Comments on marginal and scalar
solutions in open string field theory

|Isao Kishimoto

>
o L*
RIKZN NISHINA

References: I.K., Y.Michishita, “Comments on Solutions for Nonsingular Currents in Open String Field Theories,”
arXiv:0706.0409 [hep-th]

LK., “BRDEDERIEITARITEICOVTORAEDER,” RHFimifZ114-6, F-13 (2007-3).

Collaboration with Y. Michishita, T. Takahashi, S. Zeze

June 14, 2007 seminar@tagen



Introduction

« Witten’s bosonic open string field theory (d=26):
1 /1 1
S[¥] = —— (—(\IJ,QBlIJ) + —(P, ¥ % lIJ)).
g® \ 2 3

* There were various attempts to prove Sen’s conjecture
since around 1999 using the above.

 Numerically, it has been checked with “level truncation
approximation.”

« 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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In Berkovits’ WZW-type superstring field theory (d=10)
the action in the NS sector is given by

o[ d __ifl By tD
Ns[®] = 2 /s dt{((no®)(e”""Qpe ")) .

 There were some attempts to solve the equation of motion.

 Numerically, tachyon condensation was examined using level
truncation.

« Analytically, some solutions have been constructed.

* Recently [April (2007)], Erler / Okawa constructed some
solutions, which are generalization of Schnabl / Kiermaier-
Okawa-Rastelli-Zwiebach’s marginal solution in bosonic SFT.

We consider generalization of their solutions and examined
gauge transformations.
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Main claim

/Suppose that 1) is BRST invariant and nilpotent: \

Y

CJB"’B = 0, @E * 'QE = 0. Then,

1 .
v(@h) = P % - * 1 x Pg
1+ 9 x Aleth)

gives a solution to the EOM: Q¥ (*?) 4 w(@h) 4 w(xh) —
where QpPo =0, Py%P3=Poyp, Pa—o=1,

QA =T1-P,.

In the case of |r = @ + 1) = P, :wedge state, we have A" = T /‘T daBlP,.

2 Jo

= U/U,AJ(0)|0), : Schnabl/Kiermaier-Okawa-Rastelli-Zwiebach’s

a=p8=1/2 marginal solution for nonsingular current is reproduced.
b= 3 U, BL o
Q‘ A%EUII{;BE cl0: . Schnabl's tachyon vacuum solution is reproduced./
Y = = ' = o
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Fs)

Suppose that ¢ satisfies following conditions:

n0Qed =0, ¢%xd=0, d*xndp=0, dp*Qud=0.

1 "

'I,{ﬂ-.ﬂ} = | 1 Pﬂ P , = - = = i )
- 1

.1)[:”1.3} - 1(} 1 _|_ Pa * % P — * = -

2) g( fay* Ps)s  fay=¢ 1 — noAle+h) % Qpo’

1 -

®!5% = —log(1 — Py * f(3) * Ps), = ; iatn) * P

o, h !
o” = —log(l — Pa+ fay* Ps)y  fay =+

1 — QpAl+h) % 9y !
{cx,8) {(ex,3)

give solutions to the EOM:  no(e *® Qge™® ) =0, (i=1,2,3,4)

where MoPo =0, QpPo =0, PyoxPg=PFP,5, Pa=po=1,
noQsAM =1 —P,.

. - ¥ 2 _
In the case of P,: wedge state, we find 4™ = [ dao log (E) GJ;—L + Q%G;LB;‘) P..
J0 "}‘

b = CUUrce ™ ?9%(0)|0), (a2 =0, a=p=1/2

. Erler / Okawa’s marginal solutions for nonsingular supercurrents are reproduced.
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Witten’s bosonic open string field theory

. 1 /1 1
Action: S| = —— (—(xI',QBtIJ) + — (WU, W *x ll!))
g? \ 2 3
String field: (infinitely many fields are included.)

|®) = ¢(x)cy1]0) + Ap(x)at c1]0) + iB(x)cl0) + - - -

BRST operator:

dz m 3, o
QB = fg— cT™ + bcdce + 53 ¢ (nilpotent for c™ =26.)

