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0. Introduction



String Field Theory :

non-perturbative string theory

Tachyon condensation : Sen’s conjecture

Potential

Tachyon Field

Energy of a D-brane Tachyon vacuum [Schnabl ‘05]



+N

Tachyon vacuum solution

Multiple-brane solution
: Today’s talk

Also non perturbative



1. Bosonic Multiple-brane Solution



Action and EOM

action S = —Tr|

EOM

1
2

QU+ ¥ xV¥ =0

WU string field : gh#=1,

expansion in terms of string states
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Action and EOM

action S = —Tr|

EOM

1
2
QU + U+ U = 0

X Witten’s star product :  ©1 * 2 — ©3
Mid pt. int.
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string field



Action and EOM

[Witten "86]
1 1
action S = —Tr[illl*QlI!JrglI!*\I!*\If]
EOM QU+ ¥ xV¥ =0
() BRSoperator: Qu; — oy ©; : string field

nilpotent Q° =0,
derivative Q(<,01 * 902) — (Q901) * o (—)6((’01)901 x (Q%Oz)



Action and EOM

[Witten '86]

1 1
action S = —Tr[illl*QlI!JrglI!*\I!*\If]

EOM QU +¥ W =0
It BPZinner product: Tr[po * 1] = (I 0 po(0)$1(0))unp
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3 Non vanishing Tr > gh# =3



Action and EOM

ti S = —Ir|=
daCtion I'[2

EOM

Gauge trans.
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VvV =U"1Q+TV)U

U :

[Witten '86]
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gauge parameter



Sliver frame

[Rastelli-Zwiebach ‘01]

w : UHP 2
Conformal trans.
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z = fs(w) = - arctan w



Sliver frame

[Rastelli-Zwiebach ‘01]

star product

\ \ 2~ z+3
TI‘[QO() * Q1 * 902] — < >sliver
. L ® ®
o : test string field foods tofsod 20 £ 0 tiz—2+1

automatically

placing “sliver” side by side - mid pt. int.



String fields K,B,c

[Okawa ‘06]
K
’/'HO
) 0 dz T(2)
Tr[SOO x K] — <fS O @0 (0) / Q—MT(Z»Sliver ?
LY

o : test string field A
T : energy momentum tensor

tK




String fields K,B,c

[Okawa ‘06]
B
0
‘//_ <>
) —100 dz> - ?)(Z)
Teoo B = (feo 4ol0) [ 5 5bdaner
LY

o : test string field b: be gh.



String fields K,B,c

[Okawa ‘06]

C

—

1
TI'[(,OO * C] — <fS O @O(O)é(§)>sliver

©o : test string field ¢: bc gh.



KBc alg.

[Okawa ‘06]

K,B]=0 {B,c}=1 BxB=cxc=0
QB =K QK =0 Qc=cxK=xc

(EOM: QU+ U xW¥ =0)

P closed under Q and *

useful to construct analytic solutions



Pure-gauge-form solution

[Okawa “06]
gauge trans. : U =U"1(Q+ ¥)U
4
U =U"1x QU is solution

U=Bxc+cxBx*g(K) (o gh#(U)=0)

(U_lzB*c+c*B*g(K)_1)

¢ U: “singular” gauge trans. > non-trivial solution



Tachyon vacuum solution [Schnabl ’05
Erler-Schnabl ‘09]

W, = U7 QU C

——@Q(B)+)—r

Tachyon vacuum

Change in # of D-brane



Energy of the tachyon vacuum solution

[Erler-Schnabl ‘09]

2 2
T T 1 1
—Tr| W, OV, | = —T 0
3 TV QW] = e cder—]
1 @]
Schwinger parametrization: ﬁzf dre *e*™
o 0

superposition of



Energy of the tachyon vacuum solution

[Erler-Schnabl ‘09]
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Energy of the tachyon vacuum solution

[Erler-Schnabl ‘09]
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—Tr([U,,QU,,| = —T
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Energy of the tachyon vacuum solution

[Erler-Schnabl ‘09]
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Energy of the tachyon vacuum solution

[Erler-Schnabl ‘09]

2 2 1 1

—Tr([U,,QU,,| = —T

. r[ Wiy QWyy] 2 r[cl_ch'?cl_K]
\ \




Energy of the tachyon vacuum solution

[Erler-Schnabl ‘09]

2 w2 1 1
T U, QU] = =T — 1
. r[ Wiy QWyy] . r[cl _KC(961 —K]

>normalized by the energy of D25-brane
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. [Murata-Schnabl "11
Double-brane Solution Hata-Kojita ‘12]

\IJD — UlQUl_l — —CB1 KCK D
— ¢,

(T = Uy "QUY) Uy )

No Schwinger parametrization

1
K-



K¢ Regularization
[ Hata-Kojita “12]

1 1 >
K > K€ — L dZe_EzeZK

K2 1
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The soluti Uple = —cB
e solution >  [VUp)] ¢ 1_K€CK6




EOM in the strong sense

[ Hata-Kojita ‘12]

EOMS(¥) = Tr[¥(QU + ¥2)]

