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Abstract

In this research thesis, we analyze further equations concerning the Ramanujan
Manuscript Book 1. We obtain new possible mathematical connections with several
topics regarding the Dark Matter and the Supersymmetry Breaking.

! M.Nardelli studied at Dipartimento di Scienze della Terra Universita degli Studi di Napoli Federico I,
Largo S. Marcellino, 10 - 80138 Napoli, Dipartimento di Matematica ed Applicazioni “R. Caccioppoli” -
Universita degli Studi di Napoli “Federico IT” — Polo delle Scienze e delle Tecnologie Monte S. Angelo, Via
Cintia (Fuorigrotta), 80126 Napoli, Italy
2 A. Nardelli studies at the Universita degli Studi di Napoli Federico Il - Dipartimento di Studi Umanistici —
Sezione Filosofia - scholar of Theoretical Philosophy

1



From:

On the Zeros of the Davenport Heilbronn Function
S. A. Gritsenko - Received May 15, 2016 - ISSN 0081-5438, Proceedings of the

Steklov Institute of Mathematics, 2017, Vol. 296, pp. 65-87.

A. A. Karatsuba, “On the zeros of arithmetic Dirichlet series without Euler
product,” Izv. Ross. Akad. Nauk, Ser. Mat. 57 (5), 3-14 (1993)

We have:
Let
V10 — 2v/5 — 2
=
VvE—1

and y; be a character modulo 5 such that y(2) = i.
The Davenport-Heilbronn function f(s) is defined by the equality

R e - L +ise . \ _x x(n)
fls)= 5 L(s,y1) + 5 L(s, %), where L(s,y) = Z mrat

n=1

)f(s].

The function f(s) satisfies the Riemann-type functional equation

) ( m—s/2 s+ 1

but there is no Euler product for it.

(V10-2V5-2)/(V5-1) =«

Input:

V10-2+5 -2

V5 -1




Decimal approximation:
0.2840790438404122960282918323931261690910880884457375827591626661

0.28407904384.... =«

The study of this function provides the following representations:

Alternate forms:

i—lt['vm—zﬁ —2E+\/5[1D—2v’§j —2]

i[n ﬁj('w 10-2V5 -2]

é[—l—£+ 2[5+\Ej]

Minimal polynomial:

e cextoa2x+1

Expanded forms:

y10-2v5 2

V5 -1 V5 -1

i'ﬁln—zﬁ +A—{\/5[l[}—2\f’§) +%[—1—\E_]



For (((V(10-2¥5) -2)/((¥5-1)))) = 87G; G =0.011303146014

Indeed:
(((V(10-2V5) -2)/(V5-1))))/(8m)

Input:

v 10-2V5 -2
V5 -1
8

Result:

V10-2+5 -2
8[\-‘?—1]3’

Decimal approximation:
0.011303146014005214797375012944203574468576031392001 7808594909667

0.01130314.... = g (gravitational coupling constant)

The study of this function provides the following representations:

Property:

—2+y10-2v5
8(-1+V5)x

is a transcendental number



Alternate forms:

-u“m—z\f?—zv?+\/5[m—zv’§j—z

32w

1+V5 - [2(5+V5)

lox

~1-V5 +,[2(5+V5)

167

Expanded forms:

1 -J?Jr-ufm-zﬁ X \"S[ID_E‘E-]
lom 32a

16 32m

Y10-2+v5 1

8(Vs -1)x  4(vV5 -1)x

Series representations:

1
..||| 1IlI Fe] o 1Il' -k
-#m-zﬁ—z:_h e Zk:ﬂ[izc](g_z )

@m (V5 -1) Err[—l+ Va4 Z;ﬂdr“[é]]

k



(-3 (9-2v5
V10-2V5 -2~ +V9-2v5 T, o
@8 (V5 -1 BH[_l+qu§110kzt;Eh]

1F(-3), (1025 -z f 55t
Vi0-2v5 2 -2+Vio Nl ~
@m (Vs -1) BH[—1+M‘EZ‘( -1 (-3 ]k{f 20 i ]

We note that:

((V(10-275) -2)U(V5-1)))*((2 i (sqrt(5) - 1) t + sqrt(5) - 1)/(2 (sqrt(2 (5 - sqrt(5))) -
2)))

Input:
V10-2v5 -2 2i(V5 -1)t+V5 -1

=

Exact result:

[fm—zﬁg—zﬁzﬂﬁ_—ur+J_—u

ﬂvri-uszw—ij—z]

iis the imaginary unit




Plot:

06-04-02"| 02 04 08 [t from -0.7 to 0.7)

0.5 real part
| imaginary part

The study of this function provides the following representations:

Alternate form assuming t>0:

\/ 10-2V5) ) Vv10-2vs )
2(@-1)[ 2(5-@)-2] 2[@-1[,! 2(5s-V's5) -2]
1

o] o]

Alternate forms:

—é[nﬁ?][zs,fz[z-v’?) r+»f?—1]

l[l 2
—(1+2it)
2



1
—+it
2

1/2+it = real part of every nontrivial zero of the Riemann zeta function

Derivative:
[-ufm-zv? —2][2;[\7—1_]“\;’_—1]

o]

Indefinite integral:

il
dt

(Vs -1)

f‘('m_z][m[\“’_—lﬁ“r‘” £ it
dt =~ + —
TR R

And again:

((N(10-2V5) -2)/((2x))*((2 i (sqrt(5) - 1) t +sqrt(5) - 1)/(2 (sqrt(2 (5 - sqrt(5))) - 2)))
= (1/2+it)

Input:
Vv10-2v5 -2 2i(V5 -1)t+vV5-1 1

2x :£+“
2[,!2[5-@] —2]

iis the imaginary unit



Exact result:

(-Gm-zﬁ —2][2:‘[@—1)“ V5 -1)

2(5-5) —2]x

[

4

The study of this function provides the following representations:

Alternate form assuming t and x are real:

V5 -1

X

=2

Alternate form:

IZ\I"'E— 1)(1+2it)
4 x

l '
= —+It
2

Alternate form assuming t and x are positive:

2x+1=v5

Expanded forms:

e'\/s[m—zﬁ)r ] iV10-2v5 ¢ ) VE

+

it . \/s[m-zﬁj ~_ V10-2v¥5
[,fz[E-\Ej-z]x 4[,!2[5-»’?)-2]1: 4 zLS-Ej-z]x

V5 1

+ =

1
2
2[ 2(5-V5) —z]x 2[,!2[5—\;’?) —2]x




Solutions:

, X#0

MI"‘!.

Input:

Decimal approximation:
0.6180339887498948482045868343656381177203091798057628621354486227

0.6180339887....=

|-

Solution for the variable x:

—2iV5 t+2it-v5 +1

-2-4it

X

Implicit derivatives:

axt)  2(-1+V5 -2x)x
dt  (—1+V5)(-i+2b)
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dt(x) -1+ \'E] (—i+2t)
dx  2(-1+V5 -2x)x

Dark Energy and Dark Matter

We consider A = 1.1056 * 10™ that is the value of the Cosmological Constant and
299792458 , that is the value of the speed of light in m/s , the terms of the Einstein
equation E =mc® (E =1.1056 * 10"* (A = Dark Energy) ). Thence, we can to obtain
the mass m:

(1.1056%101-52)/(299792458)"2

Input interpretation

1.1056 102
299 7924582

Result
1.2301459019728805386116738651359598467212878595555184012098... x
10-%

1.2301459019...%10°

From (Ramanujan Manuscript Book 1 — Srinivasa Ramanujan):

From:
a 1+[§j2(1—ﬁj+[i]2(1-5;2 ) 450 (8% - £ - 8)
ap L+ (2P (F5) (9 8% +16 B + 64)
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we obtain, for f =8.7 and 37.6:

(450 (-8 - 8.7 + 8.772))/(64 + 16 8.7 + 9 8.7"2)"2
Input

450 (-8 - 8.7 + 8.7%)
(64 + 16 8.7 + 9+ 8.72)

Result
0.0339377949190686866502717045312159360154663404711556830674890395

0.033937794919....

(450 (-8 - 37.6 + 37.6"2))/(64 + 16 37.6 + 9 37.6"2)"2
Input

450 (-8 - 37.6 + 37.6%)
(64 + 16+ 37.6 + 9 = 37.6%)

Result
0.0034341920297328709820193684390072521962041927464073680700048781

0.00343419202....

From the two previous analyzed expressions, we obtain:

((((450 (-8 - 8.7 + 8.72))/(64 + 16 8.7 + 9 8.772)"2 + (450 (-8 - 37.6 + 37.6"2))/(64
+16 37.6 + 9 37.6/2)"2)))™48

Input

450(-8-8.7 + 8.7%) 450(-8-37.6 + 37.6%) |*®

+
(64 +168.7 + 9 8.72) (64 + 16+ 37.6 + 9 37.6%)°

12



Result
3.0354078186632568216366107605966769350712011813380301580071... %
lD—ﬁE

3.035407818...%10°°

and:

1(([2.6 -25/9 In(2.6(9*2.6+16)+64)+1/(144*sqrt2)*(((625*tan”
1((9*2.6+8)/(16sqrt2)))))]+[17.6 -25/9
In(17.6(9%17.6+16)+64)+1/(144*sqrt2)*(((625*tan”-1((9*17.6+8)/(16sqrt2)))))])) 72

Input

25 1 (9726+8
1/ [[2.6 - =2 10g(2.6(9 < 2.6 + 16) + 64) + 625 tan +
/ 9 144 v 2 162

25
[l?.fr - E log(17.6(9 < 17.6+ 16) + 64) +

1 [ _1[9 17.6 + 8]]]]-72
625tan | —————
144 V2 16v2

logix) is the natural logarithm

tan (x)is the inverse tangent function

Result
1.24433... % 1075

(result in radians)

1.24433...%10°

We obtain, after some calculations:

(16 sqrt(2/3) 1og™(3/2)(2))/(e(5/2) log"2(3)) ((L/(1+(zeta(2))"2)(3.035407*107-69 +
1.24433x 107-69)+1.24433x 107-69))

where

16 \/g log**(2)

e log?(3)

13



=0.5127284721865.....

Input interpretation

16 \/E log*?(2)

e*? log?(3)
1

( (3.035407 - 107 + 1.24433 - 10°%)
1+{(2)° |

+1.24433 10"59]

logix) is the natural logarithm

L[5} is the Riemann zeta function

Result
1.23014... x 10°%°

1.23014...%10°

From:

Majorana Fermion Dark Matter in Minimally Extended Left-Right Symmetric
Model - M. J. Neves, Nobuchika Okada and Satomi Okada - arXiv:2103.08873v1
[hep-ph] 16 Mar 2021

We have:
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FIG. 6. The plot of My versus gy for the annihilation process (ii) (¢ (s — X X. The black solid
curves from left to right depict the results for a = 0.3, 1, 2, 3, 4 and 5, respectively, from left to
right, along which Qpyrh? = 0.12 is satisfied. The diagonal red line shows the upper bound on
gy as a function of My = 0.25 TeV from the LHC Run-2 results. No allowed region exists for

My > 0.25 TeV, which can simultaneously satisfy the cosmological and LHC constraints.

Combining the results with the perturbative condition and the LHC Run-2
constraints, we have found the allowed parameter region to be very narrow. As for
the process (ii), we have found that the parameter region (gr as a function of My)
satisfying the cosmological constraint appears far above the upper bound on g; (for
Myx > 0.25 TeV), and no allowed parameter region exists.

Now, we consider the possible mass of a DM particle equal to 250 GeV. We obtain:
250 GeV = Kg

Input interpretation
convert 250 GeV/c® to kilograms

Result

4.457 210 " kg
4.457 * 10 kg

-25
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Now we consider the following value
wfws | 5+ 3 | m, g =240 — 345 | 0.937 — 1.000

l.e. 0.937 and we perform the following mean:

0.937 + 0.9568666373 / 2 = 0.94693331865

where 0.9568666373 is the value of the following Rogers-Ramanujan continued
fraction:

e’ e

—1- = 0.9568666373
VIp=15 —p+1 I+
1+ e’
e
1+..

From the following expressions

{3+v’§](1 42627V g pm12nV5E +2e_2?"ﬁ}

(V5 +V3)(1+ 2 Y53 | g o W3 4YE) ze‘lf‘"“?{”ﬁ])

after some calculations, we obtain:
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((((3+sqrt3) [1+2en(-2Pi*sqrt5)+2e™(-12Pi*sqrt5)+2e/(-27Pi*sqrt5)] + (sqrt5+sqrt3)
[1+2eM(-1/3*Pi*sqrt5)+2e"(-1/3*4Pi*sqrt5)+2e"(-1/3*9Pi*sqrt5)]))) *2*0.94693

Input

([3+ﬁj(1+2f'2ﬂ5 4272V Lo TV

(V5 +V3) (142" I3 42 o M 4ENS ) 4 g 1301 NE /)) <2 0.94693

Result
17.9237...

17.9237
The study of this function provides the following representations:

Series representations

(3+V3) (1427 42727V 4277V )4
[ﬁ . ﬁﬁj (1 L2 BEVE ) o B4V -1, 13(9(xVS ]]f-li)]

_07xVF v gk (12
2 0.94693 = 1.89386 ¢ 20 [k}

157V4 TP 4™ [lkz] + E.fZEH? z?:”ﬂ'_k[lf] + 274 2ot [lkz]

e

[6+ e

k=0
12

o 1 _af g e k[ 1
23 5 ;)" R va B )
zfzﬁnf? zfﬂﬂ,*[ 5 ]ﬁ Zz_k[é]+£3?ﬂ? }_:F=u4"‘f[

k

- . 12| oo 1
Zz“‘[%]+ 26 ot 124“‘ [é ][25‘ V2 +V4)+

k=0
/2y oo 1
gV e [R]E4“‘[£][z“ﬁ+ﬁj+

805374 Nga ™| 1"'2] &

2e k

27aVE G ()
IS



[[3+ﬁ][1+2f'2”ﬁ +2
[ﬁ +ﬁ][1+2£‘

=12x% 5
e TV 4
13xy 5 (-1

/ {:r I fl+

2 0.94693 = 1.89335exp[—2?:rﬁ

Ef-z;'xﬁ] N

2151,.-3{4{x-."?]]{—11 v

>

=0

k

-3 (=3)

-

“]

zfl,.-s{g{m"? ]]{—11]]

3 exp mrz[‘i]k [‘l)k +gﬁ§[‘§3:—lh

2exp| 157V 4 é[_iij ﬁé[‘;ﬂz—ﬁh .

2exp ESHﬁgmj ﬁét—éhz—ihk )
exp[mri[ i]” ’]r Z —;::‘; u )

2exp 24:rﬁ§(_1]:_;)k]§](‘;)k (- 1) : -1 Va) +
2exp _Hﬁi’zﬂ( ]:—;j}k i[—llk[[—l)" : +(-1fV7) +
2exp %ﬁg(—ﬂ:—;ﬂk it 1) (-2 : (VA
exp[z?,rﬁi -3f F_éhk]ii_é)k (-1 : F(-LfV3)

18



34V3 ) (142627 4261275 L2 V5
(3+V3)
[ﬁ N ﬁ} [1 +9pl30m VE -1 MPPREICIE VE -1 Lo el30 v’?]]{-lj]]

1—11‘[‘{—%]&#5—501[‘50"&

2 0.94603 = 1.89386¢ 2" V0 Tio &
-1 (-3 ) (520 ¥ zg¥ -1 (-3 ) (520 ¥ zgF
6+6¢°7 V70 o 5 £ 627V T “ +
1R (-1 5-apk 5 -1F (-5, 5-agF zgF
27xvE I, e 4 2,247V 5 2k = 7
o (=% (=1) (3 -z + (5 - 20)¥) 25"
27k
V Zp Z k1 +
k=0
1—11'[‘{—]—] (5-3g ¢ Sﬂ—k
i (= D* (=) (3 - 20" + (5 - 20)*) 25"
+
P k!
-:—ln'[‘{—]—:IJ;;#S—S{.:rE 5~
zf%” 20 Tz : k! vz
i (~ 1 (=) (3= 20 + (5 - 20)) 7"
+
P k!
1F (-), 5-2pF zgF
i (~ 1 (=) (3= 20 + (5 - 20)) 7"
+
P k!
o (1% (=2, (3= 29 75"
2v zp 2= 1 +
P k!
(g 5 5" o (=¥ (-1) (3- 2% 25"
lﬁrﬁzf;ﬂ I '\J'I'E Z 2 FckT .
k=0 '
CF g -0 5" o (-1 (= 1) 3= 2k zpf
E.EJT‘."HZ?:B ™ 'VI'E Z 2 RkT N
k=0 '
ARt s CpF(-1) 3 gk 5t
fz?xﬁzfzﬂ T mz 2 kkT

for (not (zpeR and —ec< zp = 0))
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From:

1/((1.23041*10"-69)*3.264346*10794) (((((((3+sqrt3) [1+2e™(-2Pi*sqrt5)+2e”(-
12Pi*sqrt5)+2en(-27Pi*sqrt5)]+(sqrto+sqrt3)[1+2e(-1/3*Pi*sqrt5)+2e/ (-
1/3*4Pi*sqrt5)+2e(-1/3*9Pi*sqrt5)])))*2*0.94693)))

where 1.23041 * 10°®° is the result that we have obtained previously and 3.264346 *
10* is the value of the Planck Density. Multiplying the two values and the above
expression, we obtain:

Input interpretation

1

1.23041 - 107 . 3.264346 - 107 B
[[LB + ﬁ][l+ 20727V3 42712V 4 7T TND ]+ L\"E - \-"E]

13 4xy5
fl

+ 2 +2e

Result
4.46253... x 107

4.46253...%10™ result that is very near to the value of the possible mass of a DM
particle equal to 250 GeV = 4.457x10 kg

Or, from the previous expression

Lﬁ N ﬁ] [l N EEI—:.-T"."E )3 L2 13 4{xy'5) L2 3 (x5 ]]

and the cosmological constant, after some calculations:

f-_%*'%- 23_‘ +}T—+,T 7|_2.'3—|='-1 elf3
. 1.1056 102
sin” (e )
1

[[ﬁ+ ﬁj[l+ 9 TVE)3 o U345 5 13 9:m"?]]]2‘4
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Result
1.23041... x 1075

1.23041...%10°°

Now, we have that:

14+4°(173) (03 (L-0)3) / (B(1-B)))(1/24) = 3* sqrt((1-+(1/2) " 2%y)/(1+(1/2)"2*ar))

From:

1+47(1/3) ((0”3(1-0)"3) / (B(1-B)))N(1/24)

Input
3 3
1e¥E ] SO
B(1-5)

Exact result

9235 L2 @ o) +1
(1-p)B

The study of this function provides the following representations:

21



3D plots
Real part (figures that can be related to the D-branes)

Contour plots
Real part

1.2 =
10 b= —
0.8
0.6
041
02}

22



Imaginary part

1.2
1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-1.0 -05 00 05 1.0 1.5 20

Alternate form

Alternate forms assuming o and p are positive

No(B-1) 8 +228 mexp[ﬁ r';rL‘“fE“-":argﬂ—ﬁJMJ}
Nog-1ng

3 B 8 o 1= o 1=
20 Y17 Y7 exp(L in|- tdn) , apiop 1)
24 24
Vi-g Vg

1+

argiz) is the complex argument

|x] is the floor function

Roots

N0 Iooes ex15t)

23



Series expansion at a=0

213\."_24 a8 2a
ﬁ ﬁ
1718 24 2518 24
\,I'ﬁﬁ \I'ﬁﬁ o558)

Ba 512[\a’_v’_

:EIEI'IEIc|I¢E,.| Puiseux series)

Series expansion at a=ow

213«."." 24 3‘424
{ﬁ lflf.i 'I'f.i lflﬁ

1 ?424 11424
(8- 1]1‘-“ (8- 1”—“

a] 512[«\#_\!’_ ”

:;IEI'IEI'E'IZEC' Puiseux series)

Derivative

|:2 J24 (= 1] -:i'
(-1 5

o \ B(1-p 4V2 (@-1a

24

2 Fypia, b;

C: X) is the hypergeometric function



Limit
3 3
lim |1+ 2% 24 doore |,
fvten (1= JBJJB

And from:

3% sqrt((1+(1/2)2%y)/(1-+(1/2)"2* )

Input

The study of this function provides the following representations:

3D plots
Real part (figures that can be related to the D-branes)

25



Imaginary part

Contour plots
Real part

26



Imaginary part

+4
3 ¥
o+ 4
Root

a+d4x0, y=-4

Series expansion at a=0

3vVy+4 3 9
L-—ner—a"‘m-
2 16 256
1507y y+4  105a%Vy+4
LA 4 o(a%)
2048 65536

[Taylor series)

Series expansion at a=ow

su’_\/i\/m M[a TT]HM’_[ ]5'“2 }:—4—
o[V 2 Jo2mo v (222 oo ()

