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The hadron spectroscopy is studied through the use of fsaant@ discrete scale invariance (DSI)
implying log-periodic corrections to continuous scalinghe masses of mesons and baryons,
reported by the Particle Data Group (PDG), agree with (D&3)well as the masses of exotic
narrow mesons, baryons, and dibaryons.

Two distributions are systematically studied: first theddthe masses versus the log of their rank,
and also the successive mass ratios. Each fitted paramétersgcond distributions, as a function
of the hadronic masses, displays the same shape for all PB®@ria families and species. The
same parameters allow good fits for the narrow exotic med&amgons and dibaryons.

When the successive mass ratios between different baryaitida are constant, this property is
not observed between different meson families. Such ob#ervis studied within the double
mass ratios eliminating the quark masses, but the differbetween baryons and mesons is not
understood.

The fractal properties and discrete scale invariance madehklso used to study nuclei yrast
masses as well as excited nuclei level masses of some nidége also the good agreement
between data and fractal property, allows to make some gireds for still unobserved nuclei
masses.

Fractal properties are also compared to several nuclestdataas :

- atomic masses in several columns of the Mendeleev perialdie of elements,

- masses of series following™ or 3~ disintegrations,

- one and two nucleon separation energies,

- half-lives of some isotopes,

- the four radioactive family periods.

Finally, it is shown that the lepton, hadron, and boson nssae be presented in the same frame.
This is also partially true for the coupling constants.
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1. Introduction

It is widely known, that fractal properties are very oftersetved in different physical fields
like astrophysics, geoscience, biology, paleontology a@ihers, and also in human sciences like
history, economy, finance, and others [1]. The large numbstudlies prevents any meaningfull
guotation. However the broad field of applications is iltagtd by two recent papers, devoted to
the study of Russian and Roman territories evolution [2{ tnthe Fractality and migrations of
Homo sapiens [3].

Several models of hadronic and nuclei structures exist,hasiping their single-particle or
collective natures. Beside these theoretical approasioese works (sometimes simple) were de-
voted to the study of hadron properties concerning mainlgses. Many of them are reported
here.

Terazawa explains and predicts fundamental particle masskee unified composite model of
quarks and leptons [4]. Here the minimal supersymmetricpmsite model of quarks and leptons
consists of an isodoublet of spinor subquarks with chargg, w; andw, (named "wakems"
standing for weak and electromagnetic), and a Pati-Saldar-qoartet of scalar subquarks with
charges +1/2 and -1/6,0@nd G (i = 1,2,3) (named "chroms" standing for colors).

Fu-Guang Cao determines [5] the absolute masses of neutsinmeans of an intrinsic mass
relation between leptons and quarks. Using the neutrindladgamn data, the following neutrino
masses were obtained:;m 0.21+1.7-0.21 10* eV, mp = (8.7+0.1) 10 3 eV, and m = (4.9+0.1)
102 eV. The Koide relation for lepton masses was generalized &atsev [6] to the quark
sector.

Several lepton and hadron masses were calculated by M{iélland several other authors,
using the "Continued fraction representations”. Manywaled precise masses were obtained with
use of some parameters. A recent paper by Ries reviews thagésr|8].

The quark-lepton similarity was studied by Hwang and Siyi@prand some relations between
hadron masses were shown by Jacobsen [10].

The fractal theory applies to discontinuous evolutionshwiiscret jumps, therefore it is pre-
cisely the theory to be applied to the masses of fundameattitles, hadrons and nuclei.

2. Recall of fractal properties

Fractals exist in many aspects of nature. The characteoft fractal is that the relative value
of an observable function of a variable, depends only on @narpeter, and keeps the same form
for different variable values [11] [12].

(a) Thecontinuousscale invariance is defined in the following way: an obsde/&(x), de-
pending on the variable X, is scale invariant under the ranyitchange x— AX, if there is a
numberp(A) such that O(x) ;uO(Ax). A is the fundamental scaling ratio. The solution of O(x) is
the power law:

O(x) =Cx*, a=—Inu/InA. (2.1)

(b) Unlike thecontinuousscale invariance, thdiscretescale invariance (DSI) is observed
when only specificA values satisfy (2.1). Theo, the exponent of the power law is complex,
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inducing log-periodic corrections to the scaling [13]. Tthexponent is now:
o =—Inu/In A +i2n11/InA (2.2)

where n is an arbitrary integer.

The recent observation of several relations connectingd®t them elementary particle masses
[14], suggests to look for fractal properties between theasses. The relations connect the first
guark family masses with charge = 2/3, the second quark yamésses with charge = -1/3, the
gauge boson masses, and the lepton masses. The studiegquidsare originate from such obser-
vation.

Several hadronic and nuclear data, mainly masses, will bgaced to a few linearities be-
tween In(O) and In(x), with differentr values in the log-log distribution:

In(O(x)) = a In(x) +In(C) (2.3)

The following figures compare the data to the previous ptgpeamely the possible straight
lines in the In(M) = f(In(rank)), where M is the mass of a givigrecies, and the rank denotes the
successive values of the masses.

The most general form of a distribution is [13]:

f(r)=C(Jr—r¢)®[1+a1 cog2m QIn (Jr —r¢|) + W) (2.4)

which is used to fit the successive mass ratios by adjustiegpdinameters. The comparison
between the successive mass ratios and fitted curves wilegetond test between data and fractal
properties.

a; measures the amplitude of the log-periodic correction tttinoous scaling. The critical
exponent "s" is defined by = AS. Q = 1/InA measures the significance of the log-periodic cor-
rections, therefore determines ttiégmaginary part. The variation of the three main parametérs o
(2.4): "s", "a", and "Q" will be discussed later.

Other less important parameter ig""'the critical rank, which describes the transition from
one phase to another. It is underdetermined, but widelefaigan the experimental "r" values for
the more or less constant oscillation widths. This is theega@rsituation of hadronic mass ratios.
Such undetermination has very few consequences on all ptéesnexcept o. When increasing
"rc" from 30 to 40,Q increases approximately by a factor 1.36. Therefogewas arbitrarily fixed
to "r¢" = 40 for all following studies. Other less important paraens ared, a phase in the cosine,
and C a normalization constant.

3. Application to some atomic data and quark masses

The fractal relations reminded above were recently appbetthe study of the fundamental
coupling constants, atomic masses and energies, and aynparticle masses [15].

The atomic level energies are given by the Rydberg formEgas Z?Re /n?. We get obviously
a linear relation between Irif,) and In(n): InE,) = In(C) - 2In(n). Re is the Rydberg energy and
"n" the principal quantum number.

