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Introduction

String Field Theory (SFT) is a candidate for
nonperturbative formulation of string theory.

In bosonic SFT, some phenomena such as tachyon
condensation have been investigated extensively
using level truncation numerically and exact solutions
analytically.

In super SFT, similar works are done although
concrete and detailed analysis Is less developed than
bosonic case.

We have constructed a class of exact classical
solutions to super SFT and studied their properties.
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Witten’s bosonic cubic SFT
Action:

S = 1 1\1‘ )/ llIJlIJ W
__gz<2( , QB >+§( s W ))

String field:

|¥) = ¢(x)c1]|0) + Ay(x)at  c1|0) + iB(x)col0) + - - -

1
XHK(g) =zt + i\/a' /2 Z —alt cos no,
n

n+0

Kinetic term: BRST operator

d d 3
QB = jlg—sz(z) = %2—2 (ch + bede + 582(:)

271 T

(11'9 QB‘II}

— / d*5x (gz;(_a’a? — 1) — a’A,80°A" + 2V 20’ B8, A" + 2B? + ... )
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Interaction term: the Witten * product

[ dz (@@)* 0\
= /dmld:ltgd:{:gti(ml — x2)d(z2 — 3) A
d(x1)p(w2)d(x3) A*B /2
/2
B
(T, T = W) RS

— <V3(1& 2, 3)|II[>1|‘[I’>QI‘P>3

~ ] [T XV -0)—xD(0)s(X(r — o) — X (o))

2005/12/5

0<o<m/2
x (X7 — ) — X(D(a))(be ghost - - -))
x T[XM(0),---1¢[X (), - 12X ) (o), -]
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equation of motion: Qp|¥T) + |¥ % ) = 0

gauge transformation: AW = QA + T+ A — A x ¥
—  dpAS =0
(%) Q% =0, (A,QgB)=—(-1)1(QpA,B),
Qp(A * B) = (QpA) x B + (—1)|41A « (QpB),
(A,B) = (B,A), (A,BxC)=(B,C % A),
(A*B)*C =A% (B*C) :associative

Note: A *x B # B % A ingeneral.
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Known classical solutions to the equation of motion in (Witten’'s bosonic) SFT

« Numerical solutions in the Siegel gauge: bo|¥) = 0 with level truncation method.
(Sen-Zwiebach,...,Gaiotto-Rastelli,....)

« Exact solutions using identity string field: |I> (AxIT =1TxA=A)

Yo=—-Qrl := — ICIE& I :derives purely cubic SFT (Horowitz,...)
Ug=—-QrI + %(e_ifc(ieiﬁ) — e'c(—ie €)1
:derives VSFT (Kishimoto-Ohmori)
P = Qr(eh —1)I — C((8h)%eM)1
. universal solution (Takahashi-Tanimoto)
Wog=—Vr(F)I — %CL(FZ)I :marginal solution (Takahashi-Tanimoto)

=) \We consider super version of this type solution.

» Other (regular) solutions using butterfly, wedge states, or other method
(Okawa, Schnabl, Kluson, Lechtenfeld et al., Michishita, ...)
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A brief review of super SFT

We use Berkovits’ open super SFT.
The action for NS(+) sector is given by

1
= —{(e”*Qpe®)(e"Pnge®) — /U dt(e~ 1 8et®) {(e T2 Qpe!?®), (e 710l ®)}))

1
_ —9—12 jﬂ dt(((no®) (e 12 Qpe!®)))
1 = (—1)M

- _?M;::U (M + N +2)(M + N + 1)M!N!

((no®)@™ (Qp®)2™)).

String field ® : ghost number 0, picture number 0, Grassmann even,
represented by XH, 4, b, e, ¢,§,n (B = E_¢8§s T = ﬂ€¢)

Qs = § 2= (c(T™—3(8¢)%*—0%¢p+0¢€n)+bcdc+ne? G™—ndne??b)(z)

55 Qﬂzn
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QQB,Mo suchas Q% =0, n5 =0, {Qp,m0} =0

are derivations with respect to the star product:

Qs(AxB) =QpAx* B+ (—1)44 % QsB, 1m9(A*B) =n9A* B+ (—1)I41A xnB
The star product is given by 3-string vertex: (A * B| = (V3| A)|B) .

n-string vertex is defined using CFT correlator in the large Hilbert space:

(Vn|A1) -+ |An) = (A1--+ Ap)) = <f1(n)[oA11 -"ngn)[OAn]>
= (Aq|(--(Agx A3) %+ -k Ap_1) *x Ap) = (A1|Ag % -+« x Ap)

M
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Some formulae:

(A1 Ap_1®)) = (PA1---Ap_1)),
(A1:--Apn—1(QB?®)) = —((QP)A1---Apn—_1))
(Ar++-Ap_1(n®))) = —((nP)A1--- Apn—1)),
(Q(-++)» = {n(---)) =0.

