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1. Topological Membrane Aproach to String Theory

-

Consist in the description of String Theory by a thickened
world-sheet

This thickened world-sheet is a 2+1D Topological
Membrane M with 2D time boundaries OM = > @ >

In 2+1D it is defined a Topological Field Theory and
Gravity theory minimally coupled to a scalar field

which induce in the 2D boundaries the Conformal Field
Theories describing the known String Theories

The main advantage is the reduction of fundamental
principles (similarly to M-Theory)

|
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1. Topological Membrane Aproach to String Theory

o N

- As 00M = 0, open strings are described by orbifolding
the membrane such that one boundary is ¥, = > /7%,

- The orbifold symmetries Z, are PT (Dirichlet bc) or PCT

L (Neumann bc) J

PCF, D-branes from 2+1D TFT - p.3



1. Topological Membrane Aproach to String Theory

Hence we define the 2+1 Topologically Massive Gauge T
Theory in M = [0,1] x X

STMGT —

1 1 k
/ dt / dzdz [—ZFWFW + 8—6“”/\AM8VA,\ + AMJ“]
0 >

T

Canonical momenta: IT" = — F% + €74,
70

. 0
. hodi . -
In Schodinger picture Z5Ai

k
charge spectrum: @), , = m + ik
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1. Topological Membrane Aproach to String Theory

o , N
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1. Topological Membrane Aproach to String Theory

-

Functional quantization follows by computing the
Hamiltonean and Gauss constraints:

Hy =
1 | k.. k 1 .. |
= HZ——WA' HZ——kA = Z]Fi'2_Aiz

[ 5 (=) (= st + e = |

1 k 1 k 19 0

Qg:—é’i H_S_ﬂ'e Aj —FEG 8ZAJ+J -

Gox. = IT'| .

HsU[A, J] = EV[A, J]

GsVIA, J] = GssV[A, J] =0 J
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1. Topological Membrane Aproach to String Theory

-

Let us consider the usual current continuity equation and
a decomposition into holomorphic and anti-holomorphic
components of the charge-density:

o JF=0, J'=p, J =2/
1 .. _
p= 0, = i0.Y* — 0.y

It is further require to ensure that boundary functions are
chiral, hence impose the bc:

Yo : j*=Y?=0 (anti-holomorphic)
¥1: 72 =YY% =0 (holomorphic)

|
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1. Topological Membrane Aproach to String Theory

T__ k ST
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1. Topological Membrane Aproach to String Theory

To define the quantum field theory on an orbifold it we wiIIT
consider the Z, symmetries corresponding to the P71 and

PC'T symmetries.

The specific field transformation are, for these discrete
symmetries:

|
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1. Topological Membrane Aproach to String Theory

— —A PCT : A —
Y = = p = ¥
Ay — A Ay — —Ao
A — A A — —A
Ap — =4 Ap — 4
A, — As A, — —A;
O,E — OFE" O, E" —— —0,F"
B — B B — -—B
Cmn —> —Qmn Cmn — Gmn
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1. Topological Membrane Aproach to String Theory

-

To interpolate between both boundaries it is further

required to describe the field and current evolution along
the bulk.

Consider 2 time functions f,(¢) and fi(¢) ,
transform under P1" and PC'T"
f0(1 — t) — _fl(t) :
with boundary conditions
fo(0) =—f1(1) = =1, fo(1) = f1(0) =0,
at orbifold point
f0(1/2) — f1(1/2) — 1/2 :

|
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1. Topological Membrane Aproach to String Theory

-

To extend quantities integrated at the boundaries to the
bulk we consider the following construction:

/231X1+/230XO:/oldt/zat(lel_fOXo)

Such that at any time in the range 7 € |0, 1] we obtain

/ X, = /(fl(T)Xl — fo(T)Xo)
X >
from the continuity equation

O(fopo + fip1) = f00.5° — f10:57

|
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1. Topological Membrane Aproach to String Theory

we obtain the solutions

) C1e[0,1/2]

fO(t):i _1/2—|—f(t—1/2) : t€[1/271]

12— F3/2—1) . te0.1)2]

hit) =< _f(2— 1) Ctef/2,1

\

O pe—— +<1+ 1/2k>61gwt

1l — e 167 1 — e 167

corresponding to the relation:

k _ k
'z _Yz ’ 'z _Yz
J ST J ST

-
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1. Topological Membrane Aproach to String Theory

To actually define a non chiral boundary CFT, the T
membrane partition function is defined as:

Y <\Ij17 \IJO> — /[DAZ DAz]e’iSTMGT\IJI\IJO

While for an orbifolded membrane the partition function is:

Zorb = <\IJ1/2, \P0>0Tb — /[DAZ DAZ]eiSTMGT.orb\IJOTbT\IjSTb

1/2

W[4, Y] =

fioseaf [ [(o+- 7).~ (oo- )
ol f (B
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1. Topological Membrane Aproach to String Theory

-

Noting that any local gauge transformation can be
included in the field ¢, let us gauge fix the field A and
consider the Hodge decompositions:

Ai — CLi —+ eijé’jf , YZ — ﬁ (GZYD -+ GijanN)

such that these fields transform under the discrete
symmetries as:

PT : a, — as PCT : a, — —as
Yp — Yp Yp — —Y¥p
§ — ¢ § — ¢
YN — —YN YN — YN J
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1. Topological Membrane Aproach to String Theory

k
T _
Vi = /[DSO] exp{ . /Zorb

where for PT and PCT orbifolds

EV2 (o — 2Yp) }\If};% T

1k
PT : \PEZOM,D = /[Dgp] exp{—ﬂéz a(gp—YD)} X Vp
orb

k
PCT : \PgEorb,N = /[Dgp] exp{%—i—ﬂ 7{92 faﬂp} X Vn
orb

obtaining the EOM and BC from partition function

PT (Dmchlet bC) : (52(V2(90 — QYD)) X (532(@05 — YD)

