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DR TIE, B O, FHICZ Z5FES OV TIHREL TEAVOFFEE L L) &
E'b\iﬂ‘ AN b\ofﬂb%i*ﬁb L LA E VWO DR EEEEICERbLEN T
WR2NWDIT T, DLAZANLEGE ER(EL T EWIHFETH 2 bITTT. AHDEE
ZU T, #HE 9V O Z L B2RLT VDD o TH S Z UL ZFN TN E N ET,
ZIVTEEDFMANL T T, FIELERBRITE YWV I JRICEETONRO TEHA. BERD
A M1 225 Doctor £ TIRE S TWAH L 572D T, HRRFETEZ TN H & BT
LOTENEVERZL TIEEN.

72Nz, REMNIZIZ 42125717 T,

I. ZEGwmO YV T 27 V7 ¢

I1.7°F v 7 7k —)v & %P

IT1. AdS-CFT %}

IV. 13 X 5 ek
LWH X OCEEE L 9. ROICEEERDO Y UV by, TaT VT 4OV TEEEL £
WIZ, 7Ty 7HR—NOfE, ZIVUTEEGRORYOHBE L W) OIZE ORER D) &0
IECT. END, AdS-CFT xSDFEEZ L £3, ZAUXREG & gauge O BAKROD 1
SOORIF TR, s, (THERIC X AERICOWTEL 7. g &%
L2V DOTTITE, RYIZEBRNS BHGEEEZL TS, INBELLIKDLRNE -
IDT, HLrolELBEN L LN ETAD, & DO string DHERE IE L CTigima #E s T
TETVWERWET. TIMD, DhbRnE ZATERL TE S0,

I RE@mEVILY, Ta7UT4

I.0 Introduction

P, KBRS E YW IRIICH DM ONWTEEA L £9. BEHLANOFR T WET
AR ST O X 91T, 200GeV L0 FOxZ X —OFiJH CIIEHERAC 52 4212 flab
ENTVWET. ZhEbbAA gauge BFRD Z & T, T THFRANH > TV DHHET
AR EN AR TTITRE S, \ENFE 5L THEERMEZ BT 250 LEL LI
BITEFERAL. ZHIT—ETEI L, BVRARNTERNEWNWHIZ LTE. 2T, E)
DETmHEE 3R> THEA I MEWV I DI, RWHEAALNANASEGTL TE DI TT.
b LEABRTIUE, FERERZE T CHETLE5T0nA0T, ZhM ERRF9EL L
THEL TR VIR ol & BWET. EERICREN HiuL, 2z kT 5 & 51285
EPLRL T L X2 EBICH— S8 T 2 b TF. #HimWeliz 2> TH#EA T
Wo e DIF T, FEE, RERR L TN A KT 500 L LTS ER ShTWnWb o T
T FEERICIT A EER N E WS T IWEERH Y LT, Lah, E, gauge 3,
quark, lepton 78 E N HRIZTTLS D, ZTH9WVWIEKT, S FTOREELZ wilkl TEHIC
consistent [Z72 > TWET. F 9\ I ERT, LA EADOHROERICHDHTEA D &



WODIE, EFICAVRLZ ERATTINE S, EEFERSNTVEREA.
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lp

4 1: %50 #im & 5K P i

WIZ, BEHGRE VO bOE KMV > TL ENET. £F, F@OGORERw LV O D
&, RRLF- ORI E T NPT, FlxiX, quark X lepton, gauge%i/ﬁf:t/uo
WHDITTY. ZhaizMimTl, Sofb0IicinT AW bDEZER LT TT.
FSIEI7Z Wi Planck scale < HWO/NE b DO TY. TTH@S bR L E, HIC
LRz 7w, THTE, WAWARIEEEZ L £7005, IREIOMA SN, I hHRLE
H )BT HEFSTWA X IICAA A0 TT. 2 5RO FLk DWW AN AR BT %)
JGT B0 TY. 20K 912 L THARIC graviton, gauge ¥, WEHN A->TL 5017 T
7. L, BEZROIE, BBERA ZOX I TETNT, i) 1 DICEE > TWUE W
WATTITNE b, EBRICITEREOREZENH Y £ DF D, sKEEGO KT IR
v EF. 22T, WERMEL Vo TWHEKE, EBEmeERT T, L, R
FEDLE A, (THIEARNC X 5 EXEEL RV TIIEBERGRMICL A TE TWETA. EH)
)72 EXALDOPMHA O T TUE, BIREOEZEN H Y £97. R L V5 DI, FFZEDOR
WL THENWANAH D £ L, gauge FHIBHL THEEEAO L5700 b iR
Lot RERBZFFOLOLEHY, WANARLONRHVHD EF. 50 I EKT, 3*
M2 BRI > TWDIRY, 7 A4 D> T B FEAERETRN T C < 2Ot
TET, PERANRVDITTT. LirL, BEmzsz 2E=\k, >F v FEHEX
b, & 2 WIIHERAYERYEAS TEAUT, BERE O T2 FFEEN I L > T 1 DOEZE
roTWDHEBEZLNET. ZHEbBAA, Blias EEEIZ O o THRWT AR W E D
%iﬁb\jﬁﬁ’@ﬁ‘fﬂk“%, ZOWVH ZENHIFSN DD TT. ZiuE, KREEHIOVDLE
T &, HlziX, s & /15T double-well @ potential X5 & L £9. =927 5H&,
BEERMICITEZEN 255 250F THIFNE S, tunneling & V9 FEEEIZHR A @ L T 2
OOEEFRIEE L HARDOEIZbON, KEOEZEINRD. Th R L5722 L& TT.
Introduction I%, ZDOWBIZL TRBXFEL T, ZEOEHEERIIE D 2 E BuvET,

.1 ZOEFR

ESEOR T OEBEERIL, T FU 72 E B E T Feynman rule Z {i W CT0oUE LV bl ©
7. BlziE, QED7Z L, photon23®H 55805 & D s E THRA TWVWT, i propagator



27250 TT. T, BEFHFETTNOFRIIWANARIRENRBN 2017 T, 2o
Tohve™ Eet OXTIThbrT, FLRICRERIBRELEXOLNET. bo bR bLOD
BEZONET. TONHI0EEL GbEZL DN, EFEZ photon DEHkE FKT L D27
DET. TILLRTFOEAICIE, B%ERTH D, propagator & interaction &3 %
D, vertex D 2 ODEMRE 52 5 L, Ki+OEEHERILN TE Db T

. o s

2: R DFE B

+

3: K7D HE)Fa:propagator & vertex

%, REEROGEIZONTEX 7. LTI, ROBlERT b0, iV
PHE =BTV DOREALNET. RIT, WP T2 TEZ1IDIIREDS L 7
LOLEZOLNET. ZHVIHIHLOERL RF TR0 9. 595 L RoEH R, &
W% 52 28843 & interaction & 52 23 0 2O TTITE, FTRFOHE LK
ELELSTWVDLDIE, ETTHMNTZDONEEZDDITHEY ERNRNE NS Z LT
9. #5F, worldsheet FTlocal 2o 7/ Z 0 o7 U EEAHx CTL £WWE9 &, worldsheet
LTS T 200 TTND, £ 50 JRIC propagate 50 E W O EHRE, £ 99 RUC
interact TAMEWVHIERNIRES>TLENET. ZTHNVIEKRT, HEOLOH L %
25D E XL, EARGNEGT 200D TEDOENE 9 interact 50 &ERDDH, &
W PRE oA TTITE, oalE, teL A interaction & =HHIZFE U EIEO & O
ThhHEBXET.

4: BROFEB)

wIZ, FEBRIZ worldsheet ETE 9\ 9 AR EEIZ e > TWBEDNVD L A THET. WL



L

5: 5% BN propagator & vertex

OMHBEROBNIH L LA SATTIINE S, 1 DOMBIRR IR E LT, Typell &
I TV D string IZOWTE X £77. HAKA72 worldsheet D EAIE,

- . 1.
S = m? /d2§\/§ {gabaaX“(?bX“ + el Pt p' 0gpt + 26?625(@,0%]1,[}“(81,)(” + §¢VXb)} ,

(L.1)

LERINFET. 22T, X* X worldsheet FDBE T . F£72, 2% ILD worldsheet 1X 0,7 T
parameterize L TRV £7. SHIZ o, 72 /OET, E&ELZEIZLET. 58 XHAT
XH(&) &7 50 TF. £h L fermionic e¥; p# (&) BBEX ET. XH(E) IF worldsheet £
scalar, H (&) 1% worldsheet 0 2 ¥kIED Majorana spinor T3 . FERMNZIZZAL TV D
TT M, worldsheet | reparameterization O RZEPERBERL Wi T 025, worldsheet
FD metric gy B X FET. FhD, BEEEDS positive definite TZ2 W& ND, DF D,
LD T )L L THEA T Hilbert 22/ 4 1 > 72 §1Z negative norm OIREN & 5 & K2
DT, HTEWVWET L DIZ10 KRuD & ZIZEERA consistent (272 0 £F DT XH D
plp=0,1,...,920TTHR, XD 5D X0 X norm ODFFNF-L Di->TWE
7. ZEIX worldsheet @ reparameterization O AR, ZIVX—FED gauge RTINS,
IR HDHBNT T, Z D negative norm DIREITIHT Z LN TX £

ZHETFEBRC, 0 2T 72010 fermion BY7R H L& FF o 72 b OB KL WO TS,
Z D7 HITIE worldsheet | d gravitino x, 23 %E 21T TF . Ziuid worldsheet Iz
fermionic 72 local 72 supersymmetry % Ff HiATe72 DD H O T

X(€)
e
<o <27

o=¢

6: worldsheet D

S 512, worldsheet =0 zweibein ef ZEAL £9. Zi % ¢, j T contract L 725 metric
W27 B0 TF . F£72, worldsheet ED y-matrix % p; & #E Z &2 L £, 413 worldsheet
E® Lorentz &, 2%V i=0, 1 TF. XIZHOWTHETE, X ITHIZ worldsheet ED
free scalar T mass |72 VD T, X ZWitEL THAREIZR > TWNET.



