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Abstract

In this paper, we analyze further Ramanujan’s continued fractions. We describe the
mathematical connections with MRB Constant, Higher Spin and various sectors of

String Theory
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Series expansion at a=o0
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s Fyia, b;c; x)is the hypergeometric function



Local maximum
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ma}i[’u‘rﬂ‘ﬁ NA-a)1-8) +4Veg(l-a)(1-58) } =3 at(a, B) = [5, E]
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3D plot (figure that can be related to a D-brane/Instanton)
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Alternate forms
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Alternate form assuming o and f3 are positive
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arg(z) is the complex argument
|x]is the floor function



Series expansion at a=0
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(Puiseux series)

Derivative
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Indefinite integral
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2 Fyia, b;c; x)is the hypergeometric function
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3D plot (figure that can be related to a D-brane/Instanton)

Contour plot
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Alternate forms
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arg(z) is the complex argument
|x] is the floor function

Series expansion at =0
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Series expansion at a=oo
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Derivative
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s Fyia, b;c; x)is the hypergeometric function

From the sum of

(V((a-1)(B-D))+V(aB)+4((a-Da(B-1B)N1/4))+((8V(2)((a-Dx(B-1)BYN1/8)((x- 1) (B-
N/ HaB)N1/4)+V((a-D(B-1)+V(aB)+20((a-Da(B-1)B)(1/4)))
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Exact result
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arg(z) is the complex argument
[x] is the floor function
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Series expansion at a=0
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Derivative

%[aﬁ%’m—lmm—ljﬁ [%‘Im—ljiﬁ—lj +%?a,3]+
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Vie-1p-1 +Vag))=
4(2&-1;,3(,3—1;(5’(&-11(18—1,1 +ffa,s]

3(a-Da(B-1)p° )
V2 2a-1pB-D(Ve-DE-1 +Vap)

+

+
(l@-Da(f-1p"
3(B-1) . 6(2a-1)B(5-1)
2V@-1 (-1 (e-La(g-1p¥
4 5 g=1 B
—ﬁ(a-l;a(ﬁ-l;ﬁ[ + ]+
3 ((@=1(B-1)"° (ap)y®
B-1 B 38
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Indefinite integral

j.[S\ft—l+nJ(—l+ﬁj +3\frr;5* +244\"(—l+njn(—l+ﬁj,r3 +

eVi-lvma-1+p B (VE1ra) -1+ +Vap )+
svZ Vi—l+a)a(-1+p) 8 [?(-1+n;(—1+,3; +?nﬁ]]cm=
2la-DVi@-1(g-1) +2avap +
96~ ) Via - Da(F-1) B 2F(-
svVa
64V2Z aVa(B-1-p+1 V@-Da(B-1) B 2F(-

1 &5, 9,
351

+

9[%%1 + 1]3"'B

48 o ?n(ﬁ— D-g+1 f}“[ﬂ._ Dai(f-18 E.Fl(— I 13;_&-@-13]

.?. 3 -:?{E—l:l + l
N 1-F

6aVap Vie-La(B-1B 2Fy (-

6
v ] =
4 g !
64V2Z aVa B Vie-Da(B-1) B oF (-1,

) ¥

1nVi-a

s Fyia, b;c; x)is the hypergeometric function

From the exact result

sVa-Dap-1p (Ve-DE-1 +Vagp)+
8V2 Via-Da(B-DB (Va-D(BE-1 +Vap )+
3Vie-1(B-1) +3Vag +24V(@-Da(f-1) 8B

we obtain:

8 (-1 a(p-1) PYAI/6) (((a- 1) (B -1)NI/6) + (a B)A(1/6)) + 8 sqre(2) ((a - 1)
(B-1) PA1/8) (- 1) (B - 1)N(1/4) + (a B)N(1/4)) + 3 sqrt((a - 1) (B - 1)) + 3 sqrt(a
P)+24 ((a-1) (B -1)B)N1/4)
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fora=8 and =16, we obtain:

8 ((8-1) 8(16-1)16)A(1/6) (((8-1)(16-1))A(1/6)+(8*16)A(1/6))+8V(2)((8-1)8(16-
1)16)M1/8)(((8-1)(16-1)N(1/4)+(8*16)A(1/4))+3V((8-1)(16-1))+3V(8*16)+24((8-
1)8(16-1)16)A(1/4)

Input

8V (@-1)-8(16-1)~ 16 [?(8-1;(15—1“?8 15)+
ev2 Vie-1)-8(16-1) 16 [@“(8—1;(15—1”% 15]+
3vVEB-1)(16-1) +3V8-16 +24V(8-1)-8(16-1) - 16

Result

g 4
242 +48 2¥*y105 +3v105 +

i f 4
16 V210 [2 V2 + V105 ] +16 28105 [2 23 4 V105 ]

Decimal approximation
739.09744601752870146783716018224441669783369732849198807395093463

739.097446.... (we note that 739 — 11 = 728 = 9° -1 = Ramanujan taxicab number)

Alternate forms

3272 V105 + 16Y 2 v 105 + 64V 210 +
F iq 4
16 2107 + 34105 +24v2 +48 2%* V105

i 4
24v2 +32v2 V105 +48 294V 105 +

] 3 i i 8 f
16V2 v105 +3v105 + 278 (32 24 V105 +16 1053-'3)

(g 4
24v2 +32v2 V105 +48 294V 105 +

. a4
16 28 Y105 (2 2%+ V105 )+ V105 [3\3;“105 +16V 210 |
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From the result

g 4
242 +48 2%*y105 + 3V 105 +

; a4
16 V210 (2 V2 + V105 J+16 2 V105 (227 + V105

we obtain, after some calculations:

In (4(64/-8) ((24 sqrt(2) + 48 2A(3/4) 105/(1/4) + 3 sqre(105) +
sinh((0.8/(64Pi))A8)A2(16 210A(1/6) (2 2A(1/6) +
105/(1/6)))x-+cosh((0.8/(64Pi))A8)A2(16 2/(3/8) 105A(1/8) (2 2A(3/4) +
105/(1/4)))))y)

Input

log[c:[;][m VZ +48- 274 V105 +
3 105 + sinhz[[&i]ﬂ] [lﬁm [Zﬁ + W])x +
coshz[[;%i]s][lﬁ 3% V105 (22%% 4 m]]]y]

L&) is the Riemann zeta function
sinhix) is the hyperbolic sine function
coshix) is the hyperbolic cosine function
logix) is the natural logarithm

Result

i, 1
lo [5.? 894 % 10™ x + 566.8 [ ]]
g (67989 N )y < 281474976710 656
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3D plots
Real part (figures that can be related to the D-branes/Instantons)
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Contour plots
Real part
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Alternate form
log((~3.39947x 10 " x - 283.4) y)
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Alternate forms assuming x and y are positive

log(3.39947 x 10" x + 283.4) + log(y) + i x

1
log(6.79894 x 10~ x + 566.8) + 1 1 [— [ ]] |
0g(6.79894 x X+ ) + log(y) + log( ¢ 281474976710656 )

Root

p a5 2.25466 x 10+
7.66466x 10" x + 6.38972x 10™ # 0, ¥y = -

7.66466 % 10° x + 6.38972 x 10+

Root for the variable y

1
_}' -}
-3.39947x 1077 x - 283.4

Series expansion at x=0

log(-283.4 y) + 1.19953x 10 x — 7.19437x 10 x +

5.75325% 10 1% x¥ = 5.1759% 1077 x* + 4.96692 x 1071%°

(Tavlor series)

o+ D[xf’_‘j

Series expansion at x=00

8.33659% 10°%  3.47494 % 1077
+ -
X xz
1.93128 % 10118 1.20752x 109"  8.05328% 10! D[[ 1 ]6]
+

log(~3.39947x 10 x y)

- +
x3 x* x°

(generalized Puiseux series)

X
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Partial derivatives

a e 1
“ (10 [5.?9394><10 X + 566.8 [ ]]]:
ax[ 8l )y¢ 281474976 710656

6.79894 x 107
6.79894 % 107 x + 566.8

il

ay

1 1
1 [5.? 894 %10 x + 566.8 [ ]]]= -
[Dg[ 96894107 x +566.8) Y ¢\ 2g1 272976710656 )) ~

Indefinite integral

" - 1
[log((566.8 + 6.79894 x 1077 x) y ¢( -— ) dx =

(x + 8.33659 x 10%) log((- 3.39947 x 10737 x — 283.4) y) — x + constant

[assuming a complex-valued logarithm)

Limit

1
lim lo [555.3+5.?9894x10‘“x [ ]]:l{} —283.4
Jim_log] )y ¢ 281474976 710656 B ¥)

Alternative representations

1 .
log[g[@][mﬁma 2% V105 +

3105 +[5inhz[[;—8]ﬂ]x] 15[5% [25’3+m]]+

T

0.8 \8 . ,
cnshz[[—] ]15[23*3 V105 [2 24 . V105 ]]]y]:
64 .
l{}gp[_}' [48 234 3105 4+ 16 238 (2 2%4 4 V105 ] V105 CDShE[[E’J‘;—] ]+
Fi}

lE-x[2\63'5+m]msinhz[[£]8]+24ﬁ+3m]g[_

B

=)
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l{}g[{:[i][zztﬁ +48 24 V105 +
3105 +[5inh2[[£f]x] 15[5% [25’3+m]]+

cnshz[[;—a]s]lﬁ[zs-"s V105 227+ V105 ]]] _}-']= log(a) logﬂ[

n

I} i i DIB E
.}"[48 2¥4 Y105 + 16 2%° [2 24 4§ 1|:}5]~.:’B 105 coshz[[m—] ]+ 16 x

T

[25’?+m]msinhz[[£13]+24ﬁ+3v’ﬁ]g[i}]

l{}g[g’[i][zziﬁ +48 2% V105 +
3105 +[5inhz[[£]a]x] 15[5% [25’3+m]]+

coshz[[;—a]s]lﬁ[zs-"s V105 (2. 2%+ V105 ]]]_}-’]:

n

. . . 0.8
l{}g[_}r [43 24 V105 +16 2% 2 2%% 4 V105 ]#B 105 cosz[—f[m—] ]+

n

. ] . B2
lﬁx[zﬁ+m]m[ [—f'm's’{mm + 0864 ]] +

L
242 +3 v’ﬁ]g[#, 1]]2

logg(x) is the base- b logarithm

(8, a)is the generalized Riemann zeta function

Series representations

|og[g[$][24ﬁ+4a 2% V105 + 3105 +
[sinhz[[g]a] x] 15[%’% [25”5 +f}’ﬁ]] +

cos?([ S ) 162275 (2 2 4755 ) ) -

© (-1)% (-1-283.4 y - 3.39947x 10" x y)*
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1 I}
log[g[—][zztﬁma 2% V105 + 3105 +
543

