Comments on Schnabl’'s marginal and
scalar solutions in open string field theory
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Introduction

Witten’s bosonic open string field theory (d=26):
1 /1 1
S[#] = —— (500, Qu) + (2, ¥ 0)
g® \ 2 3

There were various attempts to prove Sen’s conjecture
since around 1999.

Numerically, it has been checked with “level truncation

approximation.” (cf. ... Gaiotto-Ratelli “Experimental string field
theory”(2002) )

Analytically, some solutions have been constructed.

Here, we generalize “Schnabl’s analytical solutions”
(2005, 2007) which include “tachyon vacuum solution” in
Sen’s conjecture and “marginal solutions.”
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Main result

T — |p) «

\_

~

/Suppose ¢ is BRST invariant and nilpotent:

QB@Z 0, qB*qBZ 0. Then,

x ¢ x|s)y, AUCts—D =

1+ ¢ % A(r+s—1)

T
2

r4+s—1
/1

gives a solution.

~

d*r-"Bf 7"

/

Ex.) ¢ =

UlUAJ(0)|0), r=s=23/2

Schnabl / Kiermaier-Okawa-Rastelli-Zwiebach’s

marginal solution is reproduced.

¢ = AQeU{UBlci|0), r=35=3/2, A= o0

April 19, 2007

Q{> Schnabl’s tachyon vacuum solution is reproduced.
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Witten’s bosonic open string field theory
Action: S| = —% (%(ql, QsY) + %(\If, L \I!))

String field: (infinitely many fields are included.)

II‘I'} — ’i’(m)cllﬂ) + AH.(QJ)EI'L_LlCllU) — iB(:{:)cDm} + .

BRST operator:

dz m 3 o
QB = %— cT™" + bcoc + 58 C (nilpotent for c™ =26.)

271

Kinetic term:

{‘I'! QB‘I‘}
_ / d262 (¢(_a’62 —1)¢ — a’A,8%A* + 2V/20' B8, A" + 2B? + .. )
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Interaction term: the Witten star product

[ dz (@@’ 5 0
= /dmldmzdm35($1 — 332)5(332 - m3) A
d(z1)p(x2)P(x3) A % /2
2
1 ~/ /2
(T, ¥ % I) ™ [y

= (V3(1,2,3)|®)1|T)2|T)3

~ S(XW(m — o) — XH(0)s(X D (r — o) — X3 (o))
(

0<o<m/2

x §(XB)(mr — o) — X (5))(be ghost - - -))

% @[X{li{a-),. ..]@[;{(2}[5},. ..]11:[}{(3]((;}’ cee]
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equation of motion: QY + ¥ x¥ =0

gauge transformation: ANV =QpA+ ¥ xA—AxW
—_— 5AS =0

(%) Q% =0, (A,QB)=—(-1)1KQpA,B),
Qp(A x B) = (QpA) = B+ (—1)|414 x (QpB),
(A,B) = (B,A), (A,B%C)=(B,C x A),

(A*B)*C = Ax (B % C) :associative

Note: A *x B 7% B x A ingeneral.
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Schnabl’'s tachyon vacuum solution

« “sliver frame”. 2z = arctanz ( z :UHP)
For a primary field ¢ with dim=h,
.

$(2) = [I) (z) = (cos 7)o (tan 2),

é(2) = Zmn "R e(2) =) dazmh,

- - dz , .
{l‘bn = f —z£“+h_1{ﬁ{£:| = f {ﬂrﬂtﬂ]] E}ﬂ+h—1|::]. + =z }h_lﬂ}[z]
2wt Jo 2w

— Z ';!J-]mf'} zZnT R 1|:'E"U'5 2]‘ Eh[tanz} m—h _ Z J{—I:arctanz}“"'h l{]+3 }h 1 —mm— h
T

21
In particul ft (=", ;
n particular, we often use Lo = Lo+ Z 4k2 — Loy, Ki=L_ =L+ L_4,
k=1
( l)k-|-1 _
By = = bo + Z mbzka By =b_1=bs +b_q,

d 1 L/R 1 1 L/R 1 1.

an ﬁ — ﬁ(] —|" ’C'D’ Kl — —Kl :i: ;E, B — B(} —I" BD’ Bl = —B1 :I: ;B
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=Y Bny)