(generalized Puiseux series)

27



Derivative

Indefinite integral

1+1%
Ii +4
3 1 da=06(a+4) Y constant
' 1+§ o+ 4

Global minimum

Limit
1+ ﬁ
lim 3 - =0
aatea Y 14+ i

28



From the algebraic sum, we obtain:

1447°(1/3) ((@3(1-0)"3) / (B(1-B)))(1/24) - 3% sqrt((1+(1/2)2%y)/(1+(1/2) 2% )

Input

Exact result
22\:3 24 (TJ ﬂ'
(1-8 8 =

The study of this function provides the following representations:

Alternate form

22'-'.3 24 ﬂ' - l_:| ﬂ'
(g=-11 5 II|' o+ 4
Alternate forms assuming a, B, and y are positive

v+ 4 22/3 m EXP[—I !.H_L—33rg+1—¢]+arg+1—,fj]+r“
_3 N 12 2 L1
24
o+ 4 "'I—lfﬁ—l_lﬁ

: a8 ] ¢ o 1=ax) o 1= A1
ir1 PPVT-a Vaexp(gin|- 28 SEEE 4 )
_9 4 + 12 im ix 2 +1

U5 e

argiz) is the complex argument



|x] is the floor function

Series expansion at a=0

i B 3
223 Vg 24)
3IVy+4 g5 3
1- y + + —aVy+4 +0
2 Va

(@)

(generalized Puiseux series)

Series expansion at o=

2/3 :'." 24] _a®
2" Va V (5-1 s
+1-=

¥

[\"’_ ’F+4] ()" 2\14'4 (5-1) D[[l]ﬁ,.-4]

4(V2 Va)

1
¥

(generalized Puiseux series)

Derivative

]2

22\3 _:|24 (a=11" a~ 1] a’ 12 ¥+d
\II (A-11 g \II a+4
a (e — 1) o+ 4

Indefinite integral

s Fyia, b;c; x)is the hypergeometric function
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Or, from the alternate forms:

((27(2/3) (((a - 1)*3 a”3)/((B - 1) P))*(1/24) + 1)) - (3 sqrt((y + /(o + 4))))

Input

3 3
[22..324 =10 i1 3 ¥+ 4

=15 i+ 4

Exact result

le.g 24 1‘ - l_:| ﬂ'
(s-115 H' a+4

The study of this function provides the following representations:

Alternate form assuming a, B, and y are positive

2/3 ] — ] f1 . —3arglo-1)+arg f-1i+m
» },+4+2 Y lvqexplllzur[ . Jj+l
N o+ 4 zm 2%

argiz) is the complex argument

|x] is the floor function

Property as a function
Parity

EVEN

Series expansion at a=0

22« 24| _a®_
[1 zw+4] -85 3
- +

+—avVy+4 + D[crg"'E]
2 o 16 |

[generalized Puiseux series)
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Series expansion at a=w

2-.3,\’."_24 1)3/4 24 a®
2 ,,’ n o ey s
(-1 3 + 4 a’ -1 g
1-3 [\"_ Y ] +

(generalized Puiseux series)

o))

f-
4(V2 Vo)

Derivative
i 2@.3 04 [rr - lJ rr
dar \ (B-18 ‘-.l a+d
233 lj z4f {e=11" a~ 1] at 12 r+d
1 N is-L1a \ a+d
8 (= 1) i+ 4

Indefinite integral

33
. 1+ [4+
142232 Clrto o, Y ga =
-1+ B B 44+q

+4
6o +4) L4

+a+

2,3 24 {a 1] 1] _l 8. 17, _
g8 223 (@ -1 f—{ﬁ s 2F( s g l-al

o+ 4

sidant

Performing the derivative:

oVa

2 Fpia, b;c; x)is the hypergeometric function

derivative((1 + 22/3) (((-1 + )3 a3)/((-1 + B) B))(1/24) - 3 sqrt((4 + y)/(4 + a))))
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Derivative

33
' (=14 a) o 4 4

—|14+2%2 —— — _3 Ly
oy =1+ 8 4 4o

3-::‘3{-:1'—1]2 + 3-::‘2 {-:1'—1]3

(6-1) 5 (6-1) 5 3(y+4)

3 (=1 3-:i'3 23/24
12@[ (A-1y g ] 2(&+4J2 rd

a4

The study of this function provides the following representations:

Alternate forms

22,3 1324 (=11 o~ 132 o y+4
(A-11 g a4

8 (e — 1) ex o+ 4

23/24
|77 e (207 -5at 4 4a - 1)@+ 4?22
! a4

3 T a
6VZ (B-1) ply+4) (=l

(o=11" a™ 1] a” 12324 r+d
4#'_&4‘-4] ljﬁ[ (g-11 5 ] \| a+d

; +4 ; + 4 ¢ + 4
2287 (X2 gy 228,08 [ TED 4 92,5 [XEE
o+ 4 @+ 4 o+ 4

3 423/24
23 4 "y+4 [ —1,'| i ]
49 27 a ,Bz"y
a+ —ljﬁ
48132 (@ —1) (1-3 2.32.4 l,'l a 23/24
(=145 (ﬁ—hﬁ
_ 13 o322 4 4
48;9[L J“] 15622063 [T22 1697347 |1 /
pf=10p o+ 4 o+ 4

a-17a P ¥Y+4
o+ 4

[B(a+432|ﬁﬁ—133[[ FRETY:



Alternate forms assuming a, B, and y are positive

, ai® o3
21.3(2{1‘_1;24 {a=1)" a
(g-1) 8 ¥+ 4
+12 | ———
\ (@ +4)°}

o=

(e — 1) ex

lzm 22__.-3 (2a - ljexp[—% [.HL-Earg{a-l];jrg{ﬁ—lnn-”
+=

(o + 4% (-8B Vg1 VB

ol

IVy+4
— -+

2 (a + 4)%2

P
(-1 g (g-1 g 12

(B — 1)2324 g23/24 [3<;—3{<;-—1]2 N 3a’ (a-1)° ]E}:p[—z—s : [_ Jargla-l)  arg(s-1)

2r 2r

L1
2

)

12V2 (a - 1) o238

Expanded forms

3y
202 | L+ L 4160 [+ L 432 |4+ 2
a+d a+d a+d a+d a+d a+d
12
+
202 | L+ 4160 [ L+ L 432 [ 2L
a+d a+d a+d a+d a+d a+d
(1'5

4ﬁ(ﬁZ_ﬁ)( o 3e° | 34 4P ]23,.'2.4

(f-Lrg  (p-Lig  (p-lig (F-1) A
4
[v3

+
2%’5(;32_,3]( a® 365 | _34* o2 ]23,.2.4

(5-1 5 (p-Lig  (p-lig  (p-1)p
5

[
3 & 345 2t 32324
4 ‘J"’E -1 ( a@ _ @ + o _ & ] ]
(B JJB (-1 g (g-l1 g (-1 g (g-l g
30*
3 (i} 5 4 3 23/24 *
4,”!'2 -1 [ @ _ _Sa e _ & ] J
(ﬁ JJB (-1 g (=11 8 (-1 g (A=l g
3
(4

3 6 T’ 30 3 \03/24
,VI'E _ 1 [ 14 _ 14 + @ _ 14 ]
(B )8 (g-lr g fﬁ—hzﬁ g-ig  (p-NLg

¥
3 6 3 3t 3 23/24
4 'V{E -1 ( @ _ @ + a _ ]
(B VB -1 ip-Lig (p-Lig (p-L B

34



5“24 {-:;-—1'13-:;-3 o4 {cr—]]zcrz 24 {cr—]]zcrz
(g-1 g (g-l1 g (g-l1 g

- + - +
4V2 @-1° VZie-1° 4¥2(@-17a

ol 24 =113 &3 3y yd g |
(A-1) & a+d a+4
+

+
232 (@17 20@+D(y+4) (a+4)(y+4)

Indefinite integral

3{—1+<:-]3¢2 3{—1+<:-]2 -::'3

(=14+) j s 34+ for
adiiy =
3 j—1+<zr'3<;-3 23/24
. 12\5[ (—14+5) 8 ] 2(4 +a) 4—:E
¥+4
o+ 4

And performing the integral, we obtain:

integrate((1 + 2(2/3) (((-1 + o)*3 a3)/((-1 + B) B))N(1/24) - 3 sqrt((4 + v)/(4 + ))))

Indefinite integral

3 3
! (=14 a) a 4 +
1425324 ———— — _3 Y da =
-1+ 88 4 + ¥
i -:—].'3-:3 7
y+4 8 EMM_”H\J {:ﬁ—Jll; ZFI[_i’E; E;l_”]
—B(o+4) o+ + .

&+ 4 9,‘.-';

2 Fpia, b;c; x)is the hypergeometric function

The study of this function provides the following representations:
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Alternate form of the integral

o8 2|3 o4l Lo 1% o _1 9. 17,4 _
90%% — 54 (0 +4) Va [ 25 +8 20 (-2 Em (=g, 5 gi1-0)

ovVa

constar

Alternate forms assuming a, B, and y are positive

6V (@ +4)(y+4) +a
8223 (@ - 1)%8 ,Fy (-

ﬁﬂli—-+

=dargla-1)+arg{ f-Li+n J]
2 ’

;l—n]exp[éhrt

arg(z) is the complex argument

|x] is the floor function

Expanded form of the integrals

¥ 4 Y 4
-ba - ~ 24 + +a -
ad+4 a4+ 4 ad+4 a4+ 4

3 a® Ja® 3ot as 1 9. 17
g 2% - + - Fi[-5, 55 53 1-a
(B-L g (A-LF  (p-LF  (f-Lg 2 o 88" 8 )

a8 . ,
- 4o g3 T8
9vVa 9
a® 3a° 3o’ a 1 9 17
£ - + - 2 1[——, = —;1—-:?]
B-Lg (F-1Lp (B-LF (B-1Lp 8 8 8

consia
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1-al

mw::

mll—l
o |5
-

-bHa

8 2,'324 (=117 a~ 13 a?
y+4 N (A-Lig
=24 + o=
i+ 4

+
0| oo

i+ 4

7 -1 1 17
L2378 J@-1'a 1[__ 2. 17, _ﬂ]
(-1 4 8 8 8

and deriving again:

l+22‘324 l+ﬂ'J >
dhr -1+ 85 4 +a

3<r {cr—lj + 3<r {-:r—lj
(f-1) 5 (6-1) 5 3y+4)

lEJ—(?ﬁ nBM

15-1) 8

2 (e + 4% |4

a+d

derivative((((3 o3 (o - 1Y 2)A((B - 1) B) + 3 a2 (.- 1)) - 1) B)/(12 27(1/3)
(((a- D3 o3)/((B-1) PON23/24)) + B (v + D)2 (o + 4)"2 sqrt((y +4)/(a + 4)))))

Derivative

3-:1'3 {ar— 1]2 + 3-:1'2 -I'-:E'—].]3

Gl v (-1 8 3(y+4) B 3
iy .l_ 13 34,23/24 -
12 ( (6-1i g ] 2 (@ + 4)° % 4 (o + 4)2 &‘1
¥+ i+

The study of this function provides the following representations:
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Partial derivatives

3a° 1'-::—1]2 + Jal 1'-::—1]3

d (5-1)§ (5-11 8 3y+4) B
aa =1 3 (=1 3 -:i'3 23/24 B
lzﬁ[ (g-11 8 ] 2 +4]|2' rd

a+d
3-:?3 {-:i'—].]z + 3-:?2 II'-:i'—-.l.:I3

DI (5-1) 5 (5-11 5 3ly+4) 0o 1]
3 {a=1 3-::‘3 23(24 ’
12@[ (F-1) B ] 2(a +4)* ﬁ
. 3-:?3 {-:i'—].]z + 3-:?2 II'-:i'—-.l.:I3
d (-1 8 (f-1) 8 3y+4) B
b = 2| 1,35 (a1 a3 )23/24 B
12@[ (5-1) § ] 2(a +4)° %
i
3-:1'3{-::'—1]2 + 3-:1'2 'I'-:i'—].:l3
DI (5-11 5 (-1 3y+4) b—>z]
3 jcr—ljzcrz 2324 ’
12"5( (B-1) B J 2 (o + 4)2 %‘;
) 3-:1'3{-:1'—132 + 3-:1'2{-:1'—1]3
d (5-1) 8 (-1 8 3(y+4) B
f‘:h: = 3 3 j-:i'—]. 3 -:i'3 23"I24
12»’5[ (A1) § ] 2(a+4)2 [ i

a+d

3-::'3{-::'—1]2 + 3-::"2'[-::'—133
(6-1) 5 m 15 3iy+4)

DI 3 23/24 € 3]
[ 11 s
12V2 (e ) 2(a+4)? |22
a+d
. 3-::‘3{-:1'—1]2 + 3-::‘ {ir= 1]
d (f-1) 5 (5-1) f 3ly+4) B
l‘:"d—:‘q' {ax 1" @ 232'4 N
12#’_({;5 11 @ ] 2(&+4 y+d
a4d
3-:1'3{-::'—1]2 + 3-:1'21'-:? 1]
_1 _1 Jv+4)
DI {ﬁ3 ) g 3{;.; z];zq ¥ ,d—>4]
{a-11"" & !
12"'5( (F-1) B ] 2(x+4)> [ i

a4
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30> {c:-—ljz Ja {cr—1f|3

d (5-1) 5 (5-1) 5 3y+4)
HE =¥ 5 3 j-:i'—]. 3 -:i'3 '2'3"I2'4
12y 2
”f_( (5-1) ] 2 (@ +4)°2 %‘;
3-::‘3{-::'—1]2 + 3-::‘21'-::'—133
DI (5-11 4 (5-1) 5 3y +4) —’5J
3 jci’—l!zcrz 23(24 ’
12@( (B-1) 3 ] 2+ 4)? [ 22

3-::‘3 {-:i'—].]z + 3-::‘2 {-::‘—1]3
d (5-1) 5 (5-1) 8 B3(y+4)

+
n‘if = b 3 a=1y° o3 \23/24
12y 2 (le=li"a”
( (-1 5 ] 2 +4)2 ﬁ

3 -:i'3 {-:i'—l:lz + 3-::'2 {cr—1]3

1 -1 3{y+4)
DI ”jz L2 13”; 2’3’;+ Y ,f_>5]
j-:l'— [y T
12V2 A1) ) 2(a+4)? | x4
a+d
) 3-::‘3{-::'—1]2 + 3-::‘ {x— 1]
a (F-1) B {,ﬁ 1) 5 3(y+4)
l‘:"g -7 3 [ -::' 23 2"4
12V2 (b ) 20@+4? |22
a+d
3<13{<r—1]2 + 3-:: fa— 1]
1 -1 3(y+4)
DI {f-‘; 15 3”-‘53 2]3{‘524 ¥ ,g . ?]
{a-11""a !
122 (5-1) ) 2(a+4)? [

a+d

a5 {-:r—l]z + Jal l[-c:'—'.lfl3

d (5-1)§ (5-11 8 3y+4) B
ih =8 3 (=1 3 n:i'3 23/24 B
12+ 2
”f_[ (5-1) B ] 2 (@ +4)°2 %‘:
3-::‘3{-:1'—1]2 + 3-::‘2 II'-:i'—].:I3
(6-1) 8 (5-11 5 3iy+4)
1292 (A1) 5 ) 2+ 47 |2

a+d
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30> {ci—l]z + 3 a2 {c:—l]z

d (5-1) 5 (5-1) 5 Jiy+4) _
Hl =¥ 9 3 {a-1 3 -:I'3 23/24 9 v
12@( (F-1y g ] 2 +4) h
3-::‘3{-:1'—1]2 3-::'2 {-:1'—1]3
+
(5-1) 8 (A-1) § 3y +4) i 9]
DI \3"1'_ jcr—ljzcrz 2324 g 4 '
12 2[{ﬁ—1]ﬁ ] 2w+ 4) h
3-::‘3{-:1'—1]2 3-::‘2 {-:1'—1]3
d - T (p-Lp 3(y+4) _
o 3423/24
l‘ij =+ ]-D 3 j-::'—]. 3-::‘ v 2 4
12@( (F-11 & J 2 +4) h
3-::‘3{-::'—1]2 3-::'2 {-:1'—133
+
(=11 5 (A-11 g 3(y+4) jos lDJ
DI 43\}"_ -1 3 13 23/24 . !
1': — [ 2 +
12 2[{ﬁ—1]ﬁ ) 200 +4)? |1
3-::‘3{-::'—1]2 3-::‘2 1'-::‘—1]3
+
d (5-1) (5-1) j 3(y+4) _
l‘i’k =11 k- {z=1 3 -:i'3 23|.'2.4 2 4
12V2 (A1) ) 200 +4? |2
3<13{<r—1]2 3<12 -|'<r—1:|3
+
(5-1) 6 (5-1) 5 3y +4) K o 11]
DI \3;"_ (a-1)% o 23124 ) 2
L [ z +
12 2[{,5-13,5 ] 2{ax+4) h
3“3{“_1]2 Ecrzfcr—hz
+
d (5-1) 5 (5-1) 3(y+4) _
Al = 12| 1, 35 [la=11® o \23/24 2 |y
12\"'5[ (F-1) g ] 2l +4) h
3-::‘3{-::'—1]2 3-::‘2 {-::‘—1]3
+
(6-1) 5 (5-1) 5 3(y+4) - 12]
DI 3 jcr—lﬁzcrz 2324 4 '
12"*5[ (B-1) B ] 2+ 4)? [ 2=

a4d
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Ja° {ti’—l]z + 3al {c:—l]z

d (6-1) 5 (5-1) 5 3ly+4) B
am — 13 ] (=1 3-:i'3 23/24 -
12y 2
VF_[ (5-1) ] 2 (a + 4)2 ﬁ
3-::‘3 1'-::‘—1]2 + 3-::‘2 1'-::‘—1]3
-1 -1 I(y+4)
DI {ﬁ3 - s{ﬁs zjsﬁ-izq s > 1= 13]
j-:i'—]. i iV
12@[ (5-1) 5 ] 2 +4)2 | 2

a+d

3-::'3 1'-::‘—1]2 + 3-::‘2 II'-::'—].:I3
d (6-1) 5 (5-1) 3(y+4)

ian = 14 3 a=1 3 -:1'3 23/
12y 2 (le=li"a”
( (F-1) § ] 2 (@ + 4)2 ﬁ

3 -:i'3 II'-:i'—-.|.:|:2 + 3-::'2 II'-:i'—-.|.:|3

-1 -1 3(y+4)
DI {ﬁz - 3”j3 ;3%24 + . ;1= 14]
(z=11"a !
12V2 (A1) 5 ) 2(a+ 42 |t
a+d
) 3-::‘3{-::'—1]2 + 3-:1'21'-::'—1]3
d (5-1) 5 (5-11 3(y+4) _
do = 15 3 =112 o2 \23/24 o
12V2 (A1) ) 2(a+ 472 |
a+d
3<13{<r—1]2 + 3-::'2-|'<r—1:|3
-1 -1 3y+4)
DI ”jz = z{ﬁz z];-izq + s :0 = 15]
(a=-11"a !
12"5[ (F-1) B ] 2(a+4)2 | B2
a+d
. Ecrz{cr—hz + Ecrzfcr—hz
d (5-1) 5 (5-1) 3(y+4) B
H'p — 16 12 3 2 {a=1 3-:i'3 23/24 B
”F_[ (A-1) 5 ] 2 (a +4)2 ﬁ
3-::‘3{-:1'—1]2 + 3-::‘2 II'-:i'—].:I3
-1 -1 3y+4)
DI ”jz - z{ﬁz ;;ﬁm s P 15]
fo=11" o i
12«."'5[ (5-1) B ] 2+ 4)? [ 22

a+d
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34> {c:—l]z + 3as {ci—l]z

d (5-1) 8 (5-1) 5 3y+4) B
Hq — 1? 12 3 2 j-:i'—]. 3-:i'3 23"I2'4
v’_[ (B-1) B ] 2 (ar + 4)2 &:
3-::‘3{-::'—1]2 + 3-::‘21'-::'—133
DI (5-11 4 (5-1) 5 3ly+4) q- 17’]
3 -1 33 23.-'2‘4 !
12 2 j-:i' 1
v’_( (F-1) B ] 2@+ 4)2 ﬁ
) 3-::‘3{-:1'—1]2 + 3-::‘2 {-:1'—1]3
0 (5-1 8 (-1 8 3(r+4) B
ar = 18| 1. 35 [ a-1) o® \23/24 -
12"”@( (1) B ) 2(a+4)2 |2
a+d
3-::‘3{-::'—1]2 + 3-::‘2{-:?—1]3
DI (F-1) 8 (g-1) g 3(y+4) . 18]
3 (=1 3-:i'3 23/24 '
1232 (B-1) 5 ) 2+ 4)2 |

a+d

3-::‘3{-::'—1]2 + 3-::‘2 II'-:i'—].:I3
d (B-1) B {,ﬁ 1) 5 3(y+4)

