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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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A brief review of super SFT

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

1
- %«(E_@QBE@)(E_@’HQE@) — /0 dt(E_t@atEt‘b){(E_@QBE@)& (E_t@"‘?ﬂet@)}»

1 1 _t® td
:—?/U dt(((no®) (e~ *Qpe!®)))

1 & (—1)M M N
= ~;M§:D M INTMIN T 1)M!N!(((HU‘I')‘1’ (Qp®)2")) .

String field ® : ghost number 0, picture number 0, Grassmann even,
represented by XH, M, b, e, ¢, €,mn (B = e PoE, v = ne?)

QB = § 2= (c(T™—35(0¢)%—0%¢+0En)+bcdc+ne? G™—ndne?b)(z)

4) 211'1”(2
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Qp,nmo suchas Q%=0, n2=0, {Qg,m} =0
are derivation with respect to the star product:

Qu(A+B) = QuA+ B+ (~1)A1A + QsB, Mo(A*B) =1m0A B+ (-1)4A%nB
The star product is given by 3-string vertex: |A * B) = (A|(B|V3)
n-string vertex is defined using CFT correlator in the large Hilbert space:

(ValA1) + -+ |Ap) = (A1--- Ap)) i= (f{V[04,] - F7[04,])
= (A1|(- (A2 * Az) -+~ x Ap_1) * Ap) = (A1]|Az % -+ x Ap)
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 Variation of the action:
58 = B (e~ ®5e® no(e~Qpe®)))

 Equation of motion: —
q no(e~®?Qgpe®) =0

- Gauge transformation:  §e® = QgAg * e® + e® x nyA;

* Re-expansion of the action around a classical solution & :
S[®] = S[®g] + S'[®'] ( e® = eP0e?’)
where  S'[®'] = S[‘I)’“QB_}QJB

New BRST operator Q’B IS a derivation such as
QLA = QA + e~ 20Qpe®0 x A — (—1)I414 x e~ PoQpe®o

which satisfies Q5 = 0, {Qf,m0} =0
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A class of classical solutions

We find a class of classical solutions to EOM:

Py = —VL(F)I where
Vi(F) = [ 92 p(2)i(z), F(—1/z) = 22F(z), o(2) z\/iicse—%(z),

Clegt 2770

and |I') is the identity string field.

1
In fact, we can compute e_¢"QBe¢'{’ = —Vr(F)I + ECL(Fz)I where

VL(F)E/ 92 p(2)0(z), v(z) = —

JClegy 270

c z LTE‘P z %) = E z)%e(z
—=e0X () + —=netu(2) CL(F)_[IH F(2)%c(2)-

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

Sp(F)A* B = —(—1)l7ll4lA x 3, (F)B,
Sr(F)I = —X(F)I, S(F)I«+A=Xp(F)A,  where

— dz _ .2(1—h
S1/RIF) = [ g 301 F () (2), F(=1/2) = 2207MF(z)
and o (2) is a primary field with conformal dimension h.
L1z’ |z

Cleﬂ: Cri ght

Ly x
I X

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

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

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

Therefore we can estimate as

1 1
Si@0] =y [ di(@omo(e=MQpe! ) = 0,
g=Jo

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

9 = —VL(F)I has well-defined oscillator expression
In the sense that each coefficient is convergent.
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Explicitly, the solution can be expanded as

[®0)
3 do

= e (el [c 2cosa) L +epitane +c_1 (1 + (2cosa) ™}
s van S FEN [ aGeos) T F e 1 (14 (2cos o)1)

+ 2 Z (f::_gmﬁ' SN 2mo + €_(2n41) cos(2m + 1)1‘!)]
m=1

X [vfu + 2 Z (5_2; cos 2lo + £_(9;—1)tsin(2l — 1)0’)
I>1

cos 2po 2isin(2p — 1)o | 4
coxp | 3 (P + S T ) [
>1 e
| P=

k k—
(=1)"%(2(k — q))!
x> _#’—WH%) .; 22(k—=a)((k — ¢)")2(2(k — q) — 1)

cos(2qg + 1)o

k k-
(—1)k=9(2(k — q))!
T YP_(2k+3) ;} 22(k=a)((k — q)1)2(2(k — q) — 1)

tsin 2(q + l}cr] \I)

