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Abstract

The purpose of this paper is to show how using certain mathematical values and / or
constants from various Ramanujan expressions, we obtain some mathematical
connections with the equations of various sectors of Particle Physics and Black Hole

Physics
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An equation means nothe
b mﬁgm{wd & expmf:?a

thought of Sod.

Jnvasa fam.a/u?ca.n (1887-1920)

(N.O.A — Pics. from the web)

From:

On long range axion hairs for black holes
Francesco Filippini, Gianmassimo Tasinato - Department of Physics, Swansea
University, Swansea, SA2 8PP, UK - arXiv:1903.02950v1 [gr-qc] 7 Mar 2019

We have that:

re =M++/M2—P2_Q2. (8)

We take the data of SMBHS87 Black Hole
Q=6.19631e+26, M =13.12806e¢+39, r=1.94973e+13 we obtain:



(1.94973e+13)"2 = (13.12806e+39)2 + (((sqrt((((13.12806e+39)"2-x"2-
(6.19631e+26)"2))))))*2

Input interpretation:
(1.94973 - 107%) =

T 2
|
(13.12806 - 10%°) + \{ (13.12806 - 10%°)7 —x* —(6.19631 - 10%%)°

Result:
3.80145 x 10%° = 3.44692 x 10%° - ¥

Plot:
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Alternate forms:
X -3.44602x10% =0

3.80145x 10%® = —(x - 1.85659 x 10% ) (x + 1.85659 x 10*}

Solutions:
x = —18565 880499 647 733855 903511 291405086 490624

x = 18565880499 647733 855903511291405086 490 624

Integer solution:
x = +18565 880499 647733 855 903511 291405 086 490 624



sqrt(((((((((((13.12806e+39)"2 + sqrt((((13.12806e+39)"2-
(1.85658804996477e+40)2-(6.19631e+26Y*2)))))))))))

Input interpretation:

|
\f' (13.12806 - 10} +

;
\;'[13.123&5 10%°) - (1.85658804996477 - 10%)? - (6.19631 - 10%¢)°

Result:
1.31281... x 10 +
0.500000... i

Alternate form:
1.31281x10%
1.31281*10* = 13.1281 * 10°° (SMBHS87 mass)

Thence:

P =1.85658804996477e+40 and Q =6.19631e+26, M = 13.12806e+39,
r=1.94973e+13

From

oo =g L T(PPHQY)" 49 (PP+@%)" 5489 (P +Q7)°
CCOT T 6VeM T 1a4vBM3 | 2304BMP | 497664v/6M7 (a7)

9 ) ] ]. 2 —~ ) 2 ( ].1 /\ —lT ):|
+ g P Q| ————+ (P + Q" = -]
9P Q 216+/6 M5 ( @) 6998406 MY  TTT6+/6MT

We obtain:

1/((6sqrt6)*13.12806e+39) + 7((((((1.856588e+40)*2+(6.1963 1e+26)"2)))))*2 /
(144sqrt6*(13.12806e+39)"3) + 49((((((1.856588e+40)"2+(6.19631+26)"2)))))4 /

2304sqrt6*(13.12806e+39)*5
( q



Input interpretation:
1 ; ((1.856588  10% ) +(6.19631 - 1026}
f

-+

[E'J?] 13.12806 107 144«!?[13.12805 107§
40, (1856588 109 +(6.19631 - 10%6))*

2304 6 (13.12806 - 10°°)

Result:
3.1431096212770355634677624444987817837260326747426399... x 10117

3.143109621277*10'"

489((((((1.856588e+40)"2-+(6.19631e+26)"2))))"6 /
(497664sqrt6*(13.128066+39)"7)

Input interpretation:
((1.856588 - 10%°) +(6.19631 - 10%6)%)°

497664 6 (13.12806 - 10°°)

Result:
1.1237351821977805486778059630011930376732930061102854 ... « 10°™°

1.12373518219778*10*%

572((1.856588e+40)"2*(6.1963 1e+26) 2)*((((((-1/((216sqrt6)*(13.12806e+39)"5)+
((((((1.856588e+40)"2+(6.1963 1e+26)"2)))))"2*(11*3/(699840sqrt6*(13.12806+39
Y'9)-47/(7776sqrt6*(13.12806e+39)°7)))))))

Input interpretation:
5% ((1.856588 - 10} (6.19631 - 10%°)")

1 40,2 26122
= — +((1.856588 - 10%)* +(6.19631 - 10°°))
(216 V6 )(13.12806 - 107

[11 3 47 ]
69984[)-0'?[13.12805 1075 ???5{?[13.123(35 183937



Result:
-1.44332.. % 10%®

-1.44332...*10"

3.143109621277e+119 + 5489((((1.856588e+40)"2+(6.19631e+26)"2)))"6 /
(497664sqrt6*(13.12806e+39)7)— 1.44332¢+13

Input interpretation:
3.143109621277 - 10'%° 4

((1.856588 - 10%) +(6.19631 - 10%6))° 13
5489 : — _1.44332 - 10

49?6544?[13.12306 1777

Result:
1.1237351821977805486778059630011930376732930061102854... = 107

1.1237351821...¥10*®

(((((3.143109621277e+119 + 5489((((1.856588e+40)2+(6.1963 16+26)"2)))"6 /
(497664s5qrt6*(13.12806e+39) ) 1.44332e+13)))))N((7 (12 - 1)/(2 7))/9460.30))

where 9460.30 is the rest mass of Upsilon meson

Input interpretation:
(1.856588  10% ) +(6.19631 - 10%6)%)%

3.143109621277 - 10 + 5480

497664/ 6 (13.12806 - 10%°)

N L
7im=-1]

/o460 .30
2r )

1.44332 m”‘]

Result:
1.617920887312614072882124780538807770347384320221727650467...

1.6179208873126... result that is a very good approximation to the value of the
golden ratio 1,618033988749...



From which:

(((((3.143109621277e+119 + 5489((((1.856588e+40)2+(6.1963 16+26)"2)))"6 /
(497664s5qrt6*(13.12806e+39) ) 1.44332e+13)))))N(((7 (X2 - 1)/(2 7))/9460.30))
— 1.6179208873126

Input interpretation:

o ((1.856588 - 10%) +(6.19631 - 10%6)%)®
3.143109621277 - 10''° + 5489 -

49?554¢?[13.128D5 10%%)7

7{x2-1)

=

/e460.30

[+

m

1.44332 1013] | = 1.6179208873126

Result:
I
1.12374 x 102000.000117764{x"~1) _ 4 £179208873126

Plot:
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Alternate forms:

1.12374 « lﬂznnn.unmw?m 2

= 1.70811
0.947199 (0054246257 _ 1 5170908873126
. 2
0.947199 - 1.12374 x 102000000117764x" _ 4 £179208873126

Alternate form assuming x is positive:
0.0542462 x°
e = 1.70811

Alternate form assuming x is real:
g
T et
1.123735182197780 x 102000.0001177640x"~1) _ 0 _ 1.6179208873126



Real solutions:
X = -3.14159

x = 3.14159

3.14159 ==

Solutions:
X = -4.29354 \,"I (5.28319/)n+0.535388 , neZ

x ~4.20354 / (6.28319i)n+0.535388 , neZ

£is the set of integers

Furthermore, we have:

/[(((((3.143109621277e+119 + 5489((((1.856588e+40)"2+(6.19631e+26)"2)))"6 /
(497664sqrt6*(13.12806e+39)*7)— 1.44332e+13)))N)N((7 (2 - 1)/(2
7))/9460.30))]

Input interpretation:
o ((1.856588 - 10%) +(6.19631 - 10%6)°
3.143109621277 - 10" + 5489 . = — _—

!
1/ =
/ 4976646 (13.12806 - 10°°)7

7al)
=0 feaE0 30
2

1.44332 - 10"

Result:
0.618077192674736988819404916236307820493620784906386363749...

0.6180771926747... result that is a very good approximation to the value of the
golden ratio conjugate 0,618033988749...



27%8/[(((((3.143109621277e+119 + 5489((((1.856588e+40)*2+(6.1963 1+26)"2)))"6
/ (497664sqrt6*(13.12806e+39)7)— 1.44332e+13))))N((7 (w2 - 1))/(2
7))/9460.30))]+7-1

Input interpretation:

“ 119 ((1.856588 - 10%) +(6.19631 - 10%6))°
278 [|3.143109621277 - 10'"® + 5489 . — ) Fr

d 497664+ 6 (13.12806 - 10°°)7
o 2 4,
1) foagn 30
2m |
1.44332 1013] +7-1
Result:
139.505...

139.505... result practically equal to the rest mass of Pion meson 139.57 MeV

27%8/[(((((3.143109621277e+119 + 5489((((1.856588e+40)*2+(6.1963 1e+26)"2)))"6
/ (497664sqrt6*(13.12806e+39)7)— 1.44332e+13)))N((7 (72 - 1))/(2
7))/9460.30))]-8

Input interpretation:

“ 110 ((1.856588 - 10%) +(6.19631 - 10°5)%)®
278 [ [3.143109621277 < 101 +5489 - = | Fe

497664 6 (13.12806 - 10%°)7
el 1]

Tim )/
=~ fo460.30

2m

1.44332 1013] ' -8

Result:
125.505...