5 = 19 3 [ -::' 23 124
12V2 (1 (-1 5 ] 2(a+ 47 |2
T4

3<13{<r—1]2 + 3“2 {c:—l]z
(6-1) 5 (6-1) 5 3ly+4)

DI 3 3 23,24 > § = 19}
{a=-11"a 4
12@[ (B-1) ] 2(a + 4)% %
F
. 3-::’3{-:1'—1]2 + 3c:-2 {cr—'.l]
d (5-1) 5 (5-1) 5 3y+4)
dat = 20 lzﬁ[w_n%?‘]ﬂ-’z‘* it
(A-1)p 2(a+4) a+d
3-::‘3{-:1'—1]2 + 3-::‘2 II'-ci'—-.|.:|3
DI (5-11 5 (A-1) § 3y +4) t_)ZDJ
3 1(}_1!3“3 2324 '
12»‘5[ (5-1) B ] 2@+ 4)? [ 22

a+d
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34> {c:—l]z + 3as {ci—l]z

d (5-1) 8 (5-1) 5 3y+4) B
= 21| 103 (1a-1) & | 2324 B
124 2
v’_[ (B-1) B ] 2 (a +4)2 &:
3-::‘3{-::'—1]2 + 3-::‘21'-::'—133
(6-1) 6 (5-1) 5 3iy+4)
DI 3 12 o3 \23/24 ’u_}‘?'lJ
(a-11"" o !
12@( (B-1) 3 ] 2+ 4)? [ 22
a+d
) 3-::‘3{-::'—1]2 + 3-::‘2'[-::'—1]3
0 (-1 5 (=11 8 3(y+4) B
AV = 22| L3 (a1 & \23/24 -
12v 2
u’_[ (F-1) § ] 2 (a +4)> ﬁ
3-::‘3{-::'—1]2 + 3-::"21'-::'—1]3
_1 1 3y+4)
| b, 2000, o
a=11"a
12"5[{,3 e ] 2(a+ 42 | xd

a+d

3-::'3 {-:i'—].:lz + 3-::'2 {-:i'—].:l
d (F-1) j (5-11 5 3(y+4)

aw = 23 3 a=1)° a° 23-'24
12y 2 (le=lita”
[ (-1) B ] 2+ 42 ;:,

3a° {c:—l]‘? + 302 -I'n-—'lfl3

-1 -1 3iy+4)
DI ”jz - z{ﬁz 213%24 . ,w—;23}
{a-11""a !
12"5[ (F-1) ] 2 +4)2 [ 2
a+d
Ecrz{cr—hz + Ecrzfcr—hz
d (6-1) 5 (A-1) 5 3iy+4)
. 303 2.3-'2.4
ix — 24 12@({«-11 @ ] - Yid
(=11 g -t1'+4
a+d
3-::‘3{-:1'—1]2 + 3-::‘2 II'-:i'—].:I3
-1 -1 I+
DI H—“3 1 3{1‘-13 ;;‘M ¥ .1'—)24]
fo=11" o i
12«."'5[ (5-1) B ] 2+ 4)? [ 22

a+d
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Ja° {c:—l]z + Ja ll'cr—lf|3

d (5-1) 8 (5-1) 8 3ly+4) B
H_}" - 25 12 3 2 {a=1 3 -:i'3 23/24 B
'V"_[ (-1 ] 2 (a +4)* ﬁ
3-::‘3{-:1'—1]2 + 3-::‘2 {-:;-—1]3
Dl (A-118 (5-11 5 3(y+4) _}'—rZEI
3 -1 3 3 2.3.-'2-‘4 '
12 2 j-:i' Lrd
ql'II'_[:(,r_i-lj,ﬁ: ] 2(&+4J2 ﬁ

3-::‘3{-::'—1]2 + 3-:1'2'[-::'—].]3
d (5-11 5 (5-1) B(y+4)

iz = 25 3 -1 3 -:i'3 23/24
124 2 [le=lle
[ (5-1) B ] 2 (o + 4)2 ﬁ

3-::‘3 {-::‘—1]2 + 3-::‘2 1'-::‘—1]3

Dl (-1 6 (g-1) g 3y +4) z—>25]
3 (=1 !3 -:i'3 23/24 ’
12\;‘?( (-1 g ] 2((1-+4Jz r+d

a+d

Alternate form assuming a and y are positive

3

dia+4P2Vy+4

Expanded forms

3

402 |2+ 2 4370 |2+ 460 |42
a+d a+d a+4d a+d a+d a+d

3 r+d
a4

dia+4)(y+4)
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From

3

402 |2+ 24 1994 | X424 Lga | &
a+d a+d a+4d a+d a+d a+d

Fora=vy=0.5:

3/(4 0.5"2 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4)) + 32 0.5 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4)) +
64 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4)))

Input
3
2 0.5 4 0.5 4 0.5 4
4x0.5 0.5+4 * 0.5+4 +32x0.5 0.5+4 * 0.5+4 +64 0.54+4 * 0.54+4
Result

0.0370370370370370370370370370370370370370370370370370370370370370
Repeating decimal
0.037 (period 3)

0.037

Rational approximation

1

27

From which:
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[1/((3/(4 0.5"2 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4)) + 32 0.5 sqrt(0.5/(0.5 + 4) + 4/(0.5 +
4)) + 64 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4)))))]"2

Input
1
3
2 | 05 4 ," 0.5 4 ," 0.5 4
4+0.5 \ 054t 05 o200 \ 052054 +64|..| 05+4' 0544
Result
729
729

10"3+[1/((3/(4 0.5"2 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4)) + 32 0.5 sqrt(0.5/(0.5 + 4) +
4/(0.5 + 4)) + 64 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4))))]*2

Input
1
3
107 + 3
2 | 05 4 ," 0.5 4 ," 0.5 4
4:0.5 \ D52t 05 H32705 \ 0.5+4 0544 +64|..| 0520544
Result
1729
1729

This result is very near to the mass of candidate glueball f,(1710) scalar meson.
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic
curve. (1728 = 8> * 3% The number 1728 is one less than the Hardy—Ramanujan
number 1729 (taxicab number)

(((L073+[1/((3/(4 0.52 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4)) + 32 0.5 sqrt(0.5/(0.5 + 4) +
4/(0.5 + 4)) + 64 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4)))))]*2)))*L/15

46


https://en.wikipedia.org/wiki/J-invariant
https://en.wikipedia.org/wiki/Elliptic_curve
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https://en.wikipedia.org/wiki/1729_(number)

1
10° + :
15 | II II
\ 405" v H?E:i-4+ﬂ.;+4 +32:0.3 v ﬂ?ﬁiﬁﬂ.:ﬂ o4 V n?ﬁi +n.;+4
Result
1.6438152. .
2

1.6438152....=((2)= % = 1.644934 ... (trace of the instanton shape)

(1/27((((1L0"3+[1/((3/(4 0.5"2 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4)) + 32 0.5 sqrt(0.5/(0.5 +
4) +4/(0.5 + 4)) + 64 sqrt(0.5/(0.5 + 4) + 4/(0.5 + 4))))]*2)))-1))"2

Input

1] 1

— | {107 + =1

27 3 .

2 | 05 4 | 05 4 | 05 4
4x0.3 \ 0.5+ 0544 +32:0.5 \ 0.5+4 T0.5+4 +64 \ 05+ 05+

Result
4096
4096 = 64

We have also this other development:

derivative(((3 03 (o - 1)2)/(B - 1) B) + (3 a2 (o - 1)3)((B - 1) B)/(12 27(1/3)
(o= 13 03)/((B-1) PON23/24)) + (B (v + D)2 (o + 4)"2 sqrt((y +4)/(a + 4)))))
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Derivative

33 (o112 N 302 (o113 [3&3.&_112 N Jal |<z—1]3]2
LAY (6-1) 5 3(y+4) (6-1) 5 (A-1) 5

i 3 I-:L'—].'!3 -:2'3 23"I24 3 I-:E'—].'gn:;'3 4724
12\"'3[ (-1 8 ] E.lit‘r+4j EBBE[ (6-11 8 ]

B (=11 + ].S--::'EI-::'—].:I + Gaia- ]._I

(f-1) 5 (f-1) (F-1) B 3iy+4) . 3(y+4)°
(a-1)% o 123/24 - 4 a4 (14132
12\"'_[ (A-11 4 ) [ﬂ’+4j3 r+d (@ +4) [:-+4]

a+d

Fora=0.5,B3=0.8 and y=-2, we obtain, from the first term of right-hand side:

-(23 ((30.5"3 (0.5 - 1)"2)/((0.8 - 1) 0.8) + (3 0.5%2 (0.5 - 1)*3)/((0.8 - 1)
0.8))2)/(288 27(1/3) (((0.5 - 1)*3 0.5°3)/((0.8 - 1) 0.8))\(47/24))

Input

30 12 2 o 1342
23[3 0.57 (0.5-1) + 3:0.5° (0.5-1) ]
(0.8-1)x0.8 (0.8-1)x0.8

- 288 ‘3’,:5 [|0.5_1'3 0.5°

)4?,.-24
(0.8-1)-0.8

Result
0

From the second term:

((6 0.5"3 (0.5 - 1))/((0.8 - 1) 0.8) + (18 0.5"2 (0.5 - 1)"2)/((0.8 - 1) 0.8) + (6 0.5 (0.5 -
1)73)/((0.8 - 1) 0.8))/(12 2°(1/3) (((0.5 - 1)*3 0.5°3)/((0.8 - 1) 0.8))(23/24))

Input

6:0.5° (0.5-1) L 18 0.52 (0.5-1)2 : 0.5(0.5-1)°
(0.8-1)-0.8 (0.8-1)-0.8 (0.8-1)-0.8

3o (105-1)% 0.5% \23/24
122 (L0
(0.8-1)0.8

Result
~1.44076. ..
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Adding this result to the last two terms, we obtain in conclusion:

- @ (v + A)((o+ 4)"3 sqrt((y + 4)/(a + 4))) + (3 (v + 4)"2)/(4 (o + 4)™4 ((v + 4)/ (0 +
4))"(3/2))

-1.44076 - (3 (-2 + 4))/((0.5 + 4)"3 sqrt((-2 + 4)/(0.5 + 4))) + (3 (-2 + 4)"2)/(4 (0.5 +
M ((-2 + 4)1(0.5 + 4))™(3/2))

Input interpretation

3(-2+4) 3(-2+4)°
~1.44076 - +

4 244 \3/2
(05443 [=2a 4(05+4) [0.5+4]
0.544

Result
~1.514834074074074074074074074074074074074074074074074074074074074

Repeating decimal
=1.51483407 (period 3
-1.51483407

That is:
log(5/(-8 + 3sqrt(2) +6e-7e"2+4n+57"2)
Input

5
—El+3‘»"'E+Erf'—Tf'f'2+4.?r+5.7:“;‘I

log

logix) is the natural logarithm

Decimal approximation
~1.514834072860029293704249624159999641104997139292888840426419711

-1.51483407286....
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The study of this function provides the following representations:

Alternate forms

5
X |
—84+3V2 +(6-Tele+n(4+5m)

1
—lng[g (-843V2 +6e-7e +4m+ EHE_]]

log(5) - log(-8+3V2 +6¢-7e* + 47451

Alternative representations

5
X ;
—843V2 4Be-Telrdnesn

5
lugr[ ]
—B+be+4n-Tet 450543V 2

5
X ]
—84+3V2 +6e-Tel+4m+57°

5
lng[ﬂjlog[ ]
Nogsberar-7el452+3V2

5
X :
—84+3V2 +6e-Tet+4m+51°

5
—Lil[l— ]
—B+be+d4n-Tet 455 4+3V2
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Series representations

5
log[ =
—84+3V2 +6e-Te*+4n+57%
k
w (=1 [=1 4 5
- I: ) ( —B4342 +6r—?r2+4ﬁ+5ﬁ2)
k=1 k

5
A :
—84+3V2 +6e-Tel+4m+57

5
dr’ [ — -X
, & _B+3V 2 4be-Tel+dme5at
2im + log(x) -
2m
k 5 ko k
w (—=1) [ — —.k.'] X
_B+3VZ +be-Tel+4me500
or X [

k=1 k

)
~8+3V2 +6e-T7e’+4n451
larg[E—[—8+3ﬁ+5f—?f2+4n+ 57%) x)
2im

+
2
= (- ljk( : —X]Rx—sc
log(x) E B3NT 1be TP rani5nl -
: k
k=1
Integral representation
g 5
ng[ 3 ]= j -B+3V 2 +6 67 2 +4 145 12 ldt
—8+3V2 +6e-T7e*+4x+57 1 t

From which, adding the Ramanujan class invariant
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3

\/113 + 5v505 N \/105 + 5v505
8 8

we obtain;

(((sqrt(((113+5sqrt(505))/8)) + sqrt(((105+5sqrt(505))/8)))))"3 exp((log(5/(-8 + 3
sqrt(2) +6e-7e"2+ 4 n+57"2))))

Input

3
[\/é[113+5v505) +\/é[105+5v595j]

5
Exp[lng( 3 ]]
-84+3V2 +6e-Te*+4n+51

logix) is the natural logarithm

Exact result

5

3
1 \/i[105+5v505) +§\/é[113+5¢505)]

2

—E+3M‘E+5P—?Pz+4fr+57{2

Decimal approximation
255.95845465903396631309217880250007006567027836106348450830727785

255.958454659.... =256

The study of this function provides the following representations:
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Alternate forms

3
5[5ﬁ+ 101 +\/10(21+¢505)]

64(-8+3V2 +(6-7e)e+m(4+5n)

5, 338881+ 15080V 305 +4 \/5 [28?1 007052 + 127758 137 V 505 |

—84+3V2 46e-Tel+d4n+51

3
5[\/10[21”’505) + 226+ 10 V505 ]

64(-8+3V2 +6e-7e* +4m+51°)

Expanded form

555\/%[105+5«.3505_] 25\/%[1[}5%«.!5[}5)

+ +
4(-843V2 +6e-7e*+4n+57°) 4(-8+3V2 +6e-7e’ +4n+57)

535\/é[113+5«£505) 25\/52—5[113+5v’505)

+
4(-843V2 4+6e-7e*+4n4+51%) 4(-8+43V2 +6e-7e>+4m+57%)

53



Alternative representations

3
[\/%[11%5@) +\/§[105+5@)]

3
exp log[
[ ~84+3V2 +6e-Te?+4n4+58°

T
Il

[\/%[11%5@} +\/%[195+5m}

3
exP[IDE[ 2 ] o
~8+3V2 4+6e-72*+4n+52°

3

[\/é[113+5\fﬁ} +\/é[105+5ﬁ}]

5
exp l{}g[ ]]:
[ —8+3V2 +6e-7e* +4n+50°

5
Exp[lﬂgp[—mﬁs+4:r—?fz+5;r2+3ﬁ]]
3
[\/ (105 + 5505 ) +\/ [113+5v’ﬁ}]

1 1
8 8

3

[\/é[llhﬂ’ﬁ] +\/%[1D5+5m-}]

5
Exp[mg[—8+3ﬁ+5f—?92+4n+5ﬁz]]:
3
[\/ [113+5«J595}+\/ [105+5~¢5D5}]

1 1
8 8

5
exP[IDE[ a ]] for a
—B+3ﬁ+5f—?w +4Te50
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3

[Jé[llhﬂ’ﬁ} +\/§[105+5m}]

5
s e
—84+3V2 +6e-Tel +a4n+50

3
exp| log(a) lng[ ]]
[ |-846etan-7e2+52+3V2
3

[\/é[mmﬂ’ﬁ] +\/é[113+5v’ﬁ}]

Integral representation

3

[\/é[nzwv’ﬁj +\/é[105+5‘~"ﬁ]]

5
exp[log[ 2 ]]_
—8+3V2 +6e-Tel+an+5T

5

3
: —1 5 1
epr 8167l 1misrl43 Y2 ;dt] [\/g (21+ V505 ) + \/§ (113 + 5»*505)]

1

And again, subtracting 5:

(((sqrt(((113+5sqgrt(505))/8)) + sqrt(((105+5sqrt(505))/8)))))"*3 exp((log(5/(-8 + 3
sqrt(2) +6e-7e"2+4 1+ 57a"2))))-5

Input

3
[\/é(nzwvﬁ]+\/§[105+5V5D5?]

5
exp lng[ ]]—5
—8+3V2 +6e-Tel+4n+57

logix) is the natural logarithm
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Exact result

2

3
5[é\/§[105+5v505j + l\/é[113+5v505j]

=5

—843V2 +6e-Te+4m+50°

Decimal approximation
250.95845465903396631309217880250007006567027836106348450830727785

250.958454659....

The study of this function provides the following representations:

Alternate forms

5. | 338881 + 15080 V505 + 4 \/5 (2871007052 + 127758137 V 505
-5

—843V2 4b6e-Tel+4m+57°

3
[\/m[zn V505 ) + V226 + mvﬁ]

5 =1
54[—5+3\'E+5£‘—?E2+4H+ 5;:2_]

-5-[5[ oot of x*=210x% + 12625 near x = 10.425 - 1.91847F  +
oot of x* = 210x% + 12625 near x = 10.425 + 1.91847i +
3
5ﬁ+v1m]]/

[64[8—3@—69+?92—4H—5H2”
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Expanded form

555 \/;j (105 + 5+/505 )

-5+ +
4(-8+3V2 +6e-7e*+4n+517)

zs\/ﬂf[mswﬁsnsj

+
4(-8+3V2 +6e-7e’ +4n+57°)

535\/§(113+5~J505j 25\/52—5[113+5v"5[}5j

+
4(-84+3V2 +6e-7e*+4n4+57%) 4(-8+3V2 +6e-7e>+4m+57%)

Alternative representations

3
[\/%[11%5@) +\/%[105+5ﬁ)]

S EnT e
—a+3v’5+5f—?f2+4n+5n23
[\/%[113%#5'&5} +\/%[105+5¢505j]

5
exp 105[ ]]—5
[ —8+3V2 +b6e-T72%+4n+57°

3

[\/%[11%5@} +\/§[105+5mj]

5
o )
—843V2 +Be-Telrdm+5n

—5+exp[lngr[ > ]]
~8+6e+d4n-T7e +5x° +3V2
3

[\/%[105+5¢5053 +\/%[113+5v5t}5}]
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3

[Jé[llhﬂ'ﬁ) +\/é[1“5+5‘“ﬁ)]

~8+3V2 +6e-7e?+4n+51"
3
[\/%[113%@5[}5) +\/%[105+5~4505j]

5 “
exp[lng[ ]]_ 5 forda
~8+3V2 +6e-7TwWi +4n+5n°

3
[\/%(11%5@} +\/%[105+5@}]

5
o )
-8+3V2 +b6e-Tet +4m+57°

5
=5 +E}:p[lt}g(ﬂj log, [ ]]
|-8+6e+an-7e2+572+3V2

[\/%[mswv’ﬁj +\/%[113+5v’ﬁ}]

Integral representation

1 1
8 8

3
[\/ (113 +5+/505) +\/ [105+5v’ﬁj]

5
—8+3V2 +be-Te’+dn+50°
. 5
_5+E};p[‘f -3+ﬁr—?r2+4:r+5:r2+3u'? l{“-]
t

1

3
[\/g[zuv’ﬁj +\/%[113+5v’ﬁj]

Thence, considering the result in GeV and converting in Kg, we obtain:
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Input interpretation

1
8

3
1
cnnvert([\/ (113 + 5V 505 +\/§[1D5+5w’5[}5j] exp (
5

log ( }) - 5)GeVic” to kilograms
—B+3\I'E+Erf‘—?f‘z+4}?+ 5 7%

Result
4.474 210 > kg
4.474*10% result that is very near to the value of the possible mass of a DM particle

equal to 250 GeV = 4.457x10% kg

From the previous expression, we obtain also:

(2/4*(((((sqrt(((113+5sqrt(505))/8)) + sqrt(((105+5sqrt(505))/8))))"3 exp((log(5/(-8
+3sqrt(2) +6e-7e2+4n+57a"2))))))) 2-O+2

Input

1 1
8 8

3
[i”\/ (113 + 5505 ) +\/ [1D5+5m)]

2
5
Exp[log[ ]]]] ~h+2
—84+3V2 +6e-Tel+4n+50°

logix) is the natural logarithm

i is the golden ratio conjugate

Exact result

&
zs[é\ji[mmsvmsj +§\/i[113+5v505)]

=+ 2+ 5
15[—B+3¥E+5f‘—?f‘z+4ﬁ+ 5712_]
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Exact form

&
ZSI\/lD[21+ V505 ) 226+ 10 V505

-+ 3+ 2
55535[—B+ 3V2 +6e-Te2+4m+ 5}'.'2_]

¢ is the golden ratio

Decimal approximation
4096.0526229762967761705502160359403165956235692392397860417921612

4096.052622976. ... =~ 4096 = 64>

The study of this function provides the following representations:

Alternate forms

399 244178 125 v 505
4

8472025+ 377000+ 505 + 8 \/22429?42593?5 +

-P+2+ 5
15[—B+3VE+5-f—?-fz+4H+ 5}'.'2_]
[25[ ¥ - 210x% + 12625 x = 10.425 - 1.91847 i +
x* - 210x% + 12625 x = 10.425 + 1.91847 i +
&
5v5 +V ml] ]Jf

(65536(8-3V2 ~6e+7e’ ~4r-51)")-d+2
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b+ 24

[25 [2?11[}45+ 120640 V505 + 12251 \/5[21+ V505 )(113+5v505 ) +

2?25\/1D1[21+v’ﬁ)[113+5v’ﬁ)]}/

(128(-8+43V2 +6e-7¢ +4m+ 57

Expanded form

8472025
b+ 24 +

16(-8+3V2 +6e-T7e2+4m+572)
47125 V505

2(-843V2 +6e-7¢> +41+5757)

+

306275 \/(105 +5v505)(113+ 5V 505

+
128(-8+3V2 +6e-7e> +4n+ 577

13625 \/595[195+ 5V 505)(113+5V505)

128(-8+3V2 +6e-7e? +4m+512)

27(1/4*(((((sqrt(((113+5sqrt(505))/8)) + sqrt(((105+5sqrt(505))/8)))))3 exp((log(5/(-
8+3sqrt(2) + 6 e-7e 2 +4m+5a2))))))+H1+H(V(10-2V5) -2)U(V5-1))

Input

3
z:*[ﬂlr”\/é[llswv’ﬁj +\/—;[m5+5v’ﬁj] exp[

s

—84+3V2 4b6e-Tel+dm+50 V5 -1

logix) is the natural logarithm
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Exact result

3
.m_z 135[§\/§[105+5\!5D5j +i\/i[113+5\"5[}5]]

1+ +

V5 -1 4[—8+3VE+5-P—?-F2+4H+5}1’2]

Decimal approximation
1729.0036479923196849094004987492685991123654670256242580138332881

1729.0036479923....

