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Introduction and motivation

String field theory (SFT) is one possible approach to the

construction of nonperturbative formulation of string theory.

2005/6/3

Well-known (?) string field theories at the critical dimension :

Light-cone gauge SFT (Kaku-Kikkawa)

Witten’s open string SFT: bosonic, cubic

HIKKO open SFT: bosonic, quartic

Witten’s open superstring SFT: NSR, cubic

Modified cubic open superstring SFT: NSR, cubic

Berkovits’ open superstring field theory : NS sector, WZW-type

HIKKO closed SFT: bosonic, cubic
Nonpolynomial closed SFT: bosonic, nonpolynomial
Green-Schwarz SFT

Heterotic SFT (Berkovits-Okawa-Zwiebach) : NS sector, WZW-like
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e Witten’s open SFT

S = l\If.QB\l;_I_%II,_III*‘I; D25-brane

3 tachyon vacuum ¥

e Vacuum String Field Theory (VSFT)

S = %‘I’ - QU + %111 - U % ¥ Q= c(m/2):pure ghost BRST operator

In VSFT, D-brane ~ classical solution of Q|¥o) + |¥o) * [¥o) =0
~ Projector with respect to Witten’s % product in the matter sector:
Sliver, Butterfly,... are constructed explicitly. |Z) % |E) = |E)

Essentially, they are the same as noncommutative solitons
because Witten's % can be expressed as the Moyal product.
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On the other hand,

D-brane ~ Boundary state < closed string

Closed SFT description is more natural (!?)

S=1.QP+10-®%d (+--)

HIKKO cubic closed SFT (or Nonpolynomial closed SFT)

In this framework, we will characterize the boundary states by a
universal nonlinear relation :

|B) *|B) ~ |B)
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Star product In closed SFT

* product is defined by 3-string vertex:

| P * Po)3 = 1(P1]2(P2|V (1,2, 3))

HIKKO (Hata-Itoh-Kugo-Kunitomo-Ogawa) type
(X(g) — ®1X(1) — ®2X(2))|V0(1a 2, 3)) =0

and ghost sector (to be compatible with BRST invariance)
with projection: a,

IV(]-! 2! 3)> — 5913025’33|V0(13 2& 3)):

Interaction point
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e EXxplicit representation of the 3-string vertex:
solution to overlapping condition

IV(I? 2, 3» — / 6(1& 2, 3)[1“’(1'; 2, 3)]25”3155’2593

- HCJ(Z 10:_1 2{ ])

—1 - _
XT12_, !1+2 Ew? }Cy)] et (1:2:3)|py oy )1 |p2sca)2|p3,as)s

F(1 Z Z N"S [ aﬂzﬁan —}—V/ﬁa,c \/ﬁas)_lb{fi

rs=1lmmn>1
1
+ ﬂ-](rn) +\f maoyc. m(\/_as _}]

T0

)T 2
i Nr@ +ahep - —"2 p
:-"Zl :r;l " " 4(1:1&2&3

Various relations among Neumann coefficients: [Mandelstam,Green-Schwarz,...]
In particular, Yoneya formulae are essential to computation of B * B.

3 &> 3 oo
Z z N:;:PN;?; = Or.s0m.,n, z Z N:rpr;- — _ﬁ;t* Z Z NLNE . 270

t=1p=1 t=1p=1 t=1p=1 ] Cx20x3
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* product of boundary state

The boundary state for Dp-brane with constant flux:

s @] 1 oo _

n=1 n=1

X C{—ll_cléﬂp” = 0, ml} ® I{]}Hhs
o, = [(1+F)_1(1_F)]” ’ pyv=0,1,---,p, (Neumann)
v

v

@ij — _5;;, i.j=p+1,---,d—1. (Dirichlet)

We define the string field: |®g(zt, a)) = c¢; by |B(z1)) ® |a)

Notel:  |B(xzt)) # |B(yt)) =0, whichfollowsfrom by |B(zL1)) = 0.

