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③ Physical states :
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④ level 0 & level 1 physical states
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We studied the threshold case where⇒ so K10 :

There is a state with two mrm
I kj KJ = 1K . 4) 10 ; K)

which is a physical ( KE0)
"

longitudinally notarized
"

statu and , moreover , transverse to all physical states
Hence

,
the longitudinal polarization decoupling

and we are left with D-2 physical polarizations

Note that • the ground state for a=/ is a tachyon
• 1k ; K) is created by the action of L -,

Lt 10 ; K I = elkjk>
ie 1K ; K ) is
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Definition : a state is called spurious if it is

orthogonal to all physical states and obeys
-

(Lo - a) 147=0
-

A spurius state which is also physical
is orthogonal to itself , ie it has two norm .

These are called null states .

An example of a null state is the state 1k ;D4:÷:÷÷÷÷:...
If 143 is also physical ⇒ callus = ~



Recall that in gauge theories ,
a consequence of

residual symmetries is that one expects to find
states which owe Rf states . These should

be
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"
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144plugs

a / 4)phyt I 4) null

So the = Thepimp Hermit
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states are created by the action of L -1 on
the ground state , and can be qwotimted .
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The state ↳ to ;D is also physical if a
Check :

the state 4,10 ;D is physical iflmhlojkkot.ms ,
④
41-110514=12 lot L - i 4) to ;kt

= 241014=219-1710 ;kt=o iff of
④

mzilml-itojkb-kmttllmftl-ilmllo.sk3=0
m-171



In fact : all spurious states are of the form
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Cheuk mitty an exercise-

:

157 =L -114,3 + L - a 1427 to 14ms - la-m ) INmy

• clearly 641 55=0 ftp.etlephss
• to-a) 155=0

so 153 is spurius . To see that all spurius
states have this form see GSW P83



constructing null states

Cominder 153 = 1+14 > s.li LM14> = o Tm> 0

Thus : check lm 157=0 tmz ,
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so b we set an infinity set of null states .
The example we had earthier 1k ;k >uh, to;D is the
simplest earn in this family .
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For a⇒ D= 26 critical bosonic string-
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let a 1 :

This is the threshold value as br ast there are

ghosts in thephys .

www.dnvthe#staw to> with momentum K
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onshell mass condition - a'K= It (a'MEN-a)
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Norm < oljkloik's = }g ( D-DID-26 ) 81k- K
')

• no ghosts : I EDE 26

• null state when D= I or D- 26

Therefore when a⇒ & D--26 there are null states

19th Brower ; Goddard , Thorn No ghost theorem
↳ For a ⇒ and D= 26 tlepmop has no ghosts

Note : there are no ghosts for AE1 a ⇐DE25

but these theories are inconsistent at the level of

string bops tried to look at one top interactions)



⇒ : 9=1 D= 26 needs 1- bop interactions
to prove

( no ghosts , many null states )

L1 : . a= I 0--26 follows by requiring
Lorenz spacetime invariance

• manifestly ghost free

BRSTquantitah.SI : 9=1
, D= 26 required her

quantum gauge Cwmbran ) invariance .