(%) In 2 dimension, the WZW action is given by:

1 o 1 1 _
S = 2—92/d2z’1‘r(AzA§) +2—92/dzz£] diTr(A¢[Az, Az]), (Azz= Az z|t=1)

1 1
?fdzz[J dt Tr((95A4) Az), (A; = e=2(8,e®), i=t,z,3).
We obtain Berkovits’ super SFT action by an appropriate replacement:

product — Witten’s % product,
d.,0: — mng,Qp :derivation w.r.t. x product and nilpotent,

/dzzﬁ[i'b «+) — {(---)) : CFT correlator in the large Hilbert space.

2005/12/5

seminar@ibaraki univ.

10



 Variation of the action:
68 = L(e=®5e® no(e~*Qpe®)))

 Equation of motion: —
b no(e=*Qge®) =0

- Gauge transformation:  §e® = QgAg * e® + e® * oA,

* Re-expansion of the action around a classical solution & :
S[®] = S[®g] + S'[®'] ( e® = eP0e®)
where  S’/[®] = S[(I)f]lQB_}QfB

New BRST operator Q"B IS a derivation such as
QLA = QA + e~ ®0Qpe®0 x A — (—1)I41A x e~ PoQpe®o

which satisfies Q5 = 0, {Q%,m0} =0

2005/12/5 seminar@ibaraki univ.
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A class of classical solutions

We find a class of classical solutions to EOM:
Py = —VL(F)I where

-~ ‘ dz - _
Vi) = [ SERER), F(-1/2)= PER), #() = ek bh(2),
Clege 2770 \/_
and |I') is the identity string field.

1
In fact, we can compute e~ ®0Qpe®0 = — Vi (F)I + ECL(FQ)I where

Vi(F) = / 9 pla)o(z), v(z) = —cdX(2) + ——neP(z), Cr(F?) = / Y p(2)2e(2).
Clege 271

2
2'\{' (If \//E _ . C].L"ﬂ, 2?1_'1-

—>  no(e”®Qpe®) =0  dueto  molI) =0
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We have used following properties in calculations:

Sp(F)Ax B = —(—1)l7llAl4 « 3, (F)B,
YRIF)I = -X(F)I, Yp(F)I+«A=Xp(F)A,  where
S1/R(F) = [ e L2 F(2)o(z), F(—1/z) = 220-MF(z)

and o (2) is a primary field with conformal dimension k.

lil

[

Cleﬂ: Ori ght

o %
s X

identified by zz/ = —1in A x B
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Properties of our classical solutions

Vacuum energy vanishes at our solution: &, = —V; (F)I.

By replacing F' with tF', we have ng(e_t@UQBeﬂ’U) = 0.

Therefore we can estimate as

1 1
Si@o] = [ dt(@omo(e " Qpe ) = 0,
g”Jo

> We have used Berkovits-Okawa-Zwiebach'’s expression of the action.
><¢ This derivation is rather direct than counterpart in bosonic SFT.

g = —VL(F)I has well-defined oscillator expression
In the sense that each coefficient is convergent.

