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E Bl (Fock state 3R 7<)

cf.  ¢(x) = [d*p (e7P*a,T +e'P*a))

W[X,b,c(0)] = jd%p eP*||0)t(p) + a_,1#|0)A,(p) + ¢|0)B(p) + |
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1 1( . 11 2
EJLP*QBLP — _Ejd x t(x) (849, + 1)t(x) + F* By —5(3 — 0,A%)
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Massless gaugeis
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S = lj‘P* QgY
2
1 1 1 2
- f 4%5x t() (040, + 1)t(0) + 7 FF By — (B = 0,44)" + -

T—UFEME ¥ = QA

t(x) - t(x)
Ay(x) > A, (x) +0,x(x)
B(x) = B(x) — 0% x(x)

2xT 5
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Cubic String Field Theory sswien

1 1
For open bosonic S=§qu*QBLp+§JLp*LP*LP

* EROPRICENSERED I EE

Qg =0 T, |0

Qe (¥ *®) = (Qg¥)*®+(-1) " ¥ *Qg® / Ay /

(P *D)*Z =W (D*X) /2] (7/2
Jpro=()*[oxy O/ﬂ/z\\ﬂ
[Qg¥ =0 T 0

< s R - Witten’s “ * ” product
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OV =QgA+VP+A—A+x¥
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(A+B)[Z(o)] = j 1_[ dY(o')dX(m — d") SX(@")—-Y(m—a"))
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Integral symbol
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3point vertex MDFockFR 7R 189 taciair et al

(V3|Lp1>|qu>|qj3> = (¥, lIJ2»Lp3>3

\V3>:exp{2( ZN aDal) ZZx;fnd;)b“ﬂ\o}l@\o}Z®\o>3

r,s=1 n,m=0 n=1 m=0
x(2m)° 3% (P, + P + Py)
NS :i dz h' (z) SE dw h', (w) 1
. 27 w' (h(z)—hy(w))’
dMIh (mo 1
;2 w"  h(0)—h(w)

N = { In|h, ()| (r=s) hr(z):(ﬂj“ezm/s
In|h (0)-h,(0) (r=s).

(n,m>1)

(m=>1)

Ng?n = Nr?wro: §
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Chern-Simons i &ECSFTD F L4

d2=0

Chern-SimonsIEif

d(AAB)=AAdB+(-1)"dAAB
(AAB)AC=AA(BAC)

S=2£ tr %A/\dA+%A/\A/\A
T m tr AAB=(=D"%trBA A
j dA=0
M
Qg =0
Cubic SFT

Qe (¥ *®)=(Q¥)*®+(-1) " ¥ *Qg®
(P*+D)*X =¥ *(D*X)

1 (1 1
S=—7= | |=P*0P+=V+«PxVP .
g02”2 LA ] wcpz(—l)‘*’@jqa*\}f

Q¥ =0



The Similarity between CS and CSFT
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S A(x) » Y[X]
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Winding%{ in CS 12
EROEFERY —ZEH g(d + A)g™ T S AL AWindingZx

Nes = tr(9(x)dg™(x))?
BT BT S N (TR 72 B,
SRR DRE~DE X XA S,

Winding® D EIEZIEDICTHRA

g=e"07 78 Y 175
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“WindingZ%” in CSFT
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sliver BEAZ L KB 3K

stripDAEBUEE FK (/\SILE=T)

1T Loo dz —tK N
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Sliver EEZN HATED/N\III,=T U THH K E(R)T—ARE.
KBc(Bim ) K#zxim-9 (GFalL x1E)

/ KBC 1%%’6& [Y.Okawa '06] \
[K,B]=0 {B,c}=1 B?=c*=0

OgK =0 OgpB =K (Qgc=cKc
- J

K,B,cCRRENT-ELT7HS —RIEEEZS

Y =yQzU~! with U=1-Bc(1-G(K))

21XG(K)Ti
cf) B A BEHERR G (K) = —— RIECHOTRED
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Y =UQzU"! with U=1-Bc(l-G(K))
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N = QA

u : interpolating parameter

du °
Q. —exact| TN IZREICE |
L7 L& o4 AR O AIG (K)IEK = 012 Bt 2 5>

[ QeA=0x@)  AHMIE ;m & HEEIEDIIRAZ 1 52 !
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Y[G(K)] = UQpU T LTI RILF—LEBAERIL

G(K)O)ni"f‘ﬂﬂ KS5TK=0 2B TRIRRE
( G(K)~Kno (K ~ O)
\
\
Energy N=—ng+ A(ng)

EOM-test J W« (QpW + W2) = B(ny)

L\T’H'—C/kié

Anomaly term: A(n) = B(n) =0 for n=0,+1

NILKBcZ FR{K L Dwinding£H ?
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Y[G(K)] = UQeU L IZ L TIRILF—LEFN AR
GCIK)DFEMIIKSTK = 0K = olZHTBIRDEWEITTRES

[ G(K)~K™ (K =0)

(G(K)~(1/K)"> (K = o)

Energy N=-—-nyg+AMny) —Ne + A(Ne)

K=0 K=o
EOMtest [+ (W + %) = B(no) + B(nc»)