[sinhz[[g]a] x] 15[%% [25”5 +W]] +

cos?([ S ) 162275 (2 2 4755 ) ) -

log(~1-283.4 y - 3.39947x 10> x y) -
i (-1)F(-1-283.4 y -3.39947x 107 x y)
k

k=1
I

1 .
log[g[@][mﬁma 2% V105 +

3105 +[sinhz[[£]3]x] 15[5% [25’3+5’ﬁ])+
coshz[[%]a]lﬁ[zs-’g V105 (2. 2%+ V105 ]]]_}r]:

log| 1. (566.8 + 6.79894 x 10>’ x) y

' n
o Ek":u (— 1]" (1+ k]zsl 474976 710 655/281 474976710 656 [k ]
Z l+n

n=>0

|z] is the absolute value of 2

N
[ m J is the binomial coefficient

Integral representations

1 I}
lag[g[—][zztﬁma 2% V105 +
543

34105 +[sinh2[[£]3]x] 15[5% [25’3+m]]+

cnshz[[;—g]a]lﬁ[zs-"s V105 [2 234 4 V105 ]]]

k)
{(-283.4-3.39947x107% ¥y 1
_}'] - | ~ at

1
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log[g[#][zziﬁ +48 2%4 V105 +
3105 +[sinh2[[;—8]3]x] 15[5% [25’3+m]]+

T

cosh [[;BH] ]15[ 8 V105 (2 2° + V105 ]]]_;«]:

TeREE1 474976 T10656
lﬂg[[—283.4 ~ 3.39947 x 10‘“;:”] V'Tsechz[tjdt]
0

l{}g[g’[i][zziﬁ +48 2% V105 +
3105 +[sinh2[[;—8]a]x] 15[5% [25’3+m]]+

cosh [[;i] ]15[ B V105 (2 2%+ V105 ]]]_}-’]:

lﬂg[[—Z.DlSﬁBx 107 - 2.41547x 10 x) y

j i :
dt
0 [ 1+ .f‘t } E'ZE]' 474976710 655,/281 474976710 656

sechix) is the hyperbolic secant function

Functional equations

log[g' [i][ﬂﬁ +48 24 V105 +
3105 +[5inhz[[;—8]a]x] 15[5% [25’3+5’ﬁ])+

T

cosh [[;i] ]15[ B V105 (2 2%+ V105 ]]]_}r]:

log((-283.4 - 3.39947x 10" x} y)

l{}g[{:[i][zztﬁ +48 24 V105 +
34105 +[sinh2[[;—8]3]x] 15[5% [25’3+m]]+

n

cosh [[;i] ]15[ 5 V105 (2 2% + V105 ]]]_;«]:

log((-283.4 - 3.39947x 10" x) y)
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|og[g[$][24ﬁ+4a 2%4 V105 +3V105 +
[sinhz[[i]a] x] 15(5’% [25”5 + W]] +

coshz[[g]al 16(2¥° V105 (2 2%+ V105 ]]]_}r] =

n

-37

n log[{/ (-283.4 -3.39947x 10 " x)y ]

o | e I ) S.akua L) ) | Fi

From:

1
lo [ 6.79804 x 10'3? X + 566.8 [ ]]
8 [ :I‘}’{ 281474976 710656

we obtain, after some calculations:

£ is the set of integers

3d plot log((cosh(6.79894%10A-37) x + tanh(566.8)) cosh({(1/281474976710656))y)

Input interpretation

3D plot log[[cnsh[ﬁ.?QBQ4 107") x + tanh(566.8))

cosh{4 )
¢ 281474976710656 Y

coshix) is the hyperbolic cosine function

tanhix) is the hyperbolic tangent function

L&) is the Riemann zeta function
logix) is the natural logarithm
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3D plots
Real part

(figures that can be related to a D-branes/Instantons and a fractals)
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Contour plots
Real part
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From the same formula, we obtain:

3d plot zeta(24) cosh"4(log(6.79894x10A-37 x + 566.8) + log(y) +cosh”-2(log(-
((1/281474976710656)) + i m))

Input interpretation

3Dplot  {(24) cosh?|log(6.79894 - 107 x + 566.8) +

1

CDEhz [lﬂg[ - [ 281474 9:’6 710656 ] ] ti H]

logiy) +

L[5} is the Riemann zeta function

logix) is the natural logarithm

coshix) is the hyperbolic cosine function
i is the imaginary unit

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

Contour plots
Real part

-1.0 -0.5 0.0 0.5 1.0
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Imaginary part

1.0 0
0.5+ E
Y U
—05)
-1.0 -0.5 0.0 0.5 1.0
x
From

geViE-1)-8(16-1)-16 [%’(5—11(15—1} +§?s/15]+

8vV2 V(8-1)-8(16-1) 16 [?(8—1;(15—1} +:fs/15]+

3%[8—1}[15—1} +3V8-16 +24<:"I[8—1}/8[15—1}|/15

I

4
242 +48 2¥*V7105 + 3105 +

4
16 V210 [25’5 + V105 ] +16 28 V105 [2 234 1{15]

= 739.097446.... (we note that 739 — 11 = 728 = 9° -1 = Ramanujan taxicab number)

we obtain also:
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(24 sqrt(2) + 48 27(3/4) 1057(1/4) + 3 sqrt(105) + 16 210/(1/6) (2 2/(1/6) +
1057(1/6)) + 16 2A(3/8) 105/(1/8) (2 2A(3/4) + 105/(1/4)))dxdy

Indefinite integral

ff[zztﬁ +48 2*V105 + 3V 105 +1ﬁm[25’5 +f}’ﬁ]+
16 23-"3m[2 23"'4+m]]dxd_}r=
1 x4y 416 2%® V105 [2 24 4 V105 ]x_}'+
lﬁm[zﬁ+m]x‘}r+3mx}r+
48 23"'4mx_}'+24ﬁxy

3D plot (figure that can be related to a D-brane/Instanton)
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Contour plot

1.0 AN
\.x\ \\

0.5 . E
]

s

T

0.5}

‘\\\
1] - \‘% .

-1.0 -0.5 0.0

Definite integral over a disk of radius R

ff (24V2 +48 24 V105 +3V105 +
212 <R
155%[25’5 +m]+1ﬁ 2*® V105 (2 2%* + V105 ||y dx =
(24 V2 +48 23-“4m+3v’ﬁ+15m[25’3+m]+

38 8

16 2¥8 4105 [2 24 L V105 ]]:rRz

Definite integral over a square of edge length 2 L

L L 4
f f (24«5 +48 2%*\105 + 3V 105 + 16V 210 [25’5 v 1ﬂ5]+
—LJ-L
4
16 2%° V105 (2 2%+ V105 || dxdy =

4
4[24~E+45 2¥4 V105 + 3105 + 16210 [zfﬁu?' 1{}5]+

&
16 28

105 [2 2¥4 L V105 ]] 2

Dividing the result of the two integrals by
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a4
242 +48 2%*y105 + 3V 105 +

i f 4
16 V210 [2 V2 + V105 ] +16 28105 [2 23 4 V105 ]

we obtain:

((24 sqrt(2) + 48 27(3/4) 105/(1/4) + 3 sqrt(105) + 16 210A(1/6) (2 2/(1/6) +
1057(1/6)) + 16 2A(3/8) 105M(1/8) (2 2A(3/4) + 105/(1/4))) 10)/(739.0974460175287)

Input interpretation

1

739.0074460175287
a4
(242 +48-2* V105 +3V105 + 16210 [zﬁv 2+ 105 ) +

16 2°% V105 [2 234, m]]n

Result
3.141592653589793. ..

3.141592653.... =1t

Series representations

a4
[[24\E+4B 2% V105 + 3105 + 16V 210 [25’5+ﬁv 105]+

iz B i 4
16 2% V105 [2 234 4 V105 )]n) ff 739.09744601752870000 =
4
1 1
0.912485182916869322 7 + » — (~1)*x [— —] Vzo
k=DkT 2k
(0.03247203752268251 (2 — )" + 0.004059004600335313 (105 — o))

-k
Zp
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(g 4
[[24»’3 +48 2%y 105 +3v105 +

16 V210 [25’E+vﬁ 105 ) + 16 - 2%° V105 (2 2¥4 4 V105 ]]:r]/
739.00744601752870000 = 0.912485182016869322 1 +
arg(E—xJJ]
— +
2m
arg(105 - xJJ]]
2m

|
> o 1 rx™ [D.D324?2D3?52258251 2 -x)f exp[r' :r {
k=0"""

0.004059004690335313 (105 - xjk E}:p[i' T {

a4
[[24@ +48 24V 105 +3v105 +

16 V210 [25'5 +m]+ 16 2%% V105 2 23-"4+m]]n]/

739.09744601752870000 = 0.91248518291686932189 1 +

— 1 k Iy 12k
>’ — 0.032472037522682506 (- 1)* 7 - = | 2o
= k! 27k
1 312 [arg(2-zp )02 m)) 102 |are( 2z 172 7
[l.DDDDDDDDDDDDDDD (2 - zg)* [—] g MBS RONED]
Zp
0.1250000000000000 (105 — z)*
[ 1 ]1.-'2. la t’g{ 105 ] ].'I{.z Tl 1II|2 I.‘a rg{ 1']5_2-1] :l.-'{z .-T:IJ ]
1 z)

Zp

n!is the factorial function
(@), is the Pochhammer symbol (rising factorial)

R is the set of real numbers
arg(z} is the complex argument
|x] is the floor function

i is the imaginary unit

1/6(((24 sqre(2) + 48 2/7(3/4) 105/(1/4) + 3 sqrt(105) + 16 210A(1/6) (2 2A(1/6) +

105A(1/6)) + 16 2A(3/8) 105A(1/8) (2 2A(3/4) + 105/(1/4)))
1)/(739.0974460175287))A2
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Input interpretation

é[[[mﬁwa 24 V105 +3V105 + 16 V210 [2W+W]+

16 2% V105 [2 234 L\ 105 )]n] / ?39.[}9?445[}1?528?]2

Result
1.644934066848226. ..