271

Kinetic term:
(‘I’a QB‘I’)
— / N (qb(—a'az —1)¢ — o’ A,8°AF 4 2V 20’ B8, A" 4 2B? + .. )
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Interaction term: the Witten star product

[ dz (@(@)? 0 \

0
= /dmldmgdﬂlgﬁ(:ﬂl — :t‘:z)ﬁ(:llg — 133) A
d(x1)p(x2)P(x3) AxB /2 _
/2
1 /2 0
B

= (V3(1,2,3)|9)1|¥)2|¥)3
~ [ I 6B =) - xP(@)s(XP (7 — o) — xF) (o)
0<o<m/2
x §(XC)(xr — o) — XV (a))(be ghost - - - ))
x ¥[XD(a), - 1¥[XP(0),---1¥[XO) (o), -]
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equation of motion: QY +¥ xW¥ =0

gauge transformation: ONY = QA+ P xA—AxT
— 07AS =0

(%) Q% =0, (A,QsB)=—(-1)1(QpA,B),
QB(A * B) = (QA) * B+ (-1)4lA + (QBB),
(A,B) = (-1)4lIBI(B, A), (A,BxC)=(AxB,C),
(AxB)*C = A % (B % C) :associative
Note: A x B #% B x A ingeneral.
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Preliminary

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

- dz\"
$(3) = (5) () = (cos 2)~2p(tan 2),

B =L dE T 6E) =T b

Gn = ?g 4 otr) = 1 f:i(ﬂrﬂtanz)““*—‘(l +27)"9(2)

2?1'1

= Z jlg zrth=1(cos 2) 72" (tan 2) "™~ Z qujlé —(amt'm z)"Th=1(1 4 2%)h-1g—m—h
27w

TIL=TL TIL=T

In particular, we often use — 7 - 2(=DF 7
P ! Lo=Lo= Lo+ Z mszu Kiy=L_,=1L;+ L_,,
9 1 k41 _
By _bu—bu—f-z ikz)—l 2y By =b_; = by + b_4,
d -~ T LJ;R ]. ]. -~ ) LKR ]_ 1 oy
an L=Ly+L,, K, = 5K1:|: —L, B=B¢1+B§,, Bj = EB1i—E-
aw vy
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ce U

-7 /2 - /4 /4 /2

arctan z = 2
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r r

_ 2\ Lo 2 Lo i g it
Using U, = (_) — (—) e 2 2tga Lat we have a formula for

the star product:

U:Urdgl(il} e ﬂan{i‘n”'—]} * U:Uﬂxal(gl} e ﬂam(g‘m}lu}

-~ riy ~
- 1T+S—IUT+H—1¢1(£:1 + 1(3 — 1))+ Pu(Zn

In particular, for the wedge state:

[r) *|8) = |r+s—1)

|T’—1>— --D—I

r =2) = P,—; = |0)

r = o00) = Py

- ‘.TI'

(8 = D)as — L (r = 1) Yo (G — (7 — 1

4

r=a+1) = U;+1Uu+1|0> = P,

D Pa*Pﬁ:Pcz—l-ﬁ

. identity state

: conformal vacuum

. sliver state

June 14, 2007 seminar@tagen
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C:r
A 2
T 1] : ST
1 Yi 4
N
(r+s—1)w ~ m(r—1)
— 4 Yi — —

rm

4

\ star product in the sliver fram(i/

M

~ w(s—1
&; + Tl
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4

13



Note: the wedge state can be rewritten as
r=a+1) =e 7 £|0) = P, = e K7 |])

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

P, (a>0) (commutative monoid)
However, if one uses the last expression formally, the wedge state
with “negative angle” = < 1, which satisfies |r) *|s) = |r + s — 1),
might be considered.

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

AxTIT =TxA=A, VA,
K (A*B)=(K[A)*B, VA,B.

T
= |r=a+1) =P, =exp (—QEK{:’I) :
P, (a &€ R) (Abeliangroup) ??