2005/12/5 seminar@ibaraki univ.
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Explicitly, the solution can be expanded as
|®o)
7 do

= e F (el [c 2coso) L+ epitane +ce_1(1+ (2coso) !
Ly van ¢ FED [aeos o) oo 1 (14 (2cos0)™)

+ 2 Z (c_gmi sin2mo + ¢_(24p41) cos(2m + l)cr)}
m=1

Eo+2) (g_m cos 2lo + €_(5_yyisin(2l — 1)5)
I>1

cos 2po 2¢sin(2p — 1)o | _d
X exp E ( J—2p + J—(gp—n) e~ %0
Ll‘*l P =1

22““"t”((r‘ﬂ —q))?(2(k —q) — 1)

(=D)*792(k — q))!
e Z ) 220 ((k - ¢)1)%(2(k — q) — 1)

1 dz
= /3 (/C'leﬂ; TF(E)Clﬁmf)_%

dz

o0 k —1Vk—4q(2(k — !
Z[ JTTD S e i  Linl NP
k=0 q=

isin 2(q + l)cr] | T)

+ —F(Z)( — z) ({CDED +c1é-1+ leuj—l)ﬂ’_% + Cl&ﬂﬂ’_g) + - -)e“ﬁ“II}-

Clet 27

The divergent from (cos o) ~1 at the midpoint is cancelled by F(—1/z) = 22F(z).

2005/12/5 seminar@ibaraki univ.
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The identity string field |I) can be expressed using oscillators:

1) = eFxvetByoen|pit — 0,q = 0)  where

—(—1)"
Expe = Z {Zn) o a_nu+ Z (—1)"c_nb_p — Z(—l)k(%ub—zk + (e1 — c—1)b_2r_1)

n>1 n=>2 k=1

Ips m (_l)n . 2 (_l)k' n
Eyppen = Z ?Tﬂ"f’_?-w—s;_a + Z (J—n)" — Z J—2k + Z (—1)"1n—né—n

rs>1/2 no1 2" is1 ¢ n>1
( r(2s—1) s — r_zﬂ r—3)!(s—5)! ]
- :,:.2_32} ( 41) [(%{}_%‘;))I((%(Bﬂ_)%)),]? (7' - % even; s — % : Ddd)
Ing = A« s(2r—1) (-1 t*-:a {r—%)!(s—%)! 1 1 »
— g (= - - - r— 5 :odd;s — 5 : even
= &) aenae- T 0o 3 ¢ even)
L 0 (otherwise)

The above Neumann coefficients are computed from hr(z) = 2z/(1 — 2%)
as 1-string LPP vertex: (IlA) = (h;[04(0)]) in the large Hilbert space.
In particular, Qgl|I) =0, mngo|l)=0.
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New BRST operator around this solution:

Qp = QB — Vi(F)— Vg(F) +

(XL(F)+XR(F))

= 62\/_ QB 5_2\;;

L(CL(F?) + CR(F?)

(XL(F)+XR(F))

’

XL/R(F) = [0y rign SZF(2) X (2).

Therefore, noting [Xp,/r(F);m0] = 0,

(XL(F)+XR(F))

" = e 2\/_ i 6_2\/?

a field redefinition

X (F)I i
L(F) x ® x e2Vo

reproduces the original action in the sense that

0 ( e® = eP0e?’ )

seminar@ibaraki univ.
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F)I

17



By introducing the Chan-Paton factor ¢, 5, this field redefinition becomes

X1, (F;)I

I
@;‘; = e 2\/_ *@"J*E?\/_ Fi)

_ e—zj,;(XL(FiHXR( j))(ﬁ;j _ e—ﬁ(fi—fj):‘i:-l-

!/
@1—3—
dz dz
Where i —F‘ — / —F' . j— ¥ "]
& /';’left 27 ' Cright 277 ' X(z) =2+
- - - 1
Namely, it induces a momentum shift: o Ti)-

This effect is just the same as background Wilson lines.

» Our solution can be rewritten as a locally pure gauge form:

e®0 = exp {QB (—2%/? QL(F)I)} * exp {no (—2JEEUXL(F)I) } ;

QUL(F) = [0y, 37 F(2) i c£0E™% X (2),

which becomes nontrivial when the direction of X is compactified.
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Comment on Ramond sector and supersymmetry

For string fields (®, ¥) in (NS(+),R(+)) sector, (which have
(gh#,pic#)=(0,0),(0,1/2), respectively,) the equations of motion are given

by fi = mo(e=*Qpe®) + (mo®)* =0,
f2 e~ (Qp(e®(no¥)e”"))e® = 0.
Under the gauge transformation

se® = e@(ngﬁ1 — {no?, A%}) + (QBﬁU)E@' .
v = ﬂnﬂ% e [‘I’, T][]Al] + QBﬂ% + {E_QQBE@? ﬁ%}ﬂ

the equations of motion transform covariantly:
dfi = [f1,moA1] — ??D[f*z,ﬁ%] ;

ofs = [f1,QBAL+ {e”"Qpe™, AL} + [f2,m0A1] — {[f2, Ar], 0¥} -
A p : gauge parameter with pic# P.
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: : d
Let us consider a particular parameter A; = eaf —zﬁSf‘_Uzj(z)I
- Cleft

In the above.

