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Spacetime Physics

Those field equations can be derived GFV('X)
from this spacetime action: B;W(x)
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Spacetime Physics

Those field equations can be derived G."V('x)
from this spacetime action:
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Spacetime Physics

Those field equations can be derived G}W(‘x)
from this spacetime action: B (.X)

D(x

_—_._

= /dD G)I/-‘* = R+4V,®V*® — —Hm, Epe
H‘-D

—2( = - O(a')‘

3o

Natice the implicit power of the string coupling that appears. Everythipg was
| computed at the sphere level. Tree level in string pert. theory.
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Language of Perturbation Theory

Sphere?
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Language of Perturbation Theory

Sphere’

Can always choose
conformal factor to map
all external states to
“vertex operators’ at
points....
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Language of Perturbation Theory

Sphere?

Can always choose
conformal factor to map
all external states to
“vertex operators’ at
points....

Disc (see later)
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Language of Perturbation Theory

Some more diagrams...

e gs 9s
sphere S? torus 772
(plane)
closed B
oriented
disc D cylinder (s
(half-plane) (annulus)
Opel]. I T e

oriented

: 05060076
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Spacetime Physics

| X)
Can also rescale metric to present FV(

action differently: . pt:;lcmval: (X)
Mamn
63— 0, = 1o o)
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Spacetime Physics

Can also rescale metric to present
action differently:

G (X) = 22X G,, = P-9/(D-2g

. / dDX(/—I%-— % _v,ov*e

22 ). D —2
E o DE?/ 2(D —26) 46,(p-2
—Ee / pual 3o € /( ) @ O(O‘!,)‘

This is the low energy effective action in “Einstein frame”.
(Previous was “String frame”).
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Spacetime Physics

Similar story for the open string (all Neumann):
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Spacetime Physics

Similar story for the open string (all Neumann):
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Spacetime Physics

Similar story for the open string (all Neumann): AF(X)
dr ApatX" Coupling to boundary
M of the worldsheet.

. (43 / d°X e *TdF,, F* + O()
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Spacetime Physics

Similar story for the open string (all Neumann): Ap(x)
I Coupling to boundary
dr AP‘ X of the worldsheet.

oM

= (43 /dDX e~ *TrF,, F* + O(d)
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Effective spacetime action
is Maxwell, with coupling
set by dilaton.
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Spacetime Physics

Similar story for the open string (all Neumann): Ap(x)
dr A,u at XH Coupling to boundary
M of the worldsheet.

o — —g /dDX e_(bTeryF“” + O(a')

Effective spacetime action
is Maxwell, with coupling
set by dilaton.

8¢ “disc order”
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Spacetime Physics

When there are Dirichlet-Dirichlet and Dirichlet- Ap(x)
Neumann directions also, there is a more
geometrical language:
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D-Branes

Think of open string sectors as
existing within a closed string theory,
as hypersurfaces called “D-branes”,
where the endpoints lie.
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D-Branes

Think of open string sectors as
existing within a closed string theory,
as hypersurfaces called “D-branes”,
where the endpoints lie.

b extended Dp'bl'ane

directions:
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Multiple branes:
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U (N ) gauge theory

on world-volume instead
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Multiple branes:
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Multiple branes:
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Open string degrees of

freedom givea U(1)

gauge theory in the

(p+ 1)—dimensions of its
“worldvolume”

Vibrations of DN-strings
and DD-strings appear as
(charged) scalars in this
world-volume theory.
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