125.505... result very near to the dilaton mass calculated as a type of Higgs boson:
125 GeV for T =0 and to the Higgs boson mass 125.18 GeV



From:

We can solve the previous condition analitically by expanding for small values of magnetic and electric
charges P and Q. We push our perturbative expansion up to order @(charge®) for catching the effects
of the Chern-Simons coupling gp, and non-minimal couplings with gravity A. In these approximations,
the ISCO radius results

(P2+Q?) 19 (P2+@?)* s5(P2+@?)°
2M T2M° A8MS

SR T L. (49410M2 — 193))
4 o2piaz [ 19 2 2
P P QY | + (PP + Q) e

risco = 6M —

(36)

The first line contains the General Relativity expression for the ISCO radius: the Schwarzschild
result (60 ) and the first corrections in small values of the charges associated with a dyonic Reissner-
Nordstrom configuration. The second line contains instead the contributions associated with the
presence of black hole axion hair, the Chern-Simons terms, and non-minimal coupling with gravity.
For small values of the charges, these contributions start only at order O(charge?), hence it can be
difficult to use the properties of ISCO to reveal the existence of axion hairs. To conclude, we report

(P2+@?) 19 (P2+@?)?* s5(P2+@?)°
risco = 6M — — , — -
oM OWE ASME
19 oo (4941002 — 193))
L o ednges | 18 V. 2
- grPIQT |+ (PP Q) e

(6%13.12806e+39)- ((((((1.856588e+40)"2-+(6.19631e+26)*2)))))/(2*13.12806e+39)-
((((19(((1.856588e+40)"2+(6.1963 1e+26)"2)))2))/(72*(13.12806e+39)*3)-
((((5(((1.856588e+40)"2+(6.1963 1e+26)"2)))*3))/(48*(13.12806e+39)"5)

(6%13.12806e+39)- ((((((1.856588e+40) 2-+(6.1963 1e+26)"2))))/(2*13.12806e+39)-
19((((((1.856588e+40)2+(6.1963 1e+26)2))))"2 /(72*(13.12806e+39)3)

Input interpretation:
(1.856588 - 10%)? +(6.19631 - 108

2x13.12806 » 10%°
((1.856588 - 10%) +(6.19631 - 1075

72(13.12806 - 10°°)?

6-13.12806 107 -

Result:
5.1782005531671136792241794000452057667179985606556074. .. « 104

5.178290553167113679%10%

10



((-5(((((1.856588e+40)"2+((((6.1963 1e+26)"2))))3))/(48*(13.12806e+39)"5)

Input interpretation:
~5((1.856588 - 10%) +(6.19631 - 10%°)%)*

48(13.12806 - 10%°)

Result:
-1.0940048233478613613834443190676473624705727121362138... = 10%

-1.09400482334786136*10*

5.178290553167113679*%10740 -1.09400482334786136*10740

Input interpretation:
5.178290553167113679 - 10™ - 1.09400482334786136 - 10%

Result:
40842857298 192523 190000000000 000 000 000000

Scientific notation:
4.084285729819252319 10%

4.084285729819252319*10%

572((1.856588e+40)2*(6.1963 1e+26)"2)*(((((((19/144)+((((((1.856588e+40)2-+(6.
19631e+26)*2)))*(((49410(13.12806+39)"2)-
193%3))/(466560%(13.12806¢+39)*7)))))))

Input interpretation:

, a1
5°((1.856588 - 10%) (6.19631 - 10%°)’) L
' ' 144
49410(13.12806 - 10%°)* - 193+ 3

(1.856588 - 10 +(6.19631 - 10%°)) 7
- : 466560 (13.12806 - 10%°)

11



Result:
4.,3654444905572886153942527777777777777777777777777777... » 10434

4.36544449055...¥10"*

(4.084285729819252319¢+40)+52((1.856588e+40)2%(6.1963 1e+26)2)*(((((((19/
144)+H(((((1.856588e+40)2+(6.1963 1e+26)2)))))*(((49410(13.128066+39)*2)-
193%3))/(466560%(13.12806¢+39)*7)))))))

Input interpretation:
r (R l
4.084285729819252319 - 10 +5° ((1.856588 - 10')* (6.19631 mzﬁ'f;[é»r
2, 49410(13.12806 - 10%°)® - 1933
((1.856588 - 10} +(6.19631 - 10*°)") [ ] — ]
' 466560 (13.12806 - 10°°)

Result:
4,36544440055728861539425277 77777777 777777777777777777... = 10134

4.36544449055...*10"*

(4.36544449055728861539425277777777x10"134)*1/64-golden ratio

Input interpretation:
E
V 4.36544449055728861539425277777777 - 10°3% _¢

# iz the golden ratio

Result:
125.36638752468382002904203996753320...

125.366387524... result very near to the dilaton mass calculated as a type of Higgs
boson: 125 GeV for T = 0 and to the Higgs boson mass 125.18 GeV

Alternative representations:

G
V 4.365444490557288615394252777777770000 - 1013* —4 =
&
V 4.365444490557288615394252777777770000 - 103* —2sin(547)

12



LY
V 4.365444490557288615394252777777770000 - 1013* —¢ =
i
2 cos(2167) + \"I4.36544449055?288615394252?’???'?'?'??[)[)00 T

LY
V 4.365444490557288615394252777777770000 - 103* —¢ =
&
V 4.365444490557288615394252777777770000 - 10* + 2 sin(666 %)

(4.36544449055728861539425277777777x107134)*1/64+11+golden ratio

Input interpretation:
&4
v 4.36544440055728861539425277777777 » 103 +11+4

# iz the golden ratio

Result:
139.60245550218360972545121363626448 ...

139.6024555021... result practically equal to the rest mass of Pion meson 139.57
MeV

Alternative representations:

G
V 4.365444490557288615394252777777770000 - 10'3* +11 + b=
64
11+ \"I4.36544449055?288615394252????????[)[)[)[) 10"%* 4+ 2sin549)

G4
V 4.365444490557288615394252777777770000 - 10 411 +¢ =
G
11 - 2 cos(216 %) + V 4.365444490557288615394252777777770000 - 1034

G
v 4,365444490557288615394252777777770000 - 101 +11+¢ =
&4
11 + \'}4.3554—4—4—49055?288515394252????????[)[)[)[) 10%* —2sin(666°)

(4.36544449055728861539425277777777x 10" 34)((log(((1197-29)/(1197-29-
7))))/1og(48))

where 1197 is practically equal to the rest mass of the sigma baryon 1197.449

13



Input interpretation:
Q7290 F
(4.36544449055728861539425277777777 - 10134 °% 1107207 | oz48)

logix is the natural logarithm

Result:
1.61833477743496254173250121191768379...

1.6183347774349... result that is a very good approximation to the value of the
golden ratio 1,618033988749...

Alternative representations:
1197-29 ) ragy
(4.365444490557288615394252777777770000 - 10'34)°# 1107-20-7 ) floziss) _

(4.365444490557288615394252777777770000 - 10 }"’g' (1161 )/1ozet4®)

1197-29 ) a8
(4.365444490557288615394252777777770000 - 10'34|°F\ 1107-20-7 ) L

(4.3654444905572886 15394252777777770000 - 10134)1°5@ 0%l gy |/ os@lezatés)

119729 ) ramy
(4.365444490557288615394252777777770000 - 10'34)°#\ 1107-20-7 ) a3

(4.365444490557288615394252777777770000 1D134}4""1“'11&1]1-”""1"4?”

Integral representations:

QF-20 .
(4.365444490557288615394252777777770000 - 10134 H 1107-20-7 ) L

1168 :
[ J; dr l [ J'f“g Jr‘ dt |

4.365444490557288615394252777777770000 x 101341

1197-20 \j
(4.365444490557288615394252777777770000 - 10'3*|°F 1107-20-7 gy

4.36544440055728B615304252F 77777770000 =
A saty I:L'E‘IF ri-s)? [-':1+S:I‘ ] [

| Aoty 4775 [5—5'!" {1 +s) A ]
_— =i oty [1-5) - i ooty [1-5) ] .
10 for -1
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From:

Superradiant instabilities of rotating black branes and strings
Vitor Cardoso, and Shijun Yoshida - arXiv:hep-th/0502206v2 4 Jul 2005

We have that:

The effective potential V" is equal to

-1 a9 n_m 5 9., @ o 9 n® 2 9

-V = T—z{—)\—a 7 —E—T—Qamw+2a w }+-r_4{ﬂ Lr.-"‘—?&??iw—?—jﬂ-i-‘m- —A=j +j+2)+
4 2 2 2 2
a o W on M M n M n
__(2 - T - N, 3 T d g % 1 ail
_rs{_—l—j jT+ g ~ ™ 4) b + rn;g{)« 1 ‘2)+-r“+4{1 1+ 1 )+
Ma? 3n
_rﬂ+5{j2—j—3+jn+—2 it — (2.10)

2.2.2 The potential well

The effective potential in four dimensions, d = 4, as given by (2.10) is plotted in figure 1, for a ~ 0.5
(in units of M), p = 0.7 and w = 0.6878. As can be seen from Figure 1 the potential has, in the four-
dimensional situation, two extremum between the event horizon and spatial infinity. The local minimum
creates a “well”-like structure, which will be so important to trigger the instability. The potential is
asymptotic to (p° — w®) at spatial infinity. That a well must necessarily arise in four dimensions can be
seen from the asymptotic nature of the potential. In fact, for n = 0 and for large r, the potential in (2.10)
behaves as

Ve —w?—®Mrt r—s00,n=0. (2.18)
Thence, from

Veeu2—w?—p?Mr! r—s00,n=0.

