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A CLASS OF IDENTITY-
BASED SOLUTIONS IN SFT

e Takahashi-Tanimoto’s identity-based solutions (2002)
e Marginal solution ¥ = —-Vg(F,)I — %gabC’L(Fan)I
~ cOXH

e extension to marginal solutions in super SFT & = —V7(F,)I
[ Kishimoto-Takahashi (2005)] ~ cte~PypH

o Scalar solution ¥, = Qr(e" —1)I — Cr((8h)?e™)I
e a candidate for tachyon vacuum

e extension to solution in super SFT ? [This talk]




THE SCALAR SOLUTION
IN BOSONIC SFT

e Structure of the solution:
\Ifh = QL(eh e ].)I = CL((8h)2eh)I

=

identity state

h(z) = h(-1/z), h(*+i) =0

dz
%f(z)c(z).

dz :
= 1=, Cr(f) = [

CL

Qr(f) =/

CL

3
jB = cT™ + bcdc + 5820 :BRST current (primary)




OPERATOR PRODUCT
EXPANSION IN BOSONIC STRING

e The following OPEs were essential to prove the equation of
motion: QpW¥, + ¥y x ¥, = 0

' ' = Sc(2) 4 e cO?c(z
iB(y)iB(2) ~ (y_z)363 (2) 4 = 2)2 0% c(z)

Fatylete) v ohals)

JB,c form a closed algebra.

e The identity state I is an identity element of the star product.




OPERATOR PRODUCT EXPANSIONS
IN RNS SUPERSTRING

e BRST current and c-ghost and...
1 3 3 3
B = cT™ 4 ’)’Gm + becOc + anﬁfy — ZC’B(‘)»Y - Zaclg,y I b'yz ¢ Zazc

:primary, dim. 1, s.t., {@s, b(z)} = T(2)
0 = cBv — 8c :primary, dim. 0

) ] : 2 e : = —1—70 c(z &6
() 30 () ~ s <—§030(z)+3’7 =) + (y_z)Zza( < cc(x) +37(2) )
1

1 2 3
i ra (ZC’YG (2) + bC’Y (2) + /3’)’ (z))
' : : 2(z —I—L—c(;‘—mz— ey (2) — B~3(z
) 0(2) ~ 3 (—cBC(Z)— ( )) y_z( YG™(2) — 2bcy?(2) — B7°(2))

1
jB () e(z) ~ —— (cde(z) — 72(2)) 0(y) 0(2) ~ ——cde(z)
y—= Yy — 2




ANTI-COMMUTATION
RELATIONS FROM OPEL

e Mode expansions:

jB(z) = Zan_"_l, c(z) = chz_"“, 0(z) = Zenz—n

e Anti-commutation relations can be derived from OPE:

n+m

7 3
{Qna Qm} — Nnm (_E{Hna Hm} + E{QBa Cn-l—m}) I 4 {QB) Hn-l—m}v
{Qna cm} = {QBa Cn—l—m}a
3
{an Om} = {QB? Hn—l—m} +n (_Z{ena Hm} sE {QBa Cn—l—m}) .

Note: Qo = QB




ANTI-COMMUTATION RELATIONS
INCLUDING HALF INTEGRATION

e Half-integration with a weighting function:

Q) = [ o F@inE), Cule) = [ Sog@e@), Out) = [ 1 h(z)6(:)

CL 271 L 27 L 271

e Anti-commutation relations from mode expansions:
1
1QB,QL(f)} = Z{QB, ©r(9f)},

(QL(), QL)) = —-{O1(95), OL(ON} + (@8, CL(BN)} + , (A8, OL(FO},
{QL(f)aCL(g)} = {QBacL(fg)}a

{QL(f),OL(h)} ={QB,OL(fh)} — g{G)L(af)a Or(h)} +{Q8,CL((0f)h)}

f(£i) = 0 for partial integrations




HALF INTEGRATIONS
AND THE STAR PRODUCT

e For a primary field o with dim. h, half integrations:
2

z ; <z
dz dz e C
2(F) = [ oF(R)oG), Er(F)= [ S -F@o() possn \
CpL <71 Cr 271 . .
F(—1/2) = (22)1"hF(2) it SR A

(Xr(F)B1) * By = —(—1)lelIB1I B, &« (2. (F)B3)

e For identity state, we have simple formulas:
Sr(F)I = —X(F)I,
B x (2 (F)I) = —(-1)l°lIBlZ s (F)B.




ANSATZ FOR STRING

FIELD

e Identity-based string field (ghost number 1, picture number 0)

Ac = Qr(f)I +CrL(g)l +0Or(h)I

f(=1/2) = f(2), g(=1/z) =2%g(z), h(—1/z) = 2° h(z), f(:

e Calculation using the previous formulas:
QBAC Sic Ac * Ac

1) = 0

= [{QBa CL((l + g + Z(af)2 + haf)} + {QB, ®L((1 T f)(h == iaf))}

7 1 3
- 3_2{@L(8f)9 Or(0f)} + E{GL(h)a Or(h)} — Z{@L(af)a @L(h)}] I.

e The above vanishes if we choose the functions as follows:

et e e _%(ax)zek, e —3(8)\)6)‘ N =

A(£z) = 0.




