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Introduction

String Field Theory (SFT) is one of candidates 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:

S1¥] =~ (5% Qe + (v, ¥« ) )

/2

(T, T+ P) 0 \W\
= (V3(1,2,3)[)1]¥)2[¥)3 \ .
~ [ D@ —0) - XD @)X O (m - o) - X)) M N2

0<o<m/2 /2
x 6(X3)(x — o) — XM (a))(be ghost - - -)) / ;
. .] s -

x T XM (o), ]¥[XP(a), - ]¥[X®) (o),

equation of motion: Qg|¥) + |¥ * ¥) = 0

gauge transformation: ANV =QA+ T xA—AxT
—_—  0AS =0

2006/3/15 KEKIB S/ #FZE 42006



Known classical solutions to the equation of motion in (Witten’s bosonic) SFT

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

« Exact solutions using identity string field: |I) (AxI =1xA=A)
Yo=—-QrI := — jbleft I :derives purely cubic SFT (Horowitz,...)

Vo= -—-QrI + %(E_?’EC(‘?:EEE) _ EEEC(_?:E—?,E))I
-derives VSFT (Kishimoto-Ohmori)

Vo = Qe — 1)I — Cr((0h)2eM)I
. universal solution (Takahashi-Tanimoto)
Yo =—-Vg (F)I — %CL (F2)I :marginal solution (Takahashi-Tanimoto)

m==)> \Ne consider supersymmetric version of this type of 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
S[®]

1
= %«(E_@QBE@)(E_@’HUE@) — /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§:O M INTOMIN T 1)M!N!(((ﬁo‘i')‘1’ (Qp®)2)) .

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

QB = § 2= (c(T™—5(0¢)*—0%¢p+0¢n)+bcdc+ne? G™—ndne??b)(z)

4) 211'1”(2
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Qp,no suchas Qf =0, n3 =0, {Q,mo} =0

are derivations with respect to the star product:

Qp(A* B) = QeAx B+ (—1)4AxQgB, mMo(A *x B) =n9A x B+ (—1)I41A xnyB
The star product is given by 3-string vertex: (A x B| = (V3| A)|B) .

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

(ValA1) + -+ |Ap) = (A1 Ap)) i= (f{V[04,] -+ F37[04,])
= (A1|(- (A2 * Az) -+~ x Ap_1) * Ap) = (A1]|Az % -+ x Ap)
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Some formulae:
(A1 Ap_1®)) = (PA1--- Ap_1)),
(A1---An—1(QB®)) = —((QB®)A1---Apn—1)),
(A1 Ap_1(n®))) = —((NP)A1--+ Ap_1)),
(@u(---)) =n(---)) =0.

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

1 _ 1 1 _
S = — /dzzTr(AzAg) +—2/d2z/ dtTr(A¢[Az, Az]), (Azz = Azzli=1)
2g~- . 2g 0

1 1
—E/dzz/ dt Tr((8,A¢)Az), (A; = e 2(8;e®), i=t,z 2).
g 0

We obtain Berkovits’ super SFT action by an appropriate replacement:

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

/dgz'l‘r(- +«) — ((---) : CFT correlator in the large Hilbert space.
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 Variation of the action: _ _
S = g%((e *5e® no(e=?Qpe?)))

 Equation of motion: —
t 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 QE = 0, {Q’B, mo} =0
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. Inclusion of GSO(-) sector

Super SFT on a non-BPS brane
1

S8 = 55 | dt Tr((10®) (e "2 Qpet®)) ,

Qp=Qp®o3, "No=n9R 03,

~

CI):(I)+®1+‘I)—®G'1&
where b, : GSO(+), ®_ : GSO(—).

() Algebraic property is almost the same as the GSO projected theory

P

Equation of motion: ﬁO(G_(I)QBB(I)) =0.

The same form as that in super SFT on BPS (GSO-projected) brane!
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A class of classical solutions

We find a class of classical solutions to EOM:
$og=—V(F)I  where

- ' dz _ - 1 _
VL(F) = / —F(2)5(z), F(—1/z) = 2°F(2), () = —=cte P¢(2),
JCegy 272 V2
and |I) is the identity string field.
1
In fact, we can compute e_‘I’“QBe@“ = —Vr(F)I + ECL(Fz)I where

' dz i 1 dz
= — Z )= m=) = L = S — E(p =z %) = — =z ZC Z).
VIR = [ GEFEE), vE) = ToedX() 4 anetu() O = [ SRR ()

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

Sp(F)A* B = —(—1)l9ll4l4 « 3, (F)B,
YR(F) = -Xp(F)I, YEp(F)I*A=Xp(F)A,  where

S1/RF) = [ g 301 F (2)0(2)s F(=1/2) = 2207 MF(2)

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

Cleft C right

oo x
I

identified by zz’ = —1in A x B
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» Vacuum energy vanishes at our solution: ®o = —Vg,(F)I.

