1926 Schroedinger: H atom O O
1927: Heitler and London, quantum theory explains chemical bonding

1928 Dirac: equation




particle physics timeline

1963 quark-based CKM: accurate, but mixed-up

1961 SU(X) multiplets: plausible but incomplete

<

lots of data, but no rules:
1962-64 GMO and 1962 Chew-Frauschi plot,
m? rules (?), no longer quoted by the PDG

1969 partons (.. = quarks, undeconfinable)

1964 quark "model" evolved from taxonomy, clunky

197x, blessed in 2004: perfect, but ...
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If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken "eightfold way"' 1'3), we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical "bootstrap'' model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4). Of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means

ber n; - nf would be zero for all known baryons and
[ mesons. The most interesting example of such a D
model is one in which the triplet has spin 3 and
z = -1, so that the four particles d~, s~, u® and b°
hibit lle]l with the lent
( A simpler and more elegant scheme can be )
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following

%-Operties: spin 3, z = -3, and baryon numberé. )

e then refer to the members ui, d-3, and s~3 of
the triplet as "quarks" 6) g and the members of the
anti-triplet as anti-quarks . Baryons can now be
constructed from quarks by using the combinations
(@qq), (@qqqqd), etc., while mesons are made out
of (qg), (qgqq), etc. It is assuming that the lowest
baryon configuration (qqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (gq) similarly gives
just 1 and 8.
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or, in the notation of ref. 3), (instead of purely mathematical entities as they
5 B would be in the limit of infinite mass). Since charge
[fi + "ia +i(FH, + % )] cos 6 and baryon number are exactly conserved, one of
- the quarks (presumably us or d-3) would be abso-
+ [}‘ia - 3‘;2 +1i (’ga + 3‘5'2)] sin @ . lutely stable *, while the other member of the dou-

blet would go into the first member very slowly by
We thus obtain all the features of Cabibbo's picture 8) p-decay or K-capture. The isotopic singlet quark

of the weak current, namely the rules |a/| =1, would presumably decay into the doublet by weak
AY=0and |al| =%, AY/AQ = +1, the conserved interactions, much as A goes into N. Ordinary
AY = 0 current with coefficient cos 8, the vector matter near the earth's surface would be conta-

current in general as a component of the current of minated by stable quarks as a result of high energy
the F-spin, and the axial vector current transform- cosmic ray events throughout the earth's history,
ing under SU(3) as the same component of another inat t
octet. Furthermore, we have 3) the equal-time that it would never have been detected. A search
commutation rules for the fourth components of the | for stable quarks of charge -} or +§ and/or stable
currents: di-quarks of charge -% or +§ or +% at the highest

5 5 energy accelerators would help to reassure us of
[fﬂ(x) + fﬂ(x), .924(3") + .9;;4(.\")] = the non-existence of real quarks.

5 These ideas were developed during a visit to

= 2f1 [ £ FyX)] 6Gc-X), o umbia University in March 1963 ; the author

5 o S,., would like to thank Professor Robert Serber for
[‘9?4(,() * fjd(x)’ I ¥ Jt)] =0, stimulating them.
i =1,...8, yielding the group SU(3) X SU(3). We References
can also look at the behaviour of the energy density  j) M, Gell-Mann, California Institute of Technology
644(x) (in the gravitational interaction) under equal- Synchrotron Laboratory Report CTSL-20 (1961).

time commutation with the operators f}-;(x') x.fj.;5(x'). g; :d-lg;e'lelm;n. Nu;Lw ll:hysl-:ss ((11::21)) 1202:7

A 8 .Gell-Mann, Phys.Rev. .
T!’llal.ttpart fwh.lcl'lul: SR tl'nva.riant B gf grou[: 4) E.g.: R.H.Capps, Phys.Rev. Letters 10 (1963) 312;
will transform like particular representations of R.E.Cutkosky, J.Kalckar and P.Tarjanne, Physics
SU(3) x SU(3), for example like (3, 3) and (3, 3) if it Letters 1 (1962) 93;
comes just from the masses of the quarks. E.Abers, F.Zachariasen and A.C . Zemach, Phys.
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how: systematics of particle properties
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two kinds of linear plots

e mass quantum:
mass vs integer: linear-linear

mvs P

(also mass unit vs integer)

e shells:
X113 vs integer: cuberoot-linear

m'® vs iy




recap on mesons

are hadrons masses
linearly guantized?

(old story)
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Table 1.

Change of coupling constant from the simple formula (4) and (5).

Meson Kinetic
Energy (Mev) {

(gyofMective/g)4 ' 0.52 0.40 0.28

(.(’ue"“'“"e/_e)“ 132 | 139

40’780|120 160

1.46 | 1.51

Coupling constant was taken g,=0.8¢
and the mass of /"/-particle to be 3000m,.

0.17 | For geMective, we put €o~ € in (5),

which is not sensitive to the value listed.

considerably in its magnitude, but the above
simple arguments permits us to discuss
roughly their angular distributions as follows ;
the normally scattered meson has angular
distribution which is nearly the same as in
reference 2, because the effect of P”-particle
is only to change the coupling constant.
But as to the charge exchange scattering,
the angular distribution is more like that
of Process II, because this scattering is
composed of process I and II and, ' exact
evaluation shows that the process II is
predominant®. Since the angular distribution
of scattered meson given in raference 2 is
nearly the same for process I and II, and
we may roughly expect almost the same
angular distribution for normal- and ex-
change-scattering.

In conclusion, the writer wishes to
express his sincere thanks to Prof. M.
Kobayasi and to Mr. S. Takagi for their
kind interest taken in this work.

1) For summary of references, see A Pais, preprint.