%5 3 X, worldsheet [ supergravity OX5IFEE Rz 72O M- bOTH . FE
BRIZ string TWAWAREHAZ T 5 & 13872 gauge ZHNHDTZ 5 H HHEITIZ
EAEHZATLEWETA, JFEIAIZIX, worldsheet £ supergravity O stFrit:% Ffo 7=
YERBRET B, EWHIZENKFERDITTT. ZI9WIBICT B E, ZDOFEMIE worldsheet
T 2RILD supergravity DIEHIZ 2> TWET. & HAA, worldsheet 2 supergravity
DN HZ &L, spacetime | supersymmetry 25 & 5 Z L IXORERE H D A . HFEHN
worldsheet EIZ reparameterization D RZEVEE local 72 supersymmetry O RZEVEZ £ T
VDR T X090 O mode 3BT, BN positive definite (Z1ED L DI T

0 GSO projection

% 9L technical 72 Z & 72D T3, GSO projection (Z-DWTEEZ L 72\ & HunE
EFHHEDOIZDOIT, KD L HIT gauge fixing & L £7:

el =67,
{ T (1.2)
< 5L ETEEMIZ,
S = [d*¢{(0,X")? + ip" p* Dgrp* + ghost term (b, ¢)(3,7)}, (L.3)

DX FEEET. 1IN massless D scalar, 5 2 )Y massless D Majorana ¥4 % L
TWEJ. Gauge fixingZ L £L 72D T, ghost term 23 TT & £9. Ghost i% (b, ¢), %
O superpartner |L (3,7) T9. EHIZ, P p%

In
= ( j% ) (1.4)
p":(f ‘0> (15)
pl=<?é), (1.6)

DEINTE ST £ L5 2 HI,

W1 (0o + 01 + P90 — 01, (L.7)

& right mover & left mover |Z524Z 0L £ 7. Massless T3 DT, worldsheet =T,
right mover & left mover 7% couple L 72\ o) T

ZH T, GSO projection 237> &9 DI THTA, T Z Tl closed string #5252
Ll L £9. I Z T worldsheet ® parameter % o & L £79.

7



C DOV

7: closed string

Boundary condition i,

XH(o =2m) = X (o =0)
(0 =2m)  R-sector (1.8)

= 27) =
Yr(o = 2m) { —4r(0 = 27) NS-sector

L 720 £¥. Fermion ®J71%, periodic 72 % @ (R-sector) & anti-periodic 72 & @ (NS-
sector) BHHDLITTT. FHIZIZ Y D2 TLLASTIRVWDOT, ZD2HY DY
HLhaELoTHLITTUUTUVEERbRAL 1T, Ypil o> THEEEZRZ LW
ZETOT, fermion (ZOWTIXIRD 4 DD sector NHEZ LIV HDIT T

Left | Right
NS | NS
NS | R
R | NS
R | R

INHD 42D sector ZEEE VWL T A E, FHIZ Lo CREEOE 2 2017 T,
Z D5y project LIRWEREEDE N H bbbl T3, 2%, REE—R% 1/4 72171
0T E WD BERME T T3, iy GSO projection T

E 909 sector ZHLY tHHEIE B W\O )& W9 FEARFELICT Y, modular A2 & FEEHL
HH0HNET. ZHIEE VI BONIOVTHRAL £, b b L stringxz o< b
& X|T string @ reparameterization (2 %3 A REMZ R T D017 T2, FlAIX torus
EEZETLE, BRNOEHOBAHAENRTHOINZNEONH D01 TY. iz torus
ZRIAL COHrUAEE L TELET. 20L& X, torus(K8) ZIX XA TH-TC, HIV
HA %360 EFIL TELL o2 TR E£3 &, ZHUTEATINLELZK 9 0 X 528
TZEITHELET. VL, FA 7NV A LA 7N BEANEZ DEMEL, K101
MHEL £



A7)V B A7 A

8: Torus

10: FEATHIR D 2T
9: EARFHB DT
—Jistring @b 9 1 DO KFRME L LT, worldsheet ® scale IZIEH 720809 HD

WY ET. DE Y metric ggp (3 21T 2FORFTHNTTOTINDH Y I8, ZDH
% 2 D% reparameterization THHE £7. £ 5795 &, JHATHIIZIE reparameterization T,

_(© ® o) (10 1.9
we(2 ) (1) ¥

FTRHLOTW ZENRTEFET. 22Nz T local scale invariance, 2% 9,

9ab(€) = e gap(€), (.10)

% worldsheet T RARZ: symmetry & U CTERL £ ZOHREZFEZTH D% crit-
ical string & WWEJ. Z D symmetry DT THR,

RN B NN , (1.11)
0 1 0 1

ETHZENTEET. TEA D, critical string DHATE torus O K E S HARIZEHR AW
DIFTT. TIT0D, MUIKREIEZRDHIENTET, MIUIIOXIITHEEL LD
EMTEET. THLEBROLEHIMN 12, M 13D X527y 7.



=7l 4ir?

11: torus O FASFEI

T T+ 1
1
- T
0 1 0 1 0 1 0 1
12: FeAfEK DL 13: JEAGEIR D AT

B —1/7 LW ORRITED L IICL THTE =TT ?
fR%E 2R 1/t 28T, —1/T RLTRDHLETET.

Z 2T, torus L CIEA% path integral L 7z & & OFERN, torus DI EFEET ALK

TIZXT %,
T—=>T74+1,
1 (I1.12)

EWVIHBHIIH L TRETR XY %A . ZivE modular RAEMEE W ET. Z
D K DI RN RO X D1 projection Z PO TRV £7. Z D K 972 projection iF 4 >
D sector xBEZ T2 L EMAV B Y £T5, ZD H 5T spacetime O supersymmetry %
FFo X 912 L7202 type Il string TF. ZHUT 2fHH D L T, TNEI type 1IA,
type IIB & FHINL TV ET

KHEHZ GSO projection XE S W I b D72 ONE R THES. £9, KO X SR A
THEEBEZTHET:

(1.13)

Gr = (_1)1/;L0) fermion #%
Gp= (_1)1/112@ fermion %

10



4, 11X worldsheet | Majorana ¥ T3 DT, o OhED even fETH 52> odd HTH
DNIBEHRNRHHZ LT TT0D, ZOXIREFRIIBEWRIH ET. 20X 722Gy,
W, 2 ZIX I[N LD DO TEMARIZIT,

GG = —yr, , (I.14)
G2 =1, (1.15)

EWVWIHIMEZ RS G 2o <X IWDIT TH. ¢ Z mode EBHL TENTRS &,

e¢]
Z blem (=T 4 C.C for NS-sector,
P (r,0) =2 (1.16)
dt + Z dhe™7=7) £ C.C  for R-sector,
n=1

L7200 F9. Z Z T NS-sector |F anti-periodic T3 DT, modelI el 720 £9. R-
sector I% periodic TTM D, ZINKFREZAROTTN, Eot—KinbhEd. %
NEdFEEXET. HEITEBEEET—FRDoscillator nH VY F£3. GplE, ZhbDFE—F
Z HAWT

) T
o (—1)27:1/2 bt for NS-sector,
L= o0
:I:\/ilododl... d?(—1)Xn=1 d'dry for Resector,

L FEHET. Gr i NS-sector ® & &%, HIZ fermion BOMHEGEZH5x £9. (EL, Ziuk
EFROMBETTN, EAZ 157213760 TEEET. KIZ R-sector O & X |ZHONWTEZ
FI. P IIEHRBAR AT DT T, B — R {d4, d"} =" - L 9. b
¥, dME v -matrix D 1/V/2 Bz b OTE 0D, R-sector D HEECIRAEIL v -matrix
DRBUZIR STV DT TT. £ 5 9 EBET R-sector O FLEIRAEIT spacetime O spinor
25> TWADITTT. 20k IR 2L £3L, d°---d° 1% spacetime D v° D L 9573
LD £7

type IT @ GSO projection &\ 9 DL, £HZID sector TG =1, Ggr =1 & projec-
tion 52 L ZFWET. Sector & 4 {FIZHCL THBWT, G, T1/2, GpT1/27T5%b
FTIG, RECKITHEV ELL7Z2\WbITTF. L, modular RAEMEE =% 5 &
T 5 L IREDEN KE 1T LD > TUIWT 2D TTA, sector 2 HI°L 7247, projection
L CRENRIREBENEA 9 X 91l TRoUE, F72 modular RZEVEZ i 72 3w GEMED
b H0ITTT.

ZIT, GL DO EIZHOWNTTER, d--d? 1T 95 B2V b DR DT, projection &
Lot L XIT, Y OEAEN 1%L D50 -1 ZROTWVWDION G, O £7bIF T, T
T2 5, G, Gg T R-sector (ZxtL C,

R EEFE->7-H 0 1IB,
B D 5Ek o b 0 1IA,

(L.17)

(1.18)

11



D2V NREZLNHZ LI/ D E9. type IIB @ J71 left mover & right mover 73 [A U
chirality 2 & > T\ 5} T2 5, spacetime T chiral IZ72 5017 T9. %L T, ITIA D
7713 spacetime T nonchiral & 7¢ > T\ E 9.

