§upergravity and Open Strings

(An attempt to give a non-perturbative formu-
lation of closed superstring theories O super-
gravity theories y_i_g open string theory)

Plan
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L) erk LA (-Lﬂulu..a'{h) Rﬁ.!{‘!m} 2wl e bacd,



_h_llotivation

We have a more or less complete understand-
ing of superstring perturbation theory in terms
of sum over Riemann surfaces.

We also have a good understanding of strong
coupling behaviour of superstring theories us-
Ing duality symmetries.

However, there is no non-perturbative formula-
tion of these theories from which perturbation
theory can be derived systematically.
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There have been attempts to give non-perturbative
formulation of string theories in special back-
grounds.

e Closed string field theory Zwie bach, ----

Banks, Fisehla, alhegtc o,

B r:n_atrix theory e xchiind

e Maldacena conjecture Maldateno

In the last two approaches the fundamental
degrees of freedom are open strings living on
D-branes.

In Matrix_theory the degrees of freedom are
open strings living on DO-branes.

In Maldacena conjecture they are open strings
living on D3-branes / other D-branes.
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Since D-branes carry Ramond-Ramond charge,
both cases describe string theory in the pres-
ence of charged branes.

Matrix theory : Infinite DO-brane charge

— momentum in the 11th direction.

As a result it describes M-theory in the infinite
momentum frame.

Maldacena conjecture: D3-brane charge

— Flux of 5-form field strength

As a result we have string theory in the pres-
ence of background 5-form flux (and AdS ge-
ometry)
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Q. Can we get rid of the D-brane charge and
still use open string degrees of freedom to give
a non-perturbative formulation of string the-
ory?

Proposal: Use a system of branes with zero
total charge.

e.g. Er;qne-antibrane system or non-BPS D-
branes.

Example: Type IIB string theory has space fill-
ing BPS D9-branes

Use a system of equal number of D9-D9 pairs

— carries no charge

In type_I_I__ﬁ_\_ we can take a set oi non-BPS D9-
branes as our starting point.




_E_)ynamics of these systems are described by
‘open string field theories’.

A field theory with infinite number of fields v,
P, ... with action

E({M)J

{¢» = 0}: describes the D9-D9 brane configu-
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ration in IIB and non-BPS D9-brane configu-
ration in IIA

Proposal: Take these open string field theories
to be non-perturbative definitions of the full
type IIB / IIA superstring theories.
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Naively a natural starting point woulslﬂj)e a
closed string field theory since type IIBAstring
theory is a theory of closed strings.

However, open string field theories are much
better understood than closed string field the-
ories. wf*’;‘-“

Furthermore it is known that even if we start
with an open string field theory, the S-matrix
elements of the theory contain closed string

poles Fr cehman, Grddivgs, Shapiro, Thevn

— closed strings arise as ‘bound states’ of open
strings.

Also the experience with Matrix theory / Mal-
dacena conjecture indicates that open strings
are better suited for giving a non-perturbative
formulation of theories with gravity.
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However this proposal clearly raises many ques-
tions.

A brane-antibrane system / non-BPS D-brane
carries energy density even if it does not carry
charge.

— cosmological constant. ¢ sTrin& ScALE)

Furthermore typically such systems carry tachy-
ggic mode.

(i.e. one or more of the infinite number of
fields 7, 92, ... have negative mass2.)

— the system is unstable.

Fortunately, these two problems cancel each
other.
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The action S({+r}) has a stationary point {11) O)}
(minimum of the tachyon potential) where e the

negative contribution from the potential en-

ergy exactly cancels the energy density of the

original system, and there are no tachyons.

— . ,:.,;J,qtﬂ.k? ,F:: !-:-:

This has been tested numerically. ::{z::r;m
BA kowikr,

(There is another version of string field theory, “',;":‘;'::L..

— boundary string field theory, — in which this >m

Rnffhﬁlm
can be proved analytically. e os ivoo, Shakeshuit (qeal, Naged

Wutalow, Hwnnﬂ Menre

However, the relation of boundary string field
theory with the more standard string field the-
ory that allows us to carry out perturbation
expansion is not known.

It is believed that the two theories are related
by field redefinition.)

Since at the stationary point there is no net
charge or energy density, we can identify this
as the usual superstring vacuum.




If {¢r = 1;),(.0)} describes this ‘vacuum_solu-
tion” then we can expand the string field theory
around this new solution.

Gﬁr E"’L’r — SD_)]
(ST{wr}) = SO + 5({erD) |

§({¢f}) describes string field theory expanded
around the tachyon vacuum, e.g. the type lIB
/ {Ié_ string theory without any D-branes.