2) J. Ashkin, A. Simon and R. E. Marshak, Prog.
Theor. Phys. 5 (1950), 634.

3) P. ). Issacs, A. M. Sachs and ]. Steinberger,
Phys. Rev. 85 (1952), 803; Fermi ¢/ al. Phys.
Rev. 85 (1952), 934, 935, 936.

4) Owing to the choice of coupling as given in
Fig. 3, for n= + P-+»2"+ NV, we have as effective
coupling constant, in (4) and (5)

D+ m) [(Po+qo)*—m]

yptell— -
37 SNt [(Po+qo)2—my] §188p

2m pgp ¢ 221 [(Po—g)?—m?

$1 2m[(Po—q)2—m?)

5 &p
+ Do — € ) —
:_(“ _ Ut [(po—q)*—m?)

2n[(Po—q) 2 —my?) ""“’”1)

and thus, (g7**%/yon)? is just corresponding
quantity in Table I, ((&9x)"/2=0.8(gen)"?),
but (g7,/%/ggn)? is

40'80]120]160

0.72 | 0.67 l 0.62 0.59

(An Empirical Mass Spectrum of \
Elementary Particles

Y. Nambu

Osaka City University

\ May 14, 1952 1 952)

It seems to be a general conviction of
current physicists that the theory of ele-
mentary particles in its ultimate form could
or should give the mass spectrum of these
particles just in the same way as quatum
mechanics has succeeded in accounting for
the regularity of atomic spectra. Even if
we disregard any philosophical background
in such a postulation of theoretical physics,
the recent discovery of many unstable, ap-
parently elementary particles drives us to
the efforts towards a systematic comprehen-

With the present undoubtedly insufficient
accumulation of our knowledge, however, it
may perhaps be too ambitious and rather
unsound to look for an empirical *“ Balmer’s
law . Nevertheless we should like he

to present one such attempt because it

happens to be extremely simple, and because
the significance and utility, if any, of this
kind of attempt could best be appreciated
at the stage where it awaits more experi-
mental data to prove or disprove itself by
its own predictions.

The nature of I/, particles” and t-
mesons” has been investigated by several
authors. Among other things, we note
that their decay Q-values are rather uniform,
i.e. of the same order of magnitude of the
rest mass of the daughter 7-mesons. This
gives us a hint that some regularity might
be found if the masses were measured in
a unit of the order of the 7~-meson mass.
The 7-meson mass, being ~274=137x2

electron masses (72,), giyss a second,
rather fanciful hint thaould be
chosen as the unit. The affig result is

given in the accompanying table. We see
particle mass no. 137 xn experimental
n mass

lepton 0 0 ~0
photon 0 o 0

M 1)2 206 2103 m,

n 2 274 276%3 (n*)

Ve 6 822 80030

T 7 959 966-+10

x 1000~1500
nuclecn 13% 1849 1837, 1839

Vo, 16, 16'4 (=35, 70 Mev 35::5, 754=3Mev

v 17% )= 280 Mev ~280 Mev

’

that the ““ mass number”’ of the observed
particles is either integer or half-odd, which is
generally valid within a deviation of about
~+15m,, or ~ -+ 1/10 mass unit, for
those cases in which the experimental error
is also of this order of magnitude. In the
above table, we have adopted the view that
the heavy [/, particles have two kinds of
(D-values, namely~35Mev (1,2 mass unit)
and ~70Mev (Im.u.)”, decaying into a
proton and a 7-meson. [/* means the
nucleon isobar whose existence is being con-

my/a = 70.02 MeV/c?

. 596 Letters to the Editor 7
Ve

jectured from -7 redttion and 7-proton
scattering,” with an excitation of roughly
about 280 Mevw” (4 m.u.).

We c;n/make a few comments on the
result. As was pointed out by Enatsu”,
the adopted mass unit incidentally agrees
with Heisenberg's natural unit. Bosons
seem to have integral, while fermions hﬁl-f'
integral, mass numbers. The small
mass value of the electron cannot be explain-
ed by the above rule. But we can take
the view that this as well as the proton-
neutron and 7¥-7° mass differences correspond
to a kind of fine structure. Indeed, their
magnitude is just of the order of 1/137 m.u.

It goes without saying that this rule
is purely of an empirical nature, and might
turn out to be entirely illusory or accidental
in the event of getting more reliable data
or establishing the true theory of mass
spectrum. But the rather strange distribu-
tion of the observed mass numbers might
simply mean the lack' of our knowledge.
Indeed, only those particles which have
favorable lives as well as abundances for
detection have so far been observed, and
we have no grounds at all to exclude the
possibility that there exist other particles
which are liable to escape direct observation.
At any rate, an effective and close-by test
of this rule may be provided by more ac-
curate determination of the masses of the
observed particles. In particular, the x-
meson may be predicted to have any of ~
1030,~1100,~1160, ~1230, ~1300,...
electron masses (7%, 8, 8%2, 9, 9%,...
m.u.).

1) E. g., R. Armenteros et al., Phil. Mag. 42 (1951),
1113. |

2) P. H. Fowler et al, Phil. Mag. 42 (1951),
1040.

3) S. D. Wanlass et al., Bull. Amer. Phys. Soc.
27 (1952), No. 3, 7.

4) Remarks by H. Enatsu at the Tokyo meeting
of the Physical Society of Japan. April 1-3, 1952.

5) K. A. Brueckner, Bull Amer. Phys. Soc. 27
(1952), No. 1, 50.
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Thus the energy we conventionally assoeiate with a photon, fiem, is here just the eleetro-
static separation energy. whicelh is by our construction the total cnergy of the photon.
The wavelength of a photon is a longitudinal wavelength in the same sense as the de Bro-
glie wavelength discussed above. Henee we have

214 A, H. MACGREGOR

(13) A== —,

where e is the velocity of the photon and o is the frequency of rotation of the cleetron
pair. I'rom this, 4/2r = 1/a.

