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Classical solutions of the cubic SFT

QUy+V%4 =0

Tachyon vacuum solution (Schnabl, Okawa, Erler,

Erler-Schnabl, ...)

Marginal deformation (Kiermaier-Okawa-Rastelli-Zwiebach,

Schnabl, Fuchs-Kroyter-Potting, ...)

@ Relevant deformation (Bonora-Maccaferri-Tolla, ...)
o -
@ “Any background” solution (Erler-Maccaferri)
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Takahashi-Tanimoto (TT) solutions

tachyon vacuum solution
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|dentity-based solutions

Uy =0I
o [: identity string field
\IJCI = lim
a—0 O

@ Impossible to calculate observables

E~ / Cl—hm
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SFT around the identity-based solutions

UV—U,+0
, 1 1 1
So= —= — VU + YU, ¥ + —UPW
g 2 3
1 1 1
= —— QU 4 WV
92/[2 T3 }

Q,\Ij = Q\IJ + {\I]cla \IJ}*

@ In the case of identity-based solutions, )" can be expressed by

using local fields on the worldsheet. For TT solution

Q@ = 55 (in ©) — (O che (©))
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Evidences

There are many evidences for the claim that W describes
tachyon vacuum:
@ No physical open string excitation around the background
U
@ Open string amplitudes vanish

@ Existence of an unstable solution around the background Wprp

6
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In this talk

@ | would like to add one more to the list of these evidences.

o | will consider the Erler-Schnabl solution in the SFT around
the TT solution.

o | will calculate the observables of the solution and the results
indicate that the TT solution corresponds to the tachyon

vacuum.

@ | will study the SFT around the TT solution and discuss how

we should calculate various quantities.

c.f. Takahashi's talk
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Outline

@ Erler-Schnabl solution
@ Observables
@ SFT around the TT solution

@ Conclusions and discussions

§4 Conclusions and discussions
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Erler-Schnabl solution

Tachyon vacuum solution

Ups =

B =
C =

K =

§3 SFT around the TT solution

1
e+ Q(Be)

700 dZ
/_m g 1

c(0)I

QB

All the conditions in Sen’s conjectures are checked

@ homotopy operator A = B—— st. QA=1

o F[Ugg| = —%

1+K"
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Erler-Schnabl solution around the TT solution

One can construct ES solution in the SFT around the TT solution

/__1/1 g b
§'= g [ |guQ s gue
s = (c+ @ (BO)
11K
K = QB
= K+ {Vrr, B}

@ With the homotopy operator A’ = Bﬁ, this solution will

correspond to the tachyon vacuum.
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Remark

Here we assume that ﬁ is well-defined with the definition

1 1
1+K' 1+ K+{B,¥rr}
o n 1
= -1)" B,V e
S0 (e g
1+1A:[ } } ‘
{B,¥rr} {B,¥rr}
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Observables

We will calculate the observables of the Wyq

E[Ugs] = —8[Vgs]
= By, — Err
TrV‘I’ES = <Vc>\%s —(Ve)rr

and show that they vanish.

@ Assuming Wyq corrsponds to the tachyon vacuum, this implies

that the TT solution also coresponds to the tachyon vacuum.
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Remark

@ Recently Maccaferri gives a way to construct a regular solution

out of an identity-based solution by a gauge transformation
Upr — U =UQU '+ U¥rrU "

1
U=1+B——VYrr

1+ K
The observables become
E[Um] = E[VUgps]— E [Vgs]
Tryv¥Uym = Try¥ges — TryUgg

What we will show (E [¥fg] = Try Upg = 0) implies that ¥y

is a tachyon vacuum solution.
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§2 Observables

From
ts = 5K (c—l— Q' (Bc))
one can derive
1 1 1
Plvs] = 5T | ey Q]

1
TI'V \PES = 'I‘I'V |:1—|—I(/ C:|

We would like to show that the RHS vanish.
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Proof

One can show

1
TI'V |:1_'_I(/C:| = 0
1 1
Tr | ———— ! = 0
g L TR R C}

by using Q' (%b) =1,Qc=0.

1 1 1 1
T = T ol =p) —
v [HK’C] rv[ O (wzl)) v1+K'C}
= 0
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/(1 _ /.,
Q (Fb =1 ; Q c=0

Treating them more rigorously, these should be expressed as
1
efeKQ/ <ﬂ_2b> efeK — efZEK
6—EKQ/66—EK - 0

With the e X's, we have worldsheet with no operator insertions

and

k2

— 16 /34
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e—eKQ/ (#b) e—eK — e—ZeK

o e K (Q'c)e ¢ =0 can be proven in the same way.

