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Abstract

In this research thesis, we have analyzed further Ramanujan formulas and described
new possible mathematical connections with some sectors of Particle Physics,
principally the like-Higgs boson dilaton mass solutions, the ng spectral index, the
Pion mesons mass, and Cosmology

! M.Nardelli have studied by Dipartimento di Scienze della Terra Universita degli Studi di Napoli Federico
II, Largo S. Marcellino, 10 - 80138 Napoli, Dipartimento di Matematica ed Applicazioni “R. Caccioppoli” -
Universita degli Studi di Napoli “Federico II”” — Polo delle Scienze e delle Tecnologie Monte S. Angelo, Via
Cintia (Fuorigrotta), 80126 Napoli, Italy



https://www.youtube.com/watch?v=ngbGlchgZ-Q

Dilaton

Fully general-relativistic MHD simulations of the accretion flow onto a Kerr black hole in general
relativity (left) and onto a dilaton black hole (right). This movie is part of the Nature paper (Mizuno
et al. 2018), that investigates the appearance of a Kerr and a Dilaton black hole as seen by the
Event Horizon Telescope. The paper concludes that given the current telescope array this difference
is not distinguishable.



https://www.freepressjournal.in/health/ramanujan-formula-explains-black-holes

https://www.mobipicker.com/first-picture-black-hole-finally-snapped-sagittarius-captured-glory/




Example of physical applications of the Ramanujan’s mathematics
a) From:

Anomalies in the Space of Coupling Constants and Their Dynamical
Applications I
Clay Cordova, Daniel S. Freed, Ho Tat Lam, and Nathan Seiberg

arXiv:1905.09315v3 [hep-th] 30 Oct 2019

We would now like to reinterpret the jump (3.13) in terms of an anomaly invelving the
fermion mass viewed now as a background field. Analogous to our examples In quantum
mechanies, we imtroduce a new partition funetion 7z [m, g|, which depends on an extension
of the mass m and metric g into a four-manifold ¥ with boundary X:

2|-3'H._g| Zlm, g| exp (—é [ plm '|fICTng) Zlm, g] exp (— [ plm)Tr(R A Rl) g
Jy . ;

2
192 Jy
(3.15)
where above p(m) satisfies the same criteria as in the anomaly in the fermion quantum
mechanics theory (3.7). (And as in the discussion there, in the free fermion theory it is
natural to take p(m) a Heaviside theta-function.) This partition function now retains the

In the precedent paper, from eq. (3.15), converting the value of the electron mass to
temperature (Kelvin), bearing in mind that the electron is a fermion, we have
obtained:

0.5109989500015 MeV/c*

COnVert
0.5109989500015 Mev/kg (megaelectronvolts per Boltzmann constant) to kelvins

5.92989657539 » 10° K (kelvins

and the formula:

Z = tr(e~FH)



From Wikipedia

Quantum mechanical discrete system

For a canonical ensemble that is quantum mechanical and discrete, the canonical partition function is defined as the trace of the

Boltzmann factor:

Z = tr(e“eﬁ ),
where

1

B is the thermodynamic beta, defined as T

-

H is the Hamiltonian operator.

The dimension of € ¥ is the number of energy eigenstates of the system.

L'operatore hamiltoniano H ¢ definito come la somma dell'energia cinetica T' e dell'energia potenziale V = V(r, t):

b i ww  PEP I
H_T+V_—2m + V(r,t) = 2mv + V(r,t)

For m = 9.109383701528¢-31 (electron mass in kg); p° = (8.5e-21)*; V=44 * 107",
we obtain:

exp-((((1/(1.38064852e-23 *5.92989657539¢+9)*((-(1.054571817e-34)"2)*(8.5e-
21)°2))/((2%9.109383701528e-31))+44e-19))))

Input interpretation:
1 = 5
[1.38064852 1023 .5 opogoRs 7530 - 107 BlEll 34]2 (A5 1 21]2]

2.9.109383701528 - 10731
44 m‘“"ﬂ

Result:

EXp -

0.999999999999999995600000000000000009679999999999999985803...
0.999999999999999999999....~1=H

For T =15.7 MeV =2.799¢-29 kg and V =44e-19: T+ V = 2.799 10 +44 107"

4.40000000002799 » 10718
4.4e-18=H



exp-((((1/(1.38064852¢-23 *5.92989657539¢+9)*(4.4¢-18)))))
Input interpretation:

1
xp[-[ - 44 10'13]]
1.38064852 - 107%% . 5.92989657539 - 10°

Result:
0.9999462584 ..

0.9999462584... =H=1

exp((((((i/(192P1))) (((((Tr ((((integrate[1/2*5.92989657539x 10°9T)))))))))))

Input interpretation:

i 1
mﬁﬂ“[5 5.92089657539 m*"‘Jx,;x”

EXp [—

Result:

(i Tr[1.48247414385x10% X [}/ 192)

Series expansion of the integral at x = 0:
F—':J' Trlo{192 ) _ 2.45774049990 % lDIS !I2 F—-:J' Tr[O {192 ) Trf[l:l]- + 1_4 F—':J' Tr|of192 m)
(-3.02024418265 x 10" Tr'(0)” - 1.82176837176 x 10" i Tr"(0)) + O(x")

(Taylor series)

exp(-i*(1.48247414385¢+9)/(192Pi))

Input interpretation:
1.48247414385 - 10°

192 7

EXp| i

Result:

-0.952193... +
0.305499_ i

Polar coordinates:

r = 1.00000 6 =162.212° ;

L]

(-0.952193+0.305499)1

Input interpretation:
(—0.952193 + 0.305499);

Result:
-0.646694 ;



Polar coordinates:

0.646694

7 =-90°

a

Note that inserting the Trace within the integral, we obtain the same result. Indeed:

exp((((((-1/(192P1))) ((((((((integrate[1/2* Tr(5.92989657539x10"9)]x))))N)))))))

Input interpretation:
i 1 o
([ETr[S.QEQSQEETSBQ 10°] | ax

EXP| -
p[ 1921 .

Result:

i x? Tr|5.92089657539x10° /(768 )

Series expansion of the integral at x = 0:
ix* Tr[5.92989657539x 10°]  x* Tr|5.92989657539 x 107 :

Ofx™)
768 7 1179 A48 x° HORE

(Taylor series)

Indefinite integral assuming all variables are real:

)
R I = @
({5 +1g )y Trl5o2089657530x10% ]

[4—4!1\.“?}1’!&&[ =—

var

J Tr[5.92989657539 x 10°]

exp-((((1*(5.92989657539¢+9))/(768Pi))))

Input interpretation:
i ©5.92989657539 - 10°

768

exp| -

Result:
-0.952104... +
0.305495... i
Polar coordinates:
r = 1.00000 ( #=162.212°

)

(-0.952194 +0.305495)ji



Input interpretation:
(—0.952194 + 0.305495)

Result:
-0.6466909 ;

Polar coordinates:
r = 0.646699 ., @=-90°
0.646699 (or 0.646665 multiplying the equation by 0.9999462584... = H)

We note that:

(0.646699 * 21 + Pi)

Input interpretation:
0.646699 « 21 +x

Result:
16.7223. ..

16.7223.... result very near to the mass of the hypothetical light particle, the boson my
=16.84 MeV

And that:
8 (0.646699 * 21 + Pi)

Input interpretation:
8(0.646699 - 21 +m)

Result:
133.778...

133.778.... result near to the rest mass of Pion meson 134.9766

We note that 8 and 21 are Fibonacci numbers

From this expression, we obtain also:
(((-0.952194 +0.305495)1))"1/64

Input interpretation:



Y (~0.952194 + 0.305495) ;

Result:

0.99291347... -
0.024374657..:

Polar coordinates:

r=0.993213 iradiu f = -1.40625"

0.993213 result very near to the value of the following Rogers-Ramanujan
continued fraction:

a

e_% e Vs
7 =1- e ~(0.9991104684
-p+1 1+—e_3”£
1+ 45 -1 I+
e—47r\/§
1+
I+...

and to the dilaton value 0.989117352243 = ¢

We have also the following result:

Input interpretation:
-mi+2ilogy aoan13(—(—0.952194 + 0.305485))

Result:
124.866... i

Polar coordinates:
= 124855 IaciLl = 90‘

L]

124.866 result very near to the dilaton mass calculated as a type of Higgs boson: 125
GeVforT=0

Alternative representation:
2 i 1og(0.646699)

= 2ilo (—(—0.952194 + 0.305495)) = -
AT s i T T 10g(0.993213)




Series representations:

278 -:-1_1"Cf.-I::CE:SE:m:ul]"r
log(0.993213)

—im+2ilogy oognya(—(—0.952194 + 0.305495)) = —in -

—im+2ilogyoo3213(—(-0.952194 + 0.305495)) =

—im—-293.681:10g(0.646699) - 2 log(0.646699) " (~0.006787)" Gik)
k=0

b) From:

Anomalies in the Space of Coupling Constants and Their Dynamical
Applications IT

Clay Cordova, Daniel S. Freed, Ho Tat Lam, and Nathan Seiberg
arXiv:1905.13361v3
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Now we discuss the T-symmetry at # = 7. In order to preserve the T-symmetry in

SU(Ny) = Ui1) backgrounds (as opposed to more general U( N;)/Zy backgrounds), s and

t have to be integers. Under the T-symmetry, the partition function transforms by

: : _ Pwy)  Te(FyaFy) FAF
Z[0, A,C] — Z[6, A, € exp (Qm; [((_I — 2p) [;‘é oy o Al _ g Bﬁ;m

1

[
(S8
=
=
[y}
=+
=
e
=
[¥s]
=]
1=y
=
]
=
(=}
=

i
n section 4.1.1 the t

Using the results

appropriate choice of s and ¢ 1f

1 —-2p =0 mod L. (4.26)

This equation has mteger solutions for p 1if L 1s odd. Therefore, we conclude that the theory
at 8 = 7 has a mixed anomaly mmvolving the time-reversal symmetry and the U(N;)/Zy
zero-form symmetry only when L = ged( N, Ny) 1s even. In that case, the theory at 8 = =
cannot be trivially gapped.

If L = ged{ N, Ny) 1s odd, the counterterms that preserve the T-symmetry at # = 0 and
# = w are different. In particular, we need to havep = Omod L at @ = 0and p = (L+1)/2
mod L at # = m. As with our various examples above, even though there is no anomaly
for odd L, the fact that we need different counterterms at # = 00 and at # = 7 can allow
us to conclude that m that case the theory cannot be tnivially gapped between # = (0 and
) — . There 1s an exception when L — 1. There we can choose p = 0 mod L and find a

continuous conterterm that preserves the T-symmetry at § = 0, =

_ J Pal  _ THEiA F) ~
f L R PR g et R, 4.2
; [ (ﬁh&-} &2 = ) (427)

with an integer J satisfying JNy = 1 mod N.
We have that:

Quantum mechanical discrete system

For a canonical ensemble that is quantum mechanical and discrete, the canonical partition function is defined as the trace of the

Boltzmann factor:

Z = i;r(e_"""‘ﬁlr ),

where
B is the thermodynamic beta, defined as é
H is the Hamiltonian operator.
and:
i 5D K2
H= V= Sk V(r,t) = —%V2 + V(r,t)

11



For T =15.7 MeV =2.799¢-29 kg and V = 44e-19: T+ V = 2.799 10 +44 107"
4.40000000002799 » 10718

4.4e-18=H

exp-((((1/(1.38064852¢e-23 *5.92989657539¢+9)*(4.4e-18)))))
Input interpretation:

1 =18
exXp| - 4.4 10
p[ [1.38054852 107%% . 5.92989657539 - 10° ]]
Result:

0.9999462584...
0.9999462584...

Note that:
((((exp-((((1/(1.38064852¢-23 *5.92989657539¢+9)*(4.4e-18)))))))))"16

Input interpretation:

1
Expm[—[ _ . 4.4 m'”]]
1.38064852  107%% . 5.92089657539  10f

Result:
0.999140481...

0.99914048]1.... result very near to the value of the following Rogers-Ramanujan
continued fraction:

e_% e
\/g =1- e‘z”‘/g = (0.9991104684
143 4054\/5_3—1 oS
e—47r«/§
1+
I+...

and to the dilaton value 0.989117352243 = ¢

12



From (4.25), we have:

: = : - ) Pi ft'.(,y:l | Tr(Fy A Fy) FaF
A f’ £ F| —= '_. fa "| B ')F— [ _— 2 4 = — 5 g - .
Z18,A,C| Z||’f._.l.ff|up(uu.[(l_l p) 5N 82 rS:r'lh"l

0.9999462584*exp(2Pi*1*integrate[((1-4)2°6)/(2*6)-
5*%T1(5.92989657539%1079)*1/(8P1"2)-8*(5.92989657539x1079)*1/(8P1"2*64"2)x
Input interpretation:

{(1-4)x 28 T
0.9999462584 exp sz[ T ~57Tr[5.92989657539 - 10°]« — -

8 7
1
8 - 5.92989657539  10° ]xi;x]
8% 647
i iz the imaginary unit
Result:
5 x* Tr|5.92989657539 x 107
0.999946 exp|2ir |- o - 73350.7905145 x*

Series expansion of the integral at x = 0:

0.999946 + x* ((-0.198933 /) Tr[5.92989657539 x 10°| - 460 852. {) +
x* (-0.0197882 Tr[5.92989657539 x 10°* -

91683.6 Tr[5.92989657539 % 10%| - 1.06198 % 101} + O(x”

(Taylor series)

Indefinite integral assuming all variables are real:

(1.40489 - 1.40489 ;) erf|(0.315391565253 + 0.315391565253 i) x

|
.\;' 1.00000000000 Tr[5.92989657539 x 10°| + 2.31661851163 x 10° ]] f..-’

|
[\;' 1.00000000000 Tr[5.92989657539 x 10°] + 2.31661851163 x 10° ]

etfix) is the error function

0.9999462584*exp(2Pi*i*integrate[((1-4)276)/(2*6)-
5%(5.92989657539x 10/9)*1/(8Pi*2)-8*(5.92989657539x 10°9)* 1/(8Pi*2*64/2)]x
13



Input interpretation:

0.9999462584 exp S

1
8 5.02089657539 10° . ———— |x dx
817 B4’

Result:
0.9995946 - 18017631661210% § x2

Plots:

X
(¥ from =6.3to 6.3)

— 1eal part
— lmaginary part

X
([ from =18.8t0 18.8)

— real part
— imaginaiy pait

Alternate form assuming x is real:

(1-4)x26 oo
an'f ————— —5.+5.92080(57539 107 - Q e

iisthe imaginary unit

0.999946 cos(1.18017631661 x 107 x| - (0.999946 i) sin(1.18017631661 x 107 x*)

Series expansion of the integral at x = 0:
0.999946 — (1.18011x 10° i) x* - 6.96371x 10" x* + O(x”)

(Taylor series)

Indefinite integral assuming all variables are real:

(0.0000182403 - 0.0000182403 i) erf((24291.7302451 + 24291.7302451 1) x) -

constant

14

etfix)is the error function



For x = 1, we obtain:
0.999946 cos(1.18017631661x1079) - (0.999946 1) sin(1.18017631661x10"9)

Input interpretation:
0.999946 cos(1.18017631661 - 107] - (0.999946 ) sin(1.18017631661 - 107

i is the imaginary unit

Result:

- 0.998531... +
0.0531730.. ¢

Polar coordinates:
r = 0.999946 (radius), &= 176.952° (an;
0.999946

We have also:

0.9999462584*exp(2Pi*i*integrateTr[((1-4)2°6)/(2*6)-
5%(5.92989657539x10"9)*1/(8P1"2)-8*(5.92989657539%x10"9)* 1/(8P1"2*64"2)|x
Input interpretation:

* (1-4yx28 5 7
0.9999462584 exp szTr|T-5 5.92989657539 10°x — -

1
8 - 5.92089657539 - 10° dex
8’ 647
i iz the imaginary unit

Result:

e 8
0.000046 ¢ T¥ Tr|-3. 756617800 16:109 |

Series expansion of the integral at x = 0:
0.999946 +(3.14142 i) x” Tr[-3.75661789016 x 10°] -
4.93454 x* Tr[-3.75661789016 x 10° | + 0(x°)

[(Taylor series)

Big-O notation »

Indefinite integral assuming all variables are real:
(0.353534 - 0.353534 ) erﬂ[?‘a-—l Vi x4 Tr[-3.75661789016 x 107 ]

y Tr[-3.75661789016 x 10°]

etfl(x) is the imaginary error function
15



0.999946 exp(i*Pi*(-3.75661789016e+8))

Input interpretation:
0.999946 expl(i r (-3.75661789016 - 10°))

Result:

- 0.998683... +
0.0502416... i

Polar coordinates:
r = 0.999946 (radius), &= 177.12° (an;
0.999946

((((0.999946 exp(i*Pi*(-3.75661789016e+8)))))) 16

Input interpretation:
(0.999946 expli 7 (-3.75661789016 - 10%)))'®

i is the imaginary unit

i iz the imaginary unit

Result:
0.693054... -
0.719687... i
Polar coordinates:
r = 0.999136 1s), @=-46.08° (a
0.999136 result very near to the value of the following Rogers-Ramanujan continued
fraction:
e ¥ e ™
=1- =~ (0.9991104684
\/g e—zm/g

1+3¢@’° 157 _1 1+

e—47r\/§

1+
I+...

and to the dilaton value 0.989117352243 = ¢

16



2sqrt(((log base 0.999136 ((((0.999946 exp(i*P1*(-
3.75661789016e+8)))))))))+Pi+(golden ratio)"3

Input interpretation:

|
z‘jlng.jmlgﬁ[u.ggggﬁrﬁ explin (-3.75661789016 - 10%))) +x +¢°

logyix) is the base- b lagarithm
i iz the imaginary unit

4 iz the golden ratio

Result:

01.9524... -
B4.5732.. 4

Polar coordinates:
r=124.0931 radiu

- )

8 =-42.6063° (angl
124.931 result very near to the dilaton mass calculated as a type of Higgs boson: 125
GeVforT=0

29sqrt(((log base 0.999136 ((((0.999946 exp(1*Pi*(-
3.75661789016e+8)))))))))+Pi+(golden ratio)"3

Input interpretation:

|
29‘1193.3..;.;.;.13.5[[).999945 explin (-3.75661789016 - 10%))) +r +¢°

logyix) is the base- b lagarithm
i iz the imaginary unit

4 iz the golden ratio

Result:

1233.71... -
1226.31... 4

Polar coordinates:

r=173951 (radius), #=-44.8277° (angl

1739.51 result in the range of the mass of candidate “glueball” fo(1710) (“glueball”
=1760 + 15 MeV).

17



[29sqrt(((log base 0.999136 ((((0.999946 exp(i1*Pi*(-
3.75661789016e+8)))))))))+Pi+(golden ratio)*3]"1/15

Input interpretation:
I

| |
1{} zg‘jlag&@wﬁ[u.wgwﬁ expli n (-3.75661789016 - 10°))) + 7 +¢°

logyix) is the base- b lagarithm

i iz the imaginary unit

4 is the golden ratio

Result:

1.64224 ... -
0.0B57361...:

Polar coordinates:
= 154‘4—43 racuus), &:—E.QBBSIC ingl

164448 = ((2) = = = 1.644934 ...

-(21+5)/1073+[29sqrt(((log base 0.999136 ((((0.999946 exp(i*Pi*(-
3.75661789016e+8)))))))))+Pi+(golden ratio)*3]"1/15

Input interpretation:
I

|
+1‘f1| zg‘jlngnww.s[a.ggggﬂrﬁ expli m(-3.75661789016 - 10%))) +x +4°

21+5
10°

logyix is the base-b logarithm

i iz the imaginary unit

#isthe golden ratio

Result:

1.61624... -
0.0857361...:

Polar coordinates:
= 151352 TaclLs), i = —3.':'3'55': ngl

1.61852 result that is a very good approximation to the value of the golden ratio
1,618033988749...

18



Now, we have that:
From:
MANUSCRIPT BOOK VOLUME 1 — SRINIVASA RAMANUJAN

Page 211

Forx =2
2/(1-272)-(272%272)/(1-2"4)+(4"2*274)/(1-278)-(572-275)/(1-2"10)
Input:

2 22,22 42,92% 52_2°
. + —,
2% J.0% % 1.9 7 2o

Exact result:

17703
2B 985

Decimal approximation:
-0.61076418837329653268932206313610488183543212006210108676. .

-0.61076418837329...

L((21(1-272)-(272%272) /(127 4)+(472%274)/(1-278)-(572-25)/(1-2710))))

Input:
1
2__25a? a4t 528
1-22  1-2% 1-28 1510

Exact result:

19



28 985
17703
Decimal approximation:

1.637293114161441563576794893520872168559001299214822346494. .

2
1.637293114.... = {(2) == = 1.644934 ...

6

-11/((R/(1-272)-(272%272)/(1-274)+H(472*214)/(1-278)-(572-2"5)/(1-2710))))-golden
ratio

Input:
11
- -¢
2 2292 4t 5255
1-22 124 1-28 1210

¢ isthe golden ratio
Exact result:

318835

17703
Decimal approximation:
16.39219026702596235114015609436305573642870511155728294030...
16.392190267... result near to the mass of the hypothetical light particle, the boson
my = 16.84 MeV

(((-2/(1-272)-(272%272)/(1-274)+(4"2%274)/(1-278)~(5/2-275)/(1-2710))) ) 1 /64

Input:

|
2 2w 0? Aot -Bdog3
i _

— + —
S R T - e, P | B T

Result:
—
64Il52831

\ 86955

Decimal approximation:
0.994935646033109425465860045799179079969595205859448832772...
20



0.994935646.... result very near to the value of the following Rogers-Ramanujan
continued fraction:

e_% e ™
\/g =1- e_z”‘/g =0.9991104684
-p+1 1+—e_3”‘/§
143 ¢54\/5_3 ~1 e
e—47r\/§
1+
I+...

and to the dilaton value 0.989117352243 = ¢

Alternate form:

Y 62831 869555364
86 955

2*log base 0.994935646033109425 ((((((-2/(1-22)-(272*2/2)/(1-
M) H(4M2%274)/(1-278)-(5°2-275)/(1-2710)))))))-Pi+1/(golden ratio)

Input interpretation:
2 22x2%2 42x2% 52.2° 1

= + = —I+
B - B e il W L T i ¢

2 logn coo3seecnazioosas| -

logyix) is the base- b lagarithm

#isthe golden ratio

Result:
125.4764413351601...

125.4764413351601.... result very near to the dilaton mass calculated as a type of
Higgs boson: 125 GeV for T =0

21



Alternative representation:
2 2 %2* Pyt 5T
_ i _ .
5 N o o R e
=2 16, 2%x4? 2845
A Elﬂg[_z T12% T g8 0
¢ log(0.9949356460331094250000)

2 logy ooge35646033 1094250000 | — Tt

B~

Series representations:

2 22422 42,2% g52_ 25]
= + — — 1

Jegd T pegE T gl pengld

il 24124

@« ' 1" pRogg!
281 —

¢ " log(0.9949356460331094250000)

B~

2 logn ooso356460331004250000 [—

_ E: _
I R (55 A [P L (5, M

1

e 1.0000000000000000000 x - 393.91710355861344240 log(

2 dfat  afwgt  Bluogd
2 logg co4035646033 1094250000 | - = ;

62 831]
86955

52831] -

21 [ ' (-0.00506435396A8 DS?SDDDDka
%) G o5z k%‘:[ 96689 1 Gik)

8(((1+2/(142)-(27252/2)/(1-2°2) H(42%24)/(1-24)-
(572%218)/(14275 Y H(TA2¥27T)/(14277)))

Input:
ils 2 22,22 42,92% 53,25 72,97
+ = + = +
L Fe—ad® 7 0P T2 < 1T

Exact result:

812296
7095
Decimal approximation:
114.4885130373502466525722339675828047921071176885130373502. ..
22




114.488513037....

(((L/2Pi)*8((142/(142)-(272%2/2)/(1-2/2)+(472%2°4)/(1-274)-
(5°2%215)/(142/5)+(772%277)/(14+277)))))))-golden ratio

Input:

1 2 22522 4%2.2% 52x2% 72,27
— =81+ - + - + -
2r 142 122 1-9% 1497 1497

L

Result:
406148

70955

Decimal approximation:

16.60337878838530087606901506167945366848736275766989767231...

4 is the golden ratio

16.60337878... result very near to the mass of the hypothetical light particle, the

boson myx = 16.84 MeV

Property:

406 148
7095 r

— + 15 a transcendental number

Alternate forms:

812206 - 7095 r — 70054/5
14190 7

FOOS r g — 406 148
7095 x

— 406 148
['1'*‘{5% 7095

B |

Alternative representations:

23



2 52 2 54 5255 2,57
2 24.38 af.3 52 37 74«3
8{1 -

- +
142 1-32 1-2% 1427 1427 /L
2
5 16 2% 42 25 52 o 2
8———?+124—125+12?
2 cos(216°) + = = =
2

2 52 2 54 52 45 2. 57
2 22x3f  afeg 52 %32 | 742
8{1 -

142 1-22 1-34 142° 1427 _
2
g3 16 o qh xad @I nET o A n e
e T ik 7
a - + 4.
2 cos(216°) + — & 1-2 142 142
360
8{1 2 _ By a%xat §2xa  72xa?
142 1-2¢ 124 142° 1427 _
2
L 16 . 2t x4? 25«52 37y 72
T g7 o 7
3 3 1-2 142 142

2

Series representations:

2 52 2 o4 52 a5 o2 o7
2 22x2% afyat 52xa®  7ixa
E{1+——

42 122 ¢ 1% 125 ¢ 12t P 101537
2 S (-1
7095 3o Tuak
2 2%x3?  afxgt gfxa¥  gEaa?
8{1-|-1+2 1-z2 1-z4 125 | 1427 _
2
101537
g (L 1105712k 5142k 4 530142 K]
[i5) i
7095 Zk:ﬂ 142k
2 22 22 42 x4 52 25 42 o7
8{1 142 1-22 2% T 125 ¢ 127 .
2m
406 148
o 1 1 2 1
7095 Zk:ﬂ [_4} [1+2k LT T 3+4k}
Integral representations:
2 22422 a%.2% 528 | 72 ka?
8{1 a2 122 1% 125 ¢ 127 _ 101537
—p=—¢+

4z ?DQSLI*JI—F dt

24



42 34 52 35 72 7

s(1+ 2 - 25 .22 L2, 0
142 1-22 124 1425 1427 =g+ 203074
2 7095 [ L at
2
3[1+L_22 2 salxat sleas  ylwa?
142 1-22 1-2% 1425 1427 =g+ 203074
4K 7095 [' —L1_ 4t
Jie2

L((((B(((1+2/(142)-(272%2/2)/(1-272)H(4 2 %27 4)/(1-274) -
(5°2%275)/(14275)+H(772% 27T/ (122 T))))) /512

Input:
1
| 2 2. .4 2 .5 2. o7
512 2 2ha?  adat sha® | Pha
\IE[l+ 142~ 122 | 124 142° 1+2?}
Result:

|
51q 7095
VJ 101537
3/512

Decimal approximation:
0.990783990900450725908360112656904823984836399453344387546...

0.99078399009... result very near to the value of the following Rogers-Ramanujan
continued fraction:

67% e ™V
\/g =1- e_z”‘/g =~ 0.9991104684
-p+1 1+—e_3ﬂg
143 ¢54\/5_3 -1 14—
e—47z\/§
1+
1+...

and to the dilaton value 0.989117352243 = ¢

25



Alternate form:

51,%,% 2509512 151 537511/512
203074

1/4*]og base 0.99078399090045 (((((1/((((S(((1+2/(1+2)-(2/2*22)/(1-
DADVH(ANH2AE) (127 4)-(5°2%278) (14275 H(T 2 ¥ 271+ 2°T)))))D)))))-

Pi+1/golden ratio

Input interpretation:

1 1 1 1
— 108D 000 78300000045 | S i Ly
4 8[l+i—2222+4224—5225 ?32’} &
142 1-22 1-2*% 142° 1427
logyix) is the base- b lagarithm

4 iz the golden ratio

Result:
125.476441335...

125.47644... result very near to the dilaton mass calculated as a type of Higgs boson:
125 GeV for T=0

Alternative representation:

1
:} logn con7a39c09004s0000

1
— |7+
2% colygt sfwal . g2 2’}
2 124 1427 1427

3[1+i-2i

142 2

1
lo -
gs[E__]f+E4 2 25 52 37 72
1 303 1% 1428 1+2?]

