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Abstract

In the present research thesis, we have obtained further interesting new possible
mathematical connections concerning the mathematics of Ramanujan mock theta
functions, some sectors of Particle Physics, concerning principally the Dark Matter
candidate particles and the physics of black holes.
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To begin to explore the parameter space of our model
we note that the particle masses must be subject to sev-
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cally allowed we have the following:
My +Me < My, . (5)

Note that there is also a kinematic upper bound on the
mass of the ¢ such that it is light enough for the decay
B/B — /1 + Baryon/anti-Baryon + Mesons to be al-
lowed. This bound depends on the specific process under
consideration and the final state visible sector hadrons
produced; for instance in the example of Figure 2 it must
be the case that m, < mpy — My = 4.16 GeV. A com-
prehensive list of the possible decay processes and the
corresponding constraint on the ¢ mass are itemized in
Appendix 4.



Here we categorize the lightest final states for all the
quark combinations that allow for B mesons to decay into
a visible baryon plus DM, and for A, baryons decaying to
mesons and DM. Note that the mass difference between
final and initial states for the B-mesons will give an upper
bound on the dark Dirac fermion v» mass. In Table 1] we
list the minimum hadronic mass states for each operator.

Operator||Initial State Final state AM (MeV)
Bg W+ A (usd) 4163.95
| B, ¥+ Z° (uss) 4025.03
wWhbus
Bt Y+ X1 (uus) 4089.95
Ay U+ K° 5121.9
B, 1+ n (udd) 4340.07
, B, W+ A (uds) 4251.21
whud N
B U+ p(duw) 4341.05
As U+t 5484.5
B Y+ E2 (esd) 2807.76
, B. ¥ + S (ess) 2671.69
wbcs
Bt Y+ EF (esu) 2810.36
Ay p+D + Kt 3256.2
By v+ A.+ 7 (edd)] 2853.60
B, b+ =2 (eds 2895.02
wbed ¢ (ees)
B+ ¥ + Ag (deu) 2092.86
As b+ D’ 3754.7

TABLE III. Here we itemize the lightest possible initial and
final states for the B decay process to visible and dark sector
states resulting from the four possible operators. The diagram
in Figure 2 corresponds to the first line. The mass difference
between initial and final visible sector states corresponds to
the kinematic upper bound on the mass of the dark sector
baryon.



in the example of Figure 2 it must

be the case that m, < mpy — My =~ 4.16 GeV.
Indeed, we have a value 0f4163.95 MeV =4.16395 GeV;

Input interpretation:

convert 4.16395 GeV lt=) to megaelectronvolts

Result:
4163.95 MeW [

Now, we obtain:
4.16395 GeV =Kg

Input interpretation:
convert 4.16395 GeV/c? to kilograms

Result:
7.4229 21077 kg

Mass = 7.4229e-27
Radius = 1.102190e-53
Temperature =1.653267¢+49

We remember that the development of the formula concerning the ratio between

charge and mass of a black hole, provides the value of the golden ratio for any mass,
temperature and radius. To keep in mind that for this mathematical application, we
have equated the mass of the dark matter candidate particles, to that of small black

holes, or quantum black holes.

Applying the Ramanujan-Nardelli mock formula, we obtain:

sqrt(((((CCLA((((((1.962364415 *10719)/(0.08640552)))*((Pi/(2*1.9632648))*
1/(7.4229%107-27)* sqre[[-(((((1.653267*10/49 * 4*Pi*(1.102190%10/-53)"3-

(1.102190*107-53)"2))))) / ((6.67*10*-11))]D))))

Input interpretation:



L/ 1.962364415 - 101 T 1
\ / 0.08640552 2.1.9632648 7.4229 10727

[
I| 1.653267  10% 4 7(1.102190 - 107°*)* -(1.102190 1073}
\ 6.67 10711

Result:

1.618154529084253942870332446218211486837211241520307450613...
1.61815452....

Now, we take the average of all values: 3741,240625 MeV.
From the Ramanujan’s sum of two cubes:
L#:—h---—,--./._térﬂ
S .

o o1 3
P g1 114687 = Jg2se 4y 2550 123

= 1
720  Feizle /folo—y

We have that:
(14258 — 11161) + (135 +138 +172) +(1010 — 812) = 3740
Thence, we take 3740 MeV

Input interpretation:
convert 3740 MeV/c? to kilograms

Result:
6.667 107 kg
6.667 * 10%" Kg

Mass = 6.667000e-27
Radius = 9.899505¢-54
Temperature = 1.840713e+49



From the Ramanujan-Nardelli mock formula, we obtain:

sqrt((((CCCLAC((((((1.962364415 *10719)/(0.08640552)))*((Pi/(2*1.9632648))*
1/(6.667*107-27)* sqrt[[-(((((1.840713%10749 * 4*Pi*(9.899505%10-54)"3-
(9.899505%107-54)"2))))) / ((6.6710*-11)]])))))

Input interpretation:

L/ 1.962364415 - 1017 T 1
! 0.08640552 2.1.9632648 §.667 10727

\

|
| 1.840713 - 10% 47 (9.899505 - 107°%)® - (9.899505 ~ 10724}
\ 6.67 10711

|

Result:

1.618154216983666601157667174812170907824377622197336102001...
1.6181542..

It is possible to obtain a similar result also by the following multiplication:
4/5 (1.962364415%10"°/0.0864055%). Indeed:

sqrt(((((CCLA(((((4%1.962364415 *10°19)/(5%0.0864055°2)))* 1/(6.667*10/-27)*
sqrt[[-(((((1.840713* 10749 * 4*Pi*(9.899505%10/-54)"3-(9.899505%10/-54)"2))))) /
((6.67*10"-11))11)))))

Input interpretation:

/| 4+1.962364415 - 10™° 1
\ / 5. 0.0864055% 6.667 10727
|
I| 1.840713 - 10% 4 £ (9.899505 - 107°%)% —(9.899505 - 10774}
\ 6.67 10711
Result:

1.618249249795608133861937700335532726854961140572569308242...
1.6182492...

This 1s another mode for the application of the Ramanujan-Nardelli mock formula
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Now, from:

Glueball dark matter in non-standard cosmologies
Bobby S. Acharya,a;b Malcolm Fairbairn,a Edward Hardyb;c

arXiv:1704.01804v2 [hep-ph] 14 Aug 2017

The contribution of glueballs from an SU (V) gange sector to the DM relic abundance in
this seenario is

Qh?) .
Rh) gy L \Ax

) ( my N2 [ A (2.8)

105 GeV/  \10% GeV )

Therefore, by the time the visible sector temperature reaches its present day value T;, the
glueball velocity vg (the idealised velocity left over from the Early Universe, not including the

velocity which would subsequently be obtained through gravitational clustering) must satisfy

Vo ——

Tru A ™

A myx \1/2 _35
* > 10735
= (105 Ge.v) (105 GeV) ~

This is because the glueball number density is much smaller than A3, so begins tracking the
equilibrium value once the glueball temperature is fairly low, and 3 — 2 processes only reduce

the yield for a short time. Using the approximation n >~ 2n,,, the late time yield is

(3.9)

g me’Q
L L i (3.13)
<A M

and unlike in other parts of parameter space, the relic density is independent of A,

(QR?%)py 3x 1076/ \10® GeV.

)

(th ; e / B N 7 my 33/?
Je w(ﬁ-z—n( )( ——) .

(3.14)



In models in which glnehalls never have efficient scattering, the same is also true for
glueballines. From Eq. (3.6), this scenario typically occurs when A is large and B small. The
rate of glueballino annihilation is suppressed initially since they are highly relativistic, and
even interactions with small center of mass energy have a cross section parametrically the
same as for glueball glueball scattering. Consequently, the glueballine yield remains fixed at

the value immediately atter modulus decay, similarly to Ea. (3.7). and glueballinos make up

= V5 1 5UC INzke 11

g fraction of the chscrved DM relic abundance
(th)é o Bg ( mx )U'? ( me )
)5y 26 \6x 105 ) \10° GeV 10% GeV

In this scenario the glueballino contribution to the relic abundance is

spp-8 A 3/?( mé )3f9 105 GeV\*?
(Qhﬂ}DM - GeV GeV my .
(4.8)

(4.4)

Despite these caveats, we note that for large valuss of A the glusball abundance produced
during matter domination can match the chserved relic abundance. In most such models
A 3 my, so no gluchalls arc produeed from the subscquent decay of the modulus, and
Eq. (5.4) is the ouly coutribution to the yield. In Fig. 3 the paramneter space thal leads Lo
the correct relic abundance is plotted, assuming a sinele modulus with mass 10° GeV or
10 GeV. For motivated values of the UV gauge coupling, not far from the visible sector

unifeation value, the correet relic abundance can be cbtained for B, ~ 10-6,

After some calculations we find that:
(107-8 * (10M5)M.5 * (1074)~1.5 * (10M5/10M5)M1/5) * ((GeV)NLS))

Input interpretation:

5.1.5 (14115 g 10°
(10%)*3 (10%)3 § 12 .

o8 (GeV (gigaelectronvolt))™
Result:
316228 Gev'™ (gigaelectronvolts to the 1.5)
Input interpretation:
{315228 Gew |-j.|i-;|.'-|—:I—.-:t|'-:-|'|'.'-:-|t-.'.:}1'5
Result:
177.828.138,371530
1.778 x 10° Gew!> (gigaelectronvolts to the 1.5)



1.7782813837153 * 10° GeV

Input interpretation:
1778 - 10°

1778.28138371530 * 10° GeV
Result is a multiple in the range of the hypothetical mass of Gluino (gluino = 1785.16
GeV).

Scientific notation:
1.778 = 10%

From the Ramanujan’s sums of two cubes, we have:

(14258 - 11161 - 1010 - 135 - 138 - 10 - 9 - 8 - 6)=1781
Now:

1.7782813837153 * 10”8 GeV =Kg

Input interpretation:
convert 1.7782813837153 x 10® Gev/c? to kilograms

Result:
3.170073926979 « 10 kg
3.170073926979 * 10™"° Kg

Mass = 3.170073926979¢-19 = 3.170074e-19
Radius = 4.707089¢-46

Temperature = 3.871213e+41

Entropy = 1.157527e-21

From the third GENERAL FORMULA (Ramanujan-Nardelli mock formula), we
obtain:

sqrt[[[[1/(((((((1.962364415 *10719)/(0.0864055°2)))*((Pi/(2*1.9632648))*
1/(3.170074%107-19)* sqrt[[-(((((3.871213% 10741 * 4*Pi*(4.707089* 1 0"-46)"3-
(4.707089%10%-46)"2))))) / ((6.67*10*-11)]]]]]

Input interpretation:

10



| /] 1:962364415 105 m 1
\ / 0.0864055° 2.1.9632648 3170074 107

| %
I| 3.871213 - 10*! 4 7 (4.707089 - 107%}° —(4.707089 - 107’
\ 6.67 10711

Result:

1.618154243889548781121868461486319392492586762343755777105...
1.61815424...

And for the fourth GENERAL FORMULA (Ramanujan-Nardelli mock formula), we
obtain:

sqrt[[[[1/((((((4*1.962364415 *10°19)/(5*0.08640552)))*1/(3.170074%107-19)*
sqrt[[-(((((3.871213*10741 * 4*Pi*(4.707089% 10"-46)"3-(4.707089%10"-46)"2))))) /
((6.67*10"-11)]]11]

Input interpretation:

4.1.962364415 - 10 1

/
1/
5. 0.0864055% 3.170074 =< 10~°

/

\

|
I| 3.871213 - 10% « 4 (4.707089 - 107*°)° —(4.707089 - 107’
\ 6.67 1011

Result:

1.618249276703070473253771207129214038161151241816055391401...
1.61824927...

From the Entropy = 1.157527e-21, we obtain:

(13/Pi-Pi) * colog/(1/8) (1.157527¢-21)

Input interpretation:

13 |
[— -n] § -log(1.157527 - 10°%)

i

log(x) is the natural logarithm

Result:

11



1.617481202...
1.617481202...

1/3 * "2 (1.157527e-21)

Input interpretation:
é log?(1.157527 - 1072}

logix is the natural logarithm

Result:

774.67046...
774.67046.... result very near to the rest mass of Charged rho meson 775.4

From:

Gravitational Waves From SU(N) Glueball Dark Matter
Amarjit Soni and Yue Zhang - arXiv:1610.06931v3 [hep-ph] 25 Jun 2017

Understanding the nature of dark matter is an open question of central importance for particle
physics and cosmology. One of the simplest models of dark matter is a hidden sector with a
non-abelian gauge symmetry. In the case of pure gauge theory, its intrinsic scale where the gauge
coupling goes strong dictates the mass scale of the dark matter candidate — the lightest dark
glueball state. The glueball dark matter scenario has been considered within various contexts [1—
10]. As emphasized in [8], a hidden sector with pure SU(N ) gauge group without any fermions or
any other intricacy is motivated by its elegance and simplicity. In the CP conserving case, such
a hidden sector contains only two parameters: the intrinsic scale A (or the lightest scalar glueball
mass m which we use more often) and the number of colors N. In spite of the very few parameters.,
we have shown that the model can have a number of non-standard and interesting implications in
cosmology [8]. In particular, the dark glueball could be a self-interacting and warm dark matter
candidate if 0.01keV < m < 10keV and 10° > N > 10%. In this case, the self-gravitation of
the dark glueball field is allowed to form boson stars that are muech more massive than the sun.
~10% — 10°M 5. We will investigate the consequence of such a possibility in this work.

In this note, we explore a natural consequence of glueball dark matter from SU(V) gauge theory:
dark SU(N) stars (DSS), i.e., self-gravitating and compact configurations of the lightest scalar
glueball field. It was shown that with non-abelian gauge interactions the “geon-like” configuration
does not form by itself [14] but with gravity included a glueball star becomes possible. Our goal is to

For 0.01 and 10 keV =Kg

Input interpretation:
12



convert 0.01 keV/c? to kilograms

Result:
1.78 2107 kg

1.78 * 10’ kg
Input interpretation:

convert 10 kev/c? to kilograms

Result:
1.783 + 107 kg

1.783 * 10°° kg

From the inverse formula of Surface area

, 167G?2

A=M%.
ct

we obtain:

1/16 * (((8.778411e-123)*(3*1078)"4)) / (((1.78e-35)"2*(6.6743015*10"-11)"2))

Input interpretation:
1 8.:0'?]324311 [3 lDS ]4

16 (1.78 1073} (6.6743015 - 10711}

Result:

3.148685610835212275778977275504506277874187665183783104966. ..
3.14868561..... a good approximation to 7

And:

1/6(((((1/16 * (((8.778411e-123)*(3*1078)4)) / (((1.78¢-35)"2*(6.6743015%10/-
11)"2)))))"2

Input interpretation:

1 1 8.:0'.-"182431 1 [3 10 8 ]4 2

6116 (1.78 - 107%°) (6.6743015 - 107}

13



Result:

1.652370179313452308129802353567997867515979783591656683256...
1.652370179..... 1s very near to the 14th root of the following Ramanujan’s class

invariant Q = (Gss/Gro1/5)° = 1164,2696 i.c. 1,65578...

From the inverse formula of Entropy

A7 G

S = M?.
ficln10

((3.649493e-54 * 1.054571726e-34 * 3*108 In10)) / ((4*6.6743015¢-11)*(1.78e-
35)"2))

Input interpretation:
3.649493  107** . 1.054571726 - 1073* .3 10% log(10)

(4 6.6743015 - 10711} (1.78 - 10737

logix is the natural logarithm

Result:

3.142966735221650950426173746598337744403424453605571096610. .
3.1429667.... another good approximation to 7

And:

1/6*(((((3.649493e-54 * 1.054571726e-34 * 3*1078 In10)) / ((4*6.6743015¢-
11)*(1.78e-35)"2))))"2

Input interpretation:
1 (3.649493  107°* . 1.054571726 - 1073* .3 . 108 lag[lm]z

6 (46.6743015 - 1071)(1.78 - 1077}

log(x) is the natural logarithm

Result:

1.646373316451640558831720910267102667614762779460189692268...

1.646373316.... = {(2) == = 1.644934...