17 /34
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Trv[ =0

1+ K’ C]

1 1 1 1
Ty |——c| = Ty |——Q' [ b)) ———
v [HK’C] r‘”{ T <7r2 > ¢1+K'C}

Q' (5b) =1, Q' (¢) = 0 can be used safely.
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Remark

e Actually, since Q'c = 0, ¥g becomes identity-based

ES:W(C‘FQI(BC)) =c

@ One can avoid this by replacing

c—=cy=c(iy)l, (y#0)

Try [ﬁcy}, Tr [ﬁcyﬁ@cy are independent of y,

and we get the same answers for the observables

19/34
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§3 SFT around the TT solution

We have shown

1 1 1
BE[Wh] = —oTr|——
Vs 6rL+K%+K

1
TI'V\I/%:S = TI'V I::H—_chjl =0

Q’c] =0

using the definition

67”{’ = Z (_I)HA dt1 B A dtn+1

n=0

n+1
X0 (Z t; — t> e "B, Uppte 2K (B, Upp}e ntt K
i=1
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SFT around the TT solution

1 1 1
S == —UQ'V 4+ TP
92 / {2 Gr3 ]
Since Q' is given by a local operator, we should be able to show

1 1 1
BE[Wh] = —oTr|——
Vs 6rL+Kﬁ+K

Q’c] =0
1
TI'V\I/%]S = TI'V |::[—|—KVC:| =

by dealing with the operator K/ = Q' B more directly.

We find that doing so is a little bit nontrivial.

83 SFT around the TT solution §4 Conclusions and discussions
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Similarity transformation

Since K’ itself is still difficult to deal with, we use the relation

discovered by

1
Q = —ZUQUA
U=e"1Ny,
o = o3t
q - n:1nq—2n
jgh(f) = Zg_m_l%n



Usc, Uyt

Usb, Uy !
Usp™MU, !
Uz |0)

olUy!

@ Uj is of ghost number —2
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Useful relations

;o1 _
Q = —ZUQUl
Ul = Zam(1)|1
1) = 32 (1) 1)
UNI) = 20cc(1)|I)
Iu = 0
(=t = o

Using the similarity transformation and these relations, it should be

possible to calculate various quantities. e e
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)" cohomology

@ Kishimoto-Takahashi

1
Q/ — 71UQU_1

the representative state of the cohomology of )’
UcV (0)]0) : gh#=-1
UdecV (0)]0) : gh# =0

@ In conflict with the homotopy operator A = T—IQb 7

{@. b))} =1

26 /34
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UV (0)]0Y, UdecV (0)]0)

@ These are outside of the Fock space

(Inatomi-Kishimoto-Takahashi)

UcV (0)0)
— 3%(%() (1) Obb (—1) *cdecV (0)]0)

AUV (0)[0) = b (1) UcV (0) |0) = 0

e {Q,b(1)} =1 is not correct with 9bb (1).

@ Having some worldsheet with no operator insertions is crucial

for Q’A = 1.

27 /34



§1 Erler-Schnabl solution §2 Observables 83 SFT around the TT solution 84 Conclusions and discussions

Observables

1 1 1
BV = —gh [1+K’01+K’Qlc] =0
1
TI'V\IJ%}S = TI'V |:1—|—ch:| =0

are derived from e Q' (Lb) ™K = 72K =K QY ce™F = 0.

Let us see if we can show
— ! ]. _ !/ _ 7
e eK Q/ <2b> e ek’ _ e 2eK
v

gt gt
e eKQ/Ce eK - 0

instead.
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e—eK’Q/ (#b) e—eK’ — 6—26[(’

(7 In) + Q@ @MDY * (™ |1)) = 72 |1)
Inserting Q' = —1UQU 1, the left hand side becomes
—% (1) «UQU™ b 1) « (' 11))
_ —iU (K1) # @ (2e(1) 1)) » =" 1)
5 —iU (%@ (2me) )

where

100
~ d
K = —/ —Z,T (2) tan? 7z

—i00 27
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T .jauzZo ;ﬁif}“ ) t£1112 nz

We can use the method of Kiermaier-Sen-Zwiebach to show that
K’ does not move the points on the boundary.

= &
K K KK
G X
€ €
We cannot prove e <K'/ (#b) ek =

o ’
—¢ 25K_

DA
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Regularization

@ The homotopy operator seems to be crucial for U to be a
tachyon vacuum solution.

@ The surface should be defined as a limit of regular surfaces
anyway.

@ We propose a regularization such that the homotopy operator

becomes well-defined.

KK

31/34



Replace K’ by

100
f{(’;:/ KT

o 2T
and take the limit § — 0

K

~

(2)

—sin?mz 44
cos? Tz

AiF>» «E» «
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Homotopy operator

With this prescription,
/ 1 ’ 1 ! !
—eK'" —eK _ —eK —eK
e Q (W2b> e = _ZU (e Q (2mc)e )
]. 2 /!
- li —eKj 2 —eKj
— 4U (51_%6 Q (2mc)e )

™ . Tt !

= U | lim e “%s9cce K5
4 6—0

_ ’

e 2e K

! ! .
One also has e=%' Q’ce=X" = 0 and we can derive

. 1 1 |
C]_Tr{l—FK’Cl—i-K/QC}_O

Trv {1+K/
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§4 Conclusions and discussions

@ We have calculated the observables of the Erler-Schnabl
solution around the TT solution. The results imply that TT

solution corresponds to the tachyon vacuum.

@ We explain how to deal with kinetic operator of the SFT

around the TT solution.

@ We will be able to calculate various quantities from the SFT
around the TT solution. We may be able to see its relation to

the VSFT.
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