By replacing F with tF', we have ng(e t®0Qge!®0) = 0.
Therefore, we can evaluate the action as

1 1
S@0) =y [ dt(@mo(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.

e &Py = —ffL(F)I has well-defined oscillator expression
In the sense that each coefficient is convergent.

|®o) = fCleft 2disz(ZJ 180% _ 18_(350'0) T
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 New BRST operator around this solution:
Qs = QB — Vi(F) — Vgr(F) + (CL(Fz) + Cr(F?))

Ez\}'ﬂ?(XL(FHXR( )) (XL(F)+XRg(F))

b,

2
QBE 2'\."{1!

X1/R(F) = [oyn i 355 (2) X (2).

Therefore, noting [Xy, /r(¥),mo] =0, a field redefinition

fI)” _— 2\/_(XL(F)+XR(F))(I) _ 6_2‘\}(?

Xp(F)I —=Xr(F)I

* o’ *62'\/_

reproduces the original action in the sense that

S[Qp; @] = S[Qp; ®o] + S'[Q'z; @] = S[Qp; "]

I
0 (e® = ePoe?’ )
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By introducing the Chan-Paton factor 7,7, this field redefinition becomes

X F; X ,(F;
@;3 = e 2v Ao * @’ * E2V L(FHT
— X1 (F)+X —— _(fi=Ffi)&+--
— e 2\/&—( L( )+ R( ))‘I’;j — e 2‘/;(.& fj)ﬂf'l' CI);j
dz dz
where e " F - — " F, = S
ft /C]cft 2?1_%.F1(z) L’rig],t 2 E(Z), X(Z) = x + .
o | 1
Namely, it induces a momentum shift: zﬁ(ﬁa — f5)-

This effect is just the same as background Wilson lines.
 Our solution can be rewritten as a locally pure gauge form:

e 2o — exp {QB (_%@ QL(F)I) } * eXP {?}'0 (—25350XL(F)I) } ,

QL(F) = |, ZmF(z)tcﬁﬁﬁe 29 X (z),

which becomes nontrivial when the direction of X is compactified.
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Generalization

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

3(z,0) = (z) + m
]

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

00X (2).

such as wu(y)wh(z) ~ ——ﬂ”‘b’
y—z2
1
T (Y)P°(z) ~ ——F"% (=),
a b L 1 ab ab yc
TUWINE) ~ gy @ T I)

WS el el e g g RS
E]t’lb — ﬁ!‘?t’l \ fﬂf‘;‘jﬂl"d _I_ fﬂ‘(ijﬂrh — U .
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Suppose 3 ,4p such as Q9“2 = 0 . Then, matter super Virasoro
operators are given by Sugawara construction:

2
T™(z) = ﬂab=(J“Jb+awﬂwf’)-(z}+—ﬂadﬂbef“‘i=(ﬂ=w%ﬂ=+w‘*=(w"*f TO9©) )1 (2),
G™(z) = 2Qgp : J%%:(2) + nadﬂbpf Pyl (2),

where the central charge is ¢™ = 3dimG — f9¢,f4.Q .

We suppose c¢™ = 15 for super SFT.

In this case, we have similarly confirmed that

"I)O — _ﬁrf(F{I)I&

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

#(2) = pete” W(z); @
satisfies equation of motion: no(e” "°Qpe?) = 0.

It corresponds to a marginal deformation by j@

2006/3/15 KEKIB S/ #FZE 42006
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Analytical tachyonic lump solution

Let us compactify X°direction to S' with the critical radius R = v2a’.
Then, we find an SU(2) supercurrent J%(z,0) = ¥%(2) + 8J%(z) as

9 9
Jl(z,f?) = +/2sin (\/%) (2) ® o2 + 9(—\/§)¢9 coSs (\/%) (2) ® o1,
x? : )
72(.0) — V@cﬂs( 2ar)(z)®02+9\/§1b“}5iﬂ( ,—M,)(z)@ma
33(2,0) = ¥2(2) @ 03+ 0—~——=0X°(2) ® 1.

V2a!

Note: ¢ v2a’ (n :odd) 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° . X% : i o
J' = V2 cos . J? = +2sin , J3 = 8XxX=> R=+Va
(V(t") v v 2¢ ( )

2006/3/15 KEKE #2006 18



-

We can construct a solution to EOM ﬁo(e_‘i’QBe‘I’) =0

(i)l] — _vf(Fﬂ.)Ia

- dz
VE(FE)EL >—Fa(2)5%(2), Fa(-1/z) = 2°Fa(2),
left

7%(z) = —=(cte™? ® o3) ¥(2), a=1,2,3.