This result is very near to the mass of candidate glueball fy(1710) scalar meson.
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic
curve. (1728 = 8% * 3% The number 1728 is one less than the Hardy—Ramanujan
number 1729 (taxicab number)

The study of this function provides the following representations:

Alternate forms

é[l-v’?+,f2[5+ﬁj]+

135 J 338881+ 15080V 505 +4 \/5 (28?1 007052 + 127758 137 v 505 ]

4|:—B+3\'E+5-P—?-Pz+4ﬂ'+ 5;12]
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-3+V5 + [2(5-V5)

Vs -1
[135[555'\32“@ —111\/5[21+v’ﬁ} —25\/191[21+v’ﬁ] +

+

EEJEDE (21+v505) - 107V 113+ 5V505 +

10?\/5[113+5«J 505 | +25\/1D1[113+5w“ 505 ) -

5\/5D5[113+5u’ﬁ}]]/
(16V2 (V5 -1)(-8+3V2 +6e-7e* +41+51))

—”—30?2+ 1152V 2 + 10245 -

384 V10 - 768 V5- V5 +1024,[2(5-V5) -

3375 V2 (21 + V505 )% + 675 V10 (21 + V505 )*% -
228825 \/2[21+v505 | +45765 \/10[21“,*505 )+

10125 \/202[21“!505} —10125\/1010[2“#505} +
1352 (113 + 5505 )* - 135 V10 (113 + 5v/505 )% +

42525 \/2[113+5#505) ~ 42525 \/10[113+5v5|:15_] -

10125 \/2[}2[113 +5v505) +2025 J1010[113 +5v505) +

2304¢-768V5 e-768,[2(5-V5) e—2688¢" +
896 V5 ¢” +896 ,/2(5-V5) " + 15367 - 512 V5 x -
512,/ 2(5-V5) 7+ 1920%” - 640 V5 n° ~ 640 ,[ 2(5- V5 ) ;rz]/

[123[1.@—1}[—B+Sﬁ+5s—?s"‘+4n+5n‘°‘}}]
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Expanded form

1
14985 | 1(105+5+/505
2 Vi10-2v5 \/2[ )
1~ + + +
V5 -1 VE5-1  16(-8+3V2 +6e-Te’+ 414577
5?5\/%[1[}55\:“5[}5)
+
16(-8+3V2 +6e—-7e* +47+51%)
14445\/&(113%«.!505}

+
16(-8+3V2 +6e-7e* +4m+57°)

675 \/%[11% 5+/505

16(-8+3V2 +6e-7e> + 41+ 577

Alternative representations

27

3
I”\/é[uhs\fﬁj +\/%[1D5+5Vﬁ3]

oo e -+

8+43V2 +6e-7e” +4n+51"

af 3
ID_ZE_E_T”\/;[HMSW \/é 105+5v’ﬁj]

|
oo - 5 )
8+3\-"'_+E-f—?z +4m+50°
Vy10-2v5 -2
1+
V5 -1
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2?

3
’ [\/ [113+5ﬁ]+\/%[1t}5+5v’ﬁ]]
[ [ 5 ]]] V10-2v5 -2
exp|log +1+

-84+3V2 +6e-Te*+4n+50° Vs -1

27 )
1+ —exp[lﬂgp[ ]]
4 —B+6e+4n-Tel+57°+3V2

3
[\/%[mmsv’ﬁ} +\/%[113+5v’ﬁ]] +

—2+y10-245
—1+V'?

27

3
- [J;[llhﬂ’ﬁh\[ [105+5v’ﬁ]]
[ [ 5 ]]] V10-2v5 -2
expllog +1+

—B+3V2 +6e-Te +4n+50° V5 -1
+ — exp|log(a) log,
4 N-B+6e+dn-Te2+52%+3V2
1 ~2+Y10-24v5
[\/ (105 + 5 v 505 j+\/ (113 + 5V 505 ]]
8 ~14+¥5

3
?”Jé[uhs\fﬁ} +\/é[1t}5+5v’ﬁ}]

5
I
Exp[ﬂg[ 8+3V2 +6e-7¢ +4;r+5;r2]]]

af 3
10-25 _2_2?”\/1[11%5#50 \/1 105+5~¢505]]
V5 -1 4 (Vs 8
5
exp[lﬂg[ 8+3v2 +6e—7w" +4H+5Hz]]]
V10-2v5 -2 2
1+
"H'I'_—l log(W)
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Integral representation

27

3
”\/ (113 +5V505 ) + \/8[105+5v’ﬁ]

I [ 5 ]]] v10-2v5 -2
exp|log +1+ =
—84+3vV2 +6e-Tel+4n4+57 V5 -1

5
~2+V10-2V5 + — Explf BebeT e+ 4msEnt 43 VT E{“]
~1+v5

3
I\/ 21 + V505 ) \/é[113+5\i5[}5]]

(27(1/4*(((((sqrt(((113+5sqrt(505))/8)) + sqrt(((105+5sgrt(505))/8))))H)"3

exp((log(5/(-8 + 3sqrt(2) + 6 e - 7 e*2 + 4 1w + 5 2)))))+1+H(V(10-2V5) -2)U(V5-
1)))*1/15

Input

:

"\/ (113+5V505 ) + \/8[105+5W]

5
oo )
-84+3V2 +6e-Te* +4n+57
V10-2vs5 -2
™{1/15)
V5 -1

+

logix) is the natural logarithm
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Exact result

V5 -1

[ ‘u'lDZE—Z

3
135[‘%\/é[1n5+5v5n5j +1 \/é[113+5\f505)]

2

~(1/15)
4[—8+3\#E+5-F—?-F2+4H+ 5;72]

Decimal approximation
1.6438154599659799180239467139113948146360901449111950591292355777

2
1.64381545996.... = ((2) = % = 1.644934 ... (trace of the instanton shape)

The study of this function provides the following representations:

Alternate forms

é[l-v’?+ 2[5+~Ej]+

135 J 33BE8E81+ 15080V 505 +4 \/5 [28?1 007052 + 127758 137 505 ]

4[—B+3\"'E+5-f—?-fz+4rr+ 5}12]

“(1/15)
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1/[3.:’3 [[[ﬁ— 1)(-84+3V2 +6e-7e +4n+ 5::2_]_]/

[?58-258F—255ﬁ+95\! 10 +192V5-45 -

256,/ 2(5-V'5) +?4925\/2(21+v505) -

14985 \/ 10(21 +V 505 ) - 3375 \/znz[m +V 505 +

33?5\/1919[2“»* 505 ) - 14445\/2[113+5v5|35j -

14445\/10[113+ 5505 +33?5\/202[113+ 5505 ) -

5?5\/1D1D[113+5J5D5_] ~576e+192V5 e+

192,/ 2(5-V5) e+ 672¢" - 224V5 & -
224 [2(5-v5) ¢*-3847+128V5 1+128,/2(5-V5) 7 -
480x" + 1605 n° + 160,/ 2(5-V5 rrz]] " (1;15;]

All 15th roots of 1 + (sqrt(10 - 2 sqrt(5)) - 2)/(sqrt(b) - 1) + (135 (1/2 sqrt(1/2
(105 + 5 sqrt(505))) + 1/2 sqrt(1/2 (113 + 5 sqrt(505))))"3)/(4 (-8 + 3 sqrt(2) + 6
e-7e"2+4xn+5a"2))

V5 -1

[ Vio-2 5—2
135

I?\-'II-—-

2

3
(105+5V505) + l\/é[113+5v595]]

P

4(-5+3v’5+5s-?f2+4n+ 5%

(1/15) f‘ﬂ = 1.6438 (real, principal root)
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V10-245 -2

1+ +

V5 -1

3
135[§\/é[1[}5+5¢505} +§\/§(113+5v595)]

o~

4(-8+3V2 +6e-7e" +4n+51°)

(2815

(1/15)¢ = 1.5017 + 0.6686 i

"u'lD 2 5—2

V5 -1

3
135 \/é[l[}5+5w’5[}5j +§\/§(113+5v595)]

o~

4(-8+3V2 +6e-7e" +4n+51°)

(4imx)/15

(1/15)¢ = 1.0999 + 1.2216

"u'lD 2 5—2

V5 -1

3
135 \/é[mms«fsns) +é\/§[113+5v5t}5)]

o~

4(-8+3V2 +6e-7e* +4n+51°)

(i)

(1/15) e = 0.5080 + 1.5634 i
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"u'lD 2 5—2

V5 -1

3
135 \/é[l[}5+5w’5[}5j +é\/§[113+5v5t}5j]

o~

4(-8+3V2 +6e-7e" +4n+51°)

(8im)/15

(1/15)¢ =-0.17183 + 1.6348

Alternative representations

27

3
’ ”\/;[11%5@} \/8[105+5Wj]

5
oo Ik
—84+3V2 +6e-Tel+4n+50°

Y10-245 -2

1+ ~(1/15) =
V5 -1 ]

27 5
1+ — exp|log,
[ 4 [ [—B+5s+4n—?f2+5n2+3ﬁ]]
3
[\/;[105+5*¢50 5) + \/8[113+5wf50 ‘1]

—2+y10-2vs
—1+\f'?

]‘“ (1/13)
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3

[ETHJI[HB+5J§EW J [HE+SJEEW]
4 ({[Vs 8

5
|
EKP[GE[ 8+3vV2 +6e-7¢ +4H+5H2]]]+

\Jm 245 -
(1/15) =
Vs -1 ]

—8+be+4m-Te +5n?+3JE]]
3
[Jé[m5+5Jﬁﬁj4nJ%[n3+5J§Ej]+

—2+v10-2v5

~1+v5

27
[1 + 7 Exp[log(aj loga[

]"‘ (1/15)

3

[ZTHJE[HB+5J§EW J [m5+5J§E}]
4 ({[Vs 8

5
|
ExP‘[GE[ 8+3vV2 +6e—7e +4H+5H'2]]]+

"u'lD 25 - ] (1/15) =

V5 -1

3

[i?”Jg[u3+5JﬁE J?[m5+5€ﬁfﬂ]

5
w[mz[ e |
8+3V2 +6e-72°+47+57°

10-2V5 - ] (1/15) for :

V5 -1
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3

[T[[\/;[113+5W \/B[mmsv’ﬁ]

5
ool rrres | 1
8+3V2 +6e-Te > +47+50°

"lu'lD 2v5 -2
~(1/15) =

VER

[T[[\/ (113+5v505) + \/ [lDE+5W]3

5
ﬂp(mg( )
8+3V2 +6e-TW +4m+50°

"n'lD 2v5 -2
(1/15)

V5 -1

Integral representation

[T[[\/;[llmsﬁ \/8[105+5v’ﬁ ]3

5
exp[log[ 2 ]]]+
8+3vV2 +6e—-T7e+4m+50°

u’m 25 -2
(1/15) =
Vs -1 ]

—2+V10-2v5 S 1
1+ +_Expj—5+6r?r2+4'r+5'r VI 2 gt

~1+v5 4 1 t
1 1
[\/B[lﬂ5+5\.ﬂ5[} \/g 113+ 5 505 ]] (1/15)

From:

Cold dark matter protohalo structure around collapse: Lagrangian cosmological
perturbation theory versus Vlasov simulations - Shohei Saga, Atsushi Taruya, and
Stéphane Colombi - arXiv:2111.08836v1 [astro-ph.CO] 16 Nov 2021
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We have that:

We explore the structure around shell-crossing time of cold dark matter protohaloes seeded by two or three crossed sine waves of var-
ious relative initial amplitudes, by comparing Lagrangian perturbation theory (LPT) up to 10th order to high-resolution cosmological
simulations performed with the public Vlasov code ColDICE. Accurate analyses of the density, the velocity, and related quantities
such as the vorticity are performed by exploiting the fact that Co1DICE can follow locally the phase-space sheet at the quadratic level.
To test LPT predictions beyond shell-crossing, we employ a ballistic approximation, which assumes that the velocity field is frozen

just after shell-crossing.

Appendix A: Expressions of the LPT solutions

In this appendix, we present the LPT solutions up to 5th order,
which are obtained by solving the recursion relations given in
Eqs. (21) and (22). Since higher-order solutions are straightfor-
wardly derived in the same way, we do not explicitly show them
here.

From the development of the following equations:

€&
I sin(2rq,) .

( _
W=

2 3 N
L}“J =38, |E| cos(2mgy) + e cos(2mq.) | sin(2m ) ,
L0 :

3

G _ _& e . -
WY = 520m I?S cos(2mq, )€ cos(2ng,) + € cos(2mg;))
+ 160€1 €2 cos(2mgy) cos(2ng;) — 3€f cosidngy) — 36 cos(dng,) + 75 (612 + f%)l sin(27 g |
4
Yy = 7776;%[@ cos(2mq;) (4242 cos(dmq) + 28550€] cos(dmqy) + 208850 + 57015¢; + 89166)
+ 60 cos(2q,) (6010€; € cos(2mq,) cos(2mq) + 1274€f cos(drqy) + 12746 cos(4rq.) + 2039 (f + &)
+ 261 cos(2mqy) (2121 cos(4rq,) — 9303€] cos(drgy) + 142756 cos(nq.) + 33159€] + 1044256, + 44583 )
- 93036 cos(6mg.) | sin(27 4.) .
f:j
(5): X . o (D Y eos(2ra. 2 2
VY = S5 eT20000m 0000H|895050005(4m;_r ) (18129661 € cos(2mgy) cos(2mg.) + 41657 (& + 63))

+ 5602”613700061252 cos(2nq, ) cos(dng,) cos(2mg.) + 560226137900¢ 622 cos(2ng,) cos(2mg,) cos(dmg.)
+ 5944237685 ]06? cos(2mgy) cos(2mgy) — 1864227 1230613 cos(2mqy ) cos(6mgy)
+ 5740165183562 cos(4m(qy, — qy)) + 57401651835} cos(dn(q, + g,)) + 1006179766020 €5 cos(2aq,) cos(2rg,)

(A4)

+ 106326974554€| cos(2rq,) cos(2mq,) — 6828912090 cos(6rg,) cos(2rq,) + 1006179766020l e, cos(2rq, ) cos(27q.)

+ 5740165 1835622 cos(4m(g, — ¢.)) + 5944237685 lOeg cos(2mg,) cos(2rg,) — 18642771230623 cos(2mq, ) cos(6rg,)
+ 5740165 1835622 cos(4m(g, + g.)) + 106526974554€, cos(2rg,) cos(2rmg,) — 6828912090¢, cos(6mrg, ) cos(2rq,)

+ 46639033850} €5 cos(4n(gy — g)) + 46659033850€] €3 cos(da(gy + ¢.)) + 503168866200¢, & cos(2ngy) cos(2rq,)

— 543581 76{)006? € cos(6mgy) cos(2mg.) + 5031688662006 E; cos(2mgy) cos(2mg.) — 543581766006 eg cos(2mgy) cos(bmq;)

+ 877320054000¢ 3 cos(2rq,) cos(2mq. ) + 1157097169806 €5 cos(4rg,) — 35064073044e] cos(4mg,)

— 1607701095€} cos(8may) + 2414080894506 cos(4mg,) + 1157097169806 €: cos(4mq.) — 350640730446 cos(4rq,)

+ 2414080894503 cos(4rg,) — 1607701095€; cos(87g,)
+ 546075 (¢ (94070063 + 443058) + 171045¢ + 2163 (814563 +21098)) | sin(27 4.) .
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Considering qx =g, =0.04 and g, =0, we obtain:

3 .
\P.[r]) - ’_!—r sin(2m qy) .

a2
. Je )
‘P_[,j) = —ﬁ IE] cos(2m gy) + e cos(2m ;)| sin(2m gy ) .

1/(2Pi) sin(2Pi*0.04)

Input

1
— sin(2 7 0.04)
2m

Result
0.0395802248392523361093178871333609356442141070079176777903128940

The study of this function provides the following representations:

Alternative representations

sin(2 7 0.04) cos(0.42 m)

2m 2m
sin(2 7 0.04) cos(0.58 m)
2m N 2m

sin(270.04)  cosh(0.42§ )
2m N am
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Series representations

. - {-IJED.DE“”,T“H
sin(2 7 0.04) =0 {142k
2T 2

5in(2 7 0.04) (= 1% Jy,0(0.08 1)

2w T

sin(2x 0.04) i (-~ 1)% (0.04 + k) ((0.08);)*
= (k1)

Integral representations

sin(2 7 0.04)

‘1
=D.D4] cos(0.08mt)dt
2m 0

1Y)
sin(2 7 0.04) D.Dlﬁj-mw'{“-mlﬁ“ lfs+s I
— — 5 0 L

2 ' i: FIa i ooty 53':2'

SiN(270.04)  0.0LVE [icesy 8 HT55 1125 gy
2m - ; i oo 3
HTZ I ooy 1'[2 5)

ds for 0

Multiple-argument formulas

sin(270.04)  cos(0.04 ) sin(0.04 1)

2m m
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sin(2 7 0.04) B 35in(0.0266667 1) - 4 SEHEED.DZErfrﬁﬁ? T
2m - 2m

sin(2 7 0.04) U_p.golcos(m)) sinfm)
2m B 2

Inverting:

1/((2/(2P1) sin(2Pi*0.04)))
Input

1
L sin(27 - 0.04)

T

Result
25.2651 ...

The study of this function provides the following representations:

Alternative representations

1 1
sing2x0.04) ~ cosi0.42m)
Zr 2r
1 1
sinf2r0.04)  cos(0.58x1)
Zr 2r
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1 1

sini2x0.04)  coshi0.42i 1)
2r Zr

Series representations

1 T

sing2x0.04) w2k
ar Zk:o': 1" J10p(0.08m)
1 1

Zr

sin(2x 0.04) Z; {-1)F (0.04+k) ((0.08).

=0 (kr?

1 2m
sin2x0.04) T xe  (-1/5 008142k 142k
ir =0 (142k)!