Vo B2

]
re

For M =13.12806e+39, r=1.94973e+13, u=0.7
and o =0.6878 , we obtain:

0.7/2-0.6878"2-(0.7/2*13.12806e+39*(1/(1.94973e+13)))

Input interpretation:

1
0.7° —0.6878° —0.7% «13.12806 x 107°

1.94973 . 102

15



Result:
~3.200302672677755381514363527088308685885738025265036... x 1028

-3.29930267267...%10%°

And:

(0.772)*(13.12806e+39) / (1.94973e+13)*2

Input interpretation:
13.12806 - 10%

(1.94973 . 107}

Result:
1.6921843910068344752036886272753767372332261519620853... = 1043

1.6921843910068...¥10"

We note that, from the following Ramanujan mock theta function:

((((((1+(0.449329)/(1-0.449329+0.449329°2) + (0.449329Y"4 / ((1-
0.449329+0.449329/2) (1-0.44932972+0.449329/4)))

Input interpretation:
0.4493209

1+ -
1-0.449329 +0.449329°
0.449329%

(1-0.449329 + 0.4493297%) (1 - 0.449329° + 0.449329%)

Result:
1.661629733061660233431511733116499148361110514186936135398...
x(q) =1.66162973306...

From which:

Input interpretation:
0.449329

+ +
1-0.449329 +0.449329°
0.449329* i

(1-0.449329 + 0.449329%) (1 - 0.449329% + 0.449329%)

1

16



Result:
1.6616297330616602334315117331164001483611105141869361... = 10%°

1.66162973306...¥10" result that is very near to the value 1.6921843910068...*10"

Furthermore:

(-(-3.29930267267775538151 x 10"26)/(1.69218439100683447529 x 10"13))

Input interpretation:
~3.29930267267775538151 - 10%8

1.602184301006834475209 103

Result:
1.9497300000000000000016713899590559318228724153987475... x 103

1.94973...%10" (SMBHS87 radius)

From:
Mock 3-functions (of 5th order).

PP 7 )
f(q) 1+1+g+(1+g)(1+q,)+...,

P(@=1+q(1+9+¢*(1+g) 1+ +¢(1+9) A1 +¢) (1 +¢%)+...,
V(@=9+P1+9+¢* (1 +¢) (1+¢)+¢°(1+¢) (1+¢?) (1 +¢%)+...,

- q 7 '
X@O=t+ et a-m O ma-Pa-g

_ q qg* ¢
RS S Y g gy ey g W

We note that, from the following Ramanujan mock theta function:

1-40.449329/(1-0.449329)+0.449329/3/(((1-0.4493292)(1 -
0.449329/3)))+0.449329°5/((((1-0.449329°3)(1-0.449329/4)(1-0.449329/5))))

17



Input interpretation:

0.449329 0.4493297
+ + +
1-0.449329 (1-0.4493297)(1 - 0.449329%)
0.449329°

(1-0.449329%) (1 - 0.449329%)(1 - 0.449329°)

Result:
1.062364415117198543001731184847433294469809298752498055104 .

x(q) =1.962364415...

From which:

Input interpretation:

0.449329 0.449329°
+ + +
1-0.449329  (1-0.449329%)(1 - 0.4493297)
0.449329° 5
(1-0.4493297%)(1 - 0.449329%) (1 - 0.449329%)
Result:

1.9623644151171985430017311848474332044698002087524980 . » 10%?
1.962364415117...%¥10" a result very near to the value 1.94973...%10"

We have also that:
((-(0.772-0.6878"2-(0.7°2*13.12806e+39*(1/(1.94973¢+13))))))"1/128

Input interpretation:
I

1
msf-[n::n.?z-l::n.ﬁs:fsz-u.?z 13.12806 - 107 —]
\ 1.94973 10"

Result:
1.611295421752001417257792081749628570469463857753983226780. .

1.611295421752... result that is near to the value of the golden ratio
1,618033988749...
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log base 1.611295421752((-(0.7"2-0.6878"2-
(0.772*13.12806e+39*(1/(1.94973e+13))))))-Pi+1/golden ratio

Input interpretation:

1 1
lo [-[o.?z - 0.6878% —0.7° - 13.12806 - 10°° —]]—m -
E1.611205421752 1.94973 1013 &

logpixiis the base-b logarithm

#is the golden ratio

Result:
125.4764. ..

125.4764... result very near to the dilaton mass calculated as a type of Higgs boson:
125 GeV for T =0 and to the Higgs boson mass 125.18 GeV

log base 1.611295421752((-(0.72-0.6878"2-
(0.772%13.12806e+39*(1/(1.94973¢+13))))))+11+1/golden ratio

Input interpretation:

1 1
10g1_511295421?52[—[ﬂ.'?2 - 0.6878% - 0.7% ~13.12806 - 107 m]]+ 11 + 3

logpixiis the base-b logarithm

# iz the golden ratio

Result:
139.6180...

139.6180... result practically equal to the rest mass of Pion meson 139.57 MeV

We have that:

(i) The instability oceurs only for w < p. Otherwise, the waves would not be trapped in the potential
well, but they would rather escape to infinity, and the perturbation would he damped.
Detweiler [8] finds (in four dimensions), in the limit of small y, that the characteristic frequencies of

the unstable modes are, in our units, _
W+ i,ui (1M)" :
M 3072
Our numerical results fit this prediction very well. For near-extremal black holes, and g ~ 0.1 Detweiler’s
formula (2.32) predicts w ~ 0.1 + 107", which checks very well with our numerics (see Figure 2 and 3).
Although of no direct interest for this work, we found also stable modes. Our results for stable modes
will be published elsewhere [23], and compared with the existing analytical ones [24].

(2.32)
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From

_ o (uM)H®
R TR 3072

forl=m =1, p = 0.9 and a = 0.497.
0.9 + (i*0.9*0.497)/(13.12806e+39)*((0.9%13.12806e+39)"8)/(3072)

Input interpretation:
i20.920.497 (0.9:13.12806 - 10°°)®

H +
13.12806 - 10°° 3072

iizthe imaginary unit

Result:
0.9 +
4.21232... x 10276 ;

Polar coordinates:
r=4.21232%10°7 (radius), 6= 90°
4.21232*10%°

(((0.9 +
(i*0.9%0.497)/(13.12806e+39)*((0.9*13.12806¢+39)"8)/(3072))) 1/(1321.71+2)

where 1321.71 is the rest mass of Xi baryon and 2 is the Graviton spin
Input interpretation:

I
1321.7142( 0,9 +

i0.9x0.497  (0.9x13.12806 - 10%°)®
13.12806 - 10*° 3072

iisthe imaginary unit
Result:

1.61799... +
0.00192001...

Polar coordinates:
r =1.61799 (radius), &= 0.0679907° (ang]

1.61799 result that is a very good approximation to the value of the golden ratio
1,618033988749...
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and:

1(((((0.9 +
(i*0.9%0.497)/(13.12806e+39)*((0.9%13.12806¢+39)*8)/(3072)) 1/(1321.71+2)))

Input interpretation:

1

| - 3018

e 0.0, 407 {0.2-13.12806 1037
\, Ll 13.12806 1037 3072
iisthe imaginary unit

Result:
0.618049... -
0.000733416.. &
Polar coordinates:
r = 0.61805 (radiu #=-0.0679907° angl

0.61805 result that is a very good approximation to the value of the golden ratio
conjugate 0,618033988749...

((((0.9 + (1*0.9*0.497)/(13.12806e+39)*((0.9*13.12806e+39)"8)/(3072)))))"1/128-
18-golden ratio

Input interpretation:

| i~0.9-0.497  (0.9-13.12806 - 10°%)®
128/ ! :

ot -18-¢
\ 13.12806  10°° 3072
iizthe imaginary unit
# iz the golden ratio
Result:
125.2913... +
1778394 i

Polar coordinates:

r=125.304 (radiu # =0.813206° (angls

125.304 result very near to the dilaton mass calculated as a type of Higgs boson: 125
GeV for T =0 and to the Higgs boson mass 125.18 GeV

)
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((((0.9 + (1*0.9*0.497)/(13.12806e+39)*((0.9*13.12806e+39)"8)/(3072)))))*1/128-
7+golden ratio

Input interpretation:
i<0.9+0.497  (0.9:13.12806 - 10°°)°

128|| 0.9

O+ -7+
\ 13.12806 107 3072
iizthe imaginary unit
# iz the golden ratio
Result:
1395274 . +
1.778394 . |

Polar coordinates:
r =139.539 (radius), = 0.730244° (angl:
139.539 result practically equal to the rest mass of Pion meson 139.57 MeV

27*172(((((((0.9 +
(1*0.9%0.497)/(13.12806e+39)*((0.9*13.12806e+39)"8)/(3072)))))*1/128-18+golden
ratio)))-2Pi

Input interpretation:

|
1 | ix0.9x0497 (0.9x13.12806 - 10%)°
27 = |128 0.9 + - L _18+4]|-2x
2\ 13.12806 - 107 3072

iizthe imaginary unit

# iz the golden ratio

Result:

1728.836... +
24.00832... ¢

Polar coordinates:
r=1729. (radius), 8= 0.795614° (angl
1729

This result is very near to the mass of candidate glueball fy(1710) meson.
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic
22



curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross—
Zagier theorem. The number 1728 is one less than the Hardy—Ramanujan number
1729 (taxicab number)

From Wikipedia:

“The fundamental group of the complex form, compact real form, or any algebraic
version of Eg is the cyclic group Z/3Z, and its outer automorphism group is the cyclic
group Z/2Z. Its fundamental representation is 27-dimensional (complex), and a basis
is given by the 27 lines on a cubic surface. The dual representation, which is
inequivalent, is also 27-dimensional. In particle physics, Egplays a role in

»

some grand unified theories”.