June 14, 2007 seminar@tagen
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Wedge state

. . 2
[7) isdefinedby  f, (z) = h_l(h(z)%) = tan (— arctan z) ,
r

sichas — (7|@) = (fr[d(0)))unp, V(2)
expressed as Lo
=0, U= (2)

s
|w=mmn m=(ﬂ |
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For the identity state

For the sliver state

P M L
0O R

Lo Lo .
Noting U, — (E) _ (E) E—%;Lﬁ*;ﬁ}é;#“.

(s T

we have  (oco| = lim (0|U, = (0|Uarctan = (O]
T— 00

June 14, 2007

r T 2
lim —f,(z) = lim — tan (— arctan z
r—oo r—oco 2 r
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e Associated with the wedge states, we have

T Y
A = 5/.;, da BEP, suchas QgAY =1 - P,

Y

{QB:' Bf} — Kf

With BRST invariant and nilpotent ) : QBQ,E = 0, 1,[; £3 1,5 = 0,

we have solution to the equation of motion

1
P = P« . 1) % Pg

(—1)*P, * (zﬁ % z«ﬁl(‘{””rﬁ))k3 x P * Ps .

I
M]3
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1
. PlaB) — P, _ P
Qs *QB(1+¢*A(“+‘5])* A

1

= —P, - * I + 1 x AP & - *
1+ ¢ % Aleth) QoI +¢ ) 14 1) x AletB)
1 . 1 “
= (a+8)
P“*1+¢*A{a+ﬁ}*w*(QBA )*l—l—'t,@*A{“‘l‘ﬁ?*w*Pﬂ
1 - 1 -
= P, * . * % (I — P, * . * U * P,
14 1) % Alets) v +6) 1+ ¢ x Alets) ¥ B
1 1
= P, x* - @ = % Pg
1+ % Alats) 1 4+ Alet+h) 4 ¢
0
P, ! Y * Pg x P, . P x P,
— Iy ¥ * ¥ K * *
1+ 1 % AletB) P 1+ 9 % Ale+8) £
— P (B) o \pleB)
In general,
QB‘I’(Q"B)(’!P) + wimﬁ}(,’b) x P (@:P) ()
1
= P, * (QY + Y x ) *

sk
1+ ¢ x AletB)

June 14, 2007 seminar@tagen
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Note 1.

P

¥ itself is a solution and A% is also a solution.
y (B) solution can naturally include 1-parameter.

Note 2.

We can regard % — P77 (¢) = P,

— x P x P,
1+ 9 % Alath) % x Pp

as a map from general solution to solution.
QY +9vY*xyp =0

Composition of maps forms a commutative monoid:
TR (B () = WA (), (0, B, 0,8 2 0)

(00 (4h) = 4p.

June 14, 2007 seminar@tagen
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« Example of BRST invariant and nilpotent )

P = AsPs + AW »
Ps = QBAo, Ao = UIU1Bf’01|O> ;

Ym = UlU1¢J(0)]0) .
where J(z) = (,J*(z) is “nonsingular” matter primary with dimension 1:

Cacbga,b — 0 ;
ab

1
THINE) ~ T T (R) e

In particular, As = 0 ==> marginal solution

Am =0 ==> tachyon solution
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Due to the nonsingular condition for the current, we find nilpotency
with respect to the star product: %m * ¥m =0,

< 4

———— el ——

cCaJ”(€) r:C;,.fh([]) ~ 0

June 14, 2007 seminar@tagen
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Marginal solution
From a BRST invariant, nilpotent b, = UJU;¢J(0)|0)  which satisfies
(By — Bg)i:m = 0, we can generate a solution

W) = N (1) AP, % (P % ACTD)E why ke Py = Al
k=0

n=1

=T
'ul}]n.l = U;T..*_ﬁ.*.lUﬁ.{-ﬁ.{-lﬂJ(I{}rj - ﬂ:]}lf}:l‘ 3

[

- T 3 . e m
Ympt1 = (_E) ./u dry-e /n dr Un+ﬁ+l+Ef=. fr\r_}l"“'“"'i‘l*:ﬂr 1 Tt H J (E{ﬁ T :E: "

m=0

E:

1. m k T k 1 o T k S T
X[—;chz{d—u-kgn}lctziﬁ—a—:;rﬂ}l+E(L[z{ﬁ—u-kEn}]+L(E{J—H—Zn}})]lﬂ}~