Although this model for the eleetron has interesting consequences, ean it correspond
to reality? The answer at first scems to be clearly no! This is a huge eleetron, with a
radius of 6.7-10 " em and with a ring of charge that generates effective quadrupole.
octupole. ... moments that appear in iypical processes in order o, «'. .... But a closer
examination of this question reveals some interesting facts. There is a general theovem
that a spin-} particle cannot have an observable quadrupole moment (7); however this
is just a statement of the fact that the sign is the same in the two allowed gquantization
positions. At high energies, we know cxperimentally that the eleetron appears always
as a pointlike objeet in scattering processes. When we treat the spin as an ordinary
angular momentum, then, in order to conserve angular momentum in the laboratory
frame of reference. it appears necessary to preserve the relationship /34— mRe
under accelerations.

This model for the eleetron will also produce observable effects on the atomice level.
However a remarkable fact emerges here. If we place the electron in an orbit around a
nucleus, the eleetron spin vector will precess slowly about the normal to the plare of
the orbit. If the ring of charge is expanded in Legendre functions, the quadrupole con-
tribution to the energy is proportional to Py(cosf), where 0 is the angle betweor: the
¢lectron spin axis and the orbit radius vector. If the angle between the eleetron «pin
axis and the normal to the plane is y, and if ¢ is the precessional angle, we have cos =
— sinycosp. Hence if the angle » is sin~! 4/%, as specifiecd by the quantum-mechani-
cal rules for veetors, then the quadrupole contribution to the energy. which is of order of,
cancels out!

The model for the eclectron can be extended direetly to the muon if we inerease m
and o by a factor of 207 and decrease R by the same amount. The (g — 2) experiments
show that this sealing law holds to 1 part in 10° for the electron and muon.

This model can be extended to inelude the production of meson ard baiyon iczon-
ances (9). In fact, it was by noting that the mass of the muon is a natural quantum for
clementary particles () and by attempting to determine the «size» of a muon that the
author was led to the present results. In the - e association of an
encrgy with the spin is a decisive factor. pears In ie-
sons in a nonspinning form (e.g. in the 7, 4" and y-relativistie spinning
form (e.g. in the nucleon), and in a less-than-fully-relativistie form (e.g. inthe g and ') (3).

(') N. F. RaMsey: Keperimental Nuclear Physics, edited by K. SeGre, Vol. 1 (New York, 1953),
p. 365,

IL NUOVO CIMENTO

Experimental Systematics of Particle Lifetimes and Widths (%)

VoL. 20 A, N. 3

M. H. MAc GREGOR 1974

Lawrence Livermore Laboratory, University of Califorwia - Livermore. Cal.

(ricevuto il 31 Luglio 1973;

1 Aprile 1974

(“).

manoseritto revisionato ricevuto il 15 Gennaio 1974)

Summary. — By comparing the lifetimes of the mct.lstable (r>10"175)
elementary particles with one another, we fin 3 ally that these
lifetimes occur both as ratios of 2 and a
posedly dissimilar partieles grouped together =10 experimental
counterexamples. When short-lived (r~10-225) meson and baryon reso-
nances are studied, it is found that the width is a key identification
symbol. Grouping together resonances that have similar (narrow) widths,
we obtain very accurate linear mass intervals. This mapping can be
extended to include essentially all of the observed narrow-width meson
and baryon resonances in a comprehensive pattern. These results suggest
a weak-binding-energy approach to elementary-particle structure. This
is the same conclusion that emerges from a broad overview of the sue-
cesses of the guark model. The empirical level spacings
existence of fwo basic mass quanta, a spinless quantu
and a spin-} quantum S ~ 330 MeV. Electromagnetic propertice or nu-
cleons alse indicate the existence of the 330 MeV mass quantum. In
reconeiling a 330 MeV mass quanfum S with a 939 MeV nucleon mass
and a 1795 MeV pn bound-state mass, we are led to the Fermi and
Yang formulation of the nuclecon rather than to the formulation of
Gell-Mann and Zweig. The observed spectrum of narrow-width meson
and baryon resonances can be reproduced by forming suitable combi-
nations of the quanta x and S. Broad-width resonances are interpreted
as rotational excitations. Basis states 3 =3u and 4 =d4p, initially
selected to account for observed level spacings in hyperon resonances,
are shown to have significance with respect to strangeness quantum
numbers and with respect to basic characteristics of baryon and meson
resonances. These basis states can also be used to account phenomeno-
logically for the observed factors of 2 and o« in the lifetimes of the

Cle =70 MeV

*)

prootfs for correction.

(**) Work performed under the auspices of the U.S. Atomic Energy Commission.

To speed up publication, the author of this paper has agreed to not receive the

471



nHE DOWER or o

CTRON EL: NTARY PARTICI
QENERATION WITH a-QUANTIZED
LiFeTiMES AND MASSE

BY MALCOLM H. MacGREGOR

What determines the
FClelC properties of
elementary particles?

Level-one and level-two a-leap excitations
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THREE «-LEAP excitation towers.

are sometimes nicknamed “the particle
z00,” but this zoo holds many more
mysteries than the ordinary kind. One mystery
in particular—why do elementary particles
have the masses and lifetimes they do?—is left
unanswered by the standard model of particle
physics. In THE POWER OF o, Malcolm Mac
Gregor goes beyond the standard model to
propose a solution.
Mac Gregor focuses on the role played by
a particular constant in physics, the so-called
fine-structure constant o, which characterizes
the strength of the electromagnetic interac-
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If the author is correct in his analysis,
the consequences for particle physics are
profound. Solutions to problems that have
long defied explanation, such as the proton-
to-electron, muon-to-electron, and tau-to-
electron mass ratios, emerge from the experi-
mental mass o-quantization in a manner that
requires essentially no theory at all. The bulk
of the book is devoted to filling in the details
leading to this result as well as related issues
in areas that range from spectroscopy to cos-
mology.