1.644934066.... = {(2) = /6 (trace of the instanton shape)

Series representations

é[[[mﬁwa 2*4 V105 +3V105 + 16 V210 [zf‘ﬁ+ m]+
o T o2

2
?39.[}9?445[}1?528?00[}[}] = 0.000175738870145750106 1>

o0
1 1
28.10064450927898438 + Vzg ) i s [— 5] (1.000000000000000
! k
k=0

2
(2 - 2g)* + 0.1250000000000000 (105 — )" z.;“]
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é[[[z“ﬁwﬂ 2% V105 + 3105 + 16 V210 (2V2 + V105 )+
16 2% 3105 (2 2%+ V105 ) x)/

2
?39.[}9?445[}1?523?[}[}[}[}] -

0.000175738870145750106 r° [28. 10064450927898438 +

oy 1 kK -k X arg(2 - x)
E;E—l] X [1.nnnnnnnnnnnnnnmz—x1 ﬁp[rn{z—J]+
' T

k=0
arg(105 -xjm

0.1250000000000000 (105 - xjk E.xp[i' m { 2
T

[_%L ﬁ]‘j‘ o

é[[[mﬁma 2% V105 +3 V105 + 16 V210 [z%’i+m]+
6 2 TG 2. 24 V7))

2 -
73 9.[}9?445[}1?528?[}[}[}[}] = 3.0510220511414948897 « 10

a4
n [48 234 V105 + 16V 210 [2%’3 +V 1D5]+

7

3/8 8 34 4 SES k(1
16 2 105 [2 24 1D5]+ZkT3(—1) [— ]k

k=0 2
) 12 |argl2-zgi2m] 4, i
12—k 1 0 1/2 |arg(2-zg)f{27)
2 [8[2_3'}3;{[_] z larg(2-z)/2m]
Zp
1 1.-'2.Lﬂfg{1']5—3[|:I."{.E.I:IJ 1/2 |lare( 105-z0 142 1)
[1D5—Zu)k [_] 25 larg 0l IJ]

Zg

n'!is the factorial function

(@), is the Pochhammer symbol (rising factorial)
R is the set of real numbers

arg(z} is the complex argument

|x] is the floor function

i is the imaginary unit



40

1+1/16(((24 sqrt(2) + 48 2A(3/4) 1057(1/4) + 3 sqrt(105) + 16 210A(1/6) (2 2A(1/6) +
105A(1/6)) + 16 2A(3/8) 1057(1/8) (2 2A(3/4) + 105/A(1/4)))
1)/(739.0974460175287))A2+(MRB const)A(1-1/(4m)+m)

Input interpretation

1+

é (((24 V2 +482%* V105 +3 V105 +16V210 (2V2 + V105 ) + 16 2°°
R

2 =14 m)+r
739.0974460175287) + Cygs’

Crape is the MRB constant

Result
1.617973070449617. ..

1.61797307.... result that is a very good approximation to the value of the golden
ratio 1.618033988749...

And again:

((4 (24 sqrt(2) + 48 2A(3/4) 105/(1/4) + 3 sqrt(105) + 16 210A(1/6) (2 2A(1/6) +
1057(1/6)) + 16 2A(3/8) 105M(1/8) (2 2A(3/4) + 105A(1/4))))/(739.0974460175287))\6

Input interpretation

([4(24V2 +48 2% 105 +3V105 + 16V 210 [25’5 + V105 ]+

16 2%® V105 2 234 4 V105 mﬁ; ?39.09?44501?523?]6

Result
4096.00000000000. ..

4096 = 64°
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27sqrt(((4 (24 sqrt(2) + 48 2A(3/4) 1057(1/4) + 3 sqri(105) + 16 210/(1/6) (2 2/(1/6)
+ 1057(1/6)) + 16 2A(3/8) 105/(1/8) (2 2A(3/4) +
1057(1/4))))/(739.0974460175287))A6)+1

Input interpretation

27./((4(24 V2 +48 2¥4 105 +3105 + 16V 210 (2V2 +V105 )+ 16
23/% V105 [2 234 W])] f ?39.09?44501?525?]6 +1

Result
1729.000000000000. ..

1729

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

From:

An Introduction to Higher-Spin Fields - Augusto Sagnotti-Scuola Normale
Superiore, Pisa - Eotvos Superstring Workshop, Budapest, Sept. 2007

We have:
L = -% Bup)? + s0-9C + s(s—1)8-CD
s(s—1) 5 s .o
= T8 (0= — — =
= 5 (Op.D) 5



https://en.wikipedia.org/wiki/1729_(number)
https://en.wikipedia.org/wiki/Elliptic_curve
https://en.wikipedia.org/wiki/Elliptic_curve
https://en.wikipedia.org/wiki/J-invariant
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1/2(6*@)N\2 + s*8 * @*C + s(s-1)*6*C*D + (s(s-1))/2 * (6*D)A2 —s/2 * CA2

Input

1 2 1 2 5 9
—5(151;25] +S£’5¢C+S[S—lJEGD+[£ESES—1JJ][5DJ —Ef__.'

i is the golden ratio

Solutions

1

5 =

GE Y]
[—-ca¢+cw+ ]t
z(cw+ 2 2

CZ JEDZE ) 1’521]2
J |5 reee-cip-— +28° ¢ |caD+ ; (&

.2D2
=)

Geometric figure
parabola

Alternate forms

[ Cs [1 ﬁ] ] [
Cl-— +Ds(@Es-8) +|=+—|ds|+]-
2 2 2

D[CJ[5—1J5+62D[§— E]S]+C[[£+£]5_g_ CE_S] [_;_ _5]52

|
Ja

2 2 .2 2
Co s & 5 5
——+C[5D[sz—5]+55¢j——'+dzﬂz — - =
2 : : 2 2 2
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Expanded forms

c*s 5 1
—?+cans —CJDHE\ECJH

Cas 1 1 1
— + —[—3—%"?"]62+—62D252— ~ & D*s
2 4 : 2 2

2 2 2
C”s 29”1 1
- +C£DSE—CJDS+C‘.53¢_T'+5525252_552525

Derivative

a1, 1 , sc*
—|-= (6 +566C+5(5-1)GCD+ —(s(s -1 @EDY* - — |=
as| 2 2 2

c? 1, 5
—;+cawczs-1;+¢;+£52n (25-1)

Indefinite integral

(1 1 , sc*
j —E(Mrj +SJ¢C+5(5—IJJCD+iis(s—ljjidﬂj - ds =

1

Es[—3625+ECES(DEZS—3]+3¢J+62[D25(25—3]—5.;#2]} constant
From

1 2 1 2 5
=—(dd) +S-5¢C'+S(S—1J5GD+[—[SES—1}|J][£DJ = —-C . )
2 2 2 first equation

fors=0.8 /m* and § =2, we obtain:
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3d Plot zeta(24) (1/2(2*¢)"2 + (0.8mA-2)*2 * ¢*C + cos(0.8mA-2(0.8mA-2-1)*2*C*D
+ (0.81-2(0.81A-2-1))/2 * (2*D)A2) — sin((0.8mA-2)/2 * CA2))

Input interpretation

3D plot (24) 1(2 ;2+D'B 24C + Cos
- —_— =
P ¢ 2 o 5 &

D.a([;_ﬂ_l]/zcqu 08(%-1)

e

L&) is the Riemann zeta function
g is the golden ratio

3D plot (figure that can be related to a D-brane/Instanton)
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Contour plot

and also:

3d Plot zeta(24) (1/2(2*¢)"2 + (0.8mA-2)*2 * ¢*C + cos(0.8mA-2(0.8mA-2-1)*2*C*D
+ cosh((0.8m-2(0.81A-2-1))/2 * (2*D)A2)) — sin((0.8mA-2)/2 * CA2))

Input interpretation

3D plot (24 ! [2{}1!]2 08 2¢0C
o - + — x +
P i 2 H.Z

n.a[[g_l]/zca]mh”l 05(2-1)

COs

SN =

2 2

(2.:::;2]]_

L&) is the Riemann zeta function
coshix) is the hyperbolic cosine function
o is the golden ratio

0.8
2 -2
2

sin
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3D plot (figure that can be related to a D-brane/Instanton)

40 30 -20 -10 ]
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And again, after some calculations, we obtain:

3d Plot zeta(24) (sinh(1/2(2*@)A2 + (0.8A-2)*2 * ¢*C) + cosh(0.8mA-2(0.8mA-2-
1)*2*C*D + cos((0.8mA-2(0.8mA-2-1))/2 * (2*D)A2)) — sin((0.8mA-2)/2 * CA2))

Input interpretation

1
3D plot £(24) sinh[i [2-:#} +— 2-:#C]+
0.8((2& ECD
cosh [[”2 +c05[[
0.8
sin Eal c?
2

3D plot

s “mlm

.:zmz]]_

L[5} is the Riemann zeta function
sinhix) is the hyperbolic sine function
coshix) is the hyperbolic cosine function
¢ is the golden ratio

(figure that can be related to a D-brane/Instanton and to a sector of the
Riemann zeta function landscape)
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Contour plot

-8 -7 -6 -5 -4 -3 -2
-
From
1 CE 2 2
5= || 5 -cos+cop+ +
z[canﬁ—] 2 2

CZ (EEDZ 2z 5 52.52
4 CE4-CED - +28°¢°|caD+
2 2 2

we obtain:
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((CA2/2-C 8¢+ C8D + (8/2 DA2)/2) + V((-CA2/2 + C 8 ¢ - C § D - (§/2 DA2)/2)A2
+2 82 /2 (C § D + (62 DA2)/2)))/(2 (C § D + (/2 DA2)/2))

Input

1
1(52 p2
2(Co D+ (6° D))

2
[[G— G54 CED+ [521::2_]]+
2 2

_J[‘iw—cw—fiﬂzﬂ‘z“]z*z“z**[w** Eiﬁzﬂz"f]
2 2 ' 2 '

(M) is the Euler totient function
¢ is the golden ratio

Exact result

1

E(CJD+

CZ‘. 152]_]2 A DE‘EZ A CJ.'.
S 4C6$-CED - 28 +CDG&| +—-
: 2 2 2 2

.EDZ
=)

52. 2
C6¢+CoD+ —

Alternate forms

1
20D(2C+0D)

1 1 ’
[2\/;(c2+2c5w—¢3+62£=2j2+262¢[EDJEZC+DEJ] +C* -

Cé(-2D+V5 + 1j+521_:=2]
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1

2[can+ %]

c: 1 52 p2 D2 2 2
[E+£[1+v’_ JC6-C6D - ; ]+252¢ S +CDs| +

2 2 2
ce 1 6°D
- * 5(-1-v5jca+can+

Alternate form assuming C, D, and § are positive

\/[—%+ca¢—can—*‘zfj +248 a}[ﬂz 2 Lecps)

CZ‘.
4[c55+%)+ z[canﬂzﬂz)
Cod . CaD ) &% p?

