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String Theory!!!
• String scale 

• particles = string oscillations modes

Ex.:

ℓp =
Gℏ
c3

∼ 10−33 cm

mp =
ℏc

G 𝒱
∼

1.221 × 1019

𝒱
GeV

In S.T. the gauge and gravitational interactions are unified at 
the quantum level

Graviton

    Gauge Vectors
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Applications of derivatives & integrals 
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we could be defined something like :(·)! ! �(·+ 1) and n ! a 2 R
d
⇡

dx⇡

h
e
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i
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It has been used in many different fields such as numerical analysis & physics 
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The Review



Classical Bosonic String Theory 
(in a nutshell)

Action for a relativistic particle

Cuerda bosónica

Acción de la part́ıcula puntual

S = �m [longitud mundial]
x0

x1

(τ)X
µ

d−1xx2

Línea de

Mundo

τ

,...,

[m] = (masa)

S = �m

Z
d⌧

q
�ẊµẊ ⌫⌘µ⌫ ; Ẋµ =

@Xµ

@⌧

4/9

Relativistic particle :

S ∝ [ length ]

[Polchinski, Zwiebach, Green, Schwarz, Witten, Blumenhagen, Lüst, Theisen, Font,…]



Acción de la cuerda
0x

d−1

µ
X (τ,σ)

d 1−

τ

=

Superficie de
Mundo

,...,

σ

1

2

,..,0

x

x x

µ

1x

0x

2x
d−1

x

0
X

µ
(τ,σ)

=

,...,

τσ Superficie de

Mundo

,.., d −1µ

S = �T [área mundial] ; T : tensión [T ] = (masa)2 (~ = c = 1)

Nambu-Goto SNG = �T
2

Z
d⌧

Z
d�

p
�g ; gab = @aX

µ@bX
⌫⌘µ⌫

µ, ⌫ = 0, . . . , d � 1 ; a, b = 0, 1 ó ⌧,� ; � 2 [0, 2⇡]

Polyakov Sp = �T
2

Z
d⌧

Z
d�

p
�h hab@aX

µ@bX
⌫⌘µ⌫ =

ZZ
d⌧d� Lp

T = 1
2⇡↵0 ; [↵0] = (longitud)2 ; hab : métrica en la superficie de mundo
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Polyakov Sp = �T
2

Z
d⌧

Z
d�

p
�h hab@aX

µ@bX
⌫⌘µ⌫ =

ZZ
d⌧d� Lp

T = 1
2⇡↵0 ; [↵0] = (longitud)2 ; hab : métrica en la superficie de mundo

5/9

Acción de la cuerda
0x

d−1

µ
X (τ,σ)

d 1−

τ

=

Superficie de
Mundo

,...,

σ

1

2

,..,0

x

x x

µ

1x

0x

2x
d−1

x

0
X

µ
(τ,σ)

=

,...,

τσ Superficie de

Mundo

,.., d −1µ
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Polyakov Lagrangian : Lagrangiano de Polyakov Lp = � 1

4⇡↵0
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�h h
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µ@bX

⌫⌘µ⌫
i

Simetŕıas del lagrangiano

invariancia de Poincaré

invariancia frente a reparametrizaciones

invariancia Weyl

hab(⌧,�) �! ⌦2(⌧,�)hab(⌧,�) ; a, b = 0, 1

Ecuaciones de movimiento ( Euler-Lagrange )

@a

✓
@Lp

@(@a�)

◆
� @Lp

@�
= 0

@a(
p
�hh

ab@bXµ) = 0

@aX
µ@bX

⌫⌘µ⌫ �
1

2
habh

cd@cX
µ@dX

⌫⌘µ⌫ = 0

Momentos canónicos

P⌧µ =
@Lp

@Ẋµ
; P�µ =

@Lp

@X 0
µ
; X

0µ =
@Xµ

@�
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Symmetries of the theory :

• Poincarè Invariance

• Invariance under reparametrisation of the WS

• Weyl invariance
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Euler-Lagrange Eqs.
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Lets fix the gauge!!!



Conformal gauge: Fijación del calibre

hab = ⇢2(⌧,�)⌘ab ; a, b = 0, 1 ; ⌘ab =

✓
�1 0
0 1

◆

@a
⇣p

�hh
ab@bX

µ
⌘
= 0 ) @2

X
µ

@⌧2
=
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X

µ

@�2
ecuación de ondas

µ = 0, . . . , d � 1

@aX
µ@bX

⌫⌘µ⌫ �
1

2
habh

cd@cX
µ@dX

⌫⌘µ⌫ = 0 ) (Ẋ ± X
0)2 = 0 ; v́ınculos

de Virasoro

simetŕıas residuales ) nµX
µ / ⌧

cono de luz X
µ =

8
<

:
X

+ =
X

0 + X
d�1

2
, X

� =
X

0 � X
d�1

2

X
j , j = 1, . . . , d � 2

X
+ = ↵0

p
+⌧ ; p

+ 6= 0 , p
+ =

Z 2⇡

0
d� P⌧+

P⌧+ =
@Lp

@Ẋ+
= � @Lp

@Ẋ�
=

1

2⇡↵0 Ẋ
+
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@Ẋ+
= � @Lp

@Ẋ�
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Wave Equation!!!!!!
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@Ẋ�
=

1

2⇡↵0 Ẋ
+

7/9

Conformal gauge: Fijación del calibre

hab = ⇢2(⌧,�)⌘ab ; a, b = 0, 1 ; ⌘ab =

✓
�1 0
0 1

◆

@a
⇣p

�hh
ab@bX

µ
⌘
= 0 ) @2

X
µ

@⌧2
=

@2
X

µ

@�2
ecuación de ondas

µ = 0, . . . , d � 1

@aX
µ@bX

⌫⌘µ⌫ �
1

2
habh

cd@cX
µ@dX

⌫⌘µ⌫ = 0 ) (Ẋ ± X
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simetŕıas residuales ) nµX
µ / ⌧

cono de luz X
µ =

8
<

:
X

+ =
X

0 + X
d�1

2
, X

� =
X

0 � X
d�1

2

X
j , j = 1, . . . , d � 2

X
+ = ↵0

p
+⌧ ; p

+ 6= 0 , p
+ =

Z 2⇡

0
d� P⌧+

P⌧+ =
@Lp

@Ẋ+
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@Ẋ�
=

1

2⇡↵0 Ẋ
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0)2 = 0 ; v́ınculos

de Virasoro
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j ; P�j = � 1

2⇡↵0X
0j

Hamiltonian

H =

Z 2⇡

0
d�

⇣
P⌧µ

Ẋ
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t�⌧ Ẋµ ,
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Symmetries of the theory :

• Poincarè Invariance
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Ẍµ � X 00µ = ↵�1
t�⌧ Ẋµ ,
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Summary & Outlooks

• We review the classical bosonic string theory

• We merge the idea of fractional calculus in the context of bosonic strings

creating fractional bosonic strings

• We review the Riemann-Liouville approach 

To do:

• Properly define the Virasoro operators

• Study the conformal symmetry of the theory
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