PCT (Neumann be) @ ds(V?(¢p — 2YD)) X das(0+pp) J
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1. Topological Membrane Aproach to String Theory

-

In addition we obtain the D-brane and Wilson line string
vertexes for the collective coordinates Y, and Yy:

k
Pl : Vp = exp{——jg YDaJ_SDb}
47T on
1k ”
PCT : VN — eXpPy —— YN5’ Db
47T on

consistently also the charge spectrum is truncated by the

orbifold:

PT : Qon = % n (winding modes)

PCT : Qno = m (Kaluza-Klein modes)

identifying k = 2R? /o’ these correspond to 1-dimensionaIJ
compact target space of string theory
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1. Topological Membrane Aproach to String Theory

-
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2. D-Branes from Topological Membrane

-

Aiming at describing D-branes it is required to define the
respective Ishibashi states satisfying:

- Cardy condition

- sewing relations

. . 2 .
Let us consider rational k = =~ (p even, g coprime)

q
upon identification of >, with >; the membrane describes

a rational CFT.

The boundary theory will be set by the bulk topological
interactions, in particular by the braiding of Wilson lines

and vortex interactions (maintaining charge

conservation). J

PCF, D-branes from 2+1D TFT — p.19



2. D-Branes from Topological Membrane

-

The charge spectrum on X of genus g is given by:

Ql)\:%l:ml—|—§nl ,mlanl:()?"'7%_1
Ql)\:%l:ml_gnl ’ Z:L""g

Let us define the punctured wave-functionals (tachions):

=[A, Qi(z)] = U x H ot Qi(p(zi)+hi(z:)

1=1
such that the partition function for Wilson lines (i.e.
charge propagation in the bulk) is:

<H W@@-<z,z>> = O[A, Qi(%), Qi(%)]
1=1 J
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2. D-Branes from Topological Membrane

A )
<H WQi<z,z>> = ®[A,Qi(2), Qi(%)] =

S

H oi/k Qin(eij(1)_0ij(0))WM(AQ)\)E[A, Qi(z)] Q=" A, Qi(Z)]

1,J=1

WQi(z,z) = exp {iQi /0( . A}
v (AQ) = H exp {zAQA/ }

03(1) = 0u(as(t), (1)) + Im[ [ / W o)+
L /:g(o)wl /xi(o) ( +wl/)] J
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2. D-Branes from Topological Membrane

-

Further considering sums over all possible combinations
of bulk processes, considering an Hodge decomposition
for the gauge fields and integrating over these fields we
obtain

(pg)9—1

Z(I,T) = k9/2 Z U,\(I) @ WH(T)

Hence, by deflnlng appropriate projection operators we
can define the respective Ishibashi states:

|
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2. D-Branes from Topological Membrane

Hence, by defining appropriate projection operators we T
can define the respective Ishibashi states:

PT: (Q=Q=m) PY =2 A0 (A=Al

A=m)" =335 I\ @ Up D)

PCT: (Q=-Q=kn/4) PP =5, I\0) (A=Al

X =kn/4)" =30 IND @ Up A1)

|
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2. D-Branes from Topological Membrane

As for the description of the D-brane tension and effectiveT
actions (Bl) it is required to include in the bulk:

- dilaton field D

- topologic massive gravity

S[A,w, D] :/ [\/Tg%DzR(w)+8\/jg%8uD8“D

M

vV—4 L
— 2 P " e rA,0, A

K 2
+— ek (wz LWy —e“bchwfjwi)] —8kK Do, D
8T 3 OM
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2. D-Branes from Topological Membrane

-

We obtain the boundary action T

1
Splp, &, D] = /E[—E (In D* + ¢) Rzq) — 26D8 . D +

1 k
167+ .00z + Ape™® — 8 z%pazépl

Hence the string tension is generated by a vev for D*:

<exp{—% /Z (In DY) R<2d>}> — (D)X

= g, = (D*)

1
L X(2) = i /z R2q) = 2 — 29 — b — ¢ (Euler number) J
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2. D-Branes from Topological Membrane

-

The generalization to d + D dimensions is straight
forward,

the bulk action is:

STMGT[A7D]:
—g 1 v Gri+iBry o (1 J

|
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2. D-Branes from Topological Membrane

-

Further considering Neumann bc over d-dimensions and
Dirichlet over D-dimensions:

7° =
d+D d d+D
(g5) X H /[Dgp] H5320 (vp) H dose (DL e_SbM)
I=1 a=1 m=d-+1
1 o~ o~
Sb[gp] — \/Eh” G+ 1€’ By aiQOIanOJ +
87TOC’ »
1 , .
yp » [Yp,aﬁﬂpg + zYN,mé’”gob }
Ky = : Grr(KY'"'Gry= L (éu + iéu)
(&/)2 o’

|
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2. D-Branes from Topological Membrane

-

Sppr = 2° = (g:) " / dP o |det (K + Fonn)[ "2

ool O’
mn m :K
K (90 ) Ijagpm agpn
oYL —~— oyl
Frn (™) = aN,,; — aNn;
Y Y
ol = (o™ YE)

vy =0, =1

Vg>2 even — L Vg>2 0dd — 0
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Conclusions

o N

We have described both:
- D-brane vertex operators

- D-brane effective actions

o |
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