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 Why String Field Theory?

main motivations:
gauge invariance principle behind string interactions
non-perturbative phenomena

« What we can calculate in String Field Theory?

(analog of Higgs and

Condensation of Tachyon Goldstone Phenomena)

—>

Brane tensions

Rolling Tachyon

e How we can do calculations in SFT?

String Field Theory and Noncommutative Geometry

String Field Theory and CFT



String Field Theory =
Second Quantized String Theory

 Infinite number of local fields

- String Field A[X(o)] - functional, or state in Fock space

A= [dp ®,(p)n, p)
" & Local space-time fields

» Ghosts A[X(0), c(0), b (0)]

* Example:

A= /dp (t(p)cl + Au(P)Cla’il + )\(P)CO) D)



INTERACTION ?  (4[x(0),c(0).b(0)]) ?

Associative Product of String Fields

Examples of associative multiplications:

= Pointwise multiplication of functions f(x) g(x)

m  Multiplication of matrices Z M in jl

= Moyal product (f [g)(x)=exp —i&" p 9 9 f(x)eg(x)

1
X=X



Associative Product of String Fields -- Witten’s Stl‘illg Product

Coordinate representation A[x(d)] = <x(J ) ‘ A>

(4

A,)[2(0)] = [ A[X(0)]A4[¥(0)]

O1x(@) = y(1-0) [14x(@) [ dv(e)

xX(0)

7T I
o) for Jsosm "1 C

T
for 0SOo<—







SFT Action E.Witten (1986)

1 71 1
S = 42 (Q/A*QBA+§/A*A*A>

Gauge transformations: VA=QpN+AxN—-—NANxA

= A - string field
= (@, -BRSTcharge, derivation of the star algebra
= j - inner product

= % - associative non-commutative product

= &, -open string coupling constant



SFT Action is given
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Tachyon Condensation in SFT

 Bosonic String - Tachyon //

A= / dp (tkp)cl + Au(p)era 1+ A(P)Co) D)

1 71 1
@ Szmm(m/A A W/A*A*A>
gg > * QB _I_ 3
Kostelecky,Samuel (1989)

1 1 4
S=_\|dp|l (- -p* +1 S. = =
2_“ p[ t(—p)t(p)(—p~ + )}"‘ int 14 3@

jdx 7 [ = ext\_— log }GNG”JOt



Sen’s conjecture (1999)

Vacuum Energy =  Brane Tension

/AE
N T

brane

Strings

SFT &y

I
I
. Branes




Sen’s conjectures (1999)

. AE =T

brane

= NO OPEN STRING EXCITATIONS

= CLOSED STRING EXCITATIONS



Rolling Tachyon

Motivations:cosmology,....

Anharmonic oscillator
alpha’ corrections
p-adic strings

I.Volovich(1987); P.Frampton,
Nishino(1988);
Brekke,Freund,Witten(1988),
I1.A,B.Dragovic,l.Volovich(1988)

Moeller, Zwiebach, hep-th/0207107

p-adic and NC space-time

I.A.,I.Volovich, 1990

«  SFT

Sen, Strings2002
|.A, A.Giryavets, A.Koshelev @



Rolling Tachyon

S = 2;,13 Idx(—azaﬂtaﬂt+1t2 - Ly

Eo 2 3y
r =exp{—10g}0ﬂ0"]0t V=3%

Spatially homogeneous field configurations: _ 0
panaty 5 . H(x)=EP(x)

E.O.M. 1

y3

2
where D, = exp {a'lnydz}

d’ 2
—dtz¢+¢_ Dt(Dt¢) =0

dt




Rolling Tachyon

Anharmonic oscillator approximation

d 2
D = ex a 'In = ]
t p { y dl_ 2 }

E.O.M.




Anharmonic oscillator

(L +m2)x(1) = (1),

X, = acosm,t
x(£) = x,(6) + [ G (1) j(£)at

If j=-Ax(0) resonance x, =3a’ cosmyt +...
M. — 3Aa> — 3a”
0 m, + am e Xy = acos( m, + o )t
2 2 _ 3 _ 2
(75 = my)x(t) = =Ax"(?) X, = acosh(m, + 31 )t




Rolling Tachyon

Two regimes:
— 3/]a
. . . X, =a cosh(mo + 8m0 244 )
Initial condition near the top Initial condition near the bottom

I/\ﬁf\”ﬁ\

l.il-




Rolling Tachyon (bosonic case)

/

L
0.5

=00

-0.0¢ -

Initial condition near the top Initial condition near the bottom




Alpha * corrections (boson case)

 First order

(1 + 4log y

Solutions

y

3

x) 4 x(t) = x(£) +

|

e L

1

y

3

2 21 2
X2 (0) + 7 ()
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Rolling Tachyon

E.O.M.