271

(This is an analogy with counterpart in Witten’s cubic super SFT which has
space-time SUSY at least formally.)

Then, we define a global space-time SUSY transformation:
dee® = —e®S(e)no¥, de(no¥) = noS(e)(e”*Qpe®),

" dz
S() = ea f 3 STy /().

The equations of motion transform as

def1 = moS(e)f2,

befz = —{QB,S(€)}f1 + [f1,S(e)(e”*Qpe®)] + {S(€) f2,m0 T},
which preserve EOMS: (f;, fa) = (0,0) =  (def1,def2) = (0,0).

U

Our solution (@, ¥) = (—V(F)I,0) is invariant under this transformation.

2005/12/5 seminar@ibaraki univ.
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Note: 4. reproduces usual SUSY transformation in 10d super Yang-Mills theory
at linearized level and on-shell.

Concretely, for massless fields, we expand string fields as

- d0% 3
20 = | GrytolAu(p)ete™ " (0) + B(p)eetoge™>(0) p",q = 0)

dlﬂp _
¥y = (zw)lﬁkﬂ(p)ﬁ*g?_l/g}c(o)|pp'9 q=0),

and we have calculated Oe|®A), 0e(no|¥y)) up to linear terms.

Using linearized equation of motion:

QBno|®4) =0, Qpno|¥y) =0,
we have obtained a transformation for component fields:

N P 4
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Generalization

In the construction of our solutions, we have used U(1) supercurrent:

J(z,0) = ¥(2) + Hﬁa}((z)¢

J

It can be generalized to supercurrent associated with G
JU(z,0) = ¥ (z) + 6J%(2) (a=1,--,dimG)

1 1

such as ﬁ’“(y)wh{z) ~ __ﬂab’
y—z2
1
T )°(z) ~ —— %0 (=),
Yy — =
a b o b toas, 1 ab e
J(y)J"(=z) (y—z)EZH +y—z.f J(z),

wher _ : a
Qb = qbe,  gabged 4 padqeb _ g,

2005/12/5 seminar@ibaraki univ. 22



Suppose 3 (2,p such as Q““Qep = 0y . Then, matter super Virasoro
operators are given by Sugawara construction:

Tll‘l(z

Gll‘l(z

) —_—
) =

Qup: (T2T 409 P : (2) + nm;ﬂbpfd (O pPpCs fpt: @OTC — JPP) )1 (2),

4
ab TP (2) + gﬂadﬂhnf‘i:w“: PPpCii (),

22

where the central charge is ¢™ = 3dimG — £, %40,

We suppose c™ =

15

for super SFT.

In this case, we have similarly confirmed that
(i'[] — _VE(FG)I&

VA(F,) = /le %Fa(z)i}“(z), Fo(—1/2) = 2%F4(2),

v%(z) =

V2

ke Pp(z),

— &P b
satisfies equation of motion: 70(e™ " °Qge~") = 0.

2005/12/5

It corresponds to a marginal deformation by Jj@.

seminar@ibaraki univ.

23



. Inclusion of GSO(-) sector

Super SFT on a non-BPS brane

o~

1 1 R - .
S8 = —— / dt Tr ( (7o) (e ** Qpet®)) ,

QB—QB@U& o =10 K o3,

b = (I)_|_ RI1LI+P_® g1 ,
where &, : GSO(+4), ®_ : GSO(—).

(%) Algebraic property is almost the same.
Equation of motion: ﬁg(e“i’QBe‘i’) =0.

The same form as that in super SFT on BPS (GSO-projected) brane!

. |

We can also construct marginal solutions in the GSO (—) sector
if there exists a supercurrent with GSO (—) components.

