
Submit Manuscript | http://medcraveonline.com

Introduction
A few papers have pointed out recently a new property of hadronic 

masses, and masses of nuclei excited state levels.1,2 This property was 
called oscillation symmetry. The hadron family masses and the masses 
of the excited state nuclei levels showed nice oscillations, provided 
they were selected for given spins. In classical physics, it is known 
that two opposite forces create an oscillatory system. The previous 
observation shows that the same is observed in quantum physics 
because such situation arises in systems built with sub–systems like 
nuclei or hadrons. The masses of hadrons or nuclei, solution of the 
Schrödinger equation, containing two opposite interactions, obey to 
this classical physical law.

Indeed in these cases, an attractive force holds the sub–systems 
together, and a repulsive force prevents the sub–systems from self–
destruction like plasmas. When referring to masses, I classified them 
in increasing order, and then investigated the function:

 ( 1) ( 1)= [( ) / 2]+ +− +n n n nm m f m m                   (1)

where ( 1)+nm corresponds to the ( 1)+n mass value. The difference 
of two successive masses is plotted versus the mean value of these 
two masses.

Another observation was performed concerning the widths of 
these hadronic3 and nuclei levels. The widths, plotted versus the 
corresponding masses, show also oscillatory behaviours although 
they do not result from the solution of a simple Schrödinger equation, 
suggesting that this oscillation symmetry may be widely observed in 
nature.

All the data analyzed below are fitted using a cosine function 

 0 1 0 1= (( ) / )α α∆ + −m cos m M M                   (2)

where 0 1/M M is defined within 2π . The oscillation periods are
12P Mπ= . Both 0α and 1α are first adjusted in the whole interval, for 

each figure. The quantitative prediction of the oscillation amplitudes 
needs theoretical studies, which are outside the scope of the present 

paper. These amplitudes are not discussed. Whereas smaller periods 
might fit the data, the following figures correspond to the largest 
possible values of the periods. All 0α , 1α and P values are reported in 
Table 3. 0M depends on the origin of the fit, modulo an integer number 
of periods. In order to illustrate this property, Figure 1 reproduces few 
examples of the oscillations observed in hadrons4 and nuclei. 

 Figure 1 shows the mass differences versus the corresponding 
mean masses for f2 mesons4 in insert (a) and 16 N (J=1) levels5 in 
insert (b), with respective measured periods P=415 MeV and P=1.82 
MeV. The corresponding total widths of f2 mesons (P=358 MeV) and 
of 16 N (J=1) excited levels (P=3.02 MeV) are shown in inserts (c) and 
(d). The oscillatory behaviours are obvious. For example in Figure 
1A, the fit for a straight line plotted with all the data, gives rise to a 
normalized 2χ (lin) = 11.0, when the normalized 2χ (fit) obtained by 
using the plotted curve equals 1.07. Many similar studies have been 
performed.2,3

Figure 1 Color on line. the four inserts show the mass differences versus the 
corresponding mean masses for f2 mesons in insert (A) and 

16 N (J=1) levels 
in insert (B), and the corresponding total widths of f2 mesons in insert (C) and 

widths of the 
16 N (J=1) excited levels in insert (D).
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Abstract

Several astronomical data are shown to fulfill an oscillatory symmetry. This is the 
case for very large distance objects as galaxies, but also for objects at relatively 
small astronomical distance as the solar planet moons and rings. Their masses exhibit 
oscillatory figures, leading us to tentatively assume to use this oscillatory symmetry 
to predict still unknown property, namely the mass of the TRAPPIST–1 seventh 
terrestrial planet. 
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Insight into the astronomical world
The oscillation symmetry was first observed as being an intrinsic 

property of a body (pendulum or spring ...), submitted to opposite 
forces, kinetic and potential. Since the nuclear masses are also 
submitted to opposite kinetic and potential interactions through 
the Schrödinger equation, it was tempting to investigate possible 
oscillations inside hadronic and nuclear masses. The corresponding 
studies showed that this was indeed the case. Such observation 
corresponds to an extension from one body property to “several body 
properties”, as if they belong to one common entity.