These pages are filled with experimen-
tal results that bolster Mac Gregor’s thesis,
but readability of the book is significantly
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S G i an i Particle Mass-Formulae
2 0 04 Simone Giani

CERN, European Organization for Nuclear Research,
CH-1211 Geneva 23, Switzerland
Telephone: +41 22 7679972  e-mail: Simone .Giani@cern.ch

Abstract
Important relations among some particle masses are investigated. The eta-prime | eta masses” ratio is
noted to be a fraction of integers with high precision. The masses of muon, kaon, eta, and neutron are
observed to fit a linear mass formula within an accuracy of 0.25 MeV.

1. Introduction

Many studies can be found in the literature on calculations of the particle mass spectrum. The
complexity of advanced parton models and QCD (PDG 2002, [1]) tries to address the fine
structure of particle constituents and their interactions, whereas earlier mathematical studies
have been dedicated to outlining the gross correlations between the particle masses of isospin
multiplets (Nambu, [2]). (Jensen, [3]), (MacGregor. [4]). The present work focuses on
relations between particle masses that are satisfied at a level of precision higher than what
should be expected from current theory.

=
<
=
=
'
Z.
i
o
<
Z,
o2
aa
<

2. Relationn’ n

Interesting mathematical relations link the mass values of some elementary particles. One
example is given by the formula relating the eta and eta-prime mass values:

28ul16u=714 qm]ﬂw - D N mass saga

In fact the ratio of the eta-prime and eta mass expectation values [1] is: 1.750009, though the
error on each of the two masses individually is 0.14 and 0.12 MeV, respectively.




2302.5
2167.0
2031.6
1896.2
1760.7
1625.3
1489.8
1354.4
1219.0
1083.5

948.1

812.6

677.2

541.8

406.3

y = 33.8600x
R? =0.9998

16

m = P*u, eta mesons

60

52
48

38

68
66

n

12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 p

36.86
36.37
35.87
35.37
34.88
34.38
33.88
33.39

1. _|y=0.246x + 33.900

R? =0.996

uvsk

-1 0 1 2 3
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Patterns in the Meson
Mass Spectrum

Paolo Palazzi 2004

Abstract

The conjecture that particle masses are multiples of a unit u of about 35 MeV has
been proposed in various forms by several authors: mesons are even multiples
of u, leptons and baryons odd multiples. Here this mass quantization is
reassessed for all particles with mass below 1 GeV (stable leptons and f,(600)
excluded), and found to be statistically significant. Subsequently all the mesons
listed by the PDG are grouped in families defined by quark composition and JPC,
and analyzed for even mass multiplicity with a unit close to 35 MeV separately for
each group. For all the the families that can be analyzed unambiguously this
multiplicity hypothesis is found to be statistically significant. Most scalar and
vector families show a dependence of u from the spin, while for pseudoscalars
the effect is not present. Only 5 states out of 120 are rejected due to abnormally
large fit residuals. The mass units of the various families are quantized on a grid
of 12 intervals of about 0.25 MeV, ranging from 33.88 up to 36.86 MeV, T+~
location of the values on the u-grid shows an intriguing pattern of-~~ ‘h
the quantum numbers.
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u= 35 MeV/c? to avoid half-integers

m;= ux* P; : P& E for mesons

(P& O for baryons and leptons)

FOREACH group of mesons / (gq-qbar, J°¢) DO:

. discard states with errm > 30 MeV/c?

. maximize R?(m,P) varying u around 35 MeV/c?
. fit uwith the least squares

. remove outliers with Chauvenet's criterion

. check for spin dependence du/ dJ

ENDD

compute statistical relevance as p(H,) by MC




the pions

remove states with large errors

maximize R?varying u

R ? vs u, pi mesons

K

P = number of partons,
like
Z for electrons
N for neutrons
A for nucleons

m;= uxP;
given the m; values, vary u, compute P; and
maximize the (m,P) correlation R?



2220.8
2082.0
1943.2
1804.4
1665.6
1526.8
1388.0
1249.2
1110.4
971.6
832.8
694.0
555.2
416.4
277.6
138.8
0.0

m = P*u, pions

y = 34.69533x
R 2 =0.99988

64
60
58
4
52
48
46
40
® pij

+ pi(4)(2250), rejected

o

meson type = pi
name *1lq |J]|x |P errm u=m/P |dm dm/m
S piavg 0/+) | 4Jo,+[o] | 4| 137.3[6.0E-04] 34318] -1.8] 1.33%
1|||||||||||ii||||||||||Hpi(1300) 4(0,+| 0| 1| 38| 1300.0(C100.0y 34.211| -18.4| 1.42%
B 1111 pi(1)(1400) | 3[0,+| 1 40| 1376.0 17.0| 34.400| -14.9| 1.09%
pi(1)(1600) | 3(0,+| 1 46| 1596.0 20.0| 34.696| -3.6| 0.22%
e Ipi(2)(1670) | 4|0+[2| | 48| 1670.0f 20.0| 34.792| 0.9 0.05%
4 8 12 16 20 24 28 32 36 40 44 4g |Pi(1800) 4lo,+|0| |52 1801.0f 13.0| 34.635| -7.2| 0.40%
pi(2)(1880) | 2[0,+|2| | 54| 1880.0] 20.0| 34.815| 22| 0.12%
pi(2)(2005) | 2[0,+|2| |58 2005.0 15.0] 34.569| -11.9| 0.59%
pi(2)(2100) | 3[0,+|2| | 60| 2090.0] 29.0 34.833] 3.6/ 0.17%
/ pi(4)(2250) | 2|0,+| 4| 3| 64| 2250.0] 15.0| 35.1560" 24.5D 1.09%
summary pi mesons
u 34.69 + 0.051
p-value 0.997 -->p(H,) =0.003