\/_

Around this solution, new BRST operator is given by
LA

L

-

= QA + [( VE(FGHECL(FHEL))I]*A (—1)8h(4 H*[(—VE(FG)+ECL(R¢F{;))I]

(@B + {C(FaFa))os — V3(Fs) = VA(F) = VA(F2) = (~D)F (VAR + vj%(Fz}))ﬁ,

where Vi o(F) = / %F(E)UG(ZL

. 1 1
vi(z) = 242)) = —co3J% =z — ne®yP?(z
(z) = [@B,7"(2)] 1./EaJr()Jr\/E’f;v' P%(z),
a=1,2,3.
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d :
n = S 3}(9(z) : momentum along the X° direction.

2?1'?:*\{2@"
(—1)F: GSO(Z) whichis given by

. " dz
F=¢ = (Z : wiw’i 1 (2) — 3¢’(3)) ;
1

V2

Pl =—@'+ol), vh=—"—@*2+ip?l), k=23,4,5.

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

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

X9
and ol(z) = —icte™? sin(

\/7’) (z) ® o1 In the following.
2c
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Technically, we use fermionization and rebosonization method after Sen’s argument
in the context of CFT. Namely,

:tjxﬂ(z} 1 (Eﬂ( )+ 9( ) ® . . 0 o o
€ — ﬁ Z i1 \= T1 . (7,!.’) EX ) — (’l,b 35 .1 )
59(3) + iwg(z) \/_E. 20 f}-')‘](z] ® 71 : (1!)9? 693 7?9) — (';bg& ??9)

where we introduce Pauli matrices 7;, 7; (¢ = 1,2,3) as cocycle factors.

Then, the new BRST operator can be rewritten as

& = (@ +,CFH)os — VAEF) — (~)F V()

.

(97 (F)+dR(F))o17 Op €2 T (SL(F)+OR(F))oim
X B x

for (—1)F+ﬁ — +1
e LB SR ENem s s (G E) (o1

for (—1)F+7 = —1

“

where qb%[R(F) = /

Cleft/right

9% p(2)¢%(2).

2006/3/15 KEKIB S/ #FZE 42006
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This expression implies that our solution induces a string field redefinition:

‘i’” _ eg\;;ﬁb%(F)fﬂ'l'?? N fi-"!:k e Zx/_qu(F)IJITz

VA AAT ALY

+1
(I (F)=o(F . -
Ezﬁ(d)L( ) ¢R( ))Usz(I)! for (_1)F+n _ 1

for (—1)F+o

in the sense that the action can be rewritten as
S[Qp; ®] = S[Qp; o] + S[QK; ®'] = S[Qp; 2"].
1 - Y,
0 ( e®? — P0p? )

Due to [ ol (B) + / —F(z} =0 by construction of the solution: F(—1/z) = 2*F(z)

I it llghl

@9 (F) + ¢%(F) does not include (333 : zero mode of ci)g .

N ' dz
On the other hand, ¢7(F) — ¢%(F) = 2f¢) + --- where [ = —F(2) .

JClege 2700
. B

&° momentum changes by ﬂ:ﬁ in (—~1)F+ﬁ — —1 sector by the field redefinition.
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 Critical value of f

In th fopoomtl
Nn the case O — \/E ’

(m € Z), allstatesin (—1)F+? = —1 sector

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

because (—1)FT78¢2(2)(—1)~F+?) = 184%(2),

. 2ﬂ1+1¢' _— 2m+1¢)
(_]_)F'l'n v'2a! ”( 1)_{F+ﬂ] = —e€ V2a! “

Furthermore, the redefined string field has the following structure:
=9, 19101+ ¥FfR1T 71 +¥° R01®T@71+¥°R01 Q1

where superscript e/o denotes (—1)™ and subscript + denotes (—1)¥ .

And in this expression we should represent the derivations as

o

Qp=0QBR®o3Q®m RT3, 7No=n0Q 03 13 RQ T3.
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This redefined action S[Qg; ®”] has the same structure as
Qp=0QB®o3®1, nNp=mnR0o3R1,
=T Q114+ ¥5R10B+¥°2 Q5 QT+ IR0 Q.

If we regard o; / T; as internal / external CP factor, and take the 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.

, )
! 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!

2006/3/15 KEKIB S/ #FZE 42006
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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
oy fi no(e”*Qpe®) + (no¥)? = 0,
fa = e *(Qp(e®(no¥)e*))e® = 0.
Under the gauge transformation
se? = e®(noA1 — {no?, 1’1%}) + (QBAo)e?,
v = ’f}‘uf’i% + [P, noA1] + QB?L% + {e?Qpe?, ﬂgz_} ,

11l

the equations of motion transform covariantly:
6f1 = [f1,m0A1] —ﬂﬂ[fzaf\%],
ofs = [f1,QBA1 + {e”"Qpe™, A} + [F2,m0A1] — {[F2, Ay], 0¥} -

A p : gauge parameter with pic# P.
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: . d
Let us consider a particular parameter A, = ea / —z_gs?_m}(z)f
. J Cleft

) 21
in the above.

