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Non-perturbative vacuum

in bosonic open string field theory

e Schnabl’s solution ¥gy
Gauge invariants

(1) Action: D-brane tension
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Bosonic cubic open string field theory
Action:  S[W] = —912 (;(‘II,QB\II> + %(‘Il, P ox \If>>

Qp = 7{% (CT(m) + bcc‘?c)

271

Equation of motion: QB\II —I—\Il sk \If :O

Gauge transformation: oAV = QA + VA — AxW¥

~  SAS[¥] =0



Gauge invariant overlap

Gauge invariant for on—shell closed string state

Ov(¥) = (Z|V(9)[¥) = (¥(1e; 2)|Pv)1.[¥)2

|®v) = ¢1€1| Vi)
Vin :matter primary with (1,1)-dim.

Ov(QsA) =0
Oy (P xA) = Oy (A x W)

W A0V (T) =0

In particular, it vanishes for pure gauge solutions: (’)V(e_AQBeA) =0



Gauge invariants for Schnabl’s solution

Schnabl’s solution with one parameter: (¥ix—=1 = Ysch)

_2T 1 fr= AT TT 1 _  7r _ 7T
\Ij . )\a,a w | P = ;Ur+2Ur+2 [—W(Bo + BO)C(Z)C(_I) + E(C(—?) + 0(4))} |0)
A — P3) r|[r=0
Aelr — 1

U, = (2/r)%°

Analytic computation and numerical computation with conventional level truncation:

_J 1/(2w%*g*) (A=1)
S[¥a] = { 0 (IA] < 1)

_ [ 1/@n)(Ble|By)  (A=1)
O () = | 0o (A<D
A= Wg.nh : nontrivial solution

Al <1 W, : pure gauge solution



Takahashi-Tanimoto’s solution

e “ldentity based solution”
\If() = QL(eh — l)I — C’L((Bh)zeh)l'

QL(f) = / f(2)e(z)

Cleft

dz dz
@i apn=[ =

Cleft 2772

h(—1/z) = h(z), h(i) =0

In the following, we take

h(z) = log (1—|—g<z—|—§>2>

= —log(1—Z(a))®> - ) S

n=1

Z(a)n(ZZn _I_ Z—2n)

Z(a) = (1 +a— 1+ 2a)/a a>—1/2



ldentity state

h(z)*
¢
I h(z) = 1i_Z
T hz[®(0 -
< |¢> < z ¢( )]>UHP hz(z) = h™'(h(2)?) = 1 i 2

2(—1)k+1
c= L+Z ik)lL_%

v = 1) = 2550}
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On the TT solution (1)

 Formal pure gauge form:

¥y = exp(qr(h)I)Qs exp(—qr(h)I)

Gauge parameter string field:

exp(tqr(h)Z) = exp(d

exp(£qr(h)) :ill-defined for

qr. (f) E/C :—:if(z):cb:(z)

:qL(h))I
a=—1/2

Non-trivial solution (?)



On the TT solution (2)

It is difficult to compute S[¥o], Ov(¥o) directly,
because (Z|(---)|Z) is divergent.

W) |dentity based solutions may be “singular.”
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Alternatively, we investigate string field theories around W .



SFT around the TT solution

* Expansion around the TT solution:

171, 1
= @@+ (@)
Q" = (1+a)Qs+ g(Qz + Q-_2) +4aZ(a)co — 2aZ(a)*(cz + c—2)

—2a(1 — Z(a)?) Z (—1)"Z(a)" ' (czn + c—2n)

n—=2

JjB(2) =ch(z)—|—:bcac:—|—gazc(z) — Z Q,z— "1
(Q/)z — 0 n=-oe

AP =Q'A+P+xA—Axd OAS.[®P] =0

SA Oy (®) = 0



On the new BRST operator

» cohomology of )’

a > —1/2 the same as the original QB
W, :puregauge
a = —1/2 nocohomology at ghost number 1 sector

no open string

\IJO : tachyon vacuum (!?)