14



Now, we have:

Mass = 1.780000e-35; 1.783000e-32
Radius= 2.643036e-62; 2.647490e-59
Temperature = 6.894400e+57; 6.882800e+54
Surface gravity = 1.700233e+78

Surface area = 8.778411e-123

Entropy = 3.649493e-54

From the fourth GENERAL FORMULA (Ramanujan-Nardelli mock formula), we
obtain:

sqrt[[[1/((((((4*1.962364415 *10°19)/(5*0.0864055°2)))*1/(1.78*10°-35)* sqrt[[-
(((((6.894400% 10757 * 4*Pi*(2.643036*10-62)"3-(2.643036*10°-62)"2))))) /
((6.67*10"-11)]]11]

Input interpretation:

/| 4+1.962364415 10" 1
\ / 5+ 0.0864055% 1.78 x 107
I N
f 6.894400  10°7 - 4 7(2.643036  10752)° —(2.643036 10752
\ 6.67 10711
Result:

1.618249152809454810599944506845794526058712694103272460809...
1.61824915....

And

15



sqrt[[[[1/(((((((4*1.962364415 *10°19)/(5*0.0864055"2)))*1/(1.783*10/-32)* sqrt[[-
(((((6.882800%10154 * 4*Pi*(2.647490%10/-59)"3-(2.647490*10/-59)"2))))) /
((6.67*10"-11)]1111]

Input interpretation:

/| 4x1.962364415 « 10%° 1
\ / 5 0.0864055° 1.783 x 1072
| .
f 6.882800 - 10°* 41 (2.647490 - 107°°)® - (2.647490 - 107°°)*
\ 6.67 107!
Result:

1.618249322281036615536110296392444708572935782264897943653 ..
1.61824932...

We note that the masses of these candidates dark glueballs 1.78 * 10 and 1.783 *
107 kg are sub-multiples of 1783, very near of our average of the hypothetical
gluino mass = 1785.16 GeV practically about 10° times greater than the upper
bound mass value of candidate “glueball”, the scalar meson fy(1710), that have a
mass including between 1723 + 5; 1723 + 6 and1760 + 15 MeV

Furthermore, from the Ramanujan’s sums of two cubes, we have

1010 + 791 + 138 - 135 - 19 = 1785 value very near to 1783

Now, from:

...In particular, the dark glueball could be a self-interacting and warm dark matter
candidate if 0,01 keV <m < 10 keV and 1 0°> N > 10°. In this case, the self-
gravitation of the dark glueball field is allowed to form boson stars that are much
more massive than the sun ~ 10°— 10° M ( M = solar masses)

16



maximum, with M,(zg) = 0.74 and xr = 4.7. The corresponding mass and radius of DSS are,

: 1 M} 1\ /0.6QeV)?
M= Eh‘,mgm(ig)_(ﬁ—r)( - )M

(1 My (1) (06GeV?
H= 47r17\arm2LR_(N)( m )xlOkm.

Interestingly, if m ~ 1GeV and N ~ O(1), the DSS has the typical mass as a massive compact
halo object (MACHO). On the other hand, [8] showed that, for the dark glueball to be both self-
interacting and warm dark matter candidate, the favored ranges of parameters are m ~ 0.01 —
10keV, N ~ 10% — 10%. Following (26), this corresponds to the highest DSS mass in the range
105 — 10°Mg, and the lowest DSS radius in the range 10> — 10°R,, where the solar radius is
Ry =7 x 10°km.

(26)

From:

M3 2
M:\ i pl M, (zg) = (l) (M) Mg

A Nn? N m

For N=10° and N=10°>, m=0.01 and 10 keV, we obtain the following interesting
formulas:

(1/(1076))*(0.6 GeV/0.01 keV)*2 * (1.9891*10730)

Input interpretation:
1 [0.6GeV (gigaslectron

— ]Z 1.9891 10%
105 Lot ke félsdleetranenls

Result:
7.161 = 10%

7.161 * 10 Kg

(1/(1073))*(0.6 GeV/10 keV)*2 * (1.9891*10730)

Input interpretation:
1 {0.6GeV (gigaslectronvolts

— ' 1.9891 x10%°
10° \ 10kev (kiloelectrorvolt

Result:
7.161 - 10°®

7.161 * 10°° Kg

17



We want to highlight that the formulas, and the relative results, are interesting
because, inserted in the Hawking Radiation Calculator, to obtain the various physical
parameters of a black hole, they provide the temperature and radius of these "boson
stars". The masses, temperatures and radii, finally inserted in the GENERAL
FORMULA, deriving from that of the ratio between charge and mass of a black hole
(we are treating the particles as little black holes or quantum black holes), provide as
a result, also in this case, a value very close to the "golden ratio"!

Indeed, we have:
Mass =7.161e+39
Radius = 1.063302¢e+13

Temperature = 1.713732e-17

From thefourth GENERAL FORMULA (Ramanujan-Nardelli mock formula), we
obtain:

sqrt[[[[1/(((((4*1.962364415 *10°19)/(5%0.0864055°2)))*1/(7.161%10"39)* sqrt[[-
(((((1.713732*%107-17 * 4*Pi*(1.063302%10°13)"3-(1.063302%10*13)"2))))) /
((6.67*10"-11))]]]11]

Input interpretation:

' 4.1.962364415 ~ 101° 1
5. 0.08A4055° 7.161 »x 10%°

I /
K

[
I| 1.713732 - 1077 «4 r(1.063302 - 10"%)® - (1.063302 - 1013}
\ 6.67 10711

Result:

1.618249374900668542367178003243040682994733618897936302450...
1.61824937...

And for the mass = 7.161 * 10°°:
Mass = 7.161000e+36

Radius = 1.063302e+10
18



Temperature = 1.713732e-14

sqrt[[[1/(((((((4*1.962364415 *10°19)/(5*0.08640552)))*1/(7.161000e+36)*
sqrt[[-(((((1.713732e-14 * 4*Pi*(1.063302e+10)"3-(1.063302e+10)"2))))) /
((6.67*10"-11)]]11]

Input interpretation:

/|4+1.962364415 10" 1
\ / 5 . 0.08640552 7.161000 - 10%8
|
[ 1.713732 - 107* 4 x(1.063302 - 10°)® —(1.063302 - 10'°)?
[ | ¥imd .
\ 6.67 10711
Result:

1.618249374900668542367178003243040682994733618897936302450...
1.61824937...

We have also:
In(0.27*0.42)((((1/(10"3))*(0.6 GeV/10 keV)"2 * (1.9891*10"30))))

Input interpretation:

3 1 (0.6Gev i
log®27 042 L 1.9891 103”]
10° | 10kev
logix is the natural logarithm
Result:
1.655

1.655 is very near to the 14th root of the following Ramanujan’s class invariant

Q = (Gsos/Gro1ss)” = 1164,2696 i.c. 1,65578...

And:
In(0.27*0.413)((((1/(10"6))*(0.6 GeV/0.01 keV)"2 * (1.9891*10730))))

Input interpretation:

19



i 1 (0.6Gev ' ¥
log®?? u413[__€ [ € ] 1.9891 1030]
107 40,01 kew .

logix) is the natural logarithm

Result:
1.655

1.655 is very near to the 14th root of the following Ramanujan’s class invariant

Q = (Gsos/G1o01 /5)3 =1164,2696 i.e. 1,65578...

We note that 7161, from the Ramanujan’s sums of two cubes, we have

(14258 = 2) + 138 - 135 + (10 + 9) + (9 + 1) = 7161

With regard the Mass = 7.161e+39, applying the Ramanujan-Nardelli mock formula:
1 .-"l
/

\ [

— 1.6182493749006685423671780032430406829947336188079356302450. ..

4..1.962364415 - 10'* 1
5. 0.0864055° 7.161 = 10%°

I -
| 1.713732 - 1077 » 47 (1.063302 - 10"%)* - (1.063302 - 10%%)?
\ 6.67 10711

we obtain also, with the Ramanujan mock theta function F(q) = 1.897512108...,, the
following interesting expressions:

sqrt[[[[1/((((((4*1.897512108 *10°19)/(5*0.0864055°2)))*1/(7.161%10"39)* sqrt[[-
(((((1.713732%107-17 * 4*Pi*(1.063302*10°13)"3-(1.063302%10"13)"2))))) /
((6.67*10"-11)]]11]

Input interpretation:

4.1.897512108 - 10'° 1
5. 0.08A4055° 7.161 »x 107°

!

/

\

| -
I| 1.713732 - 1077 x4 x(1.063302 - 10"%)® - (1.063302 - 1013}
\ 6.67 10711
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Result:

1.645670938989220735779582455212860786179956182117339551569...
1.64567009...

[[I[[6*sqrt{[[[ /((((((4*1.897512108 *10°19)/(5%0.0864055°2)))*1/(7.161*1039)*
sqrt[[-(((((1.713732%107-17 * 4*Pi*(1.063302%10713)"3-(1.063302* 1013)"2))))) /
((6.67*107-1 1) DINIIN/2

Input interpretation:

| 4.1.897512108 - 10'° 1
Vo / 5. 0.0864055° 7.161 x 10%°
| .
| 1.713732 - 1077 »4 7 (1.063302 - 10"%)* -(1.063302 - 10'3y?
\ 6.67 107!
Result:
3.142206235865632770127443862490999778327444783106432430287 ...
3.14229623...
Thence:

2([II6*sqre[[[[1/(((((((4*1.897512108 *10°19)/(5*%0.0864055"2)))*1/(7.161*1039)*
sqrt[[-(((((1.713732*%107-17 * 4*Pi*(1.063302*10713)"3-(1.063302%10"13)"2))))) /
((6.67*10"-1I)IINDINININ /2

Input interpretation:

o e 11/ 4.1.897512108 - 10" 1

|\ / 5. 0.0864055° 7.161 x10%°
I -
I| 1.713732 - 1077 «4 7 (1.063302 - 10*3)® - (1.063302 - 103}
\ 6.67 1071

Result:

6.284502471731265540254887724981999556654889566212864860574...
6.28459247....
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We have, in conclusion, for the Mass = 7.161e+39, the following new
mathematical connection:

From the fourth GENERAL FORMULA (Ramanujan-Nardelli mock formula) for M
= 7.161e+39 Kg of the Boson Star - DSS, i.e. dark SU(N) stars (DSS), a natural
consequence of glueball dark matter from SU(N) gauge theory. We obtain:

1
| 4:1062364415-101% 1 [ Tednrd?
2
“'i 5.0.0864055 M G N
f L/ 4.1.962364415 - 10'° 1
\ / 5 0.08640557 7.161 x 10%°
|I 1.713732 - 1077 . 47 (1.063302 - 10")* - (1.063302 - 103y
\ 6.67 1071
= =
— 1.618249374000668542367178003243040682994733618897936302450. ..
=1.61824937...=>
5 ( 1 11 x 5e(~V5m)° 5v/5 x 5e(~V5m)° )
= - — =
1 5 _ 5 1 5 _ 5 1 5 _ 5
—(-14+V5) +5¢0) 2(Z(=1+V5) +5eV5))  2((-1+v5) +5e(¥57))

1

| i
5 1 ,‘,l'_ 3 |:_"" 5 -'T] 1.6382 808707005665 ATT2304588270 12056245 708314722584
‘;1 E[—1+ 5V +5e o+ LT

— 1.618033988749804848204586834365638117720309179805762862135...

=1.61803398...
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Now, we have:

potentials. We study how the two types of boson star potentials can be discriminated
by the FRB and GW measurements. Throughout this paper. we will adopt the natural
unit ¢ = i = 1. We denote Lhe Planck mass by mp = Gy, ? and the reduced Planck
mass by My = (87G )12, where Gy is the Newton gravitational constant. For the
cosmological parameters, we use values based on Planck TT. TE . EE+lowE+lensing at
the 68% confidence level in Ref. [10].

Stability properties of boson stars were studied in the lhiterature both analvti-
cally [13, 35-37] and numerically [38-41]. Mass and compactness of the ground stete of
a boson star depend on the central value of the scalar field (¢g) and the scalar potential
[7(|®|?). For the case of the mini boson stars with free sealar field, there exists a crit
ical point for the central value of the scalar field, ¢f, bevond which the ground state
15 unstable under small radial perturbations. As ¢ increases, stable configurations
have larger masses but smaller effect:ve radius, leading to a greater compactness. This
behavior continues until the central value of the scalar field reaches @), where the total
mass of the star encounters a turnaround, This turnaround 1mplies a maximum allowed
mass for a boson star in the ground state, which is found to be M, =0.633m; /m,
[1, 2]. More generic potentials which include one or more sel-interaction terms added
to the mass-term show the same stability features as the case of the free-feld potential
[3, 6, 7, 14].

In I"ig. 3, we presen: the boson stars mass M as a function of the central value of
the scalar field ¢ for the scalar pi:rtent.ials Utiowille (red curve] and Uy, (blue curve).
In both cases, we have set the coupling strength parameter to be f = M, We

eompite the mass of the gronnd state of these hoson stars by nusing Fep.(2.16), which
agrees with the ADM-mass in Eq.(2.17). The maximum mass for both potentials is
obtainad at the critical central value of the held ¢f=~0.27. The total maszs of the star
shows a turnaround at this eritical central value. All configurations en the left-hand
(right-hand] side of the critical point & are stable (unstable). For the two scalar po-
Lentials Up;ocime and Uy oy we have M., = 0.666 mip frng aud My, = 0.60250p f10g,
respectively. In comparison to the maximum mass for a free-field potential, the re-
pulsive self-interaction terms present in the expansion of the U/(1) Licuville potential
enhance the value of M__ . In contrast, the lower value of M  for the case of the
U (1) logarithmic potential 1s caused by the presence of the net effective attractive selt-
interacticns from its expansion series. For the case of Uy ... potential (as shown by
the blue curve in Fig. 3), the value of M_ . and the M(¢,) curve are in full agreement
with [14].
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Epu Liouville Puleatial (A=1C0) | Logaritlunic Polenlial (A =100)

0.1 [|36x1072 <mp<36%x10710| 84x107 3 < my<84x107H

0.01 || 3.6x1071F <y, <36x107% | 84x107M <m, <84ax10

Table 2: Allowed mass range of the scalar particle under two benchmark potentials,
as Inferred from the MACHO mass constraints [48-52] for the DM fraction {5, = 0.1
and 0.01. Here the umt of the scalar particle mass 1s eV,

We have:

B A -6 e RS
me 2 €2, x4.875x10 X(m&.?s)x(ﬂ.ﬂm) eV.

For 10.75 < g, < 106.75.% we may expect the allowed minimum sealar mass for
the boson stars with £, = 1072 (or {pm = 1071) to be mg, Z0(1071MeV (or my 2
O(10-%)eV). In comparison with the MACHO constraints in Table2. we find that
the fraction £, = 0.01 1s consistent with the current cosmelogical and astrophysical
data for the scalar mass-range Q(10719)eV < my, < O(10-*)eV, while the fraction
£pm = 0.1 18 excluded because the MACHO and CMB constraints on mg do not
overlap. Hence, in the following analyses, we focus on the benchmark case where the
boson stars are responsible for 1% of the DM population in the Universe with the mass
range O(107)eV < my < O(1073)eV.

For the case of Liouwille potential, we find that boson stars with scalar particle
mass myg = 107V (for any A) or my = 107%V (for A > 100) are lyinz in the
overlapping region between the cyan and yellow areas, so their merger will produce
GW signals whose frequency can probed by the LIGO detector. For mg=10""%V, if
the self-interaction sirength A < 20, the boson star merger at the luminosity distance
D; < 250Mpc may produce detectable GWs by LIGC. For m;=10"%V, if A > 100,
then those mergers that oceurred at the lnminosity distance ;< 100Mpe may produce
detectable GWs. For boson stars with logarithmic potential, the scalar particle mass
also needs to be m, = 107'""eV so that it can lie in the overlapping region of the
(C s Moy ) plane. We find that even the case with strong self-interaction strength
A = 100 requires the merger of boson stars to oceur at D) < 250 Mpe for the LICO
detection. In comparison, for the same scalar particle mass m,, and coupling strength
A, the Liouwille potential achieves a higher compactness ' and beson star mass
M_ .. Hence, the farther merging event can be prohed for hoson stars with Taonville
potential rather than the logarithmic potential. In addition, the mass my, =10"1%V
which can be probed by the GW dezection lies in the renge Q(107)eV < m, <
@(10~*)eV for both potentials. This implies that GW detection can compensate the

FEB lensing probe for searching boson stars with the logarithmic potential.
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(107-2)2 4.875e-6(106.75)(0.064)*2 eV

Input interpretation:

]_ 2
[—2] 4.875 . 1075 . 106.75 - 0.0642 eV’
10

Result:
2132107 av

2132 %1010 ev

(10712 4.875e-6(106.75)(0.064)"2 eV

Input interpretation:
l 2
[E] 4.875 10°% . 106.75 » 0.064° eV

Result:
2.13210 % av

2.132x107-10 electronvolts = Kg

Input interpretation:
convert 2.132 - 107 ev to kilograms

Result:
3.801 %10 % kg

We have:

Mass = 3.801000e-46

Radius = 5.643921e-73
Temperature = 3.228632¢+68

From the fourth GENERAL FORMULA (Ramanujan-Nardelli mock formula), we
obtain:

sqrt[[[[1/((((((4*1.962364415 *10°19)/(5*0.0864055°2)))*1/(3.801%10"-46)* sqrt[[-
(((((3.228632*10768 * 4*Pi*(5.643921*10-73)"3-(5.643921*10-73)"2))))) /
((6.67*10"-11)]]11]
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Input interpretation:

4.1.962364415 - 10 1
5. 0.0864055% 3.801  107%

/
1 ,-"

\

| brs
| 3.228632  10%° 47 (5.643921  107) - (5.643921 1077}
\ 6.67 1071

Result:
1.618249189360019444130533713602261515870207425948249952475 ...