Integral representations

1 25
sini2z0.04 1
B jo cos(0.08 wt) dt

1 1008w
sn2x0.04) ~0.0016 72 )/s5+5

sV [l SO

=i caty

as

1 100. i 7
gin( 270,04 \.I"_ i oty r-ﬁ.43??55 JT'l—.'Z 5 1(s) ‘s
ir T J—:’ sy (3 L
riy 5)

Multiple-argument formulas

1 m
Sn2x004  cos(0.04 ) sin(0.04 )
2
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1 2m

S—iﬂ*zzf_“-“‘*l 3 5in(0.0266667 x) — 4 sin(0.0266667 )

1 2m

sirHE.;'D.M] U_p.gz(cos(m)) sin{m)

-3/(28P1) [cos(2Pi*0.04)+cos(2Pi*0)] sin(2Pi*0.04)

Input

3
——— (cos(2m < 0.04) + cos(2 < 0)) sin(2 < 0.04)
28w

Result
~0.016696492314050856284027366878697971543119633474674909992624718

The study of this function provides the following representations:

Alternative representations

((cos(2m0.04) + cos(2m0)) sin(270.04)) (- 3)

28w
3 (cosh(0) + cosh(0.08 i m)) cos{0.42 1)

287
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((cos(270.04) + cos(27 0)) sin(270.04)) (- 3)

BT oomin, oiry
300s(0.42m) (1+ > (e 7 + £2020T))

28

((cos(270.04) + cos(27 0)) sin(270.04)) (- 3)

IEBHII]II].E' 0.08 i
3cos(0.58m) (1+ (eI 4 £RIT))

28w

Series representations

((cos(270.04) + cos(2x0)) sin(27 0.04)) (- 3) B

28m
1 frul fesl
=3 3" 3 (-1 J1.,(0.087)
14 7
ky=0ky=0
l:_l]kz D.421+2k2 (_szkz T l:_l]kz 2—1—2k2 ':_H:]zkz T
+
[ (1+2k;)! (1+2k5)! ]

((cos(2m0.04) + cos(2m () sin(2 7 0.04)) (- 3) B

28w
L =11 LS N D
00| +zg [(0.08 m—zq) 00| +zq |{-3p)
(~1/%2 p.ogl+2ka [1+2ky [ 2 I]c]' N [ 2 = .] l
3 st Sl
Zicy 0 Zi=0 (142kg)!

28w

((cos(2m0.04) + cos(2m () sin(2 7 0.04)) (- 3)

28
1 - k
- 1
“lan 3 Z Z (=10 J1,2k, (0.08 )
ky=0kz=0
cc}s[% + Zp) (0.087 — zg)k2 CDS[NETZ + Zp) (— 2zg)*2
+
sz sz

Ju(z) is the Bessel function of the first kind
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Integral representations

((cos(2 7 0.04) + cos(2x 0)) sin(2 7 0.04)) (- 3)
28 7 B

cos(0.08xt) cft] [— 25. 4 J'rj
0

*1 *1
0.000685714 [ j

sin(0.08 & tjdt]
0

((cos(2 7 0.04) + cos(2x 0)) sin(2 7 0.04)) (=3) B

2Bm
5 [ ~0.0016 72 j._.-'.s]
- e’ | 1+e X
0.00428571 [jf_“‘”; N ds][jolcnsm.ﬂﬂrr Odt) v
=I oo 5 .

im

((COS(2 7 0.04) + cos(2 7 0)) sin(2 7 0.04)) (- 3)
28 N

'1 0 0,08 7
0.00857143 [J cos(D.DB:rtJdt] jT sin(tjdt+‘f sin(t) dt

I I
0 2 2

Multiple-argument formulas

((cos(270.04) + cos(2x0))s5in(270.04)) (-3)

287 ;
3 cos(0.04 ) sin(0.04 ) (- 1 + sin®(0) + sin*(0.04 ))

7m

((cos(2m0.04) + cos{2m0)) sin(2x0.04)) (-3)

28 B
3 cos(0.04 ) (-1 + cos*(0) + cos*(0.04 ) sin(0.04 )

- 7m

((cos(270.04) + cos{2x0)) sin(2x7 0.04)) (-3)

281 ;
3(~1+ cos*(0) + cos*(0.04 m)) sin(0.0266667 x) (-3 + 4 sin*(0.0266667 x))

14 =
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Inverting:

1/(((-3/(28Pi) [cos(2Pi*0.04)+cos(2Pi*0)] sin(2Pi*0.04))))
Input

1
—i(cosizn 0.04) + cos(2 7~ 0)) sin(2 7~ 0.04)

Result
~59.8928. ..

The study of this function provides the following representations:

Alternative representations

1 1
({cos(2x 0.0 +cos( 27 00 sin( 2w 0.0 {=-3) = 3 (coshi0)+cosh{0.08 i 7)) cos(0.42 m)
2Bx 287
1 1
{{cos(2x 0.0 +cos 2 x D)) sing2 7 0.041 (=31 3{cosh{D)+coshi{-0.08 i) m)) cos(0.42 x)
287 28x
1 1
(oS 2 0.0 +cos 2 7 09 sing 22 00400 (-3 3(coshi0)+coshi{ —0.08 i) 7)) cos(0.58 7)
28 287

Series representations

1

({cos(2 7 0.0 +oos(2 7 0) sing 2 7 00 (=30
2Brx

l4 &

0.42(- 1% (1.190484.¢0-348707K) _p2k 1

3( Lo (-0 1u2x008m) D7 greTT
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1
((coS(270.04) +cos(27 0)) sin(2x0.04)) (-3)

2Bx
14 7
- km k k
- . o €085 +20)((0.08-2)" H-2q)
S[Z&:u( 1) J“zkm'DBH}] -0 k!
1
{(cosi2x 0.041+cos(2x 0 sing2 2 0.0 (-3
287
28w

kr k k
3 o {—llkﬂ.ﬂﬂl*'zkxl"'Zk oo -Euq 2 +fg]{{'].03fr—zﬂ] +H-z2g)

Jy(z) is the Bessel function of the first kind

Integral representations

1
(fcos(2x 0.04)+cos(2 w00 sin(2 x 0,041 {-3) -
28r
116.667
([} cos(0.08 xt) dt) [£(0.84 sin(0.08 7 + 0.84 t) + sin(t)) dt
2
1
((cos(2x 0.04) +cos(2r 0)) sini 2w 0.04)) (-3)
28r
233.333in

2
o5 [1+F—-fﬂ.{lﬂlﬁn 1.-'.;]

i ooty 1
S = ds |( [, cos(0.08mt)dt) Vr
1
{(cosi2x 0.041+cos(2xr 0 sing2x 0.04)1 (=31
28Bx

SB3333inx

. o.001672) 543 .
| i 1.:
[J_T:::;.-F —533'2 1!5][—25 -I'-JTJO SIHED.DBHf]Iff) W T
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Multiple-argument formulas

1
((cos(2 7 0.04) +cos(2x 0)) (22 0.04)) (-3)
2B

7w
3 0s(0.04 ) sin(0.04 ) (- 1 + sin®(0) + sin®(0.04 )

1

{icos 27 0.0 +eos 27 00 SN2 00401 (=31
28

im
' 305(0.04 1) (—1 + cos?(0) + cos?(0.04 ) sin(0.04 1)

1

({cos(2 7 0.0 +oos 27 0) sin( 2 0040 (=3
28w

14
3(~1+ cos?(0) + cos*(0.04 ) sin(0.0266667 ) (-3 + 4 sin*(0.0266667 1))

From:

3
‘l’_‘g) = Q;ﬁﬁhg cos(2mgy)(e cos(2ngy) + & cos(2rg:))

+ 160€; 6 cos(2ng,) cos(2rg.) — 3&']2 cos(4rgy,) — 3&% cos(4mq.) + 75 (Ef + E%)] sin(2m qy) .
1/(2520Pi) ((((78 cos(2Pi*0.04)(cos(2Pi*0.04)+1*cos(2Pi*0))+160 cos(2Pi*0.04)
cos(2Pi*0)-3 cos(4Pi*0.04) — 3 cos(4Pi*0) + 75(1+1)))))*sin(2Pi*0.04)

Input

FRCcos(2m - 0.04) (cos(2m - 0.04) + 1 cos(2m - 0)) +
ESEDHE ( ) (cos( ) ( 1)

160 cos(2mr - 0.04)cos(2x~ 0) — 3cos(4 7+ 0.04) -
3cos(4m-0)+ 75(1+ 1))sin(2x - 0.04)
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Result
0.0140751624818295702740279573547741308366570105750668007084172267

The study of this function provides the following representations:

Alternative representations

2520 (78 cos(270.04) (cos(2x0.04) + 1cos(2m0)) + 160 cos(2 7 0.04) cos(2 7 0) —
H

Jcos(dm0.04)=3cosidm0)+75(1 + 1)) sin(2x0.04) =
(150 - 3 cosh(0) + 160 cosh(D) cosh(0.08 i ) +

2520w
78 cosh(0.08 i @) (cosh(0) + cosh(0.08 i m)) — 3 cosh(0.16{ 7)) cos(0.42 1)

2520 (78 cos(270.04) (cos(270.04) + 1 cos(2m0)) + 160 cos(2 7 0.04) cos(2 7 0) -
M

3cos(470.04)~3cos(4m0)+75(1+1))sin(270.04) =

2520
(150 - 3 cosh(0) + 160 cosh(0) cosh((-=0.08 i) 7) + 78 coshi{(-0.08 §) )

(coshi(0) + cosh((-0.08 ) 7)) = 2cosh((-0.16 ) 7)) cos(0.42 1)

2590 (78 cos(270.04) (cos(270.04) + 1cos(2m0)) + 160 cos(2 7 0.04) cos(2 7 0) -
M

Jcos(4x0.04)=3cos(4x0)+75(1+ 1)) sin(2x0.04) =
(150 - 3 cosh(0) + 160 cosh(0) cosh((-0.08 i) m) + 78 cosh((-0.08 i) 1)

25207
(cosh(0) + cosh((-0.08 i)y m)) = 3 cosh{({-0.16§) m)) cos(0.58 m)
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Series representations

(78 cos(2m 0.04) (cos(27 0.04) + 1 cos(2 7 0)) + 160 cos(2x 0.04) cos(27 0) —
1
1260

X & 042(-1 e T P
LZ“” J1+Ekm-”3”3'] —150‘?8LZ_ (1+2K)! :

=0 =0

25207
3cos(470.04) - 3cos(4m0)+75(1+ 1))sin(270.04) = —

o 0.34 (1) (147059 + £ 07752K) (g2
3 -—
; (1+2k)!

fesl fes] E-l]k]-l-kz D-421+2k'| 2—1—2.‘(2 E_H]2+2k] +2k2

(1+ 2k (1+2ky)!

(78cos(2m0.04) (cos(2m0.04) + 1cos(2x00) +
2520

160 cos(270.04) cos(270) — 3cos(4 m0.04) - 3cos(4m0) + 75(1 + 1))

1 © 1)k 0.081+2K 142K
sin(270.04) = — LZ

2520w o (1+2k)!

[ & cos(5X + 20} ((0.16 1 - 29)* + (- 20)")

—150+32 T .
P k!

Lm cos[k—” + 2p) (0.08 1 — zp) ]2
78 2 _

=0 k!

© = cos( % + zﬂ}cns[% + 29) (0.08 1 — 2g)¥1 (—z)*2 ]

238
k;]k;] lesz
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(78 cos(2x0.04) (cos(2x0.04) + 1cos(2a0)) + 160 cos(2 7 0.04) cos(27 0) —

25207 X
3 cos(4 77 0.04) — 3 cos(4 7 0) + 75 (1 + 1)) sin(2 7 0.04) = —
1260
oo = cos( X + 2p) ((0.16 7 - 20)% + (—20)¥)
LZ(— 1 J1+zk[D.DB;r]] ~150 + 3 2 -
=0 k=0 k!

[:, cos( 22X + z5) (0.08 7 — z¢)* ]z
78 2 -

=0 k!

oo cas[’% + z.]]ms[’rk?? + 2p) (0.08 w — 2g)*1 (—zg)*2

238
IC]Z=I]RZZ=|] lesz

Jyu(Z) is the Bessel function of the first kind

Integral representations

2520 (78 cos(270.04) (cos(270.04) + 1 cos(270)) + 160 cos(2 7 0.04) cos(270) -
T

Scos(4x0.04)-3cos(4 a0+ 75(1+ 1)) sini2x0.04) =

1 *1
0.0000158476 [j CDS(D.DBJTH:H] [921.4'?4 - 53.141:{] Sin(0.08mt)dt +
0

0
1 2
- U sinm.nammt] +D.951538Hj
1] 1]

’1
sin(D.lﬁ:rt]dt]

2520 (78 cos(270.04) (cos(270.04) + 1 cos(270)) + 160 cos(2 7 0.04) cos(270) -
T

3cos(470.04) -3 cos(4m0)+75(1+ 1))sin(270.04) =
1 0

0.00755556 [j CDSED.DBJH}.:H] [D.ESD?.E?. + 0.012605 _I” sin{t)dt +

0 2

i I

0.08x 2 “0.16
0.227731 j sinit) ot -I-D.DlZErDEj sinit) dt +

2 2

11 1
j j 5'[[1[— (:r—rrtlj]sin(JrED.E =0.42t9))dty .:.!'tl]
o Jo 2
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(78 cos(2a0.04) (cos(2x0.04) + 1cos(2a0)) + 160 cos(2 7 0.04) cosi27 0) —

25207
3 coS(4 7 0.04) — 3¢os(4 70) + 75 (1 + 1)) sin(27 0.04) =
1 Py i ooy g 000167 545
—3.9619x 107" |921.474 V1 ———ds+
i _icoty §32

) i ooty g—0-001627 )f54s 1 2
i j T:!s U 51n(D.D8:rt]|.:£t] V’?+
—I oty g 0

j-i N+Pf-{u.m16n2],-"s+s
————ds§
=i sy 53"I2
!
[J (-63.141 7 sin(0.08 mt) + 0.961538 rsin(0.16 7 t)) d t]
0

Multiple-argument formulas

2520 (78 cos(270.04) (cos(270.04) + 1 cos(270)) + 160 cos(2 7 0.04) cos(270) -
T

3cos(470.04) -3 cos(4m0)+75(1+ 1))sin(270.04) =

630w
€05(0.04 1) (236 — 241 c0s”(0) + (-394 + 476 cos”(0)) cos”(0.04 ) +

156 cos” (0.04 ) — 3 cos”(0.08 1)) sin(0.04 x)

2520 (78 cos(2m0.04) (cos(270.04) + 1 cos(270)) + 160 cos(2 7 0.04) cos(270) -
T

3cos(4x0.04)-3cosi4 a0+ 75(1+ 1)sini2x0.04) =
cos(0.04 ) sin(0.04 ) (23[} — 235 sinz[D] +

630
(-394 + 476 5in*(0)) sin*(0.04 x) + 156 5in*( X

0.04 1) + 35in”(0.08 m))

2520 (78 cos(270.04) (cos(2x0.04) + 1 cos(2x0)) + 160 cos(2 7 0.04) cos(270) -
T

Jcos(4x0.04)=3cos(4a0)+75(1+ 1)) sin(2x0.04) = =
% X

1260 7
0.04 1) + 156 Cos (0.04 1) —

%(0.0266667 1))

(236 — 241 cos”(0) + (-394 + 476 cos”(0)) cos

3 c0s”(0.08 x)) 5in(0.0266667 1) (-3 + 4 sin
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Inverting:

1/(((2/(2520P1) ((((78 cos(2Pi*0.04)(cos(2Pi*0.04)+1*cos(2Pi*0))+160
c0s(2Pi*0.04) cos(2Pi*0)-3 cos(4Pi*0.04) — 3 cos(4Pi*0) +
75(1+1)))))*sin(2Pi*0.04))))

Input

1
1 /[ (78cos(2m-0.04) (cosi2m=0.04) + 1cos(2m =00 +
fA2520m

160 cos(2m - 0.04) cos{2m < 0) - 3cos(4 r - 0.04) -
3cos(4m-0)+75(1+ 1))sin(2m D.D-’-'I-,'I]

Result
71.047137202924443236604373661613303165969547660528079188627646475

The study of this function provides the following representations:

Alternative representations

1

1
{2520
(78 cos(27 0.04) (cos(270.04) + 1 cos(2x 0)) + 160 cos(2x 0.04) cos(2x 0) =

3cos(4x0.04) - 3cos(4a0)+ 75(1 + 1) sin(2 7 0.04) =
1 150 = 2 cosh(0) + 160 cosh(0) cosh(0.08 i ) +
ot (0) (0) coshy )
78 cosh(0.08 i m) (cosh(0) + cosh(0.08 i m)) = 3 cosh(0.16{ m)) cos(0.42 m)

1

1
2520w
(78 cos(270.04) (cos(270.04) + 1 cos(2x 0)) + 160 cos(2x 0.04) cos(2 7 0) -

3cosidm0.04)=3cosidm )+ 75(1+ 1)Nsin(2x0.04) =
1 / (150 = 3 cosh(0) + 160 cosh(0) cosh((=0.08 i) 7) + 78 cosh{(-0.08 {) )
fO2520m
(cosh(0) + cosh((-0.08 i) m)) = 3 cosh((-0.16§) 7)) cos(0.42 1)
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1
'/
2520w

(78cos(2m0.04) (cos(2m0.04) + 1cos(2x0)) + 160 cos(27 0.04) cos(2 7 0) -
3cos(4x0.04)-3cos(4a0)+75(1+ 1sini270.04) =

1
—[1/ (150 — 3 cosh(®) + 160 cosh(0) coshi((-=0.08{) ) +
2520

78 cosh((—0.08 i) m) (cosh(0) + cosh((-0.08 {) m)) -
3cosh((-0.166) 7)) cos(D.SB:r]]

Series representations

1
'/
2520w

(78 cos(270.04) (cos(2a0.04) + 1cos(2x0)) + 160 cos(27 0.04) cos(Z2a 0) -
3cos(4dx0.04)-3cosi4 a0+ 75(1 + 1) sini2x 0.04) =

_[(125[};1]/”2(_ 13,* J1+zk[D.DBH]I]

k=0

o cos[% + 2g) ((0.16 = 2)* + (- 2zg)¥)

[-150+32 T -
~ k!

[ = cos( XX + zp) (0.08 7 — zg)* ]2
78 2 -

= k!
o -::+:Jr5[’Tﬂ + Zp) cc}s[ﬂ + 2p) (0.08 1 — 2p)*1 (—zp)*2 ]]]

280, 2T Tt

1
'/
2520w

(78cos(2x0.04) (cos(2m0.04) + 1cos(2x0)) + 160 cos(27 0.04) cos(2x 0) -
3cos(4x0.04)-3cos(4 a0+ 75(1 + 1) sin(2x 0.04) =

o (- l]lk D.D81+2k J'i'1+2k
~|(2520
[': Hj/”kz (1+2k)!

=0
kx

© cos(*Z + 2g) ((0.16 7 = zg)* + (- 2g)¥)
[— 150 + 3 Z 2 -
P k!

[ oo 4:4:}5[IH + 2p) (0.08 1 — zp)* ]2
78 -

2
k=0 k!
o cns[”ﬂ + 2p) cos[ﬂ + 2p) (0.08 7 — 2p)*1 (—zp)*2 ]]]

280, 0T Tt
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1
'/
2520w

(78 cos(270.04) (cos(2x0.04) + 1cos(2x00) + 160 cos(2 7 0.04) cos(270) -
3cos(4x0.04)-3cosi4 a0+ 75(1+ 1sini2x0.04) =

o © (1)K 034142k (_
1260 ~ 1 Jyo0.08m || 150 - 2
( :r}/[Lﬂu: Tkl m][ H,; T

NES 1)% 0.42142K (_ g2k © K 912k 2k
78 =3
: LZ (1+2k)! HZ (1+2k)! *

H]Zk

0 k=0
. Z Z (—1)¢17K2 g 4912k 9-1-2kz (_ 2Ky 42k ]]
P Tt (1+ 2k (1+2ky)!