The photon energies between two different principal quantumbersi) and f¢) are given
by the relation: E =Rg(1/n? —1/n?). Although the linear property is no more analytical, it is
numerically still present as can be seen in fig. 1.
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Figure 1: Photon energies in logarithmic scales between successiagal quantum numbers, versus logs.
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Figure 2: Insert (a) shows the log-log distribution of quark massesw&their rank. Insert (b) shows the
guark successive mass ratio distribution.

The linearity between the logarithms of four quark masselasvn in fig. 2(a) and the succes-
sive mass ratio of the same masses is shown in fig. 2(b). Theesased are: m(u) = 2.28 MeV,
m(d) = 5.1 MeV, m(s) = 101 MeV, m(c) = 1270 MeV, m(b) = 4200 Me¥dan(t) = 172,000 MeV.
The discussion on the parameters, extracted from fits ubmgdquation (2.4), will be presented
below.

The bad knowledge of the neutrino masses prevents to lodkedepton fractal properties
since we remain with only three known masses. The three bosgses W, Z, and H are aligned as
can be seen at the end of the paper. The common fractal pydyvteen quark, lepton and boson
masses, and the coupling constants will be discussed amnthefé¢he paper.

4. Application to hadronic masses

All masses are taken from the review of the Particle Data @Gr&DG) [16], except those
specifically indicated. Many masses, omitted from the PD@rsary table, but given in the de-
tailed table contents, are kept in our study, which theeefatl have to be improved after new mass
determinations (observations, confirmations or elimoreg).
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All baryonic and mesonic families including at least sel/kn@mwn masses, have been studied
[17] and compared to equations (2.3) and (2.4). A seleciqresented here.

4.1 Mesons
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Figure 3: Log-log plot and successive mass ratio distributions of mesonic families. Inserts (a) and
(c) show the distributions corresponding to charmed me&bhd), D°(cii), andD~(d¢) in the range
1867<M <2860 MeV. Inserts (b) and (d) show the distributions of chamiom cc mesons in the range
2980<M <5910 MeV.

Fig.3 shows log-log plot and successive mass ratio digtobs of two mesonic families. In-
serts (a) and (c) show the distributions corresponding tombkd meson@*(cd_), DO(ct), and
D~ (dc) in the range 186ZM <2860 MeV. Inserts (b) and (d) show the distributions of charm
nium cc mesons in the range 2980/1<5910 MeV. Inserts (a) and (b) show the log-log distribu-
tions. We observe straight line segments: signature ofdfracesence. Inserts (c) and (d) show the
successive mass ratio data, fitted with equation (2.4). &tiesrbetween rank "n" and "n+1" are
drawn at rank "n+1/2". With an unique parameter set, the a@aaeproduced from rank 3.5 up to
rank~ 10.

Fig.4 shows again the log-log plots and successive mass diributions of two different
mesonic families. Inserts (a) and (c) show the distribioorresponding to charmed strange
mesonD{ (cs) andDg (sC) in the range 2862M <3044 MeV. Inserts (b) and (d) show the distri-
butions of bottoniunbb mesons in the range 93801 < 11019 MeV . Here again inserts (a) and
(b) show the log-log distributions and inserts (c) and (d)vslthe successive mass ratio data and
fits. The same comments, as those concerning fig. 3, can benpedshere, except that the fits
inside inserts (c) and (d) are obtained with the use of twe gkparameters. Notice that the data
in both inserts (a) and (b) can also be fitted with only two sexgts (dashed lines) but then a few
data remain a little outside the straight lines.

Fig. 5 shows the same analysis applied to the unflavouredmaebtsert (a) shows the log-log
distribution, which displays a clear staircase or jaggexpsh We observe it for the first six masses

which suggests a possible double fractal property. Indigetthe log-log representation, the three
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Figure 4: Log-log plot and successive mass ratio distributions of mesonic families. Inserts (a) and
(c) show the distributions corresponding to charmed stamgsonsD{ (cs) and Dg(sC) in the range
2862<M <3044 MeV. Inserts (b) and (d) show the distributions of boition bb mesons in the range
9300<M<11019 MeV.
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Figure 5: Log-log plot and successive mass ratio distributions olithitavoured mesons (see text).

masses at R = 2, 4, and 6 are aligned in one hand, and the fivesr&d® = 3, 5, 7, 10, and 11 are
also aligned in the other hand. We also observe that the praduhe P parity by the G parity is
successively even and odd for the first thirteen unflavouresom masses, up t9(1270) We plot
therefore for all unflavoured mesons two separeted logdletgibutions in figure 5(b). The even
(odd) PG parity masses are considered separately. Fullngdscare for even PG parity masses
and full blue stars are for odd PG parity masses. The stairslaape is then removed.

We deduce the presence of power-law sequences, for bothaedkeadd PG parity products.
These relations could eventually help to predict the maskesflavored mesons, built on the pion
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(or then) mass.

Them,,1/m, unflavored mesonic mass ratios are plotted in inserts (c§@nd he first ratio is
much larger than the other ratio values, and is removed fhanfigs. 5(c) and 5(d). It corresponds
to the large mass difference between the two first unflavopi@as. The masses of twig mesons
are very imprecise. We use f§(600)) = 600200 MeV, and M,(1370) = 137G+200 MeV.

The masses are introduced in an increasing order, theraefoeefew cases, the order is not
exactly the same as the one given by PDG.

Insert (c) shows the low rank ratios and fit performed using(2d¢t) with a single set of
parameters. A good fit is observed up to rank 13. Insert (dyslibe ratio in a larger rank range.
In this range, the good alignement of the log-log distrimatishown in insert (b), could suggest
a better justification of the analytical fit with a single séparameters. However the comparison
between the data and the fit is difficult because of the so lemge bars. It is clear that this meson
family contains a large number of very imprecise masses.

4.2 Baryons
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Figure 6: Log-log plot and successive mass ratio distributions of Ibaoyonic families. Inserts (a) and (c)
show the distributions correspondingF¥o(uss and dss) baryons, inserts (b) and (d) show the digtiizit
corresponding t&c (usc and dsc) baryons (see text).

Here we recall some results published in [17].

Fig.6 shows the results for the baryons in inserts (a) and (c) agg baryons in inserts (b)
and (d). Nice alignements are observed in the logarithmbleofriass versus the logarithms of the
rank distributions in figs. 6(a) and 6(b). The successivesmatios are well fitted in inserts (c)
(three sets of parameters) and (d) (a single set of parashet€he parameter variations will be
discussed later.