D.,¢(t) = exp {a’

1

y3

lnyd
dt *

2

d’ ) _
_Cl’l‘2¢ +¢ _Dt(Dt¢) =0

}¢(f) = Ug (1)

0,9 (1) =

|
2 7TTa je

(t-t")?

2a @ (t')dt'

1

ch/Z _1

y3

,,(®)=0

:j g =0 gy =o
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Rolling Tachyon

E.O.M.

1

- L, (@) =0

y3

Two analogues:

i) p-adic strings

®” - [

In p

(®)=0

i
: 3 04 05

il) non-commutative solitons in strong coupling regime

Gopakumar, Minwalla,Strominger

1

Ty

(@) =0

¢~ ¢

¢=0




Rolling Tachyon

Time evolution in the «sliver-tachyon» and p-adic strings

O —[(P)=0] p=2,35,.

There is no solution such that
CI)(—oo) =1, CI)(oo) = () with CD(t)
decreasing monotonically in time
2_
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Solutionsto SFT E.O.M.

OA+ ATIA=0

A= 4, -

—ADA

L,A,=0 Analog of Yang-Feldman eq.

A= 4~ IO<AODAO>+%!(—(AODAO»DAOMOE(@(A()DAO»]

[ ] — eecoe - —.
— o

4,

3=

+ ...

A(I)”lew :aeiiwﬂw ‘_wz +m2 +A(4)Cl2 :()‘

Problems!!!

Resonance

Sen



OUTLOOK

String Field Theory L.Bonora

Noncommutative Field Theories and

(Super) String Field Theories, hep-th/0111208,
LA, D. Belov, A.Giryavets, A.Koshelev,P.Medvedev

m=) SuperString Field Theory

®* Cubic SSFT action
2-nd
* Tachyon Condensation in SSFT

3.d * Rolling Tachyon
* Vacuum SuperString Field Theory

i) New BRST charge
i) Special solutions - sliver, lump, etc.:
algebraic; surface states; Moyal representation



Super String Field Theory

(Cubic SSFT)

(Lecture II)
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OUTLOOK

String Field Theory L.Bonora

SuperString Field Theory

®* Cubic SSFT action
2-nd
* Tachyon Condensation in SSFT

1-st =) * Rolling Tachyon

i { * Vacuum SuperString Field Theory

i) New BRST charge
i) Special solutions - sliver, lump, etc.:
algebraic; surface states; Moyal representation



Super String Theory (NSR-formalism)

— 1 ( r 1 HUAQ _ l u¥
= L dr! dol [0, X"0"X, = Wyo,\,]

N 0 1 0 —i
¥ 2dim Majorana spinor, ¥ =W')" / :( j ylz( l]

1 O i 0
(+j
W =
W



Super String Theory (NSR-formalism)

Boundary conditions:
NS:  ¢p(m) = —¢p— ()
R: Yy (m) =y (m)






Super String Theory (NSR-formalism)

W

w:[qﬁ] (7,0)= (z,2)

1 ]
" (4w v, +w v )

W (z) = Z &, r=1/2 for R-sector;

aO0+r 2 i/ r=0 for NS-sector

u

Quantization { @ a‘/’;} =10, 1m0

1

A 1%

Correlators <¢#(Z)¢V(W)> — ‘; 7"




Identity Overlap Gross, Jevicki

1 T
~(9d\2 . Y@ =iy (r—o), re(0.3) _fiwtr-0) o€ (0,3)
o) = (80) YO = —iwtr—o) oe(0.7) W)_{ (- —0) o €(-30)
Three string vertex overlap
v, v, v,
0 &
A A A
T T T
4
ia-1(n—0) o€ (0.5)
Yal(o) =4 7° ’WQ a=1,2,3
|—itpg_1(—7—0) o€ (-5,0)




Fermionic Vertices

Identity

D=exp[> X wf(-1)FV2(CDrewl](0)

')",SEZ—I—%

Three string vertex

1
|V3)1203 = eprz > ’t,b?T(CMab)rslbgT] 10)123

a,b T,SGZ—I—%



Superstring (NSR-formalism); ghosts

1 -
Sgh — mjdzzﬁay

y(z) = Z ,Z T PB(2)= Z ,f;/z r=1/2 for R-sector;

a0+ 2 O +r 2 r=0 for NS-sector

5n+m,0

Quantization (Vs B, ]

<e?>#()

Bosonization y=ne’l |B=e ¢




Cubic Super String Field Theory

1 2 E.Witten (1986)
S=[<ALDA>+ <X |AUALIA>]
4g7 3

PROBLEMS EOM.  (OA+ XA[A=0

Y I.LA., Medvedev, Zubarev (1990)
-2 Preitschopf, Thorn, Yost (1990)

Went.....

