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Gauge Invariant Overlap

Ov(¥) = (Y(1e, 2)|®v)1.|¥)2

[ Pv) = _%nuvaﬁlai1clél |0)

. on-shell closed string state

AV =0QpA+PxA—AxW

. 3AOv(T) =0




Asano-Kato’s a-gauge

(bOM -} CLb()C()Q)“I’) =—={))
Qe = Q + coLo + boM

In particular,
a = 0 equivalent to the Siegel gauge: by|¥) =0

0= > bocoQ|¥) =0

corresponds to the Landau gauge




Summary

Our numerical results suggest:
=0 ~vas Ol <a ¢

S Wa,.ll — S|[Pschnabl]

Ov(Pqa,,) — Ov(¥schnabl)
These are consistent with the gauge equivalence:
\Ila o \IlSchnabl

We have also checked
the BRST invariance of the numerical solutions.
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Numerical Evaluation of Gauge Invariants for
' a-gauge Solutions in Open String Field Theory

Isao Kishimoto /#\ Collaboration with T.Takahashi, arXiv:0902.0445

Non-perturbative vacuum
in bosonic open string field theory

e Schnabl’s solution ¥g.,

| Gauge invariants | —S[P]/Vae
(1) Action: D-brane tension
1
SWqen|/Vog = WYsch /
[ Wsch]/Vae 2m2g? : o

[Schnabl(2005),0kawa,Fuchs-Kroyter(2006)]

(2) Gauge invariant overlap: 1

1
Ov (¥sch)/Vag = —
27

[Ellwood, Kawano-Kishimoto-Takahashi(2008)]

Bosonic cubic open string field theory
Action: S[¥| = —% (%(‘P, QYY) + é(‘If, U \If>>

Q fdz<Tm—|—b3—l—382) A
= S C cocC — C
271 2 AxB

QY + x¥ =0 /B

Equation of motion:

Gauge transformation:

oAV = QA + IxA — AxW

~  SAS[®] =0

Restrict string field to twist even sector in the universal space:

W =(t1 +tab_1c_1 + tsL(_Hzl) +-++)c1|0) + (u1b_2 + - -+ )coc1|0)

S[\I’a]/s[\I’Sch}
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Numerical solution by level truncation

* Numerical solution in the Siegel gauge: bo|¥Nn) =0
1) S[¥n]/S[¥scn] 2) Ov(¥nN)/Ov(¥sch)
(L,2L)-truncation (L,3L)-truncation (L,2L)-truncation (L,3L)-truncation
(2,4) | 0.9485534 (2,6) | 0.9593766 (2,4) | 0.8783238 (2,6) | 0.8898618
(4,8) | 0.9864034 (4,12) | 0.9878218 (4,8) | 0.9294792 (4,12) | 0.9319524
(6,12) | 0.9947727 (6,18) | 0.9951771 (6,12) | 0.9501746 (6,18) | 0.9510789
(8,16) | 0.9977795 (8,24) | 0.9979302 (8,16) | 0.9606165 (8,24) | 0.9611748
(10,20) | 0.9991161 (10,30) | 0.9991825 (10,20) | 0.9677900 (10,30) | 0.9681148
(12,24) | 0.9997907 (12,36) | 0.9998223 (12,24) | 0.9723211 (12,36) | 0.9725595
(14,28) | 1.0001580 || (14,42) | 1.0001737 (14,28) | 0.9760046 (14,42) | 0.9761715
(16,32) | 1.0003678 || (16,48) | 1.0003754
(18,36) | 1.00049 (18,54) | 1.0004937 [Kawano-Kishimoto-Takahashi(2008)]

and the latest result
[Gaiotto-Rastelli(2002)]

Evidence for gauge equivalence:

Yn ~ Wseh

Gauge invariant overlap

Gauge invariant for on—shell closed string state
Ov(¥) = (Z|V()|¥) = ((1c, 2)[Pv)1.|T)2

V(2)

(1| @

|Pv) = c1€1|Vim)
Vin :matter primary with (1,1)-dim.

~ AOy(T) =0

-~

[ cf. Kiemaier-Okawa-Zwiebach(2008)]

™

Disk amplitude for a closed string vertex V specified by a solution W

In particular, Oy (Psen) =0 — ASiSk(V)

\_

__1 p

|Pv) = —%mua_lé'ilcﬁﬂo) for explicit numerical computation

OV(‘I’a)/OV(‘I’Sch) (L,3L)-truncation
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Ellwood’s proposal (2008): OV(\I’) = .Afil,iSk(V) — ASiSk(V) A

Numerical solutions in a-gauges

(b0M~—|— a boCOQ)l\Ifa> =0
Q=Q+ coLo + boM

a =0 =siegelgauge: bg|Pg) =0

* Asano-Kato’s a-gauge

a — OO = Landau gauge: bocoé|\Iloo) =0

(1) For a-gauge solution,  (6,18)-trucation ~ S[W¥,|/S[WPsen]

a = OO 0.9609438
a = 4.0 0.9244886
a=0.5 1.0045858

a=—2.0 0.9798943

[Asano-Kato(2006)]

) Ov(¥,)/Ov(Tsam) (?)

= our computation

Construction of numerical solutions

64

813
(boM + a bOCOQ)‘I’(n—H) — ( :a-gauge condition
P(Q\P(n)‘I’(n+1) — ‘I’(n) * ‘I’(n)) = 0 :linear equations!

Vo) = c1|0) : nontrivial solution for (0,0)-truncation

P = cobg :2projection to solve equations
Qu 2 =QP + V() x P — (—1)!®1® % ¥,y :“BRST op.” around W ()

Wé We can define ‘I’(n) —> lI’(fn_|_1)
‘I’(n-|—1) = (Q\Ir(n))_l(‘I’(n) * ‘I’(n)) [Gaiotto-Rastelli(2002)]

If it converges for 1, — OO
(boM + a bocoé)\IJ(oo) — 0 :a-gauge condition
'P(Q\If(oo) + \Il(oo) * \Il(oo)) — 0 : projected part of eq. of motion

Gauge invariants for various a-gauge solutions
(L,3L)-truncation
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Summary

 We have evaluated gauge invariants (action and gauge invariant
overlap) for numerical solutions in a-gauges by level truncation
((L,2L) and (L,3L)-method).

 We have checked “BRST invariance” of solutions.

 Our numerical results suggest:
—o0<La<0,1<Kas

S[Pa,.lle — S[¥scn]

Ov(¥,,.) = Ov(¥sch)

 These are consistent with the gauge equivalence:

\Ila ~ \IJSch

L — 400

X Perturbatively, a = 1-gauge is ill-defined.
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