=1

fb
(B ZAE/M

0
0

~
~
L

A
v

Trlf-rr + 3+ Z )

b
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_ BB k
They satisfy ~ Qp¥ma =0, By, =0,  Pup = — D Yt * 41,
E{u,ﬁ}l =
(e, 3) 1 =, ﬂ.
where B¥ = -2(a+ﬁ—1]B+Hu+-4-(ﬂ—ﬁ}Bu
1 .
P = [(Qp,BP} = 2[:1 +B =1L+ Lo+ :(a — B)K; .

In particular, this solution satisfies a “generalized Schnabl gauge”: B@A)g(«pB) = 0,

k
At each order, they satisfy the equation of motion: QBYm,k+1 + Z Y, * Ymg-1+1 = 0.
=1

Note 1:
In the case of «a =B =1/2 the above formula reproduces the marginal solution
by Schnabl / Kiermaier-Okawa-Rastelli-Zwiebach.

Note 2.
As examples of nonsingular current, we can take

0

J =:eX": rolling tachyon

0 64 cot® :{{j::ill; 2 ax0 k2 _ 2 k41 (k+1)X°
WO = | Ame™ = e e e (v @7 for a > ALTEETIAT (e [0) -

4 cot m(2ax+41)

J =19X* light-like deformation g = |5 ot — 20atl) 32 o+ gt ...

el ]0) 4«
da+1 M 110)
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Tachyon solution

 From a BRST invariant, nilpotent %, = QgU, U, Br¢,|0)
which satisfies (B, — B})¥s = 0, we can generate a solution:

o o
‘I’{ﬂ”ﬁ) — Z(_l)k)‘::-{_lP“ * ‘lz;s * (A(cr+ﬁ} * 'lj;s)k s Pﬁ — Z )‘g"!’sa“ .
E=0 n=1

Each term is computed as

i - n—1 (D) =) )
PYsn = Pox(QpAo)* Pg* (Py*Ag* Pg—1I) = — Z (n—1—1)! Oy =0,
=0 ) )
?ﬁ’r{: 7= Ul{n+m+a+n+ﬁ+1Uﬂ{n+ﬁ]+t+n+ﬁ+1 l
—;Bﬁiqiﬁ —a+t+n(a+ ﬁ)))‘(%(ﬁ —a—t—n(a+f3)))
1
+§{E{g{ B—a+t+n(a+ 3))) {ﬁ—a—t-na+ﬁ}} HW}
o0
- o, 3 1+1 X, (3
Then, we can re-sum the above as gplaB) — Z Y + ﬂﬂ,bt }|t 0.
=0
: : : As
Here, expansion parameter is redefined as Ag = 1
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The solution can be rewritten as W(*A) = 1 (F-) K1 (o 4 g)%lp(lz’?:lf?)1

where K, =L, +L_,, D= L,— L} are BPZ odd and derivations w.r.t. %,

and W(1/2:1/2) is the Schnabl’s solution for tachyon condensation at

)\521 A )\H:DG

. . . ) 1 .
By reqularizing it as ‘I’(“”ﬁ}hS:l —  Tim ( ;: LII{.?V Z 3ﬁb H}|r c:-) ,

N—reo {1-]_’8 =0

the new BRST operator around the solution Qp satisfies
QrBA[cx+ﬁ} — QBA(n+ﬁ} + 'I'Eﬂ'ml.ﬁ.szl x AletB) 1 AlatB) 4 ‘I’{mﬁ”ls:l = T,

whic implies vanishing cohomology and

1
(e, 8) — _
S[w Ias=1]/Vee = i = T5s.

This resultis (a, 3)-independent.
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S[¥]
Vae

perturbative vacuum

Zt+1)(a+8)

Non-perturbative vacuum

Note

We can evaluate the action as S Vo =0 (|As] < 1).

