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Introduction

D = 3 Exception

3D

Dangerous Commutators

⇥
J�i,J�j

⇤
zero by default

3D
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SuperstringD = 3, N = 2

D = 3, N = 2

D = 3, N = 2
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Nambu-Goto action for the closed string of tension in

T
Hamiltonian form

where and ‘lapse’ and ‘shift’ spirit of ADM` u

` =
u =

Noether Poincaré generators

The action invariant under di↵ transformations

Monday, July 2, 12



LC-gauge components

: (X+, X�, X), (P+, P�, P )

X+ = �, P� = p�(�), residual gauge invariance p�(�)

We separate the Average over String:

a(⇤) =
I

d⇥

2�
A(⇥, ⇤)

`Eliminate Lagrange multipliers:
u0 = 0, u , p+ � =

1
p�

X̄�
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H = �p+ =
1

2p�

I
d⇥

2�

⇥
P 2 + (TX 0)2

⇤
, u0 :

Level Matching
Constraint

Quantization most transparent in normal modes:

Poincaré Generators in LC:

Casimirs:
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To compute Poincaré generators we need:

These last expressions are composite!

and correspondingly for the star and tilde ones.

Monday, July 2, 12



otherwise commuting

Quantization:

Ordering Ambiguities: only in
where

|n1, n2, · · · , ñ1, ñ2, · · · >= (�†
1)

n1 · · · (�̃†
1)

ñ1 · · · |p, p� >

Level Matching Condition:(N � Ñ)|n1, n2, · · · , ñ1, ñ2, · · · > = 0

States:

Poincaré Algebra Closes!

Ground state:
M2 = 2T (�a), � = 0

M2 = 2T (2� a), � = 0Level 1:
Level 2:M2 = 2T (4� a), ⇤ - non diagonal

diagonalize and divide by the mass of the states

±

Level 3: similar s3 =

 
0, 0, 0,±

s
179

12(6� a)
,±

s
179

12(6� a)
,±

s
179

3(6� a)

!
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Manifest Lorentz covariance requires fields in irreps of the relevant

cover of the Lorentz group SO(1, 2).Irrational helicity requires

infinite dimensional irrep of the universal cover SO(1, 2).

Jackiw & Nair, ’91

For D = 3 irreps of Poincaré group induced from irreps of the

universal cover SO(2) ⇠= RSO(2) ⇠= R. All irreps are one-dimensional and

characterized by the helicity� , which can be any real number

Because massive string states contain anyons this new string theory

should not be accessible through standard covariant quantization

techniques, as irrational spin anyons seem to require infinite

3D

dimensional component fields.

Monday, July 2, 12



Nambu-Goto action for the closed string of tension in

D = 3, N = 2

T

SUSY
Cartan Forms

Green-Schwarz action for the closed string of tension

T in semi Hamiltonian form

D = 3, N = 2

T

SuperstringD = 3, N = 2
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Noether Poincaré generators

SUSY
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D = 3, N = 2
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Same Action as Closed String but it has Ends!

General Variation: a Bulk term zero on shell, and a Boundary term:

which must vanish due to the bc’s. For fixed endpoints:

We do not fix , so we must have:

X0

P0`Then we demand that , , and are free variables, parameters

work in progress with
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X0
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With denoting a generic coordinate we are going to consider:⇤

Free end: ˜Neumann,

Fixed end: ˜Dirichlet.
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These conditions, good gauge conditions because if we are

infinitesimally close that is:

Monday, July 2, 12



Monday, July 2, 12



Monday, July 2, 12



Monday, July 2, 12



Monday, July 2, 12



�
Qa

�, Qb
⇥

 
= �ab(�µC)�⇥Pµ + m⇥ab⇥�⇥

Monday, July 2, 12



��Xµ = i⇥̄a�µ⇥a

�⇥1 = � · P⇥1 �m⇥2 �⇥2 = � · P⇥2 + m⇥1

��⇤ = 2i ˙̄�
a
⇥a

S [X, P] =
Z

d�⇥µ
� Pµ � ⇥

�
P2 + m2

�
+ 2im�̄1�̇2

Brink Schwarz Action

⇤µ
� = Ẋµ + i⇥̄a�µ⇥̇awhere: �Xµ = �i⇥̄a�µ⇥a��a = ✏aSUSY

Reparametrization Invariant ⇥X = �(P� i⇥̄a�⇥̇a) ⇥�a = ��̇a, ⇥⇤ =
1
2
�̇

Noether Charges

Pµ = Pµ, J µ = [X � P]µ + im⇥̄1�µ⇥2 +
i

2
⇥̄a⇥aPµ

Q1 =
⇥

2(� · P⇥1 + m⇥2), Q2 =
⇥

2(� · P⇥2 �m⇥1)

LC �+⇥a = 0, x+ = �, ⇥a =
1q

2
p

2p�

✓
⇥a

0

◆

L = ẋ�p� + ẋp +
i

2
�2�̇a �H

, p+ = �H =
1

2p�
(p2 + m2)

Normal Canonical System

Quantization:

[x, p] = [x�, p�] = i, (�1)2 = (�2)2 =
1
2

D = 3, N = 2
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SUSY: Central Charge
�
Qa

�, Qb
⇥

 
= �ab(�µC)�⇥Pµ + m⇥ab⇥�⇥

C =
✓

0, 1
�1, 0

◆
,P2 = �m2 , P · J = i

m

2
�1�2Helicity Operator

⇤1 =
1p
2
�3 ⌦ ⇥1, ⇤2 =

1p
2
�3 ⌦ ⇥3

P · J
m

=
1
4

(1� �2)

Quantization of Brink Schwarz Superparticle leads to Anyons!
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Conclusions

D = 3

D = 3, N = 2

D = 3, N = 2
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