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Non-perturbative vacuum in OSFT

Schnabl’s solution (2005): Wy_1

Non-perturbative vacuum in OSFT

Potential height=D25-brane tension . A= / )

Vanishing cohomology around ¥ )_q

[Ellwood-Schnabl(2006)]

Phantom term (?)

Closed string?




Witten’s open string field theory
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o Action: S[¥]=-—— (—(‘I’, QYY) + (¥, ¥« ‘I’>)
g® \ 2 3

W) = ¢(x)e1|0) + A, (x)a* c1|0) + iB(x)co|0) + - - -

dz 3 5 s
Q = ]{— (ch + bcOc + -0 c) LoR
271 2
/B

0 Gauge transformation: AU = QA + IxA — AxT

o Equation of motion: QY + IxW¥ =0




Gauge invariant overlap

Ov(¥) = (Z|V(3)|¥) = (Pv,¥) [Zwiebach(1992),...]

V(i) = e(i)e(—i) Vin (i, —i) V()

matter primary, dim (1,1) <I‘

On-shell closed string state: &y = V (3)|Z) |




Gauge invariance of Oy (¥)

Q(I)V — 0, (@V,\P*A> — <q)v,A>l<\I’>
on-shell V: dim (0,0), midpoint

Ov((sA\I’) =0

0 In particular, it vanishes for pure gauge solution:

Ov(e_AQBA) =0




Schnabl’s solution

O,
e — 1
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?,b'plr:() — Z fn(. )8n’l,b | =0
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n=0

(Bo+B$)C(—)C(——)+ SHe (——)+C(—)) 0)




Sliver frame

=

arctan z = z

for primary with dim h

Lo=1{Q,Bo} =L +i2(_1)k+1
0. == sy 205 — L0 P 4k2—1

2k




S[Wa]/Vae = <

(Al < 1)

Analytically evaluated using the

“regularized” expression of the solution
[Schnabl (2005), Okawa / Fuchs-Kroyter (2006)]

“Phantom term” gives finite contribution




Analytic evaluation of Oy (W)
for Schnabl’s solution

0 It is convenient to compute in the sliver frame:

Ov(\Il)\) — (q)v,\IlA> = <I|(I)V * \If}\>

/

Written in terms of sliver frame

Simple formulas in sliver frame




On-shell closed string states
In sliver frame

By = Y Cmnc(i) Vin(i)e(—i) Vi (—4)|T)

= ) CmnUiU1E(i00) Vi (i00)&(—i00) Vi (—i00) |0)

0 “regularization”  4ico — +iM

(I)V,M = Z Can]TUlé(ZM)f/m(ZM)é(_ZM)f/n(_ZM)|0>

m,n




Star product formula

o  Formal algebraic computation can be performed by
UlU,¢1(%1) * * - ¢n(&n)[0) * UTUstp1(41) -+ - P (Gm) 0)
= Ul Urism1$1(&)) - (@) P1(F,) - - P (8,)10)

M
M M

((Bo + BY)®1) * Ty = (Bo + BY) (1 * ©2) + (—1)|‘P1|%‘I’1 * ByWay, - -

[Schnabl(2005)]




Computation and result

e Vi (9)Va(2) ~ (s + finite (y = 2)

o Computation for 1,

(@ o CV( ‘b aM 71 >( & 4M
r) = —|sin — sin cos
v 271 r+1 s r+1 r+1

CV — mat <0|0>mat Z Cmnvmn .

m,n

) Cv i
APV, Yr) = MEIPFw<q)V,M7¢r> T independent of r

0o  Result for Schnabl’s solution

oo

Ov(¥y) =)