Spacetime T supersymmetric (272 > TWH DX TIA L TIIB O 2HEH H L Vo7
JTTR, TRHNERRIC, BENE O mode & ENIZIT E T ERATE 2T U
Y ERA. FECET 20X 572 bORIREIL TWT, TOREBIOZNZH O mode 3
WPORLFIZRZ DTN, €O LTHENE B ORFIZHIEL TV mode & 7%
DIFTT. BrobWER ) THEEN B LNV ERF AN, Z Z Tl light cone gauge % & ¥
7. REOEE i 55A121E, light cone gauge 28 —FT> Y FWL\DTE 9952
EICLET. ZhREEDL YR bONnEEVETEET X0 ... X %,

( Xo+ Xy - x+
\/5 - I
Xo — Xy _ x- (1.19)
\/5 ’
| X'(i=1,...,8),

DEITHAEZLET. Z 9 & DL string DEFORZEME, reparameterization invariance
L local scale invariance ® BT T, FEiX XT OEE mode 72 <720 £4. 2%V,

Xt =gt +pfr. (1.20)
*7z,
_ 1,
p = 2]?(]%’ + N1, + Ng), (L.21)
Ly £9.

& L 1%, level matching, 2%V Np = Ng DRMAHHETT. ZhiE, closed string %
EZ2 72 L =T, cylinder DR U IIZDOWT S path integral L CL £ 91 TTA, £D
i & L C level matching D&MENSHTE £9. X5, N+ Ngp=2pTp —p? £V
Np + Ng = (mass)? £ 72> CWET 5, level matching % il 7= #iHIN T, N + Ny
ME DX S fli% & DPHRTRNIE, EAREREZ RO DN DD TY. Ny, Npik
Hamiltonian #7232 & DT, NS-sector, R-sector TZiLZ1,

00
Z rbj-jrbir — % for NS-sector,

Np =712 (1.22)
Z ndf di, for R-sector,

n=1

& FEF £, right mover [ZHOWTH 2L [FL T

12



%9, NS-NS sector (ZOW T EJ. left mover O FEEIRAE & right mover ¢ JLJER
REDT VR

|0>L ® |0>R, (1.23)

BELDE, ORI N = Np= 3 5RLTVET. 25755 m?= -1 &%,
tachyon {272 > CL EWVWET. EZAN, ZOWRETITIG, = -1,Gg= -1 L7200 ET
?DT, GSO projection 2> TR £ & 2% B E3. GSO projection D 1 >0 B
WE Z A, tachyon Z B 6%k E L T<NHEWH Z & TT.

ZFDOWIZ mass D/NSNWHLDEEZ T4 L,

bi1110) 1 © 671, 10) . (1.24)

1
2

LTV ELT, N =Np=0,20ET. £/, G, =Gr=1%L75DT, Zik
GSO projection L THIEK Y £ ZiUIMNESVET L, i, jOREEZF>TWH DT
T, spacetime THAUE, 2PED tensor #FL TWE 9. 2D tensor 0L TV £
&, XFR7R tensor & OGRS tensor & trace DI 0L ET. FRN, FERENE
AL graviton gy, FOEFE tensor %5 By, dilaton ¢ 12k L 5.

®ix, RIS TOFIEWW DT T NS-R sector ZF~E 9 &, gravitino x{,
dilatino A* 28 T & £9°. R-NS sector Z#i~FE 7 &, [[EEIZ gravitino x;f, dilatino \'®
NHTE £, IIA & IIB OiEWE, 1IB72 & NS-R, R-NS sector 23[F U chirality % - T
W, ITA 72 & D chirality Z#Ff> CWA A TT. ZD7=®, R-Rsector TIXHTL 555
WA & IIB TiE>TWEL T, ITA TERZ M A, &SGR tensor 35 Cpyp 23, 11B
Tl X, B, Ayngs 1AL Ay, 13 self-dual ©F2%, BHTE £, R-R B #% NS-NS
B KT 5w BY L wx s+

A% BARAYIZ 10 RIT T consistent 73 string Blama fE-> CTHEL 7. T Type 1IA,
Type IIB &\ 9 D TH . —fi%IT consistent 72 string ZEAIZ1X, RO L HICL £
Worldsheet FO/ERE L CHRAIMD A T 3 —~ NV F =T EHZ LI £38, HZE
D JERE A 3 T o313

/ (0X)? + hpdip, (1.25)

LREET.

Z OFERIZE, Jox DD worldsheet | supergravity C, B —7% /L7 supersymmetry
EHoTWEDT, ZORITVELT, ar 74—~ AFr—ITENWEHEL, o —A
JL7¢ supersymmetry & & > CWET . F72, worldsheet EDm— B /v X — )L AREMHED
BRI ELTar 7 r—~vAAESEE LS TNDLDT, fiF, A—/—ar 77—
HERICZe o TWET. Zhn b S XIEE critical string |30 — )V A — VAR % i 72

13



SRTFIUT TN E S WEL D, FFXE RIS S e — VA EMNE BT T 7212,
T =) —MBICEELRITIUI W ERA. fEICEWVWET L, worldsheet OB,

/d2§\/§gab8aX“8bX” + (fermion), (1.26)

D, A7 — N R — VIR g — e T gap IR L TARETH D E W HEREZLT-
Mol T, ZOERRETRLE, ¢® e @, gl 21725070 T /g e LA
THZEDNDLNDET. LN -T, XBEWRL2NWETLHE, ZOEBRICK L TERIX
BIRARZETT . L72is o T worldsheet FO/EHZ HHLAYIC AT 2 EEPHN CIERIEER V0
TI28, A% worldsheet [T path integral T 5017 TTnb, ZhzxEFmpilfbie
TR0 FHA. THLRIZNCKHT LT/~ —RNHTEET. 2z 7 r—
AT )=V —=EWNIDITTYT. DD BEFmIZIE e — UL A — VBT L T
LU ARETIERL RV ET. €07 /)~ =2 KA 50088 b I VF v —Y LIFATH
HHDTY. 5298 N TNAF ¥ —I1X 2KILOD free boson 1 @Izl T1TT. 54D
BaiE, RAERNZIE XA ORMT10HE VD ZERDNLDOTTR, Ligh< DfEH -
Tl LELE D THLEANT—HOOFREIT D TY. ZORKEDOL & TIX e P77
I V=R TCHRETE 267020 FT. ZNHERLT, 2BV FIALTF X —T %K
W5,

c=D—26, (1.27)

L7 ET

IZETLMEZRRVWE X, ZHiEWibd 5 bosonic string £ V9 HDOTY . ZDOHE
c=0FRbbD=26DLXIZa—INAT—VRENEOT /)~ —0NHZET. Li
L, \WEiX superstring 5 2 CTWET 205, worldsheet £l fermion X° gravitino &\
7. worldsheet £ Majorana fermion 1 {#IX5EII A D 7 —HO571F7 /) —< U —
2% 5L, Zu D worldsheet 0 gravitino 7 /<~ U —% <5 &, +11 720 9.
L7223 T, 2{KD central charge 1T

1
¢=(D—26)+5D+11,
3

=SD-15
2 7

ERVFET. 5L, D=100L X7/~ —0NH2LZ Enbry 3. 2R
superstring |X 10 KT THDHEWVWHIBATT. 23X X & EHEFfoTEELan, K
AKX worldsheet EIZ superconformal 72354 fEL, Larbetr b I F v —U R
c=15 7559 bDEFF>TE T, modular REIZ72 %5 K 912 projection 4L,
consistent 72 EHER G H Z LN TX £, 72 & 21X 4 IRIL T consistent 72 string % {EY
Y

(1.28)

J@xm T oon, (n=0.12.3) (1.29)
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EWOTEREZEXET. ZOBV N IATF Yy —VERHETLE, c=442=61ZL 07>
TWEEANSLT )=~ ) =52 BRIl F vy oA THZEnTEERHA. 2T, HZ
510 super conformal field % £f- T & C,

/(6X“)2 + 9" pdep, + (¢ =9 T % X 9 72 super conformal field) (n=0,1,2,3),
(1.30)
& T consistent RFFRASGH Z LM TEET. LnbZD X 5726 DITELITELT
LEIDOTT. LZADNET, Zoko L THLAZHEmME, &5 —o08m, &1
(X 10 RO B> HHFEL T, WHR TSI L > TIR L OHEEIZHRF > TV Z &8
TEET. £IOVIHIEKRT,

E et

ThHHEVZET. ZHEXLTLLRER/GGEHIN TS DT TERVOTTR, 1D
MNERBNZEN D2 b DIZONTIEENCE IR > TWNHEWNW I F oy 7SN TWVET.
IR ERPNZEWVWEL 2L DIZ, string ZBEFGTEZ TWAHIRY, MRICEZENHTE
TLEH, Loz LT,

Type ITA, Type IIB &\ 9 DX worldsheet T left mover {22V T $ right mover {220
T supersymmetric TL 7. L22L left mover |22V Tl supersymmetric T972%, rihgt
mover (22N TIX supersymmetric TRWE D HIEDL Z LN TE £ 7. £ % Heterotic
string & W\ ET

Type ITA  world sheet (1,1) SUSY
1IB
Heterotic world sheet (1,0) SUSY

Left mover: (9, X*)% + 9% p%0ptpy , ¢ =10+ —26+15=0
Left mover: (9, X*)? +X§3p“8&)\§ , cp=10—26+ % =0