Note 2: |®) = ¢y |¢) + CEC[—}FW) + |x) + C{J]r|"}'>

¢ : “physical sector” i.e., 3®-Qp® = 3(I[¢](Lo+ Lo —2)¢) +--- .
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|®g(z+, a)) and |V (1,2,3)) are “Gaussian.” @ is orthogonal.
Using Yoneya formula for Neumann matrices, we have obtained

[@p(zt, 1)) * |Bp(yT, az)) = d(xt — yh)Cef | (2L, a1 + a2))

“idempotency equation”

C = [u(1,2,3)]2[det(1—(N3%)2)] =2 ; u(1,2,3) = e~ 0 Lrm107 ",

C is divergent because N33 is co X co matrix.

mn
Regularization: N33 — ﬁﬁne_[ern)]“% sl =
Using Cremmer-Gervais identity, we can evaluate as é"’“"z e
C =2°T3|ajasaz| (T — +0) at d = 26. e .
0

By level truncation, we numerically observed T
C ~ L3|(a1/a3)(as/as)|, therefore, T ~ |as|/L.
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Ildempotency equation (universal version):

|®(a1)) * |®(a2)) = K2a%cy | (a1 + a3))

where ¢ = 3(co+¢&p), K(~ T™! — oco0): constant and ajas > 0

Ezzcar iIs a “pure ghost” BRST operator which is nilpotent,

partial integrable and derivation with respect to * product.

Boundary state for Dp-brane is a solution to the above equation:

B () = [ d4-P=1gL f(ad) |B (2L, a)) /o

f(x1) is a solution to f(x+)? = f(xt).

1 (zt e

Namely, “commutative soliton” f(-’IfJ') — { 0 (otherwise)

for some subset 3 of R4—P—1,
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Overall factor

Let us reconsider B * B. Note: (Bl

(a)

(b)

2005/6/3

|0)

Boundary ——— O

81 ()
@I )

(c)

Boundar ies _<:8

|0)

— T,/2

regularization
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Conversely, it corresponds to a particular case of degeneration
of a Riemann surface:

Generally, this process is described by factorization:

(©-0) — (O Ai(21) Ai(=2)) g™

1
In the case of B * B, it roughly implies
| B * B)|regularized ~ q_lc(al)c(a2)|B> + (less singular part).
open string tachyon
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More precisely, we should consider modulus in terms of regulator and ghost
structure in computation of the * product:

g \i b) T2 |i
Z (% ) 0) ~1/2 ¢, 1/2

>
|5 RV A
/2 Z_ : 2 Z.4
C, -T2
N L - Mandelstam mapping:
i 5 91 (u — Zo|7) .
| : = log — 2
5 p(u) = (a1 + az)log 91 (u — Za|7) T U
Ty | d= E |
| | Modulus: in
1 l e T = ql/z

T LY
~ 8(a1+as) Sill(ill:al/'(al+ﬂ2}) ( ? U)
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« Evaluation of the coefficient
From idempotency equation, € = ((Bﬂ%barﬂa * (lez%barﬂﬁ) |6}/ (Bz|bg g cq |b) -
In the following, we take ¢ = cc¢ for simplicity.

From figure b), the numerator in matter sector:

(Ln-|-Lu

Fm _ {Bm| ~2 )le} =q 24512 + (higer order in gq),

_ -1
and in ghost sector: zsh _ 4&1;:12(217)2[ d“l_dﬂl / ffﬂz:duz du d__u
C 27t dp Jo,2mt dp | dws|y,—0 dW3 | ga—0
x (B|§Z (Lo+Lo+ g )b(Zﬂiul)c(QriZg)E{—2rri22)b(2ﬂiu2)|B}.

Combining matter and ghost contribution, noting « ~ pT, the numerator is

26—c
F”l.?:gl(lnb q)~ !t~ 32612 ﬂ1ﬂ2(31+ﬂ2)’7'1 q 24 .