2[r:51:a+“292) 2[cw+%) 4[GJD+“ZDE]

Expanded form

\/(—‘32 +5(14V5)cs- can—”zpz]z+zaz¢[%+cwz

z[canﬂz;’z] *
CéD ) V5 Ca ) Cs . 2 D2
Z(G‘EDJr%] 4(‘:55“%) 4(GJD+%) 4(cap+%)
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Performing the following calculation

((CA2/2-C 8¢+ C8D + (52 DA2)/2) + V((-C22 +C 8¢ -C 8D - (§/2
DA2)/2)A2 + 2 §A2 ¢A2 (C § D + (822 DA2)/2)))/(2 (C 8§ D + (62 DA2)/2))dxdy

we obtain:

Indefinite integral

s

C 52522
J |5 +cse-con-— +28°

52. 2
l——c5m+cam+ 5 ]+

152[32 2
CoHD+ 5 dxdy =

xy\/[—%+ca¢—can— “'2292] +26 a}[”‘? CDJ)
2(con+ ) *
Cixy Coxyd
s(con+ 7F) afcans £F)
2 A2
2| CJDX“%)+4[cﬁaz+x“i”2]+clx+cz

@My is the Euler totient function
o is the golden ratio
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Definite integral over a disk of radius R
N
iyt <p? C 0D+ ]

CZ‘. JZDEE DE'EE 2
-5 +C66-CoD-— +26% 6 S +CDa| 4

& D* o 1
c_}'.:x= ) w
z(canﬁi)
2

CE
— ~Cé6+CoD+

CZ JE'.DZZ DZJZ 2
[—E+ca¢—can- 3 ]+252¢[ 5 +CD.5] +

5 D?

~Cép+CHD+

b |

Definite integral over a square of edge length 2 L.

ot ! Cz CD&=-Cad ch’iz
— 4 - + +
_[_Lj_ ( Dza.z] 2 '
2
o2 D2 52 \2 D2 52 \2
- ~CD+Cos- +28°6lCcDa+ dxdy =

1 5 CZ 152'Dzz DZJZ 2
—— gz 2L |||~ *Ces-coD- — +26 ¢ 5 +CD| +

C
5 ~Céo+CoD+
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From:

2
! [[C——ca¢+caﬂ+i[azﬂzj]+
2 2 |

2(caD+ (6" D))

_J[_§+ca¢—cw— L [JZDZ_‘]]2+262¢[CJD+ E[cszi_'.n‘:"_]]z]
2 2 2

simplifying for C=64, D=8, §=2:
((6412/2 -642 @ + 642 8 + (2/2 8/2)/2) + V((-64/2/2 + 64 2 ¢ - 64 2 8 - (22
8A2)/2)7\2 + 2 22 @2 (64 2 8 + (22 8/2)/2)))/(2 (64 2 8 + (2/\2 8/\2)/2))

Input

64> 1
"?—54 24+ 64 <2 5+5[2"" Bz)]+

\/[[_%2+54 26— 642 5-%[2‘”‘ Bz_]]z+
2 2%[54 2 8+é(22 52_]]2]]/[2[54 2 B+é(22 sz]]

@(n) is the Euler totient function
¢ is the golden ratio

Result

~128¢ + '\IElEB.;# ~3200)° + 1179648 + 3200
2304

= 2.68089

2.68089

Alternate forms

1 J 2
E[—.;M' ~50¢+ ¢~ + 697 +25]
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—(49—ﬁ+'v(2594—95v’§]

1
36

1
36

— [49— Vs + \/2[134?—49\3?)]

& -\/(128¢ ~3200)% + 1179648 25
+ + —
18 2304 18

Expanded forms

\/ 11034624 — 4014085 1
—(49-V5)

+
2304 36

w9 Vs \/1 179648 + (64 (1+ V5 | - 3200)°

36 36 2304

and:

(((64/2/2 - 642 @ + 64 2 8 + (272 8/A2)/2) + V((-64/2/2 + 642 ¢ - 64 2 8 - (2A2
8/2)/2)A2 + 2 22 A2 (64 2 8 + (/2 8A2)/2)))/(2 (64 2 8 + (2/2 8/2)/2)))dxdy
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Indefinite integral

N 542 22. 82.
jj[[[——ﬁzi 26+64 2 -8+ ]+
2 2
642 52 g2y2
‘/[[——4454 26-64 -2-8- ] +
2 2
52 g242
2 2%[54 2.8+ — ]]]/

22 . g
[2[64 284+ ]]]dxd_}':clx+cz+
xy-J(128¢—320032+11?9548 Xyo
- +
2304 18
25xy
18

@My is the Euler totient function
o is the golden ratio
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3D plot (figure that can be related to a D-brane/Instanton)

.
10 -0.5
0.0

0.5 i 0.5

1.0
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Contour plot

1.0

Definite integral over a disk of radius R

o =128¢+ '\/[128{#— BZDD]E + 1179648 + 3200
jj dydx =

2304
NI

mR? [— 128 ¢ + J (128 ¢ — 3200)% + 1179 648 + 3200]

2304

Definite integral over a square of edge length 2 L

L L3200 1286+ 'J 1179648 + (=3200 + 128 -;#]2
j j dxdy=
SnJer

2304
[— 128 ¢ + v (128 ¢ — 3200)* + 1179648 + 32[}[}]

1
576

Dividing the two integral results by

~1286 + -Jclzac;r ~3200)* + 1179648 + 3200
2304

= 2.68089
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we obtain:

(((-128 @ + sqrt((128 @ - 3200)A2 + 1179648) + 3200))/2304) 1/ ((-128 ¢ + sqrt((128
@ - 3200)A2 + 1179648) + 3200)/2304)

Input

:r[— 1286+ \ (1286 — 3200)2 + 1179648 + 320[1]

2304
1

I
~128 6+ Y (128 6-32000% +1 179 648 +3200
2304

o is the golden ratio

Exact result
k)

Decimal approximation
3.14159265358979323646264338327950288419716939923751058209749445923

3.141592653....

Property
m is a transcendental number

Series representations

:r[— 1286+ \ (1286 — 3200)2 + 1179648 + 320[1] o

I
[_123.-.e-+u' (128 6-3200)° +1179 648 +32m]2304 k=0

2304
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x [— 1286+ \ (1286 — 3200)2 + 1179648 + 320[1]

[—12.3:.5-“;'[ (128 $-3200)% +1179 648 +32.l]l]]2.304

2304

1+2k

k=0

T [— 128 ¢ + '\/(L?.qur ~3200)% + 1179648 + 320[}]

[—12.B<.§-+'\'[ (128 6-3200)% +1179 648 +32.l}l]]2.31}4

2304

i 1k 1 2 1
-2) (et e o)
= 4 142k 1+4k 3+4k

Integral representations

T [- 128 ¢ + -y/uza.gsr - 3200)% + 1179648 + 3209]

[—12.Ec.5+'\u'[ (128 6-3200)% +1179 648 +32ﬂ]]231}4

2304

x [— 128 ¢ + -J(lzw ~3200)% + 1179648 + 320[1]

[—12.3::.5+'\i|[ (128 6-3200)% +1179 648 +32ﬂ]]230~4

2304

T [— 1286 + \ (1286 — 3200)2 + 1179648 + 3209]

[—12.3:.5-“:'[ (128 $-3200)% +1179.648 +32.l]l]]2.304

2304
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1/6((((-128 @ + sqre((128 ¢ - 3200)A2 + 1179648) + 3200))/2304) 1/ ((-128 ¢ +
sqrt((128 ¢ - 3200)A2 + 1179648) + 3200)/2304))2

Input

. n(— 128 6 + -J(lzw— 3200)% + 1179648 + 3200]

Er 2304

1

I
~128 ¢+v (1286-32000° +1179 648 +3200
2304

o is the golden ratio
Exact result

}TZ

6

Decimal approximation
1.64493406684822643647241516604602518092189490012067984377355582203

1.644934066.... = {(2)

Property

}TZ

E is a transcendental number
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Series representations

T [- 128 ¢ + "\(’(1231?5 - 3200)% + 1179648 + 3200]

1
6

R |
=Zk—z

2304[-12.3.-.5-“.'[{125.-.5-32&13%1 179648 +32m] k=1

2304

T [— 128 ¢ + -\('(123¢ ~3200)% + 1179648 + 3200]

=

2304 [—12.E<.§-+'\'[{12.E<.§-—32.ﬂﬂjz +1 179648 +32.l}l]]

2304

T [— 1286+ (1286 — 3200) + 1179648 + sznn]

| =

2.3114[—12.Ec.5+'\'[{12.3<.§-—32.ﬂi]:|2+11]’9643 +32.l]ll]] k=0

2304

Integral representations

T [— 1286+ \ (1286 — 3200)2 + 1179648 + 3200]

o=

2304 [_12.3.-.5-“.'[{123.-.5_32:1]32 +1 179648 +321]I]]

2304

T [— 128 ¢ + "J(l?.&qir ~3200)% + 1179648 + 3200]

| =

2304 [—12.Ec.5+'\a'[{12.3c.5—32.ﬂ]32 +1 179648 +32.l]l]]

2304

T [- 128 ¢ + "\(’(1231?5 - 3200)% + 1179648 + 3200]

=

2304 [-12.3.-.5-+w.'[{125.-.5-32mnz +1 179648 +32.ﬂll]]

2304
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1+1/16(((n(-128 ¢ + sqrt((128 ¢ - 3200)A2 + 1179648) + 3200))/2304) 1/ ((-128 @ +
sqrt((128 ¢ - 3200)A2 + 1179648) + 3200)/2304))A2+(MRB const)\(1-1/(4m)+m)

Input

. n[— 1286+ \ (128 6 — 3200)2 + 1179648 + 3200]

1+ —
16 2304

1 e
1—1I--|'-4,.|_|+,.|
+ GI‘\-‘[RB

I
~128 ¢+ V (128 6-3200)% +1 179 648 +3200
2304

¢ is the golden ratio
Cipe is the MREB constant

Exact result

1-1/{d i+

CHeE +1+

ull
16

Decimal approximation
1.6179730704496170410388008481138568890480655109784256217769273353

1.6179730704.... result that is a very good approximation to the value of the golden
ratio 1.618033988749...