T 4T 410g(0.990783990900450000)

Series representations:
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1 1 1
—lo i ro
P B0 000783000000 450000 3(1 s s 2 2 ; 2 20 2 ?2 7 T p
142 1-22 1-24 1427 1427
1 ?“{-E‘l’iigé
[l
1 k=1
¢ 41ug{n.ggn?saggugnnctsnnnm
1 1 1 1
— 10 -+ — =
P E0.000783000900 450000 B(lq—l—ﬂz“ﬂz +42_24 R +?2.2?) T 3
142 1-22 1-24 1429 1427
1 7005
Z 1.000000000000000 x — 27.00170932716495 1ag[ ]—
& 812206

1 7095 & .
- —0.009216009099550000 k
i 03[312295]50{ 9 9099 ) Gik)

G(0) = 0 and Gik) 1"k i
) = an T T
' 2(1+ky2+k) o

for

—1# G[—.+k}]

Page 213

Forx=2
24+273/2+(41%275)/120+(21*277)/80

Input:

22 1 1
2+ = +— (41:2%)+ — (21x27)
2120 80

Exact result:
758

15

Decimal approximation:
27



50.53333333333333333333333333333333333333333333333333333333...
50.533333...

1/((2+273/2+(41%275)/120+(21%2/7)/80))*1/256

Input:
1

|'
3

256/ 2+ L 4 1 (4122%)+ = (21x27)
2 120 \ £508 '

Result:
(15

758
Decimal approximation:
0.984794010695827374582708803019346608828405700500728174323...
0.98479401.... result very near to the value of the following Rogers-Ramanujan
continued fraction:

256

e_% e ™3
J§ =1- e_%/g ~(0.9991104684
-p+1 1+—e_3ﬂg
143 (p”«/s_3 -1 14—
e—47r\/§
1+
1+...

and to the dilaton value 0.989117352243 = ¢

Alternate form:

758

1/2 log base 0.98479401069582 ((((1/((2+2"3/2+(41*275)/120+(21*2"7)/80))))))-
Pi+1/(golden ratio)

Input interpretation:

28



1 1 1
3 logg eg4mea01060582 3 =B
2+Z + 1 (41x2%)+ X (21x27) L

logyix) is the base- b lagarithm

#isthe golden ratio

Result:
125.476441335. ..

125.476441335... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

Alternative representation:

1 1 1
- lo U
2 E0 9847040 10605820000 2+2_3+ a1%35 L 2 o7 Lk &
2 120 B
1
llzng[Is 2127 41 75]
o 1 i " s ' 1m0
2 log(0.984794010695820000)
Series representations:
1 ! 1 1
Zlo It B
2 E0 9847040 10605820000 2+2_3+ 41x35 L2 o7 Lk p
2 120 B0
{ 743
/ hkl: .fEEITk
1 o k=1 K
& 2 log(0.984794010695820000)
1 | 1 1
Zlo Ik B
2 E0.9847040 10 625820000 2+2_3+ 41 25 27 L5 &
2 120 BO

1 15
= _1.0000000000000000 x — 32.63178032997525 1ag[—] 3
A 758

1

5
(—0.015205989304180000)" Gik)
2 [ 758 J Z‘ }

29



1/3 (242°3/2+(41%2/5)/120+(21*277)/80)

Input:

1 g A 1
24— + — (41 22%)+ — (21+27)

3 2 120 80 -

Exact result:
758

45

Decimal approximation:
16.8

16.844444... result practically equal to the mass of the hypothetical light particle, the
boson my = 16.84 MeV

Page 221

¢/ I (I+ﬁﬁ€a-|- > +1)
T \/zj

exp((Pi*sqrt47)/24)*1/sqrt(2)*(1+exp(-P1*sqrt(47))*(1+exp(-3Pi*sqrt(47))* (1+exp(-
SPi*sqrt(47))

Input:

ol 7)) 2 (s 7). 7 )0 47

bl
vZ

Exact result:

E{“'E”l-':z“[1+f—ﬂ'ﬁn[l+c—3u"ﬁn[1_'_‘,—51;'?17]]]

V2

Decimal approximation:
1.734691345692469553024170512712556412308560219553988212826 ...

30



1.734691345...

Alternate forms:
F—t{215 V47 n)f24 [1 LSV, 8VAT +P9vﬁn]

'Fl

1 J215v37 x)/24 a7 a7 a7
Ef—ﬂ I {1+f5\!4?:r+f81.n'4?rr+f9u'4?n] II'2

':"""E ”]-"IIE“' 1 a7 m 1 347 1 &2 Va7
€ ; +é€ = —+iE el S ——
V2 V2 V2 V2

Series representations:
exp[%] (1 +exp|-x V47 )(1 + exp(-3 7 V47 ) (1 + exp(-5 = V47 )))
V2

o (-1 (-2) @47 -z) z5*
[[1+exp[—;r Zg Z [ ZL i ]4.

k=0 ki

i (47 - zo)* z5¢

Exp[—B;r\fzc. i [ } RO
k=0

o =1 [— }k[4? z0)* 7" ]
nl‘

Exp[—fr o 2‘
k=0

a0 [—1}“[ } (47 - z20)° 25

Exp[—S Nz 3

k=0

=1 (47 -z )" 5
exp[—B;r Eq i [ }k - ’
e k!

-1 (-2} 47 -z0)° 5
gt
k=0 E
w (-1F(-7), [4?—2.;.}"‘2.5"‘]

Exp[_m/_ 3 :

@ [—1} [——} [E—Z.;.}kza""

[ .'zu Z 2 kk! ]
k=0

tor not ((Zo = R and —ee < Zo = 0))

/
/
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47 ] (1+exp(-n W}[l +exp(-3n V’E} (1 +exp(-5n M’EHH

exp( ),
V2
o (-1F @7 -xf x* {_ l}k

[[1p[ el TET2)) 5 ciale

2 =
k k ki 1
. ( {EI’E[‘]-?—X'}J]“GE I AT o)
—Ja T rr|—
; v 2 = k1
w (=1 [4?—x}kx‘k{—l}k]
4

exp[—fr EXP(! F{w“ \'{; Z k! :

2m e
k k k{1
o5 xpfr| B2 i § T
—3 T I | ———————
’ b 2 = k1

k k ..k 1
arg47 - x) w (-1 (47 -x)" x [_E}k
EXp —3;rexp(url—”dx Z =

2
k=0
k k. —k 1
arg(47 - x) w (-1 (47 -x) x {_E}k
EXp —;rexp(ur{—”\nqz -

2

k=0
k k 1
1 arg(47 -x)py — w (-1 @47 -x)" x {_E}k ;
i 24}TEXP(”T{ 2m J] * k=0 k1 .-"I

w (-1 (2 -xf x™ [_El}k]

oo [ £

2
a k=0

forixe Randx <0

32



exp[n VT ]{1 +exp(-x V47 (1 +exp(-3 7 V47 ) (1 + exp(-5x V47 ))))

24 )
V2
1 412 [argld7-=n 2 )
1+exp —;r(—]
Zn
kil ek ok
1)2 (1+4|arg(d7-zg (2 mil) o -1y {_2}k 47 — =z )" 2
2 Z = i
k=0 :
1 312 laugld7—5g 2l 54 A
EXP[—BN[—J Zp {1+ argi47-zn WiZ m)])
g

ket e

w (— l}k {_ % }k 47 - ey }k Zak cxn| ( 1 ]13’2 [= g4 T—zn W2 )]
P 5

k=0

k(_1 RN
1/2 (1+[an g4 7= W2 7)) i{—l} {—z}k (47 — =) 5
k!

2 i

k=0

1 412 = g4 T—zg W2 m)) Y201 A7ae €@ 5
Exp[—S ;r[ J Zn Hargid47-zp Y2 m)

ey

o (-1F (-2} 47 -z z°
k!

k=00

1 U2 laugdT-2g WiZm 40 g Lo
EXp —BN(—] zﬂ“' +Harg{47—zg (2 m}]
Ly

1
&, 1 {_E }k 47 50 %5 exp|-m ( : ]1"2 Lergtd7=2g 12 )]
P %

Lin k!

k1 R
L2 (1Haigl47-z iz m)) i{_l} {_z}k (47 - za)" Zg
3

0

k=0

1 1 4U2 lugid7-zp2m)] 145 A
Exp[ [ ] z! +arg(47—=p (2 m

— .

24
o (-1 (-7), [4?—zg}kzak]

by

k=0 k!

( - ]_”2 leiE22N@ml 1z-112 mziz-soNzm | /
- 0
ety lI,l'

o [—1]'k {_El}k (2 —2.'.3]1ch Zu_k
k!

=0

33



10(((((e™(Pi*sqrtd7)/24)))* 1/sqrt(2)*(1+(e(-Pi*sqrt(47)))* (1+(e”(-
3P1*sqrt(47))*(1+(e™(-5P1*sqrt(47))))))))))-1/golden ratio

Input:

m[fl.-'zm:wﬁ] é[l_”-nvﬁ [l”_gmﬁ[l”-smﬁm]_

S

#isthe golden ratio

Exact result:

—

5 1.," 2 P.:JE JT]-"I:M [l + fﬂlﬁ i [1 +e V4T [1 +e° W T]]] -

| =

Decimal approximation:
16.72887946817480068203711829275992600536529301573411926612...

16.728879468... result very near to the mass of the hypothetical light particle, the
boson myx = 16.84 MeV

Alternate forms:
5 “G P—llzls V47 )24 [1 LSV VAT oVaT :r]

5 4{215v?n'|.:"24[ SVA r BVAT wﬁn'],:' v
€ " l+e +e +e - -

34



Series representations:
10 {“‘n Ve ]"III24 [1 +e" Va7 [1 re 3 B {1 g Va7 ]]]

V2
[ [ 215 Nﬂ [_1}.]: {—%}k [4?—2.;.}"2.’5"‘]
EXP|l—-—— w1y T

k=0

N

o (-1F(-1) @7-2f 5F
10¢+ 10 exp|5 74 =0 Z il &+
k=0 i
ki 1 e
o {—1) {—z}k[ct? zo ) 25
10 exp|B 7+ = Z

: K o
=0
o -1 (-1) @7 -z 5
10 exp|9 4 =0 Z Tt h—
k=0 b
215 bl [—1]'ch [_El}k [4?—Zn}k Zﬁk
exp| — 7 Zo
24 k1
k=0
k(1 .
'J_ o (=1 [—ZL (2 -2n) 2g /
20 ), k! /
k=0
w DY [=1] @—mF et
[iiw'zu Z [ z}kk‘ tor not
k=0 :
((zo€R and -0 < zg = 0))

35



10 1‘.“{” B ]"lll24 [1 4V [1 43TV [1 43TV AT ]]]

o |

V2 -
1 (47 - xf x7* (-2
215 arg(47 - x) V!_ o (—1) (47 -x)" X [_Z}k
expl-—o II'EXIJ[IJ'T{ ” x Z =

2
g b=

K k& 1
47 — x) w (=17 (47 —-x) x™ =2
[ICI¢+IDEXP[ENEXP[IHIMJ]JJ: 3 -3k o

2 k!
k=0
CDF (7 —x)f {_El}k
k!
o (-1 47 -xf x7* (- El}k
k!
" [—1}* (47 —x)* x7* {_i}k

215 @7
EXP[E”XP(” et | \EP)

Mg

arg[4'? by} “ ;
+

10 Exp[ﬁ m exp(z T

M

\!{_
arg[4? x) JJ \/—

10 exp[‘-} m exp(z T

2x k1
k=0
o Fe o ED @ =1
ool § AT
_ L S
ronfr |22 5 5
k=0 "

forixeRandx =0
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10 fl:” JE]*'I:H [l +e Va7 [1 +¢=_3“'IE 1+e™" Va7 ]]]

[exp

gl

V2
215 ( 1 Jl."z largla4T-zg 2 m] L2412 angi4T-z )/ (2 )

2% :

. [—1],ch {_ El }k 47 - z,:.}k za"‘ ]( 1 ]_1..'2 larglZ-zn (2 7))

1
k:l:l k = ZD
-12-12 2z 2 1 12 [mrgidT—=g W2 m)
g J2-1/2 [arg{2—zq W2 )] [1D¢+ 10 EXP[S}T (_J
]
ki 1 o ok
1/241/2 |ar gl47-=q ¥i2 m) « (-1 [— 2 }k 47 —za) =g
oty k1 &+
k=0 =
1 L2 largi4?=zg 27 q0,q/0 P
10 exp[E T (—J P +1/2 |arg{4T-=n (2 m))
iy
1
- bt {_ 2 }k (47 - 20)" 75" 1 \U/2 laugid7-zg 2 m)
1 ¢+ 10 exp Qn[—J
k=0 : ZD
ki_1 e o ok
1/241/2 |ar gi47-=q W2 m) o (—1) [— 2 }k (47 — zg) g
- 2. 7 ¢ -
k=0 4
215 ( 1 ]1."2 laugtd7-zg W2 1434902 |arg@7-zg 2 ml
Exp Tl ZD' ; d
24 2

@ (- 1]."‘ {_ i}k 47 —=n }"‘ za"" 1 12 larg(2—zg W2 7))
(ZD J

k1 -
/
/

k=0

0 [—l}k {_é}k (2 —Zg}k Zak

k!

12412 |arg{2—=g W2 m)]
i

k=0

w (-1 [_El}k 2z 2
A k1
k

=0

(e ((Pi*sqrtd7)/24)))* 1/sqr(2)*(1+(e(-Pi*sqrt(47))y*(1+(e(-
3Pi*sqrt(47))*(1+(e(-5Pi*sqrt(47)))))))) /64

Input:
1

r_a,{{fl.-'z‘ﬂln‘fﬁ] _ E [lﬂ,-ﬂ'ﬁ {1_”-3”? [lh,-swﬁm

37



Exact result:

128— Va7 x|f1526
N Y

47 1+e

rsitl,'lll+f -w?n[l_”-w?n]']

Decimal approximation:
0.991430220787644438033060293356497893175573550219004221119...

0.9914302207876.... result very near to the value of the following Rogers-
Ramanujan continued fraction:

67% eV’
\E =1- e_z”‘/g ~(0.9991104684
-p+1 1+—e_3”ﬁ
143 4054\/5_3 -1 14—
e—47r\/§
1+
1+...

and to the dilaton value 0.989117352243 = ¢

Alternate forms:
128 (VA7 7)/1536

f
| —_— —_— —_—
G =] 7o —4 7o AT 5
\||1+¢='\'I4'T+¢= \-'4.1_'_{,\-'4.1

128 215437 n|{1536
et

f
| —_— —_— —_—
G4 T 7o [=] T
\II1+P5‘U'4?T+ES\|'4.T+E.‘U'4.T

38



Series representations:
1

o [lﬂ,-n v 47 [1“,-317 v 47 [1+!,-5n v 47 m
‘ V2

w (-1 (-7) @7-20) 5"

k! \/E
k=0

1 w (-1 (-2) 47 -z i
EXpP i}r %o Z 1+exp|l-m+ =0

k=0 ki

k=0
@ [—1]'k [_El}k (2 —Zn]lk Zak

o3

@ [—:|_]l|l|c [_é}k [4?—Zg}k Zn_k
1+exp|-374 30
ke
k=0
w (-1F [_El}k (47 — 20 23*
1 +exp|-5n
k!
k=0
ki_1 Y
\/{z_i -1y [_z}k 47 - 201" 2 /
g k! /

G364

ke
k=0
oeﬂ[—l}k[—zl}k[E—zn}kzak /
= k! /
1 s (-1 (-1), @7 -z z*
+ eXp|-m y B Z Iy
k=0

@ (-1 (-7), @7-20) 75"

[1+Exp[—3?r Zo Z l

k=0 :
w (-1 [— El}k 47 - z)* 2 ]]

[1 - exp[—E;r =0 Z 1

k=0

|

for not ((zgeR and —e= < zg < 0))
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1

=/
T a7 |24 e a7 a7
64| ,,': ] [lﬂ,-n v 47 [lﬂ,-zn V47 []__H_,—EJT V47 m

¥z

o (-1 47 - xf x* (-] }k]

[[—H—JJFZ T

2
k=0
arg(2 -
Exp[z'}rlg—x} J-\fl;
in & k R il 1
) [ arg[w_x}“\/'_i[_l} A7 - xf x {_E}k
exp| — wex _— x
Plog T=XPUT | T oy ki
k=0
r
argid47 - x
[1 + BXp —;rexp(m{g—}“ﬁ
2
k k_ok( 1
o (-1 (47 -1 x [-z}k]
k=0 k!
argi47 - x
[1+Exp[—3nexp[urlg—}”\j;
2
k k& f 1
w (-1 @47 -x) x [-z}k]
i k!

2

et

47 -
[1 + Exp[—S T exp[z m {M” \({;

k!

k=0
=3 [—1]-k 2 —;'c."]\k x* [—%}k

[expwwﬂﬂz

2 i k!
i[ 1} (2 - x { }k]
k=0 k!
arg(47 - x 0 (-1 (47 - x7*
1+exp —;rexp[ur{—g }J]ﬁz
2% k=0

w (1) @7 —xf x™*

[1+exp[_3mp[m[w V=5

2 i k!
47 - x)
[1 +exp[—5nexp[ur {M”ﬁ
2
i (-1 47 - xF x7* {— é }k ]]]]
for (x € R and x
it k!

40



1

F{‘T Va7 L."24 [1+p'” s [1_,_?
\ vz

r '1 - -
]].lll I. (| { :'J lll' ].II' |.E 5‘4:' ...ﬂ:lll'liz_rru { 1] { —:I ‘4 :f'( =
24 {...ﬂ' ZU 3 7 0

-3ny 47 [1”-511 V4T m

k=0
‘ k!

( : J”z Er e il raiyian)
o]
Zn

1) (a7 sk
_l_JT{_l_]l."z largi4?—ﬂul'.-'12n:dzé.l'2+l.n'2 (BTl T30 ¥(2 m)] poo 1—1:1'&{—2]1_14? -ﬂi'k»,:,

: k=0
24z - N

= o = T—z =K
; 1/2 [argd W(2m)] 1/241/2 |arg(47 20 V(2 7] { lk{_z] 4 ]k
- JT{;';D] ZD Ek - 0

1+

| 1) (a7 Kok
_3n{_1_]1.12 larsg( 7—zp (2 )] zl:1:|.-'2+1.u'4"! |are(4 7o )2 1] goo 1—1)"‘{_2]ki4? 0k

e Bl = -

1+

L) (4750 fc 27k
(L2 TN ) 12412 a4 7-spNE )] e VL) 470K 5
5171 = :

€ B b .

( 1 J_”z . o e o Lt Tl /
%0 0

ity

63/ 64
o (-1 (-7), @-20) 25" = GV -7 @-mf gt |

. k! /

k= i

= .
__,T{_l_]l."2 |arg(4 -z W2 ) z':l:l,u'.2+1,l'2 lars(4 7—zn ¥i2 7)) Z-N 1_1?‘:{_2]&‘4? “ﬂ:'k»ﬂ
lie 'f0 i i

i (2 - 2 -
|II :ll'l 1 I I.'! ary 47 --ﬂ],ll m { k{ l| i ]k

l+e

1+

k!

1
5 .l_]l."2 larg{d7-mp W2 )] 12412 largi4 720 W12 m)] ~ope 1_1]k{_5]k
f_ :r(:ﬂ o E’k:ﬂ



2*log base 0.99143022078764 (((1/(((((e™((Pi*sqrt47)/24)))*1/sqrt(2)*(1+(e”(-
Pi*sqrt(47)))*(1+(e™(-3Pi*sqrt(47))*(1+(e"(-5Pi*sqrt(47)))))))))))))-Pi+1/golden
ratio

Input interpretation:

1
2 logg oo1430220 78764 T — — e
i | B F ] FA™
LB Y AT ] o [1+E—:r Va7 [1+F-3m4, {l+f—5.ﬂ' Va7 m
V2
1
T+ =
)
logyix) is the base- b lagarithm
#isthe golden ratio
Result:

125.476441335...

125.476441335... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

Alternative representation:

1
2 logp oo143022078 7640000 — —m+

f e B . — — —
|m Va7 |f24 (14e Va7 (14e2 Va7 (10757 Va7 ]“

Bl

I 1+¢&

]

1

2log il
7 T a7y VAT
[1+[1+[1+:.—5:r\.-4.f ll.—B:ru'ﬂi.f ]:.—:r\.-4.f ]I,u !

1 vz

T+ — +
logi0.991430220787640000)

Series representations:
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2 logn oo143022078 7640000 e

e'{n ¥ ]"II.E4 [1+r_” Va7 [1+E‘_3‘IT Va7 [1+E‘_5‘IT Va7 ]n
vz
(2157 va7 {24 .
L B . i O
1457V 47 L8r¥V47  onvar
1 255 k
3 log(0.991430220787640000)
1
2 108 00143022078 7640000 e
r{n v ]I 24 [1+r_” Va7 [1+E'_EJT Va7 [1+E'_SJT Var ]n
vz
An V3T )24 i
m —
-1 -1+ — A b —
4T ¥ 47 [lﬂ,-zn Va7 [, 5rVar n
1 2 Ef:l &
P log(0.991430220787640000)
1
2 logn oo143022078 7640000 ey
e'{n ¥ ]I o [1+r_” Va7 [1+E‘_3‘IT Va7 [1+E‘_5‘IT Va7 ]n
vz

1.000000000000000
- 1.000000000000000 7 +

@
f{z 157447 | (24 T
log -~ - — ||-232.3782411938274 -
1+e57VH BV _ ona7

(]
2.000000000000000 Z [—D.DDESEQ??QEIEBEDDDD}k Gk)
k=0

1V ke K
for :

il [ __'.||'|._'| - - LK N

43
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Page 205

For p = 2, we obtain:

(12)*[((T+H(1%2)/9))*(272(3+2))/A+((1*2*4*5)/(372*672))*(((2"2(3+2))/4))"2+((1*
DEARSHTER)/(3A2EGA2FOND))R(((22(3+2))/4)) 3]

Input:
(1+2) [[1 + 1—;2 ] [i (2° (3 +2)}]+

2x4x5[1{22{3 2)}]1 2x4x5x?x8[1{22{3 2)”3]
= + s B e———— +
3267 \4 3 x62x9* 14

Exact result:
130 345

2187

Decimal approximation:
50.50000855052583447645176040237768632830361225422053818015...

59.59990855052...

1/3(CC(TH2)*[((1+(1%2)/9))*(272(3+2))/4+((1*¥2*4*5)/(3"2%672) ) *(((272(3+2))/4))"2
H((1*2*4*5*7*8)/(3/2*6"2*%92))*(((2"2(3+2))/4))"3]))))-Pi

I1n put: 1x2y(1

Z [{1 +2) [[1 + %][5‘ (2° 3 +2)}] +

2xdxd 1l 4
.67 [1 (2°(3 +2j||}JZ +

2xdx5xT=x8
32 <62« 92

[i (2° @3+ 2)}]3]] i

44



Result:
130345

6561

Decimal approximation:
16.72504352991881825368794341751305922523736801870140690574...

16.7250435299... result very near to the mass of the hypothetical light particle, the
boson myx = 16.84 MeV

Property:
130345

6561

—mis atranscendental number

Alternate form:
130345 - 6561

6561

Alternative representations:

> 1+2) 1[1 2][22[3 2))
3 - p +';:I +2))+

1 a2 2 1 a2 %]
2:4-5)(; 2@3+2] 24578, 223+2)
3?2 g2 ’ 32 x 62 x 92 =
2042 2093
20 2y (5] 2240(%)
—13D‘+—[l+—]+ -
4 9/ o9x62  9x62x9?
> 1+2) 1[1 2][22[3 2))
3 + P +';:I + 2} +
1 2 2 1 2 W3
2:4-5)(; 2@3+2] 24578, 223+2)
32 g2 K 32 . 62 . g2 Eii=

4|:|[2:°}2 224(3[2:0'3
Ix62 = 9x6 x9?

0 i LT e
ilog + + 5 +

> 1+2) 1[1 2][22[3 2))
3 - p +';:I +2))+

@452 22@+2] @ 45782 22[3+2}}3]
-

- =

32 . 62 32 «h? xg?
40 [2:“}2 2240 (% "
+
9x6? = Ox6? x9?
45

K 20 2
—-Cos [—1}+—[l+—J+
4 9



Series representations:

. 1,2y, @451 22@+2f
= WS —[1 —]2 (3+2
3 + }4 +g [ + }}+ 2 62 +
1 2 3
32, 62 . g2 ™= 6561 Si142k
1 T Gas a
5[1+2} ;(1+§][2 (3+2))+
@452 22@3+2) (@x4x5x7 8 (2 22 3+2)
32 g2 % 32 . 62 . g2 ELl o
13|:| 345 ‘E‘L 4[_ l}k 1195—1—2.’( {51+2k _4 2391+2k}
+
6561 i 1+2k
1 T o o
5[1+2} :1_(1+§J[2 (3+2))+
@452 22@3+2) (@x4x5x7 8 (2 22 3+2)
22 . 62 % 32 g2 o2 Ll o

130 345 i[ lf[ 1 2 1 J
6561 4 1+2k  1+4k 3+4k

Integral representations:

L pi g @451 22@+2f
—(1+2 —(1+—][22 (3+2))+ e
3 4 9 ' 32 x 62
2.-4.5.7 E]'[q_l 22 [3+2}}3 130345 ‘1-\(72
g — —4j 1-t dt
32 g2 . g2 "7 6561 :
L i g @451 22@+2f
-{1+2) —[1+—J[22 (3+2))+ *:
3 4" 9 ! 32 x 6%
3
(2 xd x5 =7 8}[‘% 22 [3+2}} 130 345 EJ.I 1 i
32 . 62 « 92 - 6561 o f1_¢2
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L L. 2 @452 22@+2)
—[1+2}—(1+—][22[3+2}]+ +
3 4 9 : 3? x6°
2-4:5:7-8)(3 22 @3+2) 130 345 fw I
32 . 62 . g2 6561 o 1+82

V(T2 [((1H(12)/9))* (272(3+2))/d+((1%2%4%5)/(372*672)) *((22(3+2))/4)) 2
H((1#2%4%5%T%8)/(3/A2%6/25972))*(((272(3+2))/4))*3]))))* 1/256

Input:
1

256|[1+2}[[l+ L2)(1(22 3+2))+ B3 (1 (22 (3+2)f + L5 T8 (2(22 3 +2))f)

62 325202

Result:
3 TI256

V130345

Decimal approximation:
0.984159404514063093750083424490358781242790263226643060006...

0.9841594045... result very near to the value of the following Rogers-Ramanujan
continued fraction:

e_% e ™
\/g =1- e_mﬁ = (0.9991104684
-p+1 1+—e_3”ﬁ
1+3e' 5 -1 I+ ——
e—47r\/§
1+
I+...

and to the dilaton value 0.989117352243 = ¢
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Alternate form:

3'?_:'256 130 345255_:'256
130 345

1/2*log base 0.984159404514063
(2 (TH*2)/9))* (A2 (3+2)VA-+H((1¥2%4%5)/(3A2%6/2) V(27 2(3+2))/4))
DH((1%2%4%5%T8)/(3A2*6/2*9A2))*(((272(3+2))/4))*3])))))))-Pi+1/golden ratio

Input interpretation:

1
5 logn os41504045 14063 [
/ Lx2yrl. . o 2x4x5 (1 .
1 [[1+2}[[1+ ; J[a[z [3+2}]]+ o [‘—1[2 3+2)| +

2xdx5xTx8 1 5 3 1
m[:ﬂ? 3+2)] )|+

logyix is the base-b logarithm

4 is the golden ratio

Result:
125.4764413352. ..