-n/2 -r/4 /4 n/2

arctanz = 2
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2 EO LO 'r'2—4 4
Jemng U= (_) - (_) e sz 12t 50 It we have a formula for
r

the star product:

Lr:LTrﬁall::il:] e g}nfin]lﬂ' * L']:Lrstu'-l-;l[:'ﬁl} e ﬁm{ﬁm]lﬂ’

=U,, Upse10(&1 + }f_s — 1)) -+ P Fn + ;r;s — 1)) — ‘_—Zir — 1)) - U (T — "_r—;[:-r — 1))|0)

In particular, for the wedge state: |r) = U!|0) = UIU,|0)

) % |s) = |r+ 5 — 1)

| =1) =1 :identity state

|r = 2) = |0) :conformal vacuum

=)
I

oo) :sliver state
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M
C'P‘ﬂ'
C% 2
R L R L
Pn - P2 P Pn P2 Pi
> \ 4 ® g Ly
s 7 s _rw ~ rm
4 Y; 1 4 Ls 4
\ star product in the sliver fram(/
M
A d\ Cris—1)x
2
R LR L
Pm P2 P1 Pn - P2 P
® 4 4 ® e -
(r+s—1)= ~  w(r—1) ~ w(s—1) (r+s—1)x
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Note: the wedge state can be rewritten as

) = e "7 £|0) = e~ ""VEKL|I)

As a surface state, > 1 for the wedge state.

However, if one uses the last expression formally, the wedge state
with “negative angle” r < 1, which satisfies |r) * |s) = |r+s5—1),
might be considered.

In fact, this algebra can be formally obtained using following properties:

AxIT=1% A=A, VA,
K{(AxB)=(KfA)xB, VA,B.

April 19, 2007 seminar@OIQP
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Schnabl’s solution in [hep-th/0511286] is given by (Okawal
L

v, =— Z )"tn+16t"?r)t-|—n|t:ﬂ — AQBﬁD * (1 - }"ﬂﬂ)_lr Ap = chll[}} :

n=>0

P = %ULEUHH —%35{?11/4}5{—#?1/4] - %(E(ﬂ'n/il) + ¢(—mn/4))||0).

S[v]
_ Vae
perturbative vacuum
WU, _
It turned out to be . A=l / U
S[2]/Vag — { e A=1) §
0 (|Al<1 |
—To5 --------7 \

Non-perturbative vacuum

Ellwood and Schnabl [hep-th/0606142] have shown the triviality of
the new BRST operator around W,_; using arelation: Qv,_, A = I.

April 19, 2007 seminar@OIQP



Schnabl / KORZ's marginal solution

For some matter primary operators with weight 1: J“, one can construct a solution:

o0 —'.T E a1 =1 _
Wl = A,cd®(0)]0) + ¥ {T) / dry--- I drgpd (1= 3 7%)
s 2/ Jo Jo
1 .

ke

B (Fraeee y1a) = LT;—EF_ e v® H Mg, Jo [ (— Z T+ z -r::]-)

=1 I=m+1

_-"

ke E
s

1
™
=1 =1 =1

-2
A= ;/1 drBE|r), ¢’ = U]UN\,cT*(0)]0).

Here, we have supposed “non-singularity” of the current:
__~ab 1
Aadog®™ = 0, J(y)T4(z) ~ —— + FI(2) + - --
(y—2)? y—=z

April 19, 2007 seminar@OIQP
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Due to the non-singularity condition for the current, we find nilpotency
with respect to the star product: ¢7 =« ¢’ =0.

cAaJ(€) eApJ°(0) ~ 0

April 19, 2007 seminar@OIQP
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Solution generation

Note:

-

QA =1—|r=2)=1-]0),

és = QeUIUA = QsUJU,BXc4|0),

qg‘]*qg‘]:(].
(;’35*';55:0-

QB@SJ =0,
QB';E’S

0,

~

)

v

/Suppose

) — |7) «

\

A p

¢ is BRST invariant and nilpotent:

Qsd =0, ¢*¢=0. Then,

1 -
- x ¢ * |8), Alrts—1) = E/
1+ ¢ Alrt+s—1) 2 /1

r+s—1

d'r"'Bf |7")

gives a solution.