Fig.7 shows the results for the'®Maryons in inserts (a) and (c) angd , . " baryons in inserts
(b) and (d). Again alignements are observed in the log of tlsstversus the log of the rank
distributions in inserts (a) and (b). The successive mdissrare only fitted in fig. 7(c) up to rank
8.5 with a single set of parameters. If we except the first @igses, the greaterkhasses are very
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Figure 7: Log-log plot and successive mass ratio distributions of Ibaoyonic families. Inserts (a) and (c)
show the distributions corresponding té blaryons, inserts (b) and (d) show the distributions cowrdng
to the charmed\c, ¢ (udc, uuc, ddc) baryons.

imprecise. Insert (d) shows the successive mass ratiog ahitwrmed baryons (uuc, udc, ddc). An
unique set of parameters allows to get a good fit to these ddtta.parameter variations will be
discussed later.

4.3 Application to narrow baryons

The previous data concerned hadronic masses from PDG [16].

Some years ago, narrow and weakly excited structures weerwdd in unflavoured mesons
[18], baryons [19], and dibaryons [20]. Thanks to good netsoh and high statistics, these weakly
excited structures were observed at fixed masses, indaptesidbe experimental device, reaction,
incident energy, and spectrometer angle. Main data canne tihe SPES3 beam line at the Sat-
urne synchrotron (Saclay Laboratory); they were obsermetié missing mass and the invariant
mass of the pp:ppX and pp-prr™ X reactions, studied at different incident energies andeang
Additionnal data came from Saturne Spesl beam fiHe(p,d)X reaction [21] and Saturne Spes4
beam line, pdf, a’)X reaction [22]. The agreement concerning the narrow exmiryonic structure
masses was obtained from data obtained at Spes3 and Spressyhlthese reactions were studied
for different motivations and published before the anaygerformed to look for narrow struc-
tures. These results were obtained by different physjaisiag different experimental set-ups, and
different beam lines and reactions.

Fig. 8 shows the log-log distributions of:

- narrow exotic mesons in insert (a) [18],
- narrow exotic baryons in insert (b) [19],
- narrow exotic dibaryons in insert (c) [20].

Some very small mesonic structures close taM00 MeV have been removed, since they
were not observed in the measurement performed at JINR @UB8]. In the same way, the very
small baryonic structure at M 953 MeV has been removed. The two baryonic encircled green
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Figure 8: Log-log distributions of narrow exotic meson masses (in&8), narrow exotic baryon masses
(insert (b)), and narrow exotic dibaryon masses (inseyt(éee text).

data at M = 1206 and 1402 MeV, are introduced although the wet extracted from the Spes3
measurements. The extraction of a small structure at M = M68@ was difficult since it lies
close to a large pic correspondingZi¢s,3). A structure at M = 1402 MeV could only be observed
in the missing mass at the largest incident proton enefgy=(2.1 GeV) and the two smallest
spectrometer angle$. = 0.7° and 3. Both missing mass spectra are again rather large in this mas
range, due to phase space background and contributionsbfimenl resonances.

We observe again straight line segments in all three ing&)t¢b), and (c) of fig. 8.

Fig. 9 shows the successive mass ratios of the same datagmdnces) as those used in
fig. 8. The fits corresponding to the first ranks are improvethiyintroduction of a second set of
parameters leading to green curves. Arbitrary relativersrare introduced in this figure, namely
1.5/100 for insert (a) data, 0.3/100 for insert (b) data, @dd100 for insert (¢) data. The data for
mesons and dibaryons are better fitted than the baryonic data

Fig. 10 shows in inserts (a) and (b) the log-log and successigss ratios of the M in-
variant mass, from the npnprt" 71~ reaction measured at Dubna [23]. Inserts (c) and (d) show
the log-log and successive mass ratios of thg-Mnvariant mass, from the rpnpK* K~ reaction
measured at Dubna [24].

In both cases, the log-log distributions exhibit straigheé Isegments, and the successive mass
ratios are well fitted.

An other example of narrow exotic baryonic structures came¢he careful study of thi*
mass in the range 14%Z5N* <1675 MeV. The same two reactions, already called=pprt X and
pp—ppX were studied and the two final state channplg’ and pn were selected by software cuts
applied to the missing mass of the first reaction [25]. Theckgion of the work was that the broad
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Figure 9: Log-log distributions of narrow exotic meson masses (in&8), narrow exotic baryon masses
(insert (b)), and narrow exotic dibaryon masses (inseyt(§ee text).
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Figure 10: Log-log distributions of narrow exotic meson and baryon seaqsee text).

PDG baryonic resonances in this mass range N(1520)W0(1535)S3;, A(1600)R3, N(1650)S31,
and N(1675)DQs are collective states built from several narrow and weakigited resonances,
having each a (much) smaller width than the one reported b@.Fiy. 11(a) shows the log-log
distribution of the broad (PDG) resonances in this masseabyg full blue squares and the log-
log distribution of the 14 narrow resonances masses shownlbsed circles. Notice again the
possibility, shown by dashed line, to reduce the number giineats .

The straight lines include three masses in the case of brb&ilresonances and (two times)
five masses in the case of narrow masses.

Fig. 11(b) shows the values of the successive mass ratidseafidrrow masses, fitted with
equation (2.4) and three sets of parameters.

10
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Figure 11: Log-log distributions of narroviN* structures in the mass range 1478 < 1675 MeV (see
text).

4.4 Discussion of the data extracted from the hadronic studis using fractals

The variation of the parameters extracted from the fits osthecessive mass ratios distribu-
tions versus the hadronic masses of all meson and baryotidanare shown in fig. 12.

The meson data are represented by red full points, the balgtanby blue full stars, and the
dibaryon data by the green full triangles. The parametecg@ed by black squares come from
exotic narrow structure fits. The horizontal lines show thessnrange of the given family and
species. The marks are drawn in the middle of these horikztimes.

Fig.12(a) shows the variaton of "s" = -R8(which determines the general slope. Fig. 12(b)
shows the variation ofd;" which determines the amplitudes of the oscillations. ER(c) shows
the variation ofA related to Inja) by Im(a) = 2rm/In(A). Fig. 12(d) showgt = AS.

We observe that each coefficient has a single variation atme $or all families and all species.

We observe also that Imaf is > that Ref) in agreement with the DIS. Indeed the imaginary
coefficient 27InA = 66 forA = 1.1.

4.5 Comparison of the excited hadronic state masses

The distributions of the successive mass ratios correspgrd various baryon and meson
family distributions exhibit similar shapes. That suggdst compare the excited state masses of
the various families.

