Lecture 20

8.251 Spring 2007
Lecture 20 - Topics

e Closed Strings

Recall: For closed strings in light cone gauge:

o~ o+2T
xt =dptr
P T constant
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X+X = _—(XT£Xx')?
o 2pt
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PTH = XH

Open Strings:

(X' (r,0), P (1,0")] = in" (0 — o)
X'+ X" =2l S ael i)

[0‘7In7 O‘vlz] = m5m+n,061J

Graviton States:

Errait 1)

Cry=¢r=¢,=0

Solve and Find Mode Expansion of Closed Strings

XHt(r,0) =X (1+0)+ Xh(T—0)

Left and Right (X} and X/) both solve wave equation, as goes their sum. Let:

U=T+0,V=T—0
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(0 4+ 27) = at(7,0)

True 0 = o0 + 27 except when the wold has a compact dimension and x goes
aroudn a circle - even though back at same o after 27, at a different = coordinate.

Xrp(u) + Xr(v) = Xp(u+27) + Xr(v — 27)

| Xn(v) = Xp(v —2m) = Xp(u+27) — X (u)]

This is the periodicity condition. X and Xp are independent variables. X7
and X7, are periodic.
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X = 2 Y et
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i o o (—inv)
Xp )= 5 Z ale
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Have 2 independent sets of oscillators. Not related to the open string oscillators.

1 [of __, .
X (u) = §Xgo + ?aof u+ /.

o Lon o
XR('U):§XRO+ anv—i—...

All terms in X/’ and X/, have e~ component except first two terms of each.

Periodicity Condition:

-
ay =0,V

1 !
XH(r,0) = 5(X‘LL0 + Xho) + V2o oy + iy / %Z
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Let: zf = 5(X7 + XFo)
Momentum of String:
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Xt = X['(r +0) + Xf'(r — o)
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- 2 —1

QO/an = pTLn
2

2d'a,, = — .

—1 .
|Ly = LZ| constraint on state space of theory.

Differences between closed and open string. Hilber space: can’t just double
everything for closed strings. Xy doesn’t double and momentum doesn’t double.
—1

Ly = Lg constant.

Ly = %fxéaé + N+t — number operator = ZEO:1 ozl_pozé

L = <p’p’ + N+ (For open strings, did not have factor
/ S —) I -

Ly =%p'p'+N , N =%, al a

p p—p

Lt=I; >N'=W"
Recall:
92 _
2aia; = —(Tr —1)
p+
2
20/ a, = F(Li 1)

1 _
V2alay = p—Jr(Lé +Ty—2)=a'p

H=dpTp~ :Lé—l—fé_—Q

2 _
M2 = (O/Ni +Nt —2>

Recall open string: M? = L (=14 N*+)

L + Ty, X' (1,0)] = —i
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Ox!
[Lé - LOL’XI(T7 U)] = 'LW
I
Xi(r.o4) = X! (r,0) +
Oo

= X'(r,0) + [—ie(Ly — Ly ), X" (7,0)]

oo 25 oo 25
IT Tt 1T 11> Io*or)
n=11=2 m=1J=2

Nt =N"

Ground state: N+ = N = 0, [pT,pr), M? = —%. Close string tachyon. Not
well understood.

Next state: M = Rrjaltal™ |pt,p,), Nt = N =1, M= Z(1+1-2)=0.

We have a (D — 2)x(D — 2) matrix. Any matrix can be split into symmetric
and antisymmetric: Ryy = Sy + Ay

R+ RT
5= 2
R—-RT
A= 2
1 X 1 p
RIJ:(SIJ_ D_le‘]SK)J'_(m&IJSK—FAIJ)

= S[‘] +S/(S[J + A

M = Srjaitalt lp*,p:) + Argaital ™ [ptips) + Saltalt [ptps)

S1y §1Ja{)ip7 |2) graviton states

Ary: “Kalbra-mon” states
S’ just one single state. No Lorentz index. Massless scalar. A real troublemaker.
Called dilation scalar. Tells us how strong strings interact.