1.6182491...

And with the Ramanujan mock theta function F(q) = 1.897512108...,, the following
interesting expressions:

sqre[[IT1/((((((4*1.897512108 *10°19)/(5*%0.0864055"2)))*1/(3.801%10/-46)* sqrt[[-
(((((3.228632*10768 * 4*Pi*(5.643921%10"-73)"3-(5.643921%10°-73)"2))))) /
((6.67*10"-11)]]11]

Input interpretation:

4.1.807512108 - 10" 1

/
]."
5. 0.0864055% 3.801  107%

/

\

| brs
| 3.228632 - 10% - 47 (5.643921 - 107] - (5.643921 107
\ 6.67 - 107!

Result:
1.645670750304547682278830397476926124949569204290200205417. ..

2
1.64567...~{(2) = ’% = 1.644934 ...

2sqrt((((6*sqrt [ [[[1/(((((((4*1.897512108 *10~19)/(5*0.08640552)))* 1/(3.801%10/-
46)* sqrt[[-(((((3.228632* 1068 * 4*Pi*(5.643921*10"-73)*3-(5.643921%10"-
73)*2))))) / ((6.67*10"-11))]]]1]

Input interpretation:

2 ,r[|5 ".[1 ,a[ﬂr 1.897512108 - 10%° 1
| | !
/ 5. 0.0864055% 3.801 1074
[ j -
1J'[_mlz.zzarjaz 10%% 47 (5.643921 . 1077 -

(5.643921 107" ]2}]]]]

Result:
26



6.284502111450761795046310010473286241169657323509788123560...

Input interpretation:
6.2845921114507617959463100104732862411696573235097883

Rational approximation:
546 750552160970 016992587321 24759107 881138329270930697

86098574 046638 614620276104 " 86 098574 046638614620276 104

Possible closed forms:

345830208 :
—————— = 6.2845921114507617967013
172876397

[ [?6??15 071
sec|tan

227277 )) < 6.2845921114507617961467
mﬁa?sﬁ?lD 9 ok

1
\f' —— (2336 +4315¢ + 2240 7 + 610 log(2)) = 6.28459211145076179584023

secix) is the secant function

logix is the natural logarithm

Difference:

6.2845921114507617959463100104732862411696573235097881/ (2P1)

Input interpretation:
6.2845921114507617959463100104732862411696573235097881

2

Result:
1.000223890853720343102658525034371015000052441 7679534 .

Input interpretation:
1.00022389985372034319265852593437101509005244 17679534

Rational approximation:
362187832773777 101604833946 81075649 0951172465841611

=1
362106757123825920138992335 " 362106757 123825 0291380992335

Continued fraction:
Linear form
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4466 + 11
3+ 1
1+
1 1
% 1
5+
1 1
N 1
3+
1 l
o 1
4+ T
35+

247+ 1

Possible closed forms:

ﬁ 25 (75373 +916 ¢ + 948 7 - 94 log(2)) ~ 1.000223899853720347227

(37277018 o

2 7 cos [— ~ 1.000223899853720343172336
40454517

1 [ 965429 /3

— | Z—/—=2| r*=1.00022389985372026855

25 7422731

logixy is the natural logarithm

1 3 . : -
cos (a1 is the inverse cosine function

C =2nr = 2m-1.0002238998537203431926 ... = 6.28459211145076 ...

Input interpretation:
271.0002238998537203431926
Result:

« More digits
6.2845921114507617959459...
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Now, we calculate the ellipse perimeter (from: https://www.mathsisfun.com/geometry/ellipse-

perimeter.html):

The famous Indian mathematician Ramanujan came up with this better
approximation:

pRT

3(a+b) —/(3a+b)(a

35)}
We have, for a =b:

Pi(3*(1.00022389985372+1.00022389985372)-
sqrt(((3*1.00022389985372+1.00022389985372)*(1.00022389985372+3%1.0002238
9985372)))

Input interpretation:
m(3(1.00022389985372 + 1.00022389985372) -
4113 1.00022389985372 + 1.00022389985372)
(1.00022389985372 + 3+ 1.00022389085372)))

Result:
f.2845021114508. ..

Series representations:
More

m(3(1.000223899853720000 + 1.000223899853720000) -
4/ (13 1.000223899853720000 + 1.000223899853720000)
(1.000223899853720000 +3 - 1.000223899853720000)) =
6.00134339912232000 ~ - 1.000000000000000000 ~

« 1
v 15.00716559741735193 } ¢~2M0852770a831277830k [ 2 ]
k
k=0

7 (3 (1.000223899853720000 + 1.000223899853720000) -
V(3 1.000223899853720000 + 1.000223899853720000)
(1.000223899853720000 + 3 - 1.000223899853720000))) =
6.00134339912232000 x - 1.000000000000000000 r v 15.00716559741735193
@ (-0.0666348347733361673) (- 7).

k!

k=00

m{3(1.000223899853720000 + 1.000223899853720000) -
413 1.000223899853720000 + 1.000223899853720000)

(1.000223899853720000 + 3 - 1.000223899853720000)))
xT%oRes_ 1 o-2.708527793531277830 s r[_

ra = |

—s}rm

b =

5.001343300122320000 7 - —
24
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From the initial result:

2.132x107-10 electronvolts = Kg

Input interpretation:
convert 2.132 - 1077 ev to kilograms

Result:
3.801 %10 % kg

We obtain also these expressions:

55+(((1/(2.132e-10)))*1/3

Input interpretation:

—

| 1

55+3 ———
\ 2.132x 107

Result:

1728.93...
1728.93...

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

55%2+(((1/(2.132e-10)))*1/3

Input interpretation:
1
55%2+ 3|| _—
V 2133x1070

Result:

1783.931...

1783.931... result in the range of the hypothetical mass of Gluino (gluino = 1785.16

GeV).
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(((1/(2.132e-10)))71/3

Input interpretation:
| 1

Jy ———

Y 2.132x 10"

Result:

1673.93...
1673.93... result very near to the rest mass of Omega baryon 1672.45

1/(2.73911418+0.898893179/26)((((((1/(2.132e-10)))*1/((((1.8975121+1.8236681-
((1-(1.08753454+1.08185)/2))))

Where 2.73911418, 0.898893179, 1.8975121, 1.8236681, 1.08753454 and 1.08185
are Ramanujan’s mock theta functions, that developed give us the following values:

0.36053094741951311052971; 0.2627518414982517793088

Input interpretation:

1 1.8975121+1.8236681 {1 - LOB753454+1 DBIB5)| 1
1 o | R Iy
2.73911418 + % b B i i b VS T
Result:
125.335...

125.335... result very near to the mass of Higgs boson 125.18

Or:

0.3605309474 ((((((1/(2.132e-10)))"0.262751841

Input interpretation:

i _]_ 0262751841
0.3605309474 [—]

2,132 x 107

Result:
125.3348. ..

125.3348...
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Now, we have that:

The microlensing survey provides constraints on €y and M for MACHO wmass
rapge 1001 < M fM < 30 [48-50, 52, which can be applied to the primordial black
holes (PBHs) and Lhe exolic compact objects including boson stars. For the heavier
mass range of M 2 100M ., the cosmic microwave background (CMD) anisotropy
excludes PBIIs as the dominant component of DM [53]. On the other hand, the
survival of a star cluster near the core of EridanusII and of a sample of compact ultra-
faint dwarfs places constraints on &nyy and M, for MACHO mass range M 2 5M_
[51] For exemplary fractions &y = 0.1 and ﬂ m we find the allowed MACHO mass

VL

ranges to be 1 < M/M_ < 100 and 10-7 JI/M < 107, respectively. In Table2,

In this Appendix. following 61], we explain the procedure of determining the parameter

space of the physical quantities (C, M. ) of the boson star which can be probed by
the LIGO GW destector. For the simplicity of illustration., we consider the situation
where the two merging boson stars have the same mass and compactness as described
by the same the scalar potential. The GW emissions from the merger of the binary

boson stars are characterized by the frequency.
RS (C/3)%2
2rM
where the parameters (C', M) are the common (compactness, mass) of the binary boson

stars. Requiring 25% to lie within the GW frequency range (50 — 1000Hz) to which
LIGO detection 1s sensitive, one obtams the followng relation

(C.1)

% 6.149M_ < M £ O312 5 124.451 M, (C.2)

which must be satisfied by (C, M)
low level noise. We draw the corresponding region of the parameter space by the cyan
color as in Fig. 11. The signal to noisc ratio (SNR) of the CW signals with strain h(t)

reads

of the binary boson stars to be probed with the

BE

/ 1 ~l|h(p}|2, (©.3)

Salv)
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obtained important insights. For the boson star with Liouville potential, the maxi-

mum compactness can reach as high as € ~0.18 for large coupling, and 1s larger

than the case with a repulsive quartic interaction or a logarithmic mteraction. On the
other hand, the case of the logarithmic pntential showed a slicht deficit as compared
tc the case of a repulsive quartic potential. In the last part of this section, we appled
the Swampland conjecture and found that the maximum compactness C ., obtained
by the full numerical computation for both potentials arises from low energy effective

scalar field theories which sistent quantum gravity

could be UV completed by a cor

theory.
V(2) f=1N10 | f=1N20 | f=140 | f=1A/60 | f=1A/80 | f=1//100
Liouville || 1.866 (0.59) | 2.996 (0.67) | 4.427 (0.70) | 5.593 (0.722) | 6.494 (0.726) | 7.3 (0.73)
Logarithmic || 0.727 (0.23) | 0.827(0.185) | 0.885 (0.14) | 0.891 (0.115) | 0.939(0.105) | 0.900 (0.09)

Table 1: The values of ¢(r=0)/f corresponding to M (C, .. ) are presented for each

potential and coupling strength parameter f (in the unit of Mp). In each parentheses
the value of ¢(0) is also shown. For the Liouville potential, all the ¢(0) values are less
than 1 which is the intersection of the two criteria (see the text). For the logarithmic
potential, ¢(r=0)/f < 2.6555 can be checked for f considered in this study, and so
does ¢(0) <1. This shows that all the C, values shown in Fig. 5 can be regarded as
arising from effective scalar theories UV-completed by a consistent quantum gravity.

From the Table 1, we obtain the following mean:
0,23 + 0,185+ 0,14 + 0,115+ 0,105 + 0,09 = 0.865; 0.865/6 =
= 0,1441666....

Now, from the (C2), we have the following expressions for C=0.18 and C =
0.14416

(0.1871.5) * (1.9891*10/30) *6.149

Input interpretation:
0.18"° . 1.9891 - 10™ + 6.149

Result:
9.34049... x 10%°

9.34049...* 10%°

(0.1871.5) * (1.9891%10/30) *5
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Input interpretation:
0.18"7 x1.9891 x 10™ x5

Result:
7.50513... » 10%°

7.59513...* 10%°
(0.1441666"1.5) * (1.9891*%10730) *6.149

Input interpretation:
0.1441666"" - 1.9891 - 10" . 6.149

Result:
6.69512... = 10%°

6.69512...* 10%
(0.1441666"1.5) * (1.9891*10730) *5

Input interpretation:
0.1441666'° - 1.9891 - 10* » 5

Result:
5.44407... = 10°°

5.44407..* 10%°

(0.1871.5) * (1.9891%10/30) *124.451

Input interpretation:
0.18"° . 1.9891 . 10*" ~ 124.451

Result:
1.89044 ... = 107!

1.89044...* 10°!

(0.14416661.5) * (1.9891*10730) *124.451

Input interpretation:
0.1441666"" ©1.9891 - 10°° . 124.451

Result:
1.35504.. » 103!
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1.35504... * 10°'
Or, less the value of C, for 6.149 and 5 solar masses, we obtain:
(1.9891*10"30) *6.149

Input interpretation:
1.9891 - 10*° - 6.149

Result:
12230075900 000000 000000000 000000

Scientific notation:
1.22309759 » 10*!

1.22309759 * 10°!

(1.9891*10730) *5

Input interpretation:
1.9891 . 10°° «5

Result:
0045500000000 000 000000000000 000

Scientific notation:
9.9455 . 107"

9.9455 * 10°°

For 124.451 solar masses, we obtain:
(1.9891*10730) *124.451

Input interpretation:
1.9891  10°° - 124.451

Result:
247545484 100000000 000000 000000000

Scientific notation:
2.47545484] » 10*

2.475454841 * 10°*

We take the values corresponding to the 5 and 6.149 solar masses. We have:
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9.34049...% 10®°  7.59513..* 10¥  6.69512..% 10®  5.44407..* 10*
1.22309759 * 10°'  9.9455 * 10%

The averages are: 7,2687025 * 10° Kg, 9.9455 * 10°° Kg and 1.22309759 * 10°'

With regard the values corresponding to 5 solar masses, we have that:
6.5196 * 10® kg and 9.9455 * 10°° Kg

The mean is: 5.298.730.000.000.000.000.000.000.000.000
Indeed:
1/2(6.5196 * 10729 + 9.9455 * 10"30) kg

Input interpretation:

1

5 (6.5196 -« 10*° +9.9455 . 10°" ) kg
Result:

5.2987 x 10°" kg

Scientific notation:
5.29873 « 10%°

Comparisons as mass:

2.665 Mg
Note that:

\2.665 = 1.63248277173145 and from the following result
(5.29873/1.9891) =2,663883163;

\2.663883163 = 1.6321406689497

={ 0.3
rmass below which massive stars pass through a red giant stage (=104,

=10.1t0 1.3 »mass of a B-type main-sequence star (2 to 164,

= (1.1 t0 1.6) «mass of an A-type main-sequence star (2. |
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Corresponding main-sequence star properties:

color

temperature class B9

effective temperature = 11000 K

absolute magnitude +0.35 (bolometric)

radius 23R,

luminosity 58L,

B-V color index -0.061

lifetime 860 million yr

end state carbon-oxygen white dwarf
Interpretation:
mass

Corresponding quantities:
Weight w of a body from w = mg:

5.196»
5.196»
5.29Q
1.168 -

Luminosity L for a main-sequence star from L = Lo(M/Mg )*°:

1.189
3lig

1031 N (1
10%® dynes
10** ponds
10%! Ibf

10°% W |

Now, from 5.29873 * 10°°, we obtain:

Mass = 5.298730e+30

Radius = 7867.827

Temperature = 2.316033¢e-8

Units»

From the fourth GENERAL FORMULA (Ramanujan-Nardelli mock formula), we

obtain:
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sqrt[[[[1/(((((((4%1.962364415 *10719)/(5%0.08640552)))* 1/(5.298730%10/30)*
sqrt[[-(((((2.316033*107-8 * 4*Pi*(7867.827)"3-(7867.827)"2))))) / ((6.67*10"-

I

Input interpretation:

1
19 " -8 3 2
41962364415 10!° 1 _ 2316033 - 10-% .4 7. 7867.827° -7867.8272
.‘\ 5008640557 5208730 1030 6.67 1011
Result:

1.618249273207088689512781866634297184888546159698791077606...
1.618249...

And for the value of Ramanujan mock theta function 1.897512108, we obtain:

sqrt[[[[1/(((((((4%1.897512108 *10719)/(5%0.08640552)))* 1/(5.298730%10/30)*
sqrt[[-(((((2.316033*107-8 * 4*Pi*(7867.827)"3-(7867.827)"2))))) / ((6.67*10/-

I

Input interpretation:

1
|'
4.1.897512108 1017 1 2316033 - 108 4778678277 —7867.8272
‘\, 5.0.0864055% 5208730 1030 6.67 1011
Result:

1.645670835572422533157236154079440652780828762143223481545...

2
1.64567... = {(2) = ’% = 1.644934 ...