125.4764413352... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

Alternative representation:

1 1
5 1080 es41504045140630000 —_ = W 3 |—Tt o=
4:5)| ;<28 @2)]° 2141578, 2% (342))

2 . 2
[1+2}[i{1+§”22 (3+2))+ s + 7 62 1o

3

1
2042 a0 2043
,,.|+4|:||: %) 2240 | %) ]

- R - A

log

20
3|5, (1

1
T 8T 210g(0.9841594045140630000)

48



Series representations:

: ’ 5 5o <—1f‘{—%f
= k
3 1?80 suaspaoas1sotacno oI 245 2eaf @579 2eaf T T %7 210g(0.9841594045140630000)
[1+2}[;[1+5)[2 {3+2]'}+ 22 g2 + 32 .52 . g2
1
5 logg 0841504045 140630000
; T @452 22@+2f
1 [1+2}—[1+—]w2m+2ﬂ+ .
/ 4 9 32 x 62
1 92 G
2x4x5x7xB)(3 x2* (3+2)) L
32 52 92 ¢
1 2187
~ ~1.00000000000000000 & - 31.314469936997706 log ]-
p 130345

- AR I 0.0158405954859370000)° Gik
2 5(130345]25{ ’ SR

1)1+ k -1 G- +k ‘

0} 0 and Gik)

for

Page 237

s b -e M) (1= e e o Fa e,

[ Y
((CQ+sqr2)*) " 1/4HN™1/4 1 (e™P1)*1/6

Input:
i/2[2-+vﬁi}%ﬁi

o]
&7

Exact result:

49



———
25_!'16 {, 2 + E P—.l-r_"ﬁ

Decimal approximation:
0.999996512657643748593144297518767322738600858791581915715...

0.999996512657...
Property:

S
PafLA # 2+4/2 ¢ ™% is a transcendental number

Alternate form:

|
23/8 ?j 44342 &8

Series representations:

| — #—lel:—l] iz—zu;l"‘za‘"‘
Q/z[zﬂﬁ}?ﬁ 25/ Z‘JEH“ZD ) o
5 = o =
for not | R and
: : -1F 2-xf (-1
il 22+¥2)V7 21 i‘jﬁ +expli | 2EE ) Vi B, ——— 2
& &7 G &

{/2[2“@]?5
ﬁfﬂ

f
1 &
5/16 4’ 1 V12 larg2-mg W2 m] 12472 |arg@-2g W2 T oo -:—likll-;]k 2-29 ) 75
29116 32+ ( 1) % : 2
"4 =) =0 k!

Or:

(1-exp(-4Pi))*(1-exp(-12Pi))*(1-exp(-20Pi))
50



Input:
(1-expi—4m(l -expi-12 ) (1 — exp(-20 m))

Exact result:
[1 _f—zl:l.l'r}[l _P—lzn}[l _P—4.-T]_

Decimal approximation:
0.999996512657643748593144297518767322744873646327432307325...

0.999996512657...

Property:

(1-¢ ") (1—¢ 7){1-¢*"}is a transcendental number

Alternate forms:
1 36T -32r =241 =20 16 =12 -4
— & + £ + £ e + & — & — &

£~ 367 [f’T - 1}3 (1 +{“"}3 (1 +f2"}3 (1 —¢" +¢=2"}[1 +e" +P2H}[l —*" +f4ﬂ}

b anm 3n 407 T 2 am 47 2 407 61  &n
[1—4“ +&" - te }[1+¢= +& +& 7 +e ]-1—4“ +e  —e  +e }

-367 47 12w 167 20 24 32m 36T
£ -l+e " +e - +e - +e }

Series representations:

(1-exp-4mnil —expi-12 71 —expi-20m)) =
ROy Ehtg (-1 (142k) Lo Tig (-1 f(142k) L8 IR -1 f(142k)

o f \ o0 f \ 14 ] \ _1E T 1) \
.5 I -1 f(142k) L5 I (-1 {142 k) Iy 1 {142k} 1Ly 1 {142k}

@ q -36n @ -32n
(1 -expi—-4m(l -expi-12m)(1 - exp(-20m) = 1—LZ E] +L£ —1J +
=0 =0

el

(1 -exp(-4mnil —expi-12 (1 - exp(-20m) =

267 -32n 245
1 1 1
1-| — - il E—— ] -
e (=1 S (1K e (1
k=0 k! k=0 k! k=0 kot
=207 ~167 -12m -4
1 1 1 1
S S| ol e I .
o 1 o 1 o (-1 w
k=0 k! k=0 k! k=0 Kkt k=0 k1

51



(((((RE+sqr2)*2) /474 1 (e~P1)*1/6))) 4096
Input:
{ff 2(2+VZ V2

6 El
o7

A0SDG

Decimal approximation:
0.985817355667224371645472757925975536738558671073643563446...

0.98581735566.... result very near to the value of the following Rogers-Ramanujan
continued fraction:

e_% e
\/g =1- e_z”‘/g = (0.9991104684
1+3 ¢5‘{/5_3—1 e
e—47r«/§
1+
1+...

and to the dilaton value 0.989117352243 = ¢

Series representations:
40965

.'
{fz[z+v?]?.fi .

= —|'
'15.,"'_¢=” (" )2048/3

20815864 380 328 798 163850480654 728 171077230524 494533409610 -
638 224 700807216 119 346 720596 024 478 883 464 648 369 684 843227 .
908 562015582767 132496 646 929816279813 211354 641525848259 -
018 778 440 691 546 366 699 323 167 100 945 918 841 095 379 622423 387 .
354 295096 957733925002 768 876520583 464 697 770 622 321 657076 .
833 170056511209332449 663781837603 694 136444406 281042053
396 870 977465916057 756 101 739472373801 429441421 111406337

— @ U (-2) @-%) 5 o
458 1762 ++/ =z Eﬁ P

- |
1071 | . K and -

52



f 4096

{fz[zwi}i‘ﬁ .

T m,2048/3
6 & (e ¥ !

20815864 389328 798 163850480654 728 171077230524 494533409610
638224 700807216119 346 720596 024 478 883 464 648 369 684843227 .
008562015582767 132496 646929816279813211354641525848259
018 778440691546 366699 323167 100945918 841095379 622423387 -
354 2050960957733925002 768876520583 464 607770622321 657076 -
833170056511209332449 663781837603694 136444406281 042053
396 870977465016057756 101730472373801420441421111406337

w (-1F @-xfxk(-2) YO

458 176 [2 + Exp[ur {wﬂﬂ 3

2
] k=0

k!

[0l Ioand X U

I 4096
{fz (2+VZ|V2Z

[

1

. m.2048/3
(")

208158604 389328 708 163850480654 728171077 230524404533400 610,
B3B8 224700807 216119346 720506024 478 883 464 648 360 684 843227008 -
562015582767 132406646020816279813211 354641525 848250018778
440601546366 690323 167100045018 841 0095370622423 387 354205006
0577330925002 768876520583464 607 770622321657076 833170056511 -
200332440663 781 837003604136444 406281 042053306 870077465916
057756 101730472373801420441421 111406337458176

(-1 [—51}k P

k!

1024

1 W2 largl2-2g W2 m)] 15145, ' 3
/ 2=z W2 m)])
[2+[—] i :

%o k=0

Integral representation:

[ty TaTCazs) g
—i pa+y
[1+Z}E = o ror (L Rea) and arg

(2rpli-a)

2*sqrt(((1/log base 0.9858173556672 ((((((2(2+sqrt2)*(2)*1/4)~1/4 /
(e"P1)*1/6))))))-Pi+1/golden ratio
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Input interpretation:

1 1
2 R g o
o o
‘,tll' 2(27 ) V2
logn osss173556672 ar—
\
4 iz the golden ratio

Result:
125.47644134. ..
125.47644134... result very near to the dilaton mass calculated as a type of Higgs

boson: 125 GeV for T =0

Alternative representation:

1
2 -0+ — =
4 Z\VT 4
1III|2|:2+u':z]u'2

logy osss1735566720000 a—

\
T+ — +2
¢ 3 s

aloY3 (24472

gl '

og

1

Ve

o

logi0 98581 735566720000)

Series representations:

1
2 -+ — =
4 VT ¢
1III|2|:2+1x2]1f

2

logp ogse1735566720000 A —
Ve

\

log(0.98581735566720000)

o a——k
2516 4 5,43 ]

-+

ol

=14

-1

N2 i

Ve

54



2 —-T+ - =
——
| P if
‘{ll 2|22 V2
logn os581735566720000

6
\ '
1 1
- —r+2 | -1+ =
¢ log [25-"15 V 242 ]
| 09858 1735566720000]) — - —
\ Ver

ke

w1 1
Z[ . ] ) l N 4=
k 1 2518 Va2
O¥0.085817235566720000 P
Ver

&
Y2(20v2)V2
logg osss 1735566720000 A —
\ '

|

1

- —mr+2 |I [—[I.DDDDDDDDDDDDDDDE
@

[bg[z'ﬁ”f’ V2+v2 ]

[&]
,Ifn

o
[?D.DDS?IBGS 16158 + Z [—D.Dl418254433280CIDD}k Grik)
k=0

1y k -l | 47 3 I
tor ‘.1” 0 and : : ik :

1/4sqrt(((1/1og base 0.9858173556672 ((((((2(2+sqrt2)*(2)~1/4))*1/4 /
(e"P1)"1/6))))))+1/golden ratio

Input interpretation:

1 1 1
i i
4 R
‘}ql'z{zwi]‘b? ¢
lo AR ey,
Z0.0858173556672 '?‘,I."F

logyix) is the base- b lagarithm

#isthe golden ratio
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Result:
16.61803398876374080873490697972802210928207315985574657764 ...

16.6180339887637... result very near to the mass of the hypothetical light particle,
the boson my = 16.84 MeV

Alternative representation:

I 1 I | 1
i DY e
4 — 4 ——
Y2(2497) V2 5 4297 (2497
1080 o8581735566720000 : oz =
Ver Ver
\ log(0.98581735566720000)
Series representations:
1 1 1
—_— + el
4 T
Y2(2+vZ) V7 ¢
lo =
£0.98581735566720000 o
1 1 log(0.98581735566720000)
rpges |
8= <—1:n"‘[-1+—25"l16 ?"f'l_E“E T(
Zm r'f:." il
k=1 k
1 1 1
— + el
4 i = o
Y2(24v7) V2 ¢
logo ogse17assesrao000| — 5=
Ve
1 1 1
-+- |-1+
a4 2516 Y5,v3
\1. logg o8s81735566720000 e

e

1%

ol X P

|

£

1
-1+ A
1 25/16 Y2497
O80.98581735566720000 6
Ve
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1 1 1
iz P
4
Y2(20v27) V7 ¢
logn osss17assesTzo000| — ——
e

11 2516 Y 2 4 2
=g | l.DDDDDDDDDDDDDDD/ log i
¢ 4 Ve

o
[?D.DDS?IBDS 16158 + z{—D.Dl418254433280CIDD}k Gk)
k=0

b A i -;_ - -57) H
n i o &t | m——

(- Qbm)“.e }jg\.—e P e ’i

(1-exp(-Pi))*(1-exp(-3Pi) (1 -exp(-5Pi))

Input:
(1 -exp(-mil —exp(-3anil - expi-5 )

Exact result:
(1-e")(1-e>")(1-&7")

Decimal approximation:
0.956708725383334259887083150002997516798687988267252736507...

0.95670872538... result very near to the spectral index ng , to the mesonic Regge
slope, to the inflaton value at the end of the inflation 0.9402 and to the value of the
following Rogers-Ramanujan continued fraction:

- 3
¢ —1-  ~0.9568666373
Jo=15 —p+1 +—
T Z
e—/f
1+
1+..
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From:

Astronomy & Astrophysics manuscript no. ms ¢ ESO 2019 - September 24, 2019
Planck 2018 results. VI. Cosmological parameters

The primordial fluctuations are consistent with Gaussian purely adiabatic scalar
perturbations characterized by a power spectrum with a spectral index ny, = 0.965 +
0.004, consistent with the predictions of slow-roll, single-field, inflation.

We know that o’ is the Regge slope (string tension). With regard the Omega mesons,
the values are:

w | 6| m, g =0 — 60 | 0.910 — 0.918
wiws | 543 | myq=255—1390 | 0.988 — 1.18

wfws | 5+ 3 | myy =240 — 345 | 0.937 — 1.000

Property:

(1-¢77"){1-¢7){1-¢")is a transcendental number

Alternate forms:
(€ -1) (e - 1)(1-¢7)

(1-¢"){1 -7} (1 +sinh(r) - cosh(m)

_D o Ll
e " [f” - f|.j|3 [].+¢='JT +.:='2”}|:f|.+¢=JT g g +¢=4T}
coshix) is the hyperbolic cosine function

sinhix) is the hyperbaolic sine function

Series representations:

(1 - exp(-m (1l —exp(-3 ) (1l -exp(-57) =

i \
i 36 (- 1# 1+2k|+ _an P 1y ”*“'H,‘z‘”x_n" 11ku'1+2k|_

L] [ [
Ok 11" (142k) 1618, ”k.-"':“‘?k-' ~12 38, (= 11" (142k) _ 4L, 11"‘ fi1+2k)

Lfe=n~

L=t
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- my3
e - L
[1—exP[—nml—EXP[-3"T”[1'EXP[_5FH:[}'E] [_1+LZ'E]]
w 1 ¥ (= 1 ¥" ! ¢ T e [ o
R R R B o e
-0 =0 =! - = =

(1 - exp(-m(l —exp(-3mN (1l -exp(-5m) =

+

—

T3 T m
1 1 1
-l+|—— 1+ -
- co of | |y af
k=0 k! k=0 k! k=0 k!
m m Im 4
1 1 1 1
1+ - - +|——
k=0 k! k=0 k! k=0 k! k=0 k!
-2
1
ST,
k=0 k!
Or:
(2)M/8 / (e"Pi)*1/24
Input:
VZ
24l

e

Exact result:
%,I'E o124

Decimal approximation:
0.956708725113587003449038717361890724715615702454393013400. ..

0.956708725113... as above

Property:

8, -mi24 .
v 2 ¢ 7“7 is a transcendental number

Alternative representations:

B B

v
24 Y
\ e o180

59



Series representations:

B ,
V2 %.'E Y6 R, -1F f{142K)
= [ I

E"E E}.’E Li 1 ]—:r_-'24
TE 1
. -mi24
2 — 1
-
2 x o (-1
" k=0 k!

Integral representations:

B— o
"‘I'l 2 s 'E‘II'E r_l-'lﬁ__El -\|| l—fE A

a2
=
ﬁ
]

8,_ ; I| | PO
v 2 g — -1/12 jul 1/ 142 ar
= Fa !

b2
=
ﬁ
=

vz

T i raa 1 2
s %lz f—l_- lzJu 1/ 140= ) dt

(X1
=
ﬁ
5

(M8 1 ("Pi) /24)) /8

Input:
| ¥2
8

3

Exact result:
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G -} 192
A2

Decimal approximation:
0.994483236498140599569249614244535619790083530209437306909...

0.99448323649.... result very near to the value of the following Rogers-Ramanujan
continued fraction:

e_% e ™
\/g =1- e_z”‘/g =~ (0.9991104684
-p+1 1+—e_w§
1+ d5* -1 I+ ——
e—41r«/§
1+
1+...

and to the dilaton value 0.989117352243 = ¢

Property:

ﬁﬂ ¢ "% {5 a transcendental number
All 8th roots of 2*(1/8) e”(-n/24):
%2 ¢™1%2 9 .0.994483 (real, principal root)
52 192 Jimi4 0 70321 +0.70321 4
ﬁ::E o192 limy2 0.994483 ;

2 o192 Bini4 4 7032.40.7032

ﬁﬁ eI T . —0.9945 (real root)

Alternative representations:
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Series representations:

g
v 2 — _1 w1k |
: _ 6_;? g o VI, 1F (142 k)

Integral representations:

o

saf " 148 (14 142 ar
i s "ull o v :
\1 24
[
8 ¢ -1 .'I I| o
v 2 64 -1/96 [ 1/V 1% dr
8 = "ull e !
—
\1 24
[

V2 6:1|.‘I|'_ ~1/96 |D‘-TI 1/{1402 )t
= [ i .
4

8
\i e"

y

16%(((log base 0.99448323649814 ((((2)*1/8 / (¢"Pi)"1/24))))))-Pi+1/golden ratio

Input interpretation:
vz 1
16 logg oo448323640814 SR T
2 {“ﬂ i
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logyix) is the base- b lagarithm

Result:
125.476441335. ..

#isthe golden ratio

125.476441335... result very near to the dilaton mass calculated as a type of Higgs

boson: 125 GeV for T=0

Alternative representation:

8 —
v 2
B 16 lng[%,_]
161 v 2 1 1 rd
o " e =
B0,99445323 6498140000 25— T 774 1og(0.994483236498140000)
Series representations:
g —
-1 -1+L]k
| He
- (V2 11 16 ¥iy .
0 S
ik s e 24 6T ¢ " 1og(0.994483236498140000)
vz 1 1.000000000000000
16 logg oo44s3236498 140000 e = = -
24 n ¢ ¢
VZ
1.000000000000000 7 - 2892.251206003126 luznlg[1 '_]—
h:b. o
AL
16.00000000000000 lng[ ] ' (~0.005516763501860000)" Gik)
k=0

o

2%(((log base 0.99448323649814 ((((2)"1/8 / (¢"Pi)*1/24))))))+1/golden ratio

Input interpretation:
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VZ ] 1
2 logg oo448323640814 + ;

29
,,n'{un

logyix is the base-b logarithm

¢ isthe golden ratio

Result:
16.6180339887...

16.6180339887... result very near to the mass of the hypothetical light particle, the
boson my = 16.84 MeV

Alternative representation:

8—
- 2195[ ”_]
- ¥z ). 1 a 2
0 bt
ik s i ) 24~ | @ ¢ 10g(0.994483236498140000)
Series representations:
85—
1-1#[-1+LT
E:‘:I.'F
— [ta) .
- (V2 ) 1 1 2 y—————
0 +—-=--
B0,99445323 6498140000 7| ¢ ¢ 10g(0.994483236498140000)
V2
2 logn oo44s3236408140000 pa— t+— =
'-_‘,' &7 L
1.000000000000000 VZ
~361.531400761641 log| —— |-
¢ . 05
8 o
VZ & k
2.000000000000000 log = Z[—D.DDSSIE?EBSDIE&DDDD} Gik)
" e Jk=0

1 I ! ] I
| | : ] iy Iy
I LY
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On the coefficients in the expansions of certain modular functions
Proceedings of the Royal Society, A, XCV, 1919, 144 — 155 — Srinivasa Ramanujan

1. A very large proportion of the most interesting arithmetical functions — of the functions,
for example, which occur in the theory of partitions, the theory of the divisors of numbers,
or the theory of the representation of numbers by sums of squares — occur as the coefficients
in the expansions of elliptic modular functions in powers of the variable g = e™". All of
these functions have a restricted region of existence, the unit circle |g| = 1 being a “natural
boundary” or line of essential singularities. The most important of them, such as the
functions”

(1.1) (wi/m)2A = {1 -g*)(1—q")---}*,
(1.2) J3(0) = 142¢4+2¢*4+2¢°+.--,
: wy 4 13q2 i;'iq'-l
(1.3) 12(2) & 1+24¢:p(1_qg+1_¢1 Fees ) s
; s il 6 _ 15q2 Eﬁq;i. L
(14J 21&(?) g3 = 1—504(1_q2+1_q4—r—---),

are regular inside the unit circle; and many, such as the functions (1.1) and (1.2), have the
additional property of having no zeros inside the circle, so that their reciprocals are also
regular.

Or:
From:

J. London Math. Soc. (2) 75 (2007) 225-242 C 2007 London Mathematical Society
doi:10.1112/jlms/jd1017

RAMANUJAN’S EISENSTEIN SERIES AND POWERS OF DEDEKIND’S
ETA-FUNCTION

HENG HUAT CHAN, SHAUN COOPER and PEE CHOON TOH
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Let Im(7) > 0 and put g = exp(27i7). Dedekind’s eta-function is defined by

1/24 2
n(r)=q¢"** [J-d"
=1
and Ramanujan’s Eisenstein series are

. = kg*
P:P(q)zl—%zl_qk,

%z A3qk
Q=Q@)=1+210)
=t

and
R=R(g)=1- 504§: '
k=1 -

On page 369 of The Lost Notebook [28], Ramanujan gave the following results.

THEOREM 1.1 (Ramanujan). Let

S]('ﬁ'}!,) — Z (_1)(0—1),’6&_1119‘.12/247

=1 (mod &)

S3(m) = Z a™g™ 8,

=1 (mod 4)
Then
$1(0) = n(7),
51(2) = n(1)P,
51(4) = n(r)(3P* - 2Q),
S1(6) = n(T)(15P* —30PQ + 16R),

and in general
Si(2m)=n(r) Y  auP'QR,
i+274+3k=m

where a;;;. are integers and i, j and k are non-negative integers. Also

S3(1) = nS(T
53(3) = ()P,
Sa(5) = (7) M,
(35P% — 42PQ + 16R)

Sa(7) = (r) .

and in general

Ss@m+1) =n*(r) > biuP'QRF,

i+254+3k=m

where b;;;. are rational numbers and i, j and k are non-negative integers.

We note that q can be equal to exp(2mit) or exp(mit) where Im(z) > 0. In the our
computation we put Im(t) =0.1111111.... or 0.2222222... that are equals to 24/216

and 24/108

exp(2Pi*0.111111111111) = exp(2Pi*24/216) = 2.00999392725
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Input interpretation:

24
exp(270.111111111111) = Exp[2 X o ] = 2.00999392725

Result:
True

exp(Pi*0.222222222222) = exp(Pi*(24/108)) = 2.00999392725

Input interpretation:
24
expir 0.222222222222) = exp|r ] = 2.00999392725

Result:
True
Thus can be also utilized the value 2 for q or, as indicated from Ramanujan, x

Page 241

x=2 orx=e¢e"Pi

53361((((1+240(2/(1-2)+(273*272)/(1-272)))"3+121250((((1-504(2/(1-
2)H(215%272)/(1-272))*2

Input:
2 23 _)5;2'2 2 25 x22
53361 |1+240|— + +121250(1-504|— +
[ [1—2 1—22] [ [1—2 1—22]
Result:
-14362159092 808909
-1436215992808909
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Or, changing the sign:

-[53361(((((1+240(2/(1-2)+(273*272)/(1-272)))N"3 +121250(((((1-504(2/(1-
2)+(275*272)/(1-2"2)))))"2]
Input:

2 e i 2 25 22
—{53361(1 +240 + +121250(1 -504 +
1-2 1-2°7 1-2 1-27

Result:
1436215992808 909
1436215992808909

Scientific notation:
1.436215992808909 x 10'°

1.436215992808909*10"° ~ 1.436216...¥10"
We note that form this expression, we can to obtain:

(-11-76-521)+2/(196884"2) (((((-[53361(((((1+240(2/(1-2)+(273*2°2)/(1-
2223 +121250(((((1-504(2/(1-2)+(275%272)/(1-272)))))))*2]))))

Where 11, 76 and 521 are Lucas numbers and 196884 is a fundamental number of the
following j-invariant

§(r) = ¢~ + 744 + 1968844 + 214937604 + 8642999704° + 202458562564 + - - -

Input:
(-11-76-521) +

196 8847
2 23 22y ; 2 9802
14240 + +121250[1-504 +
1-2 1=p? L B B

Exact result:

=

1424431946 734 285
19381654728

Decimal approximation:

73493.82530669364837113612624665057442663984288472977486424...
73493.8253...
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Thence, we have the following mathematical connections:

2
(-11-76-521)+
196 8842

2 2% 22
-|53361 1+240[

1-27 1-2? ]]Z]] |=73493.8253 =

'\ )

(13 N i Ud-g (_ﬁp,ﬂpgﬂ | Bp)xs N \
I oo e
\

2% 22

3
+ —— || +121250|1-504
1-2 1-2°

13 50 50
—-3927 + 2 "u'l 2. 2083717437 - 1077 + 2.0823329825883 - 10

=73490.8437525.... =

- (A(T) X B(lr) (‘ qb(lr)) % eA1<r>) =

1 1
~0.000029211892 [- ]
= 0.0003644621 | 0.0005946833 ) 0.00183303 | —

— 73491.78832548118710549159572042220548025195726563413398700...

73491.7883254... =

[ < e(=(4))

o e pl-g:

(5 I—
Z e B [t <

k <H{(ogr ) tog T) Qog Xy + (5 (log T)> + &'W, (log 7)) T}

eglog T

7.9313976505275 x 108
/(26 x 4)2 =24 = (26 <47 - 24 = 73493.30662...
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Mathematical connections with the boundary state corresponding to the NSNS-sector
of N Dp-branes in the limit of u — oo, with the ratio concerning the general
asymptotically flat solution of the equations of motion of the p-brane and with the
Karatsuba’s equation concerning the zeros of a special type of function

connected with Dirichlet series.

We have also:

123+29+1/16*1/(196883°2) (((((-[53361(((((1+240(2/(1-2)+(2/3*22)/(1-
27223 +121250(((((1-504(2/(1-2)+H275%272)/(1-272)))))))"2])))))

Where 123 and 29 are Lucas numbers and 196884, very near to 196883, is a
fundamental number of the following j-invariant

§(r) = g1 + TA4 + 196884 + 214937604 + 8642999704° + 202458562564" + - - -

Input:
123 +29 s :
+ +iz
16 196883°
i ' 2 23 221y § 2 25 22
-[53351 1+ 240 + +121250[1-5D4 +
12" qeeg® 1-2 1-2°

Exact result:

1530487403764 557
6520206651024

Decimal approximation:

2467.705564327029550762027043759824740079380768066763059537 ...
2467.705564.... result practically equal to the rest mass of charmed Xi baryon 2467.8

From the Ramanujan partition formula:
Input:

1 [ f.'zn]
— exp|r ., —
4nv3 V3

Exact result:
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443 n
Plots:
| i
5
4|
3|
z - (nfrom0to 0.6)
1|
: — 1eal part
0.1 0.2 0.3 0.4 0.5 06 T lmaginary part
il
2| I
10 05— 05 1.0 L5 (nfrom=1.2to 1.8)
— 1eal part
— limaginary part
Roots:
o roots exist

Series expansion at n = 0:
1 m P myn

- - - +0(n?)
4v3n 6vY2+Vn 12V3 54v2
[Puiseux series)
Derivative:
2n
EX = e _
1 L e ] F\."Enw: (VZ 1V -2V3)
dn| anpv3 | 24 n?
Indefinite integral:
Expnll%] Ei[\/gﬁn]
dn = constant
4ny3 243

Global minimum:
71

Fiix) is the exponential integral Ei



%) ..

111111{ — }: — at n= E
4nv'3 24 43 x
Limit:
\l'm Voon
lim f—'_ =10
% 443 n
Series representations:
Z I: 2 '[’("IE nt2 gk
of (3] g2
4nv3 N 43 n
(22 (2 o=
exp[;r\/ f ] yE Ik[\l 5 Vn n]
4nv3 N 443 n
—
— ﬂg'f(a:k.rrzk l4zk+ | 2 \.-"E:rl
exXp }T\J in B8 g v
3 k=0 (142 k)t
4nv'3 - 43 n

For n =274, we obtain:
1/(4*274%*sqrt(3))*exp(Pi*(((sqrt(((2*274))/3)))))

Input:

1 [ 2 2?4]
— EXPF‘J
427443 3

Exact result:
L2V 1373 1

1096 v'3

Decimal approximation:
1.4512851967926297147465476797157233254321148737001271... x 10"
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1.45128519679...%10"

Property:
&2 V1373 1

——  is a transcendental number
1096 '3

Series representations:

— 1
exp[n ‘\IIII 2—:?4 ] Exp[;r\l % ot [%}_k [ ; ]]

4.274+3 . 1
1095@2‘:;3 2“"[2]
k
I — [ o
2x:274 345 ea L G457 1 30k
expn\IT] exp[n\l? Eki‘T]
4-274V3 L
1096v2 » .
' A e I e
2274 o V3K 3 )
exp ;r\l : ] EXp[}T Yao B, 5
4.274+3 (-1 (-3 ) @z 3¢

1096Vz Y7 v

not

While, for n = 273.8586489, we obtain:

1/(4%273.8586489*sqrt(3))*exp(Pi* (((sqrt(((2*273.8586489))/3)))))

Input interpretation:

[

1 | 2. 273.858hH480
— exp|r |

4. 27385864804/ 3

\ 3

Result:
1.43621616... x 10%°

1.43621616...%#10"° ~ 1.436216...*10" value practically equal to the result of the
expression above analyzed
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Series representations:

7
EXP[}T \/ 2x2 .33.859

4 .273.8590v3

0.00091288 Exp[;r V181572 L 520165k [

)

bk =

1
mr ()

k

— (-0.00550744 % (-1
exp[n\/%””] 0.00091288 EXP[;r‘«"ISl.S'?E ol - | “]

4.273.859 V3 —w 3f 5k
ﬁ Lk:l:l k!

Exp[;r\/ R ] 0.00091288 Exp[;r Va0 I,

-1f (-2 |, (182.572-z9 f 2% ]

4 .273.859+3

We have also:

(-11-76-521)+2/(196884"2)
1/(4%273.8586489*sqrt(3))*exp(Pi*(((sqrt(((2*273.8586489))/3)))))

Input interpretation:

|
2 1 [ 2..273.8586489
(-11-76-521) + EXp

= gl
196884% 4.273.8586489 v3

\ 3

Result:
73493.8339...