_/

April 19, 2007
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Q™)

April 19, 2007

|f}*QB(1+€’*A[1_+

) <éxls

—|r) = —
14 ¢px Alrts—1)

|r) =

1 -
|} = *xp*x (I —|r+s—1))=*

1+ ¢ %= Alr+s—1)
1

1+ ¢ = Alr+s—1)

|r) *

—lIr) =

= *
14+ ¢ = Alr+s—1)

I+ ¢+ Alr+s—1) .
(Ul +ox I ST

1 .
- * @ * |s)

¢* (QeA" V) «

- * O *
14 ¢ = Alrts—1)

~ - 1
% < — % |8
14+ Alr+a—1) ¢ g s)

0
xgx|s)=|r) =

¢ * |s)

—plres) g plrs)

14 ¢ Alrts—1)

— *
14+ {lﬁ x A(rt+s—1)

seminar@OIQP
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Generalization of Schnabl’'s marginal solution

From a BRST invariant, nilpotent @7 = UJU;\,cJ*(0)|0) which satisfies

(Boy — B};)Jb" = 0, we can generate a solution

Jr,=) \ I \ - . r (r4s—1) & T ) —
7 = ) @ x |8} + Z[,—l_‘,l"‘|r; * (@7 = Al e x g x|s) = E o7,
k=1 n=1
¢ k ,plg—2 plg—2 [ 5] - far ™ k "
¢|ﬁ41 = (—;J / dry - - l dn"U:+s_1-'~*?' N er—s—1+E;f‘:1fi H Ag, Jo™ { 1[:5 —r — E ™+ E 'I'z:])
=0 Jo J0 = =D =1 I=m4+1
r 1 k

. _ T k o k o1y ) E ) _m . )
c[_][_s —-r+4+ ; -r;_:l]c{zl[s —-r - E r)) + 3 (c{_lt_s —-r+ E m)) + c[z[_s —-r— E r;_]}]:l [0} .

w | —
= =1 k I=1 I=1

w

Actually, we can show the following relations by explicit computation:
B(’r,s) k

Qsg] =0, B¢l =0, ¢, = L) Z &} * D15
=1
1 A 7y
Bms) = 5(1’ +s—3)B+ By + Z(’r —5)B;, L™ ={Qg,B"}.

In particular, this solution satisfy a “generalized Schnabl gauge™:
B(r,s) \I,i("“a-‘f‘) — 0

April 19, 2007 seminar@OIQP



ex.1) Rolling tachyon A J® = )\:eXO:

64 cot3 Z3r=1
lpi(r;r} — | aeX® 2(4r—3) y2,2X° 4 ...

~ 3(4r — 3)3

F(~ 2R for s 1) AR HL(R+DXO ]c1|{]) 4.

ex. 2) light-cone-like deformation A J® = A20X T

4 cot T2r-1)
q}i(r,r) _ )\Eli+ . 2(4r—3) )izﬂfi ﬂf—l_—1 + .. ,:|c1|[]) + .-

! 4r — 3 !

April 19, 2007 seminar@OIQP
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Generalization of Schnabl’s tachyon vacuum solution

« From a BRST invariant, nilpotent qAbS QBUTUlBLc1 |0)
which satisfies (B, — B})$. = 0 , we can generate a solution:

-~

. A
(rs) ky k+1 (r4+s—1)

W = |r)=* — {]t'-.—. 1)%A r) % o * (A *{i} * |8
= I A ;f VN r) = ox ) x Is)
= ol ? r.s ", 8 ‘i r.s 1 T8
= Y AHQRATY x (AP — IF = S QuAl = W

k= 1 + ]. _ H——}L "L 14X
where we have defined
I'?“ 5] Z Aﬂ-l—laf ) [TyE ||t o= — Z A"—-I‘llr _ 1.! -':. * a;[:[p:'t n.':.«.'.ﬁ-_"f”lt—.[] * |IlS _ 1

il

Inthecaseof A =1 (<A =00),we regularize the above solution as

1 = B, 1
(r.s) nan, i (rs , (:8) (rys
vl —mz—{r—l—s 2)" o, Ltnjﬂlt 0= ,}Tx (m Vi—o,N ngb J|t u)

April 19, 2007 seminar@OIQP
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D