2sqrt(((6*sqrt[[[1/((((((4*1.897512108
*10719)/(5%0.0864055°2)))*1/(5.298730*10°30)* sqrt[[-(((((2.316033*107-8 *
4*Pi*(7867.827)3-(7867.827)"2))))) / ((6.67*10~-11)]I]1]

Input interpretation:

1
2 |6 .
4-1.897512108 <1017 i |_2.316|:|33 108 44 7« 7867.8277 -7867.8272
"\ \\ 5008640552 5.298730 103':'\.( 6.67 1011
Result:
5.28459_ .
6.28459...=2nr
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Note that:

Input interpretation:
6.2845922742639510707344892689664319430522535115783135

2

Result:
1.0002239257662442168315552289031143684437788799325338...

1.0002239257662442168315

Now, we calculate the ellipse perimeter from the better approximation formula of
Ramanujan:

pRT

3(a+b) — /(3a+ b)(a- 35)}

We have, for a =b:

P1(3*(1.0002239257662442168315+1.0002239257662442168315)-
sqrt(((3*1.0002239257662442168315+1.0002239257662442168315)*(
1.0002239257662442168315+3%1.0002239257662442168315)))

Input interpretation:
m(3(1.0002239257662442168315 + 1.0002239257662442168315) -
V(3 1.0002239257662442168315 + 1.0002239257662442168315)
(1.0002239257662442168315 + 3 ~ 1.0002239257662442168315))

Result:

6.284592274263951070734...
6.28459...

Series representations:

7(3(1.00022392576624421683150000 + 1.00022392576624421683150000) -
Vi3 1.00022392576624421683150000 +
1.00022392576624421683150000)
(1.00022392576624421683150000 +
3 1.000223925766244216831500000) =
6.0013435545974653009890000 x - 1.00000000000000000000000000

I
!.," 15.0071664268037955475622110

o 1
Z“ F—2.m852?8487’9?304@45 12752219k [ ]

2
k=0 k
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7(3(1.00022392576624421683150000 + 1.00022392576624421683150000) -
Vi3 1.00022392576624421683150000 +
1.00022392576624421683150000)
(1.00022392576624421683150000 +
3 1.00022392576624421683150000))) =
5.0013435545974653009890000 » - 1.00000000000000000000000000

T

\{ 15.0071664268037955475622110

« (-0.066634831090693684258655561)" [—g}k
k1

k=0

7(3(1.00022392576624421683150000 + 1.00022392576624421683150000) -
Vi3 1.00022392576624421683150000 +
1.00022392576624421683150000)
(1.00022392576624421683150000 +
3 1.00022392576624421683150000))) =
6.00134355459746530098900000
o

- 7
" E:u;n RESS_ g 2. TOBS2TE4RTOTI0S045]127522]9 s r[_

+i

El—s}r[s}

a3 |

2y

njy. 4 : oo
iz the binomial coefficient
)

n! is the factorial function

(@) is the Pochhammer symbol (rising factorial)

Iix)is the gamma function

Res f is a complex residue
z=%)

Utilizing the formula of torus surface S = 47% r * d, we obtain, from the radius of BH
=T7867.827:

((4*P1"2*1/(2*89-2)*7867.827)

Input interpretation:

1
45 e 7867.827

Result:
1764.826...
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1764.826...

result in the range of the mass of candidate “glueball” f,(1710)

Alternative representations:

472 7867.83 1 i
——————— = — 31471.3(180%)
2. 89-2 176

i TBOTEL. 1 31471.3 (—i log(- 1))
e o 3 (-ilogi-
2.80-2 176 0=l

4% 7867.83 188828..(2)
2.89-2 176

log(x) is the natural logarithm
iizthe imaginary unit

£(5) is the Riemann zeta function

More information »

Series representations:

4 1% 7867.83 ® (1)
T 2861.03 L i
2 xB9 -2

4 7% 7867.83 w0 gk
sl e o L Ly B 2‘
2892 [2 k ]
k=1
k
4 n? 7867.83 ® 2k 6450k
ool ey o S b 2‘ il 55 et
2 %89 -2 [3 k ]
k=0 K

fry. : ; oo
is the binomial coefficient
\m J
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More information »

Integral representations:
4" 7867.83
2.89-2

) 2
= 715.257 [[ dt}
w0

1 its

4;12?35?.33
ko Ml O, T o ) f vi1-t? f:r]z
2 %89 -2

4 5% 7867.83 wosin(t)
fib Soratoiy, | ?15.25?” d‘t]
2. .89-2 o

From the value of the entropy 3.233971e+77, we obtain:

10 In(3.233971e+77)

Input interpretation:
10 log(3.233971 - 107"}

logix is the natural logarithm

Result:
1784.72763. ..

1784.72763... result in the range of the hypothetical mass of Gluino (gluino =
1785.16 GeV).

Note that, from the Ramanujan sum of two cubes, we obtain 1780. Indeed:
14258 - 11468 - 1010 = 1780

From the surface gravity 5.711584e+12, we obtain:
(5.711584e+12)"1/4

Input interpretation:
4
Y 5.711584 - 10"

Result:
1545.928...

1545.928... result very near to the £,(1565) mass 1542+19
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We have that, from:

& Liouville Potential (A=100) |Logarithmic Potential (A=100)

0.1 | 36%x10712 <my<36x10710| 84x107 <my < 8ax10 Y

0.01 | 3.6x10° 2 < my<36x107F | 84x107H <my, <R4Ax107?

Table 2: Allowed mass range of the scalar particle under two benchmark potentials,
as inferred from the MACHO mass constraints [48-52| for the DM fraction &g, = 0.1
and 0.01. Here the umt of the scalar particle mass is eV.

3.6*% 10 eV

x(q) =2.6709253774829... and 0.9243408674589
From the sum of the above mock theta functions, we obtain:
3.5952662449418 = 3.6

We take this value and obtain:

3.5952662449418e-13 eV

Input interpretation:
convert 3.5952662449418 - 107" ev/c? to kilograms

Result:
6.409143056892 » 10 kg

6.40914305689 * 10 kg
Mass = 6.409143e-49

Radius = 9.516626e-76
Temperature = 1.914770e+71

Entropy =4.731430e-81

From the following fourth GENERAL FORMULA (Ramanujan-Nardelli mock
formula), we obtain:
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sqrt[[[[1/(((((((4*1.962364415¢+19)/(5%0.0864055"2)))* 1/(6.409143¢-49)* sqrt[[-
(((((1.914770e+71 * 4*Pi*(9.516626e-76)*3-(9.516626¢-76)"2))))) / ((6.67*10"-

I

Input interpretation:

4.1.962364415 - 10° 1
5. 0.0864055% 6.400143 - 107+

/
iy

\

l 7 7 -
et 107 4 x(9.516626 - 1077%) -(9.516626 - 10778
\ 6.67 107!

Result:
1.618249219723227730953646546941504630502892462832980882653...

1.618249...
And for the mock theta function 1.897512108, we obtain:

sqrt[[[[1/(((((((4%1.897512108e+19)/(5*0.0864055"2)))*1/(6.409143e-49)* sqrt[[-
(((((1.914770e+71 * 4*Pi*(9.516626e-76)"3-(9.516626e-76)*2))))) / ((6.67*10-

I

Input interpretation:

4.1.807512108 10 1

/
1/
5. 0.0864055% 6.400143 - 107+

/

\

l 7 7 -
et 107 4 x(9.516626 - 1077%) -(9.516626 - 10778
\ 6.67 107!

Result:
1.645670781182266695869433030422643782063882284478017756517...

2
1.64567... = {(2) = ’% = 1.644934 ...

And:
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1/2%
(((((3.817978468883578995+sqrt[[[[ 1/(((((4*1.962364415¢+19)/(5%0.0864055"2)))
*1/(6.409143e-49)* sqrt[[-((((1.914770e+71 * 4*Pi*(9.516626e-76)"3-(9.516626¢-

76)"2))))) / ((6.67*107-11))]]]]]

Input interpretation:

1
3 3.817978468883578995 +

| - . -
/41962364415 10" 1 I| 1.914770 - 107 - 47 (9.516626 - 107%)* —(9.516626 - 10°76)?
\ / 5. 0.08640557 6.409143 107 6.67 1071

Result:
2.718113844303403362976823273470752315251446231416490441326...

2.718113844... ~e=2.71828...

For 8.4 * 10™* eV, from the following sum of Ramanujan mock theta functions:

1,897512108 + 1,8236681145196 + 2,6709253774829 + 1,1424432422 +
0,9243408674589 = 8.4588897096614 a result very near to above value.

Thence:
8.4588897096614¢e-14 eV

Input interpretation:
convert 8.4588897096614 - 107 ev/c? to kilograms

Result:
1.5079337817599 10 ¥ kg

1.5079337817599 * 10 kg
Mass = 1.507934¢-49

Radius = 2.239058e-76

Temperature = 8.138310e+71

From the following fourth Ramanujan-Nardelli mock GENERAL FORMULA, we
obtain:

45



sqrt[[[[1/(((((((4*1.962364415e+19)/(5%0.0864055"2)))* 1/(1.507934¢-49)* sqrt[[-
(((((8.138310e+71 * 4*Pi*(2.239058¢-76)"3-(2.239058¢-76)"2))))) / ((6.67*10"-

I

Input interpretation:

4.1.962364415 - 10° 1
5. 0.0864055% 1.507934 - 107+

/
iy

\

| 7 .
| 8138310 107" -4 (2.239058 - 1077 - (2.239058 - 10778

\ 6.67 10711 “

Result:
1.618249276203142445357760087938552676720668241543654601222. ..

1.6182492...
And inserting the mock theta function 1.897512108:

sqrt[[[[1/(((((((4%1.897512108e+19)/(5*0.0864055"2)))*1/(1.507934e-49)* sqrt[[-
(((((8.138310e+71 * 4*Pi*(2.239058e-76)"3-(2.239058¢-76)"2))))) / ((6.67*10-

I

Input interpretation:

4.1.807512108 10 1

/
1/
5. 0.0864055% 1.507934 - 107+

/

\

| 7 .
| 8138310 107" -4 (2.239058 - 1077 - (2.239058 - 10778
\ 6.67 1071

Result:
1.645670838619245027957354406800819598743646732943027254410...

2
1.64567... = {(2) = % = 1.644934 ...

And:

1/2%
(((((3.817978468883578995+sqrt[[[[ 1/(((((4*1.962364415¢+19)/(5%0.0864055"2)))
*1/(1.507934e-49)* sqrt[[-(((((8.138310e+71 * 4*Pi*(2.239058e-76)"3-(2.239058e-

76)"2))))) / ((6.67*10”-11))]]]]]
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Input interpretation:

1
3 3.817978458883578995 +

| 7 Thy (]
L /|4 1962364415 107 1 || 8.138310 - 107" 4 (2.239058 - 1077®) - (2.239058 - 108
\ / 5 0.0864055° 1.507934 - 107% Y 6.67 107!

Result:
2.718113872543360720178880043969275338360334120771827300611...

2.7181138... =e=2.71828

Now, from the result of the multiplication of the following two mock theta functions

33021.1(-5.74968e-40) = -1.89860758248 x 10~ divided by this other mock theta
function 0.8988931+1 , we obtain, from this further Ramanujan-Nardelli mock
formula:

(1.898607e-35)/(1.898893 1)
sqrt[[1/(((((((4*1.962364415¢+19)/(5%0.0864055°2)))* 1/(1.507934e-49)* sqrt[[-
(((((8.138310e+71 * 4*Pi*(2.239058e-76)"3-(2.239058¢-76)"2))))) / ((6.67*10-

1)

Input interpretation:

1.898607  107%° 4. 1.962364415 107 1
1.8988931 \ 5. 0.0864055° 1.507934 - 107%

1 III."
/

| . : -
| 8138310 107! «47(2.239058 - 107™8)® - (2.239058 - 10776
\ 6.67 107"

Result:
1.61801... x 10733

1.61801...* 10™
that is a good approximation to the value of Planck length 1.6162 * 10

From the entropy 2.619130e-82, we obtain:
sqrt(2.619130e-82)

Input interpretation:
V 2619130 107"
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Result:
1.618373... x 107~

1.618373...* 107!
And:
8 colog(2.619130e-82)

Input interpretation:
8 (-log(2.619130 - 10°%%))

logix is the natural logarithm

Result:
1502.79308. ..

1502.79308... result very near to the f(1500) mass 1506 + 6
Note that, from the Ramanujan sum of two cubes, we obtain:
14258 - 11468 - 1010 - 135 - 138 = 1507

14258 / 8 = 1782.25 very near to gluino mass = 1785.16 GeV
11468 / 8 = 1433.5 = £,(1430) mass = 1430

From this three entropy:

1.664134e-75 3.233971e+77 and 2.619130e-82, we obtain:

1/8*colog(1.664134e-75)

Input interpretation:
é[—lag[l.564134 1077

log(x) is the natural logarithm

Result:

21.5230721...
21.5230721...

1/8 In(3.233971e+77)
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Input interpretation:
1 77
g 10g(3.233971 - 107"}

Result:
22.3000054. ..

22.3090954...

1/8*colog(2.619130e-82)

Input interpretation:
é[—lag[E.ﬁlQlED 107

Result:

23.4811419...
23.4811419...

logix is the natural logarithm

logixy is the natural logarithm

Results very near to a Black Hole entropies (see previous our papers)

Furthermore, from the two entropies 4.731430e-81 2.619131e-82

8*((colog(4.731430e-81) + colog( 2.619131e-82))

Input interpretation:

8 (-log(4.731430 - 107!} - log(2.619131 - 107

Result:

2082.43440...

log(x) is the natural logarithm

2982.43440... result very near to the rest mass of Charmed eta meson 2980.3

Now, we have that:
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Figure 1. Radial profile of the scalar field as a function of the radius for differ-
ent values of ¢y and the ccupling strength parameter, in the case of /(1) Liou-
ville potential . The field and the radius are shown n units of M,, and 1/m;.
respectively. The red, blue, and green curves correspond to the ground stste so-
lutions for (0.273, My), (0.185,1/+/20 M,,), and (0.140,1/+/40 M) values of (go, f),
respectively. In particuler, the red curve is obtained under the suitable walues

w = (.84732123346818 m, and ~p = —(0.80267626206664 .

unit ¢ = = 1. We denote the Planck mass by mp = G_,;.i'ﬂ and the reduced Planck
mass by Mp = (870G ) 12, where @ is the Newton gravitational constant. For the
cosmological parameters, we use values based on Planck TT, TE.EE+lowE+lensing at
the 68% confidence level in Ref. [10].

We have the following values: 0.84732123346818 and -0.80267626206664 and
1/sqrt(20) * 1/sqrt(8Pi*6.67e-11) and 1/sqrt(40) * 1/sqrt(8P1*6.67¢e-11)

We have:
(((1/sqrt(20) * 1/sqrt(8Pi*6.67e-11))) + (((1/sqrt(40) * 1/sqrt(8Pi*6.67e-11)))

Input interpretation:
1 1

1 1
+

V20 \gr.667 100 V40 gr.667 10712

Result:

9323.15...

Note that:

21+(((1/5qrt(20) * 1/sqrt(8Pi*6.67e-11))) + (((1/sqrt(40) * 1/sqrt(8Pi*6.67e-11)))

Input interpretation:

1 1 1 1
-21+ + ——
V20 (gr.667 1010 V40 g, 667 101
Result:
9302.15...

9302.15... result very near to the rest mass of Bottom eta meson 9300
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(((1/sqrt(20) * 1/sqrt(8Pi*6.67¢-11)))

Input interpretation:
1 1

V20 gr.6.67 1071

Result:
5461.38...

5461.38...
“34-13+(((1/sqrt(20) * 1/sqrt(8Pi*6.67e-11)))

Input interpretation:

1
_94-13+ —— x—
V20  gr.6.67 1071

Result:
5414.38...

5414.38... result very near to the rest mass of Strange B meson 5412.8

(((1/sqrt(40) * 1/sqrt(8Pi*6.67¢-11)))

Input interpretation:
1 1

val g r.6.67 1071

Result:
3861.78...

3861.78...
-233-8+(((1/sqrt(40) * 1/sqrt(8Pi*6.67e-11)))

Input interpretation:
~233-8+

1

VA0 g, x6.67x10-1
Result:

3620.78...
3620.78... result very near to the rest mass of double charmed Xi baryon 3621.40

((((((((1/5qrt(20) * 1/sqrt(8Pi*6.67e-11))) + (((1/sqrt(40) * 1/sqrt(8Pi*6.67¢-
L))" /19
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Input interpretation:

|' 1 1 1 1

19| " n X T p

Y V20 Jga.6.67 10010 V40 \gr.6.67 10V
Result:

1.617798245732611704017737283949870853425420697024552986004...
1.6177982... result very near to the value of golden ratio

2sqrt((((6*(((((((1/sqrt(20) * 1/sqrt(8Pi*6.67e-11))) + (((1/sqrt(40) *
1/5qrt(8Pi*6.67e-11 ) 1/18))))

Input interpretation:

|' 1 1 1 1
2 618' e f T e T
\ VY20 ysr.667 1010 V40 ygr.667 107
Result:
6.31496095. ..

