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Closed strings Gauge invariant op.

Gauge/Gravity?
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Fix a bulk CFT (closed string background)
Fix a reference BCFT, (open string background, D-brane’s system)

The string field is a state in BCFT, Z 0)[0)
t:i '(0)]0)sL(2.R)

There is a non-degenerate inner product (BPZ)

(¥, 0) = (V(=1)9(1))prr,
The bpz-inner product allows to write a target-space action

| | |
S = — 5 (1, QU) g CFTo 3 (W, *x )y CFT, = Sefrltil

Witten product: peculiar way of gluing surfaces through the midpoint
in order to have associativity

Equation of motion

Q\IJ+\I] * UV = ()
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OSFT CONJECTURE (once known as Sen’s Conjecture)

' i Allowed
Classical Solutions IR
Boundary State D-branes

Key tool for connecting the two sets is the OSFT construction of the boundary state
(Kiermaier, Okawa, Zwiebach (2008),

Kudrna, CM, Schnabl (2012) )

The (KMS) boundary state is constructed from gauge invariant quantities starting from
a given solution

[B.) =) nd|Va))

Q\IJ* + \IJE — O ) Q .
ng = (VYB.) = (VA(0) gk~ = Wyea[¥. — Uy]

Intriguing possibility of relating BCFT consistency conditions (Cardy-Lewellen, Pradisi-
Sagnotti-Stanev) with OSFT equation of motion
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* |t represents the ABSENCE OF D-BRANES. Degenerate BCFT with NO
BOUNDARY DEGREES OF FREEDOM.

* Today, we understand this complicated state “simply” as (Schnabl,
Okawa, Erler)

KB Bec+cB =1 OB = K
\IjtV:F(K)Cl_FQ(K> CF(K) [BvK]:O QQc = cKc
— B°=¢"=0

QU + Ui, =0
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o Tachyon vacuum means no D-branes: the shifted BRST operator,

Qtvw — Qw T [\Ijtva w]

should have EMPTY COHOMOLOGY: contracting homotopy operator

Qtv(Aw) — w o AQtvw

 Forthe TV in the KBc algebra it is readily found

| — F2(K)
A=B-——

« Subtle: 1/K does not exist, but A is well defined (this defines the TV)

F(K) =1+ F'(0)K + O(K?)
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OSFT solution for any background

e Connect two generic backgrounds by passing through
the tachyon vacuum

/
/ v %
BCFT, " g BCFT,
/ ./
\. L= /
WO 5% >
U =0 — YUY
€ Hag Sy =1

Q\D+\P2:O Qtvi:Qtvzzo
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- The Sigma’s can be constructed due to the trivial
cohomology at the TV, using the WS bcc’s

B
Z:Qtv(1+Kg>

Qtvi — QtvZ =0 \IJW—H#KC(HK);C i B _

— B
EE:QW<1+KEJ>:1 IF oo =1

- It remains to search for world-sheet local fields obeying

oo =1
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* Suppose we have c=25 bcc operators of weight A switching from
BCFTo to BCFT* with leading OPE

Fe(8)oc(0) ~ 572" lgcpTe=25 + (less sing.)

* Tensor them with timelike momentum operators (constant Wilson line)
ei\/ﬁXO (S) — e—i\/ﬁXO (8)

o(s) = o. o(s) =0

* Now they are c=26 weight zero bcc’s with leading OPE

o(s)o(0) ~ lpcpre=26 + (less sing.)

o Factorization of the bcc’s, and time non-compactness implies (a time-like
Wilson line is pure gauge)

BCFTS=20 = BOFT) ® BCFT<2
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Background independence

Action for fluctuations

S|W + ¢] =

1
272

(90— 9.) — 5 Trld Quos] — S Trlg?

Consider the peculiar BCFTy states
gb — Zgb*i,

Observe that

Qu (2¢.X) = (QuoX) X + X(Q¢x )X + L (Qou )

Qb* - FOCkBCFT*

QuoX =QX +UYX =QX + U .Y — XU, 2 = Qv 2 =0
Qor> = QY — SV = QF — T, + XXV, 8 = QX =0

Therefore Qu (X¢.X) = X(Q¢.)X
We remarkably get the theory DIRECTLY formulated in BCFT*!

S|V + ¢| =

1
272

(90 _ g*)

1
— —Ir
2

6.Q0.] — 5 Trlo!
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Changing the Rank: Multibranes

* We want to construct a solution describing the non-fundamental BCFT

BCFT, = @, BCFT;

* We therefore define rows and columns (_ \
01
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* To solve the equation of motion | need the non trivial orthogonality relation
57; O'j — (Sij

* Allthe bcc’s are tensored with time-like plane waves o; = ei\/h_’ixoaz(c:%) and the c=25
bcc’s will generically close on generic bcc operators intertwining the various BCFT’s in the game

E§c=25)(8)0§c=25) (0) ~ g—hi—hj+hi 0§j¢=25)

* The orthogonality relation is

IV hi — A/ hi| < A/hij, (2 F£ ) really constraining?
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 Given two ¢=25 BCFT's which “descend” from the same bulk
CFT, we have related them through an exact solution of OSFT.

 The solution Is explicitly constructed using a pair of bcc
operators, with the help of a pure-gauge time-like Wilson line.

- Going up in energy doesn’t appear problematic, we don’t
have to follow the world-sheet boundary RG flow (as in a
sigma model approach, like BSFT)

- Fundamental and composite boundary conditions (multi-
branes) “fit in” in essentially the same way, Chan-Paton’s
factors are dynamically generated.

- OSFT is finally liberated by the initial choice of
background.
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