Using the identity: gr)ei(s—mKi(p 4 g 2)2 = ei("Ki(p 4 g — 2)230
(Ki=L{+L_{, D=Ly— L’,T . derivations, BPZ odd)

we find a formula \II( ™8 — ei(s—m)Kn (r+s—2)2 \Ij(z’z

> We can show following relations:

Qudib3” im0 = 0, BT | = 0,

(r,s) M— 1

Bﬂf{){m”t 0 — atﬂ)rs”t 0 — ﬁ(’?‘S} Z at“'abtil;::}h D*Bﬂbir;}l m t=0"

B(T,S)\I;g”’s) =0, (generalized Schnabl gauge)

[ smm (A=1)
S ¥]/ Vag = { 0 (JAl<1)

QuunATT* D = 1.

(Sen’s conjecture)

April 19, 2007 seminar@OIQP
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Comments

*Inthe case of 7 = s = 3/2, Schnabl / KORZ’s marginal solutions
and the Schnabl’s tachyon vacuum solution are reproduced.

* In the case of r» = s = 1, the original ¢ is reproduced and
arelation (™ = eit-nK(p 45— 2)%9>? becomes singular.

m—> Direct evaluation of the action at the identity based, BRST
invariant and nilpotent solution ¢. = QsU{U,Bf«0) s difficult.

) (13

(This situation is similar to the Takahashi-Tanimoto’s “universal solution”
which is identity based solution.)

« If we use “wedge state with negative angle,” the above solution is gauge
equivalent to the original identity based solution formally:

Prs) — =1 gﬁ «*V +V~1xQpV,
1

1+ ¢* AC+s—1)’

V=(I+ g5 * A("""'S_l)) x|2—7), VI=|r)=x

April 19, 2007 seminar@OIQP



Future problems

e Other solutions?

How about the solutions which is generated by ¢ = ¢ + ¢ .

* Physical interpretation of the generated solutions?
BRST cohomology around them?

» Marginal solution for singular currents? ( AaAsg®® # 0)

« How to define the space of string field?
What are regular string fields?

» Generalization of our method to Berkovits’ WZW type
superstring field theory?

April 19, 2007 seminar@OIQP
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Generalization to super SFT

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

1
(e~ ®Qpe®) (e Pnoe®) — [D dt(e™ " 9,e'®) {(e 712 Qpe!®), (e Pmoet®)})

-1
- _gl_ﬂfu dt(((no®)(e~"*Qpe'?))
1 = (—1)M

_ g_ﬂﬂ_f,%;:u (M + N +2)(M + N + 1)MIN!

{(mo®)2M (Qp@)a™)) .

String field ® : ghost number 0, picture number 0, Grassmann even,
represented by matter and ghosts b, ¢, ¢, &, (8 = e~ 98¢, v = ne?) :
Qp = § 532 (c(T™—5(8¢)> —8*p-+0€n) +bcde+ne? G —ndne’?b)(2)

2mwi

Mo = %ﬂ(z)

April 19, 2007 seminar@OIQP



Equation of motion:  ng(e~*Qge?) = 0
Expand with respect to a formal parameter A: & = )" A"*la,
n>1

The above EOM can be rewritten as:
H‘UQB@U =0 .

1
1o (QB‘I'I — 5[‘1’1]?@13'1’{]]) =

1 1
1o (QB‘I'E — i{['i'l: Qp@®o] + [P0, Qp®1]) + E[‘f’ne [®o, Qa@n]]) =0,

(—1)%
{-‘=+1}'

o QB@ + Z Z ad"i"gl ad"i";g e ad@{k{QB@Ik_l} =0

Il—-'-—{k_l_l:ﬂ—k,
Iyser dpey 120

The higher terms can be determined by the lowest one formally:

gﬂ B{} { 1}1"‘1—|—1
T P []
,C{} ﬁﬂ E—1 k + 1}! I]+"'+Ek—l-1:n_k"

Iy _Jk_l_lzg

adg, adg, ---adg (@B, )

April 19, 2007 seminar@OIQP
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Notation
adyB =[A,B]=AxB—B=x A

G~ (2) = [Q,¢b(»)]

= —£T(2) + e?G™b(2) + cdED(2) + bdbne??(z) — 8%¢(z)
) d 2(—1 k+1
Gy = f%um?)(mtanw}e 0o + Z ikz)_l G
Note