Both one body and “many body” oscillations are the consequence 
of opposite acting forces. It is therefore well–founded to question about 
a possible similar observation in the astronomical field. Indeed, here 
again, all bodies are subjected to interactions acting in opposite ways, 
being respectively attractive (gravitation) and repulsive (centrifugal 
forces related to the kinetic energy). Otherwise they would either 
merge or keep apart for ever.

The applicability of the used method in astronomical researches 
is based on the following: the previously observed oscillations were 
evidenced when opposite forces did exist. Indeed, the forces in 
quantum physics (hadrons and nuclei) are totally different from the 
forces inducing the pendulum motion. This shows that the oscillations 
are not connected to the nature of the intrinsic forces. In fact, the 
oscillations originate from the existence of potential and kinetic 
interactions. Although astronomical forces are quite different from 
the previous considered forces, the astronomical bodies are also 
submitted to opposite forces (repulsive: centrifugal forces related 
to the kinetic energy, and attractive: gravitation) within which they 
reach an equilibrium. It is a reason to investigate, by using published 
data in the field, whether astronomical bodies might depict a similar 
oscillatory behaviour. I first focused on the moons and on the ring 
widths of solar planets.

Figure 2 shows, in log scale, the diameters of two solar planet 
moons (in km),6 Saturn in insert (a) ( 379.2 * 10P km= ), and Uranus 
in insert (b) ( 321.4 * 10P km= ), plotted versus their distances 
from their respective Solar planets (in 310  km units). Only the data 
corresponding to distances smaller than 600,000 km from Saturn are 
kept in the Figure 2A. In the same way, only data correponding to 
distances lower than 200,000 km from Uranus, are kept in Figure 2B. 
The diameter period is larger for Saturn planet moon oscillations, 
compared to Uranus planet moon oscillations.

Figure 2 Color on line. saturn moon diameters in insert (A) and uranus 
moon diameters in insert (B) plotted versus their respective distances from 
the planet.

Figure 3 shows the ring widths (in km) of the Solar planets Saturn 
(a), Uranus (b), and Neptune (c) plotted versus each Solar planet 
mean radius (in 310  km). The fitted period P of each Solar planet ring 
oscillations, divided by the already known Solar planet mean radius 
“r”, is more or less constant (Table 1).

Table 1 Quantitative informations concerning the oscillationnary behaviour 
of the ring widths of the Solar planets

 Solar planet Insert P (103km) Radius "r" (103km) P/r

Saturn (a) 13.95 58.232 0.24

Uranus (b) 6.14 25.362 0.24

Neptune (c) 5.4 24.624 0.22

The log scale in y axis of Figure 2 & 3, is appropriate for fitting 
with the used function.

Figure 3 Color on line. saturn, uranus, and neptune ring widths plotted versus 
the corresponding planet ring radii.

Planets around TRAPPIST–1 star
The data plotted above (Figure 2 & 3), show that the oscillation 

symmetry is still observed in different astronomical data. This allows 
us to use this property to tentatively predict some missing information. 
Therefore, I have chosen to question the unknown mass of the seventh 
terrestrial planet recently evidenced around the TRAPPIST–1 star. 
Seven temperate terrestrial planets have been observed around the star 
TRAPPIST–1.7–9 Different properties are given for all of them, except 
the mass (and therefore the density) for the seventh planet called “h”.7–

9 The oscillatory symmetry method is applied to tentatively predict the 
missing mass of the seventh planet. . The large mass inaccuracy of 
the six known TRAPPIST–1 terrestrial planet masses, involves poor 
precision for the fits. First, in order to increase the proof of the general 
oscillatory property, I start to show in Figure 4 several more precise 
properties of these planets, plotted versus other precise properties of 
the same planets.
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Figure 4 shows the following TRAPPIST–1 planet properties in 
the following four inserts: the equilibrium temperature in (K) versus 
the transit depth 0