1/2 log base 144.92 ((((0.9 +
(1*0.9*%0.497)/(13.12806e+39)*((0.9*13.12806e+39)"8)/(3072)))))

Input interpretation:
i20.9-0.497 (0.9-13.12806 - 10°°)°

—lo a.
2 B4R T g 12806 - 107 3072
loggixiis the base=b logarithm
iizthe imaginary unit
Result:
64.0000... +
0.157831... 1

Polar coordinates:
r=64.0002 radius
64.0002

 =0.141298° (angle

L]

(((1/2 log base 144.92 ((((0.9 +
(0.9%0.497)/(13.128062+39)°(0.9°13.12806e+39) 8/(30T2))))y 2

Input interpretation:
1 i+0.9-0497  (0.9-13.12806  10%)F })?
5 l0g144.92(0.9

+
13.12806 - 10°° 3072

loggix)is the base- b logarithm
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iizthe imaginary unit

Result:
4005.98... +
20.2024.. i

Polar coordinates:
= 4':'9'5':'3 i::-iéi!'~ I = UEEESQEC .:E!j'i'"
4096.03

(((1/2 log base 144.92 ((((0.9 +
(1%0.9%0.497)(13.12806¢+39)(0.9¥13.128066+39) 8 )/(3072)))) 1.2

Input interpretation:
| i20.920.497  (0.9:13.12806 - 10°°)*

- lo 0.9
\ 2 OBz 3 12806 - 107 3072
loggixiis the base=b logarithm
iizthe imaginary unit
Result:
8.00001... +

0.00986446... 1

Polar coordinates:

r = 8.00001 (radius , B= 0.0706489° -!f!:'i'"
8.00001
We have that:
i IR IS " P
03 I- ” u=07 7
I a=0.4999
oz | ‘ ©=0.6878 |
S 01| |‘ .
i ||
- II | o
0 | —
/ —(w-ma/r,)* |
-0.1 O R

Figure 1: A typical form for the effective potential, here shown for | = m = 1 modes. We have set M = 1, so
the rotation parameter a varies between (0 (Schwarzschild limit) and 1/2 (extremal limit). Here we plot the effective
potential for the near extreme situation, a ~ 0.5 and for g = 0.7 and w = 0.6878.
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We saw that the instability arises because of superradiantly amplified trapped modes, in the potential
well. But does a well exist for general d7 It doesn't, and to understand this, we have to look at the
asymptotic behavior of the effective potential (2.10). If the derivative of this potential is positive near
spatial infinity, we are guaranteed to have a well, and therefore an instability. If the derivative is negative,
the modes should all be stable. Near infinity, the dominant terms in the effective potential (2.10) are

n?

V'~ —%{A;m Yatp? g + T — aﬂwz) + (n+ )’ Mr—2=, (2.33)
where we have already substituted for the separation constant A = Ay, — 2amw + a®w?. Tt is immediately
apparent that the four dimensional case is a special one: if n = 0, the dominant term in the derivative is
(n+ I}pgﬂf r~2-" which is positive and we therefore are guaranteed to have a bound state. Thus, this
case should be unstable, and it is, as we just deseribed in the previons subsection.

When n > 0 the other terms dominate. In fact, for n > 1 they are positive. For n > 1 the dominant
terms are 5

non 2 2

E-l—?—a\.u). (2.34)
Since w < p, this is negative (the separation constant A, can be shown to be positive). Thus, for
d > 5 there is no potential well, no bound states and therefore no instability, even though there is still
superradiance. The situation for n = 1 is not as clear, because there is the extra term (n+ 1)p2Mr—277,
In principle it should be possible to have, for certain very specific parameters, a potential well. But to do
that, one would have to require that g be very large, and this makes it very hard to study the problem
numerically (the imaginary part is expected to be extremely small in this regime, as shown by Zouros and
Eardley [8], and this prevents any numerical treatment).

2
V'~ —ﬁ{fhm +aZn g

Apg = (1 +1)
=2
V!~ _E{q + EQHQ i S + f — a2t -'Ej +(n + 1};49 Myp—2—n
T'E Alm 2 4 =
1,-” . 2 ,ri]_ 2 9 T HE 2:’ 9
. _?_3{‘ Im @l —|—5+?—a,¢? )

forl=m=1, u =0.9 and a = 0.497..

a ~ 0.5 and for u = 0.7 and w — (.6878

For Q =6.19631e+26, M = 13.12806e+39, r=1.94973e+13, u=0.7,a=0.5,n=2
and o =0.6878 , we obtain:

22/(1.94973e+13))) 3*((((2+0.5/2%0.7/2+1+1-
0.5/2%0.68782))))+3(0.7/2*(13.12806e+39)*(1.94973e+13)(-2-2)
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Input interpretation:
(2+0.5%%0.7° +1+1-0.5% «0.6878%) +

(1.94973  1013)°
3(0.7° ©13.12806 - 10°% (1.94973 - 107%)2)

Result:
1.3354265035571747501280441106549610175642269458742660... % 10712

1.3354265035...%107"
And:
2/(1.94973e+13)3%((((2+0.5°2*0.7/2+1+1-0.5°2*0.6878"2))))

Input interpretation:
(24052 x0.7% +1+1-0.5% x 0.6878°)

(1.94973 - 10132

Result:
-1.080502785929348637301692328903335613968299459591960... x 107

-1.080502785929....%¥10%

Note that this result is a sub-multiple of the following Ramanujan mock theta
function value:

MOCK THETA ORDER 3
For (q) q=-¢',t=0.5 q"=-21.79216 * -¢*, we obtain:
4
. q q
o(g) =1 + -+ ...
¢(q) +1+q2 {'1+q2)(1+q‘lj+
: q q q’
vig) = L 3y e e
e l=g (1 —gll—=¢) {1=gl-F)L—¢%)
4
x(g) =1+ 2 + 4 -

l-g+¢* (1-g+¢)(1—¢*+q')

o(q) = 1.075226 + 0.00572374 = 1.08094974
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1/(((-2/(1.94973e+13)"3%((((2+0.5/2*0.7°2+1+1-
0.5/2%0.6878"2))))+3(0.7/2*(13.12806e+39)*(1.94973e+13)"(-2-2)))))*1/62

Input interpretation:

2
1/ [[_ (2+0.5%%0.7% +1+1-0.5% «0.6878%) +
M (1.94973 - 10 |

3(0.7% ©13.12806 - 10°° (1.94973 lD”]'z'z]]"‘[l;'ﬁz}]

Result:
1.613062854706896374687958876145636188425037245523364702581...

1.6130628547... result that is near to the value of the golden ratio 1,618033988749...

2 log base 1.6130628547((1/(((-2/(1.94973e+13)"3*((((2+0.5°2*0.7/2+1+1-
0.572%0.6878"2))))+3(0.7°2*(13.12806e+39)*(1.94973e+13)7(-2-2)))))))+Pi-2

Input interpretation:

2
TR (2+0.5%%0.72 +1+1-0.5% «0.6878%) +

!
2 1051.613062854'?[1;-" [—

3(0.77 x13.12806 - 10% (1.94973 - 107} %)

]+JT—2

loggix)is the base- b logarithm

Result:
125.142. ..

125.142... result very near to the dilaton mass calculated as a type of Higgs boson:
125 GeV for T =0 and to the Higgs boson mass 125.18 GeV

2 log base 1.6130628547((1/(((-2/(1.94973e+13)"3*((((2+0.5/2%0.7/2+1+1-
0.5/2%0.68782))))+3(0.7°2*(13.12806e+39)*(1.94973e+13)"(-2-2)))))))+21-Pi-e

Input interpretation:

/ 2 5 . )
21 114 = 2+0.52.0. 1+1-052.0.6878
Ugl.ﬁlznszss4.-[ / [ (1.94973 - 105 (2 + : SR )+

3(0.7° »13.12806 - 10°° (1.94973 1013]'2'2]]+21-n-f

loggixiis the base=b logarithm
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Result:
139.140...

139.14... result practically equal to the rest mass of Pion meson 139.57 MeV

Now, we have that:

In Boyer-Lindquist-type coordinates the black branes we study in this section are described by

A —a’sin®@ , 2a(r’+a®—A)sin’4

2
ds = —=———dt = dtdp +
2 22 A 2 o2 I : ) E -
= ) = & S Y sinZ0do? + S dr? +Dd8? + 2 cos? 0dO2 + da'dz;, (2.1)
where
Y =724+ a’cos?f, A=1r%4a - Mrl ™, (2.2)
The event horizon, homeomorphic to S**7 is located at » = r_, such that Al—,. =0. For n =0, an

event horizon exists only for a < M /2. When n = 1, an event horizon exists only when a < VM, and the
event horizon shrinks to zero-area in the extreme limit @ — v/M. On the other hand, whenn > 2, A =0
has exactly one positive root for arbitrary a > 0. This means there is no bound on a, and thus there are
no extreme Kerr black branes in higher dimensions.