B 1 dz F
E(/C,eﬂ Py (z]ﬂl&ﬂﬁ’_%
Sy A
+ —z.F{z}(.z_l — 2) ((Eufu +c1€—1 + c1€oi-1)¥ 1+ Clﬁuﬂ-’_g) 4. )E—ﬁbnu)
Clogy 271 2 5

The divergent from (cos o) ~! at the midpoint is cancelled by F(—1/z) = 2?F(z) .
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The identity string field |I) can be expressed using oscillators:

Iy = ePxvetEyoen|ph = 0, = 0)  where

—(—1)"
Expe = ;1 (2n} ot a_n, + ;E(_l}nf—nb—n — ;(—l}k{zﬂnb—zk + (e1 —e—1)b_2k_1)

L -1k
Eyppen = Z w;—rﬂ —sp T Z ] Z ( k) J—2k + Z(_l}ﬂ"?—ﬂf—n
1',531}'2 n>1 k>1 n>1
remn) 21 (=3)i(a-2) 1 eveme1id
I = (5 },. [(3 (‘"( z))){( 2 (e )3}}] (r—3:evenis — 3 :odd)
rs = _s@r=1) (=1)% r—3)'(s—3)! . —1.odd:s — L:even) °’
w5 e DiGe-pr T aiodds T aseven)
0 (otherwise)

The above Neumann coefficients are computed from hj(z) = 2z/(1 — z%)
as 1-string LPP vertex: (I|A) = (h;[©4(0)]) in the large Hilbert space.
In particular, Qg|I) =0, mng|I) = 0.
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« New BRST operator around this solution:
Q5 = QB — VL(F) — VR(F) + (CL(Fz) + CRr(F?))

B Ez\}ﬂ?(XL(F)thR( )) (XL(F)+XR(F))

- 3

QBE 2\/;
X1/R(F) = o0 A5F(X ().

Therefore, noting [Xy,/r(F),m0] =0, a field redefinition

‘I’H — e 2\/—(XL(F)+XR(F))(I) _ 8_2\;?

Xp(F)I —=Xr(F)I

x B/ *62\/_

reproduces the original action in the sense that

S[®] = S[®] + S'[®] = S[&"].
IOI ( e? — ¢®P0e?’ )
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By introducing the Chan-Paton factor ¢, 5, this field redefinition becomes

=X (F;)I

Xr(F;:
@; = e 2\/_ *@’ *22\/_ L

_ e_zv/a—(XL(F)+XR( ))@;j _ B_ﬁ(fi_fj)i'l'"'@r

where f@-—/ d—”‘.Fi(z)=—L L), X(2)=d 4.

1
Namely, it induces a momentum shift: szfz — fj)-

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 (_%\/? QL(F)I) } * eXp {T}‘O (—QbSUXL(FJI)} ;

QL(F) = Je,.,, ZmF(z)tcﬁﬁﬁe 20 X (z),

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 f1 no(e”*Qge®) + (m®)* =0,
fa = e *(Qp(e®(no¥)e*))e® = 0.
Under the gauge transformation

be® = e®(noA1 — {m¥,A1}) + (QpAo)e®,
0¥ = moAs +[¥,moA1] + QAL + {e~*Qpe?, A1}

the equations of motion transform covariantly:
ofr = [f1,moA1] — nolf2; f\%] ,

ofs = [f1,QBA1+ {e”"Qpe™, AL} + [f2,m0M1] — {[F2, Ay], 0¥} -
A p : gauge parameter with pic# P.
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Let us consider a particular parameter Ay = ea [¢, , 37 £S5 /()1
! i

(This is an analogy with counterpart in Witten’s cubic super SFT. )

We define a global space-time SUSY transformation:
dee® = —ePS()no¥, be(no¥) = moS(e)(e” *Qpe®),

dz
S(6) = ca § 5 £S5 1/)(2):

The equations of motion transform as

defi = moS(e)fz,

def2 = —{QB,S()}f1+ [f1,8(e)(e”*Qpe®)] + {S(€) f2:mo ¥},
which preserve EOMS: (fy, f2) = (0,0) =  (def1,def2) = (0,0).