Fig. 13 shows the first PDG masses of different meson familigso M = 3500 MeV, after a
constant vertical mass translation of each family [17].Hee@lumn corresponds to a given family,
arranged in increasing yrast masses (fundamental ma3$esamount of the mass translations is
indicated at the top of the figure as well as the family quankteot. Therefore all yrast masses

11
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Figure 12: Variation of the three main fitted parameters versus thedmadmasses of all meson and baryon
families. The meson data, the baryon data, and the dibarstmate represented by red full points, by
blue full stars, and by the green full triangles. The paramse¢ncircled by black squares come from exotic
narrow structure fits. The four inserts (a), (b), (c), anddoiyespond successively to -Rg( oscillation
amplitudes, a value related to I, and a combination of and "s", namelyu = AS,

are put at the same value. The global scale corresponds thémmed meson family (no mass
translation).

We observe, after translation, close continuous masstiearsa For example we observe very
stable mass excitations between all three families cantgia (two) charmed quark(s). We also
observe similar masses (after translation) between ch@mmoand bottonium mesons. These
masses are joined by dashed lines. It is then possible tdiisseldservation to tentatively predict
some still unobserved masses shown by dashed lines [17]exaonple the following bottonium
meson masses: M 9800 MeV, 10070 MeV, 10458 MeV, and 10660 MeV. And also a sfean
charmed meson at M 2740 MeV.

Fig. 14 shows a similar discussion on the PDG baryonic fasilip to M = 2940 MeV [17].

The comparable translation as the one performd on mesonfaragies, is done on baryon
families. The global scale is adjusted to the charmgdnass. We observe a regular mass decrease
of the second and third masses of nearly all families, araj alhough less regular, a mass decrease
of the fourth and fifth masses. The shift of the excited masEal families contract progressively
when fundamental masses increase. Using this regulasateral masses, still not observed, are
tentatively predicted. They are shown in fig. 14 by dasheskliThese masses are:

M ~ 1715 MeV for= baryons,
M = 2850 MeV, 2980 MeV, 3000 MeV, and 3095 MeV o baryons,

12
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Figure 13: Comparison of meson excited state masses aftera g
for the yrast masses (see text). q stands for u or d quarks.
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Figure 14: Comparison of baryon excited state masses after a global traasslation to get the same value

for the yrast masses (see text).

M =~ 3750 MeV and 3775 MeV foE/! baryons.

When the baryon masses decrease more or less regularlyhaftdescribed translations, the
meson masses in the same conditions, seem to remain cordtanthe strangegf) mesons.

4.6 Study of the hadronic mass ratios

The regular variation of the hadronic masses, discussdukiprevious subsection, deserves
more attention. In order to go more deeply inside these whens, we look at mass ratios be-
tween different hadronic families at the same rank [26].. Efshows the ratio between different
baryonic families, the six inserts being explicited in Tall So the first (second ....) data in insert

13



Use of fractals to study particles, hadrons and nuclei masse Boris Tatischeff

(a) shows the mass ratio between the first (second/Ag,kc mass over the first (second ..4)
mass. We observe flat ratios in fig. 15, except the ratios lestwhee yrast masses. That means
constant interaction of QCD coupling constants and charges
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Figure 15: Mass ratios between different baryonic families (see Tahle

(@) (b) (© (d) (e) (f)
NS =/ Aesc/s Zc/S Zc/Ncic >/0

udc,qgc/qgqq  gsc/qqq udc,qqc/qgs  gs¢qgs  gsqudc,qqc  gqgs/qaq

Table 1: Table explaining the contents of the six inserts of fig. 15.

The assumption is that this flat ratio property can be geizedhbetween all baryonic families.
This assumption is strengthened by the careful examinatidine cases where the flat ratio is not
observed. When comparing the baryonic mass ratios wWKérar = take place, we do no more
have constant ratios in the total range available. Fig. I5Table 2 show the ratio of the excited
masses of some baryonic families over ttiemasses in insert (a), and the ratio of thenasses
over the masses of some baryonic families in insert (b).

We observe in fig. 16(a) a constant ratio up to rank 10, folbblng a sudden decrease at the
same rank fo the three ratios. Such behaviour can be exglaane corrected, with the assumption
of missingN* masses in the range 180 <1890 MeV. Indeed, in such range M5 is reported
in PDG [16]. The tentatively introduction of thré¢* at M=1750, 1780, and 1820 MeV allows to
find again the constant ratio, shown by black squares (dorgethe green and red ratios after rank
10), between all shown families.
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Figure 16: Mass ratios between different baryonic families (see Table
(a) (b) (c) (d) (e) ()
=c/N* NcZc/N* > /N* A/N* A/N* =/=c
gsc/udq udc,qqc/udq qqgs/udq uds/udq qgq/udg gss/gsc
(9 (h) 0) 0) (k)
=/N\cZc =/z =/N =/A =/N*

gss/udc,qqc gssqas gssuds gsgqgqq Qss/udq

Table 2: Table explaining the six inserts of fig. 16.

The same discussion is done in fig. 16(b) and Table 3. Hereathe arbitrary introduction of
14 = masses [17] allows to get a constant ratio in the whole rahgkesl, for all families, shown
by full black squares, when it was only observed for the fixa fanks previously.

Similar study, performed between mesonic families, leads different result. Fig. 17 shows
that the ratio of successive masses from different famiigesot flat. Table 3 clarifies the contents
of the six inserts.

It is untimely to attribute the different behaviour betwédsamyons and mesons to the introduc-
tion of more complex quark and/ or gluon configurations.

(@) (b) (©) (d) (e) (f)
D{ /KT~ Dg /DY~ D' /LUM D' /K*~ K/LUM bb/ct
cs/as s/cq ca/9a cg/qs  os/qq  bb/cc

Table 3: Table explaining the contents of the six inserts of fig. 17.

In order to try to understand such behaviour, fig. 18 and Talslbow double ratios between
mesonic mass spectra, performed in order to eliminate thekkaoasses. Here, insert (e) is obtained
by the multiplication of insert (a) by insert (c). In quark fldh we havecs/qc*qqg/qgs = 1. In the
same way, the right column correspondsiégqq:cq/cc = 1 in fig. 18(f) obtained by multiplication
of the content of fig. 18(b) by the content of fig. 18(d). We absehree flat ratios in fig. 18(f),
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Figure 17: Mass ratios between different mesonic families explicitethble 3.

(a) (b) (c) (d) (e) (f)
DS /DY D' /LUM LUM/K*~ D*“/cc Ds/DxLUM/K  D/cCxD/LUM
cs/qc ay/qq qq/qs a@/cc  cs/qc* qg/gs=1 qc/qq* cg/cc=1

Table 4: Table explaining the contents of the six inserts of fig. 18.

except the ratio between yrast masses. But such flat ratidysobserved in the last four ratios in
insert (e).
In conclusion to this study of the hadron mass ratios, we iemvéh a double query:
(a) why do the ratios between different baryonic familianai flat ?,
(b) why are the behaviours between baryons and mesons scedif?
It remains possible that some "low meson masses" have est@pe actual observation, but it is
unlikely that this could occur in most meson families.

