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This state 1s invariant,
0gl|0:k) =0, (4.3.24)

because every term in Qg contains either lowering operators or Lg. This
also shows that there are no exact states at this level, so each invariant
state corresponds to a cohomology class. These are just the states of the
tachyon. The mass-shell condition is the same as found in the light-cone
quantization of section 1.3 and from the open string vertex operators in
section 3.6. The tachyon mass-squared, determined in a heuristic way in
chapter 1, 1s here fixed by the normal ordering constant in Qg, which 1s
determined by the requirement of nilpotence.



Using the expansion of the BRST charge in modes (4.3.7) we have

o0

Os |0; k) = Z el —I— - Z (m — n)semenb—m—ns — co| |0; k) [4.182]

TL——00 m,n=——0oo

The first term, for n # 0, always has either ¢ or Lj with k > 1 which annihilates |0; k). The
n = 0 term gives coL{" |0; k) with L{* given by (2.7.7), or at least the equivalent relation
for the open string,

{;L = p —|_ Z O’ ”O’,u n [4183]
n=1

Thus ¢o LI |0; k) = o’'k?cy |0; k) = ¢ |0; k). This cancels with the third term. In the second
term all the terms that have m # 0 and m # 0 clearly annihilate |0; k) due to the normal
ordering. The m = n = 0 term has a ¢ that is zero by itself. So what remains is terms with
either m or n equal to zero, but not both. These are of the form Zf__oo,n 40 n3coCnb_ns

but by normal ordering there is always an annihilation operator to the right so these terms
also annihilate |0; k). We thus find that indeed Qg [0; k) = 0.
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