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INTRODUCTION

1999-

There are various attempts to prove Sen’s conjecture
using Witten’s open string field theory:

1 /1 1
S = - (501;, QW) + (¥, W « qf))

— Equation of motion QW + ¥ x W = 0

Numerical solutions using level truncation “approximation,”
Analytic solutions using the identity state,



Schnabl’s solution for tachyon condensation W, _
Adv.Theor.Math.Phys.10(2006)433[hep-th/0511286]

—S[¥]/ Ve

Perturbative vacuum
\ l];’)\:l L
/ v

S —271_292 \
Non-perturbative vacuum

D25-brane vanishes.
No open strings.




No BRST cohomology around Schnabl’s solution
proved by Ellwood-Schnabl s1Ero22007096mep-thio606142]

S[Wa=1 + V'] = S[¥']|gmq + S[W¥a=]
2

IB{‘/ dr|r)

2 1

QA=QA+ U1 x A+ AxU—y = T

A

In fact, using the above,
Q'B=0
= B=ITxB=(QA)*xB=Q(Ax*xB)+ A*x(Q'B) = Q'(A % B)



In 2007, new solutions for deformations by nonsingular

marginal operator
Schnabl, hep-th/0701248; Kiermaier-Okawa-Rastelli-Zwiebach,hep-th/0701249

Solutions to the EOM: Q¥ +W¥ x W = 0

Extension of Schnabl/KORZ’s marginal solutions to
Berkovits’ superstring field theory

Erler, JHEP07(2007)050[arXiv:0704.0930]; Okawa, arXiv:0704.0936, arXiv:0704.3612

Solutions to the EOM: ny(e~*Qe®) = 0

These solutions are all generated from simple solutions
based on the identity state.
I.K.-Y.Michishita, PTP118(2007)347[arXiv:0706.0409]

(Furthermore, we can generalize the above solutions.)



Different type of new solutions for deformations by
marginal operator:

Fuchs-Kroyter-Potting, arXiv:0704.2222 (bosonic SFT)
Fuchs-Kroyter, arXiv:0706.0717 (super SFT) J =1\, 0XH

| e |

| I—

Generalization

Kiermaier-Okawa, arXiv:0707.4472 (bosonic SFT),
arXiv:0708.3394 (super SFT)

— Okawa’s talk in “String field theory 07” (Oct. 6, RIKEN)



WITTEN’S BOSONIC STRING FIELD THEORY
Action:  spw) =~ ((w,Qu) + (¥, ¥ W)
g

String field: |v) = ¢(2)c1/0) + Apu(z)a’ 1e1]0) + iB(x)col0) + - -

1
XH(z) =zt —iv2d allog z +iV2a/ Z —akz"",
n#0 "
ok, af,] = ndénymont”, [zH, ag] = iV 2a/nHY,
C(Z:) — Z an_n+1: b(z) = Z bnz_n_za {bn: Cm} = 5n+m,09
n

n

BRST operator :

dz m 3, 5
Q:jg—_ cT + bede + —9°c
(Kato-Ogawa) 272 2

1
™ = — :9X,0XH:
4a’



Inner product (BPZ): () : HOH —C

(¥, @) = (R(1,2)[¥)1]|®)2

Reflector:
(R(1,2)|(X* D) (7 — o) — XxH(D(5)) = 0,

X“(T)(o-r) — i (7) + iV 2a’ E 1a’;(") COS MOy, ...
n
n#0

The Kinetic term is computed as

(¥, QV¥)
-~ /d%m ((;b(—a'i?z —1)¢ — a’A,0°A* 4 2/ 24’ B8, AH + 2B* + - -



Star product: *:HOH — H

|A « B)g = (V3(1,2,3)|R(4,1))|A)2|B)3

0
0
A
A* 7 /2

<R(1a 2)|R(29 3)) = id3;

/2 2

3-string vertex:

(Va(1,2,3)[(X*) (1 — o) — X1+ (g)) = 0,
0<o<m/2



The interaction term i1s given by the delta functional:

[ de (3(@))?