We consider the ansatz ¢ = e~ wWiHime+ins' () S(9)Y(Q), and substitute this form in (2.3), where
Y (€1) are hyperspherical harmonics on the n-sphere, with eigenvalues given by —j(j+n—1) (7 =0,1,2,---).

We now present a full description of our search for bound states in general (44n)-dimensions. We conclude
that no unstable bound states exist for n > 5. The massive scalar field equation in 44+n dimensional
spacetime is given by

A.r—ﬂ% (A.rn?) +Ibe:O‘ (Al:]
where 1} is the effective potential, given by
Vo={w(® +a*)—am}®’ - A {ug-rz + A — 2mwa + w?a? + mr:iz)a} : (A2)

For simplicity, let us assume A, to be A;,, = (I +1). Note that this assumption is only valid in the limit

From:

A=r?ta®_ My ™,
(1.94973e+13)"2+0.5°2-(((13.12806+39)(1.94973e+13)(-4)))

Input interpretation:
13.12806 - 10%°

1.94973 - 10 +0.5% -
[ ' (1.94973 - 1013)*
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Result:
3.8014470729000000000000000024999999999900915465962196... » 1028

3.8014470729...%10°° = A

For
Ay, = U1 4+1)

=2
Q=16.19631e+26, M =13.12806e+39, r=1.94973e+13, n=0.7,a=0.5,n=15
and ®=0.6878 ,I=m=1,j=2

from:

. . . . - o FlF 4T =1)a
Vo — {w(rz + 512) — m;r':'ii}‘E — A {H‘rz + Ay — 2mwa + w?a® + U + ) } é

o
we obtain:

(((0.6878((1.94973e+13)"2+0.572)-0.5)))"2-
3.8014470729¢+26[((((0.7°2*(1.94973e+13)"2+2-
2*0.6878*0.5+0.6878/2*0.5"2+(2(2+5-1)*0.572)/(1.94973e+13)"2))))]

Input interpretation:
(0.6878 ((1.94973 - 10"\ + 0.5%) - 0.5)? - 3.8014470729 - 10°°

2(2+5-1)%0.5?
+

(1.94973 - 101}

[r;:n.?*2 (1.94973 - 10"%)* +2 -2 0.6878 0.5 + 0.6878 » 0.5

Result:
-2.446721905874791756653420871330760652545039100000002. .. = 107!

-2.44672190587479...%10°!

(((((((0.6878((1.94973e+13)72+0.572)-0.5)))*2-
3.8014470729e+26[((((0.7°2*(1.94973e+13)"2+2-
2%0.6878%0.5+0.68782*0.5/2+(2(2+5-1)*0.5°2)/(1.94973e+13)"2)))]))))"1/248
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Input interpretation:
[[0.58?8 ((1.94973 - 10") +0.5%) - 0.5)" -

3.8014470729 - 10° [0.7% (1.94973 - 10"*)* +2-2:0.6878 - 0.5 +

2(2+5-1)=0.52

0.68787 . 0.5% +
(1.94973 » 1013}

]]A (1/248)

Result:

1.61130... +
0.0204126... s

Polar coordinates:
r=1.61143 radius), &= 0.725806° (angl
1.61143 result that is near to the value of the golden ratio 1,618033988749...

1/2 log base 1.61143(((((((0.6878((1.94973e+13)"2+0.52)-0.5)))*2-
3.8014470729e+26[((((0.7°2%(1.94973e+13)"2+2-
2%0.6878*0.5+0.68782*0.5/2+(2(2+5-1)*0.5"2)/(1.94973e+13)"2))))]))))+Pi-2

Input interpretation:
1
- log 61143|(0.6878 ({1.94973 - 10"} +0.5%) - 0.5 -

3.8014470729 - 10%%0.7% (1.94973 - 1013)% + 2-

2(2+5-1)-0.5°
2. 0.6878 - 0.5+ 0.6878° - 0.5° + i ]]Hr-z

(1.94973 - 101
Ic

og

pix) is the base=b logarithm

Result:

125.142... +
3.20223... ¢

Polar coordinates:

r = 125.185 (radius), &= 1.50699° (angl

125.185 result very near to the dilaton mass calculated as a type of Higgs boson: 125
GeV for T =0 and to the Higgs boson mass 125.18 GeV
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1/2 log base 1.61143(((((((0.6878((1.94973e+13)"2+0.52)-0.5)))*2-
3.8014470729¢+26[((((0.7°2%(1.94973e+13)"2+2-
2%0.6878*0.5+0.687872%0.5°2+(2(2+5-1)*0.5°2)/(1.94973e+13)"2))]))))+18-¢

Input interpretation:
i )
- log g1143|(0.6878 ((1.94973 - 107%) +0.5%) - 0.5 -

3.8014470729 - 1028 |0.7% (1.94973 - 103 + 2 -

2(2+5-1)-0.5°
+18 ¢

2. 0.6878 0.5 + 0.6878% - 0.5% +
(1.94973 - 1013}

loggixis the base= b logarithm

Result:

139.282... +
3.20223... ¢

Polar coordinates:
r=139.321 , 0= 1.35406°
139.321 result practically equal to the rest mass of Pion meson 139.57 MeV

From:

Shaun Cooper - Ramanujan’s Theta Functions

ISBN 978-3-319-56171-4 ISBN 978-3-319-56172-1 (eBook) - DOI 10.1007/978-3-
319-56172-1 - Library of Congress Control Number: 2017937318 - Mathematics
Subject Classification: 11-02 (primary); 05A30, 11AS55, 11F11, 11F27, 11Y55, 33-02
- (secondary) - © Springer International Publishing AG 2017
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We have that:

We will now evaluate each of X(g), ¢(g), and P(g*) in the special cases g
exp(—m+/3) and g = exp(—m+/7). We begin with the evaluations of X.

Lemma 14.2. Let

(I o _;}_4“ 4_;'].'14
X=Xq)=¢q ]—I i]" g2l )

Then

x (e_“‘ﬁ) = ﬁ and X(f“"“ﬁ) = ﬁ

product ((1-(exp(-Pi*sqrt3)*(n))))*24* (1-(exp(-Pi*sqrt3)"(4n)))"*24/ ((1-(exp(-
Pi*sqrt3)*(2n))))"48, n=1 to infinity

Input interpretation:

| l (1-exp™(-x V3 )?* (1 —exp*™(-x V3 )}**

ol (1- Exp2 "V 3 )

Approximated product:

= 24 o 24
& [l_P—4~u'3n:r] [l_f—vEJ::r]

=5 = (0.901424

n=1 [1_P—2ﬂ3nn]

Partial product formula:
m {]_ — f_4 V3 ‘”’]24 [l | F-‘v"_3 Jlﬂ]24 —12 V3 rmim41) [[

| - )

iy [1 _e2Y3 “”]48 [[‘ 1, e ]J,,”]H

exp(-Pi*sqrt3) * 0.901424

Input interpretation:
exp[-m.f 3 ] 0.901424
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Result:
0.00390625...

0.00390625....

Series representations:

exp[-mﬁ] 0.901424 = 0.901424 exp|-ry 2 )_‘ 2* [
k=0

|

__1-k 1)
exp[—mﬁ] 0.901424 = 0.901424 exp| -7y 2 ) M]
k=0

P oba

k!

aXiyRes_ 1,2 1(-

—s]rm

i 1
=—§+ 2

exp[-mf 3 ] 0.901424 = 0.901424 exp| - -
2N

Input interpretation:
0.00390625

0.00390625

Rational form:
1

256

Possible closed forms:

1
— = 0.00390625
256

4
3217

= 0.003906238022

7 sin®(e 1) coSle m)

- - = 0.003906246684
ki
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1/ (exp(-Pi*sqrt3) * 0.901424)

Input interpretation:
1

exp(-7v3)~0.901424

Result:
256.000...

256

Series representations:
1 1.10936

= 1
o Rl 3
s rfl

exp(-7 V3 0.901424
' : EXp

1 1.10936

) (-3 (-3)
exp[—n CET s E'k]

exp(-n V3 )0.901424

1 1.10936
exp(-7V3 ) 0.901424 Ay QR q 21~k
exp| - 2

24nm

And:

product ((1-(exp(-Pi*sqrt7)*(n))))*24* (1-(exp(-Pi*sqrt7)"(4n))) 24/ ((1-(exp(-
Pi*sqrt7)"(2n))))*48, n=1 to infinity

Input interpretation:
= (1 -exp”(-m V7 }]24 (1- exp4"[—;r \-’?]]24

! )

i [l i Exp.?.u[_ﬂ_ ,H.'?]]Jiﬂ

Approximated product:
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= 24 = 24
= [1_P—4\-"FJ:|,T] [l_f—u?u:r]

48

k. ~ 0.994124
n=1 [1_f—2u".?u:r]

0.994124 result very near to the dilaton value 0.989117352243 = ¢

Partial product formula:
=124 =124 12T ) 7 )
{1_P—4~u"?u:r] [1_F—xﬂ?J:n] g 1247 'r:l::l-:J:lz+ljl[[__-|_J FE»‘ n]
'_.IT

m

]24
| I -2+ 7 an H - it i
n=1 [1 —& ] [[_ e ]J:Hl]

m+l

(a; @in gives the g-Pochhammer symbol

exp(-Pi*sqrt7) * 0.994124
Input interpretation:

exp[—:r \G] 0.994124

Result:
0.000244140613534716771154973694240625738936834809066105453 .

0.000244140613...