{0,635} = —Lo, {QB,Gy} =0, {Bo,Gy} =0, [£0,Gy]=

The above formal solution satisfies the gauge condition:

Bo®p =0, Gy ®;,=0

April 19, 2007 seminar@OIQP
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In bosonic SFT, roughly ?g — * Ax

26

(QeA=1—|r=2), Qo =0, ¢ * ¢ =0)

> Weguess: Y% Bo % A x
Lo Lo

Vv

.  [1 1 w\? [1 1 ~ —L
A = _/ du/ va;7L|’u,’U +1) — () f du] dv uvG, Bf’|’u,’u + 1)
2 0 Jo 2 0 0

= £b, é_ = [QB) J__]s

0QpA = I — |r = 2) A=_T 2drBL|r) QpA = —T 2dé_L|)
odB s To 2/, 11T ) B 2/, rey r)-

dy = UJU cte 2,17 (0)]0)

n0Qe®o = 0, &g = QP =0, (Qpdy) = g =0, &y * By = 0, By * Py = 0, (mePy) * By = 0.

T

These equations follow from non-singularity, ¥“(y)%°(z)
which we suppose, of the super current. Jo(y)v®(2)

¥ (y)J (=)
T (y)J"(2)
G™(y)¢*(2)
™ (y)¥*(2)
G™(y)J*(2)
T (y)J*(2)

A =0

April 19, 2007 seminar@OIQP

(y—2)7" 9‘“‘

(y—2)~ f“bilf(z),

(y—2)” IJ’”‘b “(2),

(y—2)"° Q“"-i-(y—z)_lf“bc«fc(z)a

)1 “(2),
)~ -1 Y (2) + (y — z) 1oy (2),
)~
)~

2
(z) + (y — z) oy (z2) ,
J(2) + (y — z)"taJ*(z)

(y—=
(y— =2

(y—=

(y—2)72
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For ®,=13/2) % b, * 13/2)
we have explicitly computed as

16, B
——D—G(ﬂo‘f’o * QpPo + QePo * 1o Py)

P, =
2 Lo Lo

1 - 00 00
= Egﬂ_ / dTle_TlcaBg / dTge_Tzcu(ng(I’g * QB(I)Q + QB(I)U * 3’]0‘1’0)
J0 J0

1. - -
27 Un(@)¥o(—2)

1 1 1
= E/'; du /0 dUUlU+2qu+2
—E(J;_iﬁn(i’:)ﬂ’q(—é) - at':n(:i':)Jf‘t!'fq(—rE))] |0)
1 1 1 1= .- ~
+5 /0 d’u./o dvgulev+2qu+2 |:;g Bwn(:ﬁ)?’bQ(_:ﬁ)
1. ) 3 .
+ 5B(GL ¥ (B)%o(—2) + ¥y (8)G, Po(—2))
1=- ~ - 7 7
— 59 (Biyn(8)¥a(—2)) + ¥n(Z) Bivho(—2))
+ g(é;qﬂn(ﬁ)Blﬁg(—:ﬁ)) — B1ty(2) G, ho(—7))
— BLG (3)do(—7)) — én(é)alél‘&q(—é)))] 0)
n <7 "Z;Q)
13/2) * (ﬂu‘i’g * A * QB@Q -+ QB(i'{) * A % ﬂo‘i’O) * [3/2).

-

_|_

b | =

seminar@OIQP

¢ =6, +6,"

__ _ [ d=z o e L _
J7 :%%(l+z W (z)=Jd; " +J-,
=g — g,

Yo(z) = [@ss ¢o(2)] = Au(eJ® + ne’y?)(2),
Py (z) = [10, wo(z)] = _Aace_(b'd’a(z):

27



For the next order, using the above guess, we have obtained

"I'gz

where

1
——|3/2
16

/!