= /dwldwgdm35(a}1 — x3)d(x2 — 3)
¢(x1)P(w2)P(x3)

= (V3(1,2,3)|¥)1|¥)s|T)3 -

~ / [T X —0)— XD ()s(XD(x —a) — X (a))
0<o<m/2
X 5(X(3)(1r —0) — X(l)(a))(bc ghost - - -))
x @[X(l)(a),...]\y[x(%(g), ...]q;[X(3)(a), coe]

U[X (o), -] =(X(a),---|¥)



Equation of moiton:

QU + T ¥ = 0

The action S[¥]| has gauge invariance.
Gauge transformation (infinitesimal):

ANV =QA+ T xA—AxT

Gauge transformation (finite)

v = e_A*\I!*eA—O—e_A*QeA



In principle, we can compute the star product
using explicit oscillator representation:

. ddpl ddp2 e N )
|R(1,2)) = amyd | (2m)d . (2m) 6% (p1 + p2) (e + i)
ED%M g (1) @) (1) 4(2)
X e Zn >1 —n —n+Zn —1)"(c —nb nTCn —n ¢4 )|p1>10 )|p2)2
ddpl ddpz ddp3
1,2 = K3 9 dad
(V3(1,2,3)] (27r)d/(2qr)d (2r )d( 7)%6%(p1 + p2 + p3)
X (p1|c C(() 2(p2lc_ 16{(]2)3( |c {c{() )eE(123)
1
BE(1,23) =5 ) ) o ONs oS b Y DX b,

r,s=1,2,3 n,m>0 r,s=3,4,5n>1,m>0

(ple—1coc1|p’) = (2m)46%p — p'),
aplp) =0 (n>1),
aglp) = (V2a'p)|p),

cnlp) =0, (n2>2), bnlp) =0, (mn>—1),---



Neumann coefficients are explicitly given by:

3v/3 1+a\F & 4
K== (122) = X e
n=>0
-/ 1/3 2/3 2/3 1/3 1/3 2/3 2/3 1/3
NIT — (_l)n—i—m (ﬂzn MNom, T Non Mom Mon Mom — Mlan Mlom
2n,2m — + s
: 6 n-+m n —m

(n,m > 1,n # m),

" /3 2/3 2/3  1/3 /3 2/3 2/3  1/3
—(—=1)ntm (n2n+1n2m+1 T Mont1Mm+1 . Moen+1M2m+1 — '72n+1'?2m+1)

NIT - 4 = e
2n+1,2m+1 6 n+m+1 n—m

Note: The Neumann matrices are essentially constructed by
4

Ton2m+1 = —/2 do cos(2no) cos((2m + 1)o) =
™ J0
(n>1,m > 0).

—4(2m + 1)(=1)™mt"
7((2n)2 — (2m + 1)2)’

There are some nonlinear relations among them.

However, it seems quite difficult to solve the EOM explicitly
using the above.



Using the LPP (LeClair-Peskin-Preitshopf)

prescription, the reflector and the 3-string vertex
are obtained by CFT correlator.

(R(1,2)|A)1|B)2 = (A, B)

(I o A(0) B(0)) ,
(V3(1,2,3)|A)1|B)2|C)s = (A, B*C>

= (£ 0. 40) £ 0 B(0) Y 0 C(0)).

Conventionally, they are defined on UHP.
The conformal maps from half unit disk to UHP are given by:

I(z) =—1/z
(=) = R (h(2))3),
h(z) = 141z

1 —12z



SLIVER FRAME

From UHP 2 to semi-infinite cylinder z = arctan z

M ~

m R L
P

-1 0 1

=Y Iau

-x/2 -=/4 /4 /2

Primary field ¢(z) —— &(2) = (%) ¢(z) = (cos 2) " *"¢(tan 2)



In the sliver frame, new oscillators can be written by linear
combinations of the conventional ones. For example,

2(—1)k+1
(D4

COEEO:LO+Z 12 Lk Ki=L_,=1L,+ L_,,
k=1 o
. 2(— 1)k+1 .
Bo=bo=2> Z4k2_1 2k B, =b_; =b; + b_4,
We define:
1 1 .
L=Co+LCl, KIM'F=_"K +-°CL,
2 T
1 1 .
B=0B,+B, BIE-= SBi+ B
T



i L L
S u = (B) = (B) e e

r =
r r

we have a “simple” star product formula:

U,TUr(gl(il) e én(in)l(]) * U;Usi/gl(gl) et ’J)-m('gm)lo) -
U:+s_1Ur+s—1<51(531+g(3—1)) e ﬁgn(in*‘2(3—1))151(171—2(?”—1)) e 1,Bm(?:'m—g('*"’—l))w)

In the case of no insertion, a commutative algebra
for wedge states is reproduced.

P =0c+1) = Ul,,Un1|0) = P, P, x P3 = Pyyp

|r = 1) = UJU,|0) =T s the identity state.