Anomaly tern: A(n) = B(n) =0 for n=0,+1

<>K=0tK=w®%ﬁﬁ
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Singularity

G(K) (ng, Neo) N
K/(1+K) erergschnabl (1, 0) 1 ISme

1/(1 +K) 0,1 _1

1+1/K (—=1,0) 1

1+ K (0,-1) 1

K/(1+ K)? (1,1) —ZQ
(1+K)?/K (-1,-1) 5
R (1,-1) 0




K=0&K =ocoDEMME

KBc R#ZE R DL
- EMNT-transformation ~
K - g(K), B%@B, c—>cC K Bc
L K 9(K) )

[Erler,Masuda,Noumi,Takahashi]

gK)=1/KEBEREK=0LK =0 ZANBEZDLER

- Inversion ~

1 B
K2’

c - cK?Bc




K=0&K =DMk

- Inversion ~N
K 1 B 5 K?B
- — - — —
i’ ek cC —>C C
g J

RDEEMNRYILDOIEMN T oT=

4 N

FEEDiEOMB EOHEERZ I Inversion mapD T TAZE

with K =1/K, B=B/K?, é =cK?Bc (Vty,t,, ts, t,)

KEDMDEMNT ZHIZF T DA E T EEEL,
K € [0,0]Z1x{1 T ENKE




YIG(K)] = ¢ 5

iEIEI-

Bc(1 — G(K))

Inversion (EMNT) 2 TYDH DG (K)DEIEM

KHvb — (g(K)) ~NED BTN
P[6(K)] - ¥P[6(1/K)]

i.e. (nO < noo)

N (EOM test) YDA TENINTLNADT
N[G(K)] - N[G(1/K)]

Inversion symmetry® &

ANRT L

N[G(K)] = N[G(1/K)]
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GC=j%MWWMH
320D oh 5 -

R [Zon-shell graviton vertex

GCIZHT — AL =

(FEE Don-shell vertexIZxtLT)

= CCOXOX
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GCHinversion symmetryzfF D &A%
z0,G(2)

anfVmidLP[G(K)] = —;i_r)r(l) D - —n,

K = oMo DFEMEZIRAEL
Gravitational coupling # canonical energy
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Baba and Ishibashi A'N&Ellwood inv®
EENGTEFRZELV-

N T

272 |

EIL AL THEEEETIE. ChET
EmCN TCUWNE == GIEZHEA

N
) =J Vimia¥ — | Vena ¥ + (EOM — term)

vanish

Viig ¥ + (EOM — term)

i

Ellwood inv

H1-718(E. n, = 0TIFR A o1=
K=00DH¥EXKIZ [V, . VIZHEHND
K=o DFEMEIX[ V.4V IZHEDHND
F(ZE)H well-defined




Inversion symmetric’i & 1%

N= fVmid - f Venat

Well-known New term
G(K) singularity N f Vimia? { Vena¥
K/(l + K) (nOInoo) - (1' 0) —1 -1 0
1/(1+ K) (0,1) -1 0 1
1+K (0,—1) 1 0 -1
K/(1+ K)? (1,1) —2 —1 1
(1+ K)?/K (—1,-1) 2 1 -1

K = 0 singularity is detected by | V,,;q¥
K = oosingularity is by [ V., 4%
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* N=[QA [CEBTE -, COXRK (LFHL)RHBMIZEO

BETHAH, EUFIERETI

ELULMEZE

HL7=,

* NIZG(K)DEEMIKST . K = 0,0lZH T H4FEMT

BIETRED

« —AEMDKBcHHEERIZLinversion symmetryZHED,
ZORBELINE K S - DANBITFE,
 Inversion symmetric Z&Gravitational coupling MDFE R
f(Vmid o Vend)q]'
MIZERERE S Dt EIZH [T BIdentity-likeZE R EEE
BHUL\OBTHvt)LLwell-defined.
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Back up



IN| > 312FplT T

N=-—1n+An)+m+ A(—m)

EOM-test= B(n) + B(—m)

|IN| = 3DEDIFRUZ(E,
KOBRDGRICHLIERIEDFEENAUE

LML, CDEIEGCE)IZHLTN BNEZE TS
(NIECK)DTSTSIREMTERINTLNS

o =f0 dt e tK-a) (a > 0)

(K+1)3 0 1 00
K(K—-1) o © e K

ex) G(K) =
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GCIK)DKEBTHE TELLDOIEE, KEMD&EFI(C
HEEOENSIZHEILTENENIZN EZEET D,

0 1. CUT 00
o o = G(K)
0 1 0
— ® o,
extension .- i ‘
0 0o ~. 0 oo
- o G1(Kq) . * Gy(K3)
N [G1(Ky)] N [G,(K)]

 HFEMDOE G TCUTLTENDIEIXARZE,

* Extension (X1 1BERTHNIZRTEHLLY,

« IN|S2DZETLAVEDEEDIRIZESOTLNS,
o INYFDERYEHLENBEEVSIKEMNTFTIZEITLNS,
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_ (K + 1)3 0 1 00
ex) GUK) = 1=y s * G(K)
(4 0<K<1)

Mz Kk - {1t

\1+K, (1<K <) K1, K; € [0,00)

QK+ e D K27 K K 2T
K(K+1)" 2% K(K+1) Well-defined

NIGK)] = N[CK)|+ N [GK,)]

» G, (K1) = —

N =3P HER AT BEy




