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WHAT IS STRING FIELD THEORY, AND WHAT IS IT GOOD FOR?

String theory amplitudes are obtained by summing up integrals on
moduli spaces of Riemann surfaces

Itis by definition perturbative and background dependent

Q: Isit possible to construct an action, from which the string
amplitudes can be derived via Feynman diagram expasion?

Such a theory is the second quantized theory of string theory, which is
called string field theory (SFT)
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Describing tachyon condensation (False vacuum)
Essentially field theoretic problems in perturbative thoery: mass
renormalization, D-instanton sector contribution, ...
Carrying out CFT perturbation theory beyond leading order
(closely related to 1.)

What is not done yet:

A fully non-perturbative formulation of string theory (By far still a
perturbative Batalin-Vilkovisky (BV) action around a saddle point!)
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At open bosonic string vacuum (a spacetime-filling D25-brane), a
string state
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T(k): tachyon field with negative squared mass

This means that we are doing perturbation on a wrong vacuum!
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THE PHYSICS OF CONDENSING TACHYON

At open bosonic string vacuum (a spacetime-filling D25-brane), a
string state

Y- [dk{ [T(k) + Au(K)a 1]c0+78(k)c0+ }|o;k)

T(k): tachyon field with negative squared mass
Sen’s conjecture: the open string vacuum (D25-brane) decays into a
vinicity of D-branes, where there are no open strings (tachyon
vacuum)
It was proven by constructing an analytic expression for this
“tachyon vacuum” (Schnabl, 05)



THE PHYSICS OF CONDENSING TACHYON

Another kind of false vacuum: marginal deformation



THE PHYSICS OF CONDENSING TACHYON

Another kind of false vacuum: marginal deformation

Background independence: String backgrounds <> Classical
solutions to SFT < Worldsheet CFT



THE PHYSICS OF CONDENSING TACHYON

Another kind of false vacuum: marginal deformation

Background independence: String backgrounds <> Classical
solutions to SFT < Worldsheet CFT

A deformation of worldsheet CFT can be represented by an operator of

conformal dimension one and it is called an marginal operator



THE PHYSICS OF CONDENSING TACHYON

Another kind of false vacuum: marginal deformation

Background independence: String backgrounds <> Classical
solutions to SFT < Worldsheet CFT

A deformation of worldsheet CFT can be represented by an operator of

conformal dimension one and it is called an marginal operator

Not every marginal operator represents a valid deformation, those
that do are called exactly marginal



THE PHYSICS OF CONDENSING TACHYON

Another kind of false vacuum: marginal deformation

Background independence: String backgrounds <> Classical
solutions to SFT < Worldsheet CFT

A deformation of worldsheet CFT can be represented by an operator of

conformal dimension one and it is called an marginal operator

Not every marginal operator represents a valid deformation, those
that do are called exactly marginal

Exactly marginal operators are valid string backgrounds, therefore
they are solutions to the classical SFT equation of motion



SFT ACTION
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k D(-1)-branes sitting on a stack of N D3-branes
ND3
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Field theoretically, this is a N = 4, SU(N) super Yang-Mills instanton
with winding number k

But this is not exactly true: D-brane bound system is an approximated
string background, just like point-like instanton is an approximated

solution
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k D(-1)-branes sitting on a stack of N D3-branes
ND3

~
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The operator relevant here:

A(2) = 0%(2)0*(2)0%(2) 0% (2),
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k D(-1)-branes sitting on a stack of N D3-branes
ND3
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o*(z) is the twist field that change the boundary condition of strings
streching between different types of D-branes

b ...

T (oo0)
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The twist fields can be made into an marginal operator

uv Uj A cé
V(z):gﬂc(z)( el wy AS

e A e

whereu,ve{1,...,N}andi,je{1,...,k}.
It satisfies QV =0
The full string field equation of motion

QY + My (W, W) + M3 (W, W, W) + - =

is satisfied only if we deform V

2 3
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At each order
P
Q¥ =0,V =—=Y
\ /(X/
QW1 + My(Wo,¥o) =0

QWy + My(Wo,W1) + My (W1, Vo) + M3(Wo, W0, W) =0

Warning: Q is not invertible
Sovable condition (Pg is a projector):

PoM,(Wo,¥o) =0

Po [My(W1,¥o) +Mpy(Wo,W1) + M3(Wo +Wo +Wo)] =0
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For SU(2) group

Afi(l):(\/%) (Vag, W1) = 2070, EX X0;4,

which agrees with the ADHM construction (expanded for small p)

The sovable condition gives
_ 1 &
g ([au, av + EWa(Guv)“BW[g]) =0,

which is the well-known ADHM constraint
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Deformation is given by ccwp SP A SP AePe™®

X (e+21) = - X))

There is no constraint on the moduli (up to the third order)

So we can take wy, =

- 1 1
o= (T3 )
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Deformation is given by ECWBSBAﬁvﬁgBAe‘d’e‘d’

X (c+27) = - Xo)

Metric is given by

2ikiki 2kiky  —2ikiky —2kiko
2kiky  —2ikiky  —2kgky  2ikokq
—2ikikg —2kgky  2ikgky  2kgko

—2kiko  2ikoky  2kgko  —2ikoko

W (%)
G/j :(w) (VGD,W]_)N



TWIST FIELD IN CLOSED THEORY: ORBIFOLD SINGULARITY

Deformation is given by ECWBSBAW[aSﬁAe‘d’e‘d’

X (o+27) = - Xa)

Y

Kahler form: w = iGljdx’ A dxj, computing dw will give a
non-vanishing result



TWIST FIELD IN CLOSED THEORY: ORBIFOLD SINGULARITY

Relation to the resolved space?

Will there be contraints at higher order?



Thank you!