In fact, the solution can be rewritten as pure gauge form by taking the infinite summation formally
1

g leh) — AP, % Ag * P3) * - .
QB( St a 0 ﬁ) l—lspﬂ*ﬁu*Pﬁ
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Berkovits’ WZW-type super SFT

The action for NS sector is given by

1
2l *Qpe®) (e Pnoe®) — /1 dt(e t®9;e!®) {(e7t?Qpe!?), (e tPnpe!®)}))
0

U
Z
Z,

HH

‘ -
N"

1
/0 dt({((no®) (e **Qpe®))
> (—1)M

(o) BM (Qp®) BN .
—~ (M +N+2)(M+N+1)MINU B

Sl = Rl =

M,

String field @ : ghost number 0, picture number 0, Grassmann even,
expressed by matter and ghosts b, ¢, ¢, &,n (B = e~ P3¢, v = ne?) :

B=¢ %(C(T"‘—%(qu)z—ngb—l—ﬂﬁn)—[-bcac—}—ne‘i’(}'m—n3n62¢’b)(z)
o = 27”7?(’3)
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QB,7No suchas QZB = 0, 7}-3 =0, {Qp,no} =0

are derivations with respect to the star product:

Qe(AxB) =QeA* B+ (—1)YA%xQB, n¢(A* B) =n0A* B4 (—1)4Axn,B

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

(ValA1) -+ |An) = (A1 An) == (£;7[O4,] - fa[O4,])
= (A1|(- (A% Ag) *x---%x Ap_1)*x Ap) = (A1|Ag*--- % Ap)
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Some formulas:
(A1 Ap_1®)) = (PA1--- Ap_1)),
(A1-+-Ap—1(QB®)) = —((QB®)A1 - Ap—1)),
(A1 Ap_1(n0®))) = —((Mo®)A1--+ Ap_1)),
(Q@u(--+)) = (no(---)) =0.

 Variation of the action: §g..« — L ((e—P5e® e~ 20ne?
Ns = 3 no(e” " Qpe”)))
« Equation of motion: no(e~2Qge®) =0

e Gauge transformation: se? = QBA1 * e? +e® % MoA2

or equivalently

e =5, xe® +e®x =y, QpE; =0, 19=2 = 0.

June 14, 2007 seminar@tagen
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Using the wedge states |r = a« + 1) = P, as in bosonic SFT, we have

QpPo =0, noPou=0, PuxPg=PFP,,3, Py—o=1.

Corresponding to the wedge states, we have constructed A
A(T} Y (8 riy —L ‘?T2 S SR
A — A do log ; EJl R &IGl By | Pq,

such as

A7) — _f/
MoA 2 /,

QA =1 - Py .

Y "
daBIP,, QA0 = —g /

Y -~
i daG7 P,

Here, J ~(z2)=¢b(2), G~ =[Qs,J ~(2)]

are primary field with dimension 2.

= Jl__L. @IL are defined in the same way as Bf‘.
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Note:
Gt (2) = jp(z) = c(T™ + T? + T")(2) + bede(z) + ne?G™(z) — ndne®?b(z) + 8%¢(z) + d(ctn)(z)
Gt (z)=n(z). G (2)=b(z),
G~ (z) = [Q,£b(2)] = —£€T(2) + e?G™b(2) + cdED(z) + bdbne®?(z) — 8%¢(2) ,
JTH(z) =en(z),  J(2) =ig(2) = —be(z) —&n(z), J () = &b(2).

Generators of N=4 twisted superconformal algebra.

In bosonic SFT, roughly ?(‘1’1 % lIr2) — Wy % AW v,
0
/
Qg e
In super SFT, roughly gU Bo — (P * By) — Py * A) 4 b,
L',U Ly
e
“(moQp) ™"
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With ¢ suchas: MoQed =0, ¢xd =0, Pp*nd =0, ¢*Qpd =0,

? = log(1+ Pax fa)* Ps),  fay= T3 *IQB,iuwm * O,
q:,g},ﬁ} = log(1 + Py * fr2) * Pg), fi2) = @ * — WDA{:W —
®i? = —log(l — Po* fis)* Ps),  f) = L Qud i o Ae o,
B(57 = —log(l—Paxfuy xPs),  fuy=dx — QBJ&:M} —
are solutions to the EOM: nu(ﬁ_@ﬁm@ae@w) =0, (¢=1,2,3,4)

We can check them by straightforward computation using derivation property.