73493.8339...

Thence, we have the following mathematical connections:

|
2 1 [ 2.273.8586489
(-11-76-521)+ = — exp|r | —————
196884° 4.273.8586489 V3 \ 3

\

\ = 73493.83 =
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(] velfo( daror)im, )
@ 9T k / [dX“]exp{[d& (—ﬁDX“szﬂ)hX*‘,X* 0>\Tq) -
Jeenlfets

13 50 50
—-3927 + 2 "u'l 2. 2083717437 - 1077 + 2.0823329825883 - 10

=73490.8437525.... =

- (A(T) X B(lr) (‘ qb(lr)) % eA1<r>) =

1 1
~0.000029211892 [- ]
N 0.0003644621 | 0.0005946833) 0.00183393 | —

— 73491.78832548118710549159572042220548025195726563413398700...

73491.7883254... =

/

— 0 AE;‘Pt"Eg

[ {5 eoneofas )

\ <H{(ogr [ g 7) Qog ) + (5™ (log Ty + &5'F; (log 7)) T}

7.9313976505275 x 108
/(26 X 4)%2 =24 = (26 x4 - 24 = 73493.30662...

Mathematical connections with the boundary state corresponding to the NSNS-sector
of N Dp-branes in the limit of u — oo, with the ratio concerning the general
asymptotically flat solution of the equations of motion of the p-brane and with the
Karatsuba’s equation concerning the zeros of a special type of function

connected with Dirichlet series.
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Series representations:

|
EK]_][II"J 2 2'.;3.85';‘ ]2

(-11-76 -521) + -
(4 273.859 v 3 ) 196 884°

4.71002x 10714 Exp[;r V181.572 3, 520165k [

R 2|

]] -608 2 ¥p 2% [

|

b=l % T )
bl % I P

ol % I P

|
EXP[JT"I 2 2'?33.859 ]2

(-11-76-521) + _
(4 - 273.859 /3 ) 196 8847
e (-0.00550744 1% (-1} - _Lgk(_L)
4.71002x 10714 Exp[;rv'lﬂl.S?E b - { E-k]_EDEV.E 5 {j*c#
Mo % o l: ]':;Tk':_lgllk
VIE Lk:ﬂ ket
i [ —7
exp ;r\( %3-359 ]2
(-11-76-521)+ _

(4 273.859 V'3 ) 196 884°

(o DF(-1) 182572 - z)* zg*
4.71002x 10" explry 20 )’

k!
k=0
— . [—l}k [—zl}k[B—ZD}k Zﬁk /
608 vz ) = /
k=0 ’

— o (-2} @-=) 5"
['\JIIZD L [ E}kk! ] for

k=0

Adding 47, that is a Lucas number, to the previous expression and performing the 8"
root, we obtain:

A7+(((1/(4%273.8586492*sqrt(3))*exp(Pi* (((sqrt(((2*273.8586492))/3))))))"1/8

Input interpretation:
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I
1 J 2. 273.8586402
47 + EXp|m \

8l
V 4.273.8586492+3 3

Result:
125.4607540...

125.4607540... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

Series representations:

2 273.859
exp[n e

&

47 +
“I 4 273.859+/3

kA =
—
™

exp[;r 181.572 Ezldj‘,—S.leussk [

0.416919(112.732 +

1
= & I
RCI o B
Exp[}'r | 2 2?33.859}
AT + 4 =
\ 4 273.859 '3
{-0.00550744 1 (-1}
exp[;r‘«’lﬂl.E?E Yea - 2l
0.416919(112.732 + ———
B ':_Elrkl:_allk

VIE Zk\m:D k!

2 . 273.859
exp[;r T]

|

47 +
‘4 4 .273.859+3

-1 (L) (182572 -z ¢ =5
Exp[;r‘u'z.;. 1o l:' 2L T o
0.416019(112.732 + M 1] T
8 — P _E-k':g_z':" =
Z0 Zk:ﬂ k!

for not ((zpeR and —oo «
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If we put x = €" the result is:
exp(P1)

Input:

EXPIm)

Exact result:

i

Decimal approximation:
23.14069263277926900572908636794854738026610624260021199344...

23.1406926327...

Property:

¢" is a transcendental number

Alternative representations:
n 180°
£ &

¢" = exp’(z)

b —ilog(-1)
£ =£ E

Series representations:

; av® o 1k fl1aok)
fT = & =] ) !
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Thence, for x = €", we obtain:

53361 [((((((1+240(((((exp(PD)/((1-(exp(Pi))))H((((2"3*(exp(P)*2))/((1-
(exp(P1)"2)))MNNNNMN]*3

Input:

EXpIT) 2% exp?® 3
53351[1+240[ PO e pm]]

1-expim)  1-expim

Exact result:
f:r g P.’Z:r 3
533611+ 240 +
1 _ f"T 1— PZ.-'I'

Decimal approximation:
-5.478505618025463336249950336436186272084300519504145... x 10

-5.47850561802546...%10"

Property:

b g 2nm 3
53361 [1 + 240 [1 ‘ + i ‘ i ]] is a transcendental number
—_ .d_u"T —F 4

Alternate forms:
~53361 (1079 + 1080 cothir) + 120 csch(n®
53361(1+240¢" +2159 ¢° 7

@@ =17 1+

02207808 000000
-537009398737119 - 17 -
€ — 1)

387042274080000 5956861333283600

e — 17 em -1 N
47210397 696000 230003156275200 417775290166 080

- +
(1+e") (1+€") 1+e"

cothix is the hyperbolic cotangent function

cachix is the hyperbolic cosecant function

Series representations:
expir) 2% exp?(m) ]3
+
l-expm 1- expz {m)
s 1T aa  11EmM3
53361 (1+240 (I, ) +2159 (22, o))

(I AT (S A)Y

53361 [l - 240[
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ex 23 exp? 3
53351[1+z40[ Pl LA ]]

1-expim) 1-exp’im

T

i "a—-"l—cl

2my3
o=l k! k k!

w3
1 1
[_1+[ o0 ﬁ]] 1+[ o “1#]
k=0 k! k=0 K

expim 2% expi(m ]3
+ -
1-expim)  1-exp’im
!

—[[53361 [1 R o -1 f{142k) 42159 e 8 £ i-1F |'1+2k|] ]j'
[[ 1 Z:J_D-:—lmkl."'-:1+2k:|]3 [1 o 1kl 1+2k]
B [T o )

[1 EZEJ_D"”k-":“*zk:']B[l 4Zf_nt—13k.-'"'!1+2k:']3]]
+¢ = ! +& = '

53351[1+24D[ +2159[

I

53361 [l + 24D[

121250 [((CC((((1-504(((((exp(P1)/((1-(exp(P1))+(((((2"5*(exp(P1)"2))/((1-
(exp(P1)"2)))MNNNNN]2

Input:

) 25 2
121250 [1 ] B o i L ]z
1 -expim) 1 -exp?im

Exact result:
£’ 32 27
121250|1-504 +

—&"  1-¢27

Decimal approximation:
3.3758488814440055767176178468722964312089472713099035... x 10"

Property:

e’ 3227 :
1212501 -504 + 15 a transcendental number

1—{“” 1—{!2’1

Alternate forms:
121250 (8317 + 8316 coth(r) + 252 esch(r)®
121250(-1+504¢" + 16633 ™)
(e -1F (1+& )
8901038 160000

33544623541 250 + 17 -
(e -1y
26181601 740000 7884656640000 24148716480000
e -1 ’ 1+ 1+

cothix is the hyperbolic cotangent function
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cschix is the hyperbolic cosecant function

Series representations:

exp(r) 2° exp?(m) ]Z
+
1 -exp(m)  1-exp?im
A 14T i 1 12 T2
121250 (-1 +504 (5, o) +16633(55, 5) )

(1o &V L+ (L &)Y

ExXplr) 2° exp?(m) ]Z
+
l-expim)  1-exp®in)

m 2m
1 1
+ 16633
£, EF ] [“” L“k] ]Z

k=0 “k=0 i

T "
1 1
2 lii:lf ] ]Z [l ’ [ 7 I:i:#_: ] ]z
k=0 k! k=0 k!

exp(m) 27 exp?(m) ]Z
+
1-exp(r) 1-exp’im

121250 [l —5'34[

121250 [l —504[

121250 [— 1+504

[_1+

121250 [l - 504[

[121 250 [- | +504 ¢ EoCV/192K) g ean BT (142 k?'Jz ],ff
o I-'I. 13 od i ."I' "3
[[_ i fzkﬂ:l' l]kll.,1+2kll] [1 2 PZ&;:D': 11k ,1+2k||]

@ o I.'II ] L I.'II )
[l g T 1_1"‘I,.,1+2k.|] [1 o e ”k.-'-“zk-'] ]

53361 [((((((1+240(((((exp(PD)/((1-(exp(Pi))))H((((2"3*(exp(P)*2))/((1-

(exp(PD"2)NMNMINMN]I"3 +
3.3758488814440055767176178468722964312089472713099035 x 1013

Input interpretation:
expim) 2% exp?im ]3
+ +
1 -expim) 1-exp?(m
3.3758488814440055767176178468722964312089472713099035 - 10"

53361 [l - 240[

Result:
~5.140920720881062778578107551748056628063405792373155... = 101*

-5.14092072988*10"
As above, from the partition formula, for n = 260.115165, we obtain:

1/(4%260.115165%sqrt(3))*exp(Pi*(((sqrt((2*260.115165))/3)))))
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Input interpretation:

1 2. 260.115165
EXp|r | ———————
4.260.115165v3 3

Result:
5.1409207... = 101%

5.1409207...*10' result practically equal to the value of the above expression

Series representations:

Exp[x ,‘ﬂﬂéﬁ ] 0.000961113 exp[xﬂ?z.ﬂ }:&ﬁ-”ﬂ“*[

4 .260.115v3 i
V3 Py H
k

{-0.00580012¢ (-1
exp[x,ﬁ Ay ] 0.000961113 Exp[prﬂ"l'?ZAl y. = { 2]“]

4.260.115v3

H

ool X Y

NEY Zm {'%ﬂ'%]k

k=0 k!
[ 1 (-3) 730z o5
2 260.115 At 2
EKP[JI T ] U.Uﬂﬂgﬁ1113 EIP[:JT Zn E;in ]
4.260.115v3 -1 (1), 3-=0 ) 5
= v ot
=0 k!

for not ((zoeR and —=< 2 £ 0))

Page 243

For x =2, we obtain:
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1-24(2/(1-2)+(2713%2/2)/(1-2/2)+(3713%2/3)/(1-2/3)

Input:

1-24 - -
2

Exact result:
3070945367

7

Decimal approximation:
4.39921052857142857142857142857142857142857142857142857... x 107

4.399219528571...*10’
1V(((1-24(2/(1-2)+H2M3%272)/(1-272)+(3713%2/3)/(1-273)))))1/4096

Input:
1

213,92 513,53,

T2 1-23 }

|'
4008 1 _ 2.
V1 24(-L

Result:

7

4096 ——————
\ 307945 367

Decimal approximation:
0.995712459364566098402133104582928231233818852901463000270...

0.995712459364566..... result very near to the value of the following Rogers-
Ramanujan continued fraction:

e_ﬁ e ™V
\/§ =1- R =~ (0.9991104684
-@p+1 1+—e‘3”‘5
143 (/)54\/5_3 -1 145
e—47r\/§
1+
I+...

and to the dilaton value 0.989117352243 = ¢
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Alternate form:

V7 307945 3670934096

307945367

2*sqrt[log base 0.995712459364566 (((1/(((1-24(2/(1-2)+(2°13%272)/(1-
2A2)+H(3M3%273)/(1-2°3))))))]-Pi+ 1/(golden ratio)

Input interpretation:

1 1
2 | logp oos712450364566 —&+ 7
1-24(-2 + s M} ¢

1< 1-22 1-23

loggix) is the base=b logarithm

#isthe golden ratio

Result:
125.4764413352. .

125.4764413352... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

Alternative representation:

2 _1020.995?124593645663000

1 1
1_24[L+213 22+312: 23} }T+¢,"

1-2 1-22 1-2°3

log

1
-+ =

1
1-24 [-2+-5—§-E+-3—§£l]
2
s "\ 10g(0.9957124503645660000)

Series representations:

2 _1020.995?124593645663000

1 1

-+ - =

1sgald il d e ¢
1-2 1-2< 1-2

I,_l.lkll_EDT'e'-'45 360 'rl’
Zw S\ 307945367
k=1 I

\ " 1og(0.9957124593645660000)

——m+2

84



2

10g oo5 7124503 845660000

T |

1
12 i B I ]_ Bar
r BE g% 4Tl
L 24[1_2+ 1-22 1-22 j

1 7
; —m+2 ,J =1 1050.995?1245936456&3000(W535;,J
1

5z

7 —+*
] (— 1 + logg cos7124503645660000 [ S D
k=0

307945 367

2 | logn oos7124503 845660000

| 1
1-24(L .22, 313 23} e
1-2 1-2=

7
B 2 [-1+1]o (— J
T+ |’ + 1080 co57124503645660000 307945367

B |~

o (-1)f [— 1+ 1030.995?124593645663000[m” [_é}k
k!

k=0

1/4*sqrt[log base 0.995712459364566 ((1/(((1-24(2/(1-2)+(2713%2/2)/(1-
2/2)+(3M3*273)/(1-2°3))))]+1/(golden ratio)

Input interpretation:

1 1 1
— | logg cos712450 + -
4\i B0.005 7124593545 66 1_24[L+213 2 +313 23} p
1-2 1-22 1-23
logyix is the base-b logarithm
¢ isthe golden ratio
Result:

16.61803398875...

16.61803398875... result very near to the mass of the hypothetical light particle, the
boson my = 16.84 MeV
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Alternative representation:

1 1
logq oos7124503645660000 i
\1 1_24{L+213 22 413 23} "

1-2

|

1-22 1-2°3

1

log
13 13
1-24 [-2+-5—32—+-3—$—]

i §
s " 4 \ log(0.9957124593645660000)

Series representations:

1 1
lo T
\1 B0 0057124503645 660000 " 24[L " e ; A 23} &

Ju ] =

1-2 1-22 1-23

307945 360
o "'l’k':.'zu?ws 36?:rk
k=1 I

\ " 1og(0.9957124593645660000)

1
e
4

5o

1

logg cos7124503645 660000
- : 13 -2 13 .3
1- 24{ T s st }

+

o=

Pl =
—

2
1-2 1-22 1-23

7
e ()
* 108 0057124592645 660000 307945 367

B |~

Mg =

\

|

| 1
08D 0057124593645 660000 T
s - 13 .2 12 .3
1-24(L 22,3 _2)] ¢
1-2 1-2 1-2

7 -
-1+lo (—]]
] [ B0 2057124593 645660000 307945 367

ol X I

E

| =
—

1 { 7
= |-14lo (357005367
4\ + 1080 oo57124503 645 650000 307945 367

-+

5 | =

o (-1 [—1 * 1050.995?124593645650000{@”_k [— zl}k
k!

k=00
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Page 245

For x =2, we obtain:

1/760(((1+240(2/(1-2)+(272%2/2)/(1-2/2)+(3/3*2/3)/(1-2"3))))) (((1-24((2/(1-
2)H2F2A2)(1-2°2)+(3*273)/(1-2°3))))))

Input:

1 2 22,22 33,28 2 2x22 3x23
— [1+240 + + 1-24 + +
760 1-2 1-22 1_28 127 129% 1.8

Exact result:
87697151

37240

Decimal approximation:
~2354.91812567132116004296455424274973147153598281417830290...

~1/720(((1-504(2/(1-2)+H(215%212)/(1-2°2)+(3/5%23)/(1-23)))

Input:
1 2 29522 35,908
-— |1-5304 + +
720 1-2 1-22 " 1-2°

Exact result:
162481

720

Decimal approximation:
~225.668055555555555555555555555555555555555555555555555555....
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1/760(((1+240(2/(1-2)+(272%2/2)/(1-2/2)+(373*273)/(1-273))))) (((1-24((2/(1-
2)H2*22)/(1-27°2)+(3%273)/(1-273)))))) -225.6680555555

Input interpretation:

1 2 22427 3,28 2  2x22 3x2®
— |1 +240 + - 1-24 - - -
760 12 .95 7). 98 -2 1.29%% 1.9
225.6680555555

Result:
-2580.58618122682116004206455424274973147153508281417830290...

-2580.586181226... result very near to the rest mass of charmed Xi prime baryon
2577.9 with minus sign

T(((-1/760(((1+240(2/(1-2)+(272%272)/(1-272)+(323*2/3)/(1-23))))) (((1-24((2/(1-
2)H2*272)/(1-2°2)+(3%273)/(1-273)))))) +225.6680555555))))*1/4096

Input interpretation:
L/ 1 > 2 22x27 P2 s 2 2x2? 3x2
f760 1 T |1-2 T 122 T 18 1-2 1-22 1-2))°

225.658'3555555] g 40961]

Result:
0.9980839249696663098. ..

0.998083924... result very near to the value of the following Rogers-Ramanujan
continued fraction:

e_% e Vs
7 =1- e ~(0.9991104684
-p+1 1+—e_3”£
1+ 45 -1 l+—
e—47r\/§
1+
I+...

and to the dilaton value 0.989117352243 = ¢
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1/(golden ratio)+2sqrt((((log base 0.998083925 ((((1/((((-1/760(((1+240(2/(1-
2)H2A2%2/2)/(1-272)+(373%273)/(1-273))))) (((1-24((2/(1-2)+(2*2°2)/(1-
2ADVH(3*273)/(1-273)))))) +225.668055)))))))))-Pi

Input interpretation:
| 1

22 L 22 (1-24( 2 + 28 4 32))4 225668055

'

; +2 |logg cosnsaces

- (1+240(L +2
TR0 1-2

logyix is the base-b logarithm

4 is the golden ratio

Result:
125.4764423475600138003732347381540603460006713159660040508 .

125.4764423475... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

Alternative representation:

Lol [1;[ : [[1 T 23]
i o | [
¢+ J Bo.cos084| - | 760 |- 7 13" 192 * 190

2 2x22 3.2°
1-24 - + (-1)+225.668 ||-7 =
1-2 1-22 1-2°

log[ T .' = 6 16 ]
1 225-6'58‘%'|1‘24.‘2+‘?+‘§],|'.1*2“‘:":‘2"‘7*‘?].'

T+ — +2
PR log(0.998084)

Series representations:

Loy [ﬁ[ - [[1 TR 23]
— o J | —
¢+ \j Bo.cos0s4| | 260 ||~ 7 1-2 " 1 - 92 = 1- 23

2 2x22 3428
124 + + (-1)+225.668 || -
1-2 1-22 1-2°

o (=1 -0.000612)
1 | Ze= k

T=——T+24 -
d \ " log0.998084)
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o— 1/ ! (1 0ag(2 ,2x2 Fx2
-+ o oy + + +
F Eo.0o8084 760 o3 o 158

2 Twgd gl
1-24 + + -1y +225.668||-r =
1-2 1-22 1-2°

1 B
; -m+2 NJ'I -1 +1og; copng4(0.000387509) Z[ 2 ]{—1 - 103’,3.9939Eﬂﬂ.ﬂﬂﬂ&ﬂ?SﬂQ}}_k
k
k=0

1 . 1/ 1 A N T e R
-+ o T + + +
F Enooznsg 760 ¢ T 1_923

2 2x22 3,93
1=24 + + (-1)+225.668 ||-
1-2 1-22 1-2°

—m+2 4/ -1 +log cogogs (0.000387509)

I =

Bl

o (-1 (-1 + 1080 oos084(0.000387509) (- 1),

k!

k=0

Page 247

Forx=2 and 0=m/2
2((((2*cos(P1/2)/(1-2"2)) + (2"2*cos(P1))/(2*(1-274)) + (2*3*cos(P1))/(3*(1-2"6)))))

Input:
““5(5) 22 cos(m) 2% cosim)

2|2x + +
1-22 2(1-2%) 3(1-2%

Exact result:
332

945

Decimal approximation:
0.351322751322751322751322751322751322751322751322751322751...
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0.35132275132...

Alternative representations:

[ 2 cns[g} 22 cosim) 2° cosim) o 2 (1 ;r] 4 coshiim) 8 cosh(im
+ - =2|- — |+ +

1=9% C a0 =2 a(iogh 2/ 2(1-2% 3(1-25

(2 CDS[i} 2% cosim) 2% cos(m)

+ +
124 2012 31295

o
3 csc(y csc[_g}[zu-z‘*}} csc[—g}[3{1—26}}

2 “’S[i} 2% cos(m) 2% cos(m)
+ +
1-22 2{1-2% 3(1-25

o2 4 8
3sec(?) (2(1-2%))sectm)  (3{1 - 25%))sectm)

Series representations:

EfECDS[ﬁ} 2 costr) 2 cosy) & CLF41F (315 +83 «4%) 22K
+ + = .
1-22 2(1-2%) 3(1-29) & 945 (2 k)!
! kx 1 _. F P -
2"20::5[%} 2% cos(m) 2% cosim) i 4CUS[2 +z.:.}[315[2 Zo| +83(r —zo)
+ + = =
1-22 2(1-2%) 3(1-29] o 045 k!

332 costr) 4 & 1
& 5 + - 2‘[—1]1ch JZk(EJTZk[}T}[_E'HEk}

m
2 CDS[E} 22 cos(my  2° cas[m]

+ +
1-22 2(1-2%) 3(1-29% 945 £
Integral representations:
, (3 cas[g} 22 cosim) 2% cosim 1502 fl[z ) [;rtJ 332 : t}]dt
+ + = - + — mEIN|— |+ —— msinr
1-22 2(1-2% 3(1-29 945 Jo 2/ 945

2 m[i} 2% cosim} 2% cos(m)
- -
1-2* 2(1-2% 3(1-2f
7 f—nEI."M 545 [83 +315 fI:E .-TE:II."I:].EASJ ‘u"?
i ooty
J - ds fory=0
“oady 945irys
91




+ + =
1-22  2(1-2% 3(1-25)
fw 21425 83 + 315 x4y 12 )V r
; 1 i
ity 9451 -3

m
[2 CUS[E} 2% cos(my 27 cos(m)

ds for0

Half-argument formula:
. [E CDS[ﬁ} 2% cosimp 23 cns[n}]

- ; M1
+ + =2 |- S (-pyternemiEn \J = (1 +cos(m)
120 301229 g(1=26) 3 2

1| [ ¥ 155 i
[1 _ [1 Fo{— 1}[—-:Jr+ﬂc-::r]:l_- (2 m) ]+ {m+Re{m (2 mJ}E"[—Il‘.[l[}TH} AR bl 78 1}[-::r+E.:-:2 w2 m]
045

I 1 i [ i
\/ 5 (1 + cos(2 m)) [1 = [1 o l}[-mmn:znn.-.z w4+ {m+Be(2 2 JT]J}'E‘,[_Im[E ?T}}}]

Multiple-argument formulas:

2 “’S[ﬁ} 22 cos(m) 2% cosim) 4
=—-— [315 Tyicosim)) + 83 cns[;r}]
2

+ +
1-2° 2(1-2%) 3(1-2%| 945 2

+ +
1-22 2(1-2%) 3(1-25) 945

[2 cns[g} 2% cosim) 2 cos(n) i {- 199 + 315 51112[ E] +83 Sinz[f]]
3 2

EC“S[E} 22 cosim)  2* cosim) 8 T T
[ 1_25 + 2[1_24} + 3[1_26} :—ﬁ[—199+315c052[;]+83c052[5]]

48*(((2((((2*cos(Pi/2)/(1-272)) + (272*cos(Pi))/(2*(1-24)) + (23*cos(Pi))/(3*(1-
27°6)))))))

Input:

CDSE} 22 cos 3
[ 2° cos(m
4822 [22 s :} + =
1-22 2(1-2%) a(1-29)

Exact result:
5312

315

Decimal approximation:
92



16.86349206349206349206349206349206349206349206349206349206...

16.8634920634... result very near to the mass of the hypothetical light particle, the
boson myx = 16.84 MeV

Repeating decimal:
16.8634020 (period &)

Alternative representations:

m
2 CDS[E] 2% cos(m) 2% cos(r)

48 2 - -
1-22  2(1-2% 3(1-29

!II'] 4 coshiim ECDSh[z}T}]

2
06 |- - cosh| —
[ 3 [2 +2[1-24}+3[1-26}

m
2 CGS[E} 2% cos(my 2% cns[;ﬂ]

48 2 - -
1-22 2(1-2% 3(1-29

2 4 8
- + +
3ese0)  ese(-2)(2(1-2%) ese(-1)(3(1-2%)
2 cas[g} 22 cosimt 2% cosim
- i
12 a=a% 31225

2 4 8
95 e + -
[ 3sec(Z) (2({1-2%))sectm  (3(1- 26}}sec[n}]

48 -« 2

Series representations:
2 ':':'S[g} 22 costry 2 cosem | & CLFAT [315 +83 4*‘};12*‘

+ +
1-22 2(1-2% 3(1-2%) & 315 (2 k)!

48 - 2

2 “’S[El 22 cos(m) 2% cos(m)
+ +
1-22 2(1-2%) 3(1-2%

o B cns[i—” +z.;.}[315 [é —z.;.}k + 83 (m—z )
k%':_ 315 k!

48 2

93



P 2 cns[g} 22 cos(my 2% cos(m)
+ + =
12 " 20=2Y a{1=2h
5312 cosim

- 1
o, k
315 +|54k=02{—1]' Jzk[i]Tzk[}TH—E + 4. )

Integral representations:

48 2

2 “’S[E} 22 cosim)  2° cosim)
+ + =
1-22 2(1-2%) 3(1-29

254732 *1 . fxby 5312
- +J [BE}TSLH(—J+ msinr E}]dt
315 0 2 315

48 2

2 CDS[E} 2% cosim) 2% cos(m)
+ +
1-22 2(1-2%) 3(1-2§

32 o /4 sHs [83 +315 J-“Ei'f'“'sﬂ] Vr

Jhmr— ds rory=U
i oty 315ixvs

48 . 2

2 CDS[E} 2% cosimy 2% cosim
1-22 2 {1=2%) ’ 3[1-25}]
j~.-w+y_25+25[83+315 Ay 125 rsyvn S—

i a4y 3151r[§—s] 2

Half-argument formula:

2cos(2) 92 cosim 2% costm) 2 - 1
) + Ly — |= 96 |- = (-remiEn) \/— (1 + cos(r)
122 e gy 3 -

. . 166 ;
=+ B 32 ) ]+ + Rl D32 o)) i L +Fes(2 2 )]
(1-(1+D Jo-Tmmy) - o 1)

1 ' !
\/ 5 (1 +cos(2 1)) [1 a [1 +(= l}l"‘“ﬂ“z"”"‘z””*“’T"ﬂc‘z"””z””}&[—Im[z n}}}]

48 - 2

Multiple-argument formulas:

2cos(2) 22 cosm) 2% cos(m) 5312 cos(x)
— {2}+ X = = -64 Ty (costm) - ==
1-22  2(1-2% 3(1-29) ? 3
2co8(2) 92 o5 2% coser) | 128
48 2 [2}+ — 4 & | = 375 (199 +315sin’( 3| + 835in”( )
1-22  2(1-2%) a(1-25) 315 4 ’

94



2 CDS[E} 22 cosim) 2% cosim) 128 m i
48 2 2 = — — [-199 + 315 cos?[ - | + 83 cos?( =
I +2[1—2“]+3[1_2'5'] 315[ A% w0 [4]+ ms[z”

((((((2*cos(Pi/2)/(1-272)) + (272*cos(Pi))/(2*(1-2/4)) + (2°3*cos(Pi))/(3*(1-
27°6)))))))"1/256

Input:

=
':'“[5? 2% cos(m) 27 cos(m)

+ +
1-22  2(1-2%) 3(1-25)

256 2 (2

Exact result:

—

|
pr - J—
1285 256f B3
35

33_:'256

Decimal approximation:
0.995922204230261120634925883859386890444414837810367798888...

