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Delta-operator: AA = A
0¢;0;

EEEI AL

e A =0 (Nilpotency)

e A{A,B} ={AA,B}+ {A,AB} (Leibnizrule)
(Jacobi 1dentity)

SFT @ 20 F£&17< XK —p.22/34
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BV & i 5 BV RO — ST

C CCl&. (¢/h)S — S & Wick-rotate L T
EFBVARER: M(S)=AS+:{S,S}=0
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BV & i 5 BV RO — ST

C C Cl&. (¢/h)S — S & Wick-rotate L T
EFBVARER: M(S)=AS+:{S,S}=0
e(D, ) ICHLTIERSD N T—OFH) %
£5€S — Ae+ {S,e}j
TH5Z545&. M(S) & covariant [CE
0. M(S) = {M(S), €}
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BV & i 5 BV RO — ST

C C Cl&. (¢/h)S — S & Wick-rotate L T
EFBVARER: M(S)=AS+:{S,S}=0
e(D, ) ICHLTIERSD N T—OFH) %
£5€S — Ae+ {S,e}j
TH5Z545&. M(S) & covariant [CE
0. M(S) = {M(S), €}

> T,

SFT @ 20 F£&17< X —p.23/34



J;Eujzh 6 + Yang-Mills/Chern-Simons & O X7 Lt




BV t FE&;h/ é - Yang-Mills/Chern-Simons & @) T Eb

Yang-Mills
M(S)=AS+3{S,S} «+ F=dA+ A?
6.8 = Ae+ {S,e} <+ 6, A =dS +[A, )]

[561? 562] — 5{61362} <~ [5)\17 5)\2] — 5[)\1,/\2]
6. M = {M, €} <  O0\F = [F, )]
A% =0 & d?=0
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BV t FE'ﬁh é - Yang-Mills/Chern-Simons & @) T Eb

Yang-Mills
M(S)=AS+3{S,S} «+ F=dA+ A?

0eS = Ae+ {S, €} +— 0\A =dS + [A, )]
[561? 562] — 5{61362} — [5)\19 5)\2] — 5[)\1,/\2]
6. M = {M, €} <  O0\F = [F, )]
A% =0 & d?=0

1'I'

SFTEf S(®) % LS RBREERI=-{ 12D

SFT @ 20 F£&17< XK —p.24/34



BV t FE&;h/ é - Yang-Mills/Chern-Simons & @) T Eb

Yang-Mills
M(S)=AS+3{S,S} «+ F=dA+ A?

0.8 = Ae+ {S,e} < 0,A=4dS + [A,)]
[561? 562] — 5{61362} <~ [5)\17 5)\2] — 5[)\1,/\2]
6. M = {M, €} <  O0\F = [F, )]
A% =0 & d?=0
SFT{EA S(®) % ETREMEBAT-{11DH?

Temim 1y Th2
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BV t FE&;h/ é - Yang-Mills/Chern-Simons & @) T Eb

Yang-Mills
M(S)=AS+3{S,S} «+ F=dA+ A?
6.S = Ae+ {S,e} & 6A=dS +[A,]
[561? 562] — 5{61362} — [5)\19 5)\2] — 5[)\1,/\2]

6. M = {M, e} < 6\F = [F, ]
A% =0 <> d> =0
SFT{EA S(®) % ETREMEBAT-{11DH?

Temim 1y Th2

/ps exp I(S)

SFT @ 20 F£&17< XK —p.24/34



B A SFTHE S 2 H2EME S 5EH

/DS exp I(S)



kAL D SFTHE.

1S ENFEHRET HE

Q2O

aff

IS HEEE

/DS exp I(S)




BV & FiAL D SFTHEES £ hE# s+ 218G

C DERICKY HEE
« F—OFREW: 6.5 = Ae+ {S, €} = 6.I(S) = 0

SFT @ 20 F£&17<XKR - p.25/34



BV & FiAL D SFTHEES £ hE# s+ 218G

C DERICX T 2 E5E

n T—OFREM: 6.8 = Ae+ {S,e} = 6I(S) =0
w EFHHERGI(S)/6S = 0= =FBV AERX

~ SChern—Simons = ftI‘ (AdA + %AS)

SFT @ 20 F£&17<XKR - p.25/34



BV & FiAL 4 SFTHE,

C DERICX T 2 E5E

1S ENFREHMET HER

2 T—OFREM: 6.8 = Ae+ {S,e} = 6.I(S) =0
w EBFHERK:GI(S)/6S = 0= =FBV AERX

~ SChern—Simons = ftI' (AdA + %AS)

. “¢%--E:l E/J , 1#’, O) y 1% L\

CDEHIEBVeqd HS5HHAE S| Z1E
LEMTHoTRLN = MEBMIED FERE

THHNL,

1&-9 4 SFT

SFT @ 20 F£&17<XKR - p.25/34



BV & Ei11 % : Theory of Theories

S AN ES HSAICEHEDH B 5L

SFT @ 20 & &47< K - p.26/34



BV & Ei11 % : Theory of Theories

S AN ES HSAICEHEDH B 5L

» H. Hata,
““Theory of Theories’ approach to string theory,”
Phys. Rev. D 50, 4079 (1994) [hep-th/9308001].