The denominator is given by (Bs|bg ¢y e ¢181]0) = T,

Namely, we conclude C ~ 32419 ﬁlaz(a1 4+ Q:Q)Tl_Sngl

for c=26 and this is consistent with the correspondence of regularizations:
71~ T ~ |asz|/L.

2005/6/3 seminar@Univ. of Tsukuba 14



Cardy states and idempotents

On the flat ( R9) background, we have * product
formula for /shibashi states

I'P1 »Ctl * |p2 »052 — CC[} |‘p1 + D5 >)0—’1-|-052

Ip1)) satisfies (L, — L_»)|pT)) = 0, but is not an idempotent.
Its Fourier transform |B(xzL)) which is a Cardy state gives an
idempotent.

Conjecture

Cardy states ~ idempotents in closed SFT

even on nontrivial backgrounds.
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Cardy states |B):
1. (Ln - L_y)|B) = 0.
2. (Blgztothom12)|BY) = 37, N pixi(a),

N?

BB ‘nonnegative integer.

Closed SFT:

1. (Lpn—L_,)|B) =0, (L,—L_,)|B"y=0,
— (Lp— L_y,)|B) % |B’) = 0.

2. idempotency: |B) * |B’) = g g/ C|B).

2005/6/3 seminar@Univ. of Tsukuba
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» Orbifold (M/T")
twisted sector: X (o +27) =gX (o) (g €T)

(g-twisted) * (g’-twisted) ~ (gg’-twisted)

— % product of Ishibashi states should be
9N a1 * 19" Nas ~ 199" ) ag+as

Group ring CII:; D _geT Ageg € clll x, e C

EQ*ef:e /

g a9
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I':nonabelian e; — e; = Z eq (C;: conjugacy class).
g€ecl;

Formula: e; xe; Nkek

cillc;1es ¢ ”‘c,{“’*

N; F— ﬁzﬂ, irreps. @ (C§a} : character)
G
idempotents: pl@) — |1T| Z Cia)ei, Plo) 4 p(B) — 6&31313(5).

1:class

:

W S dVvEiay, 1) =Y 1)

i:class gel;

Cardy states: |a) =

— -1, ..
o;=0(e,9),9 € Ci, x5(q) = Try,(9q"°"21) = a(h,g)x"" (§)

|la) : idempotents in closed SFT (?7)
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e Fusion ring of RCFT

Si1S;155
S11

: o k k
EE*EJ _N‘tj €L th p— Z
[

idempotents: P(®) — §*

la

Z S;n€i P(ﬂ)*P(ﬁ)zﬁa?ﬁp(ﬁ)_

t:primary

!

Cardy states: |a) = Z

:primary

Sarfi
V'51;

|4)

Suppose  [1))aq * [Ny ~ Nif|k>>cr1+a2=
then Cardy states |a) ~ idempotents in closed SFT

2005/6/3 seminar@Univ. of Tsukuba
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TP, TP/Z, compactification

Explicit formulation of closed SFT on TP, TP/Z,
IS known.

3-string vertex is modified:
(_l)pzwz—p1w3|vﬂ(1m 2u, 3u)>&

(=P 8([nd — nd + w1])[Vo(Lus 20 30))

- cocycle factor <« Jacobi identity,

- matter zero mode part.

- untwisted-twisted-twisted : different Neumann coefficients Tgfns,
- Zio projection

We can compute * product of Ishibashi states directly.
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Ishibashi states:

(s =]
— 0 ; @
16O, pyw)hu = e~ Zn=t n®nGij

(O, nl )y = e~ Tre/a et GOl 1)
oTGo = G; p;, w:integers such as p; = —Fijwj.
F=—(G+B-(G-—B)O)1+0)7 1, (nf)* = 0,1 : fixed point.