M T=1,2,..,32
SO(32) #—, Egx By —v

Heterotic @ left mover I 2\ TliX, @B N ILF ¥ —TFEFIEEI L, 2T
Type II & RICHE (v = 0,1,...,9) IZFTHIT VWD TF . Right mover 22\ T,
HHAA XH XMW FIZIETT N, ZH5IE supersymmetric T/ WO T Z7E1T Tl
c=10—26 TT6 16 HE D Vbl T, L9 D1F T 32 i fermion Z-DiF L %
7. 2 9 74UL Majorana fermion (X2 k 7L F ¥ —0 % TIND, cg =027 F
7. B &1L Modular REVEZ HT2T X I 2 b OERFHZ RO TRIUL RV, £ 5
THEZNBIER2MEDH DT TTNOHMEE LT SOB2) e bDR TS 57259
ETPRTEET. FERE, UL L THRER B DI, SO(32) & Egx Eg ® 2 fHTT.
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ST, 10 kIt T Eg x Eg @ Heterotic string #-5< YV, ZDOERTR/ALX —HifE &z £
I ZhiE By x Eg 7 — V% Fi o 72 N=1 Super Gravity & Wbl 25020 T
2, ZAUZKL CiY7p 237 b (Calabi-Yau =287 ME) 2138 Z L 98, 72
LMZHFZEM 4 RITTT N =1 D SUSY %2 L OB EIZTWET ANBNELN DL E W) Z &N
DMLY ELZ. LWV 9D Tstring (RTONICBEREZFRTCE2biIF e b, 7=
EEPNEa N7 MeL v d b D& iR B2 TWT, 10KIED Ey x Eg 725 3
L T6&osm% Calabi-YaulZ% & T2 WO D& B TWE L. Calabi-Yau 72< &
B ETH, TRRVICHEZHN TE L1259 E-Bbh=0TY. L»Lb HP LR
THDHEE N TNAT ¥ —U0 match L TORIURMTH VW E WS Z b L.
T 5 & 4 WILTHREZR BGG D WEENEIZ 7 > T L F 1, FFE L Calabi-Yau O3 Tld &
ITWEERY, LWHZ EIZmoTLENEL.

LW I BT TARL L string ZEBEFR THR - TWDHIRY TiE, BZEIHEVITHL
ShdoT, EBETERAINIL, Lo CHFEBEBNRBO R RELS S, LnHe
AT, S4MEND STAEEHETORHIRD A T-D TN, THLLKE, 72A &) string D IEFEH)
AR ZID AL L 9L LTWANAE AL TZRER, 80F DD < BT critical string
Tl eE b, B 620 string, noncritical string TiX, 7FHER LV 5 T CTIEE
RO ANDZENTED, L) ZENbnY £, UL, critical string
FEEEZHENE D)W L DRDOD, R IEIRN DS o lzblF 3. Ll 22
5 4 < 5T D-brane X° duality % L C critical string DFEEE RN R II L HTE F
L7z, 2L T2 Z 238 TlE, BOITHIEA L 131 g - T2 B O THIEAL T critical string
OIEEHRZEE T AR, EBEEGCES TICRERE BRI ERL L) & TR A0n 7
ENTVET. AEOFBHETIHFAELNINTIZZOZ LIZONTEFHEL LEZNWEEZ TVET.

1.2 D-brane

D-brane &%, string® >V VU by, 7205 HMAETT . string O FHRIZ = 7 4 —
VIV BARL TV ET

string @t #ifif <= worldsheet D= 7 + —~< L ARZENE (I.31)
WHLAE S A e D 2 E B RO OB, 2 2 ¢ ERRTEX TAHAEL & O:
L= 109" + M|p]> — v*). (1.32)

¢ =vR—OOHEMETH LD TTD, TMMBTHLILNWIT LT oE2IDOEDLY T
BRI+ AL, Zomb0Pho 1 SEEATY O THEE NI LIV Z ST ENTE
=7

SElEE F T string 13 flat R ZZRNCAFAEL TWAD E L EL 72, #hd 572 Z2[H] T D string
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14: ¢ BFRORT 2y v
rHBERET

/ d*¢ [/g9™ G (X) 0 X 0 XY 4 ---]. (1.33)

AU Gy % DEDY TRAL THE ST L,

G/u/ = Nuv + h/u/a

/ d*\/99" 0, 0 X "0, X" + / 2639 (X) D X PO XY + -+ - . (1.34)

ERVET. A, by HNAINELET L, flat 2R2EFD string (2 a0 L BE A 1A 72 2
L2720 F£9. ZhUESEE, graviton emission vertex TH A%, Z ZC, emission vertex (Z
DOWTCTAHLEBAL TRBE £

string @ worldsheet 23 % - T < 205 closed string 3> T & L 9. =& 201F
1 ® closed string 73 < % & W I BT (X 15) D L HICETF 2T TT. o TL Dk
T, HTWSHITFE W DIFFETL, ToLMATNSZERNTELEDITT, $—LIERT
WAHV VU —TRENDZ LRV ET. LZAR, ZOLITHERTNDLY Y U —
IZ conformal map (2 X > T—mIZR>TL EWET. L1 HIT T on-shell Hi 1% M- H

N

15: ¥ U > & —® conformal map
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L7ZDWRINL 7203 5D, v—/L7 operator @ insertion TRtk S ET. v —HL
7% operator @ insertion T, L2vb a2 —HW /N A7 — )L REMHEZRL THETNS, 72&
ZIx,

Cow / d?6\/gg?: 9, X XV ek (1.35)

DEIRBDEZEZLHZ LIV ET. ZHIEERMICIET e =BV 27— VAL TR,
H A E T operator TJ 7> 5 normal ordering % L 7217 #UTX 72 0 A, 2%2%
2 kST RERERIITL BDU T, RERZTHETE, RS, ©o
T TIH RHEHEIIW D & 2B e THIUX Z ® operator IX 12— /L R — /L REEIC
720 FEF. LL, 90X & e** % contract 15 & ky 3OohhroTEET. Lo T,

JEREIZ X

k?

AEp—

2 9y

Cuk =0, (1.36)
(/wk'y =0,

EWIHSEMEET L Z D operator 7 L 72 b DIXTZ LI B — IV A — )V AR T 7
LTENDONYET. OFD —RIZANER-TL DRFE VI DL, B—ANART—)b
R2ET operator THEHIT 20T TIN, 72L& 2FZED 5 BO—208 (1.35) 7272 HiF T,
2 p, v IR L TRFRZR tensor T, L2vh k2 = 0 TH 5 graviton emission & &3
vertex operator T9. L O T AICa—HNL AT —/VREWEZFERT S &, critical string
WX RRINT graviton T B Z &R D0 >72biF TH . 24 string 1T gravity 25 &
FNHENIZLED—DDFHHPTT.

b HAHA (L36) IZHIST 2 RAFT—MRD hy, Z2FF> TEEBEITITmMZ SR 0D
TY. TIDNHE IV hyy 2> TELERI =NV AT =V AREIZR > TN D DI,
DFEY, ZOME (133) N — AN AT— NV ARETHLIDDOFRNEEEx DL, 50 )
G BRESILDDD, ¥ 9D Ry, B57F SN BOHH D B0 TF

#iR, (L33) S a— AN A — N AR Ie D548, DFE VIS 7~ AL L L ToN—
ZEBNRE R LD T EMND G KT 2 EEN R b £97. 983 2l Einstein
FRAIRDZEnbnry £

B =0<+= G, I+ 258X (Einstein J7#230) (L.37)

Z WV ST BT IR, ©F Y graviton 2 L TV 5 L 9 7 string 2% condense L
TRERIE, TV — ANV AT— NV ARELRoTWD, Thbb, Hllfglar 74—~
IAZEEERTHEL TWD EF2 Db T

string O d7 #ifif < worldsheet D = > 7 + —~< /L ARZHE (1.38)

18



I CHAat R EDLY TRETELEOTIDEIRAFNTELOTTNR, oL —
IIZEVWET L, L2h < worldsheet ETr—H /L A7 — )L AREWRRIZIVT WD 7
513 worldsheet [ L{f 5 72D condensation @ F£i> Y T string @ propagation Z &H 5 L
TV, F7z, string O dTHAYRENL & I1X, (175> string 7 condense L TTETW5HH D
Thbd, LEITENTEET.

Worldsheet D v — 5L 27—V AREWEEZE L 72NV E TSNS TRAE DL B
WTE 57, &)1 T worldsheet (IZ78E HIFTL WV ET.

@

XH

16: Y% B 1F 7= worldsheet

72l 21X Type I TEX £3 &, XH oH » worldsheet FIZFEA TV DI TR, =
DROFEHROE Z Ay 7 =3 NAEWEHS IR WE S BRERFMEEZEX L2 LICL
F7. BRI BER MO E 0, L L ET L,

O X* =0 Neumann 514 w=0,1,....,p,

Xt =a" Dirichlet 5&14 p=p+1,..,9,
EFIF £F. Worldsheet ED X 71T —8Z%FL T, #55% 012 18 5 D7% Neumann Fff
T, % 1ED 5 D) Dirichlet 49, Neumann 0L, BHERICKL CEMA T,
Far 7 —vNVERITEMABGTTNL Ay T —< L AREEEY FHA. £72
Xt Zay 74— VEHIZIIL TRETTNS, bHAA, Xh=a' L WIFEMHFLa Y
7 = VAR EEE D 720D TT. W9 b T AR BRI TEERUC (1.39) o X H
REMERLTHa Ly 74— A REMEZS 22 b T

(1.39)

BRE BEEFEINTWEERAD T =L string D HRBRRXOXIED R OO ERNWOT
T —RBEBEPATHEHADE W) Z LA INVTWEL Y, ZiUE string TIXRAR
FIZE SN H ZE7RDTL & 907

BE b, Ktl. THEHEA. HOVR LI VEIZAD T —HOFEND string ~T>TZ >
BIZR-STL HDEENTWELZR (K)

4 %|Z string emission vertex LW H DX AL T 4= AT =T Th< L, (1,1) 7
I~

/dzd?d)(z,?) A=1, N =1, (1.40)
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DFEY v =R VEBIFL Th, AL TH AL T, & 250 world-
sheet £ C nontrivial 72 ¥k 5t % £7-2 operator O — ST E 2 T9. ©F Y scale &
W3 5L, WY e TRITIIEIENCR>TLEIZT TINar 74—
~YIVAREMN G H L ENADTOMEIZEL < RIFNXRHLRVWOT, iR, —RBEK
T e TRITNEZR B2 0NE NI DIFTT.

worldsheet FO a7 4 —< LV AREMN —  ($) =0

39512 worldsheet ED 2 7 4 —< /U REM W) B3 H D & AFEE D emission
vertex [ZxfL TEO—HEER B a5, ©F 0 H#fific 7z 517 T9.