(This is an analogy with counterpart in Witten’s cubic super SFT, which is
invariant under the space-time SUSY transformation.)

Then, we obtain the “space-time SUSY transformation”
see® = —ePS(e)mo¥, Se(no¥) = noS(e)(e”*Qpe®),

The equations of motion transform as

defi = moS(e)f2,

def2 = —{Qm,S(€)}f1+ [f1.S(€)(e~*Qpe®)] + {S(€) f2,m0 ¥},
which preserve EOMs: (f1, f2) = (0,0) = (def1,0ef2) = (0,0).

!

Our GSO(+) solution (2, ¥) = (—=VL(F)I,0) is invariant
under this transformation §. .
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Note: &, 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™ 9 (0) + B(p)edetdge(0))Ip*, q = 0),

dlD B
03) = [ om0 @S 2)e@lpt a = 0).

and we have calculated d¢|® 4), de(m9| ¥y )) at the linearized level.

Using linearized equation of motion:
Qno|®4) =0, Qpno|¥y) =0,

we have obtained a transformation for component fields:

.| 1

2006/3/15 KEKEE w75 <2006 27



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 the “space-time SUSY transformaion” in
Berkovits’ super SFT and found that our solution is invariant
under it.

We have also constructed 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 non-BPS — D-anti-D.
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* Qur solution corresponds to a supersymmetric extension of
“marginal solution” in bosonic SFT.

1 z
U = —VE(F,)I — Zgﬂ'bCL(Fan)I, VI(F) = Jey,, %%f(z)c,ra(»?)

!

1
e~ P0Qpe® = — VP (Fo)I + gﬂ“bC’L(FﬂFb)I,

VE) = Jor smiy5f ()T + nefh9)(2)

« Construction of an exact universal solution to super SFT,
which corresponds to tachyon condensation on non-BPS D9
brane and gives finite potential height?

« Construction of other type of exact solutions? (For example,
supersymmetric extention of Schnabl’s solution?)
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-« Comment on the Schnabl’s solutions

o0

11 a ” 2 -y
pure gauge solution”: &y = — 3~ A" HLayapylrmn, % = —5c1(0) % Blr) + ¢1]0).
n=>0 4
It satisfies EOM:  QRWy + ¥y * ¥y =0 wedge state (27)
or equivalently,
QBBT‘/']!"I"lT‘:D = 0,
n—1
QBOrYr|r=n = Z Or Py * 35¢5‘rzm,s:n—l—m: (n > 1).
m=0

We can explicitly check the following relations:

drtprlr=0 = Qg ((—1/m)BJe1]0)) ,
B(}aﬂbﬂfr:n =0, n2>0,

ar¢r‘r:n arwﬂr_l} T Z Op Py * 331,[’s|r_m s=n—1—m s
n > 1.
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Formally, the “pure gauge solution” can be rewritten as
2 . R
Ty = 5ei0) + (BFA(E)H}}) « {:1|0)
(—1)"=

oo
— Z Z n' 2n+2p+1 .fn-i—p-l-l()‘)"cné—PIO)
n=0p>-—1, p:odd

( 1)n+qﬂp+q

+Z{} > 1Z+ ddn'2”+2(p+r;')+3f”+p+q+2(k)8£ ¢-pC—ql0),
n=vpgq-s—1,p+q:o
where
A=l S ) ey
B 1 — )\e__ n—0
dz AZ
}\ —n! 7 —n—1 :
Fa(A) =mn 0271'3'2 Ae? — 1

fn(A=1) = B, : Bernoulli number.

The potential height changesat \ — 1:

SN =0 (A <1) s AU
Al = Vzﬁ 271'2g2
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In the case of Berkovits’ super SFT on a non-BPS D-brane, let us take the ansatz:
o0

)= > A"T1g,.
n=0 ) )
Then, the equation of motion: 7 (e_@l@Be@ﬁ) — 0 can be rewritten as

10QpPo =0,

n k
(—1)

M0Qp®n + Z (k1 1)!

lo
[ +elpyy g =n—k,

I slgy 1 >0

Z ﬁuad'i’llad‘i’ v ad‘i’lk (QB'i'gk_l_l) =)k

Formally, these are solved using a solution & suchas Bydg =0, G, o =0 :

: D -
&, = Z (k+ 1) >, adg adg ---adg, (QBéy,.,)-

2
I3+l 1=n—F, :

I, lgy 10
( go = 2ﬂ,i(l + w )(arctan w)[Qp, {b(w)] )

Explicit form of the solution? Evaluation of the potential height?

Work in progress ....
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