Alternate forms

1-15{4xi+x

1
E [lﬁ'CMRB + 16+ J'Iz_]

1 il [ 4 l4r 2 4m
— Cmrp 1(15 \ Cupe +16Cyrs — +7 \ Cure ]

16
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And again:

((((1/576 (-128 ¢ + sqrt((128 @ - 3200)A2 + 1179648) + 3200)))1/ ((-128 ¢ +
sqrt((128 ¢ - 3200)A2 + 1179648) + 3200)/2304)))16

Input

1
(5—?5 (— 12B ¢ + 'V{(lEB.;z}— BEDDJE +1179648 + BEDD]]

&
1

i
~128 ¢4V (1286-3200)% +1 179 648 +3200
2304

¢ is the golden ratio

Exact result
4096

4096 = 64°

27sqrt(((((1/576 (-128 ¢ + sqrt((128 @ - 3200)A2 + 1179648) + 3200)))1/ ((-128 ¢ +
sqrt((128 ¢ - 3200)A2 + 1179648) + 3200)/2304)))A6)+1

Input

1
27 (5_?5 [_ 1286+ Y (128 - 3200)% + 1179648 + 32[}[}]]

&
1

+1

I
~128 ¢+V (128 6-3200)% +1 179648 +3200
2304

o is the golden ratio
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Exact result
1729

1729

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

Series representations

£

o |[21280¢ 'V/(IZM ~ 3200)* + 1179648 + 3200 .
4= =

[-125.-.5-+w.'[{125.-.5--32mnz+1 179648 +32.EH]]5?6

\ 2304
o0 1
1+ 274005 24095“‘ [ 2 ]
k=0

k

f

o |[Z1280+ \/(123.;# ~3200)* + 1179648 + 3200 ,
4= =

[—12.3(.5+'\i|[{12.3-n5'—32m]2+1 179648 +32ﬂ]]5?6

\ 530-4
- [_qul;] [_;j}k
1+ 274005 Z

1
= k!

f

| [Z1288+ -J(lza.gsr - 3200)* + 1179648 + 3200 ,
4= =

[—12.3:.5+1¢'[{12.B<.§-—32ﬂ]]2+1 179648 +32.l]l]]5}’6

\ 2304

27 ¥joRes_ 140957 (-

2vn

;j ~5)T(s)

1+

n
[ o J is the binomial coefficient

n! is the factorial function


https://en.wikipedia.org/wiki/1729_(number)
https://en.wikipedia.org/wiki/Elliptic_curve
https://en.wikipedia.org/wiki/Elliptic_curve
https://en.wikipedia.org/wiki/J-invariant
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(@), is the Pochhammer symbol (rising factorial)

['(x) is the gamma function
Res [ is a complex residue

:=;;]

Now, we have:

1 £
L= -5 @) + 50-¢)% + s(s—1)8-9-¢D
s(s—1)(s—2)
2

+ s(s—1) (uD)? + (8- D)?

1/2%(8*Q)N2 + S/2%(8* )2 + 5(s-1)*6*6%@*D + s(s-1)*(8*D)N2+ (s(s-1)(s-2))/2 *
(8+*D)A2

Input

I 2 5§ 3 2 (1 2
—2I:15¢J +2[15¢J +5(5=LodddD+5(s=-1(6D) + E[S[S—IJ(S—ZJJ (oI

¢ is the golden ratio

Exact result

&% ¢ ) 1 5 5 1 )
—T'+62D (s—ljs+£62D (5—23(5—1Js+52ms—135¢+5‘5254#

second equation

Alternate forms

[_E_E]ah
4

4

[ laznzs+52[_9+ﬁ+E]D]wz[[_l_i]mﬁﬁ]]
2 2 2 2 2 4 4
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S (Ds+¢)° (V5 62 +62+282D)(Ds +¢)°

2D 4D

Expanded form

_T'+ EJZDESS— 552D252+62D52¢—62D5¢+£625¢2

Root

-1-vVs5

2D

Dx0, 3

Derivative

a1 501 2 5
T[-Emm +£s(5¢,‘| +5(5-1)86dD+5(s-1)(6D) +
s

1 1
556 1;(5-2;;(.5{.:;2]: EJZ[DES(BS—EHZD(ES— 1) ¢+ ¢°)
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Indefinite integral

1 1
J[—5.252+£¢2552+Dz|f—l+5,1562+
1
D¢(—l+sjs£2+EDZE—2+SJ[—1+SJSJZ].:IS=

1
5525[52(35—4”%45(25—3;5¢+5(s-2;¢zj

From the result of the above indefinite integral, we obtain:

((124s (692 (-2+s)+4D s (-3+2s)+ DA2sA2 (-4 + 3 5)) 6/\2))
Input

2—14 S(64(-2+5" +4D¢s(-3+25)+D° 5" (—4 +35))5

@My is the Euler totient function
o is the golden ratio

Alternate forms

1
5625[3D253—4D252+8D52¢— 12D5 ¢+ 6 6(s - 2)°)

1
£§5[52[35—4Jsz+2[1+ V5)D(25-3)5+66(5 - 2))

4

3
5 5
JZDE E—E]+52D

3 2

s st 1

— — |+ =& sds -2
3 2/ 4

Alternate form assuming D, s, and § are positive

1 1 1
— P D*(B5-4)5 + -6 D(25-3)5 ¢+ — 5 55 - 2)°
24 6 4
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Expanded forms

1 1 1
éazpzs4- 852D253+gﬁ52£153+

1 1 1
852D53+;[—1—v’§jaznsz+;razs¢(s—zjz

1 1 1 1 1
—Bﬁzﬂzsﬂ'— 562D253+ 562D53¢—£62D52¢+ J—razsms—zf‘

Performing the following calculation
((1/24s(69N2(-2+s)+4D s (-3 +2s)+DA2sA2 (-4 + 3 s)) 6/2))dxdy

we obtain:

Indefinite integral

u ll
jjﬂ 5(66(-2+5)" +4D¢s5(-3+25)+ D> 5" (-4 +35)) 6" dxdy =c; x+

1 1 1
Gt o' D*@s-4)s xy+ 6" D@s-3)s xy b+ 25 sxyds -2’

(M) is the Euler totient function
¢ is the golden ratio

Definite integral over a disk of radius R

L] - l
_[j i525[52(35‘4”2”5'125—3JS¢+ 6 (s —2)°)dy dx =
.12+1."2«.:R2
1
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Definite integral over a square of edge length 2 L

Lol ]
jji552[4D¢s(—3+253+Dzszi-4+35;+5¢(—2+s;2]dxdy=
“rder :

1
gEZLzS[DEEBS—4JSz+4DEES—3]5¢+5¢5(S—2J2j

Dividing the result of the two above integrals by

1
;525[52(35—4;52+2[1+ V5)D(25-3)5+66(s - 2))

we obtain:

(124t 6N2s (DN2(3s-4)s"2+4D(2s-3)s o+ 6 (s -2)"2))/(1/24 6"2 s (D2 (3
s-4)sN2+2(1+sqrt(5) D(2s-3)s+60(s—2)"\2))

Input

2—{4;:5%[1::%35-4;5%4 W23 5+ 665 - 2°)

[0

Ls*s(D2@s-4)s7+2(14 V5 )« 2252 54 695 - 2)7)

s
@R} is the Euler totient function
¢ is the golden ratio

Result

m(D*(35-4)5%+ 6d(s - 2)* + 85 ¢)

~ 3.14159
D*(35-4)5%+6d(s-2)> +4(1+V5)s

3.14159 ~ 1t
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Alternate form assuming D and s are positive

Sasd

D*35-4152+ 645 -2°+4(1+V5)s
aD*(35-4)s

D*(35-4)5%+64(s -2 +4(1+V5)s
67 ad(s — 2)°

D*(35-4)5%+64(s -2 +4(1+V5)s

+

+

Expanded form

m

Series representations

H(ﬂz[s[ﬂzt35—4jsz+4 H253) o b 4 6 b5 — 2;2]]]

s

(025 (D35 -4)s7+2(14 V5 ) 2R 54 64(5 - 2)%)) 24 -
m(6%(s(D? (35 -4y 5%+ 4 22 554 6(s - 27
[ =g
L (s (0?35 -4 57+ 2(1+ V5) L2 5 4 6g(s - 2)2)) 24
m(6%(s(D?(35-4)s% +4 U253 564 6¢(s - 2)%)))
=

[525[D2(35—4J52+2[1+ ﬁjwnﬁms—zﬁ]]m

1
24 (1]

P is the set of prime numbers
& iz the set of integers

and:

1/6((1/24té/N2s (DN2(3s-4)s"2+4D (2s-3)s ¢ + 6 @(s - 2)A2))/(1/24 62 s
(DAN2(3s-4)sN2+2 (1 +sqrt(5) D (2s-3)s+6 (s —2)"\2))"2
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Input

) ﬁnﬁzs[n%zs-mshzt 23 sp+60s-27) Y

(28]

6 iazs[nzczs-mshz[uﬁj Q{%ls+5¢(s—2j2]

: i

@R} is the Euler totient function
¢ is the golden ratio

Result

72 (D*(35-4)s% + 6¢(s —2)° + 85 ¢)°

5 5 5 le.ﬁ4—493
6(D*(35-4)5%+64(s - 2)> +4(1+V5)s)

1.64493 =~ {(2) = */6 = 1.644934 (trace of the instanton shape)

Expanded form

R_Z

6

Series representations

1 Hﬁz[S(DEEBS—ﬁszzM%smﬁms_zﬁ]] S
6 34_;[525[52(35_ 4)s% +2(14+5) 223 2__55‘3 5+ 6d(s - 2;2]] 6
1 Hﬁz[S(DEEBS—ﬁszzM%smﬁms_zﬁ]] 2
6 i“—;[azs[pzigs_zma2[“@}@{%“5@%2;3” 6

[ n6? (s(D2 (35 -4) 5%+ 4 225 564 64(s - 2)7)) Z_Hj
)

i(ﬁzs(DEEBS—4Jsz+2[l+ﬁﬁws+ﬁ¢(s—212

’ i §

orisefands=2)

P is the set of prime numbers
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1+1/16((1/24 1 6"2 s (DN2 (3s-4)sN2+4 D (2s-3)s @ + 6 @(s - 2)A2))/(1/24 62 s
(DA2(3s-4)sN2+2(1+sqrt(5) D (2s-3)s+ 6 o(s - 2)A2)))A2+(MRB const)\(1-
1/(4m)+m)

Input
) Lnsts(D*(3s-4)s2+4x 2254 645-27) Y
14 — 24 i +
16 iﬂzs[ﬂzt35—4jsz+2[l+ﬁ] ﬁ%luﬁms—zﬁ]
° L1}
1-1/{d m)4rm
CmrB "
@My is the Euler totient function
¢ is the golden ratio
Cppe is the MREB constant
Result
72 (D*(3s-4)s% +6¢(s - 2)> +85¢)° L in
: Cuyrg |~ +1=1.61797

+
16(D? (35 -4) 5%+ 6(s — 2% + 4 (1+ V5 )s5)°

1.61797 result that is a very good approximation to the value of the golden ratio
1.618033988749...