Jy(z) is the Bessel function of the first kind

Integral representations

1
'/
2520w

(78 cos(27 0.04) (cos(270.04) + 1 cos(2x0)) + 160 cos(2 7 0.04) cos(2 7 0) -

3cos(4x0.04)-3cos(4a0)+ 75(1 + 1)) sin(2 7 0.04) =
(0.0016 72 /545
:IS]

ooky g b
(252404, i'J'r]/ J e —
=i sty 53"2'

*1 2 1
[921.4'?4 +° [j sin(D.DB:rt]dt] +j (=63.141 7sin(0.08 wt) +
0 0

D.QﬁlSSBJ’rSiH(D.lﬁHt]]l.:.!'t] N‘?] for y = 0

1
'/
25207

(78 cos(2m 0.04) (cos(2 7 0.04) + 1 cos(2x 0)) + 160 cos(2 7 0.04) cos(2 7 0) -
3cos(4m70.04) - 3cos(4mx0)+ 75(1+ 1))sin(270.04) =

5 - N+},f6.43??5 i3 Hl—zs I(s)
(252404.in }/ j 3 ds
—i coty r[i - S)

'1 2 '1
[921.4'?4 + [J sin(D.DB:rt]dt] +J (=63.141 7sin(0.08 wt) +
0 0

D.QﬁlSSanin(D.lﬁnm:tr]v’? for0 <y < 1
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1
'/
2520w

(78 cos(2 1 0.04) (cos(2m 0.04) + 1 cos(2xm 0)) + 160 cos(2 7 0.04) cos(2 7 0) —

3cosi4m0.04)-3cos(4m0)+75(1+ 1))sin(270.04) =
~(0.0016x%)/545

Yooty @ 0
[lﬁlE.SBfJ’r]/[[I T :IS] [1.923[}8 + 0.0384615 j” sinit)dt +
=i sty 5

z
“0.08 0. 16x
_In sinit)dt| + 0.0384615 jﬂ sinit) dt +
2 2

1 1 1
j j sin[im—ml)]sinmm.s—D.42tzn¢:tz¢n1]v’?] for y = 0
0 JO

Multiple-argument formulas

1
'/
2520w

(78 cos(270.04) (cos(2x0.04) + 1cos(2x00) + 160 cos(2x 0.04) cos(2x0) -
3 c0s(4 7 0.04) - 3 cos(4 x 0) + 75 (1 + 1)) sin(2.7 0.04) =
(6307) /(coS(0.04 ) (236 — 241 c0s°(0) + (-394 + 476 cos*(0)) cos”(0.04 ) +
156 cos*(0.04 ) — 3 cos*(0.08 7)) sin(0.04 7))

1
'/
2520w

(78 cos(2 0.04) (cos(2 7 0.04) + 1 cos(2 7 0)) + 160 cos(2 7 0.04) cos(2 7 0) —
3cos(4x0.04)-=3cos(4a0)+ 75(1 + 1)) sin(27 0.04) =
(6307) / (c0s(0.04 x) sin(0.04 x1) (230 — 235 sin°(0) +
(-394 + 476 5in°(0)) 5in°(0.04 ) + 156 5in*(0.04 ) + 3 5in°(0.08 )|

1
'/
2520w

(78 COS(2 7 0.04) (c0S(2 7 0.04) + 1€0OS(2 7 0)) + 160 cos(2 7 0.04) cOS(2 7 0) —
3cos(4x0.04)-3cosi4a0)+75(1+ 1sini2x0.04) =
~((1260 ) /((236 - 241 cos™(0) + (-394 + 476 cos (0)) cos*(0.04 x) +
156 cos”(0.04 ) — 3 cos”(0.08 1))
5in(0.0266667 1) (-3 + 4 sin*(0.0266667 1))
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From:

4
P _ﬂbfml & cos(2nq;) (4242 cos(4ngy) + 2855067 cos(dngy) + 20885067 + ST015€3 + 89166)
+ 60 cos(2ng,) (6[] 10€1 € cos(2nqy) cos(2nq;) + ]2?4512 cos(4nqy) + ]2?4&'22 cos(4dng-) + 2039 (612 + 622)]

+ 26 cos(2rgy) (2121 cos(drgy) — 9303¢; cos(4nqy) + 142756 cos(4nq,) + 33159¢] + 1044256 + 44583)

— 93036 cos(6mgqz)| sin(27 gy .

-1/(7761600Pi)
[cos(2Pi*0)((4242cos(4Pi*0.04)+28550c0s(4Pi*0.04)+208850+57015+89166))+60c
0s(2Pi*0.04)((6010cos(2Pi*0.04)cos(2Pi*0)+1274cos(4Pi*0.04)+1274cos(4Pi*0)+20
39(1+1))+2cos(2Pi*0.04)((2121cos(4Pi*0.04)-
9303co0s(4Pi*0.04)+14275c0s(4Pi*0)+33159+104425+44583))-
9303cos(6Pi*0)]sin(2Pi*0.04)

We dividing the expression and perform the calculations.

-1/(7761600Pi)
[383766.85+60c0s(2Pi*0.04)(6010c0s(2Pi*0.04)+1274c0s(4Pi*0.04)+1274+2039(1+
1))+2c0s(2Pi*0.04)190148.37-9303]sin(2Pi*0.04)

Input interpretation

~ —(383766.85 + 60 cos(2x < 0.04)
7761600x

(6010 cos(2x < 0.04) + 1274 cos(4 7 - 0.04) + 1274 + 2039(1 + 1)) +
2cos(2m - 0.04) - 190 148.37 - 9303) sin(2 7 ~ 0.04)

Result
~0.014860155301863911890676740463412642805770725175394527146101614

The study of this function provides the following representations:
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Alternative representations

1
7761600m
((383767. + 60 cos(2 7 0.04) (6010 cos(2 7 0.04) + 1274 cos(4 7 0.04) + 1274 +
2039(1+ 1)) + 2cos(2x 0.04) 190 148, - 9303) sin(2 7 0.04))

1
(=1)= ——— (374464, + 380297. cosh(0.08 i m) + 60 cosh(0.08i m)
7761600

(5352 + 6010 cosh(0.08 i m) + 1274 cosh(0.16{ ) cos{0.42 m)

1

7761600
((383767. + 60 cos(27 0.04) (6010 cos(2 7 0.04) + 1274 cos(4 7 0.04) + 1274 +
2039(1+ 1)+ 2cos(2x0.04) 190 148, — 9303) sin(2 7 0.04))

(=1} (374464. + 380297. cosh((-0.08{) m) + 60 cosh({-0.08{) m)

T 77616007
(5352 + 6010 cosh((=0.08 iy m) + 1274 cosh((=0.16i)m))) cos{0.58 m)

— ((383767. + 60 cos(2 7 0.04)
7761600

(6010 cos(2m 0.04) + 1274 cos(4 7 0.04) + 1274 + 2039 (1 + 1)) +
2cos(2r0.04) 190 148, — 9303) sin(2 7 0.04)) (- 1) =

~ — (374464, + 380297. cosh((-0.08 i) m) + 60 cosh((-0.08 i) m)
7761 600x

(5352 + 6010 cosh((-0.08 i) m) + 1274 coshi(-0.16{)m))) cos(0.42 m)
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Series representations

— ((383767. + 60 cosi2x7 0.04)
7761600

(6010 cos(2m0.04) + 1274 cos(d m 0.04) + 1274 + 2039 (1 + 1)) +
2cos(270.04) 190148, - 9303)sin(2 7 0.04))(-1) =

—~ — |374464. + 3680297 |Jp(0.08m) + 2 ~1)¥ T, (0.08m) |+
??516[}[111'[ 9 [u( m+2 ) (=1 Tl m]

k=1

60 [J.](D.DB ) +2 ) (-1 J2(0.08 :rj]
k=1

[5352 + 6010 [JQED.DBHJ +2 Z(- 1)* J5,(0.08 m] +

k=1
1+2k J'i'1+2k

- = (=1)* 0.08
1274 [ J0(0.16m +2 Y (= 1)F J2,(0.16
[ ol m) ;;[ ) Jagl HJ]]]I; 11201

— ({383 767. + 60 cos(2x7 0.04)
7761600

(6010 cos(2 7 0.04) + 1274 cos(4 m0.04) + 1274 + 2039 (1 + 1)) +
2cos5(270.04) 190148, - 9303) sin(2 7 0.04)) (- 1) =

[3?4454. +380297. [JQ.ED.DB T+ 2 Z(- 1)* J5,(0.08 n;] +

7761 600x =1

60 [J.](D.DB M) +2 ) (~1)" Jp(0.08 :rj]
k=1

[5352 + 6010 [J.].(D 081) + 2 Z ¥ 1540 DBHJ]

k=1

k E—I.TEEI: ( 2k

o] = —1 B
12?4[Jum.lﬁrri+EZ':_”RJ“(D'15HJ]]]Z | (2Kk)! .

k:]. k:']
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1
7761600
((383767. + 60 cos(27 0.04) (6010 cos(27 0.04) + 1274 cos(4 7 0.04) + 1274 +
2029(1+ 1))+ 2cos(270.04) 190 148, — 9303) sin(2 7 0.04))

1 = k
(~1) = - = 0.092919 [ 1.03845 (- 1) J1,2x(0.08 1) +
T k=0

o o k -5.05146k k
. (-1 e x°
S J1+2kan.nam] e ]Z

k=0

o o E—ljkl +ko E—Eﬂﬁlqﬁkz H-Zkz J1+Ek] ED.DBHJ
1.94514 Z TR +0.21198
(=1)k1+k2+ks o-5.05146kz-3.66516k3 2k 42k J1+zk,ED-DBHJ]

(2kg)! (2k3)!

Jyu(Z) is the Bessel function of the first kind

Multiple-argument formulas

— ((383767. + 60 cos(2 7 0.04)
7761600

(6010 cos(2m 0.04) + 1274 cos(d 7 0.04) + 1274 + 2030 (1 + 1)) +
2cos(2m70.04) 190148, - 9303)sin(2x7 0.04)) (- 1) =

1
~ = 0.371676 c05(0.04 x) (0.0763222 + cos"(0.04 ) - 0.10599 cos”(0.08 1) +
m

€05°(0.04 1) (~0.133421 + 0.21198 cos*(0.08 1)) sin(0.04 )

1

7761600x
((383767. + 60cos(2 7 0.04) (6010 cos(2 7 0.04) + 1274 cos(4 7 0.04) + 1274 +

2039 (1 + 1)) + 2cos(27 0.04) 190 148. - 9303) sin(2 7 0.04))

1
(=1) = —— 0.371676 cos(0.04 ) sin(0.04 m) [1.[14889 + 51[14([}.[]4 Ty =
n

0.10599 5in*(0.08 1) + sin*(0.04 1) (- 2.07856 + 0.21198 5in”(0.08 1))
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1

7761600
((383767. + 60 cos(2m0.04) (6010 cos(270.04) + 1274 cos(4 7 0.04) + 1274 +

2039 (1 + 1)) + 2cos(27 0.04) 190 148. - 9303) sin(2 7 0.04))

1
(-1) = = 0.743352(0.0763222 + cos (0.04 ) — 0.10599 cos”(0.08 x) +
Fi

cos”(0.04 ) (~0.133421 + 0.21198 cos’(

(- 0.75 5in(0.0266667 x1) + sin*(0.0266667 )|

0.08 )

Inverting:

1/((-1/(7761600Pi)
[383766.85+60c0s(2Pi*0.04)(6010c0s(2Pi*0.04)+1274c0s(4Pi*0.04)+1274+2039(1+
1))+2c0s(2Pi*0.04)190148.37-9303]sin(2Pi*0.04)))

Input interpretation

1
—[l / ——————(383766.85 + 60 cos(2 7~ 0.04)
[ 7761600x

(6010 cos(2m ~0.04) + 1274 cos(4 - 0.04) + 1274 + 2039 (1 + 1)) +
2cos(2m0.04) < 190 148.37 - 9303) sin(2 7 D.D4J]

Result
—67.29404771931083548529320823775103317161339438008474603081224064

The study of this function provides the following representations:

Alternative representations

1
1) ——
[ 7761600
(283767, + 60 cos(2 7 0.04) (6010 cos(2 7 0.04) + 1274 cosi4 7 0.04) + 1274 +

2039 (14 1))+ 2cos(270.04) 190 148. — 9303) sin(2 7 0.04))

[ (374464, + 380297, cosh(0.08 i m) + 60 cosh(0.08 i m)

~1) = —[1 —
: / 77616001
(5352 + 6010 cosh(0.08 i ) + 1274 cosh(0.16 i 1)) cosm.42n3]
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1/— ((383767. + 60 cos(270.04)
7761600 x

(6010 cos(27 0.04) + 1274 cos(4 7 0.04) + 1274 + 2029 (1 + 1)) +
2c0os(2m0.04) 190148, - 9303) sin(27 0.04)) (-1) =
1/ —— (374 464, + 380 297. cosh({-0.08 i) m) + 60 cosh((-0.08 i) m)
7761 600
(5352 + 6010 cosh((-0.08 i) m) + 1274 cosh((-0.16 ) m))) cos(0.58 m)

1/ ———— ((383767. + 60 cos(2 7 0.04)
7761600

(6010 cos(2 7 0.04) + 1274 cos(4 7 0.04) + 1274 + 20239 (1 + 1)) +
2c0os(2m0.04) 190148, - 9303) sin(2 7 0.04)) (-1) =

—[1/ — (374 464. + 380 297. cosh{(- 0.08 i) m) + 60 cosh((-0.08 i) m)
7761 600x

(5352 + 6010 cosh((-0.08 i) m) + 1274 cosh((-0.16 ) m))) cos(0.42 J'r]l]

Series representations

1
1 .
/??51 600
((383767. + 60 cos(270.04) (6010 cos(27 0.04) + 1274 cos(4 7 0.04) + 1274 +
2039 (1 + 1))+ 2cos(270.04) 190 148. — 9303) sin(2 7 0.04))

(-1) = —[(10.?521 nj/[LZ(—l}" thkm.nam] [1.93545 +

=0

o ':_ l]lk f—5.1]51445k R_Zk o (_ lllk f—5.05146k H‘Zk
1.94514 + +
; (2k)! ; (2k)!

o o _qykitks ,-505146k;-366516Kk; 1 2k; 42Kz
(Z2k1)!(2k)!
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1
'/ rei6007
7761600m
((383767. + 60 cos(270.04) (6010 cos(27 0.04) + 1274 cos(4 7 0.04) + 1274 +

2039(1+ 1)) + 2 cos(27 0.04) 190 148. — 9203) sin(2x 0.04))

(—1)% 0.081+2k 7142k
(—=1)=—|(21. 5241H]/L L+ 2k ] 1.03845 +
+2k)!

o I:—l:lk f—E.l]El-qﬁk R‘Zk el [:—ljlk f—E.ﬂEl%k H’Zk
1.94514 Z o + Z oo +

k=0 o
o o0 -1 Icl +k2 —5.ﬂ5146k|—3.66516k2 J’!’Zk] +2k2
0.21198 Z E (=1
K1 =0k7=0 (2k1)!(2ko)!

1
1 _—
/??51 600 7
((383767. + 60 cos(2m0.04) (6010 cos(2m0.04) + 1274 cos(4 7 0.04) + 1274 +
2039(1+ 1)) + 2cos(27 0.04) 190 148. — 9303) sin(2 7 0.04))

(-1) = [(su ?592::}/[L 1% J1,2x(0. Dam]
0

© 14k 0.apl2k (L g2k
4.393?9+9.1?5D4HZ( ) (=n)
“ (1+2k)!

© 19k 0.a2142K (2K
4.71743 1 Z( ) S
(1+2k)!

D)

(— 1::Ikl+k2 0. 341+2k] D.421+2.k2 I:—H']Zk] +2kg
ky =0k =0 (1+2k)M(1+ 2ky)!

Jyu(Z) is the Bessel function of the first kind
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Integral representations

1
1 _—
/??51 600
((383767. + 60 cos(270.04) (6010 cos(2r 0.04) + 1274 cos(4 7 0.04) + 1274 +

2039(1+ 1)) + 2cos(270.04) 190 148. — 9303) sin(2.7 0.04))
-(0.00167% )/545
.:.!'S]

(-1 (1076.21 ]/ inNWE
-1 =- 2lim _—
=i sty 53"'2'

0,08 x 008 x
1.03845—1.94514j sin(tydt + jﬂ sin(t)ydt| +

I
2 2

SRS
j j sin(m (0.5 = 0.42 1)) sin(7 (0.5 = 0.34 t9)) dto .:.!'tl]
o Jo

Ao

1
1 _—
/??51 600
((383767. + 60 cos(270.04) (6010 cos(2r 0.04) + 1274 cos(4 7 0.04) + 1274 +
2039(1+ 1)) + 2cos(2 7 0.04) 190 148. - 9303) sin(2 7 0.04))

o, 'im+}r.f-6'43”55;r1_251"(5]
(-1) = -|{1076.21ix }/ j 3 ds
—i cady 1_'[5 - S}

0,08 x 008 x
1.03845—1.94514j sin(tydt + jﬂ sin(t)ydt| +

I
2

2

SRS
j j sin(m (0.5 = 0.42 1)) sin(7 (0.5 = 0.34 t9)) dto .:.!'tl]
o Jo
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1
'/ rer6007
7761600m
((383767. + 60 cos(270.04) (6010 cos(27 0.04) + 1274 cos(4 7 0.04) + 1274 +

20239(1+ 1))+ 2cos(2x0.04) 190148, - 9303) sin(2 7 0.04))

[ [[ i ooty @ {uumef?], 545
(=1) = -|(168157.im) j — o ds
=i caty

[555 557 - 51. 954;?] sin(0.08 wt) dt +
0

*1 2 ’1
7 [j sin(D.DBntjdt] - 5.2995?!’] sin(0.16xt) dt +
0 0

*1 1
j j sin(D.DBHtljsin(D.lﬁrrtzjdtzdtl]\f;r]] for v = 0
0 J0

Multiple-argument formulas

1/— ((383767. + 60 cos(270.04)
7761600r

(6010 cos(2m 0.04) + 1274 cos(4 7 0.04) + 1274 + 2030 (1 + 1)) +
2cos(2 7 0.04) 190148. — 9303) sin(27 0.04)) (- 1) =
~((2.69052 1) / (c0s(0.04 ) (0.0763222 + cos(0.04 x1) - 0.10599 cos”(0.08 x) +

c0s(0.04 ) (-0.133421 + 0.21198 cos”(0.08 x)) ) sin(0.04 1))

1/ ——— ((383767. + 60 cos(27 0.04)
77616007

(6010 cos(2 7 0.04) + 1274 cos(4 7 0.04) + 1274 + 2039 (1 + 1)) +
2cos(2 7 0.04) 190148. - 9303) sin(270.04)) (- 1) =
~((2.69052 1) / (c0s(0.04 ) sin(0.04 1) (1.04889 + sin*(0.04 1) - 0.10599

sin®(0.08 7) + sin”(0.04 x) (-2.07856 + 0.21198 sin*(0.08 m)))))

1
'/ 7er6007
7761600m
((383767. + 60 cos(270.04) (6010 cos(27 0.04) + 1274 cos(4 7 0.04) + 1274 +

2039 (1 + 1)) + 2cos(27 0.04) 190 148. — 9303) sin(2 7 0.04))
(1) = (1.34526 1) /((0.0763222 + cos”(0.04 x) ~ 0.10599 cos”(0.08 1) +

c0s°(0.04 ) (—0.133421 + 0.21198 cos™(0.08 7))
(~0.75 5in(0.0266667 ) + sin’(0.0266667 1))
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From the analysis of the following final equation:

5

(3
P — m 895050 cos(4rq,) (1 81296¢; & cos(2mqy ) cos(2ng,) + 41637 (gf + 522))

+ 5602261 379[)(]6%62 cos(27qy) cos(dnqy) cos(2rq;) + 560226137900¢ 622 cos(2rq,) cos(2ngy) cos(4nq;)

+ 59442376851 (]e|3 cos(2nqy,) cos(2ng,) — 18642271 230€13 cos(2rg,) cos(6rgy)

+ 57401 651835e% cos(4m(gy — g,)) + 57401651 835&% cos(4m(g, + ¢,)) + 1006179766020¢ e% cos(2mg,) cos(2rgy)

+ 106526974554 € cos(2ng,) cos(2rg,) — 6828912090€ cos(6mq, ) cos(2mg,) + 10061 7976602[]6%@ cos(2mg,) cos(2ng.)

+ 57401651 835&‘% cos(4n(g. — g;)) + 59442376851 Oe'g cos(2rgy) cos(2ng,) — 18642271 2306; cos(2mqy ) cos(6mq;)
+ 57401651 835&‘% cos(4n(q, + g-)) + 1065269745546 cos(2rg, ) cos(2rg.) — 6828912090e; cos(brg,) cos(2rg:)
+ 4665903385026 cos(dn(gy — ;) + 4665903385062 € cos(dn(gy + g.)) + 3031688662006 & cos(2rgy) cos(2ng;)

— 543581766008 & cos(67q,) cos(27g.) + 503168866200¢ &5 cos(27gy) cos(2rq,) — 54358176600¢ & cos(2rqy) cos(6xq;)

+877320054000€1 & cos(27gy) cos(2ng.) + 1157097169806 € cos(4rgy) — 35064073044€, cos(dngy)

— 1607701095¢€] cos(8mg,) + 241408089450€] cos(4ngy) + 1157097169806 € cos(4ng,) — 350640730445 cos(dng;)

+241408089450€3 cos(4ng,) — 16077010955 cos(8xq,)
+ 546975 (€] (940700€] + 443038) + 171043¢{ + 21&7 (8145€; + 21098))| sin(27 ) .