T ~




SCHNABL’S SOLUTION FOR TACHYON
CONDENSATION

Noting {Q,&(2)} = édé(z), {Q,B} =L

ﬁném Epz v EPN |0>9 Bf’mém éqz e EQM |O>a

generate an algebra with the star product and derivation () .

X Lo-levels (eigenvalue) of the above states are
n—py—pPi--*— PNy, L+mMm —q1 — q2---— qnr, respectively.

> The star product of terms with Lg-levels hi, h2 yields terms with £, -level
hiz suchas hi, > hy + ho -



Ansatz for solutions with ghost number 1:

v = anapénép|0> —I_ Z fnapanEnEpEQ|0> y

n>0 n>0
p<1 p,q<1

Similarly to the conventional Siegel gauge condition: bW = 0 ,
we impose the Schnabl gauge condition:

BO\IJ :O AN 2fn,p,0+(n+]-)fn—|—1,p:0-

Furthermore, we impose twist symmetry: (—1)L0+1\Il = ¥

< fap =0, (p: even), fupq =0, (p+ q: even)



In the case p, p+q: odd, we take the coefficients as

(=1)"7- (~1)r+og—p=a

271, 2p_|_1 fn —p+19 fnapsq _ 271, 2(p_|_q)_|_3 fn —p—q+2

fop =

which is compatible with the gauge condition, and substitute the ansatz
to the EOM. Its coefficient for £Né&;é,|0) implies

2 (_%>N ((N_1)_+§:Ain Tt ) —0

0y — n'm!(N —n —m)!

— a differential equation for the generating function:

(m% — 1) f(x) + e f(x)® =

f(a:)_zf—,



Solutuion to the diff. eq.: f(x) = AT
et — 1

. B

“Candidate” for the solution to EOM

S (=1)"=? -
i = Z Z n! 2n+2p+1 Frtpt1£7C—p|0)

n=0 p>—1, p:odd

°© (_1)n+qﬂ-p+q .
+ Z Z oV ont2(pta)+3 Frntprqr2BL C_pc_4|0),
n=0 p,q>—1, p+q:odd
£ = B, (A = 1) +<— Bernoulli number

polylogarithmic function e




We have checked several hundred terms of the EOM
other than £Ng &,|0) using Mathematica.

However, it seems to be difficult to prove all terms directly.

QlI’)\ + Wy x W)
(~1)Nr=r=s q
- Z N!2N+2—2(p+q) (p - q— (_]‘) N)fN-I—l—p—q

N>0;p,q<1
p+qgrodd

S TN S ()Y I e st

k=0 I=0 7=0 n=0 m=0
k+1:0dd
1—pl N N—j+k+i
1—-p\(1- —J+k+1 ,
D3 ks i) S S o)l [ A L
k=01=0 n=0
k+4l:even

C (—1)Ngrmar
t D Ngveeare

- (_1)?2(1) — q)fN+2—p—q—r

N>0:p,q,r<1
p+g+r:odd
—plql—rl_ 1 — 1 — N ko4l N—j+k1 k-l— —'-I—k
Fr 2 (W00 X GO0 )
k1=0 k2=0 1l=0 j=0 n=0 m=0

X ((_I)Q-H - (_1)r+k2)fn+1+j—p—k1 fm.+2—q—r—k2_J] B£N6p6q6?|0>
=0 (7)



EOM can be checked using a different expression:

Yy

A0,

‘I’)\ wrlr =0 — Z fk k¢r|‘r‘ =0

Aedr — 1 k!

k=0

2 1 ~ 77r ™r 1 wr T
I 2l T RA(CONE( (R ~(
ﬂUr+zUr+z[ WBC( 1 )e( 1 ) + 2(c( 1 ) + €( 1 ))]I0>

2 f L i
WP]_/Z >k U1U1(31|0> X Bl Pr *x U1U1(31|O) *x Pl/g

—1)"*7P .
Z (=1) ptPHLLPE_|0)
n!2n+2p+l
n>0;p>—1
p:odd
— 1\t gprta
+ Z =1 prtPrarZging & 10)
n127+2p+2q+3
n>0;p,q>—1
p+q:odd




Expanding it with respect to )\, we have

W

oo

Z An—l—l

n=0

JT

C

—A i Anenar fr¢7‘|‘r=0 — — i An_l_lfir/'abr|'.~°='n,
n=0 =0

C(n+2)'n
2

(n+2)n nw

(n+1)=

4

= (QAAp) *

1 — AAg

nm
4

(n4+2)w
4

(nt1)=
4

Ag = B1L(31|0>

pure gauge form — (trivial) solution to the EOM!