. [a,ﬁ) {“n’a} . ({x,ﬁ) [{xvﬁ} H
Note: Pey  and iy @Y and @ are gauge equivalent :
(e, 3) (o, 3) (oxyi3) o,
Eq’(?} = U;_Eg’ﬁ} * E@Fﬂ o Ei"x” = E‘I’E‘”ﬂ] * 1{1{?’-‘3} ’

QeUS?Y =0, v =o0.

June 14, 2007 seminar@tagen
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Example of b using nonsingular matter supercurrent:
J(2,0) = v%(z) + 6J%(2)

¢ = CUU cte ?9(0)[0), (2P =0,

where we suppose
P (Y)Y°(z) ~ (y—=2)71Q%,
T Y)Yi(z) ~ (y—2)""if"y(2),
TN y)J*(z) ~ (y—2)72Q" + (y — 2)"if*J%(2).

More explicitly, on the flat background, we can take
J4(2,0) = Y*(2) + 0idX"(2), Culm™ =0,

. 1/2,1/2 ' :
Note: &3{*"? and @ >"/?  are the same as Okawa’s solution.

: 2,1/2 , .
@ Pand @) are the same as Erler’s solution.
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Gauge transformations

o If {P.}a>0 can be extended to an abelian group,
l.e. P.'=P_,, we find gauge transformations:
WEd) —v-1luhxV4+V1xQpV,

- 1
V=>UT+¢9px A*P)x Pl V=P, «

1+ ) x AletB)’

for bosonic SFT and

() 1 ; P B
e ® = P, x . _ xe? % (14 % ACTA)) 4 p-1
1 — Qp(¢ *x noAlath)) ( "0{Qnd ) j
(e,8) - N 3 1
e — Pﬁ_l * (1 — QB(A(“"'*S] * NoP)) * e? x * Pg,

14 no(QeAtH) x )
for super SFT.

June 14, 2007 seminar@tagen
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Alternatively, using path-ordering, we found
'\Ij(aiﬁ) — V(ai.ﬁ)_l * .115 * V{a"@) _|_ V(a&ﬁj_l * QB o V(asﬁ) .
-1
V@h) — Pexp / dtG > (t) ,
J 0

1 . 1
= * v % Py Py, * -
|+ 9 » Altattd) () s + BF I + 9 * Altatts)

GI(t) = _7“ (H(Bfﬁu) * *px Bfﬁﬁ*)*

for bosonic SFT.

(In the case of @ = B | this form coincide with Ellwood’s one.)

In this sense,

E

g (a,8) ~ W

f I
Without the identity state,
iIncluding Schnabl’s marginal

and scalar solutions

Based on the identity state,
BRST inv. and nilpotent
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e Similarly, in super SFT, we have found

@{ﬂ,ﬁ'}

e?® =W,y xe?x Wy, QsW; =0, noWz =0,
1 1
W, = P’ exp / dtG\*? (t), W, =Pexp / dtGYP) (¢) ,
J0 <0

@By — % py T 1 © R
G] (t) = ZHK]_I_I_ z(ﬂ"{‘ﬁ)ﬂn ¥ I—QB((EJ*'I}GA“H'FIJS}) *QB(‘?&*BI Pt.ﬁ')}
@By — ® py T 1 " LR

G2 (t) = oKyl 2{a+B)PM*1+nu{QBqﬁ*ﬁ(m+cﬁl}*QB¢*Bl i

and

e’ =Wyxe?x Wy, QeWs=0, nW,=0,
1 1
W; = P exp / dtG\P (), Wiy =Pexp / dtGYP (t),
J0 J 0

iy T 1 - -
G\ () = —aK' — —(a P, * - - * * GTRP,g),
s (1) gofiT—gla+HP 1 — 1o(d * QpAltatin)) Mo(¢* Gy Fp)
1 " -
G = —ZaKET + Z(a+ B)P., i *nodh x G~EP,, .
4 (t) D) i 2( + B) P, 1+QB(1].:.¢’*A(*“+“3]) Mo 1 tp
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In this sense
’ (‘1:»6) N
() i) ~ 0

i=1,2,3,4 1
1 Based on the identity state,

Without the identity state, M@s¢ =0, ¢ *¢ =0,
including Erler/Okawa’s ¢ *mop =0, ¢ * Qs =0.
marginal solutions

Note:

38

The gauge equivalence is formal and might not be well-defined.