* products of these states are not diagonal.
— We consider following linear combinations:

Dirichlet type (O = —1)

InT)u = (det(2Gyj))” Z( )P |u(=1,p, 0))u,

Inf)e == |u(=1,n7))e.
Neumann type (O # —1)
_1
mf, Fyu = (det(2G5")) Y (1) ™ (0, — Fuw, w)),
_D FnfnfFynf
|mf'.~F>t = 272 Z (_l}m At |L(6=ﬂ’f)>}ta

nfe{0,1}P

where (mf)! = 1,0, G;' = (G+ B+ F)"'G(G—- B — F)~L.

2005/6/3 seminar@Univ. of Tsukuba



* Neumann coefficients in the twisted sector
1 _frgrs_ ts g l=-frorszis
.2 T T . .
|L0(1Ha2t33t)> — My ez al"+3a “ |P15w1yﬂ§aﬂ§}

Z utt tfn = —2Tg0

ts _ —
Z ﬂrgt ftm 6”’-’ ?m‘i‘sf S Z Uft Etmg — UmH
t,ls t,ls t,ls
Q1NpMg 1
rs _ rl s
TﬂTm"s o T ».-0 qu
QrMg + QgNyp
11 nl P 1 o, cos® (%n“)
Tog — Y Tg/(A+T)" 1Ty = -2 ) - = —o0
r.s=2,3 n=1
We have used the above relations to compute * product.
3
Note: mlogl— i
d+D—2 -
C := pidet™ 2z (1—(N?)? o —ma
D ~ d—2 - ; :
= pidet™2(1— (T%%)%)det™ 2" (1 — (N¥)?), i e
Eﬂal E—ﬂ'a]_

~ |y (.Ii'_gﬂi:;|T_3
¥ 0 I -

follows from Cremmer-Gervais identity for D + d = 26

C' := p?det™ (1 — (T33)2) det™ " (1 — (IN*3)2) cannot be evaluated similarly.
22
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We conclude that

In,zt a)y = %(2#5(0))_‘[} ((det(ZGij))% Ind,zt, a)y £ ct(Zﬂ(‘i(U))%mf, T, n:}t)

are idempotents:

ITlfaml?al>:|: * |ﬂ§,’y‘i"ﬂ:3)i — Jf_f nf‘sd p= 1( 1 yL)CcﬁingﬂyLaﬂrl + ﬂ?}:l:a
1*°%2
|ﬂ{‘! mJ_',-"13-"l>:|: * |n£ayi?a‘3):|: = 0.

c¢ IS given by
D
4

e, = /€ = (e=Par+agh det = (T 1 (a5, a1, @2)))
c’ det(1 — (N33(ay, ag, a3))2) )
which is evaluated by 1-loop amplitude as

ct(276(0))2 = 27 (det(2G))i = /o (e, g) (2m) 2

in/,xt, o)+ : Cardy state for fractional D-brane.
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Zo cut

T2 \i

8»'/, ) Qb -1/2: Gy 1/2
I >

— I
T/2 C, -T2

Ratio of 1-loop amplitude :

(By|gzLotDo)| B,y /(B |g2EotLo)| B,

~ g [[(1—¢5)P | (@2rs0) Pz [[(1—¢)~P S ¢ ™'»
n>1

n=1

S

) (276(0))Py(7)~P Y G p

peZD

-
3

Vo(T)

D
2

meZD

D ~1
i ((2175(0} DdEt’(2G}n(r) D Z qum)

Cr

— 272(2m5(0))Pdet2(2G) = v 7 — 4120 :degenerating limit
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Similarly, we obtain Neumann type idempotents:

1
1deti(2G;!
|mfanmLaﬂ}:|: — 5 - ( ~ )

2 (2m8(0))P

D
|mf, F,xt,a), + 27|*mf, F,zt, o),

Im{a Fyoat,a1)4 * |7n£&FsyJ—32>:l: =07, S(zt —yt)e Cﬁlméraﬂmﬁm + a2) 4+,

|r”1'.1f1 F, :BJ_'.u Q)4 * |ﬂ'1,§? F, ’.UJ'eﬂz}q: = 0.