IDENTITY-BASED SOLUTION
TO MODIFIED CUBIC SSFT

e Equations of motion of modified cubic SSFT:
Y 2(QBA+AxA)+ YW «x ¥ =0,
Y(QY + Ax¥ 4+ ¥ x A) = 0.

o A class of identity-based solution in the NS sector (as an
extension of Takahashi-Tanimoto’s scalar solution to SSFT):

A — O (e =L, (—%(aA)ZeA)I i @L<—%86>‘)I

A(=1/2) = A(z), A(&£i) = 0.

—} QpA.+ A.x A, =0




BRST OPERATOR AT
THE SOLUTION

e Re-expansion of the action of SSFT around the solution:

S'[A, U] = S[A + A, T] — S[A,, 0]

1 1 1
= (4, Yars () OA) = (A Y2 A% A) + (U, YQ'U) + (A, YU x )

o BRST operator at the solution can be expressed as:
Q, = QB =2 [A07 * }*
= QB + (QL(f) + Cr(g) + OL(h)) + (Qr(f) + Cr(g) + Or(h))

=Q(e) +C (—%(ED\)%A) + © <_%86A)

Q) = fo=F (=), Clo) = fazg()elz),  OH) = - h(2)6(2

(4




TOWARD HOMOTOPY
OPERATOR FOR Q’

e OPE with b-ghost:

3/2
W—2° ' (- 2)?
b)) = G

IB(Y)b(2) ~

(—be() = 387() ) + - T(2),

e Anti-commutation relation from the OPEs:
(@,5(2)} = 2 (9PA(2)D) + (92D jgn () + AOT(2).
jgh — — oo = /87

e It becomes a c-number at a second order zero z = zg of e*(®

(@,b(0)} = 5 (BA(2)) P,




HOMOTOPY OPERATOR FOR @’
AT A PARTICULAR FUNCTION

o Example of the function: A(z) = h,(2)
() = log (1= S(-D'(! = (-1=7?), (@2 -1/2 1=1,2,3,+-),

:the same functions with the bosonic case

1
o e"a(® has second order zeros z (zi' = —(=1)") only for a = =5

o Homotopy operator A for A(z) = h.__, /2(2)
@A ),

21
= Z arl %27 b(zk),
k=1

:the same form with the bosonic case




SIMILARITY TRANSFORMATION
OF BRST OPERATOR

e It turns out that Q’ can be rewritten as a similarity transform
using the ghost number current: j., = —bc — By

1 — oq(N) —q(X) 2
s , : q(N) =]{ =
= Q(e*) + C (—5(8>\)26>‘) + 0 (—Zae*) ;

- A(2)jen(2)

e Unlike the bosonic case, ¢*4(*) is not singular even for A =&t __,

a=—§

Jen(¥)Jden(z) (y — 2z) :regular for superstring

e Nevertheless, there exists a homotopy operator for A = h!__,

It implies: Q=0 < ¢v=QAy)

Vanishing cohomology for all ghost number sectors!




COMMENTS ON COHOMOLOGY
OF THE BRST OPERATOR

o At least formally, we have
Qrdp =0 <& Q'(et-1/2¢) =0
& eq(hl_1/2)¢ = Q’(Aequ"l—l/z)qb)

e Using the explicit form of the nontrivial part ¢ of Qg-

cohomology in the NS and R sector, we find:

d=¢+ QX

&

edh=1/2) gy — U229 + Q' (e9-1/2)y)

g: ghost number

oo _1\n(l+4+1) . )
U = exp <_ D A q_znl> Jgn(z) = ) anz""7"

n

n=1




ZERO IN THE FOCK SPACE BUT
NONZERO IN A LARGER SPACE

In a similar way to the bosonic case,

[q'n,a bm] = _bn—|—m

It implies that all coefficients of AU2729¢ vanish in the Fock
space.

l A
However, we should have e?"-1/2)p = Q' (AU2 29 p)
£ 0

Nontrivial part of @B -cohomology becomes Q’-exact outside the
Fock space by ¢4 (h”1/2) as far as we respect the homotopy relation:

{Q,9 A} =1




PURE GAUGE FORM OF
THE SOLUTION

e In a similar way to the bosonic case, we have

A. = exp(qr (N I)Qp exp(—qr(A)I)

gL (A) = /  A@in(2)

e Unlike the bosonic case, exp(Z£qr(A)I) is not singular
even for )\ — hfz:—l/z (?)

e Formally, it corresponds to a pure gauge solution to
Berkovits’ WZW—type SSET: ®c= —qr(MNI = no(—€oqr(N)I)

no(e_q’CQBeq’C) =3(1)




SUMMARY

e A type of identity-based solution to modified cubic SSFT was
constructed, which is a straightforward extension of Takahashi-
Tanimoto’s scalar solution in bosonic SFT.

e A homotopy operator for the BRST operator Q’ at the solution was
constructed in the same way as the bosonic case.

e (’can be expressed as a similarity transformation from the
conventional BRST operator, even in the case that there exists a
homotopy operator.

e Nontrivial part of the conventional BRST cohomology is mapped to
(Q-exact form outside the Fock space by a similarity transformation.