Series representations:

exp[-m.f?'] 0.094124 = 0.994124 exp[-nﬁ ): 6k [

k=0

]]

_1fkfa
exp[—mr?] 0.094124 — 0.094124 exP[_m/E 3 [6:{#]
k=0

ol

?FE:?L:. Res 1 . 5 r[—El - s}r[s}
5 g
exp[-m# ) ] 0.994124 = 0.994124 exp| - 2

2y
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We have:
0.000244140613
Input interpretation:

0.000244140613

Possible closed forms:
— = 0.000244140625000
4096

_p 2Rlemexdimadn =52 e oin? (e m) cos (e m) = 0.000244140612998 1

1 —
L::g[5 [29 +9542 +19e422¢% 42213 nz]] ~ 0.00024414061340058

log(x) is the natural logarithm

1/((exp(-Pi*sqrt7) * 0.994124))

Input interpretation:
1

exp(-nV 7 )~ 0.994124

Result:
4096.00...

4096 = 64

Series representations:
1 1.00591

-7y 7)0. 4124= o
exp(-m¥ 7 )0.99 exp[—}r*u"fl L::D 5-&:[

)

kA =

1 1.00591
exp(-m V7 )0.994124 (-LF(-

o — |
EXP[_’T’JE Lk:ﬂ k! k}

36
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1 1.00591

exp(-7V7 ) 0.994124 YR
exXp| -

Y
. * -5 -s)re

P fka =

e

v

sqrt(((1/((exp(-Pi*sqrt7) * 0.994124)))))

Input interpretation:

|I 1

‘J exp(-r v 7 )+ 0.994124

Result:
64.0000...

64
All 2nd roots of 4096.:
64. ¢” ~64.000 (real, principal root)

64.¢' " = —64.000 (real root)

Series representations:

|' 1 |' 1.00591 & (1 1.00591 |

| = [-1e——= Y|z ||-1e ——
\ exp(-r V7)0.994124 \ exp(-nV7) o lk exp(-7V7)

(1) [_1 100501 ] 1
|' 1 |' ,, 100591 i pR——y -2k
= | -1+
\ exp(-7v7)0.994124 \  exp(-nVT) & k!
k 1 1.00591 —k
| - (-1} [_E}k [—F—ZDTED
| 1 B Fr L :xp:—:r 'F]

exp(-7v'7 ) 0.994124 Yan

tor not ([ZzoeR and -
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27 * sqrt(((1/((exp(-Pi*sqrt7) * 0.994124))))) + 1

Input interpretation:

|
1
27 | — 1
\ exp(-wV7)«0.994124

Result:
1729.00...

1729

This result is very near to the mass of candidate glueball fy(1710) meson.
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic
curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross—
Zagier theorem. The number 1728 is one less than the Hardy—Ramanujan number
1729 (taxicab number)

Series representations:

|I 1

\Jl exp(-x+ 7 ) 0.994124

1.00591 &} 1.00591 |*
1427 [-1+ —— Z‘[z][_1+—_]
\ exp(-7V7) plk exp(-n v 7 )

27 +1=

1
27 | — SLE
\ exp(-7 v 7)0.994124

(—1)F [—l+ 1.00591 ] 1
1.00591 & expl-m V7 | [ Z}k

|
1+27 -1+ —
'-,! exp(-7 V7 ) & k!
k(_ 11 100591 k&
|| 1 . m -1y [—2L [:xp{-:r‘a"_?ll E’-’DT(ZD
27 | — +1=1+2?«IZDL -
\ exp(-xv7)0.994124 e k!

r not | . K and -
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2 * sqrt(((1/((exp(-Pi*sqrt7) * 0.994124)))))-Pi+1/golden ratio

Input interpretation:
1 1

|
2 | s

\ exp(-7V7)-0.994124 ¢

# iz the golden ratio

Result:
125.476...

125.476... result very near to the dilaton mass calculated as a type of Higgs boson:
125 GeV for T =0 and to the Higgs boson mass 125.18 GeV

Series representations:
| 1 1

2 l —T+— =

\,,' exp(-m V7 ) 0.994124 ¢

| 20 1 -k
1 1.00591 - = 1.00591
- —-m+2 Il—l+—'§I 2‘[2][—1+ —g,_]
¢ \ exp(-aV7) g\ k exp(-n ¥ 7 )

|' 1 1
2 —mT+— =

\," exp(-7v 7 ) 0.994124 ¢

_1y¢ [-q1 4 —Lo05e1 1)
1.00591 i[ } [ * Zpnv7) (-2
exp(-mV 7} k!

k=0

1 |
——m+2 J—1+
: \

|I 1
2

‘ql exp(-nv'7 ) 0.994124 i

_qk 1) | _tooser &
1 =l [ Z}k [:}cp:—;rv'?] ZDI(ZD

——H+E\gi
k=0

1
P

I+

I K!

' JOC SN gyat - Sp—— |
Lal Tl il Lo €K dllld -
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2 * sqrt(((1/((exp(-Pi*sqrt7) * 0.994124)))))+11+1/golden ratio

Input interpretation:

| :
%] g=
\ exp(-mv7)+0.994124

Result:
139.618...

1
+11+ -

&

# iz the golden ratio

139.618... result practically equal to the rest mass of Pion meson 139.57 MeV

Series representations:
I

1 1
2 | — T o
\ exp(-7v7)0.994124 ¢
1 o | 1.00591 & 2 1.00591 |*
11442 |[-14 ——— 7 |ferpe——————
¢\ exp(-nV7) S\ k exp(-7V 7 )
f 1 1
2 | — +11+- =
\ exp(-nv7)0.994124 ¢
k 1.0059] e 1
-L* -1+ ——= —=F
1 ' 1.00591 =, [ mﬂ—ﬂ”]] [ 2k
11+-+2 [-1+ =)
¢\ exp(-7V7) [ k!
|' 1 1
2 | +11+- =

\ exp(-r Vv'7)0.994124

—

ke 1 [_é}k [ﬂp{ V7]

)

1.00591

E’DT( Z’U_k

1 5
11+ = +24f 2
4 X

k=0

for not ((z R and -

k!
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(((1/ ((exp(-P1*sqrt7)) * 0.994124)))"1/17 - 13*1/10"3

Input interpretation:

|' 1 1
17 =g s
\ exp(-x V7 |- 0.994124 10

Result:
1.618141971471512841212187532489181991932428710311556108068. ..

1.61814197147... result that is a very good approximation to the value of the golden
ratio 1,618033988749...

Series representations:

|' 1 13 | 1

- — =-0.013 +1.00035
{ Exp[-ff ¥h LA [

17 P
i' exp(-7 v7)0.994124  10°

]]

b =

|' 1 13 | 1
17] o -3 = -0.013 +1.00035
\ exp(-7v7)0.994124 10

IETTRY
1‘: Exp[_nr'g 3yl u]

k!

|' 1 13

17 T
i' exp(-7 V7 ) 0.994124  10°

-0.013 +1.00035

gy
5 =

675 1| -5~ T(s)
17| EXp|-
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From:

Theorem 10.1. The following identities hold:

oo

(1 __qi&ﬁ—ﬁjlil __GJUj—S)Zfl __q[Qﬁ—E]E
L+ k= 1—[ “ . I:E.El[l_,l'—'}”l = f}'m-'f_t’ }l“ _qlﬂj—-*l)E“ _qm]j—i}

Forj=2 and q=0.5, we obtain:

((((1-0.5"M12)"2(1-0.5"M5)"2(1-0.5"18)*2))) / (((1-0.5"1 1)(1-0.5714)"2(1-
0.5716)"2(1-0.5"19)))
Input:
(1-052Y{1-0657F(1-05™
(1= 0.5 (1- 0.5 F (1 - 05 (1~ 0.5%)

Result:
1.000085897025376264561244912627018397831733379271166593971...

1.00008589702537...

And:

product ((((1-0.57(10§-8))"2(1-0.5(10j-5))*2(1-0.5°(10§-2))"2))) / (((1-0.5°(10j-
9))(1-0.57(10§-6))"2(1-0.5(10j-4)*2)(1-0.5~(10j-1)))), j=1 to infinity

Input interpretation: _ _
[l |:|51|:| .'—S'lz [l |:|51|:| .'—5'|2[l |:|51|:|.'—2'|2

|—l[l |:|51|:| —D'l[l |:|51|:| El'lz [l |:|5-'1|:| —4'! }[1 |:|51|:| l'I
Approx1mated product:

] [1 DS—S-H.I:I 'lz [l D5—5+1|:| z[l 0.5 -2410 3 '|2

1 - < 1.19428
e [l ¥ DIS—.D-H.D_.] [l — 0.5 G410 § ]2 Ll _ DIS': 4+1|:|_.] j[l _ 0.5—1+1|:|_.']
1.19428
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((((1.19428)(e) - 2*1/1073)))

Input interpretation:

. 1
1.19428° -2 —
107

Result:
1.618303134351482805153132024801340292197383348741653854191...

1.61830313435... result that is a very good approximation to the value of the golden
ratio 1,618033988749...

(((exp((((1.19428))))"4)))+7-1/golden ratio

Input interpretation:
1
exp*(1.19428) + 7 - ;

# iz the golden ratio

Result:
125.144. ..

125.144... result very near to the dilaton mass calculated as a type of Higgs boson:
125 GeV for T =0 and to the Higgs boson mass 125.18 GeV

(((exp((((1.19428))))"4)))+18+golden ratio"2

Input interpretation:
exp”(1.19428) + 18 + ¢°

# iz the golden ratio

Result:
139.380...