Subtleties

0 Only the phantom term contributes if the
regularized expression for A =1 1s used:

N
Ov (¥r=1) = lim_ <<(I)V9¢N+1> - > 3r<‘I’V,¢r>|r:n>

n=0

0 The order of the limits is not exchangeable:

]\;i_r)noo (Ml_i)rﬁoo(i)v,M,ibNH)) 7 Ml_i)fﬁoo (Ay_r)noo((I)V,Ma"pN—l—l)) — 0




Absorption of the phantom term

0 For A =1, the phantom term can be eliminated:

N
Wiz ]\}EHOO <¢N+1 — Z 3r¢’r|r:n>
n=0

N
J\;i_r)noo <¢0 —|— nz::o (",bn—|-1 o ",bn Tk r¢r|r=n)>

¢0 ‘|‘ Z ('an—l—l e "pn o r¢r|r:n)




On-shell closed tachyon state

ful lim c(e*®)c(e*?) ; gtk X (e*%,e7), |Z)
41 60— %
1 eEm+Egh

1 CoC1 |O>

= (=™ > 2ivV2a/(—1)"
= —z_:l o a_n-a_n—z:l

2 on — 1 kia—2n+1 )

i (—1)"c_nb_n
n=1

k* : Dirichlet direction
k'k* =4/a’ < > Q|Pr) =0




Zero momentum dilaton state

1
o M | 11m c(e®)oX*(e*)c(e )XY (e™)|T)

o
K 52a%

oo

1 2 m — n)m
<_ - MmN COS ( 5 ) a—m'a—n> 8E0001|0> ’

4 13

,ym=1

Z( 1" (—ina_n oa_, + c_nb_n)

n—=—1

o BRST invariance can be checked by explicit
computation. Q|®,) =0




Map to get on-shell closed string states

[Ve) = ceVm|0) +—  (¥(1c,;2)[Ve)1. = 2(Pv|

\

open-closed string vertex
Examples:

V., = e*f:iX . — P closed tachyon state

Vi — %BX - 0X — (I)n zero momentum dilaton state




Shapiro-Thorn vertex
(Y(1es 2)|@c)1.|Y)2 = (h1[dc(0,0)]h2[1(0)])

CFT correlator on UHP [LPP]

4

w—1

closed




o BRST invariance:

(A(16,2)[(QM + QWM + Q@) =0

0 Relations among Virasoro generators:

[Rastelli-Zwiebach]
N 2
G2 e

= (3010, D) (4@m =i D" (B = ) = 3 Gam-1 B+ Fam-14EE2)

k=2

(F(Les 2)[(L2) — L3, )

= (3(Le,2)| ((—1)%5 — 8m(-1)™ (LG +LE) =Y (famaLi2y + fzm,ki,glzl)

k=2




Level expansion of Schnabl’s solution

o Derived from expansion of

k=1,

T D (1)l i2 2 ) o\ Pta
-I-ﬁ(sm—) Z oy (‘) Z (—1)q<;cot;) b_sc_pc_q|0)

r r
s$>2;s:even P,q>—1;p+q:odd

1 27 r 27 2 w\?P
W iy == | I e¥2k (1) L2 [— sin — (1 — — sin —) E (— cot —) C—p|0>
T r 27 r r r
p>—1;p:odd

r? — 4 % (r):r4—16 = (r):_16(r2—4)(r2—1)(r2+5)
T s 30r4 ' 0 94576 A

uz(r) = —

From its coefficients, PYni1 = O(N7?) (N — o0)




Level truncation for the
gauge invariant overlap

o  Up to level L, using Mathematica, we have evaluated

OT’(\IIAaL) — Z An+187“<(1)”79 ¢T,L> |7°:n
n=0

o  Convergentfor —1 < A <1

o The phantom term for A\ — 1 doesn’t contribute.