5. Application to some nuclei yrast level masses

Fig. 19 shows the log-log distributions of the masses of dighenuclei [27]. Nice alignments
are observed, which precision is tested through the cdloolaf the masses of the last known
nuclei masses, as shown in Table 5. The extrapolation is dsing known masses at lower ranks,
and ignoring the last known masses. These last ones araethtaiith a mean precision close
to 1.35% for N (Z) =2 or 3, and a much better precision for N (Z) £see Table 5). The next,
therefore unknown masses, are therefore tentatively qieatli

Fig. 20 uses the variation of atomic masses for constant mamsber and increasing number
of protons (Z). Fig. 20(a) shows the log-log distributiontbfee nuclei masses for increasing Z
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Figure 19: Application to light nuclei Z (N) = 1, 2, and 3. Left side shoaenstant "Z" distributions for Z
= 1 by full triangles (green on line), Z = 2 by full circles (red line), and for Z = 3 by full squares (blue on
line). The right side shows the comparable distributiomstmstant "N" nuclei. See Table 5.

values. Full red circles show data for A=40. Full blue sqaaskow results for A = 42, the log
values of these data are shifted by -0.048 in order to entéreisame figure. Full green triangles
show results for A = 38; the log values of these last data afeedhby +0.0505 in order to enter in
the same figure.

Fig. 20(b) shows then,;1/m, mass ratios versus the rank, for nuclei close to A = 40. Fdll re
circles show data for A = 40 and increasing Z values; full llgeares show results for A = 42; full
green triangles show results for A = 38. The experimentab ratlues of these last data, and the
calculated curve, are renormalized by 0.9998; otherwisg tannot be distinguished from A = 42
nuclei data. The fit gives rise to clearly observed nice aimhs, which describe the data in the
whole experimental range. All three curves are obtainetgusguation (2.4) and same parameters,
except the phas#. The A = 40 distribution is out of phase comparatively to the 88 and A =
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last exprim. mass next mass

Fig. Marker exper. calcul rel gap. predicted
1 Z=1 6568.98 6568.63 5.310 °©&H 7507.4
2 9362.6 9244.4 1.3% 'He 10179
3 11226.3 11095.2  1.2% 13Li12034
3 N=1 5629.9 5631.4 2618 'C6567.5
2 7483.8 7385.4 1.3% °N8312.3
3 9350.0 9204.4 1.6% 11010136

Table 5: Experimentally observed masses and extrapolated nexesasth Z = 1, 2, and 3 nuclei, then N
=1, 2, and 3 nuclei corresponding to figure 19. Each line ickaled by the next predicted, but (still) not
observed mass. All masses are in MeV.
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Figure 20: Application to A = 38, 40, 42, 99, and 100 nuclei (see text aiude 6).

42 nuclei since the first A = 40 nucleusi®¥y, therefore with odd Z and N, when the first A = 38
and A = 42 nuclei, aré*Sig and®S;,, both having even Z and N. This observation shows the not
usefulness to discuss the values of the ph&gedf equation (2.4). These oscillations reproduce
the pairing effect.

Figs. 20(c) and 20(d) show the corresponding distributionsA = 99 and 100. Here Z in-
creases, for both distributions, from 36 (rank 1) up to 50Kra5). We see that the many masses
in the log-log plot of A = 100 nuclei (full red circles) and ind log-log plot of A =99 nuclei (full
blue squares), can be described by straight lines. The A ss@®bdition is shifted by 0.00978 for
clarity. For the A = 100 distribution, the atomic masses viaoyn 38Sr up t0*8Cd. These data
should therefore follow the fractal properties.

Figs. 20(d) shows thew,,1/m, mass ratio of A = 100 nuclei (full red circles) versus the rank
R and them,.1/m, mass ratio of A =99 nuclei (full blue squares). They both bittmany oscilla-
tions, describing the pairing effect. These oscillatiores\eery well fitted by the equation (2.4) up
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to rank 15 (last rank). The oscillations are larger in caseveh nuclei (A = 100) than in the case
of odd nuclei (A = 99). Indeed for even A, the successive nuwee "N" and "Z" alternatively
both even and both odd, which is not the case for odd nucle¢ r&tio between both;dactors,
which describe the oscillation amplitude, is equal to 2.6.

The linearity at the end of the distributions shown in figuB{ad, allows us to tentatively
extrapolate the masses and predict the masses of still enaasnuclei. Table 6 gives the last
experimental observed masses of the A = 38, 40, and 42 nwdeipared to the extrapolated
masses. The extrapolated masses use the linearity of tieysenasses in the log-log distribution.
The relative errors between both lie between T#@nd 2 10%. The last column shows the
predicted mass of the next, still unobserved nuclei.

last exprim. mass next mass

Marker  exper. calcul rel gap. predicted
A=38/. 35394.0 35397.6 1.016 38V 35405
40() 37257.9 37249.7 2116 4°%Cr37268
4200 39115.8 39108.7 1.8106 “Mg39128

Table 6: Experimental last observed masses (in MeV)¥5t%4?A nuclei corresponding to figure 20, fol-
lowed by the next predicted (extrapolated), but still ncgertved masses.
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Figure 21: Log of some nuclei masses arouffiCa versus the log of the rank "R". The fig. shows the
distribution of calcium isotopes (full red circles), thesglibution of sulfur isotopes (full blue squares), and
the distribution of N = 20 isotones (full green trianglediglstly shifted (see text).

Figure 21 shows several log-log distributions for consganticlei around®Ca. The distribu-
tion of calcium isotopes is shown by full red circles, thetritiwition of sulfur isotopes by full blue
squares, and the distribution of N = 20 isotones by full grigamgles. These last data are shifted
by +0.05 in order to clarify the fig.

There is no clear straight line segments here before ranthig2fig. shows therefore that the
linearized fractal model (LFM) considered up to now, is netey's observed. The data in fig. 21
are fitted by second order polynomials showing that they dbegyarabolic fractal model (PFM)
[28]. The three parameters are now, successively for qal¢red data), sulfur (blue data). and N
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Figure 22: The four inserts (a), (b), (c), and (d) show respectivelyltigelog distribution of A = 21 nuclei
versus increasing Z, the,1/m, corresponding distribution, the log-log of the A = 158 nu¢fell circles
red) and the log-log distribution of the A = 192 nuclei (fullaes blue) and the A =251 nuclei (full triangles
green), and finally the corresponding successive massratio

= 20 isotones (green data) the following. Order zero: 1018605, and 10.1. Order 1: 0.04, 0.05,
and 0.05. order two: 0.0011, 0.001, 0.001.