We divide the expression as above and perform the calculations

1/(36793476720000Pi)
Input

1
36793476720000

Decimal approximation

8.6512587164877924463173027032447485454405106699825049176634 . ..

lD—lE

895050 cos(4Pi*0.04) (181296* cos(2Pi*0.04)+
41657(1+1))+560226137900c0s(2Pi*0.04) cos(4Pi*0.04) +
560226137900c0s(2Pi*0.04) cos(2Pi*0.04)

Input
895050 cos(4 7+ 0.04) (181296 cos(27 < 0.04) + 41657 (1 + 1)) +
560226137 900 cos(2 7~ 0.04) cos(4 7+ 0.04) +

560226137 900 cos(2 m ~ 0.04) cos(2m » 0.04)
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Result
1.204161... % 1012

594423768510c0s(2Pi*0.04) cos(2Pi*0.04)-18642271230c0s(2Pi*0.04)
cos(6Pi*0.04)+57401651835c0s(4Pi(0.04-0.04)) + 57401651835c0s(4Pi(0.04+0.04))
+ 1006179766020c0s(2Pi*0.04) cos(2Pi*0.04)

Input
5904423768510 cos(2 7 < 0.04) cos(27 < 0.04) -
(18642271 230 cos(2 & « 0.04)) cos(6 < 0.04) +

57401651 835 cos(4 7(0.04 - 0.04)) + 57401651 835 cosi4 7 (0.04 + 0.04)) +
1006179 766020 cos(2x ~ 0.04) cos(2m ~ 0.04)

Result
1.576608... x 1012

106526974554c0s(2Pi*0.04) cos(2Pi*0.04)-6828912090c0s(6Pi*0.04) cos(2Pi*0.04)
+ 1006179766020 cos(2Pi*0.04)

Input

106526974554 cos(2m < 0.04) cos(2x < 0.04) -
(6828912090 cos(bm < 0.04)) cos(2 7 0.04) + 1006179 766020 cos(2x  0.04)

Result
1.069686... x 1012
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57401651835c0s(4Pi(0.04-0.04)) + 594423768510 cos(2Pi*0.04)-18642271230
cos(2Pi*0.04)

Input

57401651835 cos(4 7(0.04 - 0.04)) +
594423768510 cos(2m « 0.04) - 18642271 230 cos(2m ~ 0.04)

Result
6.150939... x 101!

57401651835 cos(4Pi(0.04+0.04)) + 106526974554 cos(2Pi*0.04) -
6828912090c0s(6Pi*0.04)+46659033850c0s(4Pi(0.04-0.04)) + 46659033850
cos(4Pi(0.04+0.04)) + 503168866200c0s(2Pi*0.04)

Input

57401651835 cos(4 7(0.04 + 0.04)) + 106526974554 cos(2 7~ 0.04) —
6828912090 cos(bm « 0.04) + 46659033 850 cos(4 7 (0.04 - 0.04)) +
46659033 850 cos(4 7 (0.04 + 0.04)) + 503 168 866 200 cos(2 7~ 0.04)

Result
6.879806... x 1011

-54358176600c0s(6Pi*0.04) + 503168866200 cos(2Pi*0.04) -
54358176600c0s(2Pi*0.04)+ 877320054000 cos(2Pi*0.04) + 115709716980
cos(4Pi*0.04) - 35064073044cos(4Pi*0.04)

Input

~54358176600 cos(6x ~ 0.04) + 503 168 866 200 cos(2Z 7 ~ 0.04) -
54358176 600 cos(2m < 0.04) + 877 320054 000 cos(2x < 0.04) +
115709716 980 cos(4 7« 0.04) — 35064073 044 cos(4 r - 0.04)

Result
1.315513... x 1012
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-1607701095 cos(8Pi*0.04) + 241408089450 cos(4Pi*0.04) + 115709716980 -
35064073044+ 241408089450~ 1607701095+ 546975 (940700+ 443058) + 171045 +
21 (8145+ 21098)

Input

~1607701095 cos(8 r - 0.04) + 241408089450 cos(4 7~ 0.04) +
115709716 980 - 35064073 044 + 241 408 089 450 — 1607 701 095 +
546975 (940700 + 443058) + 171045 + 21 (8145 + 21098)

Result
1.288014... x 1012

Now, from the all results of the various expressions that we have obtained, after some
calculations, we obtain, in conclusion:

1/(36793476720000Pi)
[1.204161*10712+1.576608*10"12+1.069686*1012+6.150939*10711+6.879806*1
0711+1.315513*10712+1.288014*10712] (sin(2Pi*0.04))

Input interpretation

1

36793476 720000 x
(1.204161 - 10" + 1.576608 - 10" + 1.069686 - 10'* + 6.150939 - 10" +

6.879806 - 10" + 1.315513 - 10" + 1.288014 - 10'%) sin(2 7 ~ 0.04)

Result
0.0166891562163187599389748035180570895875388601307184853591760420

Inverting:

1/((1/(36793476720000Pi)
[1.204161*1072+1.576608*10"12+1.069686*10°12+6.150939*10"11+6.879806*1
0711+1.315513*10712+1.288014*10712] (sin(2Pi*0.04))))
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Input interpretation

1
1
/ \36793476720000 x

(1.204161 - 10'* + 1.576608 - 10" + 1.069686 - 10'% + 6.150939 - 10" +

6.879806 - 10'' + 1.315513 - 10" + 1.288014 - 10"%)sin(2x D.D4J]

Result
59.9191...

From the following algebraic sum of the various above results, we obtain:
25.2651 - 59.8928 + 71.0471372 - 67.294047719 + 59.9191 = 29.044489481
and

(25.2651 + 59.8928 + 71.0471372 + 67.294047719 + 59.9191) = 283.418184919
Subtracting the two sums (considering in GeV and converting in Kg), we obtain:

((((25.2651 + 59.8928 + 71.0471372 + 67.294047719 + 59.9191)-(25.2651 -
59.8928 + 71.0471372 - 67.294047719 + 59.9191)))) GeV = kg

Input interpretation
convert ( ( 25.2651 + 59.8928 + 71.0471372 + 67.294047719 + 59.9191 ) -
(25.2651 - 59.8928 + 71.0471372 - 67.294047719 + 59.9191 )
) GeVic” to kilograms

Result
45346 10 > kg
4.5346*10% kg result that is very near to the value of the possible mass of a DM

particle equal to 250 GeV = 4.457x10™ kg
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Furthermore, from the first sum, we obtain also:

47/(25.2651 - 59.8928 + 71.0471372 - 67.294047719 + 59.9191)
where 47 is a Lucas number

Input interpretation

47
25.2651 = 59.8928 + 71.0471372 - 67.294047719 + 59.9191

Result
1.6182071311925084960662731367772599204667700731620237770086629259

1.6182071311925..... result that is a very good approximation to the value of the
golden ratio 1.618033988749...
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Mathematical connections with some sectors of String Theory

Observations

We note that, from the number 8, we obtain as follows:

82.

64

8" «2<8

1024

8 = 2

True
g* = 4096

g% 2° = 4096

=2x8

True

213 — 8192

2 g*=g192

We notice how from the numbers 8 and 2 we get 64, 1024, 4096 and 8192, and that 8
is the fundamental number. In fact 8° = 64, 8* = 512, 8* = 4096. We define it
"fundamental number", since 8 is a Fibonacci number, which by rule, divided by the
previous one, which is 5, gives 1.6 , a value that tends to the golden ratio, as for all
numbers in the Fibonacci sequence
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“Golden” Range

16314838
7(2)

4y ca oy
¢ mean 4118427

16 1.618034 1.64493 1.65578 1.673

Finally we note how 8% = 64, multiplied by 27, to which we add 1, is equal to 1729,
the so-called "Hardy-Ramanujan number". Then taking the 15th root of 1729, we
obtain a value close to {(2) that 1.6438 ..., which, in turn, 1s included in the range of
what we call "golden numbers". Furthermore for all the results very near to 1728 or
1729, adding 64 = 8% one obtain values about equal to 1792 or 1793. These are
values almost equal to the Planck multipole spectrum frequency 1792.35 and to the
hypothetical Gluino mass

Appendix

Outlook

Remarkably rich (apparently UNIQUE) framework

BUT :

Why a given “shape” of the extra dimensions ?
[CRUCIAL, it determines the predictions for «, ...]

A. Sagnotti — AstronomiAmo, 23.4.2020 21

From: A. Sagnotti — AstronomiAmo, 23.04.2020
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In the above figure, it is said that: “why a given shape of the extra dimensions?
Crucial, it determines the predictions for a”.

We propose that whatever shape the compactified dimensions are, their geometry
must be based on the values of the golden ratio and {(2), (the latter connected to 1728
or 1729, whose fifteenth root provides an excellent approximation to the above
mentioned value) which are recurrent as solutions of the equations that we are going
to develop. It is important to specify that the initial conditions are always values
belonging to a fundamental chapter of the work of S. Ramanujan "Modular equations
and Appoximations to Pi" (see references). These values are some multiples of 8 (64
and 4096), 276, which added to 4096, is equal to 4372, and finally e*?

We have, in certain cases, the following connections:

String Theory
Energy scale (Quantum Gravity)
-y
J
Set of consistent low-
energy effective
Quantum Field Theories

%)Ia nd

Fig. 1

The String Theory “Landscape”

- Graph axes show only 2 out of hundreds of parameters
(“moduli”) that determine the exact Calabi-Yau manifolds and
how strings wrap around them

Potential
energy
density

- Each pointon
the Landscap_e 2 %6-
represents a single %, AL
Universe with a particular % "%
Calabi-Yau manifold and set
of string wrapping modes for its
compactified dimensions

- Each Universe could be realized in a separate post-inflation “bubble”

Fig. 2
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J" .\‘ﬂ LT

Fig. 3

Stringscape - a small part of the string-theory landscape showing the new de Sitter solution as a local
minimum of the energy (vertical axis). The global minimum occurs at the infinite size of the extra
dimensions on the extreme right of the figure.

Figure 2. Lines in the complex plane where the Riemann zeta
function ( is real (green) depicted on a relief representing the
positive absolute value of { for arguments s = ¢ + ir where the real
part of ¢ is positive, and the negative absolute value of { where the
real part of ( is negative. This representation brings out most clearly
that the lines of constant phase corresponding to phases of integer
multiples of 27 run down the hills on the left-hand side, tum around
on the right and terminate in the non-trivial zeros. This pattern
repeats itself infinitely many times. The points of arrival and
departure on the right-hand side of the picture are equally spaced and
given by equation (11).

Fig. 4
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With regard the Fig. 4 the points of arrival and departure on the right-hand side of the
picture are equally spaced and given by the following equation:

withk= ..., -2, —1.0,1,2....

we obtain:
2Pi/(In(2))

Input:

log(2)

Exact result:

2m
log(2)

Decimal approximation:
9.0647202836543876192553658914333336203437229354475911683720330958

9.06472028365....

The study of this function provides the following representations:

Alternative representations:

27 2m
log(2) B log,(2)
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2m B 2m
log(2) B log(a) log,(2)

2m 2m
log(2)  2coth 1(3)

Series representations:

2m 2m )
= or x .

l{}gEEJ , arg(2-x) o {-1:,"-' {2.—_r:|k K

20| - 3,
2m 2m
log(2) B arg(2-zq) 1 o (=1F 2oz

log(zp) + [—u—zﬂ | [log[ E] + log(zﬂj] - Zhl —”—k
2m 2m
log(2) N :r—arn{L]—arD{zg] (<1 2oz ik

, & N & o - — ﬂ:' T
2:;:{ o +lﬂg(zuj—zk 1—”—k

Integral representations:

2 2
log(2) ;2 Lat
s

2 4in*

log(2) J'I'N+}r ri-5)° riles fs
=i oty ril-s ‘
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From which:

(2Pi/(In(2)))*(1/12 7 log(2))

Input:

(2 dl ][E-HIDEEJ
log(2) /' 12 8

Exact result:

JTZ

6

Decimal approximation:

logix) is the natural logarithm

1.6449340668482264364724151666460251892189499012067984377355562293

2
1.6449340668.... = {(2) = =

o= 1.644934 ...
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From:

Modular equations and approximations to m - Srinivasa Ramanujan
Quiarterly Journal of Mathematics, XLV, 1914, 350 — 372

We have that:

Hence
6402 = V2 _ 2442760 VE _ ...
649724 = 4096~V 4 ...
so that
64(gas + g ) = €™V 24 1 4372 VE 4 = 64{(1 +V2)2 + (1 - VD))
Hence
e™VZ — 2508051.9982. . ..
Again
Gar = (6 + V311,
6462 = VI 1944 976 VI 1.
64G72* = 4006eV37
so that
64(G2E + G32) = ™3 4+ 24 + 4372V ... = 64{(6 + V3T)® + (6 — V3T)S).
Hence

™3 — 100148647.990078 . .. .

5+ +/29
958 = 5 s

Similarly, from

we obtain
54V (5—v@\
64(g2t + g2 = VB 24 4 4372V L = 64{ ( +2 ) + (a — ) } .

Henee

¢™® _ 94501957751.99909982 . . . .
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We note that, with regard 4372, we can to obtain the following results:
27((4372)"1/2-2-1/2((N(10-2V5) -2)U(5-D)))+o

Input

1 Vi10-2+5 -2
2?[\!43? -2- ]+i_i?

V5 -1

& is the golden ratio

Result

Y10-2+5 -2
¢+2?[—2+2V 1093 - ]

2(Vs -1

Decimal approximation
1729.0526944170905625170637208637148763684189306538457854815447023
1729.0526944....

This result is very near to the mass of candidate glueball fy,(1710) scalar meson.
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic
curve. (1728 = 8* * 3% The number 1728 is one less than the Hardy—Ramanujan
number 1729 (taxicab number)

The study of this function provides the following representations:

Alternate forms

é[-z;*,fs[m-zv’?] +58v5 +432v1093 - 27,/ 2(5-V5) —3?4]

27 ,
¢ - 54 + 541093 +I[l+ V5 - [2(5+ ﬁ)]
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2:»*[%.,f 10-2vV5 - 2]
2(vV'5 - 1)

@ — 54 + 54+ 1093 -

Minimal polynomial

256 x° + 95744 x” — 3248750080 x° -
914210725504 X~ + 15498355554 921 184 x~ +
2911478 392539914 656 X° — 32041 144 911 224677091 680 X~ —
3092528 914069 760354 714456 X + 26320050 609 744 039 027 169013 041

Expanded forms

187 29V5 27 27
-t +54v’1093—g'\f1n—2v’_—E,/E[m—zﬁj

4

107 5 27 27 10-2v5
- — +54v1093 + -
22 Vi-1  2(V5-1)

Series representations

\,|'1D 2v5 -2
27|y 4372 -2 - ]
5—1

[152-193»*109 —2¢—1Daﬁ24"‘[ ]+

s
2?\{?3"[ ]9 2vs) ] [1”’_24“‘[%]]]

Eall SR

116



2?[@43?2 o 10-2v5 _2]+dr

(V5 -1)2

[152— 1081003 - 24— 108 V4
(—-]" [—

tul-—- es
-_r'

.r'_‘-\.

|i=i

"-n_-'

ol
.-'_H.

[

-_-"

ke

108V 1093 v 4 i
k=0

z?-\/aTi_ ‘1[9 2vs)* ]/

0
k

) t—;.u]]

e

2?[#43?2 _2-- 10-2v5 _2]+

(Vs -1)2

@ (- (=2), (5-20) zg"
162 - 108V 1093 — 24 — IDB"JZ.]Z P +
o (=1)F (- ] (5 — 20)¥ z5*
108 v 1093 vz, E P +
— [—-‘J (5 - 20)* 25"
z.
20 2“; k! -

{; skl _ \,-'—_ k -k

[ [ 1+w..'"¥z [ ]kTE Zp)" Zg ]]

If\-'lll—'k'

Or:

27((4096+276)"1/2-2-1/2((N(10-2V5) -2)U(N5-1))))+o
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Input

27

1 Vi10-2+5 -2
v 4096 + 276 -2-~ = ]+¢5
5 -1

¢ is the golden ratio

Result

i+ ZTI—2+ 2y 1093 -

V10-2+v5 -2
2(V5 1)

Decimal approximation
1729.0526944170905625170637208637148763684189306538457854815447023

1729.0526944.... as above
The study of this function provides the following representations:

Alternate forms

él—z?,f'E[m—zv'?] +58V5 +432v1093 -27,(2(5-V5) —3?4]
¢ - 54 + 54 V1093 +§I1+ Vs - [2(5+ \Ej]
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2:»*[%.,f 10-2vV5 - 2]
2(vV'5 - 1)

¢ — 54 + 5441093 —

Minimal polynomial

256 x" + 95744 x” —~ 3248750080 x° -
914210725504 X~ + 15498355554 921184 x" +
2011478 392530914656 x° — 32041 144 911 224677091 680 x* —
3002528 014069 760354 714456 x + 26320050 609 744 039 027 169013 041

Expanded forms

187 29V5 27 27
-— +54¢1093—E-¢1n—2v’_—E,/sim—zﬁj

4 4

107 s 27 27V 10-2v5

—— 4+ — + 544 1093 +
2 2 Vs -1 2(V5 -1

Series representations

V10-2vs5 -2

27|V 4006 + 276 - 2 - +é=
(Vs -1)2
o0 1
162 — 108 V' 109 —2¢-1DBHZ4“‘[2]+

k

k=0

1

108V 1093 V4 i4“‘[£]+ 20V 4 isz[i]_
k0 k k=0 k 1
b oo )
ko \ K k=0 k
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Y10-2+5 -2
2?[%*409&2?5—2— ]+¢=

(Vs -1)2
[ [ l]k[_;j}k
162 - 108 v/ 109 —2m—1naw’_2—+
k=0
- (—l]" —ll -3 -D
108V1093 V4 ) ———— +2m’_2—_
k=0
o (-1 9-245
27V 9-2Vs5 ) [ 2 *) ]/
= k!
11
[ [_14‘-\;—2( 4] [ }k]]
2?[1#'4[}96-#2?6—2—. 10-2v5 _2]+¢:
(Vs -1)2
- k vk ok
[152—1Dw 109 —zm—mau’z_ﬂzi Rl }";TS ol % +
o !
o [ lllk[ é] —Zg Fc
108 v 1093 ﬁz P +
w (—1)F 1 — z)* 25
zm’ﬁz [ }"kt ° _

ZTEZ D (= 2), [mktzﬁ—z.]} " ]/

oo (_1].‘( [_ l} [:5 _ Z']::Ik z—k
[2[—1+ﬁz 2 T 2
b k!

for (not (zpeR and —s= < zp = 0))
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From which:
(27((4372)71/2-2-1/2((N(10-2N5) -2)U((V5-1)))+e) 1/15

Input

1
15| 27 (v 4372 =2 - —
2 V5 -1

Yy10-245 —E]M

¢ is the golden ratio

Exact result

1%.;.” 27

Decimal approximation
1.6438185685849862799902301317036810054185756873505184804834183124

=2+2v 1093 -

V10-245 -2
2(Vs -1

2
1.64381856858..... = {(2) == = 1.644934 ..

The study of this function provides the following representations:

Alternate forms

2?(-\# 10-2V5 —2]

2(v5 -1)

15| ¢ — 54 + 54 v/ 1093 —

1

2(vV5 -1)
15 . o o f .
\ 166-108V5 -108V'1093 +108V5465 -27,[ 2(5-V5 )
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oot of 256 x% + 95 744 x7 — 3248750080 x® — 914210725504 x° +
15498355554921 184 x* + 2911478392539914656 x° -
. 32041144911 224677091 680x° — 3 092528914069 760 354 714456 x +
26320050 609744039027 160013041 near x = 1729.05

Minimal polynomial

256 x'%° + 95744 x'™ _ 3248750080 x*° -
914210725504 x° + 15498355554 921 184 x* +
2911478 392539914656 x ™ — 32941144 911224677091 680 x°° —
3092528 914069 760 354 714456 x> + 26320050 609 744 039 027 169013 041

Expanded forms

V10-2+5 -2

2(Vs 1)

1
15 5[1+~q’§)+2? ~24241093 -

187 2945 27 27
1 N +54V109 —E'ND—EF—E\/E[N-EEJ

4 4

All 15th roots of ¢ + 27 (-2 + 2 sqrt(1093) - (sqrt(10 - 2 sqrt(5)) - 2)/(2 (sqrt(5) -
1))

V10-245 -2

2(Vs -1

ED 15+ 27 | =2+ 2V 1093 - ] 2= 1.64382 [real. principal root)

y10-2v5 -2

2(v's -1
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10-2v5 -
2(vV's -1

. : 2
IS . ¢+z?[—2+2~.!199 - ]:1.099%1.2215;‘

V10-2+5 -2

21 15l g 4 27 [—z+zv’109 -

] = (0.5080 + 1.5634 i

2(vVs -1)
. Vv10-2+5 -2
B e g o7 2 4 241003 - ~-0.17183 + 1.63481 i
2(Vs -1)

Series representations

Jﬁ_]

V5 -1)2

15 2’.?["\.' 4372 -2 -

V2

mlﬁz— 108 V1093 - 26 - msﬁer" [% ]+ 108 V1093 V4
% —k
Nat [z]+2m’_24 [k] 27V 9-2v5

ki[%]? 2Vs) ]/[—1+ﬁ§4"‘[%]]]“(1;15}]

k=0
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o [V 1
”[15240&’109 —2‘-*—1”3“*"?2(4]];{#*

108 v 1093 v’_zu zmu’_zﬁ_

m.;n" [92»’_) ]/

V10-245 —z]+

15 2?[?43?2 -2- [ﬁ_l}z

5

27V 9-2v5 Z
[_1“5 i(_ﬂk#]]“mm]

T

15 2’.?["'# 4372 <

“1F (- 1), (520 25"
162 - 108V 1093 —2¢ - 108V zg Z

V2 k!

o (—1)F (- ],CI:S—zm“ zg"
108 V1093 V zp Z o +

(-1 [—l) (5 - 20) 75"
2 'k
MV’E; k! N

o (<1 (- 1), (10-2V5 - 50)° 75"

27z ; o /

o (1% (=1) (5 - zg)¥ ¥
“14vVz ) Zkkr ® 1~ as1s)
k=0 ’

for (not (zgeR and —ec < zp < |

Integral representation

[iooty DsIF=a=s) 4

a =i oty 75 ) )

(1+z) = for (0 = leia) and |ary
20 T(-m
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From:

An Update on Brane Supersymmetry Breaking
J. Mourad and A. Sagnotti - arXiv:1711.11494v1 [hep-th] 30 Nov 2017

From the following vacuum equations:

olp) 12
. .:j.l‘;"' h ! - \ 7 a (J): N
Tf’?f'e = —_ E 0_2["’5_}3}1‘:——23}_ @
YE

YE

: 2 3\P! Caa_ oy 0 ale)
B2 (P I )c 2(8—p)C+28" ¢

16k e=2¢ =
(7T — p)
(A = ke 4 e T —p+ 2'3?) e~ 2B-PC+267 ¢
16(p + 1) ! YE

we have obtained, from the results almost equals of the equations, putting

4096« '* instead of

() |
e—26-pC+28 ¢

a new possible mathematical connection between the two exponentials. Thence, also
the values concerning p, C, Sz and ¢ correspond to the exponents of e (i.e. of exp).
Thence we obtain for p =5 and S = 1/2:

e 700+ = 4096 VIE

Therefore, with respect to the exponentials of the vacuum equations, the Ramanujan’s
exponential has a coefficient of 4096 which is equal to 64%, while -6C+¢ is equal to -

v/ 18. From this it follows that it is possible to establish mathematically, the dilaton
value.