2( )/pR R (%) in insert (a) (P=0.164 units), the 
orbital periods (in days) versus the irradiation pS in ( EarthS ) in insert 
(b) (P=0.861 units), the radius pR  in ( EarthR  units) versus the semi–
major axis (in 310− AU units) in insert (c) (P=33.0 units), and finally 
the planet masses in ( EarthM units) versus the planet orbital periods in 
(days) in insert (d) (P=4.78 days). The squares in Figure 4D shows the 
possible seventh’s planet mass, which value will be determined later 
as being the mean value of the masses suggested through extraction 
from other variables (see below).

Figure 4 Color on line. the figure shows in inserts (A), (B), and (C) respectively, 
the galaxy brightenesses, the galaxy masses, and the diameters of the milky 
way satellite galaxies versus their distances from earth. Arrows and dashed 
lines (in inserts (A) and (B)) show the assumed possible positions of two yet 
unobserved galaxies.

Figure 5 shows in the four inserts the plots of the TRAPPIST–1 
planet masses (in Earth mass units): (a) versus their radius (in Earth 
radius units) (P=0.251 units), (b) versus the transit impact parameter 
(in Solar radius units) (P=0.251 units), (c) versus the equil.ibrium 
temperature (in Kelvin’s units) (P=144.5 units), and (d) versus the 
scale parameter (in 0/  a R units) (P=81.7 units). “a” is the semi–major 
axis and R the Solar radius. The blue vertical dashed lines show the 
range value of the seventh’s planet data determined by the uncertainty 
on the known data plotted in the abscissa. The blue stars surrounded 
by squares show our prediction on the possible seventh planet mass 
and its uncertainties. Figure 2A of7–9 and the radius of the seventh 
planet, imply that the mass of this planet has to be lower than 0.75 
times the earth mass, otherwise the composition of the seventh planet 
will exceed 100% iron. That helps to drive the fits.

Figure 6 shows the plots of the TRAPPIST–1 terrestrial planet 
masses (in Earth mass units) (a) versus the irradiation pS (in EARTHS ) 
(P=2.26 units); (b), versus the transit duration time W (in min) (P=30.2 
min), (c) versus the semi–major axis, “a” (in 310− AU) (P= 25.8 units), 
and (d) versus the transit depth 0

2( )/pR R (%) (P=0.295 units). As in 
Figure 5, the fits are obtained by using the data from the six planets 

with known masses. The blue vertical dashed lines show again the 
range value of the seventh planet, and the blue stars surrounded by 
squares the possible seventh planet mass. The unknown mass is badly 
determined from the data of Figure 6C.

Figure 5 Color on line. the data correspond to TRAPPIST–1 terrestrial 
planets. Inserts (A–D) show the equilibrium temperatures versus the transit 
depths (A), the orbital periods versus the irradiations (B), the radii versus 
the semi–major axis “a” (C), and the planet masses versus the planet orbital 
periods (D). The square shows the possible mass of the seventh planet (see 
text).

Figure 6 Color on line. the data correspond to TRAPPIST–1 terrestrial planet 
properties. Inserts (A–D) show the data of the six planet masses versus: their 
radii (A), their transit impact parameters (B), their equilibrium temperatures 
(C), and their scale parameters (D). The square shows the possible seventh 
planet mass (see text).
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The characteristics of the fits in Figure 5 & Figure 6 are shown in 
Table 2. The fits are significant when the blue data is located close to a 
known data (a red data), as in Figure 5A, Figure 6A & Figure 6D. The 
oscillatory periods are also shown in the Table 2.