B €O ZEWIrHEIL CFT OFZE T T

2% # 9T, worldsheet FOEZETF . ZHIULERAIC emission vertex AL 7= H D,
TOLE (17) O X 97 MFHEREr L9 Z & ThHh Y, Target space TE 2T Z

17: Bk B2 A &3 77 emission vertex

DRAD— RN r v ) Z & TT.

Ttk — kL T, worldsheet (Z78& &1F, % 212 (1.39) @ X 912 Neumann §:fF
& Dirichlet & Z A GDOEIZH D EZFREL TR S & worldsheet D=7 3 —
NAAREMEFES RN E W) BIRTHIRISHIEL TWD L EX BN 2D TT.

BRE 205 E X 55T string @ ground state & V9 DX D-brane 28 5 £ 9 L5 & 9
REDEEZTNDHDTL X H0?

fBE 2 —&, string DA YD ground state? ZHZED Z L THTNTEZ L < string DEZE L
WIHDIEZESIE TIE R T,

B Vo, WL WO Db o TV HDTTITRE b, FEOBO MO Y Uk
YTHRSIE Y = RLF —EFio TWET LR, AYOD ground state & V5 DN
bV FET IR, TIOVIERTS I L string DEZEL LS LIV W TT LA,

BE 2z, bOLAALSOEIGROEDO D TORMAE VD A A—V TITHETEST L EZD
NETT. AL EFELLETITN IOV I VU FUARTF vy — R TWES. 20
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5290V Y MU NHAREBITEZE S IIXKAIEN TWEY. 72 & xiE Sine-Gordon
TLED kinklZ b ARae v Fv—2% 8 o TCvET. Zid Sine-Gordon D E
ETERLT, MrHHb00NWEEIX—2EK LTS, ZHERL T,

ST, worldsheet IZX& & 1T T (1.39) D X S iR SMa & £9 &, ZiUTimlc K
2HW (u=0,1,..,p) IZIZX—2 L DR TNT, VD (u=p+1,...,9) OIEEH[FIZD
WX at EWNWS &AM D HEVIRIEEZRL TWLZ LI ET. Thbb,
XHEWN ab o +53BEn 7= & Z ATIE worldsheet (2B HWT WA Z EIX R 27200 T
D, et DZFTIZEFETE, KBDWTWDLRRPEZEIIRDLDOT, hEHZEL LR S2h
DT> TNDHEKEE D2 L1270 9. L9 DS T worldsheet HIZ 7% &1F T (1.39)
DX REEREMERRL T LMD T Biznig Y U b 2GR L TWD 2 L2
F9. ZH%E D-brane & W\ ET.

XO... X

X+ = gp L X9 = f

—

N

18: D-brane & =@ o JEfE

— 2D % D-brane 23ME5 80— SBEAZ R L TV 25O T D-brane 28 1 tdh % & %12,
LS D-brane O EL 2T TENL HWTIL D0 % H 5 729H121%, worldsheet (211 <
O REDHITT-bDEZEL EFhEWvwnbiFcd. Thbb, "3 0,1,2,--- [HOLE%
EZ, TNZERONRT(L.39) 2L, SUTHOWTRL BF 5. 24 D-brane 3% 5 & &
DHELTT, 72T T8 M AEOHEELZEXETLIKNIIDO L HITRY £T. Zh
> ke B 7

k=0

19: D-brane B FAET D 5H DO HLLL

1 Sine-Gordon ® Y U b CTExIE, YU MR HDEZICEIENED L HICHELT S
DONEVWIRIELEFRIC T, bHAALY Y M OB THILIALT 2% 2bi) T

ST, BL®IT D weight 2 X D72 <720 30, Tz 57202 Modular RN

21



BREWET. 20O D-brane N 2 Kb 2582 ZEx 9. e TEXEI L, ¥20, 21
DX T FT. HEITED D-brane & KT 7= OIZWANWAREO R E L&Y, £

/ i
/
%

.
]
]

/ i/’J(/l

xXp+l — g1 XPHL = pptl

Xla xop

20: D-brane 23 2 ¥td 254

k1 B

21: D-brane 2’ 2 ftfFfET 5 & &

B 4D D-brane 2 E T 72DICRNT WV WANWAREORERELELbEET. H@EZ D
XL, BbEOVRBZFIFT T THLEMHOICHBRET A Z LIXITERVWOTTN Z Z Tl
FHZ o TWEDITTF. 48608 —oFo0aEx £4 (K22), —hiibbs

22: X1 DT ODGHE

ATEBITRIE L TRD & Y o H =2 200 T Wl RICHISL £7. Zivbd &
TEWET2Y, Z 99 configuration % dual channel T4 % &, open string @ loop |Z
2o TWET. LA -, open string @ 1-loop % #tH 325 Z L 1Z X > T ambiguity D72
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WEFEN TE X9, -2F Y overall ® normalization - E > TL £ 9 i T9. Fermion
W DEEFSMEE, closed string @ channel TH.72 & 1212412 GSO projection L 726 D
E—BTHEHICL ET

J
.
>

23: closed string @ channel

Z Z T, closed string ® channel TH.7= & X OWBLEKE B 2 TR £9. Zhuidfr
MEFVWET L, D-brane3H 52 LICL-T, ZOEDLVICENGRE NWANARBGIZ
%It d 5 closed string 23 condense L CWAHDEFRL TWDHZ &7 0 9.

ZIV T Type IIA, Type IIB D354, BARMIZE 50 9 BEREMHIZ 2 > T D] T
BEEL X ). BIBTIEETFE SR o720 TTA, Typel &) string3dH 0 £L C,
Z OYAIZIX open string & closed string B F{EL £9°. Open string D EERFEEE WD
DIFLLTFO L S22 £3. I XTE R EL 2 K DI worldsheet Tl fermion #1347
~EL S D L FEAET S DIZDOIL TV DD T3, il Neumann 423 L T,

Oe XH =0,
(L41)
{ Pr(o =0) = xpr(c =0),

ZEGHLET. T XTOHM plZ 20T Neumann F£IAEIZL 726 O3B D open string
DUV Z 22720 £, Z O8A1T open string (22T % GSO projection #1FE =
& modular REMERRIZALTWET. LUFTHR2 X 912 modular RZEMZ B S 7200 &
I X, & 9 EL map 7252 L1 X - T fermion (2 %95 Dirichlet §:f%2 &5 = L3
TELZ RN ET. 207D, XH % left,right mover (Z4571F T,

XMoym) =2t +phr + Y ane T 43 "Gy e i)

. . (1.42)
= Xp + Xk
LEXET. 22T,
1 .
Xf = S (@ + A7+ 0)) + Do 107, (1.43)
1.43
Xp =g +pi(r =) + > e (),
T9. Neumann, Dirichlet §:/4:% left, right mover #7731 CEX £ 9L,
Neumann 51 0, X'=0 < X’LL+X1’%: ,
(1.44)

Dirichlet 5 9, X* =0 & X§{—Xh=0.
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iR, X ZZDEET X DFFENZD, OFD,
XL'—>XL, XRi—>—XR, (145)

WD Lol T UE, Neumann & Dirichlet XD b A Z ERnbnD £, ZOXE
Hil 9 DL, worldsheet ETIX, X & XpiZFEEERMIIZ/R>TWT, #NEFN 2R
KTLOHTI R o7obiF TT D, 72 L HIZ worldsheet F® Lagrangian % 5 & <28
RS TWET. FEF fermion @5 FIERIZ,

Y, = YL, YR —g, (1.46)

EFUT Xz ER DY EF. Z 9L TH, worldsheet £ super current (FBHX o
25 9 & 0XHMpy,) 1T RETT. Lz ->T, 73T Neumann 572 513 Modular 284
WXL TARETH Y, F£72 (1.45),(1.46) &5 EH#EZ L TH, Modular NEMEZ B2
ZENDLMY ELZ. ©DF VY Dirichlet ZRFICK L TE L 21D TR OFFFEHIUI W
WPIFTY, OFY

9y XH =0,
(1.47)
{ ¢Z(U=O)=¢%(O’=O)7 (M=0713"'7p),

X+ =0,
(1.48)
{ Pr(o0=0)=—Ph(c=0), (p=p+1,..,9),

D LI L > TEITFIE Modular RZEIZ 7R BT T

INTRHMERLSTZONDL 1o & K< DNLRVPBRANEEADT, bIrbrotD
MYRTLEVWET L, X OFEENZ DI TTH 5, right mover IZ-DU T space
time parity Td 5017 T

L Z AT, TypelIlIZiX, left mover & right mover D523 5 DT, type IIA, type
IIBDOEHELDEES gravitino 73 2 28 D £ L 72. left mover 75 K % supersymmetry
& right mover 75 3k % supersymmetry @ —ORH-72HIFTT. 2D 95, typeIIB &
W I DIXFELC Z A 7 @ supersymmetry 28 —2& 5705 (2,0) SUGRA, type ITA DIF 9%
chiarity DD & D0 & 5D T (1,1) SUGRA T

FILZ &ETTN, ZNERFEE VIS A5 E, TIA, IIBIZ DWW T, super charge
2 Do o7zl T . Left mover 23-2< % super charge & right mover 73-2< % super
charge TJ. & Z A7%, open string @il C Neumann boundary condition, & %\ %
Dirichlet boundary condition Z#EL 9 &, left mover & right mover 23 Bf&L CTL &
WE T, Left mover ®fE2 10 ILD super charge 1XZ41E 41 10 KKILD Majorana-Weyl
Spinor T3 705, type II BlGEGIT —fi%i,

&0 QD) 1 B R). (1.49)
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L9 generator THRAEIZZRD £F. ZZTeldI/XT A—X—Th Y, TypellA, typeIIB
EV S DIFEBED el L Bzt L TREIC R > TWET. UL, open string T
TOF A Neumann boundary condition DA%, left mover & right mover % [/l —#
LTWoHDITFTING,

o) — ), (1.50)

D & & DI symmetry T Open string T 10 Rt 9 T Neumann boundary condition
72olcbd 5L, closed string D & & & > 7= supersymmetry (Z—{EIZH->TL £ 9 &
WO DI T

ST, Neumann 721F Cix72 <, Dirichlet boundary condition & f¥-2 open string Tl
EORDMEZEZTHET.