However, if and only if A = 1, we have fo = 1(5# 0)

— Euler-Maclaurin expansion

oo

Bn n n
lI')\:l — ¢oo - Z ;(ar ¢r|r=oo - 6,,, ¢r|‘r‘=0)

n=0

N
— I\lfi—lgc])o ¢'N+1 — z:()ar/‘prlr:n
n—

In the last equation, N is a “regularization.”

The first term goes to zero by L,-level truncation. (— Phantom)

1 47?2 | & 2\?
_ ugg (00) L _ oy ' -
PNt1 = —N3 3 L—‘[ e U2k ] E (ﬂ_) c_p|0)

c=1,4— p>—1;p:odd
18 T Uz (00) L q 2 pra
+ﬁg 1_ ek -2 Z (=) = b_zc_pc_q|0) + - -
k=1,+ p,q>—1;p+qiodd T

= O(N7?)



By ignoring the first term, we can show the EOM
using the identity:

Qar'vbrlr:O =0 ’
Q8r¢r|r=n+1 — Z 8r'¢’r|r=k Q 83¢s|3=n—k
k=0
\ 4
Q (— i A"‘+18,.¢,.|T,,,) + (— i A"'+13,.¢,.\?.n) x (— i x"'+1as¢s|sm_) =0,
VA
However, the first term (phantom) cannot be

1ignored when one evaluates the potential height.
It gives finite contribution!



Evaluation of the action
Based on (¢(x)c(y)c(z))/Vae = sin(x — y) sin(Z — 2) sin(y — 2)

we have

(e @y Vas = (1 con (TR ) (o 4+ i (L))
+zsin2< - )[ m—l—n-l—l mn (( —’M) (m—}-n—{—2)(m—n)sm<ﬂ'(m——n)>}

m-+n-42 m+n++2 273 m+n++2
(1,[’-:?,3 ¢’m * ¢k>/V2G -

(n—l—m—l—k—|—3)2

Slll
<n+m—|—k+3)

( ) (27['?7?,—{—1))_'_’ (277(k+1) )]
x n+m+k+3 n+m-+k+3 S n+m+k+3

. 3

Z (8?'¢?'|1'='m7 Q63¢3|3=-n.—-rn> = 07
" — S[¥.] should be zero!?
Z Z <8'r’¢’?'|r='ma 83¢s|3=k * 66¢t|t=n—nt—k> =0

m=0 k=0




Naively, the quadratic term of the action can be evaluated as

(Wx, QW) =D > NTF25,9,,Q0,9.)

=0 s=0
N t
m) Jim ; ,\t+2;(83¢s|3:r, Q00| utr) = 0O

Similarly, the cubic term of the action is

(o o e o BN o}

(lI’)U W * ‘I’)\> — = S: y: y: AT+S+¢+3<61'¢M Osths * 6t¢t>

r=0 s=0 t=0

A n—"1n

N n
) — lim Y AN N (Orthrlrmms Ol emi * Oitbelimn— k) = O

n=0 m=0 k=0



co oo N N
Z Z 2\ Hst2 (6,.’(&,,,, Q88¢8> » lim Z Z \"tst2 (aﬂbr, Q88¢3)

N—o0
r=0 s=0 r=0 s=0

S Inthecase A =1,
this part cannot be ignored.

The lower triangle part gives zero. e




N
Inthe case A =1, using 5%, = ¥ny1 — Y Ol

=0

the action is numerically calculated as follows:

(272g?) (WM ]/ Vas
1.000
0.999
0.998

0.997

0.996

50 100 150 200 N



The large N limit can be evaluated analytically:

. (IV) _
Jim S[WL_ ]/ Vae = omig?

N
Similarly, with ¢{J) = - " x"*+'9,9,|._, , we can show

n=0

. (V) _
dim Sy ]/ Ve = 0.

In the above sense,



SCHNABL / KORZ’S MARGINAL SOLUTION

A map from solution to solution

Suppose {Pq}a>0 such as
QPQZO, Pa*Pﬁ:Pa—h@a Pa:0:

and associated A4 (Y) such as Q A =7 P,Y

then

1
g (@:8) (¢v) = P,

K %k
1+ 4 * A (a+8)

’gb*Pf,'

gives a map form solution to solution.