>¢ Neumann type idempotents are obtained from Dirichlet type by T-dual :

Hglﬂf,t'.\f}i,E = |mf = ﬂf, F, ﬂ>:|:,g(E}'
In fact, we can prove
—F 1

for both vuu and utt 3-string vertices. (F = G + B)

Uy is given by Kugo-Zwiebach's transformation for the untwisted
sector and

Ulon(B)Uy = —E"lan(9(E)), Ufar (g = E~ar(9(E)),

_D Fimd +-mf Fym
uiinfyp =272 5 (—ymmEmimindy g,
mle{0,1}P
for the twisted sector. (Fy);;j := F;j (¢ < j), 0 (otherwise).
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Comment on the Seiberg-Witten limit

KT operator which was introduced to represent noncommutativety
In SFT on constant B-field background :

1 2mtoe 2m+oc ..
V.o, = €XPp —1/ da'/ do’'P;(0)0e(a,0")Pj(a’) | .

L o T e

In fact, noting Vpd,X'(o)V, ' = 8, X*(c) — 09 P;(0),
KT operator induces a map from Dirichlet boundary state to
Neumann one with constant flux at least naively.

More precisely, we find the following identity by explicit computation:
Vo,olP) D =: €PX(70) ¢ | B(F;; = —(671);5)) .

Dirichlet type Ishibashi state Neumann type boundary state

2005/6/3 seminar@Univ. of Tsukuba
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We can directly compute the star product:
Vo.0.1P1) Doy * Vo,0.P2) Do
= (=p)*71%0 P1(1 4 B)P2C0 P2 det =2 (1 — (N3%)?)
%dcrl %daa Eiplx(gtl)(gl)) ::E‘ing(g{z,](a-z)): IB(F = _3—1)

operator product of tachyon vertices on the Neumann type boundary state
In the Seiberg-Witten limit: o ~ €!/2, gij ~ €, € = 0, deformed
Ishibashi states form a closed algebra:
Vﬂ,a‘clpl»D,al*VS,JC|p2»D,a2 ~ aﬁ(}"lﬁ p2)V9,gc|p1‘|‘p2»D,a1+a2 -

sin(Bp16p2) sin((1 + B)p16p2) g— —
Bp16p2 (1+ B)p16p2 aitas’

d -
ﬂ*ﬁ(?lapz) = det‘z(l — (N33)2)
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In terms of coefficients function;

artas(al | [ 05y )Vl BOay * [ 45'90,0) Vo0, | BG s

-4 33 N sin(—BA)sin((1 + B)A) 1 9 .3
[Aet™2 0 = (VD) 20O Jon ()G iy yaz feal®) where A= o507

By taking the Laplace transformation with an ansatz:
falx) = a5‘1f(1:) the idempotency equation is reduced to

sin A

A

l.e., projector eq. with respect to the Strachan product , or one of the generalized
star product: *,, which is commutative and non-associative.

t

feature of the HIKKO closed SFT * product

f(z)——f(z) = f(z)

Roughly, in the Seiberg-Witten limit,
|S) :lump sol. of VSFT «—> Vg o.|B(x)) deformed D(-1)-brane B.S.

Moyal product &——>  Strachan product

(noncommutative associative) (commutative nonassociative)
Witten's open SFT ~ «——>  HIKKO's closed SFT
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Supersymmetric case (NSR)

Constructing 3-stirng vertex as the LPP formulation
Here, we bosonize ¥ # B v due to a technical reason (unbosonize version [HIKKO(1987)]):

pEE = e:l:qbaciea PpEe — e:|:¢5acieﬂ (a=1,---,5) ‘matter fermion
B = e_¢aex, Y = Eé_xa B = ¢’5 — a&z‘?l"_;'E :superghost