Ty 5 Tp, (:[5].)
D FF 105 Neumann T,
Tp+1,-°° 529, (152)

25 Dirichlet & W9 $DEZZEZET. Hiilp+12056 9 ETHE, SXFEBRIELZLDIT,
left mover % IE&® T\ T right mover ® & Z A% K S WX TwvbiFcdns, T
EH L

(L) = oL () (1.53)

DI supersymmetry 23555 LD Z LR D £ TTH 6 D-brane 3> ThH L x D
supersymmetry @ 9 B335 5 Z L3O £9. E o gl nnET L, (1.63)
DX IR TT. T OV HJEIZ, supersymmetry 25 —iFk - 72 REE BPS IRIEE S
3

1.3 BPS iR

NS ANDAFITY. Bogomolnyi, Prasad, Sommerfield T3, i#, supersymmetry
Db E, BEOTRLX —=NERMHELZITRNEWIMEENH Y £33, D-brane 23
& > T supersymmetry 28— > TWH DT TTND, ZOBNT TWAALRENIE
RIEZZTFICEDL LV ) 2 EBEE 501 TT. BPSREL W HIDIIWANAH DA
T E, L2 < BT supersymmetry O — 5% REIZR-> TV DHIREE, EtWnwHZ b
T

7o & 1%, D-brane s “HCEATICH o7 &35 &, Ml D-brane 234% 7 supersymmetry
& Al D-brane 237% 7 supersymmetry 23[R U T3 4. 595 &, £EI01IT Y BPS
KETT. ZDO L HICHELUMED brane OHE, (b > TETH SUSY L&Y £
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24: D-brane @ BPS ke

Zo9THE, SUSY B3-S TWHEME Y, ground state D =R /ALF — XL DAL TH
B FERHA. DFV, brane DEIDEEEHZ K S22 W) Z EN TN B DITTT.

FE string THAEL TV ET L2900 FET, SXIFERZLIIZ, —DOD D-brane
OO AEERZHAEL L 9 & Bo725 open string @ 1-loop # 5tH T HbIF T, i
X Modular invariance # H A & FUIZEHATETHN S, D-brane [ % 5 J 17D channel
TW 9 &, closed string OHGHD LGB NANAHERATHET. &I b DRRAT
WSS E, 9w, Bu,¢, Ramond-Ramond sector 725 3k 2 SOGFFR tensor %578 & 1)
3

HAELET LIS DN F v 'L L TWET. D-brane TO open string
boundary condition & W9 DI S ETIFEFE B FWE L 7272 K 91Z Neumann boundary con-
dition @ right mover 721J % parity Z#L THOLN 7 HDTI. DD D-brane D& Z 5
TRILHDZEFFSTETWNDEDITTTND, ZOEBTHE L TRiUE Neumann & ¥ 572
KFRCIZR DT TT. 253 5HL, WiHlO open string 2% 1-loop TEIS>TWA Z L2/
b, L2b, 20L& X supersymmetry 235> TV A DT TTH D, #E/F partition function
BT, ZOERMDITLHAAERICRD. £ OV IERTHITERICF YLD
3

D-brane 23 £ 5\ 9% exchange L CTWAEWH Z &M< Ao L, £ graviton
& M dilaton % exchange L CTWC, 5130 £34. ZD >0 D-brane [T ARDO =
N —HBEEZFSTODIDITTTND, TOENTL->THIEAIDIFTT. Zhinbx
9 &£ Ramond-Ramond @ % tensor #5% exchange 758 /1& F v AL 9. T
F5, BPSTHD, 2FD, SUSY D—#Zffk>TW\D &) T &b LEMD friE S
iU, D-brane D& EMENRRIZ 50T TT.

D-brane |77 0 N THNIAE-72 Y U b Zo72plf T3, TTITLE, LA L super-
symmetry Z &> TCWAENT T, ZIVoTOLK 5 bDORLEEICR>TWET. BT
(2% [ T4 7 configuration IZL TL £ 9 ERLZETHEL TCLEIATTITE, 2
DBFAENE, B & BPS OBNF TEEICR> TV Db TF

26



1.4 D-brane QOEHEE)

BFZZT2VOIXIFEL A& O D-brane 28 N 8 %5, &\ 9 configuration TJ (4 25). =

==_

—

1L~

AI,[, M:l...p
X, p=p+1---9

% 25: N #® D-brane ® BPS IKhE

ZIFEEBFWVWEL L 1T, D-brane 23 [F U A& 72 & supersymmetry 235501 T9. %5
supersymmetry |X2BE T TI22 6, ZIVHEAED BPS state &9 Z 212720 £

TV NERETFEIL & ZAIZEFLTND, WV IHIDEFMERCLET. AL
brane TIT0 6, Z=x 7 =x i o720, L WAALREMERZL TWHbITTT. £
DEFEENE 5 W) RIZET 20 E W) &, fmnbEVET L, p-brane DA, 10
W IL® super Yang-Mills % p + 1 ¥k JGIZ dimensional reduction L 72 & D272 0 £,

10 &It ® super Yang-Mills & V95 DI,
i .
L = = tx(F" Fy) = Ste(y" D), (L54)

TY. 22T, A &yt L 10 RIED vector H & 10 Rkt Majorana-Weyl spinor T
ZB i super /N— R —F A TWTE o654 adjoint 8, ZiL% matrix THV =
DTTTZoIT AR IV ET. ZhiFvbd 2 matrix / —7—>a>»TH. Zh
% p+ 1 JtlZ dimensional reduction 3% 1F T4, dimensional reduction U £975,
00 P ITEL, 2P S 2 [FoSTLE NI I ET. FOLETE, 4,09
B, uB0OnH pDLDIEvector b L TEDOEFELDITTT. TIMD, uBh0nd
p £TOD A, 1 world volume O _EIZ{EA TV ET.

SEF R p+10069FETOLO, Zid pRILZERTH D L HIZ scalar I RL.z2 5
bIITF. 2k X, LEEXET. 2TV TTR, bebl vector 2oz A TTIH LY,
p+1RITIZTEL THEVIZOSL TLEombiIF TT0nD, HOOEOLOEZ D p+1
W B RAUE 72720 scalar T3, Z O scalar #i%, 323 brane & TR M ETE
THEHEN DAL EZRL TVWET. HEIFPDIEFI>IBVWTTR. pyDIFH>Hp+1
RILD AL AT AL TW DD T
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SIXFERELZZ L H1Z, D-brane ® configuration &5 DlE, £ Neumann D &
ZAMD YT parity 1A L THLNLDEWVWH ZETTIHE, §BHAA—RIZIE world
sheet (278 22> & X% 1T T, conformal invariance 88 X 72\ X 512382412 boundary con-
dition X ET 5 Z L2720 £3 (X 26). ZD—D>DFZ2 5547 D-brane @ boundary

26: string @ worldsheet

condition T9. TJ 7D, D-brane ZET 5L \\H Z &iX, Z D boundary condition
% conformal invariance Z I 2 WHIHTEL T2 L\ H Z & T, £IELIXD boundary |2
open string @ emission vertex # 27 5 &5 Z & TH. I X(FE, graviton D emission
vertex Z AILD Z S Ko Ty B8 gu IR > THIEZ R L TVWDH LW IHFEEZL EL -
TE, FRLERL TY. RO conformal invariance ZEE X R WHFHNTEFEL TR &
VW9 Z E1E, @ boundary IZ open string @ emission vertex Z AR 27N 2 D7 TWFIX X
Wb T

fti)m, D-brane OHEHNEEN T 5 AL > < & Fb /=6, boundary (2T N
Z % open string @ emission vertex WET AT 7 T VT A2 DO STRAUT L&
5 Z &T9. &I AT, boundary condition 73 4 Neumann O & X%, HHEOEKTO
open string @ emission vertex 7217 T, % ® open string DKL AVX —DHEH T 7 Z
VT 1F 10 oD super Yang-Mills (272 0 £§°. 41X N £ D-brane # £ x TWET
OTHLLEWVWET. D-brane(Z[FIL EZACHHHDE L THIBL TWADOTTIFE, #£&
ZELT2DIT4 D-brane 5 xo L BfL TAH T, ZOD/T open string &\ 95 DIEE 5\
HEUZ TR > TNDEMEFWET L, [FIL brane |2 HjuEas DV TV 5 H DX, i# 9 brane fb]