Y % ({{-quti-n_._ Qa‘i}u}mgﬁ‘iu}mg + {{mo®, Q‘B'i'{:}qﬂ_;i-. Qe®o};

+ {{Qﬂ‘i'u-. ﬂﬂ"i'[]},.i! 'T]u'i’n}qB_i T {{QB‘i'u-. ﬂﬂ‘i'ﬂ-}gﬂg__-. ﬂt}{i"ﬂ}_.i) * |3,/2)

1 ' N P - . o
+i|31"f2} ¥ ({ﬂt}@ﬂ-. {QB 'ED_-. Ili"I:l]’l_;?]g ‘.i}m,.i — {QB "i"ug {TI{J@[]-_. ‘1'(].}@3*_&},]“__1

+ {QB&’D_-. {'ﬂ'ﬂ‘i"c]e ‘i"n:}}m,.i_}qﬁ_i — {ﬁ'u"i*n_-. {QB"i’n_-. 'i’n}ﬂuj}gﬂg) * |3_.-'f'—:'-}_-.

{‘I’l,‘l'g}j = ‘I’l*ﬁ*‘l"z—i-‘pg*j-i*‘];’l,
{1, 05}, 4 = UyxnoA* Ty + Uy xmA x Uy,
n

{¥1,¥2}0,4

U, « QA+ Uy + Uy« QA x U, .

In fact, it satisfies

April 19, 2007

MN0QBP2

%({mcph Qu®o} + {n0®o, Qe®1} + [P0, 70QeP1])
_%({nn@g, [®0, Qe®o]} + [®0, {10P0 QePo}])
%({notbl, Qe®Po} + {N0®0, QuP1})

_112({[%@0, @), QPo} + {n0Po, [P0, QePo]})

1 - - - - - ,.
Z|3/2) * ({{n0®o, QBPo} g, 4> M0Po} + {{QBPo, M0P0},,, 4, @Po}) * |3/2)

1
_E({[nﬂi’ﬂs ‘I'D]s QB‘I’U} + {'-'}'o‘I'o, [‘I'o, QB‘I’Q]}) .
seminar@OIQP
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* Closed form for all order terms?
Recently, Erler / Okawa constructed full order form in arXiv.0704.0930 / 0704.0936 [hep-th]

Here, we have generalized Okawa’s solutions as in the bosonic case
and found four types of solutions.

1 .

@.(T’ss) — 10 1_|_ r) x % |s — A _ *¢
(1) g( ) T 5)) fa 1 — nodg % QuAG+—1 09
.8 ~ 1

20 = log(LtIn) = foyx o)) fe=Sox 1S

— 1o BY¥0
.S 1 N
(I)E33) = —log(1 —|r) * fs) *[s)), fe) = | Ond x mACTD x o,
— 0 0
r.S = 1
() = —log(l— |r) * fuy *15)),  Fra) = Po *

I~ QeAC+D) x moiby’

where A=) = _— dvJ 7 uv + 1)

2.0 0

a\2 VT2 NS .
_(5) [ du/ dvuv G, Bf|luv+1),
J0 J0O

T /«/r+s_—2 Wrts—2
du /

QAT =T —|r+s—1),

R o [rts—1 . o [Tl - L
mo AUt = _Ej drBy|r), QpAUT*™Y = -5 / drG, |r).
1 J1

April 19, 2007 seminar@OIQP
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=) @,[t-sil 1

(
_.p[=

e b e (i) = |r)=*
"ol U ) Ir) 1+ fg = |r+s—1)
1
i) — i —1 i
*(ﬂuQBf[] Nof =|r+s—1)* T+ fm*lrts—1) * Qs f| }) * |s)
_glme) Hlr=) 1
(i} () = i — ; —1 i
Mole Qpe @ ) v} = (ﬁnQBf{] Qs fi) * T ts—1) % fu #|r 45— 1) =nof }j
1
. = |s)
1-— |I‘-|-.&"—1}*_f(,-}
= 0, (i=3,4)

In the case of &3, &Y and r=s=3/2, they reproduce Okawa’s solutions.

