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-Oedcorariantquantizationelicit construction of states

Wehave :Fockspace 22
: · directoum of all 10, p >

· all creation operators
F, mo can at the

&Inbspace :
all 147 inwith
#tim+ adm(14) = 00)

Openstring

Vacuum : 10
,p , plap) = plo . p> let m > o

-

of Lm10p> = Edminn10,p = 0 Up since either

n > 0 or (m-n/> 0.

=> Only the Lo-constraint is relevant :

0
= (o + a)l0p) =(d+ Didn + a)l0, p>
-

"Mass-shell condition" -
"N" Chrel number operator")
-

gives zero in our case

= p=- i
. e

.

m = - p=
(We found one scalar particle with mess" = als!

First extre : general state is 310,1)

(characterized by polarization rector 3/
Now the mass shell condition reads :
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0 = (o + al 310,> = (dp2 +At 10
u

↓ this hrm is now relevant
·
but

not the higher terms.

0 = (dp + 1 + a)3x10,p
↑

we will use this to abbreviate index contraction

=> m2 =1
· In addition to the mess-shell condition

,
now the L-condition

also becomes non-trivial :

0 = ↳ 34110p) = [14n)3: %10,p

· For n = -1
, Gen always annihilates the state .

For n = 2
, On-1- D

=> sum over n = - 10 = 0 = (xi40 + 2041)34
1

10
,p

=> 0 = 3 . x0(ap => 3 .p(0 ,p)
= 0=- 0

"The polarization rector must be transversal .
"

· Let us who calculate the norm of the state :

<0
,p) (3x-1)

+

(3· 4/10,p = =plapz2
- = 33m

-Candistinguish three casesor level-1 states :

a)x- 1 = in2 = 0 => p space-like
=> 7 time-like 3 with Jop = 0 => Fnegative -normetales

,

case excluded !
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6)1 => m = 0 => plight-like
=> ID-1) rectors 3 will 3 .p

= 0 :

· 1 longitudinal , 31p => zero-norm state

· (D-2) transverse
,
350 => positive - norm states

This corresponds precisely to the phys. stales found in

Gupta-Blender quantization of RED .

We hence expect a UHl

gauge Rory to emerge .
This case is called "CriticalST"

C-1 => mixo => ptime-like => (D-1) space-like 3
=> expect (D-1) polarizations of massive rector field .

Atthislevel o butproblematinteract,ae
1 Consistency appears to require sacrificing target-space
Poinc-invariance. Applicability to rest-world physics
still nuclear .... )

commitedaCert
Mass-shell constraint : (otally = 0 => m2=
In addition we now need to consider the L & L constraints.

One then has to work out allowed polarizations ,
masses o

norms of corresponding etche etc. We will not go into this

in any detail since we will soon eludy approachm where the

results we would find follow more easily. These are
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· For now
,

we only present an argument for D =26 based on

a simple examplestate (cf- GSW for more details) :

Consider 163 = EGGid1 + C. p . d
2

+ ((p. x 1(2)10, p>

Focus on a = -1 and impose

(20 -11107 = 0
; 410

= 0
; (103 = 0

Derive constrainds on G , 2. C . Express <, < through 2

=> <$102=( -1)(D -26)

· => We need D = 26 for consistency · D = 26 is special

because
,
like for level one

,

we obtaina large number

of zero-norm states
, signalling a large gange symm.

Thus
,
D = 26 "belonge to "a = -1. The critical string

mentioned before really has a = -1 and D = 26.

· With more work
,

one canshow that

a) a < -1
,
excluded (ghosts

6) a = - 1
,
D = 26 is a very special case governed

by a large gauge symm. This makes the theory
solvable and consistent including all levels,
interactions

, loops. = "Criticalstring
"

(We will se that the hey point here is that the
Weyl symm . Straight forwardlysurvives quantization . (

2) a > - 1
,
D = 26 -

may be consistent with careats

"Mon-criticalstring
"
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1.2Formal summery of OCQ

· Start with Fock space
2

· Defineeubspace Ophys of "phys.

States" by (Lm+ adm)(phys = o

· States (4) with <ylphys = 0 (m = 0)

for all phys- etches are called "spurious".
· States which are both spurious and physical are called "null".

(2) 2 phys Jenner

· 22 = Dephys/Rance is the Hilbert space.

↑
residual gauge symm , very large in critcase

· Mass-shell condition in critical case (open string) :

-p = m2= (N- 1) with N=
↑

"Gree"

· The phys.
states at level : N= 0 - tachyon

N= 1 - mosilen rector

N = 2 - "excited"stringetates

&. 3 Closed string
· We discuss only the critical case. (As noted above

,
a better

justification of this will follow soon
. ) Thus

,
D =26

,
a = - 1.

· We now have twice as many oscillators & constraints : (m + Lm
.

Im
.

· The following re-organization of the Lo-constraints is useful :

Ko+ allphys) = 0
; (Lota/lphys = 0 -> Ko-[o/lphys = 0

; (LotLot2a/(phys = 0
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· We have Lo = N+ = N+2 (recall thathe

In this language we get the
relation between Go & P

changes for closed strings)
constraints

# IN-N/lphys = 0 "level matching"

(1) (N+ N + 2a + Gp2)/phys] = 0 "mass shell condition"

As in the open case
,

we can now analyse each level :

a vacuum : N= N= 0 => m2 = - p2= tady on

1) first excited level : N= N= 1 = mz = - p2= (2 + 2a) = 0

· Now the L & [
,
constraints are also non-trivial. We write the

generalstate of level 1 as

Yur 10)
and find

3 PP = 0 & Yup" = 0.

· Formally ,

these are 2D constraints on 3 .

But we see that
, given

1st D constraints
,

a certain linear combination of the End est

of constraints is alreadysatisfied: pM(3m-P) = 0.

Thus
, only ID-1 constraints are independent and we are let

with
12-(2D-1)phys: states at level 1.

· It is easy to show that <physlphys ~ TrYM.

=> We can immediately write down two sets of D-1) null states :



= Appe : Epur with 2.p
= 0 &Sp

= 0.
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· (in-space of nulletales has dim.

2 (D-1)-1 since the

state with Epr-pppr belongs to both eets.

· The will etche correspond to gange freedom ,

i. e.

3pr
-> Yort S + El is a gange try

· The expected Hilbert space dim is then
-

Dr - (2D -1) - (2D - 3) = (D-2) ?

· To see that this subspace really is phys with positive norm
,

1/

choose p = (1
,
1

,
0

,
-

... 0) .

Then the physical (transverse"
take the form

3 = 1000Dx-2)maria
· Be transforms under the "Little group"" SN-2

The enlgroup of SO(1, D-1) leaving p invariant .

· Decompose the rank-2 tensor repres. D-22 of Et under SO(D-2)

in its irreducible components :

(-23 = (P-2) + 1 + G() + ( - 2) - 1)
antisymme trace symm ,

traceless

↓
antisymm .

tensor field Scalar graviton
= dilator o Gir-

Canalogue of Ap with field strength Fo = 2@jAr].
Here : Here = 3 &Boss and L > ~HargHire
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2) level two : m2= (N++ 2a) = (N +=
=> massive state ; we will not discuss tem for the moment.

Summarycritical) closed string : N = N Clevel matching/

m2= (N - 1)

=> level o : tachyon ,
level 1 : Gr , Bur ,

I :
level -2 :

massive

excitations