6.3149695... = 2nar

1/(2Pi) * 2sqrt(((((6*(((((((1/sqrt(20) * 1/sqrt(8Pi*6.67e-11))) + (((1/sqrt(40) *
1/5qrt(8Pi*6.67e-11)))))*1/18))))

Input interpretation:

[ 1 1 1
2_ 2 518|| = = - =+ N :
T N VY20 gru667.100 V40 ygr.6.67. 101
Result:
1.0050586. ..
1.0050586...

From the Ramanujan better approximate formula for ellipse perimeter,

3(a+b) — /(3a+ b)(a- 3&)}

prRT

we obtain:
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Pi(3*(1.0050586+1.0050586)-sqrt(((3*1.0050586+1.0050586)*(1.0050586
+3*1.0050586)))

Input interpretation:
m [3 (1.0050586 + 1.0050586) -

\4{[3 1.0050586 + 1.0050586) (1.0050586 + 3 - 1.0050586)

Result:
£5.314060. ..

6.3149609... that is the ellipse perimeter

Series representations:

7 |3(1.00506 + 1.00506) —\"I (3 1.00506 + 1.00506) (1.00506 + 3 1.00506) ] =

(1]
6.03035 r - n[ 15.1623 Zﬁ-”ﬂﬂlk [
k=0

1
2
k

]]

7 |3(1.00506 + 1.00506) —\K (3 1.00506 + 1.00506)(1.00506 +3  1.00506) ] =

6.03035 7 — [1# 15.1623 2‘

@ (-0.0659531)" (-7}

k=0

k!

|

7 (3(1.00506 + 1.00506) —\K (3 1.00506 + 1.00506)(1.00506 +3  1.00506) } =

6.03035 7 -

;rE:?;D RE55=

B3 |

2T L))

2vr
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is the binomial coefficient
\m J

n!is the factorial function

(@i is the Pochhammer symbol (rising factorial)

Iixiis the gamma function

Res f is a complex residue
£=1g



From the following values: 0.84732123346818 and -0.80267626206664, we obtain:
-(((-0.80267626206664 - (0.84732123346818)))

Input interpretation:
-(—-0.80267626206664 - 0.84732123346818)

Result:
1.64999749553482

1.64999749.... = {(2)

’%2 = 1.644934

From the following data (see previous formula)

Mass = 7.161e+39
Radius = 1.063302¢+13
Temperature = 1.713732e-17
h=1.054571726 * 10°* J s
c=3*10°

G=6.67*10"

Energy dispersion P:

i hcS
15360 * G2 M?

(((((((1.054571726%107-34)* (3%1078)6))) / (((32*480*Pi) * (6.674*10"-11)"2 *
(7.161%10°39)"2)))))))

Input interpretation:
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1.054571726 - 107* .3 . 10% . 6
(32 480 ) (6.674 - 10711 (7.161 - 1077
Result:
1.722232.. % 107"

1.72222..% 10

Note that:

1073*10789 (((((((1.054571726*107-34)* (3*1078)6))) / (((32*480*Pi) *
(6.674%10°-11)"2 * (7.161%10739)*2)))))))

Input interpretation:
1.054571726 1073% .3 10° -6

10° x 10%°
(32480 m) (6.674 - 10711)? (7.161 - 10°°}

Result:
172232

1722.22...

this result is very near to the mass of candidate glueball fy(1710) meson.

And, from the sum of the following three Ramanujan mock theta functions:
1,897512108 + 1,8236681145196 + 2,6709253774829 + 0,50970737445 =
=6.9018129744525

we obtain:

6.9018129744525+10°3*10789 (((((((1.054571726*10°-34)* (3*10°8)6))) /
(((32*480%Pi) * (6.674*107-11)"2 * (7.161*10739)"2)))))))

Input interpretation:
1.054571726 - 1073+ .3 10% .6

6.9018129744525 + 10° » 10% : =
(324807 (6.674 10711 (7.161 - 107

Result:
172012

1729.12...

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
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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

And:

(2.67092537*3) * 1.0061571663 * 1.08185 colog ((((((1.054571726%10-34)*
(3*1078)6))) / (((32*480*Pi) * (6.674*10°-11)"2 * (7.161*10°39)"2)))))))

Where 2.67092537, 1.0061571663 and 1.08185 are Ramanujan mock theta
functions

Input interpretation:

(2.67092537 - 3}~ 1.0061571663 - 1.08185
[1 [ 1.054571726 - 10734 .3 . 10% -6 ]

og
(32480 ) (6.674 - 10711 (7.161 - 107

logix) is the natural logarithm

Result:
1782.66...

1782.66... result in the range of the hypothetical mass of Gluino (gluino = 1785.16
GeV).

Furthermore, we have:

21-((1/27)*1073))*2 + integrate (2.67092537*3) * 1.0061571663 * 1.08185 colog
(((((((1.054571726%107-34)* (3*1078)6))) / (((32*480*Pi) * (6.674*10"-11)"2 *
(7.161%10°39)"2))))))x, [0, Pi*2/6]

Input interpretation:

1 2 il
-21-[5 103} i [ 6 (2.67092537 - 3) - 1.0061571663

w0
1.054571726 » 103% x 3« 10% 6 ]]
X|aXx
(32480 m)(6.674 - 107'1}? (7.161 - 10°7)

1.08185 [- lng[

log(x) is the natural logarithm

Result:
1019.02

1019.02 result practically equal to the rest mass of Phi meson 1019.445

56



Now, we calculate the following integral:

integrate (2.67092537*3) * 1.0061571663 * 1.08185 colog ((((((1.054571726%10"-
34)* (3%108)6))) / (((32*480*Pi) * (6.674*107-11)"2 * (7.161%10°39)"2))))))x, [0,
Pir2/52]

Definite integral:

[5_2[2.5?09253? 3)1.0061571663  1.08185
Jo

[1 [ 1.054571726 1033 10%6
(32 480 (6.674 - 10711 (7.161 - 10%°)

X|ldx = 138913

logixy is the natural logarithm

138.918 result very near to the rest mass of Pion meson 139.57
And:

272 +integrate (2.67092537*3) * 1.0061571663 * 1.08185 colog
(((((((1.054571726*107-34)* (3*1078)6))) / (((32*480*Pi) * (6.674*10"-11)"2 *
(7.161%10°39)°2)))))), [0, Pi*2/5°2]

Input interpretation:

& il
. (52 (2.67092537 - 3) - 1.0061571663 - 1.08185
Jo

[1 [ 1.054571726 - 103* .3 . 10° 6 ]
(32480 m)(6.674 - 10711 (7.161 - 10°°

dx

logix) is the natural logarithm
Result:
134.918

134.918 result practically equal to the rest mass of Pion meson 134.9766

From:
PHYSICAL REVIEW D 89, 115017 (2014)

Self-interacting dark matter from a non-Abelian hidden sector
Kimberly K. Boddy, Jonathan L. Feng, Manoj Kaplinghat, and Tim M. P. Tait
California Institute of Technology, Pasadena, California 91125, USA
Department of Physics and Astronomy, University of California
Irvine, California 92697, USA
(Received 17 February 2014; published 16 June 2014)
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around 100 MeV. Alternatively, the hidden sector may be a supersymmetric pure gauge theory with a
~10 TeV gluino thermal relic. In this case, the dark matter is largely composed of glueballinos that strongly

In fact, however, we will show that all of these features
are present in a supersymmelric version of the hidden
glueball scenario, in which the hidden sector is a super-
symmetric pure gauge theory. In this model, the dark matter
is a ~10 TeV hidden gluino, which freezes out in the early
Universe when the temperature is high. At freeze-out, the

The thermally averaged transfer cross section, then,
depends on four parameters: my, A, a, and V ,,. In
Fig. 4, we plot the ratio {(67)/my in the (myx, A) plane
for &« = 1 and three representative characteristic velocities:
Vi = 40 km/s for dwarfs, V.. = 100 km/s for LSBs,
and V., = 1000 km/s for clusters. For masses my ~
1 TeV and A ~ 10 MeV. we achieve transfer cross sections
around the targeted range between 0.1 cm?/g and

The particle spectrum i AMSB models is completely
specified by quantum numbers, dimensionless couplings,
and the gravitino mass. In the visible sector, the wino mass
limit mg, = 100 GeV implies

m3ﬁ ,.\>', 37 TeV. (J ?)
preferred range. The red, shaded region is excluded by null
sedrches for visible-sector winos at LEP2. The yellow dot in the

top panel defines a representative model with my — 14 TeV,

A=035 MeV. N =2, and & =0.02.
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Of course, the goal is not simply to obtain a muld-
component model of dark matter with the correet relic
densities, but to obtam self-mteracting dark matter. The
regions with the preferred self-inleraction cross sections
are also shown in Fig. 5. For values of my ~ 10 TeV,
A~1MeV,2<N<10, and 1073 S & <1072, we find
models that satisty the relic density constraints and also
satisfy the scattering constraints for dwarls and LSBs.
Viable models also exist for the lower values of my down to
the LEP? limit for the larger values of N and lower values
ol &;. A represenlalive model is one with my = 14 TeV,
A =035 MeV, N =2, and & = 0.02; this is shown as a
yellow dot i Fig. 5. For these parameters, Fig. 1 shows
how the dark matler coupling behaves {rom the scale my
down (o confinement.

self-interaction cross sections are in the preferred range. The red,
shaded region is excluded by null searches for visible-sector
winos at LEP2. The yellow dot defines a representative model
with my, =25 TeV, A=14 MeV, and N =2_

To give a concrete example, consider the following
parameters: N =2, my=251eV, A=14MeV,
e =1.5 TeV,
g, = 0.1. The output gluchall relic density 15 ~5% of the
total dark matter abundance. We find this result by numeri-
cally solving the coupled Boltzmann equations for the
gluons and right-handed neutrmos:

P BE, Y o O N ol el 4 PN | ST
Mp =10V, gp=1.1, Ap="1.0, ani

The average is: (10+14+2.5) + 3 =8,83333333333333. From the sum of two values
of Ramanujan mock theta functions, we obtain:

8,044256216625 + 0,8094974 = 8.853753616625 TeV

We insert this value, converted in Kg, in the Hawking Radiation Calculator.

Input interpretation:
convert 8.853753616625 TeV/ /c” to kilograms

Result:

1.57832465396 « 102 kg (kilograms)
Mass = 1.578325e-23 Kg
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Radius =2.343578e-50 m
Temperature = 7.775353e+45 Kelvin
Now, we insert these values in the Ramanujan-Nardelli mock formula:

sqrt[[[[1/((((((4*1.962364415e+19)/(5%0.0864055"2)))* 1/(1.578325e-23)* sqrt[[-
(((((7.775353e+45 * 4*Pi*(2.343578¢-50)"3-(2.343578¢-50)"2))))) / ((6.67*10"-

I

Input interpretation:

/|4+1.962364415 10" 1
\ ! 5. 0.0864055° 1.578325 10723
|
[ 7.775353 - 10% -4 x(2.343578 - 1077} —(2.343578 - 10772
[ | y = .
\ 6.67 1071
Result:

1.618249337925295708749587098205865064425837873342741231871...
1.6182493... =~ ¢ = 1.61803398...

For the same formula, but with the Ramanujan mock theta function F(q) =
1.897512108... , we obtain (Ramanujan-Nardelli second mock Formula):

sqrt[[[[1/(((((((4*1.897512108e+19)/(5*%0.0864055"2)))* 1/(1.578325e-23)* sqrt[[-
(((((7.775353e+45 * 4*Pi*(2.343578¢-50)"3-(2.343578¢-50)"2))))) / ((6.67*10"-

I

Input interpretation:

/|4+1.897512108 - 10*° 1
\ / 5 0.0864055° 1.578325 x 10~
|
|, o B ErRAa 10% «47(2.343578 - 107°) -(2.343578 - 107°°?
\ 6.67 107
Result:

1.645670901387292705181060766136234654443846279466742495090...

2
1.64567... ~{(2) == = 1.644934 ...

6
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2sqrt((((6*sqrt[[[[1/((((((4*1.897512108e+19)/(5%0.0864055"2)))* 1/(1.578325¢-
23)* sqrt[[-((((7.775353e+45 * 4%Pi*(2.343578e-50)"3-(2.343578¢-50)"2))))) /

((6.67*107-11)]IIID)))

Input interpretation:

2 .r[l5 ".[1 ,a[ﬂr 1.897512108 - 10'° 1
! |
/ 5 - 0.0864055° 1.578325 - 1072
i
1j[-m[ﬁn?:@:ﬁa 10% 4 7(2.343578 - 107°°)° -

(2.343578 - 107 ]2]]]]]

Result:
£.284502300032052288547858966201804552251412716870451183788...

6.28459... = C=2mr
Note that:
Input interpretation:

5.2845023000320522885478580662018045522514127168704511
2

Result:
1.0002239457670869540679677303700834690466301995720033. .

1.000223945767...

From the Ramanujan better approximate formula for ellipse perimeter,

3(a+b) — y/(3a+ b)(a+ 35)}

pRT

we obtain:

Pi(3*(1.000223945767+1.000223945767)-
sqrt(((3*1.000223945767+1.000223945767)*(1.000223945767+3*1.000223945767)

Input interpretation:
m(3(1.000223945767 + 1.000223945767) -

V(3 1.000223945767 + 1.000223945767)
(1.000223945767 + 3 - 1.000223945767)))
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Result:
6.28450230003

6.28459... that is the ellipse perimeter

Series representations:

x(3(1.0002239457670000 + 1.0002239457670000) -
Y13 1.0002239457670000 + 1.0002239457670000)
(1.0002239457670000 + 3  1.0002239457670000))) =

65.001343674602000 7 — 1.0000000000000000 = \"I 15.007167066971305

(] 1
ZP—Z.?D852?891454T5T‘;'5: [ E ]
k

k=0

7(3(1.0002239457670000 + 1.0002239457670000) -
Vi3 1.0002239457670000 + 1.0002239457670000)
(1.0002239457670000 + 3  1.0002239457670000)) =

65.001343674602000 x - 1.0000000000000000 1,'} 15.007167066971305

@ (-0.06663482824822157 (- 7 )
k!

k=0

x(3(1.0002239457670000 + 1.0002239457670000) -
y((3 - 1.0002239457670000 + 1.0002239457670000)
(1.0002239457670000 + 3 1.0002239457670000)) =
nITgRes,_ 1, -2 T0B5278914547579 s r[_é _ 5} I(s)

o 4

65.0013436746020000 x - -

2vm
nj. . ; oo
i= the binomial coefficient
e
n! is the factorial function

(@) is the Pochhammer symbaol (rising factorial)
rixis the gamma function

Besfis a complex residue
z=%)

With regard the value 8.853753616625 TeV, we obtain also:
(-89 -21)+ 1074 * 1 /( 8.853753616625)

Input interpretation:

1
(-89 -21)+ 10*

8.853753616625
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Result:
1019.464454626640325955321885284087153402603283054245160445

1019.46445... result practically equal to the rest mass of Phi meson 1019.445
And:
8.853753616625 TeV = GeV

Input interpretation:
convert 8.853753616625 Tev . to gigaelectronvolts

Result:
8853.753616625 Gev

8853.7536... GeV

Now, from the 14th root of the following Ramanujan’s class invariant Q =

(Gsos/Go1ss)” = 1164,2696, we obtain:

(CCCCCTCCCC((sqrt((113+5sqrt(505))/8)))))) +
(sqrt((105+5sqrt(505))/8))))N)) "3 DN (1/1)))NN)))

Input:

(1 — I

1| 5[113+5 4505] +“||' é [105+5 «Jﬁ]]

Exact result:
[l 1 p— 1 I,- 1 — ]3_-'14

5 w.ui[mys -,,"5[]5] =il [113+5 V505 |

Decimal approximation:
1.655784548804744724619349561761107639558068114480697960239...

1.65578...
We have that:

(8853.753616625)/ ((((((((( ((CCCCTCCCCCCC(((sqrt((113+55qrt(505))/8)))))) +
(sqrt((105+5sqrt(505))/8))))N)) 3 DN (1/1))))NN)))

Input interpretation:
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8853.753616625

[ ,
f | 3

| |1 I 1
314 | [ 1(113+5V505 ) + [ 1 (105 +5 V505
V! b+ s |

Result:
1782.388419841...

