On open-closed extension of
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1. Introduction

Motivation
@ open string field theory: tachyon OO 0O D-brane 000 0O 0O0O
@ tachyon condensation — closed string vacuum

@ closed string 0 0 O O formulation

(Covariant) open-closed string field theories

@ oriented open-closed SFT [Zwiebach]
(midpoint interaction)

@ unorieneted open-closed SFT [Asakawa-Kugo-Takahashi]
(light-cone type interaction)
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closed SFT O boundary state (B| O source 00 0000000 O00O:

(Ble= 4V (cq — &) | W)

V(o): open string excitations (on-shell)

@ Hashimoto-Hata ('97)
(Gauge inv. — DBl actionO 0 O)

o Asakawa-Kobayashi-Matsuura ('03)

@ Baba-Ishibashi-Murakami ('06~)
(D-brane soliton state)

goooboo

off-shell open string excitation 0 0 0 0 O off-shell boundary state 0 0 00 O
open-closed SFT OO OO O
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Boundary string field theory (BSFT)

@ disk worldsheet 0O 0O boundary OO0 OO0 OOD0OOOOOODODO
open string field theory [Witten(1992)]

T d
@ boundary operator — string field: O = a(’)( )
g 2m

O=clo)(T(X)+ Au(X)0, XH+---)
o off-shell boundary state (B; | = (Ble* 0000000000
(k: open string coupling constant, b, = (bo — bo)/2)
BSFT action: [Teraguchi ('06)]

1
S = (B|e*lb Oles Qpey |0) +

~ 1z —(B| Sym ¥ 9L [Q 5, 0] ¢5 |0)

2K

open string sector 0 BSFT 0 0 0 0O O O open-closed SFT 0 0 0 0O )
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2. Batalin-Vilkovisky formalism and string field theory

guiding principle for SFTs — gauge invariance

string field:

) = 10y
I
fermionic 2-form (dw = 0):
w = —dip! Awpydiy?
Anti-bracket:

OrA oB
{A,B} = aw“”ﬁ (@-(&): 0 (0D)0D)

Classical BV master equation:

%{S, S} +HAS =0

O—EGT{S’S}GK— 37«5' WIJ ar 3[5 }(_1)JK8TWIJGZ7S €K
2 oYk oyl NE ot 2 K oy
ow! 5/20




Free closed SFT

closed string field: (ghost number=2)
O) =S 1wt (b5 |¥) = (Lo — Lo)|¥) = 0)
I
2-form:
we = (d¥|cy |[dT) (g =co—¢o)
Action: 1
Gfree 5(@\05@3\\@, (Qp: BRST operator)
= {Sgree’ Sgree} =0
= 00 |0) = [¥)ov" = QplA)  (|Ac) = —[Tk)e")
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Classical open-closed SFT
Open and closed string fields:

0= OX, |¥)=> o)
i I
fermionic 2-form: w = w, + w,
Anti-bracket:

{A,B} ={A,B}.+{A, B},

T ol agT T aN 0 g
classical open-closed SFT action:

Soc(wa )‘) = Sc(d}) + SD(d}’ )‘)

sphere disk

classical open-closed BV master equation: [Kajiura-Stasheff]

0= {Som Soc}

— {Sca Sc}c + 2{567 SD}C + {SD7 SD}O +M
0 0
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Gauge transformation:

5C,¢I — |:wIJ ar alSc ].( 1)JK87«OJ 315} K

¢ oYK oyt oYK Ot
OcX' = g (awk’ ON > "
Sol =0

) O 01Sp 1 ~kélxuéjfhfﬁ9 k
i (X (=1
o [w" o on ot o o | €

U0000000000b00b00b00000 constraintd 00O

or 08 1 orwl’ o8 O OS
I1J Yr (9D L \JKYr%e °D | K (9D k_
g g + 50 G GOt (G ) =0
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3. Coupling BSFT to closed SFT
string field:
=Slepw', 0= [Fow =3 o
I
fermionic 2-form w = w,. + w,:

we = (d¥|cy |d¥),  w, = (B| Sym[e*"o-9l; 4O, dO]|0)
Ansatz: '
Siree + SBt + SIE%SFT

where
SiDnt <B’€2m[b0 7O |\I’>

1
S[B)SFT _ _?<B|€2m[b0 ,0] CJQBC(; ’0>

+ 2ZT€<B| Sym [eQm[ba’O]; [Q5,0]]cy|0) (BSFT action)
1o
SEe = 2 (Vo Qo)
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OO0 ansatzO O OO0 BV master equation0 000000 OO0OO:

{Sfree + Slnt + S%SFT’ Sgree + Sllgt + S%SFT

— {Siree7 Szree}C (b — 0)

+ {SBSFT SBSFT} (b _ 17” _ 0)

+ 2{S|nt Sfree}c + 2{S|nt BSFT}O (b — 17 n = 1)

+{SB", 5B} (b=1,n=2)

+ {SipesinT (b=2,n=0)
ogoooon

{Siree’ S(f:ree}C — {S%SFT’ S%SFT}O -0
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2{5"“ Sfree}c+2{5|nt BSFT}O
= (Ble*" 0 Oleg |0 )l (= 1) (W ey Q| W)
+ 2ir(B| Sym[e2lbo Ol [0, b )] g W) w wE VF
= —(B|e*"0 Ol by eg Qp|W) + 2ik(B| Sym[e*1o 0L [0y, b5 1] ey @) V!
= —(Be*"0 Cleg Q| W) + 2ik(B| Sym[e? 0Ol [[0, @], by 1] o | W)
= —(Be*"0 Cleg Q by ¢ | W) — 2ik(B| Sym[e? o OL; (b7, O], Qp]] cy | W)
<B|62“”"“’0 Qpey W) — (Ble? o ClQpey | W)