2005/12/5 seminar@ibaraki univ.
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A class of GSO(-) solutions

Let us compactify X° direction to St with the critical radius R = v2a/.
Then, we find an SU(2) supercurrent J%(z,8) = ¥%(z) + 8J%(z) as

J(z,0) = *-/Esin( X7 )(z) ®Jg+9(—x/§)1f)9(:ﬂs( X° )(z) ® o1,
V2a/ v2a/

J%(z,0) = V/ECDS( X7 )(z)®@+9\/§¢ﬂsin( X7 )(z)@crl,
V2a/ V2a/

J3(2,0) = ¥2(2) Qo3+ S%BXQ(z) ®1.

V2a/

. x9
. N—F—
Note: ¢ "v24/ (n :0dd) should be treated as “fermion.”
We have assigned cocycle factors (Pauli matrices) to each component
appropriately.
The above is an analogy with the SU(2) current in bosonic string theory:

X2° . X2° . i .
J! = /2 cos , J?* = +/2sin . JO = X% (R=+Va'
(V r:u") f vao! v 2a' ( )
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Actually, we can check the SU(2) supercurrent algebra with
Q% = 25,4, £ = —iegpe and we have
(J2T® + 89Y%) : (2) — —eabc (T : 9%° s 4% : (T — T%%) : (2)

Tg(z) = %
— ( 40,(6)(9)2(2:) t/Jga‘t/Jg(z)) K1,

G(2) = 1% (2) — seabo: ¥ YT (2) = ‘/%«pgax*’(z)@aa.
which satisfies super Virasoro algebra with ¢ = %

Then, we can take the BRST operator QB as
QB — QBUJ
= jé —(ccra(T"‘ — —(«’)‘q‘-’i)2 — 8%¢ + 9¢én) + bedeos + ne®G™ — ndne**bos)

qp!*gdaxﬂ

||Mw

9
1
Whel’e TH] = Z (—EﬁXﬂaX” - _wﬁaﬁr}ﬁ) Gm —
#=0

2005/12/5 seminar@ibaraki univ.
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We can construct a solution to EOM ﬁn(e_@QBe‘i’) =0

®g = —VE(Fo)I,

Vi (Fa) = / R0, Fa(=1/2) = 2F(2)

59(2) = ——(cte™® ® 73) ¥(2), a=1,2,3.

=7
Around this solution, new BRST operator is

5

— QBA + [(_VE(FE) + ECL{FELFE}) I} * A — (_I)EII{A}A* [(_Vf(Fa) + ECL(FGFRD I]

= ((QB + iC(FaFﬂ))ag — V3(Fy) — VM (F) — VE(Fy) — (—1)F M (VE(F) + VE(FE)))A

" dz
where Vi (F) = / —F(2)v"(2),

. 1 1
v4(2) = Y2)] = —=co3J%(z — _ne®y?(z
( ) [QB: 1(2)33 \/E 3J ( )+ \/E?}' ﬁ’ ( ):
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A dz 1 9 .
fi = X7 (z) :momentum along the X® direction.

271 YV 2{1"

(—=1)F : GSO(L) which is given by

We can discuss physics around the solution &, X
by investigating the obtained new BRST operator: Q’B .

In particular, let us consider a solution given by F,(z) = 61 F(2)

Xg
and o1 (2) = —*icEe_‘i’sin(

\/F) (2) ® o1 in the following.
(81

2005/12/5 seminar@ibaraki univ.



Technically, we use fermionization and rebosonization method after Sen’s argument
in the context of CFT. Namely,

+A-X%) 1 .
e V2 = ﬁ(ﬁ‘](z) + IT}H(Z)) ® 71 : (1,b9, Xﬁ) — (¢9’€9’ 1?9)

+—2—¢p? .
9(2) £ i90(z) = Vae va© D grn o @%€%n0%) = (47,17
where we introduce Pauli matrices 7;, 7; (2 = 1,2,3) as cocycle factors.

Then, the new BRST operator can be rewritten as
- 1 2y s
Qs = (@ +C(F))as — VL (F) — (=) V(F)

[ f(fi?%(F)-l-tﬁ{}}z(F))Usz A : f(gb%(F)_l_(ﬁHR(F))Jlﬁ
e 2Va QBEE o

| on (—1)F+7 = 41
—ﬁwi(ﬂ—eﬁgﬂ(m)am On Eﬁ(qﬁ%(F)—fﬁgﬂ(F))ﬂm

e

on (—l)ﬁ—'_ﬁ = —1

\

d
where Gf’%/R(F) = [ ﬁF(z)ég(z).