1782.388... GeV result in the range of hypothetical mass of Gluino (gluino = 1785.16
GeV).

We have also that (for the Ramanujan-Nardelli mock formula):

9.9984933327737¢-36
sqrt[[[[1/(((((((4*1.962364415e+19)/(5%0.0864055"2)))* 1/(1.578325¢-23)* sqrt[[-
(((((7.775353e+45 * 4*Pi*(2.343578¢-50)"3-(2.343578¢-50)"2))))) / ((6.67*10"-

1)1
where (1.898607¢-35)/1.8988931 =

= 9.9984933327737090624006164433374369520854017532635196 x 10

Input interpretation:

9.9984933327737  107%¢ ||1/ 4x1.962364415 x 10™ L

' \\ / 5. 0.0864055° 1.578325 10723
|
[ 7.775353 - 10% «4x(2.343578 - 107°°)® - (2.343578 - 1077°)?
[ | =1 .
\ 6.67 10711

Result:
1.61801... x 10733

1.61801...* 107 result very near to the value of Planck length

Now, for 10 TeV, we have:

Input interpretation:

convert 10 TeV/ /e? to kilograms

Result:
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1.783 + 1072 kg
1.783 * 10> kg

Mass = 1.783000e-23
Radius = 2.647490e-50

Temperature = 6.882800e+45

Now, we insert these values in the Ramanujan-Nardelli mock formula:

sqrt[[[[1/((((((4*1.962364415e+19)/(5%0.0864055"2)))* 1/(1.783000e-23)* sqrt[[-
(((((6.882800e-+45 * 4*Pi*(2.647490e-50)"3-(2.647490e-50)*2))))) / ((6.67*10"-

I

Input interpretation:

/|4+1.962364415 10" 1
\ / 5 - 0.0864055% 1.783000 - 10723
|
I| 6.882800 - 10% 41 (2.647490 - 107°%) —(2.647490 - 107°%)
\ 6.67 107!
Result:

1.618249322281036615536110296392444708572935782264897943653...
1.61824932.....

For the same formula, but with the Ramanujan mock theta function F(q) =
1.897512108... , we obtain (Ramanujan-Nardelli second mock formula):

sqrt[[[[1/(((((((4*1.897512108e+19)/(5*%0.0864055"2)))* 1/(1.783000e-23)* sqrt[[-
(((((6.882800e-+45 * 4*Pi*(2.647490e-50)"3-(2.647490e-50)"2))))) / ((6.67*10"-

I

Input interpretation:

4.1.897512108 - 10'° 1
5. 0.0864055° 1.783000 10723

!

/

\

[
I| 6.882800 - 10% 4 7(2.647490 - 107°°) —(2.647490 - 107°°)
\ 6.67 107
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Result:
1.645670885477038466561579365060100391624301687965069006670...

2
1.6456708... = ((2) == = 1.644934 ..

We have also that:
(-5+144)+10"3*sqrt[[[[1/(((((((4*1.897512108e+19)/(5*0.0864055"2)))*1/(1.783e-
23)* sqrt[[-(((((6.882800e+45 * 4*Pi*(2.647490e-50)"3-(2.647490e-50)"2))))) /

((6.67*107-11))]1]]]

Input interpretation:

e | M 10%° 1
-3+ -
N 5 0.0864055” 1.783 1022
|
| 6.882800  10% . 47(2.647490  107°°)° - (2.647490 1077
\ 6.67 - 1071
Result:
1784.67...
1784.67....

result in the range of the hypothetical mass of Gluino (gluino = 1785.16 GeV).

And:
-(sqrt729)+1072*sqrt[[[[1/(((((((4*1.897512108e+19)/(5*0.0864055"2)))*1/(1.783¢-
23)* sqrt[[-(((((6.882800e+45 * 4*Pi*(2.647490e-50)"3-(2.647490e-50)"2))))) /
((6.67*10"-11)]]11]

Input interpretation:

735 2107 |[1 /|4 1897512108 10%° .
— -
\ / 5 . 0.0864055° 1.783 . 10723
|
|| 6.882800 - 10%° - 47 (2.647490 - 107°°) —(2.647490  107°°)
\ 6.67 - 10~
Result:
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137.567...

137.567.... result very near to the mean of the rest masses of two Pion mesons
134.9766 and 139.57 that is 137.2733

Now, for 2.5 TeV, we have:

Input interpretation:

convert 2.5 TeV /c? to kilograms

Result:
44610 kg

4.46 * 10** kg
Mass = 4.460000e-24

Radius = 6.622438e-51

Temperature = 2.751577e+46

Now, we insert these values in the Ramanujan-Nardelli mock formula:

sqrt[[[[1/((((((4*1.962364415e+19)/(5%0.0864055"2)))* 1/(4.46e-24)* sqrt[[-
((((2.751577e+46 * 4*Pi*(6.622438e-51)"3-(6.622438¢-51)*2))))) / ((6.67*10"-

I

Input interpretation:

/|41.962364415 10" 1
\ / 5 0.08640552 4.46 10724
| ,
f 2.751577 - 10%¢ 4 7 (6.622438 - 107°1)® - (6.622438 - 1071
\ 6.67x 10711
Result:

1.618249215993256829425609049987943215739586241434081926654...
1.618249215...

For the same formula, but with the Ramanujan mock theta function F(q) =
1.897512108... , we obtain (Ramanujan-Nardelli second mock formula):
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sqrt[[[[1/(((((((4*1.897512108e+19)/(5%0.0864055"2)))* 1/(4.46e-24)* sqrt[[-
((((2.751577e+46 * 4*Pi*(6.622438¢-51)"3-(6.622438e-51)*2))))) / ((6.67*10/-

I

Input interpretation:

4.1.897512108 10 1

/
1/
5. 0.0864055° 4.46 1074

/

\

| %
I| 2.751577 - 10* . 47 (6.622438 - 10751 - (6.622438 - 10751)?
\ 6.67 107!

Result:
1.645670777389090680400028762821067485039313445417990004323 .

2
1.64567077... = {(2) == = 1.644934 ...

We have also that:

(-5+144)+1073*sqrt[[[ /((((((4*1.897512108e+19)/(5%0.08640552)))* 1 /(4.46e-
24)* sqrt[[-(((((2.751577e+46 * 4*Pi*(6.622438e-51)"3-(6.622438¢-51)"2))))) /
((6.67*10"-11)]]11]

Input interpretation:

4.1.897512108 - 10'° 1
5. 0.0864055° 4.46 . 10724

(=5 + 144) + 10° [1;-![

|
I| 2.751577 - 104 . 47 (6.622438 - 1071 - (6.622438 - 10751}
\ 6.67 - 10711

Result:
1784.67...

1784.67... result in the range of the hypothetical mass of Gluino (gluino = 1785.16
GeV).

And:
-(sqrt729)+10"2*sqrt[[[[1/(((((((4*1.897512108e+19)/(5*0.0864055"2)))*1/(4.46e-

24)* sqrt[[-(((((2.75157Te+46 * 4*Pi*(6.622438e-51)"3-(6.622438¢-51)"2))))) /
((6.67*10"-11)]]11]
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Input interpretation:

J735 2107 |[1 /|4 1897512108 107 :
- + /
\ d 5 - 0.0864055 4.46 10724

|
I| 2.751577 - 10% « 4 (6.622438 - 107°1)® - (6.622438 . 107!
\ 6.67 1071

Result:

137.567...

137.567... result very near to the mean of the rest masses of two Pion mesons
134.9766 and 139.57 that is 137.2733

We note these further interesting mathematical connections:
Entropy = 2.291196e-31
Surface area = 5.511193e-100

Lifetime = 7.458561e-87

Now, we insert these values in the Ramanujan-Nardelli mock formula:

Entropy

sqrt[[[[1/(((((((4*1.962364415e+19)/(5%0.0864055"2)))* 1/(4.46e-24)* sqrt[[-
(((((2.291196€-31 * 4*Pi*(6.622438¢-51)"3-(6.622438¢-51)2))))) / ((6.67*10"-

I

Input interpretation:

A 1.962364415 107 1
\ / 5+ 0.0864055° 4.46 x 10724
|
I| 2.291196 - 107! «4x(6.622438 - 107°1)* - (6.622438 - 107°1)?
\ 6.67 1071
Result:

1.617322027323014169471458123727563956960262089739670591863...
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1.617322027...

Surface area

sqrt[ [T 1/(((((((4%1.962364415e+19)/(5%0.0864055°2)))* 1 /(4.46e-24)* sqrt[[-
(((((5.511193e-100 * 4*Pi*(6.622438¢-51)"3-(6.622438e-51)"2))))) / ((6.67*10"-

I

Input interpretation:

1
[
- 2511183 4 ik 622438 10751 )® {6.622438 - 107512
41962364415 10" 1 e 10100
5008640552 446 10724 Y 6.67 10711

Result:
1.617322027323014169471458123727563956969262089739670591863...

1.617322027.....

Lifetime

sqrt[[[[1/((((((4*1.962364415e+19)/(5%0.0864055"2)))* 1/(4.46e-24)* sqrt[[-
(((((7.458561e-87 * 4*Pi*(6.622438¢-51)"3-(6.622438¢-51)2))))) / ((6.67*10"-

I

Input interpretation:

A 1.962364415 10 1
\ / 5 0.0864055° 4.46 1072
I .
J 7.458561 - 1077 4 (6.622438 - 107°1) - (6.622438 - 107°1)*
\ 6.67 10711
Result:

1.617322027323014169471458123727563956969262089739670591863...
1.617322027...
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Return to the following previous value:

8.4588897096614¢-14 eV

Input interpretation:
convert 8.4588897096614 - 107 ev/c? to kilograms

Result:
1.5079337817599 » 10~ kg

1.5079337817599 * 10 kg
Mass = 1.507934¢-49

Radius = 2.239058e-76

Temperature = 8.138310e+71
Surface area = 6.299999¢-151
Entropy = 2.619130e-82
Lifetime = 2.882686e-163

From the following fourth Ramanujan-Nardelli mock GENERAL FORMULA, we
obtain for these other values:

Surface area

sqrt[[[[1/((((((4*1.962364415e+19)/(5%0.0864055"2)))* 1/(1.507934e-49)* sqrt[[-
(((((6.299999¢-151 * 4*Pi*(2.239058e-76)"3-(2.239058¢-76)*2))))) / ((6.67*10"-

I

Input interpretation:

/|41.962364415 10" 1
\ / 5 - 0.08640552 1.507934 - 107%
|' ﬁ-fnml-._;]-- 4 1r(2.239058 - 1077)? —{2.239058 - 10°"¢)?
o
\ 6.67 1071
Result:
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1.617322087497014110863805772804110302752512432028583797462...
1.61732208...

Entropy

sqrt[[[[1/(((((((4%1.962364415e+19)/(5*0.0864055"2)))*1/(1.507934e-49)* sqrt[[-
(((((2.619130e-82 * 4*Pi*(2.239058e-76)"3-(2.239058¢-76)*2))))) / ((6.67* 10-

I

Input interpretation:

ik 1.962364415 - 10'° 1
\ / 5. 0.0864055% 1.507934  107%
| 7
I| 2.619130 - 107%% .47 (2.239058 - 10-76)® - (2.239058 - 1076
\ 6.67 10711
Result:

1.617322087497014110863805772804110302752512432028583797462...
1.61732208...

Lifetime

sqrt[[[[1/(((((((4%1.962364415e+19)/(5%0.0864055"2)))*1/(1.507934e-49)* sqrt[[-
(((((2.882686¢-163 * 4*Pi*(2.239058¢-76)"3-(2.239058¢-76)"2))))) / ((6.67*10"-

I

Input interpretation:

/| 4%1.962364415 - 10*° 1
\ / 5 0.08640552 1.507934 - 107%
|' 213;1% 47(2.239058 - 10°78)° —(2.239058 - 10776
'S 6.67 10711
Result:

1.617322087497014110863805772804110302752512432028583797462...
1.61732208...

72



The most significant and interesting result is that inserting indifferently the values of
the temperature, the Entropy, the Surface area or Lifetime, the result is always very
close to the golden ratio!

Appendix A
On the numbers 1.61803398, 1.644934...,2.71828... and 1.616252 * 10™

We obtain a good approximation to e = 2.71828 utilizing the following formula:
1/2(((((1.6183348395+(1.0061571663)*15 + 1.6183348395+(1.0061571663)"16))))

Input interpretation:
1 .
- (1.6183348395 + 1.0061571663' + 1.6183348395 + 1.0061571663'°)

Result:
2.718156654191789497519278090498051508572117994088209051885...

2.7181566... ~e=2.71828...

We have obtained this result utilizing the second GENERAL FORMULA
(Ramanujan-Nardelli mock formula):

sqre(((((((1/ ((((((((1.962364415 *10719)/(0.0864055°2))) * 1/(M)* sqrt[[-(((((T *
(4*P1*1)"3-()"2))))) / ((G)]ID))))

|'
1.062364415-101% 1 \( _Tiarrf-r2
‘\ 008640552 M G

Note that:
(1.0061571663)"15 + 1.6183348395+(1.0061571663)*16 =
= 3.817978468883578995038556180996103017144235988176418103771
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Indeed, for example, from the previous formula concerning the Mass = 5.298730e+30
kg, we obtain:

sqrt[[[[1/(((((((1.962364415 *10°19)/(0.0864055"2)))*1/(5.298730%10730)* sqrt[[-
(((((2.316033%107-8 * (4*Pi*7867.827)"3-(7867.827)*2))))) / ((6.67*10"-

LI

Input interpretation:

1
1962364415 1019 1 l"_2.3151:|33 10~8 (4 r.7867.827)° -7867.8272
\ 0.08640552 5208730 - 1030 6.67 1071
Result:
1.618334870724027223008588450274640183800674855381540826645...
1.61833487...

sqrt[[[[1/(((((((1.897512108 *10~19)/(0.08640552)))*1/(5.298730%10730)* sqrt[[-
(((((2.316033*107-8 * (4*Pi*7867.827)"3-(7867.827)*2))))) / ((6.67*10"-

LINTDI)

Input interpretation:

1
1.897512108 -101° 1 l'._2.31&:|33 10-8 (4 7. 7867.827)3 -7867.8272
\\ 008640557 5208730 - 1070 6.67 1011
Result:
1.645757883557573235034327624648050640160562276819937582430....
1.64575788...

1/2% (((((3.817978468883578995+sqrt[[[[1/(((((((1.962364415
*10719)/(0.08640552)))* 1/(5.298730%10°30)* sqrt[[-(((((2.316033%10/-8 *
(4*Pi*7867.827)"3-(7867.827)"2))))) / ((6.67* 10~-1INTTND))))

Input interpretation:
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1
= 3.817978468883578995 +

1
1.962364415.10' 9 1 Ir_2.316|:|33 10~® (4 7 7867.827)% -7867.8272
\\ 008640552 5.208730 - 1030 6.67 10711
Result:
2.718156669804253109004204225137324501904837427600774913322 ..
2.718156...=¢

And, the new mathematical connection (second Ramanujan-Nardelli mock formula)
with the Planck’s length:

(1.898607e-35)/(1.898893 1) sqrt[[[[1/((((((1.962364415
*10719)/(0.08640552)))* 1/(5.298730%10730)* sqrt[[-(((((2.316033%10-8 *
(4*Pi*7867.827)"3-(7867.827)"2))))) / (6.6 7* 10O~ INTINDN)))

Input interpretation:
1.898607 - 107*°

1.8988931
1
1.062364415 1017 1 | 2316033 1078 (4 7.7867.827)° -7867.8272
“i 0.08640552 5.208730 - 1030 667 1011
Result:

1.61809... x 107%°
1.61809...* 107’ that is a good approximation to the value of Planck length

Input:

e

Decimal approximation:
2.718281828450045235360287471352662497757247003609959574066...

2.71828...

Property:

¢ 15 a transcendental number
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Continued fraction:

2+

1+

2+

1+

1+

44

1+

Alternative representation:

€ =¢ 101

Series representations:
o
il

o 2k +1

=3 2k

k=0

For the golden ratio, we have that:
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Input:

o

# iz the golden ratio
Decimal approximation:
1.618033988740804848204586834365638117720309179805762862135...

1.61803398...
Alternate forms:

:—2L[1+\E}

+

x5
2

B |

Continued fraction:
1+

1+ 1
1 1
N 1
1+
1 1
£ 1
1+
1 1
N 1
1+

Alternative representations:
& = 2sin(54 %

& = —2 sin(bo6 =)

6= ECUS{E}
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For {(2), we have:

Input:
{(2)

Exact result:
JTI_2

3

Decimal approximation:

£(5) is the Riemann zeta function

1.644934066848226436472415166646025180218949901206798437735...