<Y, | ACDA+ <Y, | ATUCHS]
4o 3

QA+ AlL14 =0 Up to a kernal




String Field Theory on a non-BPS brane

|.A.,Belov,Koshelev,Medvedev(2001)

S:12Tr[<Y_2\A:QA>+2<Kz\A ATU>)
42
A=4,00,+4. Oio, 0=0,00,
Parity GSO
A, odd +
A even -




Tachyon Condensation in SFT

« Bosonic String - Tachyon /
./

* Super String has no Tachyon
* Tachyon in GSO ( - ) sector of NS string

Kostelecky,Samuel (1989)
"4

. Level truncation L’
\ > 1,




Vertex operators in pictures —1 and 0

Level | GSO |Name| Picture -1 Picture O
L, +1 (-"

0 + u - ¢

1/2 - t ce ¢ e’n

1 + r c0cd e ?? dc, c0¢

3/2 - S cope ™ ® |cT,.,0(ne?),bcne?,noe’

2 + v, n, T,ce 7, 0%c,cTy, cT, ,

0&cd’ce 77 cT,,c0°@,T.e’n

B2) o |P) = liMP(2)[ 0}

u,t,v

I

b l —

l,...

6

% Berkovits,Sen,Zwiebach

(2000)

—> I.A.,Belov,Koshelev,Medvedev
(2001)




Tachyon Condensation in SSFT

1 31
V(l) - 2 rp+1/2 |: t4 B
o2’ | 1024
po - | [ 5053 4 _
g Ip+1/2 69120

(V) =+1.257

'Y =+1.308

1
4

:

97.5%

105%

level (1/2,1)
level (2,6)

For the non-polinomial
Berkovic action (Berkovic,
Sen, Zwiebach):

85%, 90.5%




FAQ: cubic unbounded d* — p?

V()
2| - ? 1t 2
04 -
06 -
08 -

Leg;d 1 1 1
level (1/2,1) 1) — —_
a gla'""? [1024 : 44
0
A.: Auxiliary fields
1 2 2 2
EJ -2(¢° —a’)o - o(@* —a*)’
u, t fields 4
[V = “A+— b -
ut | y



NO OPEN STRING EXCITATIONS

VSFT



Vacuum SuperString Field Theory

(Lecture III)

I.Ya. Aref'eva
Steklov Mathematical Institute

Based on : |LA., D. Belov, A.Giryavets, A.Koshelev,
hep-th/0112214, hep-th/0201197,
hep-th/0203227, hep-th/0204239



OUTLOOK

* Vacuum SuperString Field Theory

= i) New BRST charge

i) Special solutions - sliver, lump, etc.:
algebraic; surface states;
Moyal representation

® Conclusion



Sen’s conjectures

0.975

= AE - T}? Our calculations:

rane
1.058

= NO OPEN STRING EXCITATIONS

- CLOSED STRING EXCITATIONS (?)



NO OPEN STRING EXCITATIONS

VSFT



String Field Theory on a non-BPS brane

§= | Tr[<D,|ADA>+ <P, | 4
4a 3
A:A+ 03 +A_ iUz QB :QB
Parity GSO
A odd +

even




Vacuum String Field Theory
on a non-BPS brane

l.A., Belov, Giryavets (2002)

: <Y, \A:QA>+2<Y:2\A >]
4g0 3
A=4,Uo,+A Uig,

o2 e %




Structure of new Q

Q:[ Qdd Qvenj AO solution to E.O.M
_Qven _Qdd
SFT in the background field A= AO + A
Q = Oprsr T {Ao orr ) Q ﬁld Drefmﬁ_) Qnew
A,
4 Ohmori
) 0,00 = (i) = (=) + 1, [By* (2)d=
Q... = (y() - y(=0)

A |05, = v+ (=)




E.O.M.