Use §({¢rt) as the starting point for the path
integral description of the string field theory.

Around the tachyon vacuum ({¢, = 0}) there

should be no phzsical open string states as the
I_Z_J__-branes have disappeared

€ (lyw? , Taylor

(Has been checked numerically) 't Fem, 1o

Since there are no perturbative physical states
obtained by quantizing the open string fields,
there is no perturbative S-matrix.

H-I“.Cl.
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Q. What should we compute using this action?

There are of course still infinite number of off-
shell string fields.

Look for gauge invariant operators involving
these fields and compute their gg_[relation func-
tions.

A ———

It turns out that for every physical closed string
vertex operator, there is a gauge invariant op-
erator in the open string field theory.

Thus one would expect that the correlation
function of these gauge invarint operators will
be related to closed string amplitudes. ., . . ..

Y {‘ﬁ- "AS"'I' 'LL -l'l-'
£ wMLg baldh

This still remains an open problem.

Orner APROACHE S FOR GETIING ClosEp STRinGS

y":, ”‘5-, B‘*J“l”, H‘U‘l’i, Yl}' Gu bhong, Heed, ¥,
G eYoe S rmay, Shkaskv{]\i
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Besides closed strings, superstring theories also
contain other objects.

B Q—bra nes

e NS-5-branes

Can we find these objects in the open string
field theory with action S({¢r}) described ear-
lier?

It turns out that D-branes appear as regular
solitons in this open string field theory.

— Classical solutions satisfying the equation of
motion -

[EE‘/M,. e o_}

(Direct numerical checks as well as indirect an-
alytical arguments using boundary string field
theory)
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Examples:

A 7-brane in IIB is a 'tachyoyic vortex' solu-
tion.

T(p,0) = f(p)e®

f(o0) = Ty, f(0) =0

(p,0): polar coordinates labelling directions trans-
verse to the 7-brane.

Topological charge: #1(S1)

A 6-brane in IIA is a tachyonic .rlgdge-hog con-
figuration.

Topological charge: m2(52)

A 5-brane in IIB carries topological charge as-
sociated with m3(S3).

A general analysis leads to a more refined clas-
sification of D-brane charges based on K-theory.

‘-Jl"glh
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Existence of D-brane solutions in this string
field theory also gives another indirect evidence
for the existence of closed strings in this theory.

Consider a classical solution describing a pair
of D-branes separated by some distance.

Compute the one loop effective action in this
background.

This one loop effetive interaction contains in it

the closed string exchange interaction between

D-branes (including graviton exchange forces).

(Follows from the result that closed strings ap-
pear as poles in S-matrix elements involving
open strings)

Thus interaction between solitons in this string
field theory does know about the closed string
states.




What about the NS-5-branes?

Construction of NS 5-branes is part of a more
general problerrj, in which we want to use the
open string degrees of freedom to shift closed
string background. .

Since closed strings are bound states of open
strings, this problem seems complicated and
not much progress has been made on this front.




Clearly the success of this whole program dep-
nds on how well we understand the open string
field theory around the tachyon vacuum.

Unfortunately although the original string field
theory action S({v¥r}) has a simple form, so far
we do not have such a forrn available for the

action S({da,-})

In order to derive this form we need to know
the explicit form of the solution %>’ with which
we shift the string field to go from S({yr}) to

S({¢r}) 9r}).

So far the explicit form of 1,[1 (0) has only been
found p_urnerlcally
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In the absence of an analytic form of S({¢r})
that can be derived from the original string
field theory action, we could try to guess the
form of this action.

Useful guidelines:

e There should be no perturbative physical
open string states.

e T he equations of motion should have clas-
sical solutions describing the known D-brane
solutions of the theory.

For bosonic open string field theory this has
been carried out, although how to derive it

from the original string field theory action is
still unclear.

asols, Rarte (L, A-r. Zunabad

Gorose & Toyler



Summary

Open string field theory on the unstable brane
system can provide a non-perturbative formu-
lation of closed superstring theories.

Consistency check:

e At the minimum of the potential, the the-
ory has zero energy density

e It does not contain any physical open string
states.

e It contains all the D-branes as solitons.




Appearance of closed strings in the theory can
be seen indirectly, but a more direct analysis
should be possible.

Shifting closed string background (including
construction of NS 5-branes) is a more chal-
lenging problem, which must be addressed.

If the program is successful, then we could in
principle use this open string field theory to
study non-perturbative questions in string the-
ory, both analytically and numerically.