For each sectors, LPP vertex is given by

P(y)d(z) ~elog(y —z),  T(z) = 5¢(80)> — 5Q0%¢,
(ViPP A1) | Ag)|Az) = (h1[04,]h2[O 4,]h3[O 4,])
with a particular conformal map. [LeClair-Peskin-Preitschopf (1989)]

2005/6/3 seminar@Univ. of Tsukuba

29



Oscillator representation

LPP| _ 5 —1 ImNmndn
(V3 I — z 6q1+q2—|—q;3+Q,U< Qleg Zm ?1>ﬂ Z’I s=1 m nn n
q1-92-93

Neumann coefficients: N5 = NS _\/_ g

rrs 1 ¢-1s
(Im N o Kﬂ;:?
NT‘S N!T‘S ]
mn’ are the same as those of bosonic SFT one.

K:f; come from the background charge Q : which are computed as

K‘rl “1 m—1 F(—?ncrgjcx1+1 g m—1—k
T k=0 E!T'(—mas/aj—k+1) ’

and are contribution of the pole at the interaction point.

(VIPP| o (ESIE_%‘(ﬁ(ziut)

determined by naive connection condition
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e Boundary states for Dp brane [calan etal.(1987),... Yost(1989)]
(ah + SH,&Y,)|B;n) =0, (¥i —inSH Y, )|B;n) =0,
St = 68 (Neumann); —d84 (Dirichlet),
(en + é—pn)|Bsn) =0, (bn —b_y)|B;n) =0,
(vt + in7—¢)|B;n) = 0, (B¢ +inB_¢)|B;n) =0, (= £1)

(bosonized) solution: |B;n) p = | Bhosonic) @ |B;n)¥ ® | B; "?ﬁ;

0 b _ 1l-a -a 1
1B;m)¥ = Y [ m®* e Znztnd=niza|sa, —s), (= 0 (NS?); —E(RE))
Sl,*“ 555 b=1
nb = 1 (Neumann); —1 (Dirichlet),
1. =
1B;n)o = (in)*PeXnx1ai-ni-n|s s _2), @ |Bp_s)y, ((P,—P —2)-picture)

F.]

Where x sector is

1 - U 1 -
[Bm}x = nﬂe_ anl nX—nX—nIm + 1, _m}x = fjpe anl “X‘“x‘“|m, —m 4+ l)x
do : 1 - inf_ = _—inf
— %2_ E_imee_ anl ﬁ(I—nX—n"‘X—nEln +X—ne” " )|m, _m)x
. riy
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* * -product of the boundary states

As in the case of bosonic SFT, we define |<I>B) — caba‘|B)
and the * -product as

((I)B * (I)Bl ~ <V3LPP|(X(zint)j(fint))b{]_|(I)B)1 b{]_|(I)B>2

We insert the picture changing operator:
X (2) = e?(ipH0X ) + cOeX — e2?(deX)b — 9 (e2?~Xb)

from the analogy of open superstring field theory (Witten version, i.e.,
NSNS sector is in the (-1,-1) picture)

* We use various relations among Neumann coefficients for computation:
N, = for Green-Schwarz/Yoneya formula, and

oo

3 _ —
K" = Z (cos ka'i(ng)(k 163" 8 g — N )
k=1
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* maltter sector

(VPP |B(2 1 );m)1| By );m2)2
15 —~
= 6""P(xy —y1)(2m8(0))° Gy, det ™2 (1 — (NF)*)Cr2(B(yL); n2l

C,,is +1 for NSNS*NSNS~NSNS, and
n2(—1)O=P)/2 for NSNS*RR~RR, RR*NSNS~RR, RR¥RR~NSNS

) Although the determinant factors do not cancel because of bosonized

version, the boundary states are idempotent as in the case of bosonic

closed SFT. o
><There is another factor such as y*9X " 90X, if the picture changing

operator is inserted.

e ghost sector
bc sector is the same as bosonic closed SFT:

(V&P bt | BYy b | B)2 = p? det(1 — (N33)2)(B|c,

> There is another factor if the picture changing operator is inserted.
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superghost sector

(VBLPP|E¢[3iut)e¢[fiut)|B; n1>P1 |B; T}.2>P2
3 -
= 278(0)8p,,—nop ddet ™1 (1 — (N33)2)C¢,x

{3] dz dz o
(—Py—Py—3){B it ; 12 o 2mi C, 2mi
3 d ,i0(Lo—Lo)
where  p(B mt,n|99 ~ p{(B;n)|
[{]‘5271-0{3]

3 3
Cox = ( —B)(1+B)e 4{!3 —Xn>1 —gn -3 >m,n>1 Niin €0 m“f 1t) cos ”"'fnt}

=) We should determine the cocycle factor for the 3-string vertex correctly

2005/6/3

in order to impose GSO projection including the matter part, which should
be consistent with gauge invariance of the SFT action.
In addition, appropriate regularization is necessary to evaluate the
overall factor becasuse it does not cancel trivially.

>k There are other terms by the picture changing operator.
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Supersymmetric case (GS)

Green-Schwarz formalism
light-cone qunatization (i,a = 1,2,:-- ,8)

: : _ 1 . .
X'(o) = —l— L) om0 p(ape™? + ape™ "),
17T ~ :
a —a a 31’10‘ A a_—itno
9% o) =€ ZnS +ed) Sle .
e connection condition for 3-string interaction :

883903 (6)) — @19 (V) — @392 (5(2)))

The same form as X sector (bosonic closed SFT, HIKKO type)

» The 3-string vertex is constructed by respecting space-time SUSY algebra.
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3-String vertex [Green-Schwarz-Brink(1983)]

[V3) = Xiffji*fj(yﬂva}a

Z Z QIES(NTC)H z{;}, Xz _ PI Z Z (1123 &1_[’.;]‘

r=1n>1 r=1n>1

1 T 1
. (Y) = Y — 1] yray b ik gk yaybyeyd
vij(Y) =9 123 YabY Yt B(Ctlzﬁ)ﬂ[aﬂcd] Y ")

_ M i abedefghycydyeyfyoyh 18 5ij abedefghyaybycydyey fyoyh
6! 3 Tab 8! 4 ’
.(alzg) '(a123)
3
Y= A a3 Y Y Ni(e/ASY) 4 emim/450)),

r=1ln>1

|v3) is the naive overlap part whose bosonic part is the same as bosonic SFT.
Fermionic part is

lvg) = f dBACABALABALEB (AS + A2 + A%)el|n9)
Bg = 8", X155 + 81, X12,50)
i

n EaleS{r} NT NSS(S} ANP(E—i?T/-iS(_?l + Eiﬂ/‘lgg?l)

m-o1mT n
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e Boundary state

1 i =J - Gb
IB; n:l:> —_ eMt.? Z‘?Lc;l Hag—ﬂa—n_iniMab E:::l Sa—‘ns—ﬂlBU>

where n . ==£1, | BO) IS the zero mode part:

|Bo) = |Bo)bosonic ® (Mz_?l@”.?) - in:l:M{']rf)l‘i)lb))

constant matrix M which preserves 1/2 SUSY:

(), Tk . . . lﬂ kl
M;; = (E%E )ij, (=K = kol — sl6%), My, = (EE kY ) M.; =

(E%ﬂm’r“)
ab ? ab

ab

Dp brane is characterized by Q.