1.644934...

Property:
JTI_JZ

E 15 a transcendental number

Continued fraction:
1+

1+ 1
1+

1+ 1

44 1

2+ 1

4+

1
T+
1+ 1

4+ 1

2+

3+ 1

4+

10+ 1

Alternative representations:
J2)y =02, 1)
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Integral representations:

B/ m
+"[2}=§U 1 dt}z
0

7(2) EUW L d’t]z
2 -3\ Tat™

2({pr1 1
(@) == j ——at
S RV

(s, a)is the generalized Riemann zeta function

Sp,pixis the Nielsen generalized polylogarithm function
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From Wikipedia:

The Schwarzschild radius (sometimes historically referred to as the gravitational
radius) 1s a physical parameter that shows up in the Schwarzschild solution to
Emstem's field equations. corresponding to the radius defining the event horizon of a
Schwarzschild black hole. It is a characteristic radius associated with every quantity
of mass. The Selnwarzschild radius was named after the German astronomer Karl
Schwarzschild, who calculated this exact solution for the theory of general relativity
in 1916.

The Schwarzschild radius 1s given as
_ 2GM

cz

Ts

where G 1s the gravitational constant. M is the object mass, and c is the speed of
light.

| Object Mass: M Schwarzschild radius: Schwarzschild density: |
SMBH in Messier 87°1 1.3x10* kg 1.9x10” m 0.44 kg/m’
From:

http://aesop.phys.utk.edu/ads-cft/L3.pdf

Reissner-Nordstrom BlackHoles
3.1 The holes
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Let us combine gravity with electromagnetism to find a charged black hole. The action
is

/ dzv/—g H+ﬁ [ d*zvVhK _E [ d*r/—gF . F*

~ 16nG
so there is now a source (electromagnetic field energy corresponds to mass). We have

1
B = EQP!;R = 8aT,,

where (from electromagnetism)

T;u; = i (QPUFP,GFUG’ -

4

1
EgvapJFPU)

which has trace zero so there is no scale: no mass, no distance, no time, just photons.
R = 0, just as in the Schwarzschild black hole, but we now have the Maxwell equations

with no charges.
V. =1

The most symmetric solution is the 4-vector with time component Ay = %: however.
we want the potential to be zero at the horizon so we set

8.9
T Ty
nd GM G@?
2G N,
Hel=1—"5"4 TS
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This is the Reissner-Nordstrom black hele. The horizon r (0 = f(r4)) s the solution
to

r2—2GMr+GQ: =0

S0

r+ =GM £/ G2M? — GQ?

(r— 1s inside r+ so we cannot observe it). When ¢) = (, we get r4 = 2GM as
expecied. The minimal 7 occurs when G2 M= — (@2 = 0 so there is a minimal mass

Qz

G

ﬂfu'm =

Below this mass. we would have a naked singularity, but we stick with dressed singu-
larities. The temperature is given by

1

From

T == Ef:{']"_i_]

B lr'zt;'M 20()2
4w\ -1‘3_ r:f_
1. ¥1 G’Qg)
4w \Ty rﬁ__

The entropy is
gode _wd

1G G
1 1 6d
- w#(mF)

For r; =r, we obtain:

1 (r? — GQ?
1(7-60%
4n< r3 >

we raise the fraction 1/4 p to the cube and insert it as a factor into the expression in
parentheses

r? — GQ?

a5 = ri=GQF =T xdmr;
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5 s 5 T X 4nr3 — r? T X 4mtr3 — r2
—GQ* =T X4nr°> —r*, Q° = yz ;0 Q= —yz

From the ratio between Q and M, we obtain:

M M

Q 1\/ T X 4mr3 — r?
G

Now, we multiply the result for (1.962364415 * 10" / 0.0864055%) and obtain:

0.08640552 M

1.962364415 x 101° 1 \/ T X 4mtr3 — r? )
G

Finally, we invert the expression, extracting the square root and multiplying by
1.1180931. We obtain the first GENERAL FORMULA (Ramanujan-Nardelli mock
formula):

1 _ W5+1

1.962364415X1019x1 f Tx4mr3—r2 d)
0.08640552 M G

1.1180931

IR

=1.61803398... (2)

Or, inserting 1672 inside the square root of (1), i.e. 162 X 4w = 6413 = (4m)3,
inverting the expression and extracting the square root, we obtain the second
GENERAL FORMULA (Ramanujan-Nardelli mock formula):

1 V5 +1
¢:

1.962364415%x101° 1\/ TX(4mr)3—r2 2

0.08640552 M G

I

= 1.61803398 ... (3)
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With regard the second GENERAL FORMULA, we have that:

General formula:

sqre(((((((1/ ((((((((1.962364415 *10719)/(0.0864055°2))) * 1/(M)* sqrt[[-(((((T *
(4*P1*1)"3-(r)"2))))) / ((G)ID))))

|'
1.062364415-101% 1 \( _Tiarrf-r2
‘\ 008640552 M G

J.M

I'
2 Band T
\ G

1.95053 x 10711

Alternate forms assuming G, M, r, and T are positive:

1.95053 %1011 VG VM

Vit —6asrT

|
1.95053% 101! \f E

4||| 1-6anrT
y G
Real roots:

0.00050393

r

G=0, M=0, r=<0, T«
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0.00050393
G=0 e

, M=0, r=0, =

r

0.00050393

G>0, M=0, r<0, T>——-o
r

0.00050393

G=0, M=0, r>=0, Te——
r

Series expansionat r = 0:

1.95053 %1011

:-;I-E"I'I-i"l'ﬁ'lz":":' Puiseux series)

Big-O notation »

Series expansion at r = co:

=16 M
3.68175x 10 ——
c T
M Vg
2.92243x 10712 It \ +
e rT
2
[
1.15959 %1071 fL 4.38265 x 10723 ’ "
Il_ir |I _iI
Vv s Vv & 1
+ +D[[—J ]
i o i r

(generalized Puiseux series)

Big-O notation »

Derivative:
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a . M
—|1.95053 % 10 — . |=

ar | Ir'E—ISndl:r3 =T
W
|
. 75263%10-12 — 2902907108 r T} | ——M
g § 20297 rT) f 2 3.3,
L e 3 i e
]'II Y G
r(l9o84.4r T -1)
Indefinite integral:
1 11 4
dr =3.90105%10"  ry 1-1984.4rT
| T4 3 2
Tidmr) —r

| (1062364415 1017,/
I 'I.I'lI 7

008640552 14

| M
2F1(0.25, 0.5; 1.5; 1984.4r T) constant
| [ rP-0844r%T
\ G

aFq{a, b;c; x)is the hypergeometric function

Third GENERAL FORMULA (Ramanujan-Nardelli mock formula):

sqrt((((CCCLAC((((((1.962364415 *10719)/(0.086405572))) *
(P1/(2*1.9632648))*1/(M))* sqrt[[-(((((T *4Pi(r)*3-(r)"2))))) / ((6.67*10"-11))]])))))

Input interpretation:

| 1962364415101 ( n 25 } _Trx4nri-r2
‘q 0.08640552 2.1.0632648 | 6.67 10711

Result:

| M
6.23179x 10714 |

I
7‘1] viri-4xr®T

Alternate form:
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M

|
6.23179x 107 |
\V-r2@rrT-1

Alternate forms assuming M, r, and T are positive:
6.23179 x 1074 VM

Vr-anT

r

(55
6.23179 x10~14 \( cud

V1—4nrT

Root:
125664 T-r+0, M=0

Series expansionat r = 0:

M M
-14 | -13 |
6.23179 % 10 | = +1957772x107° 1T | ——. 4
N v r? N vt
[ M M
153763x1072 ¢ T [ — +1.44918x107 ' 7% [ — 4
v Y v r?
M
1.47964x 1071 #* T* Il — +0()
\ V2
(generalized Puiseux series)
Big-O notation »
Series expansionat r = oo:
5.584?5><m-16\l -
M =T
3.30986x101* | 2

s
\q lI—J"ET rT

3.27499 % 10-17 \,‘ M 1.95462 x 1018 J'L

\I'—rgT y 37 Gl[ 1 4]
rf T g T 5 [rJ

[generalized Puiseux series)

Big-O notation »

Derivative:
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[5 23179 x 10714 '
ar

"q*-,.f —4xr3T

(3.11589 x 10~ -4 _5.87332x10-13 r
\( \l'r AgeT

ril2.5664r T -1

Indefinite integral:
' 1

dr =

3
(1962364415 10197 || Al

\ &s7 10711
\i' 008640552 (12 - 1.0632648) M)
1.24636x 1072 r Y 1-12.5664 r T 2F1(0.25, 0.5: 1.5: 12.5664 r T)
|' M

|
\ vi?-125664:3T

aFq{a, b;c; x)is the hypergeometric function

Limit:

| M
lim 6.23179x10° ||— — et
e "H NrioarriT

Fourth GENERAL FORMULA (Ramanujan-Nardelli mock formula)

(we obtain the formula multiplying for 4 the Mock theta function 1.962364415 * 10"
in the numerator and for 5 the Mock theta function 0.0864055° in the denominator)

sqrt((((CCCLA((((((4%1.962364415 *10°19)/(5%0.0864055°2)))* 1/(M)* sqrt[[-(((((T *
4*Pi*(r)"3-(r)"2))))) / (G)1D))))

Input interpretation:

1
| 4:1062364415-101% 1 [ Tednrd?
“'i 5.0.0864055° M G

Result:
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M
2.18075 x 10~

r2—4:r rgT

\V s

Alternate forms assuming G, M, r, and T are positive:
2.18075x 1071 VG VM

Nit?=4xP3T

T

2.18075x 10~ 1! \f e
:
4 1-4nmrT
(¥

Real roots:

0.0795775

G<0, M=0, r<0, e
r

0.0795775

G<0, M=0, r=0, e
r

0.0795775

G=0, M=0, r<0, -
r

0.0795775

G=0, M=0, r=0 i

r

Series expansionat r = 0:

M | M
2.18075x 10~ +6.85104x107 r T +
2 2
Lo Lo
YWe \ -
M M
5.38079x 107 r? T2 +5.07128x10°r° 1% | — +
i | |2
Rk W5
M
5.17786x10°° r* T* | — +0(r°)
| |2
R

[generalized Puiseux series)
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Big-O notation »

Series expansionat r = co:

2.30427 % 10713 JL
——— | Ar
-11 M VYV @
1.15825 % 10 + +
7 r T
>
¥

1.14605x107* | 2L—  6.84x10716 | 2
\ B
G

| _&r
“ S wof))
+ + -
i T r

(generalized Puiseux series)

Big-O notation »

Derivative:

i 11 M
—12.18075 =10 — | =
ar o 3
r‘=4nmr”T
\/ G

—
(1.09038 x10-1! - 2.05531x 1071 r T { —

—
{ PoanetT
'R

ril2.5664r T -1

Indefinite integral:

1
j — dr =4.36151x10" ry 1-12.5664r T
{4 10962364415  1017) 1IIIII _T4nrdr?

[0

{5 008640552 )M

M
2F1(0.25, 0.5; 1.5; 12.5664r T) constant

72 12,5664 70 T
G

2F(a, b;c; x)is the hypergeometric function

Limit:
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J.M
lim 2.18075x10° | —— =0=0

r—hia |
2
[ 2 amedT

YW s

For the values obtained very near to ¢, we make some important considerations.

We have the following two mock theta functions:

$(q) = 0.50970737445...F(q) = 1.369955709...

We note that, from the result of an expression 1.61824937, we obtain:
1.61824937 * 1.369955709 — (0.50970737445/2) =
=1.96207627579215333

We have that:

Mass =7.161e+39

Radius = 1.063302e+13

Temperature = 1.713732e-17

From the previous expression (Ramanujan-Nardelli mock formula), we obtain:

sqrt[[[[1/((((((4*1.962364415 *10°19)/(5*0.0864055°2)))*1/(7.161%10"39)* sqrt[[-
(((((1.713732%107-17 * 4*Pi*(1.063302*10°13)"3-(1.063302%10"13)"2))))) /
((6.67*10"-11)]]11]

x[l”f

4..1.962364415 - 10'* 1
5. 0.0864055° 7.161 = 10%°

| -
| 1.713732 - 1077 » 47 (1.063302 - 10"%)* - (1.063302 - 10%%)?
\ 6.67 10711

1.618249374900668542367178003243040682994733618897936302450...

1.6182493749006685423671780032430406829947336188979363
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We have also that:

sqrt[[[[1/((((((4*1.897512108 *10°19)/(5*0.0864055°2)))*1/(7.161%#10"39)* sqrt[[-
(((((1.713732%107-17 * 4*Pi*(1.063302*10°13)"3-(1.063302%10"13)"2))))) /
((6.67*10"-11)]]11]

Input interpretation:

/|4+1.897512108 - 10" 1
\ / 5 - 0.08640552 7.161 x10%°
| N
I| 1.713732 - 1077 «4 r(1.063302 - 10"%)® - (1.063302 - 1013}
\ 6.67 1071
Result:
1.645670938989220735779582455212860786179956182117339551569...
1.64567...
And:

(1.898607¢-35)/1.898893 1 sqrt[[[[ 1/((((((4*1.962364415
*10719)/(5%0.0864055°2)))*1/(7.161%10°39)* sqrt[[-(((((1.713732%107-17 *
4%Pi*(1.063302*10713)°3-(1.063302* 107 13)*2))))) / ((6.67* 10~ -1 1 )]]]]]

Input interpretation:

1.898607 - 1073° L/ 4.1.962364415 - 10'° 1
1.8988031 \ / 5 - 0.0864055% 7.161 x 107

| -
I| 1.713732 - 10717 « 47 (1.063302 - 10"%)* - (1.063302 - 1013y
\ 6.67 10711

Result:
1.61801... x 10733

1.61801...* 10 that is a good approximation to the value of Planck length

(second Ramanujan-Nardelli mock formula)

Further, we obtain:

(1.6182493749)* 1.369955709 — (0.50970737445/2)

Where 1.369955709 and 0.50970737445 are two Ramanujan mock theta functions
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Input interpretation:

0.50970737445
1.6182493749 . 1.369955709 —

2

Result:
1.9620762825049363041

1.9620762825049363041 value very near to a Ramanujan mock theta function and
practically near to the value of DM particle that has a Planck scale mass: m~ 10"
GeV (Planck mass = 1,2209 x 10" GeV/c* = 21,76 ng Wikipedia)

Appendix B
From Wikipedia:

In physics, the Planck mass, denoted by mp, is the unit of mass in the system of natural units known as Planck units. It is
approximately 0.02 milligrams. Unlike some other Flanck units, such as Planck length, Planck mass is not a fundamental lower or
upper bound; instead, Planck mass is a unit of mass defined using only what Max Planck considered fundamental and universal

units. One Planck mass is roughly the mass of a flea e___g_g_.[lj For comparison, this value is of the order of 1015 (a quadrillion)

times larger than the highest energy available to contemporary particle accelerators.*]

It is defined as:

o [
P G,:

where ¢ 1s the sp e_e_d_o_f_ li_ght__ in a vacuum, G 1s the gr_e_wi_tapip_]}gl constant, and h 1s the ljgd_t__lc_e_t__:ll_ Pl__z_lllvlc_}\_'\ constant.

Substituting values for the various components in this definition gives the approximate equivalent value of this unit in terms of

other units of mass:

1 mp ~ 1.220 910 x 101° GeV/c? = 2.176 435(24) x 108 kgl3 = 21.764 70 pg =
1.3107 x 1019 u.[4

For the Planck mass mp = 4 /fic/G. the Schwarzschild radius (rg = 2lp) and the Compton wavelength (Ag = 2ip) are of

the same order as the Planck length lp = 4/hG/ e
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The Planck mass is =~ 1.220910 * 10'°GeV , very near to the exponent of result 1.962
*10" GeV

We know that:

2
1.64375 = £(2) =”6 = 1.644934 ...

From the following results of Ramanujan mock theta functions:
f(q) = 1.22734321771259... and -0.0814135

we have that:

1.644934 * 1.22734321771259 — 0.0814135 = 1,93748508848484151906

value very nearly to the average 1.962 * 10" GeV practically near to the value of DM
particle that has a Planck scale mass: m ~ 10"’ GeV (Planck mass = 1,2209 x 10'°
GeV/c*= 21,76 ng Wikipedia)

We have also:

f(q) = 1.22734321771259

x(q) =1.66162973306...