Fig. 22 shows in the four inserts (a), (b), (c), and (d), retpely the log-log distribution of
A = 21 nuclei versus increasing Z, thg_1/my, corresponding distribution, the log-log of the A =
158 nuclei (full circles red) and the log-log distributiofitbe A = 192 nuclei (full circles blue) and
the A = 251 nuclei (full triangles green), and finally the esponding successive mass ratios. The
data exhibit oscillations which reduce for increasing massre again, the experimental data are
well fitted by equation (2.4). This pairing effect decreazgain for increasing mass nuclei.

Fig. 23 shows the log-log (insert (a) and thg, 1 /m, distribution (insert (b)) of A =273 nuclei
versus increasing "Z" from Z = 106 (rank 1) up to Z = 111 (rank 6)

5.1 Study of the parameter’s values

We start with the dicussion on the fractal dimension valueg slopes of the straight line
segments in the log-log distributions. As seen before, tiraber of such segments varies from
one up to four, mainly equal or larger than two. Fig. 24 shdvesdlopes of the two first straight
line segments versus the log of the atomic number. Red figlles correspond to the first straight
line slopes, blue full squares correspond to the secondystrbine slopes. Since these slopes
decrease fast, and are quickly negative, they are showreifigh24, either through log(d), or
through the log(-d). In spite of a dispersion, we observechallregular decreasing variation for
increasing masses.

The fits performed on many successive mass ratio nucleirrdigie many different values of
the three main parameters. It is important to verify theitoaious non random variation.
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Figure 23: Log-log (insert (a)) andn,1/my, distributions (insert (b)) of A = 273 nuclei versus incregsi
proton number "Z" from Z = 106 (rank 1) up to Z = 111 (rank 6).
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Figure 24: Slopes of the two first straight line segments versus the fidtlggoatomic number (see text).

This is done in fig. 25 which shows the variation of the paramsefitting the variousn, ;1,/my
nuclei mass ratios. Inserts (a), (b), (c), and (d) show sy the variation of In (R&x)), Im(a),
In (a1), andA. The last one (d) is simply the reflection of the second (Iojgesh = exp1/Q). In
the case of A =251, the small number (5) of ratios, involvesa f[grecise fit. The poor precision on
Q is also a consequence of a small oscillation amplitude siie@n odd (and large) mass number.
All four inserts show continuous parameter variations.

5.2 Application to some lines or columns of the Mendeleev paxdic table of elements

Fig. 26 shows the log log distribution of masses from somerok of the elements of the
Mendeleev periodic table of elements. Only one straigh linobserved to describe the first and
last columns masses, when the other column distributioos $vo straight line segments. The
left scale corresponds to the carbon (C), (He), and (H) cokjmhen the right scale corresponds
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Figure 25: Parameters which fit the,, 1/m, nuclei mass ratios (see text).
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Figure 26: Log-log distributions of several columns of the Mendeleevigdic table of elements.

to the (B) and (Be) columns.

Fig. 27 shows the log-log distributions ang, 1/m, distributions of the lanthanide serie (full
red circles) and the actinide serie (full blue squares) i} corresponding scale at the right part
of the fig. 27. The log-log data for the first five ranks diffeaetty by a translation which amount
equals to 0.5. Then,,1/my distributions are fitted by the same two sets of parametdrs.sécond
set of parameters, drawn in red with R¢E 0, differs from the first one (drawn in blue), by the
only one different parameter, namely R¢E -0.2.
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Figure 27: Log-log distributions of the Lanthanides and Actinidesrof the Periodic table of elements
(see text).
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Figure 28: Log-log distributions of some mass series following [EC)30r disintegrations.

5.3 Application to mass series following3* or 8~ disintegrations.

Fig. 28 shows the log-log distributions of the mass seritieviing [EC] (electron capture) or
BT disintegrations. The six inserts corresponds each to damnmmass number "A": 260 A <209,
and decreasing proton number "Z". For example, in insertréak 1 corresponds f8Fr and rank
6 corresponds t8?Pb. They all consists of at least 4 aligned data.

Fig. 29 shows some log-log distributions of the half-lifgisg following [EC] or 3 disin-

23



Use of fractals to study particles, hadrons and nuclei masse Boris Tatischeff

<<
% 12.1692

= r = 12.1398
512.15955 S R
N e 112.13977 |-
12.1595 — < B
= c 51213975 —
D = = C
212.15945 [ £
< E A = 205 S1213972 = A _ 204
T 121504 Flo it b £ 120307 Fle Lo b T
R : In(RY : in(RY
~m E /.;\
& 12.1497 = S12.16925
" E
<12.14967 | !

>
§12. 14965 3

=12.14962

=
2/12. 16915

=

—_— 12-1496 ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L “ L L L L ‘ L L L L ‘ L L L L ‘ L L L
o} 0.5 1jn(RS-5 o} 0.5 Lin(R}-S

—_ = /C—; e

1217886 ¢ & 12.1348 =

112.17884 [ t2134a77 ©

<C C — -

=12.17882 212.13475 =

L C 5 c

= 12.1788 =12.13472 -~ A = 200 e

= - = E

~=12.17878 C Lo TR R R I R 512_1347 el b e b

= o 0.5 1 5 o 0.5 1 35

In(R In(R

Figure 29: Log-log distributions of half-life series following [ECJrg8" disintegrations.

tegrations. The six inserts corresponds to208 <209, the same nuclei than those shown in
previous fig. 27. We observe the same tendancy as beforeughiperhaps less pronounced.

Fig. 30 shows some log-log distributions of the half-lifeise following 3~ disintegrations.
The six inserts corresponds to A = 90, 93, 95, 135, 139, and A2 Here the alignement is not
as good, as it was observed previously.

5.4 An example of log-periodic law: Half lifes of Xe and W isobpes

Fig. 31 shows the half-life variations of the Xe and W iso®p@ad illustrates a log-periodic
system, here applied to times. Half-lifes increase from asmaimber A to A+1, b3+ emission
up to a critical mass number A (stable nucleus) [12] [29]. This evolution is representgdull
red circles. Here there are several stable nuclei, (not shimthe figure), therefore several critical
mass numbers. After the "critical range”, the half lifesréase when th8~ emission allows to
go from A up to A+1 nuclei. Such evolution is characterizedaoyautosimilarity parameter "g"
defined by

9= (An—Ac)/(Any1—Ac). (5.1)

The poor definition of Ac, join to the systematic oscillation every successive datalves a very
imprecise value for "g" (from 1.15 up to 1.5).