spin dependence [no

omitted 3 = 1 averaged + 1 large errm + 1 Chauvenet



statistical relevance

R2=0.99988

R ? distribution, 8 random masses in the range of the pions

express the statistical significance by the p-value of
the null hypothesis H, computed by Montecarlo
simulation:

for the pions, p(H,;) = 0.003

1
1
1
1
1
-
1
1
1
1
1
1
1
r
1
1
1
1
1
1

g

0.9965 0.997 0.9975 0.998 0.9985 0.999 0.9995




m = P*u, eta mesons

R %2 vs u, eta mesons

y = 33.8600x
R? =0.9998

meson type = eta
name *
eta
eta'(958)
eta(1295)
eta(1440)
16 eta(2)(1645)
eta(1760)
— 11— €ta(2)(1870)
12 16 20 24 28 32 36 40 44 48 52 56 64°@(2)(2030)
eta(2190)
eta(2)(2250)
eta(2225)
eta(2280)
eta(4)(2320)

(.

WOWMNNNWWWAPSDD
OO O0OO0OO0OO0OO0OO0OO0OO0OO0 OOl
A OOMNMNOMNMNNMNONOOOO

N
o

summary eta mesons
u 33.86 + 0.053

| OW m a S S gy-a\i/r?lggpendence 26999 —

omitted 4 large errm




m = P*u, Y mesons R ? vs u, Y mesons, Y(3S) omitted
m ] 1

11007.4 y = 35.29040x
R ? =0.99991

10866.3

10725.2

10584.1

10443.0

10301.8

10160.7

10019.6 oY
+ Y(3S), omitted

9878.5

9737.4

9596.2

meson type =Y
9455.1 268 name m
Y(1S) 9460.3

9314'0 ! I ! T T T T T T T T T T T T T T T Y(2S) 1 0023.3

264 268 272 276 280 284 288 292 296 300 |Y(3S) 10355.2
Y(4S) 10580.0
Y(10860) 10865.0
Y(11020) 11019.0

summary Y mesons
u 35.29 + 0.009

E p-value 0.985 -->p(H, =0.015
' g m a S S spin dependence [not assessed, all states are J=1

omitted 1 Chauvenet




m = P*u, omega mesons

y = 35.79847x
R? =0.99997

y = 386.24966x
R? =0.99992

e omega, J=1

o omega, J=3

meson type = omega

name

*

omega(782)
omega(1420)
omega(1650)
omega(3)(1670)
omega(3)(1995)
omega(2145)
omega(3)(2250)

O O OO OO0 oo

summary omega mesons

omitted

1 large errm

spin dependence

yes, Z=13.9

u, J=1

35.80 =+ 0.049

p-value

> 0.934 (all states), 0.942 for J=1, 0.947 for J=3




summary

Summary of mass unit analysis, mesons

states

omitted

type

k[ u Y erru

uw

p-value

du/dJ| PDG

pi

a(0)

3
9
6

34.69
36.16
35.19

35.00

0.051
0.050
0.071

0.073

34.68
36.16
35.31

35.17

0.997
0.990
0.973
0.995
0.941

11

3
11
13

(2)|(3)|(4)
1 1

K
K*
K*(1)

35.34

34.35

0.073

0.016

35.39

34.35

0.943
0.882

11
12

eta

h

omega
omega(1)
phi

phi(1)

f

33.86
34.42

35.80|

36.51
35.78

0.053
0.056

0.049

0.050
0.070

33.86
34.43

35.81

36.41
35.60

0.999
0.975
0.934
0.943
0.732

0.998

W
W

—

W

D-r
DO
D(s)

34.67
34.58
35.16

0.016
0.023
0.021

34.66
34.60
35.15

0.997
0.960
0.997

eta(c)

psi
chi(c)

33.89|
36.84
35.57

0.022
0.034
0.006

33.87
36.87
35.56

0.959

34.74
34.42

0.005
0.004

34.73
34.42

N.35.29)

0.009

35.30

OIN WW N N A~ O

avg->

0.044

—
—

QO DWW O MO » OO

leptons

0.022

N




u uvsk znd
quantization

36.86 - y = 0.246x + 33.900
36.62 | R- =09% du/dk
36.37 1. | m=P;xu -

u,= ugtk +du, k=0,12
36.12

H;)=0.05
5557 -

35.62 duldJ=0.25 w
V and S, but not PS f %
35.37 - 1 AC
a, K, D -
35.12 - q-gbar symmetric states
34.88 - « JSC=0+ 2-*.. keven and <6 : eta and eta_c at k=0

« JSC=1+- 3+- .. kevenand <6 : h at k=2;
« JSC=1--,2-.. kevenand = 6 : Y, omega, phi, psi at k=6, 8, 10, 12;
« JPC=0*++,1++ .. kodd and >6 :fandchi_cat k=7

T, D, B
34.63 |

34.38 - q-qgbar asymmetric states

if two assignments are modified, by moving the K from 6 to 5 and neglecting the
B(s), then the following rules apply:

« JC=0+,2*+.. koddand <6 : pi, D, B at k<=3
e JSC=1+- 3+-.. kodd and >6:b at k=9
« JSC=1--,2-- .. keven and = 6: K*at k=2, rho at k=6

] M, Nc . JC=0+,1++ . kodd and < 6 : a(0) at k=5;
3363 p(H,)= 0.000...