» H. Hata and B. Zwiebach,
“Developing the covariant Batalin-Vilkovisky
approach to string theory,”

Annals Phys. 229, 177 (1994) [hep-th/9301097].
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BV & Ei11 % : Theory of Theories

S AN ES HSAICEHEDH B 5L

» H. Hata,
““Theory of Theories’ approach to string theory,”
Phys. Rev. D 50, 4079 (1994) [hep-th/9308001].

» H. Hata and B. Zwiebach,
“Developing the covariant Batalin-Vilkovisky
approach to string theory,”

Annals Phys. 229, 177 (1994) [hep-th/9301097].

HOE / D 5@ AeS®)
N Y,

SFT @ 20 & &47< K - p.26/34




ZICE B EWLSFTER1E?




Bzl EUSFTEX1E?

—MLFE TIZEE L 7= SFT (4%IZ closed SFT) (&, & T
BFEDE=FFZE (FHEFZE)DE Y DERTH o1,

SFT @ 20 & &47< K - p27/34



Bl (TR L ULSFTERX1E?

—MLFE TIZEE L 7= SFT (4%IZ closed SFT) (&, & T
BFEDE=FFZE (FHEFZE)DE Y DERTH o1,

H3k 2~ & 74 5. Einstein-Hilbert action M & S %1
EERZT(ZIK S0 SFT OFEXIEA AR L LY!

SFT @ 20 F£&17<XKR - p.27/34



ZICE B EWLSFTER1E?




ZICE B EWLSFTER1E?

?) = ;PQp® + %‘G(E}{(I)I(I)J(I)K + o

closed SFT (X FIBE R g, = 1, 8 Y DIE;




B [Tk IR LSFTEZX1E?
B D closed SFT (&
S(®) = :8Qp® + %V}(ﬁ(q’I@J@K + .-
QB EBITET.

SFT @ 20 & &47< K - p.28/34



Bzl EUSFTEX1E?

BE D closed SFT (%

S(®) = 16Qp® + LV, ®®,;8x + -

QB EBIZED.

m %35 @ ML graviton 35 (&3

@) = a,|0) hy ()

LIRS DR D =

1 oo oy g/u/N'rl,uy_l_hp,V

SFT @ 20 F£&17< XK - p.28/34



Bkl b7 WLSFT ER1E?
BE D closed SFT &
S(®) = 1dQp® + LV, &8P + -
QB EBIZED.

w555 @ MNEL graviton FIFEM S DIFEL F:

@) =aya”,|0) hyw(z) + .oy Guw ~Npuw+hp

p

S D= Aj= Aj+VE B At
= OADP; 03,90, (QB)rs AT+ Vi PrAK+

MNET (W) —IREFEE S FHEEFZER YD D

SFT @ 20 F£&17< XK - p.28/34




2R (2K 5 ULNSFT ERE?




1

e B (2K 5 UCSFTERIE?

LoL.

o V) [ZEREEIED B G E R T oA
—

cJ

SFT @ 20 & &47< K - p.29/34



e 1 By 22 [ 2K 5 72 LY SFT BN E?

LoL.

m V(N) |3 5% JEE

VAS
Vhikko =

LR D IE

AT G =R 9 0-NE

C@ DIEE D “SEBR” &

H. Hata and M. Maeno, “General covariance in pregeometrical string
field theory,” Nucl. Phys. B 364, 85 (1991).
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e 1 By 22 [ 2K 5 72 LY SFT BN E?

LoL.

n VIV [FEXE

Y108

AT ZER T 0-NE

=
Vé?%{KO — C(@ DizaE ®d “FEER” (X

H. Hata and M. Maeno, “General covariance in pregeometrical string
field theory,” Nucl. Phys. B 364, 85 (1991).

= VINZ4) — 0 @ SFT A (X, BVeq DEHIE
02=0, V@ =0, VOVE Lov®W—=y

I

SFT @ 20 & &47< K - p.29/34



e 1 By 22 [ 2K 5 72 LY SFT BN E?

La L.
o VIV [ZRERO B L ERERT 6- ALK

=
Vé?%{KO — C(@ DizaE ®d “FEER” (X

H. Hata and M. Maeno, “General covariance in pregeometrical string
field theory,” Nucl. Phys. B 364, 85 (1991).

w VINZ24) — 0 O SFTHHn(E. BVeq DEHIE
02=0, QV® =0, VOV _Lov®=0

I

—

SFT @ 20 & &47< K - p.29/34



eomEtrical SFT: *3 . HIKKO closed SFT




Pre-geometrical SKF'T: £+, HIKKO closed SFT

F9. HIKKOclosed SFT#E & 6H5 &

1 1
SHIKKO = 5(1) - QP + 5(1’ - (P x D)