Because (@Q 1s a derivation, we have a relation:

QU () + W) () x WP (3)

1

Therefore, Q¢+ x1ph =0

=  QU@A) () + T @A) () « (A () = 0.

1+A(a+ﬁ)*¢*P5'

e Explicit example of {P,}a>0 and AW :

P, = |la+1)=U] Usi1|0) = e "7 £|0) = e 30K T,
o
A = / da— B P,.
Jo 2



In order to solve the EOM using ®(*A)(.)
a solution ¥ : Q¥+ *1P =0 isnecessary.

Instead, we 1impose stronger conditions:

Q"»B:Oa 1/;*1;:0

~

which 1mply that % 1s a solution.

From this simple solution ¥, we can generate
complicated solutions by WA (1)) .




Example of BRST-invariant and nilpotent string field:
"/; — Asfl,Z’s + Am"-;gm 5
st p— QAO . AO — UlTUlecll()) 5
Ym = UjU;1¢J(0)]0).
Here, J(z) is nonsingular marginal operator:
J(z)J(0) ~ finite. (z — 0)

M 1z
EXx.)
J — 23X+ A A A A
Light-cone direction R - YVm * Ym = 0
J =:eX":

Rolling tachyon cJ(z)eJ(0) ~ 0. (z — 0)



MARGINAL SOLUTION

> A P -
n=1

.~ T
Yma = UlppraUatpr@ (L (8 — ))|0),

71bm.k+1 =

k

kE pratp a+3 k nm
s ~f T
i cee U , I I 28— — E +
( 2) ~/0 dry £ dry, Ua+ﬁ+1+Z?:1 L U“+ﬁ+1+zf:1 i J ( 4 (,8 « i

In the case @« =B =1/2
Schnabl / KORZ’s solution

k

)

m=0 =1

k

1. k . T 1/. 7w k .
x [—;Bc(z(ﬁ et Y reGB a3 )+ 5(c(z(zs - Y on) +EG(A — e Zn)))] 0).

=1

T @B (X ) ~ Z ™ / dr;,

=1

I
n 1

1_3 c
J J--- J

& »
< »

g(a+ﬁ+2?"k]‘
k




TACHYON SOLUTION (REVISITED)

Let us consider a solution generated from a BRST-inv and nilpotent st :

TR (Aahe) = Y AP -
n=1

Each terms can be rewritten as:

"ps,n = P, x (Q*&O) * PB * (Pa * AD % Pﬁ _ I)n—l

3 _E (_1)-11—1—5(11— 1)!81){){0,[5)'
= n—1—nt Y

=0

(@) _ 2y 0
tyn o latB)Httatpt1 natB) Fitats+l

1 . m ., T
—;Bc(z(ﬁ —a+t+n(a+ ,8)))‘3(2(»8 —a—t—n(a+p3)))

i feC@—atitn@tm)+a@-a-t—n@+m}o).



Exchanging the order of double sum, we have

g (P) (As,‘sz) — Z Afg+18t’lp§j’ﬁ) le—o -
1=0 \
Here,we have redefined the parameter: As = ~ .
A +1

Furthermore, we can compute as

IIJ(Oz’)@)()\s'LIES) — e%(ﬂ_a)Kl(a + ’8)% (_ Z Af3+18‘r¢'r|r=l)
=0

T (B—a) K1 D Sar
= TPt gy

= eiP-0Ki(q 4 B)TW,_,, . \

Schnabl’s solution

Note: K1 =L+ L_y, D= Ly— L]
are BPZ odd, commutative with Q and derivations.



Using this relation and property of W, , we conclude

S[\I'(a’m()\sle)]/V% S[WAzAS]/Vza

{ zﬂégz (AS — 1)
0 (|As] <1)

Note: Ag =1 < A= o0

Formally, the solution has pure gauge form:
1

'I'(a’ﬁ))\SAS — AsP,., x Ay * P3) % < .
(As?s) Q(As o * Pp) I~ AsP, % A # P,




EXTENSION TO SUPERSTRING FIELD THEORY

Berkovits’ WZW-type superstring field theory (NS sector):

SNS — —_/ dt TIO(I) t‘I’Qet(Il')>>
T g2 Z S0 ((no®)@M (Qp@)dV)) .
9% N M+ N +2)(M+ N +1)M!N!