Gauge parameter string field might become “singular,”
as well as Schnabl or Takahashi-Tanimoto’s tachyon solution.

But they are almost gauge equivalent.
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)

If < and ¢ are puregauge: o) = e 2Qge®,

e‘f’ — BQBA1 e‘l?nﬁ-z

b
X .
P(@B) and Q)Ei)’ﬁ) are also pure gauge:
) —_ ] —1 !
g@s) = pylh-1Qpuh)
UP) = T4+ P, x(e—1)=x ~ % Py,
1 4+ A+B) o
for bosonic SFT and
(x,3)

$ i — (a,3) (c,8) (a8) __ (as8) __
e @ =Ugy " *xVy™h QRQeUg™ =0, noV™ =0,

@) oyl ) oAz 1 rlond) __ 1 T oAy —1
Vi = Vey? =T+ Pax(e™ — 1) » 1 — oA % Qpdp Po U = |1+ Pas 1— Qu(d * moAtetd) Px Bl * VgD
U:'-:.]Jﬂ — Lr['::'-]--‘i] =I+P.» - HH&*IQI!A[”.._.&] * [EQI:J‘H —_ j’} w Py, Ir";:i";-li:l — U:;;,H]—’ # | I+ P, = 'lf} o o *.r,n{{,?ii_l.:i'["ﬁ‘” " ,;3] W R¢] .
‘i[lr;-ﬂ:l — ‘,::.[:;-r"i:l . ‘{‘{;hrli'g Ué[;?:i} — U;':,;'H] - U[[.‘:l-?rli:l’

for super SFT.
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In the case of the above pure gauge form, the actions are re-expanded
around the solutions as

S 4+ 0] = S[WD] 4 S[UH) 5« @« U7,

(cr:) . . i
Sns[log(e”® e®)] = SNS['@%E')@] + Sns [1”(2} P s & % V-{E) 771,

The induced string field redefinitions are

UEP) s« O« U1 = W4 (PyaxAx P3)xW — W (P, x Ax P3) + O(A?),
V(E_T"B} * P x 11(;,,3}-1 = D+ (Pa*xnolAa* Pg) x ® — ® x (P, * oAz * Pg)
+O(A7, A1Az, AF).

For example, in the case of +) = ¢, UJU,cidX"*(0)|0),
‘-}5 = (”UfUlcge—¢¢#(o)|0), (CMCH"?“H = 0)
(if we regard X* as dimention zero primary field) we have
A = UUi¢,.X"(0)]0)
Ay = UJU£i¢, X" (0)]0), Ay = UJU,c£d¢e™2?i¢,X"(0)]0).
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Future problems

How about general (super)currents? Namely, CoCog®® # 0, (.(pQ2%° # 0.

1

* -1 + w " A{n—'r—_.’.‘lj- * Y Pﬂ

In bosonic SFT, P U () = P,

maps general solution to solution: Qg + ¥ * 1) = 0
= QeVP(¢) + ¥ (y) x W () = 0

Similarly, in super SFT, we found that

1
— &P (p) = log (1 + P.(e? — 1 . P-)
@ ( ) g ( )1 — T]UA'[”"'-H)E_‘*IJQEE':;’ &

maps general solution to solution: no(e~?Qge?) = 0

— (e @O Qge? @) = ¢
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On the other hand, in some
identity-based solutions for general (super)current were already constructed.

At least formally, t];l{”ﬁ)(g[;TT) and ii'(“’ﬁ)(@KT) with «,3 > 0

give solutions which are not based on the identity state!
— Detalls : work in progress

So far, various computations seem to be rather formal.

Definition of “regularity” of string fields?

It is very important in order to discuss “regular solutions,”
gauge transformations among them and cohomology around them.
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