4

Our solution (®, ¥) = (—Vz(F)I,0) is invariant under this transformation.
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Note: J. 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

d% )
®4) = / (10 An(P)ete 0 (0) + B(p)edetdge(0))Ip*, a = 0),

dlD

0N = [ G0 a@EST)eO)pt g = 0),

and we have calculated Oc|PA), de(mo|®y)) up to linear terms.

Using linearized equation of motion:

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

. 1
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Generalization

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

3(z,0) = 9(2) + 0 m
[l

It can be generalized to supercurrent associated with G
Jz,0) = 9Y*(2) + 0J%=2) (a=1,---,dimG)

00X (2).

1 1

suchas 4% (y)y°(z) ~ Eiﬂah‘
1
T Y () ~ ——F"(2),
Yy — z
a b ~ 1 ab 1 ab je
Jy)J"(=z) (y—:-r.)E?ﬂ +y—zf J(2),

wher : _ :
e e fﬂf:-. — _fht‘iﬂ fﬂ’:ifr‘fi _I_ fbt"dfﬂfi _l_ fl“ﬂdfbi'i — D,
E]t’lb — ﬁ!‘?t’l \ fﬂtflrd _I_ fﬂ.figli“h — [} .
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Suppose 3 Q4p such as Q9“2 = 0 . Then, matter super Virasoro
operators are given by Sugawara construction:

2
T™(2) = Qup: (T2IP+0¢2%): (2) + gﬂﬂdﬂ,m fae (b 4% @PI¢ — TP ) (2),

4
G™(2) = 20 : TP (2) + S Qaapef 1L ¥ W YC 3 (2)

where the central charge is €™ = 3dimG — £, %10,

We suppose c¢™ = 15 for super SFT.

In this case, we have similarly confirmed that
(I)O — _VE(F{I)I:'

Vf’(Fa) = /Cl f %Fﬂ(z)ﬁ“(z), Fo(—1/2) = zzFa(z) ,

7%(2) = \/_cge %“(,z); )
satisfies equation of motion: 70(e™ " °Qge~?) = 0.

It corresponds to a marginal deformation by @

2005/8/21 QFT2005@YITP
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e Inclusion of GSO(-) sector

Super SFT on a non-BPS brane
R 1 1 R - .
SI8) = —5 5 [ dtTr((iod) (e *Qret®))

QB—QB®Uga Mo = 1o X o3,
b = ‘I’+®1—|—‘I’_®O‘1,

where &4 : GSO(+4), ®_ : GSO(—).
- e s (o—PA Py
Equation of motion: 7jg(e” " Qpe™) =0

By compactifying a direction to S?! with the critical radius v/2a/’
we obtain SU(2) supercurrent.
Therefore, we can similarly construct a class of solutions which have both

GSO(+) and GSO(-) sector.
One of them corresponds to a marginal deformation which represents

a process: non-BPS Dp brane — D(p-1)-anti D(p-1)

Details will be shown in

2005/8/21 QFT2005@YITP
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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
iInvariant 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 the SU(2) supercurrent.

QFT2005@YITP
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e Our solution corresponds to a super extension of “marginal
solution” In bosonic SFT.

1
W = —VH(Fo)I — :lgﬂ’bCL(Fan)I, VE(F) = Jo, 221 f(z)ed?(2)

2mi /3
[l

1
e~ 0Qpe® = —V{(Fa)I + QUCL(FaFy)]I,
VE() = Joy 35T (2) (e + nefs®) (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?

« Can we find an appropriate consistent regularization for

(L[(--)) 7?
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