L0

27: N ¥t® D-brane & open string

ZRHHEOHH Y £7 (1K 27). Brane S N ¥td 5 DT, open string O i & @ brane
DO EZH DD, WO HMBENRHD £F. T/ 5, open string & L T 4 7 H D brane 7>
5 j &HOD brane (209 b DN EZ BN LHDIT T, K- RLF—DOFHPET UN) O
gauge BERIZ 2 > CUWVET .
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Open string @ emission vertex [ZOWTTH A, Z 2 CTfHICARTEEZET L, world
sheet # V & —& L TETEL &, EDOEH ST open string @ emission vertex 23D\
TWA DT T . boundary |Z strip Z21F T, 28 DAEDKD X 912720 F94. Open

28: open string ¢ emission vertex

string 28/N—-o & XT3 U & ® boundary IZWIN S5, WWNTT 4. ZOEn%E, f#i
\Z & o T conformal invariance T¥ v 7 L T—RIZOSLTLEWVWET (K28 HDK) .
Z A7 open string @ emission vertex {272 51217 T4, Open string ? emission vertex &
W DIFTATIEE SOV IHIRUCET LM EFTVET L, 28D LS50, TREVELT,
YU OMEICRS> TR L £, £7, &TOH AN Neumann DAL

/da Er 9, X1k (1.55)

L7, ZHEB 9 & target space TO vector 5272 V) 7. XX (FE graviton O emis-
sion vertex ZEE FL 7217 L&, FRCiEWTd . 72720, ZHAUE—KILD boundary
TORESTY . D-brane & - T & 7234121, Dirichlet boundary condition ¢ J7 @@
XPAZOWTIX o D T A D £T005, RO X720 £

p 9
/da (Zgﬂ:aax%ikz:+ > o xret ;) . (1.56)
n=0

p=p+1

Z 27T, 9;X"1% world sheet - momentum (p,) TF. World sheet 2> momentum
LWV oDk Xy DOIZTI NS, BEL 7 T 505 T9. £7~, Dirichlet ® Jimjod XH
X boundary TEETT 25, k* 1L Neumann J5 WD LGy D HRERN & 51T T,

T2 B, Z 9D emission vertex Z I MATLD L, BEX, N7 FLET. W
WinZ B E, ZivE exponential DJFIZFEE T L, boundary DALEE EHTEITEZ D 2
LIy £, FNNEEIZEEVWEL 72, dimensional reduction L 7z & & brane 123>
TWDH I gauge H72AY, 750 O J7AIE brane DER A EKT LV H Z & T

%5/, D-brane DK XNV —FNhT 7T T 0%,

9

9 p P
1 1 1 1 .
Seff = — /dp+1§ {5 E E (D; X*)* + 1 E [X,“X,,]2 + 7 E trFif} + fermion,

9s p=p+1i=0 pv=p+1 i,j=0
(I.57)
LD EF. i X brane ST, 0006 p £T, plIWEL G TINO p+105 9 F
TTY. Fj LWonig,

Fu =0,A, —0,A,+[A,, A, (1.58)
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T¢. Dimensional reduction L 72D T, X, IZOWTOMINE, p+1~9 OFEIZHON
TIEH%EH LT THITE, X, A+ commutator 135% 5015 T

Coupling constant [Z- DWW T, string DHNT 7TV 7  O— i, 37205 closed
string DHNT 7T VT 15 1/g2 \THBIL, open string DFNT 7T VT 1x1/gs
BT D E WV HIEREIZ R > TV D DT TF. RIEIE, string D A —/L £, THbEUT
FwneEwns ez £

1.5 DT a17YVT«

IXIEE, £ 99 super symmetry WELMNE VNI DESNEL -,
el) =10...TPelR) (1.59)

ZOWVIOnELHEVnIbIF TR, IIB T &, Jix =20 charge &9 DIXFEIL &
AT VT 4—12o27DT, ZIOWNIHIFHENEREF O p+ 1 Bl LETT. T
To6, 1B @ & ZIZ/(EL TV 5 BPS 72 D-brane &\ 9 ®l%, (—1)-brane, 1-brane,
3-brane, 5-brane, --- &0 FET. Fhund, ITA O & X|ZHFIET 5 BPS 7¢ D-brane &
WIODIX, TIAIXTCAESTENIAT VT 4 —TIThbH, p+1»Hodd TT. 2995,
O-brane, 2-brane, --- 72V 7.

IIB p+123even p=-1,1,3,5,---
ITA p+1230dd p=0,1,2,---

ZZC, IIB @ 1-brane &AM E ML E3 L, ZFX1RILTTNG, string, 77205,
D-string T¥". IIA @ 2-brane i% membrane T3 4a. fEA720 e H O TY . D-membrane &
IEHEV VDRV LILERAN. Zi D, IIA @ 0-brane I3 particle T, D-particle,
L0 ET

IIB T, && & & fundamental 72 H DX string 72 D TTIF E, Z D string @ tension |
EFRC LY 1/02 TF. ZhISxIL T D-string @ tension 1X, SXIFEHFHT I/ T VT
y@k:%f%hibki5Kowmm:u%ﬁowfmé@f,ﬁﬁkﬁbiﬁ.

F-string  D-string
1 1

tension — —_—
f? 9563

L 720 £9. F X fundamental ® F TIL 4 @ string & W 9 BB T9 . D-string @ tension
I%, string coupling /NI FAUT/ NS WEEREL 2D, — ANV U P DEREREVWHID
ILZ 9V 9 —ANL DT TT . coupling constant DEA /NI WVNEE, fEHOMEN KX
<IpoT, ZNLTmass N RE LD E£F. TTHN D, coupling constant 23/NS v 5 B,
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D-string &9 DIXIEFIZEH A 72 HDOTT. 2O formula BZFDFEF g, M KE Lo
THEZD0E ST 0 FHAN, WISHIIHE L, g, K& 2->TL % & tension |
INEL o TEET. Z2H5LET L, HDHEZ AT D-string DIF 57 fundamental string
K VL R D AEEMENR H Db T,

TOTHE, g MRETWGEIBE WD DX, TeL A fundamental string IZ KX A FLiER LY
%, D-string (2 X AFEBDIE >IN LKL 2 DA TRV EEZLNET. EH2broEF
WET &, F-string & D-string OIZT 27 U7 42088 U £ (S-dual). Zhix, 72& 2
1X, 2 %ot Ising model TR & @RS RIXFERITHIEL TWD &V D DTV DT
T, T T, ZTHVWI PHEEZLTT, 2045 ETOEEGN O HHL 72 string #im T
EORERGETE 20 EFVETE, HEVELSADILEEARVOTTIILE, L
ZIXFE > T IZOWZ D-string 23R R /L F —D excitation IZ L > TP HWNWTNHETH
L, XL (I4) THELLEEDIE, X, & DFMBTTEET. —JF, fundamental
string N E - FTHRNcbDEEZ TR T L, LRIV X, & PpBHVELEND, &
L 2MZ DOz string D £ YD O 5 E [ F-string & D-string T—#L TE9 (4 29). =

X'y X', 1

F |BPS D [BPS]

29: Fundamental string & D-string

IMHRELS TN EZITIFEAE ITE DR DNENIDITONL RO TTITE, i
EHLT oL HUOTIRENSLDBE o LA L W) Z T LMNII—EL TWET.
T o LHOIREED string (TS XIFELEVEL AL IICBPS RATTITE, 509
BPSHDH xoE L7 AL W) Z ETEELMC L CWET. TThd, 250
IETT 2T VT A2HRDZENTE, L0 IHDHRIEY BPS RN TF
BORFT, ThaeTF oy 7T 5012, RRFAVX—DOENT T 7007 | T
HETE, T 2T VT LEIENT T TP T U THORADZENRLNY £, 22
T, BERICIIBOENT V70 PT v eENTHRET, A7 7 707 idfiicErh
TWoahEWny L,

NS-NS Guv, Buua d)
R-R X B;(L?/)7 Buu)\p

+fermion
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708 TENNTUVET . DY Neveu-Schwarz sector 205 2k 5 boson 55, T x & B/(ﬁ,)
& By, %5 Ramond-Ramond sector 7253k % boson 55 T4. & & % fermion T

TN TIRZ RN —DFHT V5V T T, coupling constant ¢ % —plZT 5LV H
EEH2 L2 L THET.

¢ — —¢ (string coupling constant g, = e?) .

COEBIIHL T g M BRENE SELPEFEFEZEEALR, L2, o509
symmetry Z > CWET. ZIUTAENT 7 70 U7 72T BTV, F-string $ D-string
HREZTWRNDT, KEIZZIWVIRVER (S-7 =27 U7 ) DD Lo TV H0ETE
RATEBNHRNDITTTD, WIShIZL A, LN ERT T 70T 7 O ETIERDY
NoTWDH K IITHA £7.