Alternate forms

72 (D* (35— 4)s% + 6 (s —2)° +856)° L1 on

Fa ctDrl CI".-'[RB + 1,

+
16(D? (35 -4) 52+ 6(s - 22+ 4(1+ V5 ) 5)°

. -1/id=
Extension = Cygp a ]l

1 14 (4 4 ler 2 4n]
— Cmee (15 \ Cupg + 16Cypp  + 7 CMRB]

16

1 S
— [lﬁﬂ'h[p_gl_l"{ﬂm]h +16+ J'Iz_:l

16
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Expanded form

1-1/{dmx)+m 14—

Cmes 6

And again:

((1/6 6N2 s(DN2(3s-4)sN2+4D(2s-3)s @+ 60¢(s - 2)A2))/(1/24 "2 s (DN2 (3 s
-4)sM2+2 (1 +sqrt(5)) D (2s-3)s+ 6 @(s—2)"\2))"6

Input

éazs[nztzs-ﬂr;shﬂr LI sp+60s-27)

(28

L%s(D?@s-4) 5% +2(14 V5 )« 2252 5 4 6g(s - 2)7)

s
@#(n) is the Euler totient function
i is the golden ratio

Result
4006

4096 = 64°

Series representations

&*(s(D?3s-4)s2+4 22 544 69(s - %))

s

2
— — 4096
L(e*s(D*@s -4 st 2(1+ V5 ) 2250 5 6405 - 2%)) 6

[ *(s(D?(35-4)s2+4 223 564 6.9(s - 2)%))
¥ g

£
— — 4096
L{e?s(D*@s-4 s +2(1+ V5 ) LR 54 6405 - 2%)) 6
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§*(s(D* (35 -4) 52 +4 223 564 6.9(s - 2% °

i

(0% s(D* (35 -4 s+ 2(1+V5) 2252 54 6405 - 2] 6

[AM

1 = 4096
24

or (! £ and ! 2

Integral representation

i oo Csirf-a-s

. J_I:l :,}; ———ds

I:l+EJ = = aor (G ;1!".'_- Ts QE --., 1 -
(2mi)T(—a)

i is the imaginary unit

Symbolic integer derivatives

Iz

g =0pZ4+0yy tor(Me Landn=0)

J' 1 , len
— -=(1"nz or(neZandnz=0)
az z

J" 2"

iz" ={a-n+1j, Za_n or (e £ andh = )

5y no is the Kronecker delta function

n!is the factorial function
(@), is the Pochhammer symbaol (rising factorial)

27sqrt(((1/6 672 s (DN2 (3s-4)s"2+4D (2s-3)s @+ 6 (s - 2)A2))/(1/24 62 s
(DN2(3s-4)s"2+2(1+sqrt(5) D (2s-3)s+ 6 0(s—2)A2))N6)+1
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Input

é525(52(35_4352+4 D spr6p5s-27) |
¥ §

27 . +1
iézs(ﬂz(35—4jsz+2[l+ﬁ] W23 5 4 6.1 - 2)°)

: (1]

(M) is the Euler totient function
o is the golden ratio

Result
1729

1729

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

Series representations

52[5(132(35—41 s2+4 Ms¢+6¢(s-2;2]]

i

£
27 __ +1=1729
L (02s(D*(@s-4)s?+2(14+ V5 ) B2 5 4 6405 - 276

5

52[5[D2(35—4J52'+4 MS-@#-I'-E!MS—ZJZD

L]

[i(525(D2(35—4J52+2(1+ﬁjM5+5¢(5—232

al§

i
27 +1=1729
]Jf']

or 5 =[P

52(5[132(35—41 st + 4 Ms¢+5¢(s-2;2]]

LA

£
27 - +1=1729
L{o?s(p*@s-4)s?+2(1+V5) B2 4 645 - 276

g

P is the set of prime numbers
£ is the set of integers


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

% ¢ ) 1, 5 1 )
—T'+62D (5-1)s+ 5521:: (5-2)(s-—1)s+6D(s-1)5d+ 5525¢

second equation

after some calculations, we obtain:

1 0.2 0.2
3D plot g(24;[—£[zz¢z]+zzf[——1] 4
) i i
, 1 5 5,702 ] 0.2 ] D.z]
h|=~2 — 2= 1] =
sin [2 E}].l" [ - [ - . -+

tanh(2y (%2 -1) (% o) <2 ()

Indeed:

3d Plot of zeta(24)(-(2"2 @/2)/2+2/2 (y)*2(0.2/Pi-1)0.2/Pi+sinh(1/2
2/2(y)N2(0.2/Pi-2)(0.2/Pi-1)0.2/Pi)+tanh(2/2 (y)(0.2/Pi-1)0.2/Pi*@+1/2 2/2
0.2/Pi*@/2))

Input interpretation

1 0.2 0.2
Dploc  c24)(~ (2°8)+ 2y (2o 1)
M T

nh( L. 02 2 (22 ]E ] E]
smh[zz_}r[n—z[n—l ;;+

tanh(2%y (22 - 1) (o) <2 ()

tanhix) is the hyperbolic tangent function
¢ is the golden ratio
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3D plot (figure that can be related to a D-brane/Instanton)

Contour plot

-1.0 -0.5 0.0 0.5 1.0
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From the result of the first equation
1 2 1 2 § 2
) +5ddC+5(5-116CD+ [5 (5(8 - lJJ](JDJ - EC

2

for§ =2 and s=0.8/m°

3D plot £(24) [sinh

—

! (2 )* o8 zar:]
—_ + +
2 P '

os(% -1 )” o3

e

=
=
[wa]

cosh

Ha ]

we obtain:

ci24) | si h[l (2 6)° 08 MC]
5in - + — +
¢ ) 5 ) 2 (

el aee) fy ot

e o

b

cosh

o |l

Result

(236364091 7* (-sin[0.0405285 C*) + cosh(0.148973 C D - cos(0.148973 D*)) +
sinh{0.262306 C + 2.;#2_]]];’ 201919571 963 756521 875

(236364091 11724 (-sin(0.0405285 CA2) + cosh(0.148973 C D - cos(0.148973 DA2))
+ sinh(0.262306 C + 2 ¢/2)))/201919571963756521875)



79

Input interpretation

(236364091 7°* (-5in(0.0405285 C”) + cosh(0.148973 C D - cos(0.148973 D*)) +

sinh(0.262306 C + 2¢°))) /201919571 963 756521 875

coshix) is the hyperbolic cosine function
sinhix) is the hyperbolic sine function
¢ is the golden ratio

Result

(236364091 7* (-5in(0.0405285 C”) + cosh(0.148973 C D - cos(0.148973 D*)) +
sinh(0.262306 C + 24°))) /201919571 963 756521 875
3D plot

(figure that can be related to a D-brane/Instanton and to a sector of the
Riemann zeta function landscape)
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Contour plot

Alternate forms

(236364001 7°* (-5in(0.0405285 C7) + cosh(0.148973 C D — cos(0.148973 D*)) +
sinh(0.262306 C + V'S + 3))) /201919571 963 756521 875

(236364091 2°*
(~25in(0.0405285 C7) + 2 cosh(0.148973 C D - cos(0.148973 D)) -
g VIOTOOCTRIIRNT | GO 26Z0CCHSIINT)) 1403839143 927513043750

(236364091 (- sin((0.0405285 + 04) C*) +
7°* cosh(0.148973 C D - cos((0.148973 + 04) D*)) +
n** 5inh(0.262306 C + V5 + 3))) /201919571 963756521875
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Expanded form

236364 091 7** sin(0.0405285 C?)

 201919571963756521875
236364 091 7** cosh(0.148973 C D - cos(0.148973 D?))

201919571963 756521 875
236364091 7** sinh(0.262306 C + 2 ¢*)

201919571963 756521 875

+

Alternate form assuming C and D are real

~1.5in(0.0405285 C*) +
1. cosh(0.148973 C D - c0s(0.148973 D*) + 0) + 1. 5inh(0.262306 C + 2¢°) + 0

Series expansion at C=0

1. (cosh(cos(0.148973 D*)) + 93.9622) +
C (24.6482 — 0.148973 D sinh(cos(0.148973 D*))) +

¢*(0.0110965 D cosh(cos(0.148973 D*)) + 3.19198) +

c?(0.282651 - 0.000551025 D” sinh(cos(0.148973 D?))) +

c*(0.000020522 D* cosh(cos(0.148973 D*)) + 0.0185342) + O(C?)