As in the bosonic Schnabl type solution, we have found that the above solutions
are obtained by gauge transformation from identity based solution &,
in the following sense if we use “wedge state with negative angle.”
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il 1 3 & 3 x Alr+s—1) \
e = _ = — £|r) «e® = |2 —r) % (1 —ngl|r) = dy+ QpAl x|2—1r)))
1+ Qul|r) = pg®g = Alr+s—1) & |2 — ) |=) | } |7} |
= @By 4 plriedori2—r) | oA, .
7=l ) ilrte—1) . & , &, \ 1
e = (14 Qgl|2— s) *n,4 oy |s))) * |2 — 8) % e™ % |s) % — - =
! 1 — o2 — 5) = Alrts—1) & Dby, = |s))
= ¥l 4 E|2—$':"‘i‘li'*|3:' % E“?ﬂ‘!‘izl ,
il 1 A & : i jlr+a—1)
P — : _ - — = |r) e % |2 —r}x (1 4+ ng(|r) * QePp* A7 % |2 — 1))
1-Qollr) = dormedAtt= a2 —r)) | |
= Pl 4 Elr':"‘i‘mli’—r:- * ,E’I'-""-;s;.
(w5} ., - . P 1
efl = (1 —Qp(|2 — sy * AU g % [5))) 2 [2 — 5) = ¥ 2 |5) =

= ¥l 4 E|2—$}=4i'u'|3:' & E‘?ﬂﬂliq, .

1+ m0(|2 — s) * QeAlr+s—1} & dg = |5})

where gauge parameters are given by

= [—1)* . - . =1 ) N -
Ay = E L k. Ciyy = [QeCm) Ciny = |r) # gy = AT g |2 ), :"J-;:” = — E E_C:r1; = |_'-"|'uq]|]*_', C':'l: = |r) = By = QAT o |2 — ),
E=1 E=1
= l:_]-lk r wile—1 _ ™ Tlrte—1] x " r - 1 r . E—1 — |I= ! §m+=—1) = %
i =~ . T *(QaCim)™ Cm=R—s)+mA"™™ Txdes|s), Ay > T * el Ciy=2—s)+ A" Ve Qubg=|s),
k=1 k=1
= 1 ' k-1 = i(r4=—1) 1 r vae I_]Ik r ' vik—1 r ) = i(r4=—1) )
Ayzy = ¥ £Cm * (@sCix)* ™", Cim = [} # By % apg AL sf2—r), Al,=-% +Cln * (maCly))* % Clyy =) = Qudy s A |2 —v),
E=1 E=1
%:‘ ! ' yhke—1 1 ilrss—1) H \ r - l:_l:'E v oy k—1 \ jlrts—1) . & !
\ N = — £ ECIJI * LQEIC:.::J . Cl.j:. = IE — &) * A * F]'n‘;[. = |5, ;‘LI-LI = E E t:-‘:_H * I:r;;.CH:.I' " t:-‘:_H = IE — S5} * QB-"‘-' * @n = |&) .
k=1 o

* In the case of singular super current?
*Generalization to super SFT on a non-BPS D-brane?

* Physical meaning of these solutions?
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- On pure gauge form and induced string field redefinition

Suppose that the original (trivial) solutions can be written as pure gauge form,

-~

b =¢e ¥ *xQpe? e®o — e@BAo0 4 oMoAL
Then, our solutions can be written as pure gauge form:

11}("“13} — U{T‘,S]—I sk QBU(TES) .

{7 (re) 1

1—|—T*81’B—1* — %
) % (eF = )

|s) .

(rys)
Eq'(e} — (r,8) * Vl'[(""as}, QBU(""'JS} — U, 'T?{}V[ﬂs} — 0.

(i) ) (3) (%)
where
UG = 14 |r)* (7%t — 1) « - = *|s)
1 — QpAr+s=1) x n,d,
Ve = [1—im - 1 * @0 xls) |+ UG,

1 — no(®o * QpAlr+s—1))
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This implies that around them, the action can be re-expanded as:

S[@{T,SJ + 111] - S[@{T,S}] € S[U(r,s} w« U % U(r,s]—l]
o5 T8 (r,8) r,8)—
S[lﬂg(e@(i} k E@)] — S[@h) }] ‘I’ S[ @) x @ x "/{() ) 1]

For light-cone Wilson line solution A A.n*” = 0, similar string field redefinitions
are induced in bosonic and super SFT:

~

¥ = UJU;iM,X"(0)|0)

U« U« UM = 04 ™)« 0 — 0«39 + O(X?),
YD = |r) x x |s) .

Ay = UTU£iX, X"(0)|0), Ao = UJU,c£d¢e™2%iX,X"(0)|0)

I/‘(E”)‘?S) % @ % 'V-(E:’-;',S)—l — &+ qb(f*,s} xPd — P x qb[r,s} + O()\z),
¢ = |r) * moAy x |s), i=1,2,3,4.
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