6. Application to nuclei excited level masses

A number of data, larger than previously for yrast massést fox the excited level energies of
many nuclei. The excited level masses studied are intratiwith increasing masses, starting from
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the fundamental one. The energy levels for different nuelet taken from several F. Ajzenberg-
Selove and T. Lauristen papers.
6.1 Application to excited level energies for nuclei masses=11, 12, 13, and 14.

We observe in fig. 32(a), nice and parallel alignements cidggdistributions for the first 16
levels of*1C (full red circles), and of'B (full blue squares) [30]. Fig. 32(b) shows the correspond-
ing my, 1/m, mass ratio distributions dfC energy levels: (full red circles), aféB energy levels:
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Figure 32: Log-log plots and successive mass ratios of excited levesemofC in full red circles and
1B in full blue squares.

(full blue squares). The same set of parameters, allowsgusiuation (2.4), to well reproduce
these ratios for both nuclei at least up to rank 11.
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Figure 33: Log-log plots and successive mass ratios of excited levesamof°C.

Figure 33(a) shows the log-log plot of th&C excited energy level masses [30]. We observe
an alignement, with two slight shifts at the beginning (Io0R"), and in the vicinicy of the 17
level (mass = 17.76 MeV). Figure 33(b) shows thg 1/m, mass ratios between adjacent excited
energy*?C energy levels. Since the relative mass difference betadjatent levels is very small,
a few MeV, versus more than 11 GeV for the total mass, we pla he00*((m, . 1/mp)-1) instead
My 1/my. When the mass precision is not given in the tables, we arbjtrattribute 1 MeV for
these uncertainties. The large error bars starting at R 5 rhanifest these large error arbitrarily
introduced. The distribution fits all the fifteen first exditievel masses, although thed23d and
4 calculated maximas have no experimental counterpart. @te of rank 6.5 is far from the

26



Use of fractals to study particles, hadrons and nuclei masse Boris Tatischeff

maximum of the calculated distribution at the same rank.
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Figure 34: Log-log plot and successive mass ratio of energy level nsasgéA and'“C nuclei (see text).

Fig. 34(a) shows themw,;1/my, mass ratios of excited levels for A = 13 nuclei [30]. Full red
circles show the distribution fdC nuclei, full blue squares show the distribution 8N nuclei,
full green stars show the distribution f51B nuclei, and full purple triangles show the distribution
for 130 nuclei. The curve corresponds to a fit obtained using egué®.4). As before, we observe
an unique and rather good fit (same parameters) for all fourl® sauclei, up to R = 16, which
spoils for larger R values. Fig. 34(b) shows timg, ;/m, mass ratios of“C levels [31]. We
observe here a case where the equation (2.4), with an unéqoé garameters, does not allow to fit
the experimental data. Two solutions are drawn, both desevell the “peak” around rank 8. The
first solution (black on line), catches also the first largmpdout not only forget the data after rank
11, but also does not describe the data for rank 2 and 3. Tledeolution (blue on line) forgets
completely the data points at ranks 2 and 3.

Several other excited excited level nuclei masses wereestudrough fractal presence [32].
These nuclei aret®0 [33], 22Na, “°Ti, ®2Ni, °2Zr, and'®*Ba. The corresponding results are omitted
here. They can be summarized by the two already often olis@neperties: the log-log distribu-
tions exhibit a few straight line segments, and the fit focegsive mass ratio distributions describe
the data up to rank 6 to 8 with an unique set of parameters.

6.2 Excitation level masses of some heavy nuclei.

Fig. 35 shows the log-log plots of six heavy nuclei exciteeblanasses®2Te;os, >*Xe12q,
7605188, **Plb3s, “W1gs, and®?Phygg [34]. Since the excitation energies are too small, compared
to the masses, the log of the excitation energies are plattdchot the log of the total masses. It
follows that the yrast masses are not present.

The spin values are reported on the figure, allowing to oleseevy nice alignements for the
rotationnal spectra (inserts (b), (d), and (e)).
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Figure 35: Log-log plots of excited level masses (in MeV) of some heawglei (see text).

6.3 Discussion on the parameter values extracted from fits omuclei.

The parameter values (named a) extracted from excited statei masses (up #Ni), are
different from those (named b) extracted from yrast masgtians. The critical exponent "s" is
close to 5 (case (a)), but is very small and negatif{10~2) in case (b). The amplitude of the
log-periodic correction to continuous scaling paramegg! IS also much larger in case (a) close
to 0.9, but very small€ 10-3) in case (b).

The main parameter of these (DSI)isdirectly related to Img). Fig. 36 shows th@ values
extracted from nuclei mass variations (yrast masses) digwourple triangles, and nuclei energy
level mass variations drawn with sky blue stars.

Several marks are not apparent, since they have the sanmesyvale observe two well sepa-
ratedA solutions, of mean values (horizontal lines) 1.061 andd..R&fering to equation (2.4), we
observe that we have the same distribution\,i{n = 2) =A2 (n = 1). This is exactly the relation
between both experimentally extracted value3 ofSuch property was reported in [13], namely
that "DSI obeys scale invariance for specific choice4 oivhich form an infinite set of values that
can be written a3, = A". However, here, the previous relation does not apply toessice sets
of parameters needed to describe the various parts of a Di&distribution, but the two different
values are found when different distributions are consider

6.4 Overlapping fractals

Two examples of overlapping fractals are presented. Thedirs concerns the radioactive
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Figure 37: Log-log distributions of the four radioactive family pedi® Full red circles correspond to
disintegrations; full blue squares correspongBtodisintegrations.

families, the second is observed in the figure showing an plaof separation energies.

Fig. 37 shows the log-log distribution of the period (in nties) of the four radioactive families.
Insert (a), (b), (c), and (d) show respectively the reswltstie?32Th family (4n), the?>’'Np family
(4n + 1), the?38U family (4n + 2), and theé3°Pu family (4n + 3). The full red circles show the log
of the period (in minutes) corresponding to tnalisintegrations; the full blue squares correspond
to the 3~ disintegrations. We observe overlapping fractals, wittvéner often poor alignements,
mainly those which correspond & disintegrations.

Fig. 38 shows the log-log distributions of the one nucleod o nucleon separation energies
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from the mass number A = 146 nuclei. Insert (a) shows thedggdistributions of the separation
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Figure 38: Log-log distributions of the separation energies from tlessmumber A = 146 nuclei (see text).

energies [27] of one neutron (full red triangles, encirdbgdblack squares) and two neutrons (full
red stars, encircled by black squares). Insert (b) showghitvimass number A = 146, the log-
log distributions of the separation energies [27] of the preton (full blue stars, encircled by

black circles) and two protons (full blue circled encircledblack circles). When the two nucleon

separation energies display a "DIS" (four straight linenseqts), this is not the case for the one
nucleon separation energies. These last distributionibiexhstair case distribution induced by
pairing effect. The one nucleon separation energies foevee N and Z nuclei are larger than the
one nucleon separation energies for the odd N and Z nucley, Both, exhibit overlapping fractal

property, namely alignement in the log-log distributiodizated by dashed lines.