33.39 —
-1 0 1 2 3 4 5 6 7 8 9 10 11 12 g

34.13 -

33.88 -




m = P*u, D_s mesons

7/
2672.0 - y = 35.1707x Ds(:/)(2632)
]

R ? =0.9999 P
2601.6 A 7/

-
. y = 34.6992x Ds(1)(2536) s~ ~ Ds(2)(2573)
2531.3 R? - 00766 (1)( )/,

2461.0 - Ds(J)(2460) //
7/

2390.6 - 5

s

2320.3 - Ds*(J)(2317) //’
2250.0 - 2
2179.7 A g

2109.3 - Ds* » 7~

2039.0 A 7

1968.7 - Ds +, 7 -

1898.3 A <

1828- 0 1 1 1 1 1 1 1 1 1 1 1 1
52 54 56 58 60 62 64 66 68 70 72 74 76

meson type =D_s and D_s*
ID * |q x|P [m errmfu dm [dm/m

D-D* and DS_DS* [D):z* 56| 19685 0.6| 35.152| -1.1|-0.05%

60| 2112.4| 0.7 35.207( 2.2| 0.10%
D_s*(J)(2317)

66| 2319.0| 0.4| 35.136| -2.3[-0.10%
et D_s(J)(2460)
U'm 'X' n g D_:(1)(2536)

70| 2460.0| 0.6| 35.143| -2.0/-0.08%
2| | 72| 2535.3| 0.6| 35.213| 3.0| 0.12%

D_s(2)(2573)

D_s(J)(2632) |sIx

e TG T N
S5|= V3 5 O|a

74| 2572.4| 1.5| 34.762| 4.7| 0.18%
76| 2632.6] 1.6| 34.639| -4.5(-0.17%

+ +|+ oo + +




predictions




new states

m = P*u, f mesons, reduced sample

y =35.7824x
R? =0.9991

® f clean sample
® {(0)(1790) BESII
Linear (f, clean sample)




quantum numbers determination

m = P*u, c-cbar mesons 12 11 10 9

(o)
X(3940)

O psi, J=1
echic J=1
ochi c,J=0, 2
oela_c

Ah_c

W u-grid m=4000.




m m = P"u, psi mesons Reject: psi(4160)
| The psi(4160) with a residual of 33, rejected by
4420.6 + y = 36.8409x 120 Chauvenet’s criterion. Its mass quoted by the PDG
il R 2 =0.9996 is based on a single measurement by DASP, and in
4273.2 - the DASP paper the result of their analysis is
7 112 + 114 compared with MARK1 data showing a more
4125.9 - complex peak structure.
39785 - 110 Above the psi(4040) the MARK1 data show a peak
| at around 4110 and possibly more. The psi(4415) is
seen unambiguously by both experiments. The
3831.2 - 104 . . o :
| 02 DASP view of the discrepancy is: “..our data are in
closer agreement with those of SLAC-LBL but show
3683.8 - 100 some differences in the finer details of the energy
i dependence. For instance the 4.16 structure is not
3536.4 1 * psi, all states resolved in the SLAC-LBL data”.
- + psi(4160), omitted
3389.1 - For sure there are differences, but the DASP
| interpretation is questionable. Apparently some
30417 | MARK1 peaks were never identified or never made
| it to the PDG. A possible interpretation of their
3094.4 - 84 w spectrum around 4100 is: psi(4040), P=110;
’ psi(4125), P=112; possibly a psi(4200) , P=114; no
| NSi(4160).
2947.0 — T T——T——T—— 77— T— T
80 84 88 92 96 100 104 108 112 116 120
- = 2007: new BES value =4191.6 £ 6.0
meson type = psi

name * x |P m errm u dm dm/m

psi(1S)

| , psi(2S)
psi(3770)

outliers HETY

psi(4040)

psi(4415)

psi(4160) 47

84| 3096.9|4.0E-02| 36.868 2.2 0.07%
100| 3686.0(9.0E-02| 36.860 1.9 0.05%
102| 3769.9 2.5| 36.960 12.1| 0.32%
104| 3836.0 13.0( 36.885 4.5 0.12%
110| 4040.0 10.0( 36.727| -12.5( -0.31%
120| 4415.0 6.0| 36.792 -5.9| -0.13%
3|1112] 4159.0 20.0( 37.134 32.8[ 0.79%
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recap on mesons

e mass rules
are hadrons
shell-structured ?




0.88x + 0.39

Cy.

inert gases

® No spin-orbit




Nuclear shells A

Segré plot nUC|ear
il shells

y =0.729x + 0.824 | 7

Ve
Ve
126
/7

line #2

Distribution of
stable nuclides

Numb.er of protons

/7
/
82
7

/ A
/
y=0.916x + 0.677 /}{50 — I\.Iumberlof tlleu;ror;s 14 A1 /3

line #1

2 shell lines with interesting properties:

- cross at the first shell, He-4 (5y<3%);

+ in shells 2 and 3, line #2 corresponds to values of A of 12=6+6
and 28=14+14; 14 recognized long ago as quasi-magic; the
“magicity” of 6 is a more recent result;

- the ratio of the cubes of the slopes of the two lines is 1.99,
very close to 2: the number of nucleons in series #2 grows from
one shell to the next at a rate = 1/2 the one of series #1;

e doubly-magic « in line #1 the "packing fraction" is maximal:
o upper shells (0.91 6)3 - 0.768