125



For

exp((-Pi*sqrt(18)) we obtain:

Input:
Exp[—}T J'E]
Exact result:
f—3 '-.-"E m

Decimal approximation:

1.6272016226072509292942156739117979541838581136954016... x 107°

1.6272016... * 10

The study of this function provides the following representations:

Property:

342 .
¢ %< Tigatranscendental number

Series representations:

= o k(12
— o 17 7 7Rt
-y 18 TV 1T B Illk]
£ =g

VIR _ exp|-my 17 Z‘ AR YA T

L
-y 18 2
e TV = exp|-
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Now, we have the following calculations:

e~0C+® = 4096¢ V18

™18 = 1.6272016... * 1076
from which:

1

—— e 0C+® = 1,6272016... * 107-6
4096

0.000244140625 ¢ ~6C+¢ = ¢~mV18 = 1 6272016... * 10"-6

Now:

1n(e-ﬂm) — —13.328648814475 = —1\/18

And:

(1.6272016* 10”-6) *1/ (0.000244140625)

Input interpretation:

1.6272016 1
105 0.000244140625

Result:

0.0066650177536
0.006665017...
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Thence:

0.000244140625 ¢ ~6C+¢ = g—mV18

Dividing both sides by 0.000244140625, we obtain:

0.000244140625 _gcyer _ 1 —
0.000244140625 0.000244140625

e~6C+% =0.0066650177536

((((exp((-Pi*sqrt(18)))))))*1/0.000244140625

Input interpretation:

— 1

expl-7v 18
p[ ny 18 | 0.000244140625

Result:
0.00666501785...

0.00666501785...

Series representations:

exp(-rV 18 ) [ N
EXPITTY PN 4096 exp{-m 17 ) 1774 | 2
0.000244141 k
k=0
o o1k 19
exp(-rV 18 | — a0 1_7} l_EJllk
———— = 4006 exp| - 17 —
0.000244141 pImN %‘j k!
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expl-x V] mEfoRes,_ 1,17 r(-3 -s)ris)
———— = 40096 exp|- e
0.000244141 2vx
Now:
e 0C+t9 = 0.0066650177536
exp(-nV 18 0.000244140625 =
= \.-"1_ 1
‘ 0.000244140625
=(0.00666501785...
From:
In(0.00666501784619)

Input interpretation:

log(0.00666501784619)

Result:

-5.010882647757...

-5.010882647757...
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Alternative representations:

log(0.006665017846190000) = log,(0.006665017846190000)
log(0.006665017846190000) = log(a) log,(0.006665017846190000)

log(0.006665017846190000) = -Li1(0.993334082153810000)

Series representations:

(1% (-0.993334982153810000)"
k

logi0.006665017846190000) = - 2‘
=1

0.006665017846190000 -
log(0.006665017846190000) = 2 i ;rf‘rg[ . 9 x)
o

@ (~1)F (0.006665017846190000 — x)F x™*

log(x) - Z‘ P for
k=1

-

arg(0.006665017846190000 —z.:,}Jl [ 1
oE

log(0.006665017846190000) = { :
i

arg(0.006665017846190000 — =)
logizg) + { 2 logizg) -
a

@ (~1) (0.006665017846190000 — 2o )F z5*
k

k=1

Integral representation:

000666501 7846190000 1

lng[D.DDEEESD1?846190000}=J st
1

In conclusion:

—6C + ¢ = —5.010882647757 ...

and for C =1, we obtain:
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¢ = —5.010882647757 + 6 = 0.989117352243 = ¢

Note that the values of ng (spectral index) 0.965, of the average of the Omega mesons
Regge slope 0.987428571 and of the dilaton 0.989117352243, are also connected to
the following two Rogers-Ramanujan continued fractions:

5 -
c =l ~0.9568666373
V(¢_1}J§_qp+1 1-*-6—_37r
1+ © e
1+ >
1+...
67% e—lf\/g
= —1- ——— ~0.9991104684
c
-@p+1 1+—e_3”‘/§
1+ is° -1 1+ ——
e—4fr\f§
1+
1+...

(http://www.bitman.name/math/article/102/109/)

Also performing the 512" root of the inverse value of the Pion meson rest mass
139.57, we obtain:

((1/(139.57)))*1/512

Input interpretation:

| 1

512|

y 139.57

131


http://www.bitman.name/math/article/102/109/

Result:

0.990400732708644027550073755713301415460732796178555551684 ...

0.99040073.... result very near to the dilaton value 0.989117352243 = ¢p and to
the value of the following Rogers-Ramanujan continued fraction:

eiﬁ e ™S
NG =1- o = 09991104684
-p+1 1+—e‘3”‘/§
1+ d/s° -1 I+ —
e—4ﬁ«/§
1+
1+...

From

Properties of Nilpotent Supergravity
E. Dudas, S. Ferrara, A. Kehagias and A. Sagnotti - arXiv:1507.07842v2 [hep-th] 14

Sep 2015
We have that:

Cosmological inflation with a tiny tensor-to-scalar ratio r, consistently with PLANCK data,

may also be deseribed within the present framework, for instance choosing
a(®) = iM (@ + bdeik ‘f') . (4.35)

This potential bears some similarities with the Kihler moduli inflation of [32] and with the poly
instanton inflation of [33]. Omne can verify that x = 0 solves the field equations, and that the

potential along the y = 0 trajectory is now

V = %2(1 - ac_bf:'_”)g . (4.36)
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We analyzing the following equation:

M2 2
V = —(l — age “)
3
~
V6
Q@ = — —
i 2
b~y &
e =2 <0, =22 <0,
£ V6
We have:

(M”2)/3*[1-(b/euler number * k/sqrt6) * (- sqrt6/k) * exp(-(k/sqrt6)(p- sqrt6/k))] 2
e,

V = (M"2)/3*[1-(b/euler number * k/sqrt6) * (¢- sqrt6/k) * exp(-(k/sqrt6)(¢p-
sqrt6/k))]"2

Fork =2 and ¢ =0.9991104684, that is the value of the scalar field that is equal to
the value of the following Rogers-Ramanujan continued fraction:

eié e ™
J§ =1- s =~ (.9991104684
s -p+1 1+ TR
1+ ¥ -1 1+ ——
e—4ﬂ\/§
1+

1+...
we obtain:

V = (M"2)/3*[1-(b/euler number * 2/sqrt6) * (0.9991104684- sqrt6/2) * exp(-
(2/sqrt6)(0.9991104684- sqrt6/2))]"2
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Input interpretation:

M—z [1 - [E—} i][n 9991104684 — E]E}: [— Z [D 9991104684 — E]]]E
3 e B U 2 P Nral 2

Result:

V = - (0.0814845b + 1)> M*

L | =

Solutions:

225.913 [— 0.054323 M? + 6.58545x 1017 4/ pr? ]

b= M2 (M 0)

Alternate forms:

V = 0.00221324 (b + 12.2723)> M*

V = 0.00221324 (b* M” + 24.5445b M + 150.609 M”|

2
M
~0.00221324 b% M - 0.054323b M* - 5 tV=0

Expanded form:

2
M
V = 0.00221324 b> M” + 0.054323 b M~ + =
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Alternate form assuming b, M, and V are positive:

V = 0.00221324 (b + 12.2723)> M*

Alternate form assuming b, M, and V are real:

V = 0.00221224 b> M* + 0.054323 b M> + 0.333333 M~ + 0

Derivative:

9 (1
-:_b [5 (0.0814845 b + 1) Mz] — 0.054323 (0.0814845 b + 1) M*
i

Implicit derivatives

ab(M, V) 154317775011 120075
av 36961748 (226802245 + 18480874 b M2
‘ 226 802 245
db(M, V) 13480874
oM M
aM(b, V) 154317775011 120075
av 2(226802245 + 18480874 bjz M
dMib, V) 18480874 M
b B 226802245 + 18480874 b

aVib, M) 2(226802245 + 18480874 b)* M
aM 154317775011 120075
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dVib, M) 36961748 (226802245 + 18480874 b) M
db B 154317775011 120075

Global minimum:

1
min{g (0.0814845 b + 1)° MZ} =0 ar (b, M) = (- 16, 0)

Global minima:

e z[o.%llm-%] :
(b 2)(0.9991104684 - ?ﬁlexp - =
1
[Ili[l{g M1 - NG } =0
ey b
226802245
T 18480874

(b 2) [D.99911m534 _ %] exp[_

Vo J=o

From:

225.913 [— 0.054323 M? + 6.58545x 10717 +/ pm# ]
I} = Mz [ I )]
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we obtain:

(225.913 (-0.054323 MA2 + 6.58545x107-10 sqrt(M~4)))/MA2

Input interpretation:

225.913 (- 0.054323 M? + 6.58545 - 10717 4 m* ]

ME.
Result:

225013 (5.55545 x 10719+ M* - 0.054323 Mz]

MZ.

Plots:

08 -06 -04 -0295]| 0.2

10 (M from =4.6 to 3.9)
' M

Alternate form assuming M is real:

-12.2723

-12.2723 result very near to the black hole entropy value 12.1904 = In(196884)

137



The study of this function provides the following representations:

Alternate forms:

12.2723 (Mz ~1.21228 % 1078 y/ M* ]

ME.

1.48774 % 107"\ M* - 12.2723 M?
ME.

Expanded form:

1.48774 %107 v m*
ME.

-12.2723

Property as a function:
Parity
£VEl

Series expansion at M = 0:

1.48774 x 1077 v M*

MZ'.

~12.2723 |+ O(M®)

(generalized Puiseux series)
Series expansion at M = co:

-12.2723
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Derivative:

-10 .,/ _ 2
225,913 [5.58545 = 10 M* —0.054323 M ] 3.55271 x lD—IE

I
dM M2 N M

Indefinite integral:

dM =

225.913 [— 0.054323 M? + 6.58545 - 10717 +f p? ]

1.48774 % 10~ v m*
M

= 122723 M + constant

Global maximum:

225.913 [5.58545 x 10719y M* - 0.054323 Mz]

¥ } =
140119826 723990 341 407 649 M 1
— q — -
11417 594849251 000000000

max{

Global minimum:

225.913 [6.58545 %1070/ M* - 0.054323 Mz]
[Ill[l{ Mz } =
140119826723 990 341 497 649

d
11417594 849251 000 000000

Limit:

225.913 [— 0.054323 M? + 6.58545x 10717 4/ pm* ]

lim =-=12.2723
Moton MZ
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Definite integral after subtraction of diverging parts:

.| 225.913 (- 0.054323 M? + 6.58545 % 10717 4/ pm? ]

- =122723|dM =0
0 M2

From b that is equal to

225.913 | - 0.054323 M? + 6.58545 - 10717 4/ pm* ]

ME.

From:

1
=3 (0.0814845b + 1)°> M~

we obtain:

1/3 (0.0814845 ((225.913 (-0.054323 MA2 + 6.58545x10/-10 sqrt(M~4)))/MA2 ) +
1)72 MA2

Input interpretation:

2
225.913 (— 0.054323 M? + 6.58545 - 10710 4/ p* ]

1
= [0.0814845 +1| m?
3 M2

Result:

0
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Plots: (possible mathematical connection with an open string)

¥
N\ 1.5% 10715 |
s
AN c |
\ Lx1071 M from =1 to 0.2)
\‘\\ 5.%x 10716
e :
— T e 5
1.0 -0.8 -0.6 -0.4 -0.2 0.2 M=-05 M=0.2

(possible mathematical connection with an open string)

¥
\ 3% 1071
l‘."\._ | ri
‘\ 2. 1074 | f (M from -4.6 to 3.9)
, | /'j
N, k1071 | /,f
o |
; S \.‘h"."--._._.: f."‘{./ S W
4 p 9 1 _ . _
Lo S M=2; M=3
Root:
M=0

Property as a function:
Parity

EVEN
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Series expansion at M = 0:

[Taylor series)

Series expansion at M = co:

1 62194
1.75541% 10 > M> + D((ﬂ—J] ]

[Tavlor series)
Definite integral after subtraction of diverging parts:

2
18.4084 (— 0.054323 M? + 6.58545x 10717 4/ pm* ]

waf ]
j - M2 1+ -
o |3 M2

1.75541x 10 " M* |dM =0

For M =-0.5, we obtain:

2
225.913 (— 0.054323 M? + 6.58545 - 10717 4/ m* ]

1
~ [0.0814845 +1| m?
3 e

1/3 (0.0814845 ((225.913 (-0.054323 (-0.5)"2 + 6.58545x10"-10 sqrt((-0.5)4)))/(-
0.5)"2 ) + 1)A2 * (-0.5"2)
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Input interpretation:

2
225.913 | - 0.054323 (- 0.5)* + 6.58545 - 10710 4/ (- 0.534]

1
- |0.0814845 +1
3 (—0.5)%

(-0.5%)

Result:

~4.38851344947464545348970783378088020833333333333333333333. .. x
lD—lG

-4.38851344947%107%°

For M =0.2:

. 225.913 [— 0.054323 M? + 6.58545 - 10710 4/ p* ] :

5 [0-0814845 s +1| M

1/3 (0.0814845 ((225.913 (-0.054323 0.2°2 + 6.58545x107-10 sqrt(0.24)))/0.272 ) +
1)72 0.22

Input interpretation:

2
225.913 [- 0.054323 - 0.2% + 6.58545 - 10717 4/ 0.2* ]
2

1
—|0.0814845 +1| ©02
3 0.22
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Result:

7.0216215191594327255835325340494083333333333333333333333333. .. %
1077

7.021621519159*10"

For M = 3:

. 225.913 (— 0.054323 M? + 6.58545 - 10717 4/ pm* ] :

5 [0-0814845 s +1| M*

1/3 (0.0814845 ((225.913 (-0.054323 32 + 6.58545x10/-10 sqrt(3°4)))/3"2 ) + 1)"2
32

Input interpretation:

2
225.913 (— 0.054323 - 3% + 6.58545 - 10710 4/ 3% ]

1
— | 0.0814845 +1 3
3 32

2

Result:
1.579864841810872363256294820161116875 x 1014

1.57986484181*10™

For M = 2:
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2
225.913 (— 0.054323 M? + 658545 - 10717/ pm? ]

1
~ [0.0814845 +1| m*
3 2

1/3 (0.0814845 ((225.913 (-0.054323 272 + 6.58545x10/-10 sqrt(2°4)))/2°2 ) + 1)"2
272

Input interpretation:

2
225.913(—0.954323 22 4 658545 10710 2‘*]
2

1
— | 0.0814845 +1 2
3 a2

Result:
7.0216215191594327255835325340494083333333333333333333333333. .. x

10712

7.021621519*107

From the four results

7.021621519*10"-15 ; 1.57986484181*10"-14 ; 7.021621519159*10"-17 ;
-4.38851344947*10"-16

we obtain, after some calculations:

sqrt[1/(2Pi)(7.021621519*107-15 + 1.57986484181*107-14 +7.021621519%107-17 -
4.38851344947*107-16)]
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Input interpretation:

1 ) :
V/(z_ (7.021621519 - 107 + 1.57986484181 10 +
T

7.021621519 - 107" — 4.38851344947 10‘15]]

Result:
5.9776991059... % 1078

5.9776991059*10 result very near to the Planck's electric flow 5.975498 x 10°® that
is equal to the following formula:

¢ = Epld = ¢plp = %

We note that:

1/55*(([(((L/[(7.021621519%107-15 + 1.57986484181*107-14 +7.021621519*107-17
-4.38851344947*107-16)])))*L/7]-((log”(5/8)(2))/(2 27(1/8) 37(L/4) e log™(3/2)(3)))))

Input interpretation:

Ly, - - -
= [(1/(7.021621519 - 10 " 4 1.57986484181 - 10 '* + 7.021621519 - 107" -

log™®(2
4.38851344947 - 10 %))~ (1/7) - G

. 2V2 V3 elog¥?(3)

logix) is the natural logarithm

Result:
1.6181818182...

1.6181818182... result that is a very good approximation to the value of the golden
ratio 1.618033988749...
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From the Planck units:

Planck Length

I — whG
P=Y &

5.729475 * 10 Lorentz-Heaviside value

Planck’s Electric field strength

B, — TP _ c’
T e\ 16m2eh G2

1.820306 * 10%* V*m Lorentz-Heaviside value

Planck’s Electric flux

ke
#F = Bel} = gelp = | =

5.975498*10° VV*m Lorentz-Heaviside value

Planck’s Electric potential

_Ep | &
¢P_VP_ gp - 4‘JTEQG

1.042940*10%" V' Lorentz-Heaviside value
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Relationship between Planck’s Electric Flux and Planck’s Electric Potential

Ep * | = (1.820306 * 10°) * 5.729475 * 10
Input interpretation:

(1.820306 ~ 10%1) « 5.729475
lDEE

Result:
1042939771 935 000 000 000 000 000

Scientific notation:
1.042939771935 « 10°

1.042939771935*10%" ~ 1.042940%10°

Or:

Ep* 17/ I = (5.975498*10°)*1/(5.729475 * 10%)
Input interpretation:

1

3. 728475

5.975498  10°°

Result:

1.04293988541707573556041347592020544155441816222254220500133. .. %
1027
1.042939885417*10%" ~ 1.042940*10%

148



Acknowledgments

We would like to thank Professor Augusto Sagnotti theoretical physicist at Scuola
Normale Superiore (Pisa — Italy) for his very useful explanations and his availability

149



References

On the Zeros of the Davenport Heilbronn Function
S. A. Gritsenko - Received May 15, 2016 - ISSN 0081-5438, Proceedings of the
Steklov Institute of Mathematics, 2017, Vol. 296, pp. 65-87.

A. A. Karatsuba, “On the zeros of arithmetic Dirichlet series without Euler
product,” Izv. Ross. Akad. Nauk, Ser. Mat. 57 (5), 3-14 (1993)

Ramanujan Manuscript Book 1 — Srinivasa Ramanujan

Majorana Fermion Dark Matter in Minimally Extended Left-Right Symmetric
Model - M. J. Neves, Nobuchika Okada and Satomi Okada - arXiv:2103.08873v1
[hep-ph] 16 Mar 2021

Cold dark matter protohalo structure around collapse: Lagrangian cosmological
perturbation theory versus Vlasov simulations - Shohei Saga, Atsushi Taruya, and
Stéphane Colombi - arXiv:2111.08836v1 [astro-ph.CO] 16 Nov 2021

Modular equations and approximations to i - Srinivasa Ramanujan
Quarterly Journal of Mathematics, XLV, 1914, 350 — 372

An Update on Brane Supersymmetry Breaking
J. Mourad and A. Sagnotti - arXiv:1711.11494v1 [hep-th] 30 Nov 2017

Properties of Nilpotent Supergravity
E. Dudas, S. Ferrara, A. Kehagias and A. Sagnotti - arXiv:1507.07842v2 [hep-th] 14

Sep 2015

150