0.995922204... result very near to the value of the following Rogers-Ramanujan
continued fraction:

e_% e ™Y
\/g =1- R = 0.9991104684
—¢+1 1+7
143 405‘{/5_3—1 14—
e—47r«/§
1+
I+...

and to the dilaton value 0.989117352243 = ¢

1/2*log base 0.99592220423 (((2((((2*cos(Pi/2)/(1-22)) + (272*cos(Pi))/(2*(1-274))
+ (273*cos(Pi))/(3*(1-276)))))))) - Pi+1/golden ratio
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Input interpretation:
cns[’l} 2% cos(m)  2* cos(r) ]] 1

1 2
5 1050.99592220423[2 [2 192 + 2(1- 24} + 301~ 26} m+ ;
logyix) is the base- b lagarithm
4 iz the golden ratio
Result:

125.4764413260468848203416354772136114330107380426433795659...
125.4764413269... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

Alternative representations:

1 | 2 cas[g} 2% cosmy 2% cosim) 1
P 080 cos022204230000 | 2 192 + 2(1-2%) + 3(1- 26} —f ; =
_2 m 4 cos{r) 8 cos(T)
1 lﬂg[z[ 3 CDS[2}+ 2(1-2%) 3q1_z’5;.]]
-+ —+
¢ 2 log(0.995922204230000)
1 | 2 CDS[%} 2% cosimp 2% cos(m) 1
3 OED.995022204230000 12?2 + 21 _24} + 3(1- 26} —R ; =
1 1 2 b iy dcoshiim  Bcoshiim 1
Ty 080 eos022204230000 | 2 T3 COn (E]+ 2(1-2%) b 3(1- 26} +;
1 | 2 CDS[%} 2% cosim) 2% cos(m) 1 1
3 080 eo5022204230000 192 2 2(1-2%) + 3(1- 26} =R ; TRy

2 4 g 1
10gﬂ.9‘959222|:|423|:||3|3|:| 21— + + Pl
3 csc(y CSC[—i}[E[l—E"‘}} CSC[—E}[S[l_EE}} &

Series representations:
2 CDS[;'} 2% cosimp 2% cos(m) 1
+ + -+ —
1-27 2(1-2% 3(1-29 &
(83 (-1 +315(- 1))

1
5 1084 oosez2204230000 [2

: T+ . | = =ki=) Z‘
L - lo
2 H0 o05022204230000 945 s [2 k}!
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- log, i + PR
5 080 .995922204230000 1-22 2(1-2%) 3(1-29)

4 Ty _332 cosm)
E"{' l:—lil"cl:—l—3 EDB:EII e '[k
} k=1 &

6 " 2log(0.995922204230000)

1 [ [ECDS[E} 2% cosimp 23 CDS[”}]] 1

E 1ﬂgu.wsgzzzn4zgnnuu[2 [2 CDS[E} - 2" costx) + 2" costr) ]]— + E =
2 122 2{1=2% 301-29 ¢
1 a o cos[z—" +z.;.}[315[g —z.;.}k+83[;r—z.;.}k]
; — &+ 5 logo sose22204230000| E é Y

Integral representations:

2 ms[;'} 2% costm) 2% cos(m) 1
+ + -+ — =
1-22 2(1-2%) 3(1-25 ¢

1

5 logg cosez2204230000| 2

1 1 2 "1 t
; -+ 5 IUED.WSF'EEZD-d-ZEUDDD[E [—?96 +\L .?'I'(B].S Sln[%] + lﬁﬁ Sin[ﬂ' HJ;HD

1 | 2 CDS[%} 2% cos(m)  2° cos(n) 1
5 1080.995922204230000 T o 2(1-2% t 3(1-25) R e
_JTEIII1:4S:|+5 I:3 .IT2:|.'I':165:|

r oy € 16 (834315 7V v

— —m+ - 108p eo5022204230000 j i s

& 2 i oty 945ir Vs

tor )

1 | 2 CUS[;'} 2% cosim) 2° cos(m) 1
5 1080.995022204230000 2 T3 + 2(1-2%) + 3(1-2°) Teiles §

1
—&+ 5 logn sosezz204230000

p

045 in =i w+y r[é_s}

247 J‘Im+r4§ (83 + 315 45};r-25r[s}d ] :
5 0l

Half-argument formula:
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1
= logg ooserzz04230000 [2 [

1
+ + + —
I h ER e T T L ¢

2 CDS[E} 2% cos(m) 2* cos(m) ]]
-
2

1
; -+ 5 logn sosez2204230000

]

(1
& o s lm4Re{mEm) | o _ L 4Relm 2 m) |+ i +Fem 12 m])
2[—3[ 1) \f2[1+ccs[m} [1 [1+[ 1) )

. 166 2 ’ [1
B(-Tm(m))) - G 1)ler+Rs2 My (2 )] \f s (1 + cos(2 m))

[1 _ [1 o l}l—-::r+ﬁn:2 w2 |+ +Rel2 w2 HJJ}H[—IHI[E ?TH'}]]

Multiple-argument formulas:

2 ms[%} 2% cosim) 27 cos(m) 1
+ i+ -0+ — =
1-22  2(1-2%) 3(1-2 ¢

1

5 logn cosenz204230000| 2

1 1 4
; -+ 5 ].Dgn_pp5.;|222|:|423|:":||:"3[ g 45 [315 Tl (COs(T)) + 83 CUS[}T}]]

} logn cosezzan4230000 [2 [2 CDS[E} + 2 cns[;r} * costm ]] E -~

T 1-22  2(1-2% 3(1-25) T
} —a+ E [lng.;, oosez2204230000(2) + logg msozzzmzznuun E cos EJ = M D
i 2 3 2 045

1

5 logg cosez2204230000 [2 [

2 ms[%} 2% cosim) 2% cos(m) 1
+ + -0+ — =
1-22 2(1-2% 3(1-25 ¢

i -+ % logg, c-c-sozzzmzznunn[gj [ 199 +315sin [4] +Bd sz[’;m

13.6056923((((1/2*log base 0.99592220423 (((2(((2*cos(Pi/2)/(1-2/2)) +
(272%cos(Pi))/(2*(1-274)) + (2°3*cos(Pi))/(3*(1-2°6))))))))))-13+1/golden ratio

Where 13.6056923 is the Rydberg constant in energy unit and 13 is a Fibonacci
number

Value of the Rydberg constant in energy unit
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meet

SEEr h?

1Ry = heRy =

= 13.605 693 009(84) eV

~ 2.179 x 107 18]

Input interpretation:

o

CDS[E} 22 cos(my 2% cos(m) 1
+ + -13+ -
1-27 2(1-2% 3(1-25

1
13.6056923 [5 103’0.99592220423[2 [2

logyix) is the base- b lagarithm

#isthe golden ratio

Result:
1729.1466. ..

1729.1466...

This result is very near to the mass of candidate glueball fy(1710) meson.
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic
curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross—
Zagier theorem. The number 1728 is one less than the Hardy—Ramanujan number

1729

Alternative representations:

2 CDS[%P 2% cosimp 2% cos(m)
* + -13+
1-22 2(1-2% 3(1-29

2 T 4 cosm) 8 cos{m)
6.80285 1ag[2 [- - cos( %) + Ty 3“_263]]

1
5 13.6057 logg ooso22204230000| 2 ;

1
-13+ -+
&

log(0.995922204230000)

i

”r] 4 coshiim Ecush[”r}]]
i

2
13 +6.80285 log, = cash[— ¥ &
D.';';'59222|3423|:|DUD[ [ 3 2 2 [1 ~ 24] 3 [1 o 26'}

2 ms[g} 2% cos(m) 2% cos(m) ]]_ - 1

1
= 13.6057 log 2 + * &
2 D.W59222|3423|:IDDD[ [ 1 _ 22 2 [1 o, 24" 3 [1 oy 26}

1
&

99



1
5 13.6057 logy cosenaz04230000 [2 [

-13 +6.80285
2

m
2 COS[E} 2% costm) 2 cos(m)

+ +
1-22  2(1-2%) 3(1-29

4

s

logn cosezaa04230000 [2 [—

Series representations:

13.6057 logg oose22204230000 [2 [

1
-13+ - +6.80285 1o -—
+ A + Ho oos022204230000 045 2

13.6057 logy sesezzzo4z30000 [2 [

+ -
3 csci0) csc[_g}[z[l_z“}} csc[—

m
2 CDS[E} 22 cos(m) 2% cos(m)

+ +
1225 " 2(1-3%) a3{1=2%

_— [83 (-1 +315(-

8 ]] 1
>)B{1-2%)

=

1}k]fr2k

4

S (2 ky!

m
2 CDS[E} 22 cos(m) 2% cosim)

+ +
1228 " 2134 3{1=3%

l:—1]"'cl:—1—4 cns:%:l—s—mﬁi—hgz ’T]:[k

Q45

| 6.80285 3 2

-13+--

k

) logi0.995922204230000)

13.6057 logy cosenazo4230000 [2 [

1
-13+ -+
&

65.80285 lo -——
E0.o05922204230000 045 Z

Integral representations:

m
2 COS[E} 2% cos(m) 2% cos(m)

+ +
1-22  2(1-2%) 3(1-29

B

B

4 = cus{z—”+z.;.}[315{ —z.;.}k+83[;r—zn}k.

o
2

ket
k=0
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1 — 2 CUS[;‘} 2% cos(my 2% cos(m) 1
3 13.6057 logp cose22204230000| 2 s + 2(1-2% + 3(1-29) -13+ e
1
-13+-+
&
2 "1 . (=t )
58&285 IOED.WSQEZZD4ZEDDDD[_ [—?95 + J ki [315 5111[_] + 155 sinr t}]dt}]
045 0 2
1 — 2 CDS[%} 22 cosim)  2° cosim) 1
2 13.6057 logy cosozz204230000| 2 122 * 2(1-27%) e 3(1-25) ~13+ ; o
-13+ p +6.80285 logy eesez2204230000
ioory € 140 (834315 )06
i ca+y
2 [ — ds | tor U
o = g4y 945 Im "l'l'?
1 — 2 CDS[%} 2% cosim) 2° cos(n) 1
2 13.6057 logy cosozz204230000| 2 122 * 2(1-27%) e 3(1-25) ~13+ ; o

1
—-13 + ; +6.80285 1030.995922204230000[

2T J‘Imﬂ 4% (83 + 315 ‘1-5]lfr_25 [is) £ i
o s| foro
045 i |

o 3

Half-argument formula:

+
| =

ECDS[E} 22 cos(my 2% ccs[;ﬂ]] -

1
= 13.6057 log 2 + 3
2 0.995922204230000[ [ | i 22 2 [1 o, 24} 3 [1 e 26]_

1
-13 + ; +6.80285 103’0.995922204230000[

2 . 1 . .
& g lm4Relmii2 a) 2 g _ ol Rl (2 m | H i +Relr 2 )
2= ,;'2[1+casm} (1-(1+cD |

166 ; 1
6-Tm ) - o 1)lbr+Retd M2 m)] \/5 (1 + cos(2 m))

[1 _ [1 (= 1}l—<n+ﬁnc2 TIN2 )|+ +Ref2 w2 "”}&[—Im[z m}}]]

Multiple-argument formulas:
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2 CDS[%} 2% cosimp 2% cos(m) ]]_ -

1 1
5 13-5':'5?1050.995922204230000[2[ 192 + 2(1- 24] + 3(1- 26} ;
1 4
-13+ -+ 6.8':'285 193’0_9_@5;\22204230000 [— E [315 TL (COs(m)) + 23 CUS[}T}]]
2

&

2 CUS[;_} 2% cos(m} 2% cos(m) ]] 1
P

1
5 13-5':'5?1050.995922204230000[2[ 1_ 92 + 2[1 _24] + 3[1_ 26} -13+- =

1
=13+ -+
&

2 [fr]_ 166 CDS[}T}D

5.80285 [10 i2y+ 1o [—— cos| —
Eo.oosozzz04220000 (£} + 1080 cosoz2204230000 3 7 045

2 CDS[EP 2? cos(m) 27 cos(m) ]] - 1
i
i

1
~  13.6057 log 2 * 5
2 D.Q‘DSE‘EZEEMEEDDDD[ [ | 22 9 [1 o, 24] 3 [1 =0 26}

13+ 2 4+6.80285 log (i [-199 +315 sinz[f] +83 51112[ fm
& . 0.205022 204230000 945 4 7

13.6056923((((1/2*log base 0.99592220423 (((2((((2*cos(P1/2)/(1-2"2)) +
(272*cos(P1))/(2*(1-2™4)) + (2"3*cos(P1))/(3*(1-26))))))))))))-13+55+1/golden ratio
Input interpretation:

1
-134+55+ -
@

CGS[E} 22 cos(m) 2% cos(m)
+ +
1-22 2(1-2% 3(1-25

1
13.5':'55923 [5 108’0_9_;\5;\2220423[2 [2
loggix) is the base=b logarithm
4 iz the golden ratio

Result:
1784.1466...

1784.1466... result in the range of the hypothetical mass of Gluino (gluino = 1785.16
GeV).
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Alternative representations:

1
-134+55+ -
&

2 CDS[E} 2% cosimp 2 cos(m)
+ +
1-22 2(1-2% 3(1-25

2 T 4 cos{m) 8 cos{m)
6.80285 1ag[2 [- : cos()+ 2 3“_263]]

1
2 13.6057 loggy gosepzzn4230000 [2 [

2+ —+

¢ 1og(0.995922204230000)

2 CDS[E} 2% cos(m)  2° cos(m) ]]_ 13 +55 + :

1
= . 13.6057 log 2 + >
2 EI.Q'F'5§'2220423EIEICIEI[ [ 1 " 22 2 [1 s 24} 3 [1 s 26'}

2

2 [m] 4 cosh(im) Ecnsh[nr}]] 1
g
o

42 +6.80285 logy [2 [— — cosh - +
0.905022204230000 3 2(1- 24} 3(1- 26}

1 6 1 2 CUS[;} 22 cosimy 2° cos(m) 1
P 13.6057 logg coser2204230000| 2 192 t+ 2(1-2%) + 3(1 _25} =13 455+

42 + 6.80285

2 4 8 1
logn cosenaanazzcoon| 2 |- + + . e Hiy
3esc@)  ese-2)(2(1-2%) esc-3)(3(1-2%))) ¢

Series representations:

] e 92 +2[1-24}+3[1-26}
- [83[—1}k+315[—ﬂk]ﬁ2k

1 =
42 + — + 65.B0285 lo -—
+ & + E0 00502 2204230000 045 k%‘.;.

1 2 CDS[E} 22 cosir} 2° cos(m) 1
5 13.6057 logg eosezz204230000| 2 ~13+55+ -

(2 ky

2 CDS[%} 2% costm) 2% cos(m) 1
g P : -13+55+ -
1-2  2(1-2% 3(1-25)

4 oy 332 coslm)
':—l]kl:—l—gcus:zll— s '[k

1
= 13.6057 logn cosenaanazacoon [2 [

, 6.80285%,

AT k
¢ log(0.995922204230000)
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2 cns[%} 02

cosim) 2% cos(m 1
Gk PR = -13+55+ - =
1297 "9(1-2%  g(1:2% ¢

1
5 13.6057 logn cosenaanazacoon [2 [
1
42 + — +
'i; %\
4 = cos[kE—” +z.;.}[315{ —z.;.}k+83[;r—z.:|}k]

m
2
65.80285 lo T
£0.905022204230000 045 Eﬂ k!

Integral representations:

m
2 ccS[E} 2% costr) 2° cos(m) ]]_ 13 +55 +

1
~ . 13.6057 log 2 + o
2 D.Q‘F‘S?ZEZD‘EBDDDD[ [ 1 _ 22 2 [1 i 24} 3 [1 o 26}

1
42 + — +
&

2 "1 t
6.80285 108’0_995922204230000[_ (—?96 + j e (315 Sil‘l(}r—] + 155 Sj.n[.i'T t}]dr}}
045 o 2

1 P— 2 CDS[%} 2% costm) 2° cos(m) 1
3 13.6057 logy cosozz204230000| 2 152 + 2(1-2%) % 3(1-2°) —13+55+ e
42 + — +6.80285 logy oosoz2204230000
§ f—nzl.l'n:ﬁf 545 [83 +315 fI:E n‘?:ll."-:lﬁsil] \.I';
i w4y
9 [ _ ds| tor U
o —f gty 945 [ ¥ \l'l?

1 — 2 C':'S[g} 2% cosim)  2° cos(m) 1
3 13.6057 logp sosezzzo4azzonon | 2 3 + 2(1-2%) * 3(1-29) —13+35+ e

1
42 4+ ; +6.80285 102:3.9;-59222::1423':1':100[

i ooty I(; -s)

24 J‘Imw 4° (83 + 315 45],ﬂ--25 [is) E . i
. s| for 0
Q45 i I

Half-argument formula:
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1
-13+55+- =
&

2 CDS[E} 2% cosim) 2% cos(m)
+ +
1-22  2(1-2%) 3(1-29

1
= 13.6057 logg ooso22204230000 [2 [

1
42 4 ; +6.80285 103&9@5922204230000[

2 . 1 , ,
= o1, limBRelriiE ml i o _ g4l -m4Relm 2 ) |+ Rl )2
2|-3¢D ,;'2[1+casm} (1-(1+¢1 }

166 e
Bi-Tm ) - o 1)lbrRet2 my (2 )] \/5 (1 + cos(2 m))

[1 _ {1 4 [_1}1—-:n+m2 T2 m) )+ 4+Re{2 w2 "]J}H[—IIII[E }T}}}]J

Multiple-argument formulas:

2 “’S[E} 2% cosimy 2% cos(m) 1
T - T £ -13+55+ -
1-2 2(1-27) 3(1-29

13.6057 logg oosez2204230000| 2

1 4
42 + — + 5.8':'285 IDED.W5922204ZEDDDD[_ e [315 TL (COs(T)) + 83 CDS[}T}]]
& 045 2

2 ccs[g} 2% cosim)  2° cos(m) ]]_ 13 +55+ !

1
3 13.6057 logg seseza204230000 [2 [ Lo (1-2%) & 3(1-29)

42 + E -
. 2 T 166 cos(m)
Gl )

5.80285 [10 iZy+ 1o [—— cos| —
Eo.oosozz2z04230000 (£} + 108p cosozz304230000 3 7 045

g M

1 6 ! 2 CDS[%} 2% cosimp 2 cos(m)
5 13.6057 logp cosezz204230000 | 2 122 + 2 [1 B 24} + . [1 _26} -13+55+

m

1 8 o v
42 4+ ; + 5.80285 lﬂgn_gp5922204230000[ﬁ [— 199 +315sin [;] +83=sn [5]]}
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Now, we have that:

Page 249

For x =2 and n =4, we obtain:

2 5in2(4) / (1-2) + 22 sin"2(2*4) / (2(1-272)) 423 sin2(3*4) / (3(1-2/3))+ 2
SINA2(2%4) / (142) + 22 sin”2(4*4) / (2(1+272)) + 23 sin2(6*4) / (3(1+2"3))

Input:
in®4 in®(2 -4 in?(3 -4
51n{}+22x51n{ * }+23x51n{ b }+
1-2 2(1-2%) 3(1-2%)
sin?(2 -« &) = sin®(4 - 4) 3 sin®(6 -+ 4)
® +2° +27 5 ——
1+2 2(1+2%) 3(1+2%)

2=

Exact result:
8sin?(12) 2sin?(16) 8sin(24)
+ +

~2sin?4) -
21 5 27

Decimal approximation:
-0.97904054840055323316646416936854629591602292616061277058. ..

-0.979040548... result very near to the dilaton value 0.989117352243 = ¢ with
minus sign

Property:

8sin’(12) 2sin’(16) 8sin®(24)
+ +

—2sin®(4) - is a transcendental number
21 5 27

Alternate forms:
79 4cos24)  cos(32)  4cos48)
-—— +rCos(8)+ - -

945 21 5 a7
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1
E (—796 + 945 cosiB) + 180 cos(24) — 189 cos(32) - 140 cos48))

2
B sin”(4) + 180 sin(12) - 189 sin®(16) — 140 sin” (24))
Alternative representations:
2sinf(d) 2%sin?@2 4 2’sin?3-4 2sin?2 4
+ + +
1-2 2(1-2%) 3(1-2%) 1+2
2%sin?@d 4 2%sin®6 4 I ‘48 Z7 1
--2(oig 4 (ata
3
1

+

¥
2(1+2%) 3 {1+ 37 cse(4) cse(8)

S iR i i e e o
—= +-— + — +—
B \csciB8) 21 Lesc(l2y 10 \cse(lB) 27 Lesc(24y

2sin4)  2%sin?2 4y 2%sin®3 4y 2sin?2 4
+ + +

1-2 2{1-2%) 3(1-2%) 1+2
2%sin 4 4 2°sin6 4 8 4
}+ = — cnsz[—24+EJ+—cnsz[—15+ I}+

2(1+2%) 3(1+2%) 27 2/ 10 2

8 2 4

——ccsz[—12+i]+—casz[—8+f]+——casz[—8+E]—Ecusz[—4+IJ
21 2/ 3 2 B 2 2

+

2sin?@@) 2?sin?@2 4 2%sin?3 4 2sin?2-4) 2%sin?@d 4
= 2{1-2%) ’ 3(1-2%) T 2(1+2%)
2% sin®(6 4 2 4
—SSEiILl+[23} ! = -2 [—cus[4+ g]]z - 5[—(:05[8 + ;—T]}z +_6 [—cns[ﬁ + ;_L:]]z -
—% [—cns[lE + ;—T]]Z + 14_0 [—cas[lﬁ + g]]z + ;—? [—cus[24+ %]]2

Series representations:
2sin(4) 2%sin?2 -4 2%sin?(3-4) 2sin?2-4) 2%sin’4 4
1-2 ~ 2(1-25) | 3(1-2% = 1+2  2(1+2%)
23 sin?(6. 4) &, (-1 64" (-945+35 .41 gk _20. 91 4 189 . 16)

gty £ 945 (2 k)!

2sin’@  2%sin?@2 4 2%sin?3 4
+ + +
1-2 2(1-2%) 3(1=2%)
2s5in?(2-4 2%sin4 -4 23sin?6 -4
+ 12 =
1+2 2{1+2%) 3(1+2%)
14k 2k k 242k 2k k 2k
1592 = -1y {2[4—3” (1) 2°¥ {12—5} -1y [2[15—%”

Toas T 4 2 k) 21 2 k)! T sk

(-1 2242k (24 -1

2k
2)
27 (2 k)
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2sin?(d) 2%sin?2 4 2%sin?@3 4 2sin?2 4
+ + +
1-2 2(1-2%) 3(1-2% 1+2
2?sin?4 -4 2%sin?6 4 2 o 1k glezk
+ =-—— (945 ———
2(1+2%) 3(1+2%) 945 = (L+2k)

\}'I\ (- ..|.'|'|l|c 121+2k "”‘-" [_l]_k 151+2k w\ i l'l-k 241+2k
Gy | 1R ¥ 1A
T (1+2k) = (1+2k) =|:| (1+2ky

Multiple-argument formulas:
2sin®4) 2?sin%(2 -4 2%sin?(3 - 4)
P 2(1-2%) ! 3{1-2%)
2sin?2 4 2?sin4 4 2%sin?6 4
1+2 2{1+2%) ) 3(1 +2%) -
EV% (111 + 1814 cos(8) + 1516 cos(16) + 1218 cos(24) + 560 cos(32) + 280 cos40))

-+

sin”(4)

2sin4)  2?sin?2 -4 2%sin?3 -4
+ +
1-2 2(1-2%) 3{1-2%
2sin?2 - 4) 2?sin?4 4) 2%sin?6 4
+ + =
1+2 2(1+2%) 3(1+2%)

32 2 32
~8 cos*(2) sin?(2) - oy cos*(6)sin?(6) + z cos*(8)sin®(8) + = cos(12)sin(12)

Forx =2 and n =15, we obtain:

2 sin*2(5) / (1-2) + 22 sin2(2*5) / (2(1-272)) +2°3 sin”2(3*5) / (3(1-2/3))+ 2
SIn*2(2*5) / (142) + 272 sin"2(4*5) / (2(1+272)) + 23 sin®2(6*5) / (3(1+2°3))

Input:
sin?(5) _, sin?(2x5) _; sin®(3x5)
+2 T T——— T TT——
1-2 2(1:2%) 3(1-2%)
sin®2x5) _, sin?@x5) _, sin?(6x5)
+ + T —
1+2 2{1+2%) 3(1+2°)

Exact result:

< 8sin®(15) 2sin®(20) 8sin®(30)
-2s8in"(5) - + +
21 5 27
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Decimal approximation:
-1.37753251120326250654977712706741108352574052795772277295...

-1.3775325112...

Property:

8sin?(15) 2sin20) 8sin%(30)
+

~2sin’(5) - + 1s a transcendental number
21 5 27

Alternate forms:

796 4 cosi30)  cosid40y 4 cosibl)
-—— +cos(l10) + - -

Q45 21 5 27

1
E (=796 + 945 cos(10) + 180 cos(30) — 189 cos(40) — 140 cos(B0y)

2
EEe sin”(5) + 180 sin®(15) - 189 sin”(20) - 140 sin”(30))

Alternative representations:
2sin?5) 2%sin?2-5) 2°sin®3-5) 2sin?@2-5)
+ + +
1-2 2{1-2%) 3(1-2%) 1+2
2*sini4 - 5) 2°sin®(6  5) 1 2 27 1
-2t 3 ()
1

+

+ +
2(1+27%) 3 {1+ 37} cse(5)) 3 \ese(10)

n] T ) e )
6 Lesc(l0y 21 Lese(ls) ’ 10 Lesc(20y 27 Lese(30)

2sin®5) 2%sin%2 5y 2%°sin®*3 5 2sin%2 5)
+ + +
1-2 2{1-2%) 3(1-2%) 1+2
2?5in%4 -5 2%sin?d 5 g8
=+ —
2(1+2%) 3 {1+ 27 27

—% cnsz[—15+%]+ g cnsz[—10+ —]+—g cnsz[—10+ %]—Ecasz[—5+%]

2sin®5) 2%sin%2 5 2°sin*3 5 2sin%2 5 2%sin%4 5
+ + + +
1-2 2{1-2%) 3(1-2%) 1+2 2(1+2%)

—Eg;[ii‘zgf* —2(cosf5+ Z))! 2 (-cos(10+ Z)f o= (-cos{10+ 2"+

_% (~cos{15+ 2"+ 1‘*_0 (~cos(20+ 2"+ ;_? (~cos(30+ 2
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Series representations:
2sin(5) 2%sin%2 -5 2%sin?@3.5) 2sin?2-5)
=37 2(1=2%) N 3(1-2% T 142
Hsinf@x5) 2 aindBeeS) S{CLTHEER ba i 5T
2(1+2%) | 3(1+2) =2 (2 k)! -

k=1
i 1}—1+k 22+2k 3—1+2k 525: [ 1}—1+k EE‘k 5—1+2k (- 1}k lDZk

+ -
Ti2ky! (2 k)! (2 k!

+

2sin(5) 2%sin%2 -5 2%sin®3 . 5)
+ +
1-2 2(1-2%) 3(1=2%)
2s5in?(2-5) 2%sin®4 -5y 2%sin?6 - 5)
+ 12 =
1+2 2{1+2%) 3(1+2%)
1+k 12k k o242k n2k k 2k
1592 & [CDM2E-I)T D22 (52T 1f(2(20- %))

Toas T 4 2 k) 21 2 k)! T sk

(-1f 22425 (30 -2

2k
2)
27 (2 k)

2sin?5) 2%sin?@2 5 2%sin%@3 5 2sinf2 5
+ + +
1-2 2(1-2%) 3(1-2%) 1+2
22 5sin?4 - 5y 2% sin?%(6 - 5 2 A s
s medfa IED S
2(1+2%) 3(1+2%) 945 = (L+2k)

E'_' [_lk 151+2k -El.' [_lk 2D1+2k E'.' [—lk 3|:|1+2k
180 2‘}— - 189 )L—} ~ 140 L—}
o (L+2R ~ (1+2k)! ~ 1+ 2k)!

