¥The result: a soliton with tension ¥¥

Sen*tPerturbative (open string)

(closed string)¥i.e.¥signals an instability.¥.¥.¥

¥It is interesting to consider excitations of the non-perturbative vacuum.¥ p-lumps are classical solutions with independence of directions.¥The string field theory action is of the form:¥In the leading apx. is a simple cubic, . The eom is:¥This is analogous to damped motion in the inverted cubic potential.¥Result for the energy of the

S T d x g f t g t t V t

I = - ¶¶+ - ØºŒ øßœ

�25_{26 1}^2_{( ) ( )} mn m n_L

Harvey+

¶+- ¶-¢= r rr2 24 0tptVt ( ) p T Tp p0

24 0 78

23 0 81

22 0 72. M M

Tension oftp

¥¥in principle¥¥gsTHE CHALLENGE

¥coupling with¥and multiplying fields using the non-commutative product¥for classical solutions; solitons simplify for large .¥¥.See also Dasgupta+Mukhi+Rajesh; Witten

G g BgB G g G s s m n m n m n

pa pa

= - ¢ = ¢

�Ł� �ł�

-()()/2 2 1 1 2detdet(g+2B)A B i A x B x g B B g Bx x* = ¶ ¶�Ł �ł ¢ = - ¢ + ¢ - ¢�Ł� �ł�¢ = ¢exp ( ) ( ) | ( )2 2 12 122q q p a p a p amn m n mn mn;qa¢q

¥String theory with ¥This implies large non-commutativity¥¥Our limit is non-commutativeString Field Theory (NCSFT).

¢ fi fi

a e e

~ ~ (

/120 0g ij in NC directions)qa e¢ fi¥-~ /12qa¢fi¥

qa¢¢aE_2NC SFTTHE NC DECOUPLING LIMIT

¥Gij ¥equations of motion become simply .¥Goal: find lumps in this theory.¥¥Problem: it is usually not possible to find localizedsolutions to the nonlinear equation .

S g T

G d x G f t G t t V t

I s s= - ¶¶+-

ØºŒ øßœ

�25 26 12 ( ) ( )mnmnL

¥Non-commutative multiplication allows nontriviallocalized solutions to:¥¥t ¥so solves the equations of motion.¥:

f f f f q

* = = -

( . . )/ege r 0 2 2

¢ =¢ =

V t V t

( ) ( )

* *ff0 0 0t* f 0E dxVt dxVt V= = =� �2 0 2 0 2( ) ( )* *f f p q ext

t

qf a f f fn n nn( ) ( ) ( ) ( )l f l f l f= = + -[ ]=� 0 0 0

¥Start with bosonic open string field theory with large non-¥The effective action for the tachyon is¥Use the GMS soliton and find the energy¥The tachyon vanishes far from the soliton; this is the closed stringvacuum. Here the -field is pure gauge so the lumps are equivalent to-branes in the standard commu t a t i v e v a c u u m . ¥Construction generalizes trivially to e v e n c o - d i m e n s i o n b r a n e s .

E T gG Vt T ss = = 25 23

2 ( )* p q S T

g

G

d x G f t G t t V t T

g

G

d x G V t

ss ss

= ¶ ¶ + -

Ø º

Œ

ø ß

œ

» - � � 25 26 25 26

12 ( ) ( ) ( ) m n m n L

t

q

theright answer

2p a q ¢1

¥ ¥.¥projection operators.¥¥k¥

fff*=AB AB dx* ^ ^« «�12 2p q Trt t0 00 00 0 0= æÆ* ~ | |f f

t t i j

k k k ij

= + + + æÆ - - * , ( ) ~ | |fff f

00 11 1 1L

t t t Vt Vt V t t t

k mn nm n m

k k mn nm n m

k

= + � » +

=

¥

=

-

� � d f d d

,

' '

,

( ) ( ) ( )

0 0

1

1 2¥It is interesting to explore excitations of the ¥The simplest are fluctuations of the tachyon field.¥The spectrum of fluctuations are given by expanding the¥The level k solution has 2 tachyon modeswith the same mass as the original tachyon;this is correct for coincident ¥All that is needed is the potentiand the kinetic terms near the vacuum.*tPerturbative (open string)

(closed string)

¥¥ symmetry¥¥¥U(¥)

S T d x ft G t t Vt

I = ¶ ¶ + -

ØºŒ øßœ

�23 24 12Tr (^) ^ ^ (^)mnmnL̂^†

t U t U

fit t nn

nn nn

0 = æÆ

* ~ | | f f

¥¥¥¥¥distinct states.

d l l d l

l m m m l

A i A t i t a b a b b a

= ¶ -^{[ ]} =-[ ]

[ ] = -, ,

, * *

where

¥ is ¥ symmetry which is local¥This is ¥¥¥TRY

¥¥Result: The by a soliton at .¥¥

A x A t x t

S T

g

G

d x G f t D tD t h t F F V t mn n m nm mnn m nm

ssm m mm mnmn f f ( ) ( )

( ) ( ) ( ) , , , = = = - - + Ø ºŒ ø ßœ =¥ =¥ � � �0 0

252612 14 L

F A A i A A A A F A A i A A

m n m n n m m n n m m n m n n m m n

= ¶ - ¶ - -

( ) fi=¶-¶-[ ]

* * ,

¥ .*¥.¥¥S

¥¥this is not manifest from the open string point of view.¥New variables¥¥Seiberg; Sen

¶fi- �[ ] ¶ fi �[ ]aa

† , ,

, ,†

F iF C C C a iA C a i A zz = - = []

+ = - = +

1qwhere

t t C C t t A A

= = = = = =

( )**0 0instead of

operator equationsspecifying the gauge field

Standard

¥¥¥¥¥

Tr Tr12

F F I m n m n q=�=¥

Trh(t) Tr01 * 2 F F I m n m n q

[ ]= � �ØºŒ øßœ = ¥ C UCU

m m m

fi =†leaves C invariant0

¥¥Ford .¥The issue: infinite non-commutativity ¥commutativity is required in all then continuation to Minkowski signature is impossible.

F F F

ord =^- = ¥ 1 1 /q

Harvey+

Perturbative vacuum:flux-lines spreadNon-Perturbative vacuum: flux-lines align (confinement)

Tachyon CondensationSusskind �74¥.¥¥

¥¥¥Dthis point of view. A highlight: non-abelian symmetry.¥ symmetries.¥