Partial mock = 0.07612513678

1,66162973306 x 1,2273432177 — 0,07612513678 = 1,963264846419852467162 a
value that is very important, as we have seen in the paper

2
Note that: (1.937485 +0.0814135) / 1227343217 = 1,644933928 = ({(2) = = =
1.644934 ...

From:

https://plus.maths.org/content/ramanujan
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3 ; : 77410 = 1374/

£ i
7?/‘g 4—&”/?3; /0/03__/

973+ 10M3=12"3 +1

Input:
9% +10% =12° +1
Result
Left hand side:

03 +10% = 1729

Right hand side:
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12550 = 1738
1729
10103 =791"3 + 812”3 + 1

1010° = 7919 + 8128 +1

(7913 + 812”3 + 1)M/3

Input:
3II 3 3
¥ 7917 +812° +1

Exactresult:
1010

1010

(101073 - 81273 - 1)*1/3

Input:
3 3 3
¥ 1010° -812" -1

Exactresult:
791
791

(101073 - 7913 - 1)*1/3

Input:
3f 3 3
¥ 10107 - 791" -1

Exactresult:
812

812
Wehavethat:

13573 +138"3 =172"3 -1



Input:
1357 + 1387 =172 <1

(17273 — 13873 - 1 )*1/3

Input:
3f 3 3
¥ 1727 - 138" -1

Exactresult:
135

135

(172°3 - 135"3 - 1 )*1/3

Input:
3II 3 3
v 1727 -135" -1

Exactresult:
138

138

Now, we observe that:
1010 — 55 = 955; result equal to the baryonic Dark Matter mass 955 GeV
1010 + 8 = 1018; result near to the rest mass of Phi meson 1019.445

(1010 + 135 + 138) — 55 + 5 = 1233; result equal to the rest mass of Delta baryon
1232

(1729 + 135 + 138) — 34 = 1968; result practically equal to the rest mass of strange D
meson 1968.49

(791 + 812) + 55 +13 = 1671; result very near to the rest mass of Omega baryon
1672.45

135 and 138; results very near to the rest masses of two Pion mesons 134.9766 and
139.57

We have also that:
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(1729 + 135 + 138) — 34 — 5 = 1963; result very near to the value mean that comes
out from the temperature 1.729 * 10'* K regarding the Hawking Radiation (black
hole) and that is 1.96286.. * 10'°GeV .Furthermore, 1.96286095714 is very nearly

to the result of the following Ramanujan mock theta function: x(q) =
1.962364415...

1.96286 * 10" GeV = 1962.9 * 10" MeV

Input interpretation:
1.9629 - 10™° GeVv

Unit conversions:
1.963 « 10%° ev

3.145 G|
3.145 . 107 |

Input interpretation:
1962.9 - 10" Mev

Unit conversions:
1.963 « 10°% ev

Note that:

(1729)*1/11 10M4 K
Input interpretation:
V1729 x10™ K (0

Result:
1.960 10" Kk

Conclusion

What links the three numbers: 1.61803398, 1.64493 ..., 2.71828 is that they are
irrational numbers that can be expressed through infinite continuous fractions. This
allows us to deduce that, at least from the mathematical point of view, the results
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obtained from the formula derived from the ratio between mass and charge of a
particles/quantum black holes (Ramanujan-Nardelli mock formula), are connected to
a countably infinite set. It may be the "form" of the string / brane that according to
our cosmological vision represents the infinite-dimensional toroidal Hilbert space, in
which are included golden dragon curves, whose formula is:

Built from two similarities of ratios = and 72,
with r = if(pu"’. Its dimension equals ¢
because (r?)® + r¥ = 1. With

lo = :
8yp(p) =¥ 1.61803 @ = (1+ +/5)/2 (Golden number).

https://en.wikipedia.org/wiki/Four-dimensional space##mediaviewer/File:Clifford-torus.gif

99



Dragon curve

From:

http://mathworld.wolfram.com/DragonCurve.html

From: S. Ramanujan to G.H. Hardy 12 January 1920 - University of Madras

I am extremely sorry for not writing you a single letter up to now ... I dis-
covered very interesting functions recently which I call “Mock™ ¥-functions.
Unlike the “False” ¥-functions (studied partially by Prof. Rogers in his in-
teresting paper) they enter into mathematics as beautifully as the ordinary
v-function. I am sending you with this letter some examples . ..

If we consider a v-function in the transformed Eulerian form e.g.

q q* q°
A) 1 .
SO (1—gq)? L (1 —g¥(1—g? R * (1 —g)2(1 —¢?)2(1 — ¢3)* el
q gt q°
B 1 :
) +1—q+(I—Q)tl—q‘?)Jr(l—qi{l—qz)(1—93)+
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Mock @-funetions

$(@) =1+ ——+ a *

9)= 1+q¢  (1+42)(1+q%)

Iy s q qu qg

U(g) = 14 + 1—-q-¢) . (1 —)fL -1 —7) ®
.|
Y

i
xlg) =1+ i ; <o
@) l1—¢+¢ (A-qg+@)(1-¢+q)

These are related to f(q) as shown below,

2¢(—q) — f(q) = f(q) +4¥(—q)

1 -2 424 —20° 4.
1+a)(1+¢*)(1+¢°)...
(1 —258 4942 P
(1 —g)(1 —a?){1—=1g%}. -

dx(q) — flg) =

These are of the 3rd order.
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Mock ¥-functions (of 5th order)

q q* q"

1O = ot troar o) T Tt o
dlq) = 1+q(1+Q)+q4§1+q)(1+q3)+q“[1+qh{1+q3}(1+q°J+---
Ug) = ¢+ @1+ +d¢ 1+l +¢*)+¢" L+ a)(1+ )1 +4¢*)+...

q q* g
== I — +
@) = I et o= -0 -0 —)
B q 7 q
- 1+{1_q+(1_gz)(1_qa)+(1_q3)(1_q1)(1_q5)+---}
q'Z qS
F —
@) 1+1—q+(1—Q)(1—q3)+
o(—q) + x(g) = 2F (q).
f(—q) +2F(¢%) — 2 = o(—*) +u(—q)
o 1—2 O — P e
= 26(—¢%) — flg) = i e B

R [ o | | R SR ) P
; _ s U
e M-—P0l-1 ...

Mock ?-functions (of 5th order)

: _ ¢ F g° q'2
Q) = Yy o T+ A e
¢(q) = q+q' 1+ + 1+ +¢")+...

Ug) = 1+q1+9)+1+(1+PF) +EQ+(1+A)A+¢¥) +...
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1 q ¢

x(@) = 7 —g R0 —a) ' -2 0—0—)
q3
t-ot-oa-oi-a)
4 12
Fla) = = - .

¢ T-90-0 T-ol-®1-0)

have got similar relations as above.
Mock ¥-functions (of 7th order)

: L g q' ¢
S T T W) G TG ) N
(ii) 8 g e o 7 e
l—g " (I—Fi1—) " [ T—F1—)1—g)
G e < + @ .
Ty =@y L@l l—gl—e)

These are not related to each other.

Ever vours sincerely
S.Ramanujan
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Results of the Ramanujan Mock Theta Functions

\

Eamanujan's
Paradise:
Mock Theta
Functions

From:

S. Ramanujan to G.H. Hardy
12 January 1920 - University of Madras

(From the original letter of S. Ramanujan)

104



[ am extremely sorry for not writing you a single letter up to now ... I dis-
covered very interesting functions recently which I call “Mock” v-functions.
Unlike the “False” ¥-functions (studied partially by Prof. Rogers in his in-
teresting paper) they enter into mathematics as beautifully as the ordinary
U-function. I am sending you with this letter some examples . ..

Note 1n Italian:

Funzioni di finto theta

Sono estremamente dispiaciuto per non averti scritto una sola lettera fino ad ora. . . Recentemente
ho scoperto delle funzioni molto interessanti che chiamo "Finte" funzioni 9. A differenza delle
"False" funzioni § (studiate in parte dal Prof. Rogers nel suo interessante documento), esse si
inseriscono in matematica magnificamente come la normale funzione 9. Ti invio con questa lettera
alcuni esempi ...

We have the following values concerning the Ramanujan mock theta functions

MOCK THETA ORDER 7

Mock -functions (of 7th order)

’ i il
q q q
( 1+ -+ : . + .
S T ) T§ ) I i T ()
q q* q’
11 + + : e Y
(1) l-q (1-¢3)(1—-¢%) (A-¢*)(1—-qg")(1—- g
o 1 q_] qh
(i1 + , : i
& T taoen—a T i—an—-au—o)
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From the (i11), we have:
-0.081849047367565973116419938674252971482398018961922
0.0004357345630640457140757853070834281049705616972466
-1.8762261787851325482986508127679968797519452065 x 10"-7

-0.081849047367565973116419938674252971482398018961922 +
0.0004357345630640457140757853070834281049705616972466
1.8762261787851325482986508127679968797519452065 107~

-0.08141350042711980591559898323225082017711543245919605

The result is:

-0.08141350042711980591559898323225082017711543245919605

-0.0814135

From the (1), we have:

-1.081849047367565973116419938674252971482398018961922 +
0.0761251367814440464022202749466671971676215118725857

-0.000433255719961759072744149660169833646052283127278

_1.081849047367565973116410038674252971482398018061022 +
0.07612513678144404640222027494666719716762151 18725857 —
0.000433255719961759072744149660169833646052283127278

iabeG15716630608368578694381338?7556079608287902166143

The result is -1.0061571663 ...
-1.0061571663060836857869438133877556079608287902166143
Partial result 0.07612513678...

Final result -1.0061571663...

The sum of the two mock theta functions (i1) and (iii) is:
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-0,0814135 - 1,00615716 = - 1,08757066
And
-1 -0.0814135 =-1.0814135

From the (1), we have:

ﬁﬁﬂﬂﬂQ4f\nﬂn
JZUTOTV. VY

A2 Qﬁ{' i
SGIIL B, (e

0.
1.

l-IJ.FJé-SE.]D'.?S .+ 0.000433255 -
_ 1.8754140254243246404383299476354805043847163776 - 1077

Enlargz Data Custonuze A : Interactiva

0.92434086745850745 7567535056 16700523645194056 152836224

The result 15
0.924340867458509745736753593616700523645194956152
0.9243408674589...
We have also that:
0,9243408 - 1,00615716 = -0,08181636; and

-0,08181636 - 1,00615716 = -1,08797352
-1 -0.08181636 =-1.08181636

MOCK THETA ORDER 3
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Mock ¢-funetions

(igh =1 ot g 5
o(g) = =4 =
= 1+¢2 (I+¢&)(1+4qY
{g) = - T + g —
Tl T -9 -¢8) (-9Ul-&0-g)
4
q g
g)= 1% i = s
x(2) l—g+¢* (1—qg+¢*)(1—q¢*+q*)
MOCK THETA ORDER 3
For$(q) q=-¢',t=0.5 q"=-21.79216 * -¢*, we obtain:
4
| q q
=1+ + - N S
T E T A )
. q q' q°
V(q) = o - — ~ +
T § ey B T ey T ey
4
x(g) =1+ i + 1 + ...

1-g+q¢*> (Q-¢g+¢*)(1—4¢*+qY)

0(q) = 1.075226 + 0.00572374 = 1.08094974
w(q) =-1.08185 + 1.08232 — 1.08232 = — 1.08185
7(q) = 1.081345 + 0.00618954 = 1.08753454

The sum of ¢(q) + w(q) + x(q) = 1.08663428 very near to the value 1.08643 already
calculated from Ramanujan. The mean is:

1,08344476 ( Note that: 1 — 1.08344476 = 0.08344476)
We have also that:

1,08663428 + 1,0864055 =2,17303978 2 =1,08651989
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1+

12 Jan. 1920.

[This letter was written under difficulties and is in places very obscure. Ramanujan
however makes it clear that what he means by a “mock 3-function” is a function, defined
by a g-series convergent for |¢|<1, for which we can calculate asymptotic formu]aa

when ¢ tends to a “rational point” ¢ ™% of the same degree of precision as those furnished,
for the grd_mg__rv 3-functionsg, by the them'v of linear transformation. Thus he asserts. for

=22 2R055 RS el R bt ke WDy UL
example, that if

- g gt
TO=Hm gt et

and ¢ =¢~*—1 by positive values, then
™ w3 ¢

0.449329 0.449329*
+
(1+0.449329)7 (1 +0.449320) (1 + 0.449329%

Result:

1.227343217712591575927923383010083014681378887610525818831...

f(q) = 1.22734321771259...

Mock 3-functions.

1y ¢
POt A T

= @ o B8 7
YO=rStaga-ptipa-gpa=got

2__. Kol
x(@=1+7— =g+q¢ (l—q+q“)(1-9”+q‘)+

& (q) = 1.40643658...

P(q) = 0.898893179095....

x(q) =1.66162973306...
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@(q) = 1.40643658... P(q) = 0.898893179095.... x(q) = 1.66162973306...

Sum = 3.966959492155 (R,)

Mock 3-functions (of 5tk order).

q ¢
J@)= 1"'1+9+(1+sr)(1+9")

P(@=1+q(1+9+*(1+9) 1+ +¢(1+9) 1 +¢*) (1 +¢¥)+...,
V(@)=7+2P(1+9)+¢*(1+9) 1 +¢H)+¢°(1+g) (1+¢) 1 +¢D)+...,

ki ¢ '
X Q= nataomacm Tt a-Pa=go"
_ q q' '
Mt T i a-ma=o"

f(q) = 1.333425959... ¢(q) =1.7168646644... P(q) = 0.5957823226...
x(q) =1.962364415...

Sum = 5.608437361 (R))

Difference R, and R, = 5.608437361-3.966959492155

Mock 9-functions (of bth order).
£ q‘l!
Al 1+1+9 T+ 0+  (+Q U+ (1+g%) T
¢ (@O=9+¢(1+)+¢(1+9) (1 +¢H)+...,
V(@) =1+¢(1+g)+F (1+9) (1+¢*)+¢* (1+9) (1+4°) (1+¢%)+...,

x(@=1— g‘](] g’) - a-gma-g¢"

ql!

1
1 -q {1 9}(1 7°) (l—sr)(l (11— 9*)

F(g)=

f(q) = 1.1424432422... x(q) =2.6709253774829... F(q)=1.897512108...
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¢(q) =0.50970737445... P(q) =1.8236681145196...

Sum = 8.0442562166525 (Rs)

Sum = 3.966959492155 (R))
Sum = 5.608437361 (R))

Sum = 8.0442562166525 (Rs)

AMock 3-functions (of Tth order).

g a* q°
it pa-pta-pa-pa-o
g 4 3 + 'l P
i—¢ti—aa-o T T—Pa-sa-ao
LT » + i B rene

TP a-9  O-0-H -

1.61052934557... 0.8730077... 2.103786766...

Sum = 4.58732381157

Sum = 3.966959492155 (R))
Sum = 5.608437361 (R))
Sum = 8.0442562166525 (R;)
Sum = 4.58732381157 (R,)

Total result =22.2069768813775
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142 i
F("’-)"H1_.g+(1_.g) a=gt

¢ (-D+x(9)=2F(g),

oy o 1—=2q+2¢0—2¢0+...
2¢ (—¢%) f(?)'—(l__g)(1_94)(1_96)(1-99)...’

6 12
V@-F@+lmgmot

F(q) = 1.369955709...
2F(q) = 2.73991141808516...
2¢(—q2) — f(q) = 0.34647193607819....

Y(q) — F(g?) + 1 =0.54471718545239...

1.369955709+2.73991141808516+0.34647193607819+0.54471718545239
Sum = 5.00105624861574

Total of the 26 mock theta functions

(3.966959492155 + 5.608437361 + 8.0442562166525 +
4.58732381157+5.00105624861574) = 27.20803312999324
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Now, we have also these other results concerning the Ramanujan mock theta
functions:

R =-1.08185; R=1.08753454; R =1.08094974; SUM =R, = 1.08663428
R, =-4267.24; R.=6.5960861587 * 10

Ry =-1.0058343895 * 107'%; R,=-5.74968 * 10™; R;=-4.9290621621 * 10,
R, = 4.04237000433962 * 10"%; R, =3.0773505768788923 * 10";

R; =-0.0818160338; R,=-2498.279529; R, =-0.07609064; R, =0.923910279;
R, =33021.1005; R,=-2122.1867; R,=1.63161 * 10°°; R,=9.39267 * 10"’;
R,=-0.0814135..; R,=-1.0061571663...; R,=0.924340867458.
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