Multiple-argument formulas:
2sin®(5) 2?sin%2 5y 2%sin®(3 - 5)
=g 2(1-2%) ’ 3(1-2%)
2sin?2-5) 2?sin?@4 -5) 27 sin%6 - 5)
e N 2{1+2%) N 3(1+2%) -
?% (111 + 1814 cos(10) + 1516 cosi20) + 1218 cos(30) + 560 cos(40) + 280 cos(50)

-+

sin”(5)

25in?5) 2%sin?2+5 2%sin?3 <5 2sin?2+5)
+ + +
1-2 2(1-2%) 3(1-2%) 1+2
2%sin®*4 - 5) 2%sin®*(6 5) 2f5Y . a(5
+ = -8 cos [—}sm (—J—
2(1+2%) 3(1+2%) 2 2
32 15 15y 8 32
— cusz[ ]sinz[—J +— cos {10y sin®({10) + — cos*(15)sin®(15)
21 2) 5 27

+

2
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1-0.47[2 sin”2(5) / (1-2) + 2°2 sin®2(2*5) / (2(1-272)) +2/3 sin"2(3*5) / (3(1-2°3))+
2 sin*2(2%5) / (1+2) + 272 sin*2(4*5) / (2(14272)) + 23 sin*2(6*5) / (3(1+23))]

Input:
= i
s (3) sin(2 « 5)
1-0.47|2 +20 0 ————
1-2 2(1-2°)
a sin?(3x5) sin®2x5) _, sin@4x5) _, sin?(6x5)
e ek T AT T
3(1-2%) 1+2 2(1 + 27 3(1+2%)
Result:

1.647440280265533378078305240721683200257098048140129703290...

1.64744028026.... = ((2) = = = 1.644934 ...

Alternative representations:
2sin?5) 2%sin?(2 5)
1-0.47 +
1-2 2{1=2%)
2%sin*3 -5) 2sin*2.5) 2%*sin’@4 .5 2%sin%(6 5}]
4 + + =
e 1 B 1+2 2(1+2?%) 3(1+2%)

1 2 1 4 1
1—':'.4'?[—2[ +—[ +——[ +
csci5) 3 Lesc(ldy 6 Lese(l0y

) 5 () o ()
"21 Lese15)) T 10 leseoy) T 27 \ese30)

2sin?(5) 2%sin(2 5
1-0.47 +
1-2 2{1 = 2%)
2%sin?(3 5 2sin%(2 5 2%sin®4 5 2%sin®(6 5}]
+ 1+ =+ ——
3{1 - 2% 1+2 2(1 + 22 3 {1 +27)

s 9.4?(3 cnsz[—30+ I]+ = cnsz[—20+ I]+ oS cosz[—15+ f]+
27 21" 10 2/ ] 2

% casz[—lﬂ + ;—T] + —g casz[—lﬂ - g] -2 cosz[—5+ %H
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2sin®(5) 2% sin?2 - 5)
+
1-2 2{1=2%)
23 5in2(3x5) 2sin%2x5) 2?sin’@ «5) 2% sin?6 5}]
+ + + =
3{1-2%) 1+2 2(1+2%) 3(1+2%)
a2 2 2 4 2
1—D.4?[—2[—c05[5+5]] +§[—cus[llﬂl+5]] +—6{—CUS[1D+5]] +

E % (~eos{15+ 3))"+ 14—,3 (~cos(20+ 7)) + 2—8? (~cos(30+ )"

1- D.—’-l-?[

Series representations:
2sin?5)  2%sin%2 5
1-2  2(1-27)
2%5in?(3 - 5) 2sin®2 -5) 2%sin4 -5y 2%sin?6 - 5)
3{1-2%) T T 2(1+2%) ’ 3(1+2%) P
@ (-100) (-0.47 - 0.0895238 - 9 +0.094 - 16° +0.0696296 - 36

1+2‘ 2 k)

k=1

1- D.4?[

2sin®(5) 2%sin?2 5)
+
1-2 2{1 = 2%
235in?(3x5) 2sin?@x5) 2?sin?@«5) 2%sin?6 «5)
+ + + =
3{1-2%) 1+2 2(1+2%) 3{1+27)

[i]

- S
179179 + ¥ ——¢'*7 (0.47 (10 - m”* +0.0895238 (30 - n** -
Z @k

0.004 (40 — 77 * — 0.0696296 (60 -m”‘}

1-047

2sin?5)  2%sin%2 5
+
1-2 21 =2%)
2%5in%3 5 2sin’2 5 2%sin®4 55 2%sin?b 5}]
+ + + =
3{1-2%) 1+2 2(1+2%) 3{1+27)

o (1) 5142k @ (1) 15142k
D.94[1.D5383 + [4.}?:. ek | T0:190476 % Cd+2ky |

oI | e et ol ' T
0.2 L— —0.148148 Z—
= (1+2k)! ~  (1+2k)!

1- Cl.4'?[

Multiple-argument formulas:

112



2sin?(5) 2%sin%(2 5
1-0.47 4
1-2 2(1-2%
2%5in?(3.5) 2sin?@2-5) 2%sin%4.-5) 2°sin?6 5}]
+ 1+ =+ ——
3{1 - 2%) 1+2 2(1 + 22 31 +27)
5 5 15 15
1. +3.76 cnsz[—J sinz(— ] +0.71619 CDSZ[— ] 51112[—] &
2 2 2 2
0.752 cos®{10) sin®(10) - 0.557037 cos*(15) sin®(15)

2sin?(5) 2%sin?2 - 5)
1-0.47 +
1-2 2(1=2%)
2°sin*(3 -5) 2sin?2 .5 2%sin’@ -5 2%sin?(6 5}]
+ + + =
3{1 -2 1+2 2(1 + 2% 3({1+2%)
oo .35 8 : T
1—D.4?[—2(3 5111[5]—45111 [—] - i[B sin(5) - 4sin”(5))" +

3
2¢ . (30y . . 4(20\2 8 _ soss i
- (3 sm(—}—d-sm [—] + — (3 sin(10) - 4sin”(10)) ]
5 3 3 27 i

2sin?(5)  2%sin?2 - 5)
1-0.47 -
1-2 2{1:=22%)
2% 5in?(3 . 5) 2sin%2-5) 2?sin?@ - 5) 23 sin?(6 5}]
+ + +
3{1-2%) 1+2 2(1 + 2%) 3{1+27)
2 5 3 5 3 5 8 2 ' 3 2
1—D.4?[—2[3 cos [E]sm[—]—sm [—] T (3 cos®(5) sini5) - sin”(5)f" +

3 3
2 20 20 20 8
- [3 cusz(— J sin[— J = 51113(—”2 +— (3 cos2(10) sin(10) - 51113[1()}}2]
5 3 3 3 27 ’

1-0.49[2 sin”2(5) / (1-2) + 272 sin*2(2*5) / (2(1-272)) 4273 sin"2(3*5) / (3(1-2°3))+
2 sin*2(2%5) / (1+2) + 272 sin®2(4*5) / (2(14272)) + 23 sin*2(6*5) / (3(1+23))]

Input:
= i
sInS(5 sin(2 « 5)
1-0.49|2 } pa2, T XD,
1-2 2(1-2°)
a sin?(3x5) sin®2x5) _, sin@4x5) _, sin?(6x5)
e ek T AT T
3(1-2%) 1+2 2(1 + 27 3(1+2%)
Result:

1.674990930489598628209390792263031430927612858699284158749. .

1.674990930489... result practically equal to the neutron mass
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Alternative representations:
2sin?(5) 2%sin?2 5
1-2 2 [1=2%)
23 5in?(3x5) 2sin?@x5) 2?sin?@«5) 2%sin? «5)
3127 T 2(1+2%) N 3(1+2%) ]:

1 2 1 4 1
1—D.49(—2[ +—[ +——[ +
cscls) 3 Leso(l0y 6 Lese(l0y

) 5 () o ()
21 Lese15)) © 10 Lesei20)) ™ 27 Leser3n)

2sin?5)  2%sin%2 5
+
1-2 21 =2%)
2% 5in%3 5 2sin®2 5 2%sin®4 55 2%sin?6 5}]
+ + + =
3{1 - 2% 1+2 2(1+2%) 3{1+29)

1-0.49 [;—? cusz[—30+ g]+% cnsz[—20+ g]+ —% cusz[—15+ %}+

g casz[—lﬂ + ;—T] +—g casz[—lﬂ + g] -2 cosz[—5+ %]J

1 —D.49[

1—G.49[

2sin®(5) 2% sin?2 - 5)
+
1-2 2{1=2%)
235in2(3x5) 2sin%2x5) 2?sin?@«5) 2% sin? 5}]
T + T =
3{1 - 29) 1+2 2(1+2%) 3(1+2%)

1-049(-2(~cos(5+ 2"+ = (-eos{10+ 2 )"+ (-cos{10+ 2 )"+

- (o1 3 2 S 2 roon )

1 —D.f-l-g[

Series representations:

2sin?5)  2%sin%2 5

1-2  2(1-27)

2%5in?(3 - 5) 2sin®2 -5) 2%sin4 -5y 2%sin?6 - 5)
. s . T T 2(1+2%) ’ 3[1+23}]

= (-100)* (-0.49 - 0.0933333 - 9* +0.098 - 16° +0.0725926 - 36"

1+2‘ 2 k)

k=1

1 —D.49[

2sin?(5) 2%sin?2 - 5)
+
1-2 2{1=2%)
235in?(3 x5) 2sin?@«5) 2?sin?@«5) 2%sin?6 «5)
+ + + =
3{1-2%) 1+2 2(1+2%) 3{1+29)
]

1-0.49

El 1 9
1.82548 + Z Ml B L {0.49 (10 =7 " + 00933333 (30~ af* =
&2k
0.098 (40 —m)”* - 0.0725926 (60 — >
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2sin?(5) 2%sin?2 5
1-0.49 +
1-2 2{1=2%)
2%sin?(3 5 2sin?2 5 2%sin?@ 5 2%sin?6 5}]
- T - —
3{1-2%) 1+2 2(1 + 2% 3(1+2%)
=, (15 IARE o ke gieak
0.98(1.02041 ————— | +0.190476 —— | -
[ +[?_4 A+2kn | T 2‘ (1+2ky

'\..'\:l i l}k 2D1+2k ?-_" i~ l}k 3l:|1+2k
0.2 — | —-0.148148 P
LL i1+ 2k 2‘ (1+2k

Multiple-argument formulas:
2sin®(5) 2°sin(2 5
1-0.49 +
1-2 2{1 = 2%)
235in?(3x5) 2sin?@x5) 2?sin?@4x5) 2%sin%6 5}]
+ + + =
3{1 - 2%) 1+2 2(1 + 2% (1 +27%)
5 5 15 15
1+3.92 cnsz(—J sinz[— ] +0.746667 cnsz[— J sinz[—J e
2 2 2 2
0.784 cos>(10) sin®(10) - 0.580741 cos(15) sin“(15)

2sin®(5) 2%sin®(2 5
1-0.49 +
1-2 2{1=2%)
23 5in2(3x5) 2sin?@x5) 2?sin?@4x5) 2%sin%6 5}]
- T =+ =
3{1 - 2%) 1+2 2(1 + 2% (1 +27%)

{5y . a(5 B s .
1-0.49 —2[3 5111[—J—45111 [—] - — (3 sin(5) - 4sin”(5) +
3 3 21 :
B a0y o 720 B . 2 T
- [3 5111[—}—45111 [—J + — (3 5in(10) - 4 sin”(10))
5 3 3 27 i

2sin?(5) 2%sin?(2 5
1-0. +
1-2 2{1=2%)
2%sin?(3 5 2sin%2 5 2%sin®4 5 2% sin%(6 5}]
+ + =
) 1+2 2{1 +22) 3(1+279)
5 5 5 8
1-0.49 [—2 [3 ccsz[—] sin[— ] - sing[— ]JZ - —|3 cos>(5) sin(5) — sin*(5))° +
28 3 21 -

3

2 20 20 g8
- (3 cnsz(— J sin[— J . sing(—JJZ +— (3 cos>(10)sin(10) - sing[lm}z]
5 3 3 3 27 '

1-0.45[2 sin”2(5) / (1-2) + 272 sin*2(2*5) / (2(1-272)) +273 sin"2(3*5) / (3(1-2°3))+
2 sin*2(2%5) / (1+2) + 272 sin®2(4*5) / (2(14272)) + 23 sin*2(6*5) / (3(1+23))]

Input:
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sin?(5) _, sin?(2x5)

1-045|2 + +
1-2 2(1-2%)
03 sin®(3 » 5) 5 sin?(2 « 5) 52 sin’ (4 5) 53 sin®(6 » 5)
e | T & EAT T & T
31 = 24) 1+2 2{1+2%) 3(1+2%)
Result:

1.619889630041468127947399707180334987586583237580975247830...

1.61988963.... result that is a very good approximation to the value of the golden
ratio 1,618033988749...

Alternative representations:

2sin?(5) 2%sin?(2 - 5)

1.3 " 2{1=2%)

27 sin?(3.5) 2sin?2 .5 2%sin?4 .5 2%sin?65)
[ I N 1+2 ” 2(1+2%) N 3(1+2%) ]=

1 @ 2 1 4 1
1—D.45(—2[ +—( +——[ +
csci5) 3 Lesc(ldy 6 Lese(l0y

() % o) 2 (a0
21 Lese15)) © 10 Lesei20)) ™ 27 Leser3n)

2sin?(5) 2%sin(2 5
+
1-2 21 =2%)
2%sin?(3 5 2sin%(2 5 2%sin®4 5 2%sin®(6 5}]
+ 1+ + ——
3{1 - 2% 1+2 2(1+2%) 3{1+29)

1-0.45 [E cnsz[—30+ I]+ = cnsz[—20+ —]+ oS cos"'-[-15+ f]+
27 21" 10 21 2

1 —IIJ.45[

1—(1'.45[

E casz[—lﬂ + ;—T] +—g casz[—lﬂ + g] -2 cosz[—5+ %]J

2sin?(5) 2%sin%(2 5
+
1-2 2{1=2%)
235in2(3x5) 2sin%2x5) 2?sin?@«5) 2% sin? 5+]
T -+ + =
3{1 - 29) 1+2 2(1+2%) 3(1+2%)

-oss(cafcofo 5§ eofon 3 - (oo 5

S i3 o 3 oo 3]

1 —D.45[

+
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Series representations:

2sin?(5) 2%sin?(2 - 5)

142 2{1=2%)

23 5in?(3x5) 2sin?@x5) 2?sin?@«5) 2%sin?6 «5)
3(1-28)  1+2  2(1+2%) = 3(1+2%) )

@ (-100)* (~0.45 - 0.0857143 - 9* +0.09 - 16* +0.0666667 36"

L83 2k

k=1

1-045

2sin?(5) 2%sin?2 - 5)

1-0.45 i
1-2 2(1-27%)
2?5in%3 5 2sin?2 5 2%sin%4 5 2%sin?(6 5
+ 1+ + ——
3{1-2%) 1+2 2(1+2%) 3{1+29)
[l
A P
1.7581 + 3 Sl T L1 (0.45 (10 —m?* +0.0857143 (30 - 1** -
&2k
0.09 40 — m°* — 0.0666667 (60 -m“}
2sin®(5) 2%sin®(2 5
1-0.45 i
1-2 2{1=2%)

23 5in?(3x5) 2sin?@x5) 2?sin?@4x5) 2%sin%6 5}]
i T T =
31 - 2%) 1+2 2(1+2%) 3{1+27)

m gk L B
0.911.11111 R EE— 0.190476 _— | -
[ +[4‘>_‘ A+2kn | T 2‘ (1+2k)
= =0
E\E. s l}k 2D1+2k \}_\.‘l" [_1.#( 3l:|1+2k
0.2 2‘— ~0.148148 2‘—
> L+2k) =~ (1+2k)

Multiple-argument formulas:

2sin?(5) 2%sin?(2 . 5)

T8 2{1 = 2%

23 5in?(3x5) 2sin?@x5) 2?sin?@«5) 2%sin?6 «5)
| TT1e2 2(1+2%) . 3(1+2°%) ]=

1—().45[

5 5 15 15
1+3.6 cnsz[—J sinz[— ] +0.685714 cnsz[— J sinz[—J =
2 2 2 2

0.72 cos”i10) sin®(10) - 0.533333 cos>(15) sin“(15)
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2sin®(5) 2%sin®(2 5
1-0.45 i

1-2 2(1=2%)

235in?(3x5) 2sin?@x5) 2?sin?@4x5) 2%sin%6 5}]

+ + + =

3{1 -2 1+2 2(1 + 2% 3({1+2%)
(5 . 48
1-045 [—2(3 5111[§J—45111 [

2 (20 . g
- (3 sm(—}—d-sm (
5 3

2 B
J % (3sin(5) - 4sin’(5))° +

8 - | 2
— [3sin(10y -4 sin~ {10y ]
]]2 * 57 )

2sin?(5) 2%sin?(2 5
1-0.45 It
1-2 2{1:=22%)
2%sin?(3 ' 5) 2sin®2 -5) 2%sin®4 . 5) 2%sin?(6 5}]
+ T + =
3{1-2%) 1+2 2(1 + 2%) 3{1+27)

5 5 5 a8
1-0.45 [—2 [3 ccsz[—J sin[— J i 51113[— ]JZ - —|3 cos?(5) sin{5) 51113[5}]2 +
3 3 3 21 d

2 2(20y . (20 . 3(20 8 3 : . 3 o
— [3 Cos (—}sm[—}—sm (—] + — (3 cos”(10) sin(10) - sin”(10)) ]
5 3 3 3 27 :

For x =2 and n =3, we obtain:

2 sin*2(3) / (1-2) + 22 sin"2(2*3) / (2(1-2°2)) +2°3 sin”2(3*3) / (3(1-2/3))+ 2
Sin*2(2*3) / (142) + 272 sin2(4*3) / (2(14272)) + 273 sin®2(6*3) / (3(1+2°3))

Input:
sin®(3) _, sin?2x3) _; sin®(3x3)
+2 T T——— T TT——
1-2 2(1:3%) 3(1-2%)

sin(2+3) _, sin®(4+3) 53 sin®(6 + 3)
+ + e
1+2 2{1+2%) 3(1+2°)

Exact result:
< 8sin®(9) 2sin%(12) 8sin?(18)
-2s8n°(3) - + +
21 5 27

Decimal approximation:
0.177738637597539198279791235923774232458804364738542155991...

0.17773863759...

Property:

8sin?(9) 2sin®(12) 8sin®(18) .

~2sin(3) - + 4 is a transcendental number
21 5 27
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Alternate forms:
4cos(18) cosi24) 4 cos(36)

——— +rcos(by+ -
045 21 L 27

E'JT (=796 + 045 cos(h) + 180 cos(18) — 189 cos(24) — 140 cos(36))

s (945 sin”(3) + 180 sin®(9) - 189 sin”(12) - 140 sin”(18))

Alternative representations:

2s5in?(3) 22sin%2 -3 2%sin*3 -3 2sin?2 3

+ + + +
1-2 2(1-2%) F(1-2%) 1+2
22 gin4 - 3) 2%sin%6 - 3)

1 w2 2 1
- :—E[ ]+—( -
2(1+2%) 3(1+2% cse3)) 3 leseib)
o s e e
-= +—— + — +—
6 Lcscif) 21 \csc(@) 10 \cscil?y 27 \csc(l8)

2sin®(3) 22sin?2 -3y 2%sin?3 3 2sin?2 3
+ + + +
1-2 2(1-2%) 3(1-2%) 1+2
225in%4 3 2°sin®b 3 8 n] 4

2 2 T
+ = — COS [—18+— + — COS [—12+—]+
2(1+2%) 3(1+2%) 27 2/ 10 2

g ccsz[—g + ;—T] + g cnsz[—ﬁ + %]+ —g cusz[—6+ g} - Ecasz[—B - %]

2sin®(3) 2%sin?2-3) 2%sin%3 -3 25023 2%sinfi4 - 3)

+ + +
1-2 2{1-2%) 3(1-2%) 1+2

2(1+2%)
5, [ 2'5
AW ;Ef;zgf* —-2(-cos(3+ 1) + 2 (<cos(6+ 2| 4= (-cos(s+ T}«
2

~ (eos{o+ 2+ j_D (~eos(12+ 2"+ ;_? (~cos(18+ 2

Series representations:
2sin?(3) 2?sin%2-3) 2%sin%3-3) 2sin?2-3) 2%sin’4 . 3)
+ + +
1-2 2{1-2%) 3(1-2%) 1+2 2(1+2%)

Psin’6 3) i (-4 3'3+2*‘[945 35 4 gk 120 9% - 189 . 16%)
3[1+2 =

332 k)
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2sin®(3) 2?sin?@2+3) 2%sin?(3+3)
- + -
1-2 2(1-2% 3(1-27)
2s5in%(2-3) 2%sin4 - 3) 2% sin 26 3}
+ + =
1+2 2({14+2%) 3(1+2%)
14k 2k k q242k my2k k 2k

1592 = -1y {E[B_g” (-1)* 2% [9—;?} i—1y [2[12—;—”

——+Z = + +
945 o (2 k)! 21 (2 k)! 5(2k)!
(-1f 2742k (18- TP
27 (2 k)

2sin®(3) 2%sin%2 -3 2%sin?3 3  2sin?2 3}

P T 2(1-2%) ’ 3{1-2%) T 142
27 sin?(4 - 3) 2% sin?(6 - 3) 2 - 1yEgiae
2(1+27) ) 3(1+2°%) :_QE[Q‘EL [1+2k}1]z

=0
- i[-h“g“ﬂ‘ . Z[ D12k Y Z[ b ¥ ek
o7 (1+2k) = (1+2k) = (1+2k)

Multiple-argument formula:
2sin®(3) 2?sin?2 -3 2%sin?3 - 3)
P Ty 2(1-2%) ! 3(1-2%) ’
2sin?2-3) 2?sin?@4 -3) 2%sin?6 - 3)
1+2 2(1+2%) ) 3(1+2%) B
i (111 + 1814 cosib) + 1516 cosi12) + 1218 cosi(18) + 560 cos(24) + 280 cos(30))

sin”(3)

[(((2 sin2(3) / (1-2) + 272 sin"2(2*3) / (2(1-272)) +23 sin*2(3*3) / (3(1-2"3))+ 2
Sin*2(2*3) / (142) + 272 sin2(4*3) / (2(1+2/2)) + 2°3 sin*2(6*3) /
(3(1+2°3)))]*1/256

Input:
sin?(3) ., sin?@2x3) _, sin?@3x3)
+ —+ r———

1-2 2(1-2%) 3(1-29
sin(2+3) _, sin®4x3) _; sin?(6x3)
— +2 | e i T
1+2 2(1+2%) 3(1+2%)
120
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Exact result:

f
| , 8sin?(9) 2sin®(12) 8sin®(18)
256 _2 sin?(3) — - -
21 5 27

Decimal approximation:
0.993274898457990358581491928013425008735737555382025977372...

0.99327489... result very near to the value of the following Rogers-Ramanujan
continued fraction:

e_% e ™Y
\/E =1- e*z”ﬁ = (0.9991104684
-p+1 1+—e_3”ﬁ
1+3e'd5° -1 I+ ——
e—47r\/§
1+
I+...

and to the dilaton value 0.989117352243 = ¢

Property:
I

8sin®(9) 2sin®(12) 8sin’(18)
+ +

|
256/ _2 sin?(3) -
21 5 27

is a transcendental number

Alternate forms:

f
[ 796 4cosil8) cosi24)  4cosi3h)
256/ — —— + cos(0) + - -

\ 945 21 5 27

:
255;{ 3—15 (—796 + 945 cos(6) + 180 cos(18) — 189 cos(24) — 140 cos(36))

3 3256

.-
255:/ = (-945 sin*(3) - 180 sin*(9) + 189 sin*(12) + 140 sin’(18)|

3 3256

121



1/2*log base 0.99327489845799 [(((2 sin®2(3)/(1-2) + 272 sin"2(6)/(2(1-2/2)) +2/3
SinA2(9)/(3(1-273))+ 2 sin®2(6)/(1+2) + 272 sin*2(12)/(2(14272)) + 23

sin”2(18)/(3(1+2"3)))))] -Pi+1/golden ratio

Input interpretation:

1 sin®(3) _, sin?(6)
5 logp se3z7480845700 1_2 * 2(1-22) £3
. sin®(9) sin?(6) _, sin®(12) _; sin?(18) 1
2 +2 - -T+ -
2(1+2%) 31 + 27 ¢

+
3{1-2% 1+2

#isthe golden ratio

Result:
125.476441335. ..

125.476441335... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

Alternative representations:
1 2sin?(3) 2% sin(6)
3 logo so327480845 7900000 g 2(1-27) +

2% 5in%(9) 2sin?6)  2%sin?(12) 2% sin?(18) 1
+ + + —-m+ - =
(1-27) 1+2 2(1+2%) 3{1+27 ¢
wi 2 sin? () 4 . 2 Sl 4sn?(12) = 8sin?{18)
1 lag{—E sin”(3) + = g (6)+ - o7 sin (9) + = =
-T+ -+
& 2 log(0.993274898457990000)

1
e 1020.9932?439345?9@0000[
23 sin?(@)  2sin?(6)  2?sin?(12) 23 51112[18}]

2sin?(3) 27 sin’(/)
+
3(1+2%

+ + + +
1-2 2(1-2%) 3(1-29 1+2 2(1+2%)

T4+ — = —7 gD 3 [ [I:SC P] 3 (c

I
4[ 1 ]2 8 [ 1 ]2 4 [ 1 ]2 8 [ 1 JZ] 1
- == + 2 g 4=
B L cseihy 21 Lesci9) 10 Lese(l2)y 27 Lese(1B) &
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1 2sin(3)  2? sin?i6)
5 logg co327480845 7000000 1_3 + 2 [1 B 22} +
23 5in?(9) 2sin?(6) 2%sin®(12) 2° 51112[18}]
+ + + -
3(1-28) 1+2 I14+2%) F{1+2Y

1 ) ( a2 2[ 18 }T] 4 2[ 12 }T] a8
-m+ — lo — cos |-1B+—- |+ — cos7| - -+ -—
T 9 B0 .9932 7489845 7900000 27 2 10 +

cosz[—g + %] + g cosz[—ﬁ + ;—T] +—g cnsz[—ﬁ + g] = cusz{—B + ;—T]] +$

Series representations:

1

5 logy co327480845 7000000

2sin®(3) 2%sin?%6)  2%sin?9)  2sin?6)  2%sin?(12) 23 sinz[lﬁ}]
+ - + + - -
1-2 2(1-2%) 3(1-2Y) 1+1 2(1+2Y) 3(1+2Y)
-1k [_l_zsinzm_ssin2<91+zsin2-:121+s sinz»:lsm]"

21 5 27

1 Ef:l k
6 2 log(0.993274898457990000)

i o

|

1
5 1084 co327480845 7000000

2sin*(3)  2%sin®6)  2%sin?(9)  2sin?6)  2%sin?(12y 28 sinz[lﬁ}]
+ + + + + -
142 2(1-2%) 3(1-29) 1#2 2(L+2%)  3{1+2Y)

1 1.000000000000000
T+ = ~1.000000000000000 r +
¢ ¢
. 2. 8sin?(9) 2sin*(12) 8sin?(18)
log|-2sin*@)- ——+ ——— + — ~74.0983197802482 -

o]
0.5000000000000000 Z (-0.00672510 154EDIDDDD}k k)
k=0
1) k LI [T le ‘
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1
5 1084 co327480845 7000000

2sin*(3)  2%sin®6)  2%sin?(9)  2sin?6)  2%sin?(12y 28 sinz[lm]
+ + + + + -
142 2(1-2%) 3(1-29) 1#2 2(L+2%)  3{1+2Y)

1 1.000000000000000
T+ = ~1.000000000000000 r +
¢ ¢
. 2. 8sin?(9) 2sin*(12) 8sin?(18)
log|-2sin*@)- ——+ ——— + — ~74.0983197802482 -

L)
0.5000000000000000 Z (~0.006725101542010000)" Grik)
k=0
|.I '.-. - | I I LT '.'-. ‘

fon ‘” u Wand

From which:

1/2*log base 0.99327489845799 [(((2 sin”2(3)/(1-2) + 22 sin"2(6)/(2(1-2/2)) +2/3
Sin*2(9)/(3(1-273))+ 2 sin®2(6)/(1+2) + 272 sin*2(12)/(2(14272)) + 23
sin”2(18)/(3(1+2°3)))))] -Pi+1/x = 125.47644133

Input interpretation:
15 sin®(3) _, sinf® 5 sin?(9)
2 DB0.00327480845 700 | £ 1-2 +2 2(1-2%) £ 3[1_23}+

sin?(6) 92 sin?(12) . sin?(18)

1
-m+— = 12547644133

- + :
1+2 2{132%) 3(1+2%) x
logyix) is the base- b lagarithm
Result:
1
— + 124, 858407346 = 125.47644133
X
Plot:
128 |
12?5
|2c~:.§
1235
S 124
12::5 ;
i — 4124 858407346
e LB vy, ot g o f
15 =10 -D5 3 0.5 1.0 1.5 g T 125.47644133
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Alternate form assuming x is real:

1.6180340
—— = 1.00000000
X

Alternate form:
124.858407346 (1.00000000000 x + 0.0080090722063)

X

= 125.47644133

Alternate form assuming x is positive:
1.00000000 x = 1.6180340 (o

Solution:
x = 1.6180340

1.6180340 result that is the value of the golden ratio 1,618033988749...