139.380... result practically equal to the rest mass of Pion meson 139.57 MeV
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Now, we have that (page 524):

| " {1 _ql[]!l.f—ﬂ”-t . qlf}_,r'—ljjl:l _ qlﬂj—i"-:ll{l B f}'m-'f_d'.]f] 8 qlﬂj—l}
o I—[ (1 — g'%=8)(1 — g'%—T)2(1 — ¢! =3)2(1 — 410/ -2) '

f=1

product (((1-0.57(105-9))(1-0.5"(10j-6))(1-0.5"(10j-5))"2))(1-0.5"(10j-4))(1-0.5"(10j-
1)) / (((1-0.5"(105-8))(1-0.5*(10j-7))"2(1-0.5"(105-3))"2)(1-0.57(10j-2))), j=1 to
infinity

Input interpretation: _ _ _
m (10529 (1~ 050 {1 - .50 8P (T < .50 N (1 - p5 Y

31 ((1-0.5"78){1-0.5"47 (1 - 0512 (1-0.512

Infinite product:

o [l _ |:|-51|:| _.:—.C"l [1 -05 1|:|_.:—|5'| [l _ D.Sln _,:_5]2 [l -05 1|:I_,i_4'| [l _ D.S]'D _.5_1'|
|- Y e wemee e - = 0.767466
i (1-0.5%77)(1 - 0.5 F7F (1-0.5%) (1 - 0.510/73)

0.767466

1/(0.767466)

Input interpretation:

0.767466

Result:
1.302989318093570268910935468151032097838861917010004351984 ..

1.302989318....

((2/(0.767466))*1/2

Input interpretation:
.' 2
V 0.767466
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Result:
1.614304381517667980160765852068370505552062734184062492063. .

1.61430438151.... result that is a good approximation to the value of the golden ratio
1,618033988749...

1/ ((2/(0.767466)))"1/2

Input interpretation:

| 2
\ 0767466

Result:
0.619461863232019287031031162711752053743325048876652852266. ..

0.6194618632329..... result that is a good approximation to the value of the golden
ratio conjugate 0,618033988749...

(0.767466)1/64

Input interpretation:
Y 0.767466

Result:

0.99587321...
0.99587321... result very near to the dilaton value 0.989117352243 = ¢

2 log base 0.99587321(0.767466)-Pi+1/golden ratio

Input interpretation:
1
210gg oosg73z1(0.767466) - + 5

logpixiis the base-b logarithm
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Result:
125.476...

# iz the golden ratio

125.476... result very near to the dilaton mass calculated as a type of Higgs boson:

125 GeV for T =0 and to the Higgs boson mass 125.18 GeV

Alternative representation:

1 1 2logiD.767466)
2 logg co5g73(0.767460) -+ — = -1+ — + 2
& ¢  log(0.995873)

Series representations:

(=1 (-0.232534%
2 EJo::l I

log(0.995873)

=

1
2 logg cosg73(0.767466) — 1 + -
&

1
2 lﬂgn_pp5g?3[|:|.?ﬁ?455} — T+ ;

1 3
Ty 483.638 log(0.767466) - 2 10g(0.767466) )  (~0.00412679)" Gik)
k=0

2 log base 0.99587321(0.767466)+11+1/golden ratio

Input interpretation:
1
2 logp gosg73z1(0.767466) + 11 + 5

loggix)is the base- b logarithm

Result:
139.618...

# iz the golden ratio

139.618... result practically equal to the rest mass of Pion meson 139.57 MeV
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Alternative representation:

1 1 2log(0.767466)
2 103’0_9_;\58?3[D.?5?455} + ll + - = ll + — 4+
& ¢  log(0.995873)

Series representations:
(-1 (-0.232534)F

1 1 2L .
2 logg oose72(0.767466) + 11+ - =11+ — -
¢ ] log(0.995873)
1
2 logp cosg73(0.767466) + 11 + ;=
1 «
11+ = - 483.638 10g(0.767466) - 2 10g(0.767466) Y (-0.00412679)* Gik)

k=0

27 log base 0.99587321(0.767466) + 1

Input interpretation:
27 1Dgn_pg|58?321[|:|.?6?466} +1

logpixiis the base-b logarithm

Result:
1729.00...

1729

This result is very near to the mass of candidate glueball fy(1710) meson.
Furthermore, 1728 occurs in the algebraic formula for the j-invariant of an elliptic
curve. As a consequence, it is sometimes called a Zagier as a pun on the Gross—
Zagier theorem. The number 1728 is one less than the Hardy—Ramanujan number
1729 (taxicab number)

Alternative representation:
27 logi(0.767466)

log(0.995873)

2?103’5_@953?3[D.?6?46ﬁ} +1=1+
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Series representations:

o (-1f%-0.232534 1
373 ek eoaamal

log(0.995873)

27 logg cosg7a(0.767466)+ 1 = 1 -

27 logg cosg72(0.767466) + 1 =

1-6529.12 log(0.767466) - 27 log(0.767466) )" (-0.00412679)" Gik)
k=0

Observations

DILATON VALUE CALCULATIONS
from:

Modular equations and approximations to 1 - Srinivasa Ramanujan
Quarterly Journal of Mathematics, XLV, 1914, 350 — 372
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We have that:

5. Since G, and g, can be expressed as roots of algebraical equations with rational coeffi-
cients, the same is true of G?! or g2*. So let us suppose that

—484_...

1= ag—24 - bgn !

ks

or
24 —24
gn =8—bgg™ 4omnen

But we know that
64e~ Vg2t = 1 — e VT 4 276V ..
64g2% = ™™ — 24 4 2767V — ...

64a — 64bg24 4+ ... = ™V _ 24 4 276V — ...
64a — 4096be="V" 4 ... — "V _ 94 1 976~V _ ... .
that is
€™ = (64a + 24) — (4096b + 276)e "V + .- (13)
Similarly, if
§ o S M A e W
then

€™V = (64a — 24) — (4096b + 276)e™ V" + ... (14)

From (13) and (14) we can find whether e™7 is very nearly an integer for given values of
n, and ascertain also the number of 9’s or 0's in the decimal part. But if ¢,, and g, be
simple gquadratic surds we may work independently as follows. We have, for example,

ga2 = \/ (1 +V2).
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Henep

648t = &VE 2| MeeaTVE
6405 = 4096 ™VE ...
so that
54(3?%% -I—_qs—gﬂj = g?l'\-’"l?_'z — 24 4 43?25_1-'@ 4 64{(1 + \./5}12 +(1— V;E)u}-
Henee
e — 2508951.9932
Apain
Gar = (6 + V3T)1.
646G = VT Loy viee VI 4o
61052 = 1006 _ ...
so that
64(C2 + 6,24 = VT 21 443720 VI ... = 64{(6 + V3T)® + (6 — 375}
Henee

o™ — 100148647 000078

Similarly, from

we obtain

5+vBY (5—vB)
64(g2 | g2t) =V 94 | 43727V | ... _64 (;) | (;)

] o

Henee
T L

2TV = 24501257751.00000082 . , . .
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From:

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

Now, we have that:

From the following vacuum equations:

e l:;i_—'p.:l lilr‘2 _2 2 _ ,IC,_Q alP) ¢
_'-)_r_‘\‘:-L YE @ — . 1 | & [w P Jf.' L)
VE
16k %€ = - =
(4 = p)
¢ £y
L2 SN .
i 3 n - B T L \F) 4
‘,_1" 2 — 'il‘r__—-‘ A L B D s r___,—/{*i—m( 2 Mg
) T 16 + 1) PT e

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

4096 '® instead of

g o glpP)
o—2@-p)C+28Y ¢

a new possible mathematical connection between the two exponentials. Thence, also

the values concerning p, C, fr and ¢ correspond to the exponents of e (i.e. of exp).
Thence we obtain for p =5 and Sz = 1/2:

e 6C+® = 4096¢ V18

Therefore with respect to the exponential of the vacuum equation, 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.

phi = -Pi*sqrt(18) + 6C, for C =1, we obtain:
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exp((-Pi*sqrt(18))

Input:

"

Exp[—:r ~.,." 18 ]

Exact result:
3427

£

Decimal approximation:
1.6272016226072509292942156739117979541838581136954016... x 107°

1.6272016... * 10°°

Now:

e~6C+® = 4096 V18

e ™18 = 1 6272016... * 10°

L e6C+$ = 1.6272016... * 10°
4096

0.000244140625 e ~6¢+® = ¢=™V18 — | 6272016... * 10

ln(e‘”m) — —13.328648814475 = —\/18

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

Input interpretation:
1.6272016 1

105 0.000244140625

Result:
0.0066650177536
0.006665017...

0.000244140625 ¢ ~6C+¢ = g~mV18
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Dividing both sides by 0.000244140625, we obtain:

0000244140625 ,_6C g _ 1 o—V1B
0.000244140625 0.000244140625

e~ 0C*+? = (0.0066650177536

((((exp((-P1*sqrt(18)))))))*1/0.000244140625

Input interpretation:

[ V18" :
EXP| —
P ) 0.000244140625

Result:
0.00666501785. ..

0.00666501785...

e 60+ =(.0066650177536

expl| - 18
p[ ny 18 | 0.000244140625 —

-+ 18 1
0.000244140625

=0.00666501785...
In(0.00666501784619)

Input interpretation:
log(0.00666501784619)

Result:
~5.010882647757. ..