Result by level truncation
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0.13837
0.14928

0  Approaches to the analytical result

0.15740
0.15880
0 (A#1) 10 | 0.15877
12 | 0.15922
14 | 0.15916

0
2

for L — oo 4 | 0.15686
6
8

1
— ~0.159155 (A =1
O, (W) = { o (A=1)




Evaluation of the action by level truncation

0 Schnabl(2005), Takahashi(2007)

’ [, —S[®r_i/(VasTas)
—S[¥a]/(VaeT2s)

-0.57792

0

2 -1.06518
4 -1.04798
6

8

-1.03287
-1.02326
10| -1.01705

“(L,3L)” approximation




Gauge invariant overlap for the

numerical solution in Siegel gauge
bo|¥n) = 0 [Sen-Zwiebach(1999),...,Gaiotto-Rastelli(2002)]

0.114044

0.139790

0.147931

0.151225

0.152887

10

0.154029

12

0.154750

0.114044

0.141626

0.148325

0.151369

0
2
1
6
8

0.152976

10

0.154080

12

(L,2L) approximation (L,3L) approximation

o 97.2% of 2i=0.159155--- O,(¥n) =~ Onp(Pr=1)

T




Evaluation of the action for numerical solution
o Gaiotto-Rastelli(2002), Table 1

L —27°¢*S[¥n]/Vae . —27°¢g°S[¥n]/Vae
-0.6846161 -0.6846161
-0.9485534 -0.9593766
-0.9864034 -0.9878218
-0.9947727 -0.9951771
-0.9977795 -0.9979302
10 -0.9991161 10 -0.9991825
12 -0.9997907 12 -0.9998223
14 -1.0001580 14 -1.0001737
16 -1.0003678 16 -1.0003754
18 -1.00049 18 -1.0004937

(L,2L) approximation (L,3L) approximation




Equivalence of gauge invariant

overlaps in universal space

o For any Lg-level L,

Or(¥alr) = On(¥alL) Or(¥N|L) = On(¥N|L)

0 In general, Oy(vr) = O,(vr) for

s (L) (m) (m) _ ,
fgbL —— Z C’n,,,;,j,,;,k:iL—nl s = L—’n,pb_Jl s b_JqC—kl 0 c—chl|0>
P,q20,m;>2,j;>1,k; >0
ni+-fnptiz+otithitotkg=L

because on-shell closed string states satisty
(Lan — LI ®cevs,) = (—1)"3n|®eev,,)s (Lamly + L5 40) 1 ®eovi,) = 0




Summary

Schnabl’s solution ¥, takes nontrivial values for gauge
invariants only for )\ — 1:

L, (A=1) (A=1)

Lot 1
S¥Al/ Vs = { "o’ (A< Owm(¥A) = { 0 (-1<Aa<1)

The results is consistent with the interpretation that
o Wy—1 :montrivial solution, ¥ x <1 :pure gauge solution

W, _; takes (almost) the same values for gauge invariants as the
numerical solution in the Siegel gauge Wy;:

S[\IJ)\zl] o S[\IJN] Ok/n(\PA:1) o Ok/n(\I!N)

The above suggests the gauge equivalence: Wy_—_; ~ Wy




Discussion

0o  What is the physical meaning of the gauge invariant overlaps?
Ov(Trz1) = (9(1e, 2)[%0)2 V87 | Vin)1, o (Bn|cg €1€1| Vi)

0  More directly,

1 g
(¥(1ecy 2)|%0)2P1, = 2—<BN|CO
o

0  Back reaction in open-closed string field theory?

Ellwood proposed [arXiv:0804.1131]
Ov () = AF™(V) — AF™(V)




0 Off-shell extension of boundary state?

_ 1 = >
(¥(Le, 2)[Wr=1)2Pby = _—(Bn| + (¥(1e, 2)|x)2Pbo

T

level matching projection in closed string Hilbert space

Here, the Schnabl’s solution is given by
oo

\IJ)\=1 — 'l,bO + Z (¢n—|—1 = ¢n = 8r¢r|'r:n)

n=0

= Yo+ Xx
which satisfies Q(—Wx—1) + (—Pr—1) * (—Pr=1) =0

Q=Q +adg,_, :BRST operator around Wx—1