1/16*1og base 0.99327489845799 [(((2 sin®2(3)/(1-2) + 272 sin"2(6)/(2(1-2/2)) +23
Sin*2(9)/(3(1-2°3))+ 2 sin”2(6)/(14+2) + 22 sin*2(12)/(2(1+272)) + 23
sin”2(18)/(3(1+23)))))]+1/golden ratio

Input interpretation:
1 sin®(3) 52 sin(6)

— lo
16 20 993274809845 700 1-2 2(1-2%) 53
. sin?(9) sin®6) _, sin?(12) _, sin®(18)) 1
2 - - +2 + =
3(1-2%) 1+2 2(1+2%) 3(1+2%)) ¢

logyix) is the base- b lagarithm

#isthe golden ratio

Result:
16.6180339887...

16.6180339887... result very near to the mass of the hypothetical light particle, the
boson my = 16.84 MeV
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Alternative representations:
1 1 2sin’(3) 27 sin?i6)
—lo
16 £0.00327480845 7000000 1-9 £ 2(1- 22} *
2% 5in?(9)  2sin?6) 2%sin?(12) 2° 51112[18}] 1
+ + + + - =
3{(1-23) 1+2 2(1+2%) 3{1+2%) ) 4
B

.. a9
2sin-{&) A ooon o )
S22 4T sintib)+ - — sin

q g L S (9)+
+

1
P 16 log(0.993274898457990000)

45in2112] Esinzilsl]
+

. 2
log[—E 5in“(3) + P =

1
E 1020.9932?439845?990000[

2sin®(3)  2%sin?®) 2%sin?®  2sin?6)  22sin?(1zy 28 sinz[lﬁ}]
+ * + + +
1-2 1-2") 3(1-2Y) 1+2 2(1+2%)  3(1+2%)

1 1 1 [ 2( 1 ]2 ) ( 1 JZ 4( 1 }Z
- = — o Fe o b
AT B0 0032 74808 45 7000000 csc3) * 3 Lesci®) 6 | csc(6) N

8[ 1 ]Z 4( 1 ]Z E( 1 JZ] 1
21 \cse@y i 10 Vese(l2) +2'? csci18) +¢:

1
E 1020.9932?439345?993000[
2sin®(3) 2%sin%6)  2%sin?9)  2sin?6)  2%sin?(12y 28 sinzllﬂ}]
+ + + + +
1-2 2(1-2%) 3(1-2%) 142 21+28) 3(1+29)

L = 1 log, 9932?430345?\99:|DDD(E cnsz[— 18 + E] + v cnsz[—lz + I] +—E
¢ 16 R 27 2/ 10 2 21
cosz[—9+ %]+§ casz[—5+ ;—T]+—g cnsz[—5+ g]—Eccsz[—3+ ;—T]]+$

Series representations:

1
E logy co327480845 7000000

2sin?(3)  2%sin?Bd)y 2% sin?(9)  2sin?6)  2%sin%(12) 27 sin?(18)
+ + + + +
1-2 2(1-2%) 3(1-2Y) 1+1 2(1+2Y) 3(1+2Y)
2 2 2 K

FE m e dony BENC(R) 25inc{12) Bsin®{l18)
( 1]"‘[ 1-2=m*={3} S c M

1 =1 k
¢ 16 log(0.993274898457990000)
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"1 B 9932?459545?990::::0[2 sin?(3) . 22 sin? (/) ; 2% 5in?(9) . 2sin?(6) ;
16 ' 1-2 2{1_22} 3{1_23} 1+2
22sin?(12) 2%sin%(18)) 1  1.000000000000000
2(1+2)  3(1+2Y) ]+¢ - ¢ :
8sin®(9) 2sin?(12) 8sin?(18)
21 5 YTy

1ag[-2 sin®(3) - }[-9.2522399?2531[:3 N

o
0.0625000000000000 Z {—ﬂ.ﬂﬂﬁ?ESlﬂlStiEﬂlﬂﬂﬂﬂ)k G{k]]

k=0
-1 k k1M Gi-j+ k)
for |Gy =0and —————— + Gik) = o
- =l 2[1+k1[2+k}+ %{ 1+
1 i 2sin?(3) 2%sin?® 2% sin?9)  2sin?i6)
— lo + + 5 +
16 B 0032 7480845 TE00000 1 2 201 _22} 301 _23} 149

22sin?(12) 2%sin%(18)) 1  1.000000000000000

2(1+2)  3(1+2Y) ]+¢ - ¢ :

8sin®(9) 2sin?(12) 8sin®(18)
21 5 YTy

1ag[-2 sin®(3) - }[-9.2522399?2531[:3 N

o
0.0625000000000000 Z {—ﬂ.ﬂﬂﬁ?ESlﬂlStiEﬂlﬂﬂﬂﬂ)k G{k]]

k=0
1R K (-1 G- +k)
for |Gi0y=0and Giky = ————— ==
} 2[1+k}[2+k}+%{ 1+

Now, we have that:

Page 253

For x =2, we have that:
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1/4 + 2/(1-2) + 2°2/(142°2)+T*213/(1-2/3)+6*2°4/(1+274)+5%275/(1 -
275)+3%2°6/(1+2/6)

Input:

1 22 39 7 5 25 s
-+ - +7 +6 +5 +3

4 1-2 1422 B B | PP L 1420

Exact result:
755033

137020

Decimal approximation:
-5.51038534520507955043059407385783097358049919719748941760...

-5.5103853452...

3[1/4 + 2/(1-2) + 2°2/(142°2)+T*273/(1-2°3)+6*2°4/(142°4)+5%25/(1 -
275)+3%2/6/(14276)]

Input:

1 2 22 23 24 ] 26
-3|-+ - +7 + 6 +5 +3

4 1-2 1422 R o 1422 PP 1426

Exact result:
2265090

137020

Decimal approximation:
16.53115603561523865129178222157349292074149759159246825280...

16.531156035... result very near to the mass of the hypothetical light particle, the
boson myx = 16.84 MeV

(UL +2/(1-2) + 20214272+ T¥283/(1-2°3)+6¥ 2 /(1427 4)+5+275 (1 -

2A5)+3*216/(14276)]111/256))))

Input:
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- I %o g - 1 2l
44-FL2+1Q2+? 143+6 1e4+5 145+3 1428
Result:
; | 34255 i
_(—1y%55/256 256 1%& 2
755033

Decimal approximation:

0.9932808330005471077535463741781621366345022946651107221... -
0.01219000165534346630936622310037115254954768885455588314..

Polar coordinates:
r = 0.993356 (radius), @=-0.703125° (angle

0.993356 result very near to the value of the following Rogers-Ramanujan continued
fraction:

e_% e ™
\/g =1- e_z”‘/g ~0.9991104684
143 ¢54\/5_3—1 1+
e—47r\/§
1+
1+...

and to the dilaton value 0.989117352243 = ¢

Alternate forms:
2586 —————

V2 *V34355 (-755033)233/256
755 033

P e
z5ﬁ|% 128/, ms{i]_lzm 255 L34 o sin[i]

256 755033 256
zs&fm 129'5 (2550 1)/ 256
= e
755 033
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(((((*2(((1/21og base 0.993356 (I"2/((([1/4 + 2/(1-2) + 2°2/(14272)+7*273/(1 -
DABVHE*DAL/(142M)+5%2A5/(1-285)+3%276/(1+27°6)])))))))i+(Pi-1/golden
ratio)i)))))*i

Input interpretation:

:

].1 i
— 10
2 RS i+i+ 22 +7 2* +6 2 +5 28 +3 2 i

# iz the golden ratio

Result:
125.4835769032502711501433342343106640772325020820489594408...

125.483576903... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

Alternative representation:

1[2]1 P [ 1}
s 0 i ——
2 el in gk 2 22 7.2% g 24 P 25 8 26 & i ) i 8

1
=+ -
4 1-2 1422 0 123 1424 1-2° 142
|
i< 2
ilo i
g B B O T R L P
1 T T T T g
[ ] 7 1429 125 140
E|F|TX — — |+
o 2 log(0.993356)

Series representations:

P 1
+lm-——|ili=
2 mond 4 5 &
2 32, cogmedd Cofindtoomwad asg &b

+

2 142?13 1424 1-2° 1428
S ik

ok (12200t

4 oa

2 i

I o Zk:l I

2 log(0.993356)

1
[5 [12 i) logn oo33se
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1[2]1 P [ 1}
e D 7 il —_
2_1!_ Z0.o03356 p 23+?23+524+525+32'5+}T¢.!!

- -
1-2 1422 123 1424 1-2° 142

=

. i 137020 #
-— +i 7m-75.0059: log|- -
¢ 755033

Z[-D.mﬁﬁﬂrﬂr}*‘ Gik)

0.5 lng[—
k=0

137020 i
755033

for x = 0.83, we obtain:

1/4 + 0.83/(1-0.83) + 0.8372/(14+0.83/2)+7%0.83"3/(1-
0.83/3)+6*0.83/4/(1+0.83/4)+5%0.83/5/(1-0.83/5)+3*0.83"6/(1+0.83/6)

Input:
1 0.83 0.83° 0.83° 0.83% 0.83° 0.83%
i 5 3

+ + + + + +
4 1-0.83 1+0.83° 1-0.83° 1+0.83% 1-0.83° 1+0.835

Result:
20.80698908971574306705236212155003278772279920475330832538 .

20.806989089.... result very near to the Fibonacci number 21

(((1/4 + 0.83/(1-0.83) + 0.83/2/(1+0.8372)+7*0.8373/(1-
0.8373)+6*0.834/(1+0.83"4)+5*0.83"5/(1-0.83"5)+3*0.8376/(1+0.83"6))))-
5+1/golden ratio

Input:
1 0.83 0.83° 0.83°
-+ + +7 -
4 1-0.83 1+0.832 1-0.83°
0.83% 0.83° 0.83° 1
+5 +3 -5+ -
1+0.83% 1-0.83° 1+0.835 ¢
# iz the golden ratio
Result:

16.42502307846563881525694805501567090544310847455916118751...

131



16.425023078... result very near to the mass of the hypothetical light particle, the
boson myx = 16.84 MeV

Alternative representations:
[1 0.83 0.83° 7.0.83 6. 0.83* 5.0.83% 3 0.83'5] & 1
i
I

+ + + + + +
4 1-083 1:083 1-083° 1+083" 1-083 1+0835
0.83 1 0.832 7. 0.83%
o S m——C e o + +
017 4 1+0.83 1-0.83°
6 0.83* 5 0.83 3 0.83° 1
+ + + :
1+0.83*% 1-0.83° 1+0.83% 2sin(54°)

1 0.83 0.83° 7.083° 6 083 5 083 3 083° 1
-+ + - + + + -5+ - =
4 1-083 1+083° 1-083 1+0.83* 1-0.83 1+0.83° ¢
083 1 1 0.832
S5+ —4+-+

- -
0.17 4 2cos216°)  1+0832
7.083 6.083* 5. 083 3 083°

- -

+
1-0.83° 1:+0.83% 1-083 14+083°

1 0.83 0.83° 7.0.83 6.0.83*% 5.083° 3. 083° 1
=i + - + + + -5+-=
4 1-083 1+083 1-083 1+083* 1-0.83% 1+0.83° ¢
0.83 1 0.832 7 0.83%
= i + +
0.17 4 1+0.83% 1-0.83°
6 0.83* 5 0.83 3 0.83° 1

+ + +— A
1+0.83* 1-0.83° 1+083% 2sin666°)

1/(((1/4 + 0.83/(1-0.83) + 0.83/2/(1+0.83/2)+7*0.83/3/(1-
0.83/3)+6*0.83/4/(1+0.83/4)+5%0.83/5/(1-0.83/5)+3%0.83"6/(1+0.83/6))))*1/512

Input:
1
[ 2 3 4 5 &
51‘3~Il+£+ D.831+ 0.833+5 D.834+5 D.835+3 D.SBG
4 1-0.83 140.83< 1-0.83 140.83 1-0.83 140.83
Result:
0.90408924 .

0.99408924... result very near to the value of the following Rogers-Ramanujan
continued fraction:
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NS -7v5

(& c
\/g =1- e‘z”‘/g = (0.9991104684
5 s4(c3 ek I e_3”ﬁ
1+ Q 5° -1 1+ —
e—47r«/§
1+
1+...

and to the dilaton value 0.989117352243 = ¢

1/4*log base 0.99408924((1/(((1/4 + 0.83/(1-0.83) + 0.8372/(1+0.83/2)+7%0.83/3/(1-
0.83/3)+6*0.83/4/(14+0.83/4)+5%0.8375/(1-0.83/5)+3%0.83"6/(1+0.83°6))))))-

Pi+1/golden ratio
Input interpretation:

- logn oo40soz4

1 1
o
1, 083 0.83° 0.833 0.83% 0.83% 0.83% ¢
4 1-083 140.832 1-0.83% 140.83% 1-0.83° 1+0.83%
loggixiis the base-b logarithm

Result:

# iz the golden ratio

125.4764636981497716290964179374465813945660685073705472317...

125.476463698... result very near to the dilaton mass calculated as a type of Higgs

boson: 125 GeV for T=0

Alternative representation:
1

0.83 0,832 7.083° | 6 083t 5 083°

1
30,835 5 &

1
4 1083 140832 10837 140,834 1-0.83°

1

2 = 3 4 5 [&]
+ 0.83 47 0.83 +6 0.83 +5 0.83 +3 0.83

—
=]
—
|
- =

140.222 1083 14083t 10835 14083°

410g(0.994089)
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Series representations:

1 1 1 1

7, 10Bo.co4ngo = L
i - 2 o 3 4 5 &

4 1, o83  os83®  7x0.837  Fx0.83t  5x0.83% . 3x0.83 [

4 1083 140.83°  1-0.83° 1+0.83% 1-0.83° 1+0.83%
1 Zk:l k

s " 410g(0.994089)

1

:1 logn oounso

1 ] 1
-+ - =

1, 083 gaa? 7xomed . gGxomat . sxoma® o oaxemad &
4 1082 140832 10837 140,834 1-0.83° 140.83%
L]

1 1
- -7 -42.1707 log(0.0480608) - :¥ log(0.0480608) 2 [—D.DDSQID?E}k Gik)
¢

k=0

For x = 0.508, we obtain:

1/4 + 0.508/(1-0.508) + 0.508"2/(1+0.5082)+7%0.508"3/(1-
0.508"3)+6*0.508"4/(1+0.508"4)+5%0.508"5/(1-0.508"5)+3*0.508"6/(1+0.508"6)

Input:

1 0.508 0.508° 0.508°

-+ - +7 -

4 1-0.508 1+0508° 1-0.508°
0.508% 0.508° ; 0.5085

+5 - ——
1+0.5084 1-0.508° 1+0.5088

Result:
3.144178943316367188214900947585860477336982648670389773337...

3.144178943... =1

1/6*[1/4 + 0.508/(1-0.508) + 0.508"2/(1+0.508"2)+7*0.508"3/(1-
0.508"3)+6%0.508"4/(1+0.508"4)+5*0.508"5/(1-
0.508"5)+3*0.5086/(1+0.508"6)]"2

Input:

P | 0.508 0.508° 0.508°
-[-+ - +7 -
614 1-0508 1.:0.508° 1-0.508°

0.5084 0.5087 . 0.5085%

—— +3 +
1+0.508% 1-0.5083 1+0.508%
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Result:
1.647643537032337801007151130039903492629411A11839298502652. ..

2
1.647643537.... = {(2) == = 1.644934 ..

Example of physical application of Ramanujan’s mathematics
From:

The Current Ability to Test Theories of Gravity with Black Hole Shadows
Yosuke Mizuno, Ziri Younsi, Christian M. Fromm, Oliver Porth, Mariafelicia De
Laurentis, Hector Olivares, Heino Falcke, Michael Kramer, and Luciano Rezzolla

Supplementary Information: The Current Ability to Test Theories of Gravity
with Black Hole Shadows

Yosuke Mizuno, Ziri Younsi, Christian M. Fromm, Oliver Porth, Mariafelicia De
Laurentis, Hector Olivares, Heino Falcke, Michael Kramer and Luciano Rezzolla -
arXiv:1804.05812v1 [astro-ph.GA] 16 Apr 2018

Location of characteristic radii for Kerr BH and dilaton BH

by, = % (_-'U — VM2 — a‘?) , (19)
1/2%(((13.12806e+39-sqrt(((13.12806e+39)2-(0.6%13.12806¢-+39)2)))))

Input interpretation:

1 [
5[13.12806 103*"-“;'[13.12805 10°° - (0.6 ~ 13.12806 - 10°°)°

Result:
1312806000000000 000000000000000000 000000

Scientific notation:
1.312806 ~ 10°°

1.312806*10°°
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Similarly. the ISCO for particles circulating in the equatorial plane may be determined by
setting to zero the effective potential. along with its first and second derivatives. and solving for 7.
For a spherically-symmetric spacetime this yields!®
3 szg‘_:'u«s g I2 dggtr + d_u

dr? * dr?2  dr?
where the particle’s energy. E. and angular momentum. L. are given respectively by

E

(gttgee) — 0, (20)

E = —u'gy, (21)
L, — Qufgys, (22)

and where € (angular velocity) and u* are then given by

& 2 N 1/2

p — E._ (B B 23)
ut dr [ dr

ut — [—gu—Qggw)_lﬂ. (24)

Solving Eq. (20) with Egs. (21)-(24) yields the ISCO radius of the dilation BH as
risco = 2M (B+ B2 + B*) , (25)

; 1/3
s ™ 2

Similar to the derivation of (19), equating the dilaton ISCO radius and the Kerr ISCO radius
(rK 18co. see Bardeen et al. 19721, the dilaton parameter as a function of a is obtained as

where B is defined as

: 1 ay*
biges= M 14— [1de=2] |, (27)
27 o
where o is defined as
_14M +3 (—9 s \/36;’1-1‘9 +-BAM o+ 81 'r?{.lsco)
o3 = P ' . (28)

Finally, the radius of the (unstable) photon orbit may be calculated from Eq. (24) as

1
Tphoton = § |:3(Jf".i{ A=t b) + \/(ﬁf — b)(gﬂf — b)} . (29)

from which upon equating with the expression for the Kerr photon orbit radius yields the dilaton
parameter expressed in terms of a as

X 1
bototon = 5 M (—2 88 4 /B e+ 8)) ,_ (30)

where C is defined as

C = cos [; cos ™! (—%)] . (31)

Recalling that in the Letter the Kerr spin parameter is specified to be a = 0.6 M. which gives
rrisco = 3.829 M, the corresponding values of the dilaton parameter for which the Kerr BH and
dilaton BH event horizon, photon orbit, and ISCO radii coincide are b= 0.1M, 0.339 M. and
0.504 M, respectively.
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From:

-

bphot on =

2 .
C = cos !§ cos (—%)] .

bo| =

we obtain:

cos(2/3 cos™-1(-0.6)) = 0.0944570

Input:
2

cns[— cns'l[—D.fﬂJ
3

Result:
0.0944570...

(result in radians)
0.0944570...=¢C

Reference triangle for angle 1.476 radians:
I EL

width cos(1.4762) = 0.094457

height = sin(1.4762) = 0.995529

Alternative representations:

1 2
CUS[E cos 1 (=0.6) 2} - cash[i i cas'l[—D.ﬁ}J
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M (—2 3 4+/B £ CE F 8}) ,

Cos

(30)

(31)

1 i : : :
(x)is the inverse cosine function



1 2
cns(g cus_l[—D.ﬁ}EJ - cush(—g i cns'l[—D.ﬁ}J

1 PO R L
CDS(E cos™ [ GE}EJ: [—2,-31c05 .—0.63+02;31c05 1—0.6]]

Bl =

Series representations:

s [— ‘1}k cos 1 (-0.6)**

1 w |o
cos| — cos [—G.fﬂﬂ] -
(3 2 2k
k=0

k
o (1) [—é + E cns'l[—D.ﬁ}}1+2

1} s

cos|— cos” [—D.ﬁ}E]z -
(3 2‘ (1+2k)!
k=0

@ CDS{J:E—” +z.;.}[‘§ r:l::s'l[—lZI.En]l—2:.;.}k

k!

1
CDS[E cns'l[—D.ﬁ}EJ =
k=0

Integral representations:

1 1 2 cos™ (-0.6) .
cns(g Cos [—0.5}2] = —JTB sinit)dt
2

1 2 "1 2
cos(— cos ' (-0.6) 2} =1-- cns'l[—D.ﬁ}J sin[— t cos'l[—D.ﬁ}]d’t
3 3 0 3

1 §aasy {‘5 c05'11—0 6'!".1195'1
cus(g cus_l[—D.ﬁ}E] J ds fory =0

- Ha+y 5

1 Vi 9% cos~1(-0.6)"2% I'(s)
cns[— cos Y- lIIIE:]:E]:—JN‘JJr'\r ! ds forn
3 —i gy r[_l _ 5}

Continued fraction representation:
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1
CUS[E cos H(-0.6) 2} s

T 0.4+ 0.64 A 0.32
COS| — + = BIN| — —
3 [ —D.?2|&|I:—1+2|M|l| 3 1+ 0.72
1+ K 2 2 | 3 0.72
k=1 LeR T5__4.32
‘?_ 432
O+...

Now, we analyzed this continued fraction:

sin(m/6 - 0.32/(1 +-0.72/(3 - 0.72/(5 - 4.32/(7 - 4.32/(9))))))

Input:
e 0.32
sin| - - =
B - 3 Dl':u'.?%z
g 432
7_4.32
Q
Result:
0.0944701...
0.0944701...

Addition formulas:

I

sinf- - —— | = ccs[g] sini—0.428088) + ccs[—D.428988}sin[6]

0.32 T

sinf- - —— :cns{—g]sin[—DAZS?EE}—cns[—D.428988}sin[ 6]
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sinf- - ——— | = —i (ccs[—DAEEQEE}sinh(%n+ ccsh[%]sin[—DAEEQEE}

0.32 ¥ im

sinf—- - —— =i cas[—D.428988}sinh( E]+ cnsh(— 3 ]5111[—0.428988}

i
R 0.32 Fis 0.32
51N E = —1 3 072 = CO8 5 thd E + 1 073
3. 0.72 3. 0.72
g_—4.32 g_ 432
7 4.32 7_4.32
9 Q
i {
s 0.32 T 0.32
Sll‘lg—l_T =_CD55+6_1_ e
= |:|.?27 = |:|.?2q
5_;1.&..? 5__4_;3_..?
7- 332 7_4.32
o o
) |
A 0.32 h im m 0.32
58I - — ———————F—=—— | = COSs ey H e
i - T C——
F--— 3= o
S_J;.L.? g —4.32
_4.32 7_4.32
Q @

0.32 «
sin g - =2} (-1 J1,54(-0.428988 + 0.166667 m)
1- 5__ 072 k=0
B 7 o
7-22
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0.32 w0 (-1)* (-0.428988 - a}zk

F e 3
3 0.72

sin

k
0.32 w0 (-1 (-0.428988 + g}“‘?

sin| = - -

i
6 1-—97 "o (1+2k)!
3o

Gl

:

4.3
g Thd s
Q

[+

Integral representations:
[

m 0.32
& 0.72
Y, A g 0.72
g2
-_4.32
[*]

"1
0.166667 (—2.57393 + n}j cos(0.166667 (=2.57393 + 1) t) dt
i

sin

T 0.32
= 0.72
& A 5 0.72
g —+32
24
0.0416667(-2.57393 + MV f.-wﬁﬂ-ﬂﬂmﬂ—z-mwm Jfs+s

=i a4y 5 3/2

5in

ds ol

sin

4.32
]

0.0416667 v x f:w e o Moy L T et B )

rm

Lad
[+

ds tor(

—i oty r[i_j}
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sin(x - 0.32/(1 + -0.72/(3 - 0.72/(5 - 4.32/(7 - 4.32/(9-4.32)))))) = 0.0944570

Input interpretation:

0.32

sin|x - S = 0.0944570
1 - .

3. 0.72
g.—+32
To__4.32

04,32

Result:
-sin(0.429084 — x) = 0.094457

Plot:

== _zin(0.429084 - x)

— 0.094457

Alternate forms:
—sini-x + (0429084 + 0 ) = 0.094457

(0.909347 + 0 fysinix) —(0.416038 + 05 cosix) = 0.094457

(~0.208019 + 0.454674 i) ' * - (0.208019 + 0.454674 i) ¢' * = 0.094457

Alternate form assuming x is positive:
sin(0.429084 — x) + 0.094457 = 0

Solutions:
~298198 71 - 149099 1 + 63976 — 149 099 sin~'( 22T
X = [IDIIIIIIIIIIIIEI : neF
149099
c_1( 94457
-208198 7 n+ 63975 + 149099 sin [m}
X = ne £

149099 :
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63976/149099 - 2 n 1 + sin’(-1)(94457/1000000)

Input:
63976 . _qf 94457
-2nm+sn P—————J
149099 1000000
sin ]:xnistheinverﬁe zine function
Plot:

(n from =0.1to 0.1)

0.10 -0.05

Geometric figure:

line

Alternate forms:
~298198 rn + 63976 + 149099 sin ! 127

1000 000
149099

-2an

63976 _ (VO9T077875151 94457
- (i
" 149009 B 1000000 1000000

logixy is the natural logarithm

Alternate form assuming n is real:
63976 : _1[ 94457 ]

+ +1an
149099 991077875151

-2rn

1 ; : :
tan (x) is the inverse tangent function

Root:
n = 0.083347

0.083347 = 1/12 = 0.833333
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Derivative:
o [ 63076

dn\ 149099

04 457 ]]
=-2r

-2nm+ sin'l[—
1 000000

Indefinite integral:

r B3076 . 1 94457
{ -2nmT+sin [—] dn =
J 1149000 1000000
., B3976n , _1( 04457 }
-t + +nsin | —
149099 1000000

63976/149099 - 2 ¥1/12 1 + sin*(-1)(94457/1000000)
Where 1/12 = 0.833333 = 0.083347

Input:
63976 1 . _qf 94457
—[2 _]}T+Sll'l [—]
149099 12 1000000
Exact Result:
63976 & | _1[ 04 457 ]
- —+5N | —
149099 6 1000000

(resultin radians)

Decimal approximation:

| ; ; : :
sn  (x)is the inverse sine function

0.000083282293648218400792403533246940636472764811661192455...

(result in radians)
0.0000832822936...

Alternate forms:
383856 - 140000 _1[ 04457 ]
+ 81T

804594 1000000

383856 - 149099  + 894594 sin~}( 2247
1000 000
894594

63976 x _1[ 04457 ]
- = +tfan
149099 6 V001077875 151
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Alternative representations:
63976 x2 _1[ 94 457 J d‘l[ 04457 J 27 63976
it Y

- — +sin —— - — +
149099 12 1 000000 1000000 12 149099
63976 n2 . _1[ 94 457 ] _1[ 94457 ] 2r 63976
149000 12 " {Toooooo) ~ 1000000 12~ 149099
63976 x2 . _1[ 04 457 J , _1[ 04457 i ] 2xr 63976

— — 4+ 51N ——— | = —1 5 T ek
149009 12 1 000000 1000000) 12 149099
Series representations:

1000 000y-1-2k 71

53 9?6 m2 ¥ _1[ 9445? } 639?6 i 1-N--u [ Q45T [E}k
140000 12 " (To00000) ~ 149099 61%‘3 ki+2kk!
63976 x2 . _1[ 04 457 J

- — +5In | —
1459009 12 1000000

205543 % (1)
63976 x 1 [905543 & (;0000cc) 3k
s
149009 3 500 2 = ki+2kk!