Al(n) = 2*[Z(+1)*), =n1,1]=2" 1)* *(n-1) +..+2*1
N,= 2,8, 20, 28, 50, 82, 126: magic (n) = 27 [2(i 1), =, 1,1] = 27 (m+1)" + 0 (n-1) +.+271]

Z from Segre plot, max. stability =4, 16, 40, 80, ....
A=N+2Z, A2(n) = 2[2(i+1)*i, i=n,1,2] = 2*[(n+1)*n + (1-1)*(n-2)+..]

plot A3 vs i, tag = N, =4, 12, 28, 52, 88, 136, 200, 280




meson stability

Meson stability vs mass

(IR

4.0 6.0 8.0

mass, GeV/c 2




meson shells

Meson shells

y = 0.226x + 0.320
R?2 =0.996

e Meson shells




combine meson mass shell plot
with mass units:

M(i): (4,14, 28, 54, 84, 152, * ,294) [i=1,8], y=0.712 = x+ 0.894, R° = 0.9981
very similar to the corresponding values for the second nuclear line

N(i): (4, 12, 28, 52, 88, 140, 208) [i=1,7], y=0.729 = x + 0.824, A2 = 0.9999




Meson stability, light unflavored, and strange mesons

e (a,a)
o(s,a)

o(a,a)+(s,s)

~--- shell line #1
--- shell line #2

12
o
2
S
1]
N
[~]
3
Q-
S
2
6 4

sub-shells

meson stability up to 2 GeV/c? with mass scale in steps of 70 MeV/c2:
« the n at P=16, analogous of the doubly-magic O-16

» three clusters around 1260 MeV/c? (P=36), 1420 MeV/c? (P=40), and 1680
MeV/c2 (P=48).

« three further clusters with fewer states, ~ 1820 MeV/c? (P=52), 2030 MeV/c?
(P=58), and 2310 MeV/c? (P=66).

P=40 corresponds to shell 3 in the nuclear line #1, the doubly-magic Ca-40.

the P distribution for all (a,a), (s,a) and (s,s) states confirms the three clusters
around 36, 40 and 48, as well as at 52, 58 and 66. In the shell interpretation the

peaks at P=36, 48, 52, 58 and 56 would correspond to sub-shells (to be
developed).

P=80 is the doubly-magic shell 4 ~ 2800 MeV/c?; the histogram is empty from
P=72 to 84: as in nuclei, the doubly-magic-equivalent shell series stops at 3.




meson shells summary

Meson Shells
meson shells 1 to 8 corresponds to nuclear shell line #2,

e Meson shells and also doubly-magic shells can be identified:

- Be, not in fit 1 P=4~ He-4
o Predicted Bc ) saEl ©

o Doubly-magic 1,2,3 2) nat P=16 ~0-16
A Doubly-magic 4,...

ot so:e”}s/ magie 3) states at P =40 ~ Ca-40

A Quark composition 1-8 but no states are known near the extrapolated mass values

4 Quark composition, 9. . for the following shells in that series, P=80, ...;

on the main meson shell line, the quark composition

nothing . :
progression from shell 1 to 8 is:

aa, sa, SS, ca+cCs, cc, ba+bs, bc, bb ;
— intriguing role of the s quark,

— explanation of the mysterious values of quark
masses (for whatever it is worth);

e t quark: expect 4 more shells at specific mass values in the
range 14 - 31 GeV/c?, none observed;

— is shell 8 the structural limit for this kind of bound
states, like 6 for atoms and 7 or 8 for nuclei?
A A A A A A
aa sa ss ca cc ba bc bb
cs bs
m(W) + m(Z°)

4 5 6 7 8 9 10 11 12 13
shell

— what are the top events from FNAL?




y =0.246x + 33.900
R2 =0.996

e solid-phase
e coordnum =12
e charges

interpretation

* constant mass contribution for each parton: suggests
solid-phase aggregates, possibly a 3D lattice organization;

* quantization of the mass unit on a grid of 13=12+1 values: may be
related to the coordination number of the lattice;

* mesons spins and charges equal or close to 0, with a large number of partons:
aggregation with alternating up/down spins and +/- charges.

* on a periodic lattice with coordination number = 12 (such as the FCC), with spin-1/2
partons of charge 0, -1 and +1, arranged as a partially charged "ionic" lattice, several
configurations are possible. For a given node of the lattice, the number of charged
neighbors k can vary from 0 (all neutral) to 12 (all charged), a total of 13 values.
Depending on the charge balancing constraints on these lattice variants, some values
of k may not be realized, while other may correspond to more than one configuration;
charge balancing constraints might be the reason for the deviation of the value of P of
the shell states from series S2.

» assume that the contribution to the total mass is larger for a charged parton than for a
neutral one:

— u(0) =38.88 MeV/c?, neutral parton,
— u(12) = 36.84 MeV/c? charged parton;

this assumption agrees with the charges of the final products of the decays of the u (1
charged out of 3 = 4/12, k=4) and of the n*(1 charged out of 4 = 3/12, k=3) as verified
by the position of the corresponding points on the u-grid. This would not be true with
the neutral parton heavier than the charged one.




Eta shells

Yy =0.2268x + 0.2964
R? =0.9998

n shells

e and n, is at k=0 on the u-grid, with all constituents neutral;
the specific mass unit of the a0 is 33.74, close to 1(0)=33.88, so
that 4 neutral constituents can be assumed; the pion is at shell 1
with P=4, while the n' is at shell 3 with P=28, and the n, at shell
5 with P=88, right at the nominal values of P in the series A2(n)
=4,12, 28, 52, 88, ....

 with no charged constituents, the ) and n, do not need to obey
any charge balancing constraints and can sit right at the
geometrical shell closure; this should also apply to the 1,
therefore it is expected that the mass shell line with:

7% M, Ne My iNshells 1,3,5,8
would show a sharper alignment, as verified by the chart;

* mesons are similar to nuclei and at the same time show
indications of a solid-phase FCC structure, and this may be
more than a coincidence: FCC nuclei are not new, see the work
of N. D. Cook, and his recent book: Models of the Atomic
Nucleus (Springer).
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Calcium-40

[ tetrahedrically-truncated tetrahedrons ]

5

A1(n) = 2°[=(i+1)4, i=n,1,1] = 2*[(n+1)*n + n*(n-1) +..+2*1]
A2(n) = 2*[2(i+1)4, i=n,1,2] = 2*[(n+1)*n + (n-1)*(n-2)+..]