5P = QpA + & % A (5 — DT
C oS« FEIK
(@ x U); = VL&, Uk
BVeq DEEE (= 7 —VAEM):
e Qp(® + ¥) = (Qp®) + U + & % (Qp¥)
0P x (PxE)+ Ux(ExP)+Ex(PxP) =0

SFT @ 20 F£&17< X -p.30/34



eometrical SFT

E'H%—C‘:QB:>O((I>=>\I’)tL—C



Pre-geometrical SFT

CNEBETR =0 = V)ELT

1
SP(;:y\If-(\If*\If), 5A\P=\II*A

SFT @ 20 & &47< K - p.31/34



Pre-geometrical SFT

COER/FTQRr=0(2=V)&LT

1
SPGIQ\P-(\I/*\I/), 5A\P=\II*A

s HEDERRZICKELELNTZS),
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Pre-geometrical SFT

COER/FTQRr=0(2=V)&LT

1
SPGIQ\P-(\I/*\I/), 5A\III\II*A

s BEDERRZEICKEFELEWLTZ5I),

p IEFHIE (VOV)NE = EF L 2 £ EL
(7o/IR #{a==8Y SFT)

Um

SFT @ 20 F£&17<X -p.31/34



Pre-geometrical SFT

COER/FTQRr=0(2=V)&LT

1
SPGIQ\P-(\I/*\I/), 5A\III\II*A

s BHEDERRZEICKEFELEWLTZ5I),

pEFHIE (VOV)NE = EFH e £ EL
= (Jt/IR 7%=/ SFT)

T

7t SFT with ;@ QP 15 & DRARIK?

SFT @ 20 F£&17<X -p.31/34



Pre-geometrical SFT

PG-SFT [ZEINT., %5 T D HEC
B EIZLY, BEBELFOLDEEFNFELET S,

Ll
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Pre-geometrical SFT

PG-SFT [ZEINT., %5 T D HEC
B EIZLY, BEBELFOLDEEFNFELET S,

» U, [ PG-SFTOHHEEE: U, « U, =0
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Pre-geometrical SFT

PG-SFT [ZH VT, %Z T D HEC

DEITKY, BERFHELTD LDE

Ll

FINFEET S,

L7 -

s EETF O &% =1 xUTEERI DL

EOM & Jacobi-id. Z,

e O =0

1ANE

e (T x=E)=(QU¥)«x =24+ T x (QE)

SFT @ 20 F£&17< X -p.32/34



PG-SFT IZE T, ZZE T D A L
B EIzkY, BEBELFOLDEEFNFELET S,

W, & PG-SFT 0Dt B %
MIEET O % 00 = * U CTEHEI D&

EOM & Jacobi-id. Z,

e O =0

1ANE

e (T x=E)=(QU¥)«x =24+ T x (QE)

Spc = 5P -

®+ P - (P D)

oArP= A+PxA

SFT @ 20 F£&17< X -p.32/34



Pre-geometrical SFT

M. BI2Q0 = QR LB K
PG-SFT t #1fi2 W DERIZDULVTIE,

H. Hata, K. Itoh, T. Kugo, H. Kunitomo and K. Ogawa,
“PREGEOMETRICAL STRING FIELD THEORY: CREATION OF

SPACE-TIME AND MOTION,” Phys. Lett. B 175, 138 (1986).
(1B L. HIKKO closed SFT [IEFimBIICAFZEETIEHADT=H.)
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Pre-geometrical SFT

M. BI2Q0 = QR LB K
PG-SFT & #fi# U, DERIZDLVTIE,

H. Hata, K. Itoh, T. Kugo, H. Kunitomo and K. Ogawa,
“PREGEOMETRICAL STRING FIELD THEORY: CREATION OF

SPACE-TIME AND MOTION,” Phys. Lett. B 175, 138 (1986).
(1B L. HIKKO closed SFT [IEFimBIICAFZEETIEHADT=H.)

LM™AL. COEZANEFEMIZED L SITRILDH?

SFT @ 20 F£&17< X -p.33/34



KO, EYEHELGWEGEEX LTET-:



LTFO L7, EYEHEGEWEGEZL TS
SFT @) BV &Rk
= 5875 Closed SFT D ERIEHANLE
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LTFO L7, EYEHEGEWEGEZL TS
SFT @) BV &Rk
= 5875 Closed SFT D ERIEHANLE

BRRZEICKLELERE
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LTFO L7, EYEHEGEWEGEZL TS
SFT @) BV &Rk
= 5875 Closed SFT D ERIEHANLE

BaREICE&kLTOVERIL
SFTYER S Z h=FZH &I 5K

SFT @ 20 F£&17< XK - p.34/34



FEH

LTFDELO>%G, EVYEHELTWEZ LTS

= SFT O BV ¥k

— 9275 Closed SFT O ERX{EHANE
s EERZEICKRSEZVVENE

» SFTYEH S Z WFZEHM L9 5H AR

AIAVIE 3D SFT D EE

e |

[CILTNIEFENT T,

SFT @ 20 F£&17< XK - p.34/34



