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Eightcome quantization - Fock speced symmetries

-. 1 Fock space

Recode : [G,d] = mondmen
:
Ex poz = id , [x,p+y = - i

Alsed)
· no independent p- , insted : m2= (N + a)

,
NEW

with m2 = [pp-p12 & a = - (D- 2)/24

· Only transverse oscillators => Fockspace = Hilbert space

Open: No I
;
Due to different relation of pid Go we have :

m2= (N + a) ;
all ele is the came.

-Startwith open string :

k0: 10
,p) , mc = ald = -1161 : tadyou

↓

been : < 10,p> ,

m = (e+ a)/ ) = 0 ; rector

Note : a = -1 is required by Gorentz symm. . For a --1
-

we would have a massive restor with D-2 d
. o . % : I

tree2:<10,p> & <1,>
,

m
=
= (2+ a)/x = 1/2

Before discussing this in detail
,
we make a small excursion :

-. 2 Young Tableaux

· Consider SUCNI tensor representations : tein-> Up ... Kingto

· Their irreducible components can be found by systematic

symmetrization/antisymmetrization of their indices :
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ti => T (Indices areessigned to boxe.s.)

ti > lit = ti + +ic symm.l

F = tij -Ein Cantisymm .)

tik-> Fi = fik + triki + this + tiik + tibi + thai

El = tik + tiki + thij-tik-tibi - this

t tiktik _ thin _ taki
um

symmetrize
rows

~

thenantisymmetrize columns

· The Unsors defined on the r. h . side correspond to irreducible

ent-representations of our original /generall tensor repres.

· This scheme generalizes to higher tensors ,
e
.g.

# is a entrepres of te-i = #@FQ-
· Ros : symmetrize
Columns : antisymmetrize

· key rule : Rows never become longer going from top to bottom.

Columns never become longer going from left to right.

· Math-background : Young tableaux actually classify representations
1/

of the symmetric groups" Sn .

Since Su commutes with

the SUCN) action on tensors
,
this can be used to

decompose SU(N) tensor representations.
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· This carries over to SO (N) with two important caveats :

1) For SO(N) , in addition to Canti-Inymmetrization ,
one can use traces (implemented by Gij) to build

projectors .

2) One should in general also include spinors to

build the origina lusor product representation.

· We will use young tableaux below in a naive
, purely

rotational way .

You should consulttextbooks
,
e.g.

Georgi or Hamermesh
,
for more details.

· In addition to boxes
,
we will use"" for the trivial,

1dimensional representation.

3Explicit spectra

· We reproduce two key tables from BLT :

Open string

#
El + 1+ # +
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JBLT also give level 4)

· The remarkable point about this take is that "light-cone" S0(24/

representations can be combined into SO(25) representations , as

required by the full corentz-symm and for massive states.

#

>Go The miraculous

---- -> matching with

S0(25)-reps-

Florentzsymmetry

· By choosing C
.
C gauge , we have given up manifest target - space

Corint-invariance. We have quantized and now need to check

Whether Lorent-invariance is still a feature of the quantum theory
.

(For first positive signs see table above . )

· It is straightforward to use Noether's procedure to derive the

conserved charge associated with SO11
, D-1) - symm.

(c) BLT or Zwiebac for rather explicit derivations) :



=> jur = +do(X+y - X-xi)
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= x-xpi)-

env + Epr

(from c. 0. m . motion) (internal angular penting
momentum from Oscillators)

· We expect that the class. We algebra is realized by operator

commutation relations :

[INy30] = in you- (e) - (5) + ( )
· One can straightforwardly check that this is mostly the case.
· A key exception arises for

:-
:

· The general commutator above implies [J
:-
, j5-] = 0.

· A tedious (Cf. GSW) Calculation using the <
, p ,
x commutators

shows (for the open string) :

[j, j5] =--And wh

5m =ma)
Ca"appears because it is part of the expression for :
in terms of Lot and Dee transverse Oscillators (

&mad: The result is also quoted in Zwiebach ,
but a

calculation appears only in GSW.

1) AThe anomoly only vanishes for D = 26 and a =
- 1 I

&moment: The manifestly pos. def. C
. C.
-Hilbert space can be mapped to the

OCK-Hilbert space => "No ghost theorem" (c). GSW & P)
.