63976 n2 . _1( 94 457 J

- 48N | ————— [ =
145009 12 1000000

— 1094457 1k (1
63976 2 1 1004457 = [2.;..;..;..35.3} [E}k

s 5
149099 3 500 2 & ki+2kk

Integral representations:

63976 2 . _( 94457
149009 12 [1 000 DDD] =
63076 & 94457 1 [
149099 6 1000000 Jo | )
o 8022124 8491
\/ 1000000 000000
63976 x2 | _1( 94 457 J 63976 x 94457
- — +sin - ————
149099 12 1000000/ 149099 6 40000002

ooty 1000000000000 v o1 1
J [ J r[— -5 r[s}r(— +5J.—J5 for U
091077875151 2 2

—i va+y
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Continued fraction representation:

63976 x2 . @ 94457
- — tsin | ———— | =
149099 12 [mamm]
63976 T 04457 4991077875 151
—_—— + —
149099 6 so22124840 | L[ (142 | 1E)
[ - 2 2 I
1000000000000 (1 + K 500 000000 000
k=1 142 k
63976 =« J
- = +|94457+ 991077875151 |/
149099 6 dl v ]f
[1 000000000000 [1 - —[8 022124 849;’ [5':”:' 000000 000

[3 -8022124849 f. [SDD 000000000 [5 - 26766374547 JI,."'l

250000000000

S mmmss i)

63976/149099 - x + sin”™*(-1)(94457/1000000) = 0.00008328229364821840079

Input interpretation:

| ; ; : :
sin  (x)is the inverse sine function

63976 .y 94457
- (—J:D.000083282293648218400?9
149 099 1000000
Result:
63976 . _, 94457
x+ il (—]:0.000033232293543213400?9
149000 1000000

Plot:

R2O7R .4 D4457
= _ = —_ #5in” |
L _ ”'\ 140000 RSy
ﬁ — 0.00008328229364821840079

[ e . &



Alternate forms:
0.52359877559829887307711 -x =0

24457

g (e |
149099 x + 63976 + 149099 sin ™} BT R

149099

63976 (YOOTO77B75151 94457
=F D =

" 149009 B 1000000 1000000

0.00008328229364821840079

logixy is the natural logarithm

Alternate form assuming x is real:

63976 o 94457
x4+ +tan = 0.00008328229364821840079
149099 V991077875151

tan I (x)is the inverse tangent function
Solution:
x = 0.52350877559820887307711

0.5235987755... =§

Possible closed forms:
g ~ 0.523508775598208R73077107230

Inserting 0.5269391135 that is the following Ramanujan continued fraction:

o 2
o[ _ ! ~0.5269391135
e¥¥ sinh¢ I’
0 1+ -
1+
23
3+
23
1+ ;
3
5+ - 3
7+
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63976/149099 - 0.5269391135 + sin”(-1)(94457/1000000)

Input interpretation:

63076 . —1f 94457
-0.5260391135 +sin [—J
149099 1000000
sin : (x1is the inverse sine function

Result:
-0.0032570556...
(resultin radians)
-0.0032570556...
Alternative representations:

63076 4457 4 457 63076
070 5526939 + sin'l[g—J — ~0.526939 + sd‘l[g— D] g
149099 1000000 1000000 149099
63076 4457 4 457 63076
70 5526939 + sin_l[g—] = —0.526939 + sn‘l[ ? D] o
149099 1000000 1 000000 149 099
530976 4457 4457 63976
. -0.526939 +sin'1[g—]= —D.526939—zsinh'1[ 4 . J+ %
149099 1000000 1000000 1490949

Series representations:

63076 94457 [1|:u:u:u:u:u:| }—l—zk[_l}
~0.526939 + sin'l[—] = -0.0978551 + ¥ —— 2l
149099 1000000 2 k'+2kk!
63976 , 04457
-0.526939 + sm'l[—J =
149099 1000000
(1094457 (Lmads7if 1)
z 2000000 k
~0.0978551 - -
g muuaoa‘rl T
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63976 1 94457 T
—0.526939 +sin [—} — LQ.097RESLF Lo
149099 1000000 2
Q4457 24457
1 arg|- +X 1 arg[-——— +x
~ mexplim [ 1000000 } + = explir [ 1000 000 } ,lﬂ_
2 2 2 2T
o (23457 _gx}k Xk aFa(2, 111 E )
Z SO0000 2° 2 2 2 £ v o] 1
k! | ol 1
k=0

Integral representations:
63976 94457 }
149099 1000000/)

| 1
_0.0978551 + 0.004457 [ gt
Jo

_ B922124849¢°
1000000 000000

-0.526030 + sin'l[

63976 _f 94457
—0.526939 +sin (—J — _0.0978551 +
149099 1000000

0.0236143 i+ 1000000000000 1 1 _
g ( F(——s F[S}F[—+5st for 0
1;1'\"'; =i ca+y Q91077875151

2

Continued fraction representation:
63976 94457 J
149099 1000000)

|
04457 O10TTETE1S]
\f 1000000 000000

-0.0978551 + _
8922124 849 |%||:—1+2 %“
o _ !

1000000|1+ K 500 000000 000
k:l 1+2k

—-0.526030 4+ sin'l[

_0.0978551 + [9445? /991077875 151 Lﬁ

[1 000000000000 [1 - —[8 022124 849;-"'1 [EDD Q00000000

[3 -8022124849 Jl.-"ll [SDD 000000000 [5 - 26766374547 JI,."'l

[ESD 000000000

g rad ]

ko
. ay /by is a continued fraction
k=ky
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63976/149099 - x + sin”(-1)(94457/1000000) = -0.0032570556

Input interpretation:

sin

63976 _( 94457
- (———————}:.-&00325?0555
149099 1000000
Result:
63976 [ 94457
x+ . [———————]:-&00325?05
149 099 1000000

Plot:

— W 4 L
149099

- =0 00325700

Alternate forms:
0.526030 —x =10
-149D99x+539?5+149099ﬂn-w

149099

63976 [JQQID??E?SIEI
X+ -ilog
149099 1000000

24457
1000 000

= -0.00325706

04457 ;
" 1000000

] = -0.00325706

Alternate form assuming x is real:
63976 . 1[ 94457 ]

X+ +tan = -0.00325706
1490009 V001077875151

tan

Solution:
X = D.SE&QEQ

0.526939
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1 . 3 g 3
[x)is the inverse sine function

log(x) is the natural logarithm

1 ; ; ;
(x) is the inverse tangent function



From:

63976/149099 - x + sin”(-1)(94457/1000000) = -0.0032570556
inserting 0.000084 in the right hand-side

63976/149099 - x + sin”\(-1)(94457/1000000) = 0.000084

Where 0.000084 =~ 0.00325706/39 = 0.000083514, where 39 = 34+5 (Fibonacci
numbers), we obtain:

Input:
63976 . _1f 94457
X +sit ( }: 0.000084
149099 1000000
sin : (x1is the inverse sine function
Plot:

BIGTR % I 6
+sin” |

Alternate forms:
0.523598 -x =10

Q4 457
10000007 _ 0000084

~149099 x + 63976 + 149099 sin-l[
149099

63976 1[»:’9910??8?5151 04457 ;
g

X+ —-ilo - = 0.000084
149099 1000000 1000000

log(x) is the natural logarithm

Alternate form assuming x is real:
63976 o 94457
[ ] = 0.000084

+ +tan
149099 VO91077875151

1 J ; ]
tan  (x) is the inverse tangent function
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Solution:
x = 0.523508

s

0.523598 =—

6

Or, dividing by 39 the previous expressions:

63976/149099 - x + sin”(-1)(94457/1000000) = -0.0032570556/39

We obtain:

Input interpretation:

63976 , 4( 94457 J 0.0032570556
—X sln = —
149099 1000000 39
an

Result:

63976  _, 94457
x+ . [—J — _0.0000835142

149 099 1000000

Plot:

0.5 0.5 — x4 2B i (S
5 \ 149099 2 " Doo ooo
[ — -0.0000835142

Alternate forms:
0.523766 -x =10

~149099 x + 63976 + 149099 sin”~!( = |
=-0.0000835142

149099
63976 V991077875151 04457 ;
X+ —ilog + — -0.0000835142
149099 1000000 1000000
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14457 )

log(x) is the natural logarithm



Alternate form assuming x is real:

63976 o 94457
_x+ +tan — —0.0000835142
149099 v 001077875151
tan
Solution:
x = 0.523766

0.523766 a result very near to 0.523598 = %

Or also dividing -0.0032570556 by 4096 = 64 :

1 ; : :
(x) is the inverse tangent function

((63976/149099 - x + sin”(-1)(94457/1000000))) = -0.0032570556/64"2

Input interpretation:

63976 . _1f 94457 0.0032570556
—X +5ln = —
149099 [1 000 DDDJ 642
Result:
63976 . _,; 94457 -
—X + +5in [—]:—?.QSIEXID ’
149099 1000000

Plot:

Alternate forms:
0.523683 -x =10

~149.099 x + 63976 + 149 099 sin~!( 2257 |
1000000 — _7.9518x ]_D'?
149099
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63976 1 [‘4" Q91077875151 04457 i
g

+ —ilo + = -7.9518x107"
149099 1000000 1000000

Alternate form assuming x is real:
63976 s 1[ 94457 ]

X+ +tan
149099 V091077875151

= -7.9518 %1077

tan

Solution:
x = 0.523683

0.523683 a result very near to 0.523598 :%

logixi is the natural logarithm

1 J ; ]
(x)is the inverse tangent function

Thence we note that increasing the denominator in the right-hand side of the

expression, the result tends more and more to 0.523598 = %

Possible closed forms:

g ~ 0.52359877550

PR TR

I .__'[2]- .
\( : = 0.52359877550

3 P—
5 log®(2) v/ log(3) =~ 0.52358822

Now, we have that:

1/2%13.12806e+39((((-2-3*0.0944570+sqrt((8+0.0944570(0.0944570+8)))))))

Input interpretation:
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1 : .
> 13.12806  10°% (-2 +3 - (—=0.0944570) + v 8 + 0.0944570 (0.0944570 + )

Result:
4,44471 .. % 10°°

4.44471...%10%

1/(((1/2%13.12806e+39((((-2-
3%0.0944570+sqrt((8+0.0944570(0.0944570+8))))))))))*1/4096

Input interpretation:
1

4005/ 1. 13.12806 ~ 10%° [-2 +3.(-0.0044570) + y/ 8 + 0.0944570 (0.0944570 + 8)

[

Result:
0.977958331...

0.977958331... result very near to the dilaton value 0.989117352243 = ¢

2sqrt[log base 0.977958331 (((1/(((1/2*13.12806e+39((((-2-
3*0.0944570+sqrt((8+0.0944570(0.0944570+8)))))))))))))]-PI+1/golden ratio

Input interpretation:

| .-l
2ﬁ'lagu_g??gsgggl[lf-"[ﬁ 13.12806 - 10%°

r ) 1
[-2 +3 . (~0.0944570) + / 8 + 0.0944570 (0.0944570 + 8) ]]] e

loggixiis the base=b logarithm

# iz the golden ratio

Result:
125.47644190806948601751828910959001417425942828835343097433...

125.4764419... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T=0

1/4 * sqrt[log base 0.977958331 (((1/(((1/2*13.12806e+39((((-2-
3*0.0944570+sqrt((8+0.0944570(0.0944570+8))))))))))))) ] +1/golden ratio
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Input interpretation:

1 |r ffl 30
- o [l ! [— 13.12806 107
1 \l' Bo.e7ros8331 /3

: o1
[-2 +3(~0.0944570) + 4/ § + 0.0944570 (0.0944570 + 8) ]D i
&

logpixiis the base-b logarithm

# iz the golden ratio

Result:
16.618034...

16.618034... result very near to the mass of the hypothetical light particle, the boson
my = 16.84 MeV

From which:

1/((((1/4 * sqrt[log base 0.977958331 (((1/(((1/2*13.12806e+39((((-2-
3*0.0944570+sqrt((8+0.0944570(0.0944570+8))))))))))))) | +1/golden ratio))))*1/64

Input interpretation:

1 1
64 4 logq o77os8331 T

B |

\‘ % 12.12806 1039 243 f.—l:u.n:up445?c|]+\-"sm.nwsmcn.uws?msm]

loggixiis the base=b logarithm

# iz the golden ratio

Result:
0.957036371...

0.957036371.... result very near to the spectral index ny , to the mesonic Regge slope,
to the inflaton value at the end of the inflation 0.9402 and to the value of the
following Rogers-Ramanujan continued fraction:

5 -
© = l-——— ~0.9568666373
V(¢_1)\/§_¢+1 1+e—_3”
1+ 7
e—ﬂ'
1+
1+..

From:
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Astronomy & Astrophysics manuscript no. ms ¢ ESO 2019 - September 24, 2019
Planck 2018 results. VI. Cosmological parameters

The primordial fluctuations are consistent with Gaussian purely adiabatic scalar

perturbations characterized by a power spectrum with a spectral index n, = 0.965 +
0.004, consistent with the predictions of slow-roll, single-field, inflation.

We know that o’ is the Regge slope (string tension). With regard the Omega mesons,
the values are:

w | 6] My g =0 — 60 | 0.910 — 0.918
w/wg | 543 | myq=255—1390 | 0.988 — 1.18

wfws | 543 | myy =240 — 345 | 0.937 — 1.000

((((1/2*13.12806e+39((((-2-
3%0.0944570+sqrt((8+0.0944570(0.0944570+8)))))))))/3.38567

Input interpretation:
!.13.12806 10* [-2 +3(=0.0944570) + v 8 + 0.0944570 (0.0944570 + 8) ]

3.38567

Result:
1.31280215008398500684407571742714095304767502033833968... = 1077

1.312802159...*%10*

Note that:
(x-golden ratio”2)"1/512 = 0.9994836497573
(where x must be equal to 3.385670000004919)
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where 0.9994836... is a result very near to the value of the following Rogers-
Ramanujan continued fraction:

e v e ™
\/_ =1- -~ =~ 0.9991104684
5 —4LTT
1+5 54 53 _1 (&
[ 1+7e_4”£
1+
I+...
Input interpretation:
" x-¢ =0.9994836497573
# iz the golden ratio

Result:
"W x-¢® =0.9994836497573
Plot:

l mmg gespeesr

u.smsf /

| I
[].E]E][];
0.985 | .
| 12] ]
— WX =
e i e | 5 P P — 0.9994836497573

Alternate forms:
1
51{/ x> [-3 _ \/E] — 0.0994836407573

nifx_ ‘_i (1 HE]Z ~ 0.9994836497573

Y 2x-v5 -3

— = 0.9994836497573
V2

Solution:
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X = 3.385670000004919

3.38567...

Appendix

From:

https://www.wired.it/scienza/lab/2019/11/20/quinta-forza-universo-bosone/?refresh ce=

In recent years Hungarian researchers have sought further evidence of the new
particle. And now - in an article published in arXiv and not yet subjected to peer
review - they claim to have found them, this time observing the change of state of an
excited helium nucleus: pairs of electrons and positrons separate at an angle
different from that which theoretical models predict, around 115°. According to the
authors the anomaly could be explained by the production by the helium atom of a
different boson from all those we know, of short duration and with a mass of slightly
less than 17 megaelectronvolts. Hence the name of XI17. Of course it is very
suggestive that several experiments aimed at finding out more about dark matter
focused precisely on the existence of a hypothetical 17 megaelectronvolts (precisely
16.84 MeV - author's note) particle.

From:

New evidence supporting the existence of the hypothetic X17 particle

A.J. Krasznahorkay, M. Csatlos, L. Csige, J. Gulyas, M. Koszta, B. Szihalmi, and J. Timar
Institute of Nuclear Research (Atomki), P.O. Box 51, H-4001 Debrecen, Hungary

D.S. Firak, A. Nagy, and N.J. Sas

University of Debrecen, 4010 Debrecen, PO Box 105, Hungary

A. Krasznahorkay

CERN, Geneva, Switzerland and Institute of Nuclear Research, (Atomki), P.O. Box 51, H-4001
Debrecen, Hungary

We observed electron-positron pairs from the electro-magnetically forbidden MO transition depop-
ulating the 21.01 MeV 0~ state in *He. A peak was observed in their e" e~ angular correlations at
1157 with 7.2¢ significance, and could be described by assuming the creation and subsequent decay
of a light particle with mass of mxc®=16.8440.16(stat) + 0.20(syst) MeV and Tx= 3.9 x 107" eV,
According to the mass, it is likely the same X17 particle, which we recently suggested [Phys. Rev.
Lett. 116, 052501 (2016)] for describing the anomaly observed in ®Be.
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Example of physical application of Ramanujan mock theta function: dilaton
mass calculated as a type of Higgs boson

“Mock modular form” — from Wikipedia

We take the following order 5 mock theta function:

¥1(g) = Y _ g2 (—g;q)s

n>0
that is equivalent to:
psi_1(q) = sum(n>=0, g"(n*(n+1)/2) * prod(k=1..n, 1 +q*k ) )
(OEIS sequence A053261)

and also:

(@) = T (-4),g"

n=10
_ (-q) i (_UJ n(5n+3},-’2—j{3j+1}f2(1 _ 1n+1)
()i ™ A 4

where

a(n) ~ sqrt(phi) * exp(Pi*sqrt(n/15)) / (2*5*(1/4)*sqrt(n))

thus:
Input:

Exp[;r Iﬁ ]
5.0

4 iz the golden ratio
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<

a(n)~

Exact result:
ATV Vs o

4
2v5 vn
Plots:
2.5 ||
20|
1.5 |
1.0] —_—
[ (nfrom0tol.7)
0.5
— 1eal part
0.5 1.0 1.5 — imaginary part
E‘K e
1| e
=0 - 1
e (n from =3.4 to 5.1)
-2 \ | 2 4
-1\

f — 1eal part
{ — lmaginary part

Alternate form:
[ T fl}n Vi |[V15
2v2 V5 vn

Series expansion at n = (:
e en
Vo 3 P vn Ve 3
+ — + — 4
2V5vn 2 5% eo¥s 180 5%
a
. Ny x n \ 3 ey

+ — 4+
10800 Y5 54000 5** 48600005

[Puiseux series)

+0(n’)
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Derivative:

—

 —— |
(LavE " EVYE (y3 wvn —avE)

o Tl 5]

Indefinite integral:

—

12 « 534 n32

V ¢ EXIJ[; | < ] 4 I:'r 1.-'.I:|I|"I~u' 15
15 MY ‘,_’ +f
f \J ; 5 3‘15'

2V5 Vi

Global minimum:

constant
T

= I [= 7
: MXP[F‘J”J ”\IE 15
1n111{ ” = el L s

2¥5 va 2.5 n*
Limit:

(v )/vis e
lim £ ; i =10
R 2NE N
Series representations:
f— f———= e
2 k2 k
ﬁexp[NJﬁ] \Ii[1+v’§} EL\’:D”%
2V5 vn 2V5 vn

15

Vo Exp["r \IfJ__I] \fm s Ik[ J—T]

2V5 vn

ot i IS*J:knEk[1+2k+ L1
Lk 1 ¥ 15
Vi exp[rr,fl.j] FlleNE) 3,

{142k)!

2V5 vn

2V5 Vi
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For n = 96.268 the above formula is very near to 124. Indeed, we have:
sqrt(golden ratio) * exp(Pi*sqrt(96.268/15)) / (2*5™(1/4)*sqrt(96.268))
Input interpretation:

OB.268
Exp[;r\f S ]
2V5 v 96.268

Ve

#isthe golden ratio

Result:
124.001...

124.001

Series representations:

\‘II'E Exp[}r fgﬁiiﬁﬂ
2V5 + 96.268

Exp[}r Vag B

1 1
1F(-2) 68Tz gk ) 1[5 @m0 55
k! k=0 k!

- 11-".:_ |, 196.268 -z 5"

Lk_ﬂ k!

exp[;r A ]
[ arg[q& - X)
exXplim

2 )

ke k& 1
arg[ﬁ.ﬂrl?ﬁ?"x}”‘j_ @ (-1 (6.41787 - x)* x [_E}k]
X

‘-_-_-n-

95 268

EXp|Tex
p[}T p”T 2r k!

k=0

w[l}[q:- X x [é}ka’
k! /

arg[96.268 —x}” o (- l}k (96.268 _x}k x""‘ [_El}k
ZJ'T k!

k_lII

[2 N Exp[m

k=0
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Ep

""f; Exp[}r Q6,268 ]
N 15 1 31/2 | g6 41787 -z )12 1)
245

i
Y 96.268

ki 1 e ek
L2{1+zuglb 41787 —zg W2 mi)) o (-1 [_E}k (6.41787 To)" Zg
%o 24 k1
k=0 5
1 412 |arg(@6.2 68 —zp W2 m)|+1/2 [argid—zg W2 m))
[ZDJ
o S
L2 |2 96,268 —zp (2 m)]+1/2 |ar gld-zg 2 7] 1 (-1) [_2}.!.; (¢ —Zo)" %o !
7 j
| !
k=0 k!
— & (-1f(-3) (96.268 - 50 55"
4 = 2 Mk
24 e~
k=0 g

While, for n = 96.458786 we obtain a result very near to the dilaton mass calculated
as a type of Higgs boson: 125 GeV for T=0

sqrt(golden ratio) * exp(P1*sqrt(96.458786/15)) / (2*57(1/4)*sqrt(96.458786))
Input interpretation:

OB, 458786
exp[;r\f - ]

Vo
2V5 v 96.458786

4 is the golden ratio

Result:
124.8584.

124.8584....

Series representations:

06,4588
7 exp[n EZL ]

235 + 96.4588
1 (-5 ) Ba3050zgF gk | (k(-1) @K s

Exp[}r Vzg i T Yo T

1—1:"1—%]k (96,4588 —z ¥ 25
k!

2V5 3,

for not ((zoeR and -
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26,4588
T exp[n B ]

235 + 96.4588

Argig — Xx) J]

= |EX
p[,ﬂ -

k ko k{1
arg(6.43059 - x) w (—1)7 (6.43059 - x)° x [_E}k
EXp nexp(m{ “ L
2m k!
k=0
k k.ok{ 1
w (=1 (p - 20" x ['z}k];
o 3 /
k k k(1)
4 arg(96.4588 — x) 1y &, (1) (96.4588 —x)" x [_EL
245 EXp(!}T ”
E.FT i k!

:
fon Rand x <0

v'? exp|x | 96.4588
13 1 41/2 (2 gl 643059 =0 12 7))
= |exp ;r( J

2V5 + 96.4588
o (1) [_El}k (6.43059 — zp)* z.ﬁk

3 L2 (1+[ang(6.43059 -z W2 mi) Z
[a]

Ep

k!
b=

[ 1 ]— 1/2 | g(P6.4588 —=q )2 m)]+1/2 |ar gld—=g W2 m)

Zp

3, Y, (.
-1/2 |arg{96.4588 -z (2 m)|+1/2 |ar gid =g 2 )] s (1) [ z}k ¢ —Zg) Zg

5 /
H k1

/

k=0

Vs 2 z

[2 = & -1 (7)), (96.4588 —zo)f z5f
k=0

And:

sqrt(golden ratio) * exp(Pi*sqrt(96.458786/15)) / (2*5°(1/4)*sqrt(96.458786)) +
1/(golden ratio)

Input interpretation:

—
06458786
exp|mw \I hE

.
2 V5 v 96.458786

Vo

B~

4 is the golden ratio

Result:
125.4764. ..

125.4764...
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Series representations:

26,4588
‘u'fE Exp[}r 1|| T

1
L1
2V5 4 96.4588 ¢

I 1 _ k &
w (-1 [_z}k (96.4588 — )" z;

— (10 T +
: !

=0

w (=17 [— 1} (6.43059 — zo)F zak
3)4 [ 20k
5 ¢exp[;r Zn ; K1

o (-1 (-7), @-z0) 25" ]/
k=0 kf
o (-1f [_é}k (96.4588 — 71" ="
10 ¢ I fo
k=0

26,4588
‘u"'E Exp[}r,ll 5 ]

1
+ — =
2V5 964588 ¢
I k ..~k 1
i [ larg[gﬁ_4588 _x}J]i (—1)° (96.4588 —x)* x [_E}k
ex
plin e k! )
k=0
| - (6.43059 -
53.-4 & EXP(!'?F {m” EXIJ T Exp(z T rtrg I}JJ\{;
g 2
o (-1 (6.43059 - x) x* {—El}k] @ (-1 @-xf x™ {‘zl}k] /
k=0 Kl kR % f

k k{1
w {—1)* (96.4588 — x)* x [_E}k
k1

6.4588 -
[ID-iaexp[urlarg[g x}“ Z

2 e
forixeRandx =0
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EoT 25,4588
Vg exp[;r\/ s ]

2 V5 v 96.4588

[ 1 ]— /2 |lang(@6.4588 -z 2 M) _ 1/2 |21 gi96.4588 —zg /(2 )] [ 1 L2 [ag@6.4588 —zn )2 m))
1 V2 laig©s, m[ ]

+

L

o LEA

Zp Ep

k 11 o k .k
zl_-'z [ar g (DB A58E —=g (2 ) o -1 [_ 2 ]k [96'4588 Zo)" Zg
0 T
i
k=0 kel

/ 1 \1/21arg(6.43059-2 N2 M)l 15 (14| £(6.43059 -z Y2 m)])
5% Exp[rr [—J el el

ks
En

k1 zq

w (-1)F [—é}k (¢ —20)" z.;“]

o (=1 (-7, (6.43059 —z0)* 25| 1 \y2lag-zyizm)
)

k=0

/
/

12 [angld—=g Wi2 m)] a
ZD A>_A k []

k=0
o (-1 (- 51 ), 196.4588 -z gk ]

10 &
2

The two results 124.8584 and 125.4764 are the same of 124.858407....125.47644,
results very near to the dilaton mass calculated as a type of Higgs boson: 125 GeV for
T=0

Indeed, we have that:

From:

Received: April 10, 2019 - Revised: July 9, 2019 - Accepted: October 1, 2019
Published: October 18, 2019

Gravitational waves from walking technicolor
Kohtaroh Miura, Hiroshi Ohki, Saeko Otani and Koichi Yamawaki

Now, we have that:

miu (s2, Amp) = {ﬂmp}g. (2.24)
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i?\ri!_l P ||
Vo = f = ?n_'-l_(si)) (111 ??15:2(3 } . g) 3= (236}

Using the mass functions given in eq. (2.24). the total effective potential VCH(SD,T}
with the daisy diagrams is given as

N?-1 M2(s% Am,, T) 3
Vig(s9.T) = L~ MAL(s%, Am,, T) [In 222 2 77m0/ 2
¢ 64r2 * ¢ g e 2
Y i ;
+ F(Nf —1)Jg (M2 (5, Am, T)/T?) + C(T). (3.4)
) = T (V3 + 1 - 20 ) 83
6 J S J'1=—f2f'NJr‘ .

is the one-loop self-energy in the infrared limit in the leading order of the high temperature
expansion oc T2 [48]. (For a pedagogical review, see 49]).

T ; ; :
v " [GeV] | 1
1250 nnnmmmnn iNEEEEmagE,,, . ITih-JIGl‘-Vl =

l.-‘- |

.4
/E,

eff

AV

30 ~

| ; | ; | . | i | i | i jussssssssssosssdssnnsnnay ennuned
U.D(?In 0.2 4 06 0.8 I o 1 | 1 1 |h..- it
o 0 50 1K) 150 jili]
T T [GeV]

Figure 2. (Left) Effective potential (AVeg = Veg(s”,T) — Veg(0,T)) for various temperature. The
red and blue lines represent the potential at T = T, = 139 GeV and zero temperature, respectively.
(Right) The vev {s") (red squares) and dilaton mass mgo (blue circles) determined at the potential
minimum as a funetion of temperature.

The dilaton mass m.o (blue points in the right panel) is 125GeV at T = 0, and
decreases for larger T" in the broken phase, and shows a singular behavior at the critical
temperature T;r. In the symmetric phase, mg starts increasing due to the thermal mass

effects II(T) given in eq. (3.3).

Thence, the dilaton mass is calculated as a type of Higgs boson: 125 GeV for T=0
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