DISCUSSION

Vanishing cohomology at the solution might imply that the D-brane

vanishes although it is in the GSO(+) sector.(?)
[cf. Erler(2007)]

Evaluation of vacuum energy or gauge invariant overlap with
appropriate regularization is desired.

Why does there exist a homotopy operator for (at least apparently) pure
gauge solution ?

More rigorous statement of AU2-29¢p ~ 0 and e?"-1/2)¢ = Q' (AU2~ %)
£ 0

Or the relation {Q’, A} = 1 might be broken?
(Q'A+ AQ"U|) # Q'(AUY)) + A(QU|)) (?)




CALCULATION OF THE STAR
PRODUCT FOR THE ANSATZ

e Using star product formulas and anti-commutation relations,

Acx Ac = | {QL(P.Qu(N)} + 1 {Crl0). Cul@)} + 3 (Or(h), OL(h)}
+{Qu(): C(0)} +{Qu(f). OL (W)} + {Crl) OLMW} I

— |- 55 {0L(0), 010N} + L (Qu. CL(@F)} + {{Qm. OL(FON) + {OL(M), OL(R)}

+{Qn. Cu(f)} + {Qn,OL(fN)} — {OL(01), OL(W)} + {Qu. CL(@H)M)| T

e BRST multiplication noting QgI =0 :
QA:. = [{QB,QL(f)} +1{@B,CL(9)} +{QB,OL(h)} I
= | 1Qn. 020N} + {Qn. Co(@)} + {@n, 01w} 1




MODIFIED CUBIC SUPER
STRING FIELD THEORY

[ Preitschopf-Thorn-Yost, Arefeva-Medvedev-Zubarev(1990)]

e Action:
1 1 1
S[A, ¥] =_(A,Y_2QpA) + (A, Y245 A) + _(¥,YQp¥) + (A, YV * ¥)

String field
A :NS sector, 0-picture, ghost number 1, Grassmann odd

W R sector, (-1/2)-picture, ghost number 1/2, Grassmann odd
Inverse picture changing operators

Y =Y (i) = c(i)d’(v(¢)) :picture number -1

Y_, =Y ()Y (—%) :picture number -2

e A part of (finite) gauge transformations:

A'=ePAe® + e 2Qpe?, V' =e 2Tl




BRST COHOMOLOGY
IN O-PICTURE

e BRST cohomology for pt £ 0 [cf. Kohriki-Kunitomo-Murata(2010)]

Q=0 <
V2
Valkt

¢ = P|tach)g + P’ (co|tach)0 |

_110, k1>0> + QBX

tach)o = (- Zomin

1
, — b_
P V2okt 7 dad(k)?
1

DR = e R Cl|0 s R B0 e ks o — Sl
4o’ k™t

P %) |0, k1)0, :onshell tachyon in O-picture

'P, P, :DDF operators in the matter sector

Note: [0,k1)—1 = 6(71)|0,k1)o :onshell tachyon in (-1)-picture

|tach) = X (0)

1
Va




BRST COHOMOLOGY IN 0O-
PICTURE WITH ZERO MOMENTUM

e BRST cohomology for p* = 0 can be obtained by expanding
the BRST operator with respectto 71 and B_..

Qo =0 <<
¢ = COb_1 |L)o+CV (@ +9 1 b_171) o +CD (a*_‘lco+2¢’i%v_% +¢*_‘%b—1cw%) o

A5Gy (2’73% +c_1co + 7—%7%b—100) 1) + @BX

[4)o = |0)mat @ €1|0)pc ® |P = 0) 3+ CUNC NG DaC U Gonsiants

e It turned out that they can be also obtained by X(0) from the
result of (-1)-picture, up to BRST-exact term.

Qe =0 <
¢=COB_1 [V)_s +CI¥* s W) _y + €D 1cold)_; +CPv_1eo L), + Q@B




BRST COHOMOLOGY
IN (-1/2)-PICTURE

[Henneaux(1987),Lian-Zuckerman(1989)]

o BRST cohomology for p* # 0

g
vV2a'pT

|P> -1 |P,> -1 :DDF states in the matter sector

Q=0 < o= |’P>_%-|-(Co+’)’o

e BRST cohomology for p* =0

Qe =0 < ¢:A3|5a>_% +A61L70|Sa>—% + @QBX

|Sa) — 1 :ground states

Ags A7 :constants with spacetime spinor index




ON THE NONTRIVIAL PART
OF THE BRST COHOMOLOGY

e Both NS and R sectors, nontrivial part ¥ of QQs-cohomology
satisfies:  qnle) =0 (n > 1)

Q(hl—l/z) o q(+)(hl_1/2) e q(o)(hl—l/z) S q(_)(hl—l/z)

20 (_1)n(l+1)

¢ (hly)3) = —gologd, ¢F (AL, ;) ==3 ———qism

=t

[qna qm] =0

)

eq(hl—l/Z)‘(’0> = eq(_)(hil/z)z—ZQO‘SO) = U2—29‘¢>