Cleft /right

2005/12/5 seminar@ibaraki univ.
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This expression implies that our solution induces a string field redefinition:

‘i’H 82\/_¢L( )Iﬂ'lTZ . fi)! . E_ﬁ\/_’(ﬁ%(F)IJITﬂ

_ . \/—(GbL(F)‘F‘fﬁ'R(F))Usz{i), on (_1)1;—‘1_|_ﬁ —
ez—ﬁ(fﬁL(F)—{ﬁ?{(F))Ulﬁ&)f on (—l)ﬁ"‘ﬁ’ _ 1

.

In the sense that the action can be rewritten as
S[QB; ] = S[QB; o] + S[Qp; '] = S[QB; 2”].

I(l) ( e&? — e'i'[’e'i)f )
Due to fm F(z) + [cpigm %F(z) =0 by construction of the solution: F(—1/z) = 2°F(z)
¢7(F) + ¢}(F) does not include qﬁg : zero mode of ¢)9 :
On the other hand, ¢9(F) — ¢%(F) = 2f¢3 + --- where [ = | EF(z) .
Clegy 27

=

r;bg momentum changes by i% in (—1)F+ﬁ- — —1 sector by the field redefinition.

2005/12/5 seminar@ibaraki univ.
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o Critical value of f

2m+1

In the case of [ = Vol (m € Z), allstates in (—1)ﬁ'+ﬁ' = —1 sector

changesto (—1)¥™" = +1 and all states in (—1)* ™™ =+1 remain

because (—1)F+t79¢9(2)(—1)~F+2) = £54%(2),

:2m+1 241 Gt

- 9 " 9
(_I)F-I-ﬁei1HEHJ¢U(_1)—(F+‘&} — _Ei,fzﬂ;q&[]‘

Furthermore, the redefined string field has the following structure:

=T ®101R1+¥iRI®ONMAON+ T RoI®ROT+¥°RoI®BO1

where superscript e/o denotes (—1)" and subscript = denotes (—1)¥".
And in this expression we should represent the derivations as

QR=QBR0o3RT3RQ T3, Mo=1n0® 03X T3 T3.

2005/12/5 seminar@ibaraki univ.
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This redefined action S[Qp; "] has the same structure as
Qp=0QB®o3®1l, no=nR03&1,
=0 ®11+¥fR1Q1+T¥° Qo1 @7+ ¥°®0o1 ® 7.

If we regard o; / 7; as internal / external CP factor, and take T-dual picture
(momentum <— winding), this action represents super SFT on a D-brane-
anti-D-brane system, in which a D-brane and an anti-D-brane are situated at
antipodal points along the circle.

\‘ o
! )
’ critical value of f

non-BPS D-brane D-brane-anti-D-brane

This picture is consistent with Sen’s statement (1998) using boundary CFT!
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Summary and Discussion

We have constructed a class of exact classical solutions to
Berkovits’ super SFT, which have vanishing vacuum energy.

We find that our solution represents background Wilson line
(including Ramond sector).

We have identified “global space-time SUSY transformaion”
In Berkovits’ super SFT and found that our solution is
Invariant under It.

We have also construct a class of solutions by
supercurrents generally, which correspond to marginal
deformations in conformal field theory.

GSO(-) solutions can be similarly constructed at the critical
radius using an SU(2) supercurrent. At the critical value of f

of the solution, it represents a process: non-BPS — D-anti-D.
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e Qur solution corresponds to a super extension of “marginal

solution” In bosonic SFT.
1 |
Wy = —V(Fa)I — 1{_j_‘“i::;br(_;g;(JE«"HJF}E,)L. VE(F) = Joy. %%f(z)cjﬂ(z)

J

1
e~ P0Qpe™ = —V{(Fa)I + Q" Cr(FuFy)1,
VEF) = ey 3mi 5 (2) (eI + ne®y®)(2)
 Can we construct an exact universal solution to super SFT

which corresponds to tachyon condensation on non-BPS D9
brane?

« Can we evaluate potential height if we obtain a universal
solution such as bosonic SFT?

e Can we construct other type of exact solutions? (For example,
super version of Schnabl’'s method?)
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