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Introduction

o Witten’s String Field Theory (1986)

1|1 1
S = - _2<‘P,QB‘P>+§<‘P,\P*\P>
It was used recently:

Noncommutative boom, Sen’s conjecture,
VSFT conjecture,...
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 Moyal approach

[Bars(2001),Bars-Matsuo(2002)]

Witten’'s * = Moyal %

and
regularization fixed!

10 0 0 0 0
* =
exp( 2 Z(axe op, 6pe OX, n
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Half-string formulation

e Witten’s * product ~ Matrix product

M
' / N\

(A>x< B)ij — Z Aik Kj

AxB

Half-string formulation
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 Mode expansion — Splitting

\P[X(o')]jff’[; | ,r |,

Y7o’ "0

e X001, | = [dk, W] )1k, [P Xk, |

0 170170 170?70

 Moyal formulation

By Fourier transformation, the above product can be rewritten
using Moyal % product

A[i, X pe} _ det®’? (2T )_[dxO exp(—i% p.T. X, JCI\J [i, X, +R_X,,—X, + Roexe}

= det?’? (2T)jdxO exp(—i% peTeoxo}P[§+wexe, X, xo],

Witten’ * product becomes Moyal product: *—eXpLigZK 0 0 0 0 D

OX, Op,  Op, OX,

e
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4 prl2 er
Here Teo=— _[ do cos(ec)cos(0o), W, =— Zcos?
ZRoe o = Ouy Z oo Rog: more explicitly,
40|0 —e+l 4ezlo e+l _ 2 2io—1
T = R = W, =~/2i%2 v = V2 .
eo 2 2 oe 2 2 e 0
7 (e’ -0) 7o(e? —0?) 70

These matrices and vectors satisfy

-2 2 _
Roe =0 Teoe ) Roe — Teo +V0We’vo — ZTeoWe ) We o Z RoeVo'
B 0

 However, there is a subtlety: associativity anomaly of oo X co matrices.

Tv=0, TT=1 TT=1-w.

This situation causes ambiguity in computation, for example,
R(Tv)=R-0=0 v.s. (RT)v=1.v=v.

We need appropriate regularization!
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Moyal formulation of String Field Theory

e Setup:
For arbitrary

K,,N (e=2,4,..,2N,0=13,...,2N -1),
define matrices R,T and vectors w,Vv :

R=x?Tk?, R=T+vw, v=Tw, w=Ruv.

In fact, we can solve them explicitly:

) ) (K'Z/K‘Z. —1) (1—/{5 /K‘ez.)

T WGVOKO R WeVoKe W2 o V2 e
e0 ~ 2 2! oe ~ 2 2! e 1Yo 2 2\’
K, — K, K, —K, (K‘ e —l) (1—1(0 /K‘O.)

e #€ 0'#£0
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e Some relations:
TR =1 RT = lRR 1+WWTT 1-— vv

T W g WG ww
1+WW T+WW ' 1+ww
Rw:v(1+va),RR=1+vv(1+v_\AN), Modified!
HKS
1+ WW =
HK‘

XIn the case of x,=¢€,k,=0,N =00 (then ww=cw)
these quantities reproduce original ones of Witten’s SFT.
We should take this limit at the last stage of computation

to avoid subtlety of infinite matrices.
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Using the transformation from conventional string field,

A[i,xe,pe] det®’* (2T) _[dx exp( |5pe . O}P[?erexe,xe,xo],

we have regularized gauge fixed action:

S = [d*XTr[ = Ak (L, 1) A+= AkAXA |
2 ’ 3

(A= aam) [acA(g). oo | ] k=e| To00, )

1, d_ - 1=
LO—E,BO—ETr( )—ZDgl\/I 'kD, +ExM €&,

) -1
aX _I’B We ~ Ke
where D,=| " L -
o, TKOR
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We can represent perturbative vacuum as a gaussian:

Ke

\Q><—>Ab(§):Nexp(—El\/|0§), gzz(xe]’ M. = 217

P

2 JR—
2, T T

92

More generally, external states are given by using gaussian:

A (&)= Ne Mg

These form Monoid:

Closed under % product

«>k product is associative

1 is included

*Every element doesn’t have inverse
<— d projectors: sliver, butterfly,...
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Computing Feynman Graphs with Monoid

e £ -basis

o7k (Ne—EM §—§ﬂ.eipi) _N (T) e—EM (T)Cf—a(f)eipi
where

M(7)= [sinh TK+ (sinh 7+ M,M ™ cosh r/})_l}(cosh rfc)_l M,,

A7) = [(cosh 7+ MM sinh rz?)_l (1+ iwp)} —iwp,

—ip'e [1,— — ~ 1
Ne = exp| —(A+iwp)(M +cothzxM (/1+in)}
N(r)= i( I 1 ) N
det’"” ;(1+MM01)+;(1_MM01)ezmj
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 Example
2> — <= J‘do'iTr(e‘TLO (A&*Az)*As*Aél).

