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OPE and an identity-based
solution in bosonic SFT

> The following OPEs were essential to prove the equation of
motion Q¥ + ¥, * ¥, =0 for the TT-solution:

\Ifh m— QL(eh S ].)I o CL((Bh)2eh)I

n(W)in(=) ~ = gedle(z) + g eb%(2)

iB(y)e(z) ~ ——cBe(2)

JBs ¢ form a closed algebra.

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




OPE in RNS superstring

> BRST current and c-ghost and...
1 3 3 3
e cT™ + ’)’Gm + bcOdc + ch‘?,@'y — ZC’@@—Y o Zaclg,y 2 b'yz s Z826

:primary, dim. 1, s.t., {@s,b(2)} = T(2)
0 = c¢B3v — Oc :primary, dim. 0

] ] A 23 ?(z - — —1—7(: c(z 2(2
i) dn () ~ s (—gcac<z>+3~y =) + o ;0 (5 0et) + 3472

1 1 2 3 (5
i yja (Zc'yG (z) + bC’Y (2) + /3'7 ( ))

n() 8(z) ~ = (69e(2) = 72(2) ) + —— (~erG™ () — 2ber’(2) — ()

in) e(a) ~ T (ce(z) =) 0w)0(=) ~ ——ede(2)
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Ansatz for an identity-based :

solution in super SFT
> A super extension of the TT-solution (ghost#=1, picture#=0):

Ac = Qr(f)I + Cr(g)I +Or(h)I

dz

F@in(), Culo) = [ s=g()ez), O1(h) = [ “Zh(z)0(2

Cy, &T CL 271

QL(f) :/

Cy, 271
Ci—=ile G =] SRe >0}
f(=1/2) = f(2), g(—1/z) = z*g(z), h(—1/z) = 2*h(z), F(£i) =0

> Calculation using OPEs and properties of the identity state:
QBAC Sl Ac s Ac

- [{aw.cu(0+ Do+ 507 4101} + {am eu (@ (1 + 307))]

7 1 3
o 5{@L(3f)a Or(0F)i SO (R}, B (k)| = 1O (0F), @L(h)}} I.




An identity-based solution in
modified cubic super SFT

> Equations of motion of modified cubic SSFT:

Y 2(QeA+ Ax A)+ YW x ¥ =0,

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

A 0. (2 -1rte: (-%(&)2&)1 o (—i(‘?e}‘)I

A(=1/2) = A(z), A(%i) = 0.

ZoE QA: +Acx A =0




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

S'[A, ] = S[A + A, T] — S[A., O]

1 1 1
= (A, Y_2Q'4) + (A, Y2 A% A) + (T, YQ'T) + (A, YT + 1)

¢ BRST operator at the solution can be expressed as:
Q, = QB + [Aca g }*
= Qs + (Qr(f) + Cr(g) + Or(h)) + (Qr(f) + Cr(g) + Or(h))

=Q(eM) +C (—%(BA)%A) + O <—%aek>

Q) = o= FEin(2), Clo) = fazg()ez),  Oh) = - h(2)0(2
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Homotopy operator for Q

o Anti-commutation relation from OPE:
1
{Q',b(2)} = 5(32>\(2))6A(z) + (8e*®)jon(2) + X T(2).

It becomes a c-number at a second order zero z = zo of e*(?)

> Example of the function A(z) = k! (2) as in the bosonic case:

h(2) = log (1= (-G = (-1'7)), (a2 -1/2 1=1,2,3,--).

1
eMa(#) has second order zeros z. (22 = —(—1)!) only for a = 2

@ Homotopy operator A for A(z) =hl__. /2(2)

A Z akl_ZZZ b(z), Z ap — 1. :the same form with the bosonic case

=) {@,A}=1, A*=0




Similarity transform of BRST operator

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

Q = eq(A)QBe—q(A) o= j{%)\(z)jgh(z)

=Q(e*) +C (—%(8)\)263}‘) 1+ 0 <_%ae*> ,

> Unlike the bosonic case, ¢*4(*) is not singular even for A =h!_ .,

2

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

¢ Nevertheless, there exists a homotopy operator for A = hr!__,

It implies: Oiip = = 0%A0

Vanishing cohomology for all ghost number sectors!




On cohomology of the BRST operator
o At least formally, we have
Qedp=0 & Q'(e?"-122¢)=0
P eq(h’l—l/2)¢ = Q'(Aeqml_l/z)¢)

¢ Using the explicit form of the nontrivial part ¢ of Qg-
cohomology in the NS and R sector, we find:

®=¢+ABX

_— eCI(hl—1/2)¢ = Uz—zggo L Q’(eCI(hL_1/2)X)

g: ghost number




Zero in the Fock space but nonzero
in a larger space (?)

¢ In a similar way to the bosonic case,

(—1)ynU+1) o

[Qna m] n+m U_lb(Z)U =i D e = Z b(Z)

. S| -
mp  AU2*|p) = exp (‘ > —> UA27*9|p) =0

1 n
It implies that all coefficients of AU2 29 vanish in the Fock space.

However, we should have  e9(h=1/2) , — @’ (AU2729)
20

Nontrivial part of Qg-cohomology becomes Q’-exact outside the Fock
space by ¢2(h_1,2) as far as we respect the homotopy relation:

{le A} =1




Summary

> bosonic SFTOTTS# % SSFT Didentity-basedi# I A5 L 7=,

o ZDSSFTDOERE D & Q’Dhomotopyi 1% WL L 7=,

122 DQ 1% (bosonicD & & 7 ) homotopyif Al 1M7L
LTYd) HED Qpd 6 DsimilarityZ2 it L TEIEY 5,

> Qpcohomology D FE HH 7547 1% 2 DsimilarityZ28 41 X ) GEK
DFock spacez il 2 7o EFRT) Q-exactil 7z 5,




> 3 homotopyi#E &L F:cohomology’ H HH—BPS D-brane?’/E 2 7z ?

[cf. Erler(2007)]

o vacuum energy, gauge invariant overlap® [E#Z51 5, (H 5 W1 iZ

L ~OLYIMTIZ X % BB 2> RS, )

[cf. Kishimoto-Takahashi(2009), Kishimoto(2010)]

> bosonicD ;6 & 7% ) homotopylEA FMAET 25612 D fidlE
pure gaugeDZICE I [EN 5 ?

CAU2 %o ~ 0 D0 et e = QAU Yy) L\ ) IR DAL,
£ 0

o fEEHIOm (?) (QA+ AQ)U|Y) # Q'(AUIY) + A(Q'U|-))