Table 2 Quantitative informations concerning the oscillationnary behaviour 
of the TRAPPIST–1 terrestrial planets using the fits analyzed previously

Figure  Period
M(7) ( EarthΜ )

5(a)
0.25 EarthR

0.45±0.2

5(b) 0.25 tr. im. par 0.55±0.15

5(c) 144.5K 0.75±0.45

5(d) 81.7 (a/R0) 0.90±0.5

6(a)
2.26 EarthS

1.25±0.1

6(b) 30.2 min. 0.85±0.25

6(c) 25.8 10–3 AU 0.65±0.25

6(d)
0.295 0

2( )/pR R %
0.525±0.22

Figure 7 shows in insert (a) the various masses of the seventh 
planet, extracted from Figures 5 & Figure 6. The mass error bars are 
obtained using the fits and the mass error bars of the fitted data (radius, 
transit impact parameter, ....), that is to say from the intersection of the 
dashed blue vertical lines with the graphs. The obtained mass mean 
value of the TRAPPIST–1 seventh planet is ( )7  0.72 0.07M ≈ ± (in 
Earth mass units). Its precision does not take into account systematic 
effects due to the choice of the fit function. Therefore the unprecision 
of this prediction may be larger, and is increased up to 0.1. The planet 
density ρ , corresponding to ( )7  0.7 0.1M ≈ ± (in

Earth mass units), is then 39.1 1.3g c / mρ ≈ ± .

Figure 7 Color on line.inserts (A–D) show the data of the six known 
TRAPPIST–1 planet masses versus: their irradiations (A), their transit duration 
times (B), their semi–major axis (C), and their transit depths (D). The square 
corresponds to the seventh planet (see text).

After classifying the mass of the seven planets in increasing order, 
Figure 7B shows, according to Equation (1), the successive mass 
difference (in EarthM units) plotted versus the corresponding mean 
mass value. The period here is (P=0.71 M). Two data points, drawn by 
blue stars surrounded by squares, show the new data obtained when 
the seventh planet mass is introduced. Figure 7C shows the densities 
in ( ρEarth ) units versus the planet orbital periods in ( daysP ) units 
(P=22 days).

Figure 7D shows the planet densities 0.72 0.07≈ ±  (in Earth mass 
units) in ( ρEarth ) units versus the planet masses in ( EarthM ) units 
(P=0.204 units). The new data, by taking into account the seventh 
planet, agree very well with the fits of the three inserts (b), (c), and (d).

Table 3 Quantitative informations concerning all figure fits. The units of 0α
and 1α are the same. The decimals of bothα are shortened.

Figure 
0α 1α Period

1(a) 110MeV 70 414.7MeV

1(b) 0.65MeV 0.65 1.82MeV

1(c) 130MeV 80 320.4MeV

1(d) 150.01MeV 150 3.02keV

2(a) 500.01km 500 79.2 (103)km

2(b) 110.01km 110 21.4 (103)km

3(a) 5000.01km 5000 13.95 (103)km

3(b) 1500.1km 1500 6.14 (103)km

3(c) 3.77km 3.77 5.40 (103)km

4(a) 285K 115
0.164 0

2( )/pR R (%)

4(b) 8.0 days 8.0
0.861 pS

4(c)
0.95 EarthR

0.2 33.0 (10−3 AU)

4(d)
0.9 EarthM

0.5 4.78 day

5(a)
0.85 EarthM

0.65
0.251 EarthR

5(b)
0.9 EarthM

0.5 0.251 b (R0)

5(c)
0.8 EarthM

0.5 144.5 K

5(d)
0.9 EarthM

0.5 81.7 (a/R0)

6(a)
0.8 EarthM

0.5
2.26 EarthS

6(b)
0.75 EarthM

0.65 30.2 W (min.)