-5.010882647757...

Now:

—6C + ¢ = —5.010882647757 ...
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For C =1, we obtain:

¢ = —5.010882647757 + 6 = 0.989117352243 =¢

Ramanujan formula for obtain the golden ratio

1/(((1/32(-1+sqrt(5)) 5+5* (e ((-sqrt(5)*Pi))*3)))

Input:
1

[-v5 :r:l5

Li214+45)P 456
33 * i

Exact result:
1

3—12 [V"E— 1]5 +5&23 VS x®

Decimal approximation:
11.00016994374047424102293417182810058860154580002881431067...
(11#5%(e™((-sqrt(5)*P1))"5))) / ((2*(((1/32(-1+sqrt(5))"5+5*(e"((-sqrt(5)*P1))*5)))

Input:
11,55

jesess ,l_'__,'5
2[—1 (-1+¥5 P +5¢ V77 ]
32 g

Exact result:
5 ¢-25 Y5 15

2(L (V5 -1f 455 )
32 £

Decimal approximation:
9.99290225070718723070536304129457122742436976265255... x 1077428
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(Ssqrt(5)*5*(e™((-sqrt(5)*P1))*5))) / (2*((1/32(-1+sqrt(5))"5+5*(e"((-
sqrt(5)*P1))"5)))

Input:

| \5
545 «5¢'

V5 7|

- (o5 11
2[—1 (1+VE P +57Y7 7 ]
32 !

Exact result:

95 A/ 25 v5 1"

2(L (V5 -1 453V
32 £

Decimal approximation:
1.015673123R6781438R74777576205646017808823520008784 .. = 10~ 7+7

From which:

Input interpretation:

1 5 {45 af
[11-"’[[5 {—l+ \JE] +5 ¢ Ve T] ]—
0,00200225070718723070536304129457122742436076265255
7428 -
1.015673123B06781438B74777576205646017808823520008784
107427

]]’“[1;5}

Result:
1.618033988740804848204586834365638117720309179805762862135. ..
Or:

(((ACC/32(-1+sqrt(5))"5+5*(e((-sqrt(5)*P1))*5)))~(-
1.6382898797095665677239458827012056245798314722584 x 10°-7429)))"1/5

Input interpretation:

1

= \2
5: 1 3/ ] ':_\" 3 1.6382808 70700566567 723045882 7012056245 708314722584
‘\ E[—1+ 5V +5¢ L 7429
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Result:
1.618033088740804848204586834365638117720300179805762862135. ..

The result, thence, is:

1.6180339887498948482045868343656381177203091798057628

This is a wonderful golden ratio, fundamental constant of various fields of
mathematics and physics

Continued fraction:
1+

1+ 1
1 1
N 1
1+
1 1
£3 1
1+
1 1
T 1
1+
1 1
i 1
1+
1 1
i 1
1+
1 1
N 1
1+
l 1
s 1
1+
1 1
b 1
1+
1 1
T 1
14— 1_
1 1
i 1
1+ 1
1+ =

Possible closed forms:

¢ = 1.618033988749804848204586834365638117720309179805762862135
0 +1=1.618033988740804848204586834365638117720309179805762862135

1 :
— = 1.618033088749804848204586834365638117720309179805762862135
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Conclusions

From:
https://www.scientificamerican.com/article/mathematics-
ramanujan/?fbclid=IwAR2caRXrn RpOSvJ1QxWsVLBcI6KVgd Af hrmDYBNyU8mpSjRs1BDeremA

Ramanujan's statement concerned the deceptively simple concept of partitions—the
different ways in which a whole number can be subdivided into smaller numbers.
Ramanujan's original statement, in fact, stemmed from the observation of patterns,
such as the fact that p(9) = 30, p(9 + 5) = 135, p(9 + 10) = 490, p(9 + 15) = 1,575
and so on are all divisible by 5. Note that here the n's come at intervals of five units.

Ramanujan posited that this pattern should go on forever, and that similar patterns
exist when 5 is replaced by 7 or 11—there are infinite sequences of p(n) that are all
divisible by 7 or 11, or, as mathematicians say, in which the "moduli" are 7 or 11.

Then, in nearly oracular tone Ramanujan went on: "There appear to be
corresponding properties,”" he wrote in his 1919 paper, "in which the moduli are
powers of 5, 7 or 11...and no simple properties for any moduli involving primes other
than these three." (Primes are whole numbers that are only divisible by themselves or
by 1.) Thus, for instance, there should be formulas for an infinity of n's separated by
573 = 125 units, saying that the corresponding p(n)'s should all be divisible by 125.

In the past methods developed to understand partitions have later been applied to

physics problems such as the theory of the strong nuclear force or the entropy of
black holes.

From Wikipedia

In particle physics, Yukawa's interaction or Yukawa coupling, named after Hideki
Yukawa, is an interaction between a scalar field ¢ and a Dirac field w. The Yukawa
interaction can be used to describe the nuclear force between nucleons (which
are fermions), mediated by pions (which are pseudoscalar mesons). The Yukawa
interaction is also used in the Standard Model to describe the coupling between
the Higgs field and massless quark and lepton fields (i.e., the fundamental fermion
particles). Through spontaneous symmetry breaking, these fermions acquire a mass
proportional to the vacuum expectation value of the Higgs field.

Can be this the motivation that from the development of the Ramanujan’s equations
we obtain results very near to the dilaton mass calculated as a type of Higgs boson:
125 GeV for T = 0 and to the Higgs boson mass 125.18 GeV and practically equal to
the rest mass of Pion meson 139.57 MeV
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Note that:

goa =\ (1 + V2).

Hence
649 = €™V2_ 244 276e V2
- -
6499934 = 40966V 4 ..
so that

64(go3 + got) = €™V — 24 + 4372 V2 4 o = 64{(1 + V)2 + (1 —v2)"2}.

Hence .
e™V2% = 2508051.9982. .. .
Thence:
64972t = 4096~V 4 ..
And
(g2 £ g t) =@™VB 20 i Lo o= B4 VDR 4 (1 =3P

That are connected with 64, 128, 256, 512, 1024 and 4096 = 64°

(Modular equations and approximations to & - S. Ramanujan - Quarterly Journal of
Mathematics, XLV, 1914, 350 —372)

All the results of the most important connections are signed in blue throughout the
drafting of the paper. We highlight as in the development of the various equations we
use always the constants ., ¢, 1/¢9, the Fibonacci and Lucas numbers, linked to the
golden ratio, that play a fundamental role in the development, and therefore, in the
final results of the analyzed expressions.

In mathematics, the Fibonacci numbers, commonly denoted F,, form a sequence, called
the Fibonacci sequence, such that each number is the sum of the two preceding ones, starting from
0 and 1. Fibonacci numbers are strongly related to the golden ratio: Binet's formula expresses
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the nth Fibonacci number in terms of n and the golden ratio, and implies that the ratio of two
consecutive Fibonacci numbers tends to the golden ratio as n increases.
Fibonacci numbers are also closely related to Lucas numbers ,in that the Fibonacci and Lucas

numbers form a complementary pair of Lucas sequences

The beginning of the sequence is thus:

0,1, 1, 2 3,5 8 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 2584, 4181, 6765, 10946,
17711, 28657, 46368, 75025, 121393, 196418, 317811, 514229, 832040, 1346269, 2178309,
3524578, 5702887, 9227465, 14930352, 24157817, 39088169, 63245986, 102334155...

The Lucas  numbers or Lucas  series are  an integer _ sequence named  after  the
mathematician Francois Edouard Anatole Lucas (1842-91), who studied both that sequence and
the closely related Fibonacci numbers. Lucas numbers and Fibonacci numbers form
complementary instances of Lucas sequences.

The Lucas sequence has the same recursive relationship as the Fibonacci sequence, where each
term is the sum of the two previous terms, but with different starting values. This produces a
sequence where the ratios of successive terms approach the golden ratio, and in fact the terms
themselves are roundings of integer powers of the golden ratio.” The sequence also has a variety
of relationships with the Fibonacci numbers, like the fact that adding any two Fibonacci numbers
two terms apart in the Fibonacci sequence results in the Lucas number in between.

The sequence of Lucas numbers is:

2, 1,3, 4,7 11,18 29, 47, 76, 123, 199, 322, 521, 843, 1364, 2207, 3571, 5778, 9349, 15127,
24476, 39603, 64079, 103682, 167761, 271443, 439204, 710647, 1149851, 1860498, 3010349,
4870847, 7881196, 12752043, 20633239, 33385282, 54018521, 87403803 ... ...

All Fibonacci-like integer sequences appear in shifted form as a row of the Wythoff array,; the
Fibonacci sequence itself is the first row and the Lucas sequence is the second row. Also like all
Fibonacci-like integer sequences, the ratio between two consecutive Lucas numbers converges to

the golden ratio.

A Lucas prime is a Lucas number that is prime. The first few Lucas primes are:

2,3, 7, 11, 29, 47, 199, 521, 2207, 3571, 9349, 3010349, 54018521, 370248451, 6643838879, ...
(sequence A005479 in the OEIS).

In geometry, a golden spiral is a logarithmic spiral whose growth factor is @, the golden
ratio.™ That is, a golden spiral gets wider (or further from its origin) by a factor of ¢ for every
quarter turn it makes. Approximate logarithmic spirals can occur in nature, for example the arms
B3I~ golden spirals are one special case of these logarithmic spirals

of spiral galaxies
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