[Taylor series)

Derivative

?
—((236364091 #** (-sin(0.0405285 C*) + cosh|

aC

0.148973 C D - c0s(0.148973 D*)) + sinh(0.262306 C + 24°})) /
201919571963756521875) = —0.061057 C cos(0.0405285 C°) +
0.148973 D sinh(0.148973 C D - cos(0.148973 D)) +
0.262306 cosh(0.262306 C + 5.23607)



82

Indefinite integral

j (236364091 7°* (cosh(0.148973 € D - cos(0.148973 D)) - sin(0.0405285 C*) +
sinh(0.262306 C + 2 ¢°))) /201919571 963 756521 875) dC =
1
5[5.?1253 sinh(0.148973 C D) cosh(cos(0.148973 D*)) -

6.71263 cosh(0.148973 C D) sinh(cos(0.148973 D?)) +
358.216 D sinh(0.262306 C) + 358.236 D cosh(0.262306 C)) —
6.22558 5(0.160628 C) + constant

5(x) is the Fresnel 5 integral

From the result of the second equation

1 0.2 0.2
3D plot g(24;[—£[ 22 ¢°)+ 2 zyz[ 1] — 4
1

sl (223 1). ).

m

tann(2?y (22 - 1][1—2¢jr+§ ()

we obtain:
Input
{:(24:'1 0.2 0.2 1 0.2 0.2 0.2
[— = (2% ¢%)+ 2%y [— - 1] — +5inh[— 2% y* [— —2][; - 1] '—]+
2 : T 2 T T T

ety (22)(20) 3.2 (20)

L[58} is the Riemann zeta function

sinhix) is the hyperbolic sine function
tanhix} is the hyperbolic tangent function
¢ is the golden ratio
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Result

(236364091 7

(tanh(0.333338 - 0.385798 y) - 0.238437 y” + sinh(0.230847 y°) - 2¢°)) /
201919571 963756521875

Plots (figures that can be related to the open strings)
“ /
\ 2
I'l ] v ¥ from -3.6 to 4.5)
\ -2 2 ,( 4
=2 /
AN
— A /
——
4x10%
3x10%
{y from =24 to 24.8)
2x10%
11040
. v
~20 10 10 20

Alternate forms

1. tanh(0.333338 — 0.385798 ¥) - 0.238437 y~ + 1. 5inh(0.230847 y°) - 5.23607

~1.17059x 102
(-8.54274 x 10" tanh(0.333338 - 0.385798 y) + 2.0369x 10'" y* -
8.54274 x 10" sinh(0.230847 y*) + 4.47303x 10'%)

~1.(-tanh(0.333338 - 0.385798 y) + 0.238437 y* - sinh(0.230847 y*) + 5.23607)
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Expanded forms

235354091}72’4ta[1h([}.333338 = 0.385798 y)

- 0.238437 y* +
201919571963 756521 875
236364 091 7>* sinh(0.230847 y?) 472728182 7% ¢°
201919571963 756521875 - 201919571963 756521 875

235354091}72’4ta[1h([}.333338 = 0D.385798 y)

201919571963 756521875

, 2363640917 sinh(0.230847 y)
0.238437 y~ + - -
J 201919571 963 756521875

236364 091 7% 236364091 1**
40383914392751304375V5  67306523987918840 625

Alternate form assuming y is real

236364 091 14 sinh(2(0.333338 - 0.385798 y))

201919571963 756 521875 (cosh(2 (0.333338 — 0.385798 y)) + 1)
0.238437 y* + 1.5inh(0.230847 y°) - 5.23607

coshix) is the hyperbolic cosine function

Roots
y = -3.38855
¥y = 3.54031

Series expansion at y=0

~4.91455 - 0.345917 y — 0.0504975 y* + 0.0118398 y* + 0.00359743 y* + O(y”)

(Tavlor series)
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Derivative
2,2702 2,202 0.2
’ 1 22y (= -1)~02 22y (= -2)(=-1)~02
—|z(24) [- = (2% ¢%) + - + sinh - - +
dy 2 T 2

= +
T 2m

tanh

[22y (22 -1)(0.2¢) 22 (D.chzj]]]

~0.385798 sech’(0.333338 — 0.385798 ) + 0.461694 y cosh(0.230847 y°) -

0.476873 ¥
sechix) is the hyperbolic secant function

Indefinite integral

* 236364 091 2% (-247 -0.238437 ¥ +sinh(0.230847 ¥ }+tanh(0.333338 -0.385798 )|
j . 201919571 9:63 756521875 d
1.29601 log(1 - tanh*((0.333338 + 04) - (0.385798 + 04) )} -
0.922259 erf(0.480465 y) + 0.922259 erfi(0.480465 y) -
0.0794788 y* - 5.23607 y + constant

[assuming a complex-valued logarithm)
erfix) is the error function
erflix) is the imaginary error function
logix) is the natural logarithm

Alternative representations

1, 2o2yr(X-1 (22y7)(%2-2)((%2-1)02)
fi24y|--(27¢7) + ’ + sinh ; ; .
’ " 2
tanh (22oy (% -1)02 N 2 (02¢%)))
d m2
. 04i[-2 %)[—1+%)_}.2] i DB[_1+'%”,2
-1-icos|—- g +
2 . -
: §(24, 1)
0.44° ﬂ.a.f,y{_“ﬂn_z] 6la,
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1 22 02y% (%2 -1 (22 y2) (22 -2)((22 -1)0.2)
{(24) [— = (22¢7) + x + sinh[ x x ]+
2 m 2m
[[zzw (2 -1))02 22 [D.Ecﬁz}]]
tanh + =
T T2

[ [.rr [DA-:#Z D-BM[—HE}]]
i cot 2 + i H' + . — ||+

% [_f-{“-‘*{-z*%]{-“%z] Plfr , 04257 (-1455) ]f'ff] _

0.8(-1+ 22) )2
24° + s ]-f:n:z4, 1)
n
| 22 02y* (221 (22 y?) (22 - 2)((22 -1)0.2)
£(24) [—— [22 czirz]l + = +5mh[ x x ]+
2 T 2
[[2%;; (%5 -1)jo2 22 [D.zmzj]]
tanh + =
m T2
1 r 04i(-24+22) (=14 22)y2

o —1—rc05[—— x ]_2¢2+
=1+2 m

0.8(-1+ %) y? 9 )

T 3 0Bé {-1+E] 424’ 5]
1 +exp[—2 [“":" §— — ]]

L (5, a) is the generalized Riemann zeta function
i is the imaginary unit
cot(x) is the cotangent function



87

Series representations

! 202)%(2-1) ((22})(%2-2)(%2-1)02)
(24| - [2"‘¢"‘}+ T sinh ™ = N
T 2w
[[-f»lzc.sr:r['E 1))o.2 22 [0.2&}]] ,
tanh = + 3 = —6.23607 — 0.238437 y~ +
F) F)

(1+2k) ]

L, o, 202221 (2 (2-2)((%2-1)0)
24y -—(27¢7) + + sinh +
2 m 2m
(2% y [Tz -1))0.2  22(0.2¢?)
tanh + B = —0.238437
ki) ki)
o o0 DEBDM?L‘-EE 142K
[25.154 +y?+8.38798 ) (-1* ¢** - 4. 193992 v’) ]
= 1+ 2k
Ll | Si A h
1, o, 202y (2-n ((2)(2-2)((2-1)og)
f24)|-—(2707) + + sinh +
2 m 2m
[[ZEM[—‘”‘ 1))0.2 22[0.24152)]]
tanh z + =
w m2

o

~0.238437 [25.154 +y*+838798 ) (-1 ¢*" -
k=1

_‘—” +0.230847 y2)? ]

&
4.193994)
': ; (2k)!

n! is the factorial function
Re(z) is the real part of 3
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Integral representations

T + sinh = T

+

2m

2 02y(%2-1) [[zz Y22 -2)((%2 - 1)02)

1. 92
£(24) [—5 (2°67) +
[ (2y (% -1))02 22 [D.zc.#z}]]

4 +
m T2

*1
~5.23607 - 0.238437 y° + J (0.230847 y* cosh(0.230847 t y°) +
0
(0.333338 - 0.385798 y) sech’(¢ (0.333338 - 0.385798 y))) d't

- + sinh - -

4=

2m

22 D.E_}-’z [0.2. _ l} [[22. -}.2} I:'EI'.E'. _2} [[0.2. _ l} D.E:]

1
{(24) [—5 (2 ¢%) +

[ 226y (*2 -1))0.2 22(0.24?)
tanh

T + ]] = (0.0325602 + 0F)
T m2

i ooty @H0.0133226 )5
) |

a5+

[(—150.811+Dr‘]—(?.32291 +0D Y iy =

=i ooy 5

~0.333338 -0.385798 y
30,7122 + 04 j

sechzit]dt] for ¥ > 0
0

- + sinh - N

22 D.?._}-’z (0.2 _ 1) [(22. _}'2} (G'E _2} Hu.z _ 1) D.Z:] .

1
{(24) [—5 (2 ¢%) +

[[ZEM['E—U}D-Z 22[0.2@‘2)]]_

w 2m

tanh - +
m m2
o ] 4 $0-21221i-(0.245607 i) y

0.230847 | -22.682 - 1.03288 _}'2 - 2.757761i j dt +
0 ~14+t2

2 1 2 S S
¥ j cosh(0.230847 t y~) dt | for 0.385798 Im(y) < O
0 .
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L P 0ap(2oy) [[zzjfznﬂ-z—z:[[“-z—lﬁn-za]+

) 0.2 0.2 0.2
24y | == (27 ¢ - inh - -
£ ]I[ 2[ b ) + +sin Py

[[EEM (%2 -1))0z 22 [0.2&}]]
z + = (- 0.0325603 i)
m m2

i ooty @5+ 0:0133226 % s
[—15D.811f—(?.32291 DY+ (1400 y ds +

—i ooty 5 312

oo — 1 4 $0-21221-(0.2456074) y ; ]
at

19.552-}-[}{']
0 ~14t2

for (y = O and Im(y) > 0 and Im(y) < 4.07155)

Im(z) is the imaginary part of

Functional equations

- + sinh - -

22 D..?._}-’z [0.2. _ 1} [[22. -}.2} [112. _2} [[u.z _ 1} D.Z] .

1
£(24) [—5 (22 ¢7) +

[[zzc.sry (%2 -1))0.2 22 [n.zc,az)]]

m 2m

= +
I T2

tanh

(~5.23607 - 0.238437 y* + 2. tanh(0.166669 — 0.192899 y) +
(~5.23607 — 0.238437 y°) tanh”(0.166669 — 0.192899 y) +
sinh(0.230847 y°) (1. + 1. tanh®(0.166669 — 0.192899 y))) /

(1 + tanh®(0.166669 - 0.192899 y))

- + sinh -

+

2m

22 02y* (22 -1) [[22 %2 -2)((** - 1)02)