String feild & : #ghost 0, #picture 0, Grassmann even,
written by b,c,p,&,n (/8 — e—¢8£a Y= "7€¢)

Q = § 3= (c(T™—3(0¢)?—0?¢p+En)+bcdc+ne? G —ndne*Pb) (=),

o = 21rzn(z)



n-string vertex 1s given by CFT correlator in the
large Hilbert space.

(VnlA1) -+ [An) = (A1 -+ - An))

= < ) 5 A 1(0) - T(ln) o An(0)>
= (A1, (- (Agx Ag) *x -+ x A1) *x Ap) = (A1, Ag %+ % Ap)

14122

1 —122

£(z) = BT (h(2))m),  h(z) =

We can use the same techniques (the sliver frame,
star product formula, wedge states,...) as the bosonic case.

EOM: 10(e ®Qe®) =0 <« Q(e®ne™®) =0

Gauge tr.: se® = =1 % e? + e? x Ho, QE1 =0, nog=E2 = 0.



We have found a map from solution to solution
similarly to the bosonic case.

Suppose {Pa}a>o such as

QPa — 0, nOPa — 0,
Pa *k P@ — Pa—l—ﬁa Pa:O =7

and associated A which satisfies

nQAY) =T — P,



Then,
‘I’ﬁ?)ﬁ)(qﬁ) = log(1 + P, * f1)(@) *x Pg),

1
fa (@) = (e QAP

q)g%’ﬁ)(qb) = log(1+ Py * f(2)(@) * Ps),

1
fey (@) = ("= 1) 1 — noﬁ(a+5)(e—¢'Qe¢) ,

(eq‘) — 1),

@7 (¢) = —log(l — Pa* fi5(¢) * Ps),
1
fo (@) = -— (e_¢Qe¢)n0A(a+6)(1 ),
‘I’Ezfﬁ)(@ = —log(1 — Py * fa)(¢) * Ps),

1

— (] — e~
fay (o) = (1 )1 + QA+H) (ednye—2)

9

give maps from solution to solution.



We can check the EOM by using relations:

(,8) (a.8) (a.8) (a,8) 1
e Pnee WP = T Ppee~t@w P = p, ———(e?noe™?) Ps,
1+ (e?noe=?)QA+0)
(a,8) (a,8) (a,8) (a.B) 1

- Py
1 — gy AtB) (e—2Qe?)

Explicit example of {Pa}a>0 and AM:

P, = |la4+1)=U! U,41|0) = e "7 £|0) = e 32K T,

2

- Y 2 —~
A — / da log (a> (;J;—L + aZGl_LBf> P,.
Jo Y

I 7 (2) = &b(z), G~ =[Q,J (2)]

=> J; Y, G7* are defined in the same way as B{‘.



To solve the EOM using <I>(°‘”B)( )
a solution ¢ : no(e=?Qe?) = 0 1s necessary.

Instead, we 1mpose stronger conditions

o~

”70Q¢320, (}b*(ﬁzo, é*”oqﬁ:oa é*Qé:O
which 1mplies ¢ 1is a solution. For example,
b = UlTUlcﬁe_%b'*‘(OﬂO) (light-cone direction)

From a simple solution ¢ , we can generate
more complicated solution by (I,(oz,ﬁ) (6)

In particular, @« = 8 = 1/2 : Erler / Okawa’s solution



SUMMARY AND FUTURE DIRECTIONS

Since Schnabl’s construction of tachyon solution
(2005), there have been new developments in open
string field theories.

In this year, new marginal solutions using
nonsingular (super)current are constructed in both
bosonic and super string field theory.

They are all generated from simple solutions by
maps from solution to solution.

For more general (super)currents, new marginal
solutions are constructed.



How about other solutions?

For example, we can generate new “regular”
solutions from Takahashi-Tanimoto / Kishimoto-
Takahashi’s solution (bosonic/super), which are
based on the identity state, using maps from
solution to solution.

How about gauge equivalence among solutions?

Physical meaning of obtained solutions? BRST
cohomology around them?

We should define “regularity” of string fields
because some formal treatments might be
dangerous.



ON GAUGE EQUIVALENCE

Using path-order forms with respect to the star product,
“maps from solution to solution” can be rewritten as gauge
transformations.

In the case of our explicit examples,

bosonic: \Ij(cx,;@) (,&) ~ 1‘5
¢

super: (I)E‘?;NB) (Q,S) ~

I T

Based on wedge states

: _ _ Based on the identity state
without the identity state

This may imply the gauge transformations are singular.
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