6(c)
0.65 EarthM

0.25 25.8 a (10−3 AU)

6(d)
0.86 EarthM

0.56
0.295 0

2( )/pR R (%)

7(b)
0.301 EarthM

0.3 0.71 units

7(c)
1.0 ρEarth

0.4 22.0 days

7(d)
1.0 ρEarth

0.5
0.204 EarthM
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Conclusion
The paper shows that the discussed data follow oscillatory 

behaviours. The forces acting in our daily world on pendulums or 
springs are very different from forces involved in quantum physics on 
hadrons, or nuclei. In both cases, oscillations are observed. In each field, 
they are always induced by the existence, of opposite forces, having 
the same order of magnitude. The forces acting in the astronomic field 
are very different from the previous ones, but again, the presence of 
opposite interactions induces the observed oscillations. This is shown 
to be the case for Saturn and Uranus moon diameters plotted versus 
the moon distances from planets, and for Saturn, Uranus and Neptune 
ring widths plotted versus the corresponding planet ring radii.

The variation of several precise data (except masses) corresponding 
to the seven planets around Trappist–1 star, are studied in the first 
three inserts of Figure 4. They all show oscillatory behaviors.

Therefore, the oscillation symmetry applies well for astronomical 
bodies as well as for classical and quantum bodies, als–l terpla*l 
though these bodies are submitted to different forces. I have used that 
property to tentatively predict the mass of the seventh TRAPPIST–1 
terrestrial planet: ( )7  0.7 0.1M ≈ ± (in Earth mass units). A verification 
of the applicability of the used method would be the measurement of 
this mass, with its presumed order of magnitude. This method can 
be applied to a large number of physical problems, provided that the 
conditions of oscillation symmetry exist. Such studies can be fullfilled 
if several data exist per arch of oscillation, an essential condition for 
determining the oscillating periods.

Acknowledgement
None.

Conflict of interest
Author declares there is no conflict of interest.

References
1. Tatischeff B. Systematics of oscillatory behavior in hadronic masses and 

widths. USA: Cornell University Library. 2016. p. 1–5.

2. Tatischeff B. Variation of hadronic and nuclei mass level oscillation 
periods for different spins. Journal of Particle Physics. 2017;1(1):13–29.

3. Tatischeff B. Oscillation symmetry applied to nuclear level widths and 
masses. Journal of Particle Physics. 2018;2(2):5–22.

4. Olive KA. Review of Particle Physics. Chinese Physics C. 2014;38(9).

5. Tilley DR, Weller HR, Cheves CM. Energy Levels of Light Nuclei A=16. 
Nuclear Physics A. 1993;564(1):1–174.

6. https://www.windows2.universe.org/our solar system/moons table.html

7. https://fr.wikipedia.org/wiki/Groupe_local

8. https://en.wikipedia.org/wiki/Milky_Way

9. https://en.wikipedia.org/wiki/Satellite_galaxies_of_the_Milky–Way

https://doi.org/10.15406/paij.2018.02.00085
https://arxiv.org/pdf/1603.05505.pdf
https://arxiv.org/pdf/1603.05505.pdf
http://www.isaacpub.org/images/PaperPDF/JPP_100013_2017092516160165110.pdf
http://www.isaacpub.org/images/PaperPDF/JPP_100013_2017092516160165110.pdf
http://www.isaacpub.org/images/PaperPDF/JPP_100025_2018040811033556573.pdf
http://www.isaacpub.org/images/PaperPDF/JPP_100025_2018040811033556573.pdf
http://iopscience.iop.org/article/10.1088/1674-1137/38/9/090001/meta
http://www.tunl.duke.edu/nucldata/ourpubs/16_1993.pdf
http://www.tunl.duke.edu/nucldata/ourpubs/16_1993.pdf
https://www.windows2.universe.org/our%20solar%20system/moons%20table.html
https://fr.wikipedia.org/wiki/Groupe_local
https://en.wikipedia.org/wiki/Milky_Way
https://en.wikipedia.org/wiki/Satellite_galaxies_of_the_Milky-Way

	Title
	Abstract
	PACS numbers
	Keywords
	Introduction 
	Insight into the astronomical world 
	Planets around TRAPPIST-1 star 
	Conclusion
	Acknowledgement
	Conflict of interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4 
	Figure 5 
	Figure 6
	Figure 7
	Table 1
	Table 2
	Table 3