1
{(24) [—5 (2 ¢%) +

[ (226y (% -1))02 22 [n.zqaz)]]

2
= +
I T2

tanh

[235354091 at [—241.z ~ 0.238437 y* + sinh(0.230847 y°) +

2ta[1h[;‘I (0.333338 - 0.385798 y))

1+ tanhz[i (0.333338 - 0.385798 y))

]]/EDI 919571963 756521 875
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From

(236364091 7°* (-5in(0.0405285 C*) + cosh(0.148973 C D - cos(0.148973 D*)) +
sinh(0.262306 C + 2¢°})) / 201919571 963 756521 875

for C=D=1:

(236364091 1/24 (-sin(0.0405285) + cosh(0.148973 1 - cos(0.148973)) +
sinh(0.262306 1 + 2 ¢/2)))/201919571963756521875

Input interpretation

(236364091 2°* (- 5in(0.0405285) + cosh(0.148973 « 1 - cos(0.148973)) +
sinh(0.262306 1 + 247))) /201919571 963 756521 875

coshix) is the hyperbolic cosine function
sinhix) is the hyperbolic sine function
i is the golden ratio

Result
123.4786..,

123.4786....
Alternative representations
(236364091 (7% (~sin(0.0405285) +

cosh(0.148973 - 1 - cos(0.148973)) + sinh(0.262306 - 1 + zcg:«z]m/
201919571963 756521875 = [235354091

w 1
[CDS(D.[MDEEBE N 5] N 5 [ED.ME?TE—CDS{D.MEQTEJ N E—D.lﬂﬂ??hms{ﬂ.lﬂﬂ?ﬁ]j N
1 ( “0.262306-247  0.262306+2 ¢ ]] 24]
= + £ k)

5 /EDl 019571963 756521875
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(236364091 (x”* (- 5in(0.0405285) +
cosh(0.148973 - 1 - c0s(0.148973)) + sinh(0.262306 - 1+ 24°)))) /

T
201919571963 756521875 = [235354[}91 [—C{}E(—D.MDEEBE + 5] +

1 0.148973_cosi0.148973 -0.148973 0.1485973
—[.f" cos( . ]+£. +cos(l. ]}l+

2
1
5[—15‘“'2‘523“‘5‘2"’2 +f“'2‘523“‘5+2"’2]];rz“]/zmglgs?l 963 756521 875

(236364091 (x°* (- 5in(0.0405285) + cosh(0.148973 - 1 - 0s(0.148973)) +
sinh(0.262306 - 1 +2¢°)))) /201919571963 756521 875 =

[235354091 [—cns(—n.mmzaE + ;—r] - fcc}s(g ~ i(0.262306 + 2¢"‘)] +

E [EG.I%QFE —cos(0.148973) + f—ﬂ.1%9?3+m5{ﬂ.14~39?3]}]

2
II'EA]/ED]. 919571963 756521 875

i is the imaginary unit

Series representations

(236364091 (°* (-sin(0.0405285) + cosh(0.148973 - 1 — cos(0.148973)) +
sinh(0.262306 - 1 +2¢°))))/201919571963 756521 875 =

fesl

> 7 [-2.34117x 107" (- 1) J1,24(0.0405285) +

k=0
1.17059 % 10”2 (0.148973 — cos(0.148973))>*

(2k)!
(3.07052x 10713 + 2.34117x 10712 ¢%) (0.262306 + 2 ¢*)*F

(1+2K)!

+

(236364091 (7°* (- sin(0.0405285) + cosh(0.148973 - 1 — cos(0.148973)) +
sinh(0.262306 - 1+24°))))/201919571963756521 875 =

fesl

236364091 7" ((0.148973 - cos(0.148973))" +

[
k=0
217,24(0.262306 + 2¢2} (2K)! = 2(=1)* Jq,2,(0.0405285) 2k))/

(201919571963 756521875 (2k)!)



92

(236364091 (°* (-sin(0.0405285) + cosh(0.148973 - 1 — cos(0.148973)) +
sinh(0.262306 - 1 +2¢°))))/201919571963 756521 875 =

fesl

> [2.3411?>< 1072 11,5(0.262306 + 247) -
k=0

234117 % 10 2 (=1)" J,2,(0.0405285) +

1 i 2k _13
— i [0.1489?3 - — - CDSED.HBE".?E]] (1.74386x 10~ -
(1+2Kk)! 2

5.85293% 10 " i 7 — 1.17059% 10~ cos(0. 1439?3}}]

Ju12) is the Bessel function of the first kind
n'is the factorial function
I, (%) is the modified Bessel function of the first kind

Integral representations

(236364091 (x”* (~5in(0.0405285) + cosh(0.148973 - 1 - cos(0.148973)) +

sinh(0.262306 - 1 +24°))))/201919571963 756521 875 =

*1
j 7 ((3.07052x 10" + 2.34117% 107 '* ¢°) cosh(2 {0.131153 + ¢°) ¢) -
0

474421 %10~ 0s(0.0405285 t) +

(1.74386x 10" ° — 5.85203x 10 * i — 1.17059% 10"~ c05(0.148973))

sinh(i 7 (0.5 - 0.5¢t) + t (0.148973 — cos(0. 1489?3]]]} dt

(236364091 (°* (-sin(0.0405285) + cosh(0.148973 - 1 — cos(0.148973)) +
sinh(0.262306 - 1 +2¢°))))/201919571963 756521 875 =

1
[235354091 at [1 +j (2(0.131153 + ¢*) cosh(2(0.131153 + ¢°) t) -
0

0.0405285 cos(0.0405285 t) — (- 0.148973 + cos(0.148973))
sinhi(=(t (=0.148973 + cos(0. 1489?3]]]])

d t]]/.?.Dl 019571963756521 875
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(236364091 (7°* (~5in(0.0405285) + cosh(0.148973 - 1 — cos(0.148973)) +
sinh(0.262306 - 1+ 24°))))/

201919571 963756521875 = 1.17059 % 10 2

94 ("0.148973-c05(0.148973) 1
m j” sinh{t)dt + 8.54273 % 10 j

B —icoty | §
4 II.
—~1.18605% 10 14 + 1£JI{Cl.l:llirﬁll1Tl'+1:I.2.«62.31:I‘E|-c.5f2 i 'I 5

ooty ]

32

E—O.mlﬂﬁdﬁ“s [

[?.5?529x10‘1‘4+5.85293xm‘13¢2j]n23v’?ds] ory >0

From

(236364091 7
(tanh(0.333338 - 0.385798 y) - 0.238437 y” + sinh(0.230847 y°) - 24°)) /
201919571 963756521875

for y=1:
(236364091 nA\24 (tanh(0.333338 - 0.385798) - 0.238437 + sinh(0.230847) - 2
©/"2))/201919571963756521875

Input interpretation

236364091 1°* (tanh(0.333338 — 0.385798) — 0.238437 + sinh(0.230847) - 2 ¢*)
201919571 963 756521 875

tanhix) is the hyperbolic tangent function
sinhix) is the hyperbolic sine function

Result
~5.294014. ..

-5.294014....
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Alternative representations

236364091 (7** (tanh(0.333338 - 0.385798) — 0.238437 + sinh(0.230847) - 2 ¢7))

201919571 963 756521875

1 1 0.230847 2 P
236364 0917 (~1.23844 + . (- gups + € |-26* + —5iesz)

201919571963 756521875

236364091 (7** (tanh(0.333338 - 0.385798) — 0.238437 + sinh(0.230847) - 2 ¢7))

201919571963 756521 875

236 36409177 (~1.23844 + i c0s(0.230847 i + %) - 2¢” + 15z

201919571963 756 521 875

236364091 (7** (tanh(0.333338 - 0.385798) — 0.238437 + sinh(0.230847) - 2 ¢%))

201919571963 756521 875

236 36409177 (~1.23844 — i cos(~0.230847 i + 2) - 26 + 1oz )

201919571963 756521 875

i is the imaginary unit

Series representations

236364091 (r** (tanh(0.333338 - 0.385798) — 0.238437 + sinh(0.230847) - 2 ¢°))

201919571 963 756521 875
— -2.34117x 10 ¥ %

- = 0.230847 42K
0610219 + 2+ S (=1 g2 — 0.5 Y ——— | for g — 0.048802
[ ,;‘ 1 ; (1+2k)! :

236364091 (7** (tanh(0.333338 - 0.385798) - 0.238437 + sinh(0.230847) - 2 ¢%))
201919571 963 756521 875
= -2.34117x10 7>

[Dﬁlg?'lg + ‘5#2 + ZE_ 1.:|k qzk - ZII+2k(D23DE4?J] or g 0.9488492
k=1 k=0
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236364091 (7** (tanh(0.333338 - 0.385798) — 0.238437 + sinh(0.230847) - 2 ¢°))

201919571 963 756521 875
= -234117x 10 2

LS L = (0.230847 - )%
0.619219 +¢° + > (-1)* ¢** - 0.5 )
k=1 k=0

(2k)!

n'is the factorial function
I,12) is the modified Bessel function of the first kind

Integral representations

236364091 (7** (tanh(0.333338 - 0.385798) — 0.238437 + sinh(0.230847) - 2 ¢°))

201919571 963 756521 875
= -2.79111x 10 P 2** 234117 10 2 6% 22 &

1 24 13
J T [2.?[}225)( 10 cosh(0.230847 t) -
0

6.14089 x 10 % sech®(0 — 0.05246 ) d't

236364091 (7** (tanh(0.333338 - 0.385798) - 0.238437 + sinh(0.230847) - 2 ¢%))
201919571 963 756521875

l 12 23 . e . —0.05246 7
=—234117x10 " x7 |0.119219in+ ¢ im=-05im sech™(t) dt -
¢ 0
. 00133226/ 5+35
ooty g !
0.0288559 v & . d5| 0
i sty 53-'2'

coshix) is the hyperbolic cosine function
sechix) is the hyperbolic secant function

From the previous two results, after some calculations, we obtain:

3d Plot of zeta(24) cosh(((123.4786)/(-5.294014))x/(-((Pi*4)/12)))
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Input interpretation

123.4786 x'”4a"'12]

3D plot £(24) cosh[—
5.294014

3D plots

L[5} is the Riemann zeta function
coshix) is the hyperbolic cosine function

Real part (figures that can be related to the D-branes/Instantons)

0.00002 ¢
0.00000%
~0.00002%
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Contour plots
Real part

y oo
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