Fermion zero mode dependence:

tanh (%ﬂmm) (Nt = +1)

1 ixa@, AP
(Bo|A) = —(TrM;; + ntTrM;) ea”™ Dot © =
| 4( 3] ab coth (%Qk_g‘ru) (nt = —1)
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* Non-linear relation among boundary states

We can compute “the star product” of boundary states with | Bo)bosonic = |Pi, a) directly:

(B(=plLy—01) (B(=p'Ly—a2)|V3) = (46) Vi EMe 2P| B(pl +p! 5.0 +2))

The same relation as bosonic SFT holds except for the prefactor.
The prefactor depends on M (or Q) :

. 5|1 . 1 , 1
ERl — 2 [Eﬂ[&gék,p + (P* + ajas(BC2)mak | ) (PP + ajaz(BC2)na" )| My, ,

. 0 (Map = Mpqa)

AE=1 e gt i §h MT)a(BOE)m(071) sy (BCE)n(Sh — int MELY (M, # Myy)
4 (Srm — 1N+ Sm )( Jm( )ab( In(Sn — int :f:-,) (Mgp # Mpg)

ﬁfl(}(!ﬁh

Vit = %dEta,b(l — (1 — e)neM)[Tr(M;;) + frﬂ:'I‘t‘(M&g}}]ﬂfj] A vjg(A)e” 133
Example of V;: g
D(-1) / D7 brane Vit = £€° 3(‘:1'1'51’-2)_4 Ol
anti- D(-1) / anti-D7 brane Vi = :l:—f(!'l']_ﬂz) Okl

X The orders of € (— 0) in the prefactor are different.
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e Some comments

e regularization : € := 1+ o123 Z Z (ﬁrrc‘i‘f;l)m[(l + ﬁ)_llﬁnﬁfi

r.s=1,2mmn>1

which vanishes if one use the Green-Schwarz’s formula naively.
(By level truncation, it behaves as L~ 1/L or 1/log(L) (?) )

* In computing the fermionic non zero mode, we have used

3 oo 3 oo 3 o

1t wls _ gr.s L Tt __ rt wrt T T
> Y XPL X[ =08"0mm, Yy Y Ni{Nf=0, > > XIt,Nf=-NJ.
=1 k=1 t=1 k=1 t=1 k=1

In particular, the determinant factor which comes from fermionic nonzero mode
Is formally evaluated as

detd [ (8" 0mun — XIL XE) = det*(1 — (N33)2)(4e)~*

r,s=1

* nonzero mode dependence in the prefactor is along only one “direction” :
(3)

23 smno; o

{BC%)H —_

T (XD n
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Summary and discussion

Cardy states satisfy idempotency equation in closed SFT
(explicitly checked on RP, TP, TP/Z, ).

Variation around idempotents gives open string spectrum on
the D-brane.

We have directly checked B * B = (...)B for NSR and
BGS type 3-string vertex although the prefactor is complicated
and does not seem to be universal.

Idempotency equation ~ Cardy condition
more detailed and general correspondence?
(Proof of necessary and sufficient conditions)
Closed version of VSFT? (Veneziano amplitude,...)
Precise construction of 3-string vertex (SFT) in NSR formalism
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e 3-string vertex in Nonpolynomial closed SFT

3 2
<— closed string version of Witten’s * product

A We can also prove idempotency straightforwardly

1 1 1 1 — 1
|@p(zT)) * |®p(yT)) = 8(xz~ — y—)Cwey by |2 (zT))
Computation is simplified by closed sting version of MSFT.

* n-string vertices (n=4) in nonpolynomial closedSFT?

1805 1) 1B = QI Ga1(KkIVE) =7, --- .

Consistent regularization is indispensable.
Direct computation seems to be difficult.
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o Berkovits’ pure spinor formalism?

Boundary states for D-branes are proposed recently.

We should construct 3-string vertex to investigate their idempotency.
String field is functional of X, 8%, 0%, A\X, )\ (AYHX = .Sry”i = 0).
Naively, 3-string vertex using LPP prescription will be defined as

(V3|A1)|A2)|Az) ~ (Y Y R[04, ]ha[O 4,]h3[0 4,]).

11
“picture changing operator” Y'' = [] C1a60%(21)d(CraA*(21))
I=1

It seems to be complicated to perform explicit computation....
We should extensively use Fierz transformation to compute zero modes in addition to Neumann coefficients.
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