We can evaluate such quantities using formula:
Nle—e_gl\/llé—e_“ﬂleipli*Nze—fl\/lzé—fﬂzeipzi _ lee_gMﬂg_gﬂiZ ei(p1+p2)i,
m =M,o,m, =M,o,m, =M,,0o,
m, =@+m,)m @1+mm) " +@-m)m,A+mm,)™,
A, =@-m)@+mm) A4 +@+m,)1+mm,) "4,
___ NN, e%((m%)a(mlmz>‘1<zi+zz>—@aml—zulzj
© o det®? (1+m,m,)

_ vy

eme_z x| VePed

Tr(Ne oM ﬁe'px): — .
det”’“(2M o)
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« Momentum (Fourier transformed) basis:

An)=]>> e™A(¢)
Vertex

Tr(ei”_lff*---*e‘"_lf) det” ‘“2(2 )exp(——ZmGﬂ,) (m+---+1,)

i<j

Simpler than conventional vertex using Neumann coefficients.
The same form as ordinary noncommutative field theory.

External state

From gaussian to gaussian:

B U VIO IV P
A (£)=Ne ME=SAgiPX & ()= Ne ¢ T2 TeiPX.

2002/12/20 QFT3(2002)@YITP 13



Propagator

Complicated compared to ordinary noncommutative field
theory.

()= [ g
21

= 9(z, p)exp(—1F (c)n—n'F (v)n'+ 201G (c)n +(11+7')H (=, p) .

where

2

0\ o\ e 1 2-+wie, L tanh (i, 12)w)I2
g(r, p)=(—) (1+vvvv) (H(l_e—zm )H(l—e_sz’ )j o (724w, ™ tanh )W)Sp,

27 e>0 0>0
F(r):%Mol(tanhrz})l, G(r):%Mol(sinhr/})l, H (7, p):/celtanh(%jwlfpz.
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e 1-loop vacuum amplitude

jdd pjdnA(n,n,r, p) :(27z)d/2 Is_df_d/ZH(l—e_”%) H(l—e_“‘))

€ 0

Correct spectrum!

Note: If we take naive limit  x, =e,x, =0,N =00 = ww =
in L, first, we have wrong result because

The kinetic term is written by L, =%ﬁ§ —%Tr(;)—%BgMoll}Dé +EM &,

2
212 ; _
~ ~ — WW
2 , kM ,=| ° , TT=1-———>1.
—K 212 — 1+ww
21 9; TT
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bc-ghost sector

We have constructed Moyal formulation of bc-
ghost sector in the same way.

Half-string — Moyal formulation
There are some differences:
 b(0)is expanded by sine mode in full-string.
* ¢(0) satisfies anti-overlapping condition.

« Moyal % is defined by Grassmann odd
variables : non-anticommutative product.
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Neumann coefficients

From identification with oscillator approach:

.[dd;dfél)dféz)d§(§3)Tr(Ac1 L Z SRt N
=~ (PP (P 13)

where Tr(A) = jdxedpedxodpodyodqu[;, X,D., O,xo,po,ya,qo],

cl c?2 c3

and |¥c):coherent state, we define Neumann coefficients in MSFT

Then Gross-Jevicki’'s Neumann coefficients relations are
all satisfied for arbitrary « ,x ,N.

—~ —~12 —~13

11 12 13 H
M +M +M"=1--- M +M +M =1,--
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sSummary and Discussion

e \We developed the method to compute Feynman
diagrams in MSFT:

(a) Monoid algebra in noncommutative & -space
(b) non-diagonal propagator + phase in momentum-space
All computations are gaussian integration and can be
applied to any frequencies and finite N : Well-defined!
e We also formulated MSFT in bc ghost sector where we
use Grassmann odd variables version of Moyal product.
e \We reproduced Gross-Jevicki relations among Neumann

coefficients for arbitrary «,.,x,,N and correct spectrum in
1-loop vacuum amplitude.
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s

Problems

Can we reproduce the Veneziano
amplitude in MSFT?

Gauge symmetry ?

Definition of BRST charge?
Restrictionto «,,x ,N,d ?

Non-perturbative vacuum?

\_
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Toward tachyon vacuum in the Siegel gauge

The equation of motion (y=0,siegel gauge) can be rewritten:

Lo A+AK Lo +(y—1) A+ Ak A=0,
L=0Y kP2, (BB B K )+ N (K k)

e>0 0>0

y :—1+IV_VWZ (wpe)2 +§(1+ww)wc povqo

*  Dbutterfly-like state:
BKA =AKPB =BKkA =AKpB =p kA =A4%kp" =0, A KA = A, :aprojector

K — 2l2 4i —
more expricitly, 4, =¢, exp[—x - X, — D, P, —1Xo y —— P.4, ]
21 0’ K, g

In x, =k, case, buttertly-like state 4, is an EXACT solution!

However, in usual openstring case, x, —x =1.

2002/12/20 QFT3(2002)@YITP 20



	021220.pdf
	文書名 :yitp0212sss.pdf