{Smt |nt}o — K <B| Sym[ 2ik[by ,0]. - 0; } |\I/>
x Wi (=1)7 (B Sym[e** 0 L 0;]|w)

= St = £(P|e; |¥x ) 0000000000 000000

2{S|nt Sicnt}c — —/€2<B‘€2m[b6’0166|\1} % \If>
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(B|e2ixlo Oles |0 + )
= (—=1)/T4(B| Sym[e?*l0 O); 0;]|W)w¥ (B| Sym [e?* L0 O); 0;] |w)

000000 star product (3-closed-string vertex) O O O

o factorization property in CFT?
@ joining-splitting type vertex D0 O OO OO
e string length parameter a 00O (3, oy = 0)

(3-closed string interaction for |ay| + |as| = |as])
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(B|e2ixlo Oles |0 + )
= (—=1)/T4(B| Sym[e?*l0 O); 0;]|W)w¥ (B| Sym [e?* L0 O); 0;] |w)

000000 star product (3-closed-string vertex) O O O

o factorization property in CFT?
@ joining-splitting type vertex D0 O OO OO
e string length parameter a 00O (3, oy = 0)

(3-closed string interaction for |ay| + |as| = |as])
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(Ble?*lbo Oles |+ ) 00 O [cf. Baba-Ishibashi-Murakami '07]

[ [
D

TP
J N

Lo
—im(on + ag)
fT L . —— i
ira; I iy
im(o + ag) 2 |

g(hi(wr)) = w1, glha(wy)) = -1 (T = 0)
boundary deformation 00 on-shell O O O
(B| Sym[e* 10Ol O] |W(an)) F5(¥(a2))
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142: o '
(B| Sym[e* 1091 0,1 (ag)) F{ (¥(an))

0 00 factorized form 0 O O : [cf. Gaiotto-Rastelli-Sen-Zwiebach ('02)]

(B; Mg [(ar) * T(az)) = (—1)7T1(B| Sym [e** L 0,]|T(ay))
x w(B| Sym[e*"o-Ol; 0] (az))
(011042 > 0)

o off-shell deformation0 00000000000 vertexO OO O QOO
gogooogooooggno

e JODOODOOODODO offshell deformation0 0000000 OOO

e qap < 00O0ODODO factorization DO OO OOOODOOOOOOODO
god

e JOOMO BV master equation 0 000000 (e >0)0000
gogoon
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4. Gauge transformation
closed string sector: HIKKO closed SFT [Hata-ltoh-Kugo-Kunitomo-Ogawa]

.= 3o Qel) + Tl lvw) (0= [T Swa)

Action:
S =S, + Sint 4 gBSFT

BV master equation:
{S S} _ {S +S|nt + SBSFT S + Sint +S%SFT}
{SCa S }c + {SBSFT SBSFT}O

0 0

+2{S|nt Siree}c+2{slnt BSFT Y
0

+{S|nt |nt}o+2{Slnt Smt}c

0 (ar1az2>0)

+ (terms with b > 1)
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dodooooogood
5/\00 = [QB7A0]
5A.10) = Qp|Ac) + 267|W % A)
0r, 0 = in(~1)7710; wH (B| Sym[e**10 -0} O,]|A,)

constraint: [by,Ay] =0
open string gauge transformation

da, (Ble?"lbo-Ol = 2k B| Sym[e*"lbo-OL; (b [Qp, Ao]]] = 0

= 07, 5. =0, 5AOSBt =0, 5AOSIB)SFT =0

000000 stringlengthOOOOO:

Bl (5= [ GHE@I A = A7)+ I
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closed string gauge transformation (by |A;))

5y Se =0
Sp SB = 3 (n.(B1%O)eg [0) 4+ (B My (30, )
m(B | Sym[e*% Ol 5, O]|w™)
+ §<B‘; Ny QBIAL) + w2 (B3 Aleg [0 % AL)
=~k (BTN x A,)
+%<B—;A|CgQB|A;>+H2<B e % A
0y=SEFT = —(B|Sym[e*"%0 - [Qp,0],6,,0]|0)
5B\ @s1A7)

By (Se+ ST 4 SBSFT) = 0
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Action
S = S _|_Smt +SBSFT
(Se: HIKKO closed SFT, Si5t = ;<B‘162i”[b5 Oley | 1))

Gauge transformation

0r,0 =[@p,Ao]  ([by,No] =0)

5= 1¥) = QBIAL) + 26| W + A7)

8,-0 = ik(—1)710;w¥ (B™| Sym [e**10 CL; 0;]|A7)
(6a.(B75A| = 26*(B7; A * (A | [cf. Hashimoto-Hatal )
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5. Conclusion and discussion

@ open string sector 0 BSFT O OO OO O open-closed SFT O OO O
@ BV master equation 0 O closed string part 0 HIKKO O OO O

@ natural off-shell extension of Hashimoto-Hata (DBI—BSFT)

°

OOO0O0OO00DbOO0O00000 200 constraint:
[by s Ao] = 0 : classical truncation of full master equation
|AY) =0: masterequation0 0000000000000

e D-brane soliton state (~ exp[—Sit + - --]|0))) [Baba etal] O 0 00
|0)): second quantized vacuum; ¥(«)|0)) =0 (a > 0)

e BSFT O D-brane soliton state 0 fluctuationO OO QO OO Q7?7
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