Numerical solution in SFT
around the TT solution (1)

* WesolvetheEOM: Q'® + ® x P =0
in the Siegel gauge bo® = 0
by level truncation with the iterative algorithm:

cobo(coL(a)q)(n"'l) 4+ (M) 4 dntD) L p(+D) , () _ () 4 (I)(n)) —0

L(a) = {bo,Q'}
= (14 a)Lo + 5 (L2 + L_2) + a(g2 — ¢-2) + 4(1 + a — vI+2a)

Using the above we can define <I>(n) — (IJ('""H)



Numerical solution in SFT

around the TT solution (2)
If the iteration converges, CObO(Q’(I)(OO) + P () 4 (I)(OO)) =0

Projected part of the equation of motion

We also check the “BRST invariance”:

lboco(Q'®(>) 4 @)+ &(=2))|| /|| @(>)|| « 1

We evaluate the gauge invariants:
(1) pOtenﬁal he|ght fa((I)) — o2 <% <(I),C()L(CL)(I)> 4+ % (CI), P % <I)>>

(2) gauge invariant overlap:  Ov(®) = 27 (¥(1c, 2)|Pv)1.|P)2



Construction of stable vacuum solution

* The initial configuration for a =0 (Q' = Q)

64
@(0) — C1 |O> @1|CLZO

81\/§ ! .
iteration conventional tachyon vacuum solution

the nontrivial solution for (0,0) truncation

* The initial configurationfor a =€ (0 < |¢] K 1)
(I)(O) — (I)llazo (I)1|a:e

iteration

* The initial configuration for a = 2e¢

H0) — P |ae D1 |g—2¢

iteration



Potential height for &,
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Gauge invariant overlap for &,




Stable vacuum solution

* For L — oo, numerical results suggest

fa((I)l)
—1/2 A
4
(E—
—1

a>—1/2
(I)l :nontrivial tachyon vacuum
a=—1/2

(I)1:O



Construction of unstable vacuum solution

* The initial configuration for a = —1/2

2
0) — _
P =z P2la=—1/2

iteration

the nontrivial solution for (0,0) truncation

 The initial configurationfor a=-1/2+€ (0 <e K1)

0) _
(I)( ) — (I)2|a,:—1/2 @2|a:—1/2—|—€

iteration

* The initial configuration for a = —1/2 4 2¢
(I)(O) — (I)2|a:—1/2—|—e @2|a:—1/2—|—2€

iteration
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Potential height for ®, (near-1/2)
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Gauge invariant overlap for &,

Oy (P2)




Gauge invariant overlap for ®, (near -1/2 )
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Gauge invariants for ®2|a=—1/2

(L3 | fa(®2) Ov (22)
(0,0) 2.3105796 -1.0748441
(2,6) 2.5641847 -1.0156983
(4,12) 1.6550774 —-0.9539832
(6,18) 1.6727496 -0.9207572
(8,24) 1.4193393 -0.9377548
(10,30) 1.4168893 -0.9110994
(12,36) 1.3035715 -0.9237917
(14,42) 1.2986472 -0.9056729
(16,48) 1.2357748 -0.9229035
(L,3L) Extrapolation of f,(P3)
(400,1200) 0.98107
(4oo+2,1200+6) 0.98146

Fitting function:
N a
Fn(D) =) 71w
= (L+1)



Unstable vacuum solution

* For L — oo, numerical results suggest

fa((I)2)
A
@ ! a>—1/2
. , a=-1/2

@, :nontrivial vacuum
(perturbative vacuum!?)



Summary

 We constructed stable solution and unstable solution in the
expanded theory around TT’s identity based solution.

* We evaluated the gauge invariants for the obtained solutions.
 Numerical results suggest:

fa(P) fa(®)

D,

a>—1/2 a=—1/2

* This is consistent with the expectation that
a>—1/2 wmm) W :puregauge
a=—-1/2 m=) P :tachyon vacuum



Discussion

 Ourresult on TT’s solution suggests that the
TT solution (a=-1/2) may be “gauge
equivalent” to the Schnabl solution (A=1) and
give an alternative approach to investigating
the nonperturbative vacuum.

e Regular solutions? Definition of the space of
string fields?

e Extension to superstring field theory?