RA+ A04

[
-

— > A"+ A" 04" =0

Analog of Noncommutative Soliton in Strong Coupling Limit

Gopakumar, Minwalla,Strominger

1
§D¢5-I-¢5*¢5—<25=0—>¢5*¢5=¢



Methods of solving
A=ALA

Algebraic method

Surface states method
Moyal representation
Half-strings

* Auxiliary linear system



Algebraic Method

Identities for squeezed states

* Bosonic sliver

Rastelli, Sen, Zwiebach; Kostelecky, Potting...

¢ Fermionic sliver
_ 1 r
=) = N exp(—l(-1) Tsw))|0)

14+ CI~1Myq — /(1 + CI"1M11)? - AMZ,
o 2 M1
Matrices Myq1 and I specify vertices

lLA., Giryavets, Medvedev;
Marino, Schiappa



Conformal Sliver

Conformal map f(&) = arctan(§)

_ ~ 1 ..
Elb) = NexD(g@DISrswlNO)

Srs =

d [ 3 crFersb, 2 (,n ((1 +i6)(1 —zf')))_l
271 271 \/1_*_&-2 \/1_|_512 (1_2&')(14_1&!)

Comparison with algebraic sliver

L S13 Si7 S111 Ss53 Ss7 Ss511

)] 22 2 pre) 22 22
30 0.13744 | —0.09233 | 0.07098 | —0.01261 | 0.01996 | —0.02026
60 0.14667 | —0.09950 | 0.07696 | —0.01658 | 0.02305 | —0.02286 |

100 0.15306 | —0.10471 | 0.08146 | —0.01940 | 0.02535 | —0.02484
130 0.15616 | —-0.10729 | 0.08372 | —0.02078 | 0.02650 | —0.02585
Exact | 0.16667 | —0.11944 | 0.09649 | —0.02500 | 0.03161 | —0.03133




Universality of Conformal Sliver

- Surface states ‘S¢> — Uf‘ 0>, ‘0> — conformal vacuum

 Conformal definition of surface states

%)= Nex| 20500,

0)
¢ — dgf dé' —r=hy gy=s—hy |
SE=§ o =TT s, (S, (E)

¢ =X";¢4"; (b,c); (B.y)

- Sliver conformal map f(f )= arctan(f )

- Sliver projection equation ‘ E¢> — E¢> q :¢>



Open Superstring Star in Diagonal Basis

o Diagonal basis I.A.,A.Giryavets hep'th/0204239
Wserro =N2[di vy, (K, W,y = =20 dK v, (K)o,
0 0

* Three-string vertex in diagonal basis

V=N, el S k(G0 - 00N + o o)

a,b=1 o

l a a a)t + a)* *
+§(’u YK+ (KN e 0 =0 e )}\ 0)

* Identity and sliver in diagonal basis

0)

I)=N, exp{i].i dK j(K)e;o;}‘ 0) |Z)=N- exp{ioj‘) dK T(K)Q;O;}

*Spectrum of identity and sliver
TIK TTK

Jj(Kk) = —tanh(Tj T'(Kk)= exp(—T)



Sliver in the Moyal representation

Identity I(x) ~ 1

Sliver E(;{;) ~ exp[;(; e_]‘ :I;]



Twisted SuperSliver

» Superghost twisted sliver I.LA., Giryavets,Koshelev, hep-th/0203227
2)=U, |0),.00)5,=U, c|0), 0e*[0),,

« Superghost twisted sliver equation

2020 (c()e ™ =c(=i)e ™) =) (1)

- Sliver with insertion Oi = Hel)) = (=) + 5 §by* (2)dz

‘§> =U, ‘O>bc i y(O)\ O>ﬁy Q. =1 (y(z) — y(—l))
* Picture changing O = i)+ y(~i)

(G +6))Z)=U, Y(xie) |0), ON0)|0), =U, ¢|0), De™|0), =|Z), & -0

Y)Y (=) x (1) = \§>q§>m<y<i>—y<—i»\§>



Tests

Solution to VSFT E.O.M

N AL

>




Conclusion

 What we know
* What we have got
* Open problems



What we know

SSFT proposes a hard, but a surmountable way to get
answers concerning non-perturbative phenomena

Two sets of basis:

i) related with spectrum of free string

ii) related with "strong coupling “ regime
(may be suitable for study VSFT)



What we have got in cubic SSFT

+ Tachyon condensation

+ Rolling tachyon near the top

+ Vacuum SSFT and some solutions



Open Problems

* More tests for checking validity of VSSFT

* % Other solutions (lump, kink solutions);

especially with time dependence

Use the Moyal basis to construct the tachyon condensate
and other solutions

Classification of projectors in open string field algebra and
its physical meaning

* **  Closed string excitations in VSSFT