Norman D. Cook
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HADRON 07 logo with 8 tetrahedrical meson shells, 4 partons in the first shell and the hexagonal mesh of the fcc lattice



recap on mesons

e mass rules
e shells




Looking for neutral and charged
partons and antipartons with spin
1/2 and mass less than 30
MeV/c?, and with more than one
type of neutrals, among the
known particles there is only one
possible choice:

the stable leptons -->

constituents:

stable
leptons?

Surveys in High Energy Physics

Volume 1(2), January 1980, pp. 113-140
0142-2413/80/0102-113-140$04.50/0

© 1980 harwood academic publishers gmbh
Printed in the United States of America

STABLE PARTICLES AS BUILDING BLOCKS OF MATTER

1980
A.O. BARUT

Department of Physics, University of Colorado,
Boulder, Colorado 80309

Only absolutely stable indestructible particles can

be truly elementary. A simple theory of matter based

con the three constltuents, proton, electron and
articles), bound together

cesses of high—energy physics, including strong and
weak interactions, and make quantitative predictions,

I.  INTRODUCTION SU(3) from permutations

At present, the picture of elementary particle physics
mostly used in high-energy phenomenology is becoming ad-
mittedly very complicated. Besides leptons (which we see),
one introduces families of "quarks'", each with different
colours, then the so-called "gluons", which are the gauge
vector mesons binding the quarks, then there are the so-
called "Higgs particles", which give masses to some of the
vector mesons (all of which are not seen in the laboratory).
One is already beginning to talk about a second generation
of more fundamental and simpler objects for these quarks
and gluons etc,, even though these first generations of
"basic" objects have not been seen. This type of fr
work seems to create more problems than it solves 118




the baryons




m = P*u, Lambda baryons

Lambda, J=1/2
Lambda, J=3/2
Lambda, J=5/2
Lambda, J=7/2
|—— Linear (Lambda, all)

27 31 35 39 43 47 51 55 59 63




m = P*u, N baryons

y =35.1229x| : ;
RP=1.0000 .. ... .. ... .q

y = 35.3824x
f f j -2
R=0998f( . . 43

y'=35.6915x

N, J=1/2

N, J=3/2

N, J=5/2

N(1535), omitted

Linear (N, J=1/2)
— — — Linear (N, J=3/2)

Linear (N, J=5/2)

43 47




m = P*u, Lambda_c baryons

® [ambda_c, low u

© Lambda_c, high u




u vs k, baryons

e mesons
| © baryons ,
| —— Linear (mesons)

.- - - - - -strange -




special baryons
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u vs k, baryons

e mesons
| © baryons ,
| —— Linear (mesons)
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the baryons

e mass rules




baryon stability

Baryon stability vs mass
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e Baryon shells

predicted




Particle shells

y =0.226x + 0.320

y 0.193» £0.397)

e Meson shells

o Baryon shells




baryon shells organization, clues:

shells 1 and 2 not cohesives

1 node in the center

“"density” = 1/3 of the full fcc
more than 4 nodes at shell 1

P sequence: 27,47, 71 ....
compatible with nuclear force




further indications

of the shell structure
of the nucleon
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2.2 Elastic scattering
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The dq

FElastic scatter

gh-3

High-energy elastic nucleon scattering represents the collision process in which the
nergy range at the CERN ISR [3], the SPS collider [4] and the TEVATH
These data have been confronted with various phenomenological models.

over a larg
gathered.

Figure 1

about the behavior of the phenomenological approaches at very high ener

energies [6]. vy tell us how models should behave in the limiting case of infinite energresamrsmow
the trends in their high-energy behavior.

In the past, many models describing high-energy elastic had
different approaches [7]. In many of t};vx_n the vi}-:(.vnei_'. approach ]1_;

Nucleon structure emerging from our inv
state analogous to the BCS ground state in superconduc

udS

on scattering have been formulated with

been used. in analogy to optics.
———

In other models the nucleons co a central core with a surrounding meson cloud or of a seri

partonic

of

clusters whose interaction is formulated with the help of Glauber’s multi-scattering method.

M. M. Islam et al.

(.\'i(_\'. an inner core of topc

by w, and a still smaller quark-bag of massless valence qua

ation. Nucleon has an outer cloud of g7 condensed ground
»gical baryonic charge probed



interaction
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FIGURE 1. Schematic form of the effective radial magnetic po-
tential V as a fuction of the radial distance r

for two different fixed values of energy and angular

momentum,
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summary and roadmap

interaction QCD QMS (e.m.)

constituents quarks | stable leptons

model quark shells (M, B)

mass rules - multi-linear
taxonomy SU(X) SU(X)++
chemistry CKM CKM




Fewer parameters: SM = 26

quarks are valence properties, so their masses are
not defined (-6)

the W-quark couplings are derived from the

expression of the quarks in terms of the constituents (-
4)

the muon and the tau leptons are composite, their
mass is computed (-2)

strong interactions are a collective manifestation of
electromagnetism, and the strong coupling constant
can be computed (-1)

TOT=-13
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