7. General discussion on the parameter values

Figure 39 shows the In() versus Ref) plot. Here we not only use thee values obtained from
the fits performed above through the study of the hadrondtr@coperties, but also the parameters
extracted from the nuclei masses and nuclei energy levatsalr properties. We use also thre
values [15] from the study of the quark mass ratios. A greatlmer of marks are not apparent,
since they have the same values.

Full red circles show the values which fit the elementary particle quark and leptoa;daeir
values differ strongly from the others.

Full green up side triangles show the same for meson dataptihesponding Re&() is stable,
close to zero, when the imaginary part varies from 37 up to 63.
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Figure 39: Plot of Im(a) versus Ref). Full red circles show the values which fit the elementary particle
quark and lepton mass distributions; full up side greemgiies show the same for meson data; full blue
squares show the same for baryon data; full down side puiplegles show the same for nuclei yrast mass
variation data; and full blue sky stars show the same forei@clergy level mass data.

Full blue squares show the same for baryon data; the realbpartis stable close to zero,
when the imaginary part moves from 44 up to 101.

Full purple down side triangles show the same for nuclei magation data; here Ref ~0
is again stable and the imaginary part varies a little ard@trmdin(A;) = 104.

Full blue sky stars show the same for nuclei energy level mass. Many marks are not
apparent, since they have the same vatue:-4.9 + 89*i. The other six marks scatter, but three of
them have again a real part close to zero, and the real parsoodttthem, equals to -5.7 not very
far from -4.9.

The marks are not distributed randomly; this is emphasizeddshed lines. There are two
distinct Im (o) values for excited nuclei energy level masses. At the saahges we observe
Im (a) for mesons, quarks, leptons, and data from nuclei masati@aridata. All data, except
quark, lepton, and data from nuclei energy level massesRayg) ~ 0.

In summary, the analysis of fractal properties of elemgmparticles masses, hadronic masses,
nuclei masses and nuclei energy levels, is performed withtreer small number of parameters,
much smaller than the very large number of data analysed here

8. Conclusion

Several conclusions can be drawn out, namely:
- We have observed that the fractal properties with dis@eade invariance are observed in funda-
mental particle masses, as well as in hadronic and nuclesesas
- The scale invariance is discrete since dm(s usually more than 18 times larger than &p(
- We have observed and fitted, using equation (2.4), thelaoils of the successive mass ratio
distributions up to rank= 10 for all mesons and baryon species. The various parametiusled
in the fits of the mass ratio distributions, depend little lom $tudied species.
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- This new symmetry allows to make several mass predictibmdeed the fractal properties were
used to predict some still unknown hadronic and nuclear esashey were also tentatively used
to help to determine some unknown particle spins and unknowatei excited level spins [35],
although sometimes without firm results.

- We have observed a common framework between meson andhbaigsses.

- We have observed a novel property between baryonic massesatios between various families
is constant. In other words we observe, between differeryolnéc families, a constant ratio versus
the rank, except for the first (sometimes the two first) rank(s

- This last property is not observed for meson families, deddifference between the baryon and
meson behaviours remains to be understood.

- The agreement with fractal properties, is not so good feisgiectra of nuclei energy levels. How-
ever the comparison between the excited level masses daligibhic species, display noteworthy
properties allowing again a tentative prediction of seMen@bserved masses.

These observations can be generalized to different olddessar hus fig. 40 shows the log-log
distribution of leptons, quarks, and bosons introducedhéincreasing masses. Here all funda-
mental particle masses are introduced, except the neutrasses. Indeed the neutrino masses are
very low and unknown. The likelihood of their introductiomside an extension of fig. 40 with an
unique alignement is unprobable, unless several steriié&rines would be found. However the
three neutrinos can built a new straight line segment, wbichd be extended to some sterile neu-
trinos. It was noticed by Dolgov [36] that warm sterile n@uts with a mass in the kev range are
the most popular candidate for the sake of dark matter jestic

The alignement in fig. 40 is noteworthy, except for the steaggark which mass may be too
large. The same need for much smaller strange quark masswakialready suggested [6]. Fig. 40
shows that there is a common property between the masselsfofidhamental particles: quarks,
leptons and gauge boson masses.

The same property was already found [14] when several oakatietween elementary particle
masses were given, using only known physical constantoutittiny arbitrary number. The quark-
lepton similarity was also noticed [9].
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Figure 41: Log-log distribution of the four coupling constants: gtational~ 5.9 10°3%, weak oy =
54+410, electromagnetia = 1/137.036, and strongs = 1+ 0.6.

The fractal property allows eventually to add new massesd®t the "b" quark mass and
the "W" boson mass. Indeed such introduction would redueeslkibpe between both particles in
fig. 40. In that case the first new masses should be close to M e\@dBd 19 GeV. The same
alignement between the "W" and "t" masses allows to prede&next mass could be close toiv
210 GeV.

Fig. 41 shows the log-log distribution of the four known cliog constants. Whereas the
strong @s = 1+0.6), the electromagnetiar(= 1/137.036), and the weaknf = 5 + 4 10°%7)
coupling constants are aligned, this is not true for the itawnal (@g = 5.9 1039 coupling
constant which is very low. Here also, there is room for tévely new interactions between the
gravitational and the weak interactions, giving rise to & ggraight line segment or the extension
of the one defined by the three largest couplings. In that ¢hsanew couplings should be close to
1102 110, and 1 101%. However we have seen that an unique straight line is no rilaiy |
that straight line segments.

Other definitions for the gravitationnal coupling constexist. If ag = 1.752 10%%, then the
three new coupling constants could tentatively be: g1=59,®2=1 10%°, and g3=5 10%3.

An upper limit on the strength of an axial coupling constamtd new light spin one boson
was reported recently [37].

It is worth saying that the tentatively suggested new pagior couplings are not a claim, but
only interesting remarks.

Fig. 42 shows the log-log distribution of the smallest magfull time (Planck time = 5.4
10~%* s) and distance (Planck length = 1.62-39cm) and the largest meaningfull same values
(universe age = 4.33 18’ s, and distance = Cosmological skyline distance = 4.2636m).
These values are arbitrarily put at ranks 1 and 3. Then,érfsattals, our living world takes place
in rank 2, exactly between both limits, namely att = 0.1 mslan800 m.
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