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An open bosonic string in 26 dim., D25, (one
can also discuss any other [)p) contains tachyon
T (m? = —% in some units), massless gauge
field A, and an infinite tower of massive fields.

Tachyon - the theory is unstable.

Conjecture 1 (A. Sen, '99): the tachyon po-
tential has the form:

V(T) = Mf(T)
A - mass of D-brane and f(7') - universal func-
tion.
f(T) has the stationary point, 7;.; f(7.) = —1.
Conjecture 2 (A. Sen, '99): there are soliton

configurations of tachyon field on unstable Dp-
branes - lower-dimensional branes.



Cubic open string field theory or its extensions:
Kostelecky, Samuel, '90; Sen, Zwiebach, '99,

In "00 - Taylor; Moeller, Taylor, Harvey, Kraus,;

de Mello Koch, Jevicki, Mihailescu, Tatar; Moeller,
Sen, Zwiebach; de Mello Koch, Rodrigues; Moeller;
Sen, Zwiebach; Berkovits; Berkovits, Sen, Zwiebach;
De Smet, Raeymakers,; Igbal, Naqvi; Sen; Kost-
elecky, Potting; Hata, Shinohara; Zwiebach;
Minahan, Zwiebach; ...

p-adic - Ghoshal, Sen, "00

OS sigma model in the '80's: Fradkin, Tsevtlin,
'85; Abouelsaood, Callan, Nappi, Yost, 87, ...
Closed from Open (SFT) - Strominger, '87;

S. Sh., '97 (unpublished); Kraus, Harvey, Larsen,
Martinec, '00; Yi, '99; Bergman, Hori, ¥Yi '00;
Sen '00, Mandal, Wadia, '00; Kleban, Lawrence,
Shenker, '00; ....

RG - Harvey, Kutasov, Martinec, '00, ...
Background independent open string theory:
Kutasov, Marino, Moore, '00; Ghoshal, Sen,
'00; Cornalba, '00; Okuyama, '00; Tseytlin,
'00 .....



Deform the world-sheet action:

o= T / V(X,b,c)
JO =8

< >= /[;J-r][;m][“r;-]f--ffr-z__

Consider only the case when ghosts decouple:

O = cV(X)

The boundary term in the action modifies the
boundary condition on the map Y/(:, Z) from
the Neumann boundary condition (this follows
from Ip):
o XF (o) =0
to “arbitrary” non-linear condition:
o

. X" ag) = . ViIA)
b (o) dXH(a) ./ri,rj (A



I+ defines the family of boundary 2d quantum
field theories on the disk.

The action S((O) is defined on this space and
iIs formally independent of the choice of a par-
ticular open string background (Witten, '92):

diS=<d[ O {Q, / 0} >
Tl

Jeil)

Since « [ O is arbitrary - all solutions of the
equation J5 = 0 correspond to the boundary
deformations with {Q), [O} = 0; = 2d theory
is conformal (scale invariant, 7 = 0) = valid
string background.



What is the space of deformations given by
V(X(a))?

Assumption (restriction?) - VV can be expanded
into “Taylor series” in the derivatives of X(o):
V(X) =T(X(0)) + Au(X(0))dXH (0o)+

Cu(X (0))0X* ()X  (0)+Du(X (0))2X (o) +...

The action now becomes the functional of co-
efficients:

5= H(J-I'(I(”)}-. f‘l,u(lr(”])- ')

The goal: write 5 as an integral over the space-
time (constant mode of X(¢): X(o) = X +
d(a), [o(o) = 0) of some “local” functional
of fields T (X ), A(X),... and their derivatives.
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1. It seems that the action is only formally
background independent since in order to com-
pute it from world-sheet one needs to use some
expansion in world-sheet field theory.

2. The action seems to depend on the choice
of coordinates in the space of boundary inter-
actions (choice of contact terms).

Ignore contact terms = the action is given by
the same formula but only with the linear part
in 3 (5. Sh. I, 1993).

VWitten, 11, 1992 — zeros of vector field define
equations of motion. Problem - linear EOM.,

W
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Exact Tachyon Potential
Turn on only tachyon - V(X (o)) = T(X(a)).

Find the action S(T') exact in T and second
order in a7,

We know (derivative expansion of 7 and Z2):
B (X) = [2AT + T] + ag(T)+
a1 (TY(OT) + as(T)(E?T) + a3(T)(OT)? + ...

Z(T) = f dXe T (14 b(T)OT)2 +..)

In this specific case the basic relation becomes:

| S(T) = / nf.x',-.f'f'(.x'jm_';ﬁ_)Z('r} + Z(T)



The condition - 7 = 0 is the equation of mo-
tion for S(7") in lowest order in 7" (around 7" =
0 — 2AT 4+ T + ... = 0) fixes the two deriva-
tive action (and relevant unknows «a,(7"),b(7))
(Gerasimov, S. Sh. '2000):

S(T) = [ dx[e7T(@T)? + e T(1 + 7))
8T = 2AT + T — (8T)?
o) = /-E_T

orS=e T =e T(2AT + T - (87)2) =0

-«.L]I::'l{ :}”” ."_-IFr.d ”- Ta— X('ll'") _— / i,]rll::.l~‘:|
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World-sheet action written in terms of only
boundary data:

1 skl 8 — )
S k(0—0) k|

kel

H(6,0") =

lus = [ [ dode' X1(8)H(8,6") X, (8')+ [ dOT(X(8)) =

T(\ }'l‘/ ﬂnF(H][H(H _H:}‘5;1:-;‘]'5(H_HF}U;H]H'T(-E)]‘.j'ﬂr:ﬂfj'l_

+0(8°T (X))
In the two derivative approximation:

=S -
2(T) = [ dxe ") det'[H + 8°T) 2



This can be computed exactly. For d,0,1 =
sMV92T (Witten '92):

z = [ axe T 2T ()" TP (837(X))
H

In the two-derivative approximation this gives:

Z(T) = /}m'.r--"'f'f-""}{l + b(T)(8T)?)
b(T) =20

gl =2AT 4+ T
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Thus the action is:
S(T) = de[e-'f'z(ar)? +e T +1)]
with equations of motion:
e (T +4AT - 2(8T)?) =0
The metric G in ;S = G;;# = O:

G(61T, oT) = j dX e T (8, T6>T—2(8,8,T)(8,6,T))

e T(1 428 -20,THu+ . Y(2AT +T) =0



The linear form of /4 for arbitrary 7(.X ) looks
strange since we miss a possible higher order in
T (but second order in 97") terms which shall
come from a 3-point function.

This metric is rather complicated and is not an
obvious expansion of some invertable metric in
the space of fields = we need to choose new
coordinates (change the regularization). Note:
linear part of /7 is invariant under scaling of the
tachyon (/3'9, is a vector field), quadratic in 97T
part of the action is not:

D=3 T=8°T 4 (dT)*
In new coordinates:

S(1) = [ dx[e"T(0T)? + e T(1+T)]

orS=e 18l =e T(2AT+T - (8T)%) =0

oo



This potential has unstable extremumat 7' = 0
(tachyon) and stable at 7" = ~c. The difference
between the values of this potential is 1 as
predicted by A. Sen (Conjecture 1).

In a new variable with the cannnical.fkinetic
term (p-adic string for p —+ 1): ® =¢ 2

‘;(r,,}} — [[d(r,}ﬂb}? - "'-1:'?!':.1;‘;‘1}4_1

C

In the unstable vacuum 7 = 0. ® = 1;: m? =
~%; in new vacuum 7 = co, ® = 0 mass is oc.
DN boundary conditions ([Dp-brane, p < 25):
X le)=0 ao=1..»
Xle)=0, i=p+41,.., 26

are obviously conformal = critical points (Con-
jecture 2). Note: S(t.) = Z(t:); e. 9.:

_IIE:_."!.;I = il =+ ”l”li_\:”}:_:' —y r.".l -II"LI-“ — 'I‘IJ'.'..'.L.I”

,-h = O .|'||” g LJ



Add gauge field A. Construct the action using
the same basic relations (Gerasimov, S. Sh.,
2000).

Introduce the closed string fields ¢ and B (for
covariance):

S(G, B, A, T) = 8.4:..4(C: B) + / d*° X/ G

(e~ T(14T)+e1||aT|? + ir"'THH dA||°+--+)

One can choose a different regularization and
obtain the action which is an expansion of EI
action

/ V(T)\/det(G — B + dA)

up to second order in « 1, but it would lead to
a complicated metric.

L7 /08



-
In ® = ¢ Z coordinates:

S(G, B, A, ®) = S.1p.c4(G, B)+

/' 426 X VG(P2(1 — 210g D) + 4||dP||>+

1 .
+,®%B —dA||* + )

Abelian Higgs model for complex scalar and

gauge field in angular coordinates: © = H¢'?, A:

S(H,6,4) = [ dX(5F(A)? + [dH P+
. q
+H?|A - d¢|? + MH? - HE)?)

B =y A= ®=e¢ 32 5 H

A3
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Exactly like in a symmetric point for an abelian
Higgs model where phase ¢ is not a good coor-
dinate - in string theory the gauge field 4 be-
comes ill-defined; the same is true for all open
string modes (A. Sen; Gerasimov, S. Sh.).

Radial variable - T;. Angular - all other.

What is analog of cartezian coordinates? Wil-
son loops? String field?

W(X.a)) = / 4 [ [T(X(e))+Au(X(0))d X 4]
. 1"-..-

“Open String degrees of freedom’', coefficients
in expansion of the boundary operator in deriva-
tives of V(o ), are bad coordinates in new, “closed
string”, vacuum. New coordinates must be
used - “closed string degrees of freedom"” . Con-
jecture 3.






New coordinates - /(1) gauge invariant, func-
tionals of closed strings (like ¢ — exp(i¢) is
invariant with respect to the shift 2x70).

In the new vacuum we have only closed strings
In this sense open string field coordinates are
intermediate in this chain of relations.

VWhat about cubic OS field theory coordinates?

S=(V,QU)+WxWaxW=—38Z+2Z

with « defined through conformal map to “1/3
of pizza", thus v3 = Z7?

If we keep the restricted class of boundary
fields T(X (o)) + Au(X(o))dX* 4+ ... = gauge
parameters for closed string gauge symmetry
which has been restored in the new vacuum.

V=TT HE g e e FeN p o [ r i e g
_.‘:1. |||Ii_'l_"|,,- | I v il | LA I 1. i |_."‘:1|'1|_. N

What is the space of boundary conditions? How
does it contain CS degrees of freedom?



World-sheet picture: OS theory in the back-
ground of the constant OS tachyon mode 7' =
I'h. The 2d sigma - not conformal. Boundary
term = factor for each boundary:

7 o o—RIo

Let us take some boundary to be of unit length,
then we have the overall damping factor of the
string amplitudes with the holes. Thus at the
new vacuum 7, = oc and there should not be
any boundary at all.

"Hole cutting” operator - at the new string
vacuum the coefficient in front of this operator
in the 2D action is zero. Thus there are no
holes and no open strings in this vacuum.