% Uy
lim EOMS([¥p].) = 0 LU @
e—0
lim EOMS([¥].) # 0 Lo
e—0 U,
U = UZQU; ? r
o \I}tv



2. Half-brane Solution



Modified cubic super SFT [Preitschopf-Thorn-Yost

Arefeva-Medvedev-Zubarev ‘90]

. 1 1
action S=—-Try_, [§\I!Q\IJ -+ 5\113]
EOM QY + ¥° =0

\J string field: NS sector, gh#=1, pic#=0,

- (GSO(+) GSO(—))
GSO(_) GSO(+) [Aref'eva-Belov-Giryavets ‘02]

string field : ¢ ® o,
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Modified cubic super SFT [Preitschopf-Thorn-Yost

Arefeva-Medvedev-Zubarev ‘90]

. 1 1
action S=—-Try_, [§\IJQKIJ -+ 5\113]
EOM QY + ¥° =0

TI‘ Y_5

1 .

Try_,lpopr] = (5 Txlon 1) - (Y ()Y (=0)] 0 2o(0)21(0))unp

I

Y Inverse Picture Changing Operator



KBcGY alg.

[Erler "11]
G
0
‘/_ <>
A —100 d> . é’(z)
Troo <) = (oo @00) | 5 2GE)ane 1§
g . test string field o v

~

GG : super current

R o0 dz - T(z) : energy momentum tensor
Tr[gpo * K] — <fS O 900(0)/ %T(Z»sliver ?

LY



KBcGy alg.

[Erler "11]
0
. 1
TI'[(,OO * fY] - <fS © ¢0(0)7(§)>sliver
@o : test string field _.’Z
v By gh.

C I

Fal Fa 1
II[S‘OO * C] - (fs © @O(O)C(§)>sliver
¢ be gh.



KBcGY alg.

[Erler "11]

Same as KBc alg.
& [K,B] =0, {B,c} =0,{B,B} ={c,c} =0,

| QK=0, QB =K,
1
(GG} =2K, [G,B] =0, [G,d] =27, {G,7} = 5

{%B}:{%C}:O: |
QG =0, Qc=cKc+~*, Qv =ciy+ 5’}/86

==



KBcGY alg.

[Erler "11]

K,B] =0, {B,c¢} =0,{B,B} ={¢,c} =0,
QK =0, QB =K, :
[ {G,6}=2K, [6.B]=0, [G.d =2y, {G7}=30c |
{%B}:{%C}:O: |
QG =0, Qc = cKc+~?, Q'y:ca’y—l—ify(?c

super conformal trans.



Half-brane Solution

[Erler "11]

Uy = U;lQU%

_ —(Q(CB)+CBGC)1_1 ~
-G
U, =B B
L c—+c —a
Uy, = Uy 'QUy
1
= —~(Q(cB) +¢) 7
—K
U1:Bc+cB1_K



Half-brane Solution

[Erler "11]

The energy of ¥y energy (Vv)

—Try [UpQ¥y] = —1+ =

X normalized by the energy of D9-brane

— half the energy of the D9-brane



2
U:* and Us
energy ® : Solution U_lQU
A
— U% :Bc+cBl__G
—_—> [ :Bc+cBl__K
— 0:Bc+cBG_1
1+G
0 U Perturbative vacuum

-1
[
|
[

s Tachyon vacuum

L A ¥

gauge equivalent

2and U;'QU; = ¥y, are gauge equivalent.



3. “Multiple Half-brane” Solution



“Multiple Half-brane” Solution

U, =U:QU, "

= — (—cBKc+ By* + cBK

(Wu = U;IQU%)

D

1 )1
c_
1—-G "G
Be + ¢B -G




(GG Regularization

GGEG®01—\/—E®03

KBcG7 alg. involving G -

1
{GeaGe} = 2K, [GeaB] =0, [GE,C] — 2’77 {Geaq/} — 580
For the solution

L0
1-G.7G.

Uy — (U], = —(—cBK.c+ By* + cBK.



EOM in the strong sense

EOMS(¥) = Try_, [¥(QV + ¥?)]

lim EOMS([¥-].) = 0

e—0

X in the modified cubic super SFT gg% EOMS([\DD]G) 7£ 0

<> cubic bosonic SFT



Energy

energy ( \Ijtv )

2 3
Ty [W2]QIWe]] = —1+ 5

Xnormalized by the energy of D9-brane

—> (3/2) X the energy of the D9-brane



energy

gauge equiv.

@ :Solution

U-lQu

-G
U. =B B———
— > Uy=Be+tc 1-G
—K
= B B
c+c K
G-—-1
U=B B
c+c e

Perturbative vacuum

Tachyon vacuum



4, Summary



Summary

We present a new example of a solution using KBcGy alg.
We introduce a Ge regularization.

The solution satisfy the EOM in the strong sense.

The energy of the solution is 3/2 times the energy of the D9-brane.

Future works

There is the generalization of this solution

to the Berkovits” WZW-like string field theory.

The Berkovits’ SFT is more reliable to discuss physical meanings
of this solution.

Thank youl!
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