String Theory

Problem Set 4

Due: 24 March 2008

1. Verify the super-Virasoro algebra in the Neveu-Schwarz sector of the spinning string

model:
[Ly,ak] = —mal, ., [Lpn, 0] = —(r +n/2)br1n, (1)
(Gr,ap,] = —mb’,‘+m, {G,, b5} = af+s (2)
L L = (0= )L+ 2 (0 = )6, (3)
(L, Gr] = (n/2=71)Grin (4)
(GrG} = 2Lpat 07— 1/4)5, (5)

2. The vertex operator for the emission of the Picture 2 “gluon” state in the Neveu-
Schwarz model, €(k) - b_1/,€"*%|0), can be obtained from

V(k,€) = {G,,: e(k) - H(z)e™**® :} (6)

(a) Perform the anti-commutator to obtain the vertex operator in terms of H/(z),
PH(2), and : e*2(2) ..

(b) Using this expression in the Picture 2 formula for the amplitude, calculate the 4
“gluon” scattering amplitude

1

<0‘€4 . bl/Qeik4-q0V(k3, Cg)mv

(k'g, 62)61 . b_l/geikl.qo‘()). (7)
(c) Compare your answer to the 4 gluon calculation in Yang-Mills theory that you

did in problem 4 of set 2, and to the 4 “gluon” amplitude you obtained in problem
1 of set 3.

3. The proof of the no-ghost theorem in the various string models uses a basis of states
generated by the super-Virasoro generators and and k - b,, k - a,, for some light-like k*.
For states of mode number N = 3/2 in the Neveu-Schwarz model this basis consists of
6 elements:

1) = GapLlalT), 2)=G 3p[T), |3)=Lk-b1p|T) (8)
‘4> = G_l/gk . a,1|T>, |5> =k- b_3/2|T>, ‘6) =k- b_l/gk . CI,,1|T> (9)

where the ket |T') satisfies (G, Ln, k - by, k - a,)|T) = 0 for r,n > 0, and Lo|T) = \|T).
Calculate all 36 elements of the matrix M;; = (i[j), and confirm that it is triangular.