IIB @ FEE F-string & D-string 23 & 72415 T3, Heterotic X type 172 & 9725
MEWS &, type I @ D-string &\ 9 DX Heterotic @ fundamental string 12 W2 % D
T

Type I @ D-sting = Hetrotic ® F-string . (1.60)
2L, W
Type I @ F-sting = Hetrotic ® D-string , (I.61)

134 ATT . 72z, Heterotic 21X ZE 7 D-string 2372\ b iF T 4. b & b & Het-
erotic |Z super charge [Z /T — Lo o7zbiF T b, £72, typel &9 DX open
string # A CTET1 D, type I @ fundamental string |, BHTT F oL TL %
IDIFTT. TTMD, type I @ fundamental string &\ 5 DiE BPS TldZew. [RU &

30: type I ® worldsheet

912, Heterotic @ D-string &5 D HHGINIE-72& L TH BPS TidAgwy. TInbH,
(L61) IZBAREAN O TRTE WO TTIFNE S, (1.60) ©J5, Heterotic ® F-string ,
EWVWH DL HAA BPS T

ZORKRIE, DY U Frnd 950 fundamental 72 H DOIZKHET D &N H 2 LT,
sine-Gordon & massive Thirring @ BIfRIZH 72 VLW T3 42, sine-Gordon @ kink & \»
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¢ /_
e

31: sine-Gordon @ kink

9 D% massive Thirring |2~ 7 L TV £9 &, fundamental /¢ fermion (2728 > T E
7. Sine-Gordon & massive Thirring ® & %%, fermion & anti-fermion @ bound state 7%
sine-Gordon ® fundamental 7235 ¢ IZXHET 5 LW I DITDLI>TET. TTNbD, i
ZHUZHIET DL 9 endH - T, BZH <, Heterotic string ® bound state 25, type
I D F-string A7 \WN2 b D72 72 A 9 EbNHATTITRE b, ZHIEBPS Tidwnwo
T, bbb LIiEmn TERnE 5T

1.6 M-theory
Z Z Tl M-theory IZ2WTERFL L7znE BnET . M-theory & WO DIZ—FTEWN
F7&, type IIA string OFRFEMR TS, £7°, IIA string DT RF —F R HGHIC

EAURGMEENTNDINESVET L, ROL DR ET:

o TIA D= 3 L¥ —FHZ)EH = 10D (1,1) SUGRA

vs Buvs #,  (NS-NS sector),

boson { T# H ¢ | sector) (1.62)
AL, Cuun, (R-R sector),

fermion {¢g, i X0, AL, (1.63)

Zo(1,1) SUGRA®D (1,1) L WoDIiZ A AZ V7T +—, + & — @ super charge 25 —2>F
DOHDHZEEFEL TWEL T, fermion DIRF, a & aD—2>FT DL £9. 2D 10D
(1,1) SUGRA 1% 11D SUGRA @ X! J5jfi% =2 237 FEL T dimensional reduction L
=HbDTY.

Dimensional reduction |Z351F % 11D SUGRA ®¥;& 10D (1,1) SUGRA D35 & O Rf%
FRO KL ST Y F9

11D SUGRA  “™%% 10D (1,1) SUGRA
Guv — 9uv, Aua b,
C;w)\ — Buua C;w)\a
((p;j? — ¢ﬁa ¢ﬁ, >‘a7 >\d .
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BlzIE, 11 RTED g 1%, —2b XM FRIOEEFEZ720 6 0% 10 KITIC dimensional
reduction 3% & g, 12720, —2721F XM HHICEEFFD g 1L Ay, ZLTDE
XU HmoREES g X iz 3. Zo 11D & 10D ® SUGRA 128 B 5 bk
BoFREE & SO THEEIE unique (IR E D, unique TH 5O T 10D (1,1) SUGRA
2% dimensional reduction (Z X D #5540 5 DIX YR E VL £T.

ZETORUIIALERNTLER, W2, LoweEnei )iz L TA A E7. dimen-
sional reduction 1%, 11D OHiH% St ic=a 87 MEL T, S FHIO excitation mode %
HLIZH DT> TWETH, RIXZ D excitation, > F ¥ Kaluza-Klein(KK) mode %
GOTWRL TAET (KK 22737 MElZ X % i),

St

Xll
O

10 %ot

32: St a7 MM

11D SUGRA X5 10D 1A SUGRA
KK mode : A, @ charge

U o E — Aok
& FEo 72 iRHE DO brane

Gu11 (& Ay EHGEL TWeblF T8, 0 KKiEfh % Ffo 72 RE81%, D-brane &1 £
& RR sector D A, &G % D0-brane ThH 5 LV Z &30z £77. IIA string D
(Z1%, D-brane ## 2 727 4uE, KKESEIZX)ST 5 charge ##FH, Ramond-Ramond
LZHEAT % object I3 FHA TL 2, D-brane #5852 %5 Z £12 LY, dimensional
reduction "5 227 MEIZE S B o720 T

WEETORRIMEZ R NVX =2 TRIZOTTR, Mrbs8imnd 0, Tha KK =
Yo7 MEL TS OB IIA string 12720, F72, ZAXE=RLF —TiX 11D SUGRA (2
%, EBERDTENTEET. 20X O EERA M-theory EMFOES. 5540, Z
T ELE BRI SN T EE AL

Cyvx : membrane & couple B,y : F-string & couple

M-theory LN Type ITA string

“M” X B R O FARR) 72 1K, membrane &KL TVWT, Z O membrane |d 3 FED xR
TIN5 Cuua & couple % ZE[H] 2 RTTHIIZ KDY - 72 object T4, IIA string TI%, =
DX D7 OIXZEM 1 WITHIINZ AN - 72 F-string T, %72, F-string |3 2 BT >/
V85 By & couple L TWe i) T,
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ZH TlE, M-theory DERITE 972> TWHDH, LEZ DT TN, £3°, BPS
WO AT > THET.

o —ODOHEHD BPS objects

Type ITA  couple 3 5 field M-theory couple 7% field
DO A, KK-mode
F-string B, W
D2 Crux :> membrane Crnex
D4 Croops W
NS5 %mmue > 5 brane am...,m
D6 Apy oo Taub-NUT x R”

2T, wik ST o XU iE~&& ) 5 2 & (wrapping) &L CTWET. HIZIE, mem-
brane Z & & 117 % & IILD —DE\ F-string 2315 540 £ 7. NS5-brane IZ- DWW TlE Zi
ETEEL TREFATLED, ZoWKE, AL (F-string) |2 couple 3% By, @ field
strength(3-form) 12 10 YT T dual 7 field strength(7-form), ZHVE1ED By, .. 12
couple L TWE7 . BEHRK TV D & EIHD dual & couple L TW5D L H 7k Td. £/,

Cyeopis 1% Cppn & 11 RIET dual 2BMRICEH Y £ Taub-NUT 1% 4 kIt Instanton fif
T, BHTR x SNz £

B IIA 21X D8-brane & 5 & L9 O TH A, M-theory TiIfif& couple L TWAHDT
TN

2% D8-brane |[ZFEHRILH 172D T 5T llat IZ72 D EHA. L7223 -, asymptotic
(2 flat 72 BPS object & L CIILL EO DO TRTEEEZ LN ET.

ST, INFETHRAATREBEFBEELZE LT, ZOOHGwmD /T A—Z—D MO RR
FE IR TVDHMNEZTHET.

e coupling constant & mass

1
Type IIA DT A—H— my=—, gs=e?,
M-theory ®/XT7 XA—%— mp, Ry ,

Z 2T, mplE 11 %kT® Planck mass T, Ry & compact b9 % S DT, g 1318
BERANCIE N T A= —TFD, BEEIZIIX AT IINVICHREDLEEZEZONDLETH D,
dilaton DHIFFHE ¢ THEEET.
INT A= —=DEDOFUERDTIZRD X I s E T
DO = KK : BR M= 1
Js Ry
F-string = S! (2% & {}\ /= membrane : tension mg¢2 = mp3 Ry ,
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e s o1 .
DO-brane O'E & open string DHINT 7 F7 T 0 ” WL, —77C KK s &
S
1

T—F/NSWNH DR 7 TIMNHLZDOXITREET. £72, F-string D effective 727
M

v 3 F membrane DT g mpd & ST OMNEOE S Ry ORETERINTWET.

i ORRRAE WD &,

{n%QﬂnﬁRM (L64)

2
3

gs = (mpRn)

LWV BRED G LV ET. DO, F-string LS4 BPS object #ffi>T#, Zil& consistent
IRRERDEONET.

11 RIED M-theory O X 9 7l 2 B iimns b vV, TN HARBGE XL THhbH L)
BEMNRZEZFHTEETH, —FHHBOREFEZT 5L, BPSIRREIX SUSY 285~ 7-
RETH LD T, Wb non-renormalization theorem 233325 Z D X 9 7 fREEIZ D
F, ZIZTREL7Z K9 2B TERMIC A TWA T TH Y, 11 WocHEmIic KL 723K
W72 E WS ATEEMED B 21 T M-theory D EKIT Vo720 E DX H b Do E A
W2 B EBNETHR, WIFICL T, BPSIRIEICEWTIZZ O L ) Zext SRR AL L
TWHEFRET.

II Black hole & 3%IE:R

T T IR EDIDOIELHL TWDHDOIX, string DARYOHBETZE SV o H o
MENIZLEZBZDFETNRDINPBLARNLTT. UFTIET Z v Z7R—n %k
BRIC string TE D L I IZFLIR SN 502 E B X Tn& 7

ZITE3DNIHTTEHFEZLET. FTHROICT 7 v /A= DOxr bt —DEWE
BEL T, TN EHGRTIIZNTE DL IICAZ 20 %5EL £ ZD%, Wbhwd
holographic principle 5% L £7.

1.7 v JE—)LOTy ha b —
25 TIRE O Lz o)
3. Holographic principle

1.1 599 HR—ILOIkRAE—

Ty IRV DIT SO —DZ EIWAALRE ZATHIAN IR TWVWHEEHS>DT,
S—a L WNETZWATTIE, filz i A7 Schwarzschild fif

2_ (4 _ 0@ 2 d_7’2 2 102
ds? = (1 T)dt-+1 — 4 r2d03 (IL.1)

r
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_ 2mG
=—,

“ (11.2)

c
ZHNZ L CEERMICERL 7o EBWET. Z 2 Ta &V ) DIE Schwarzschild 2T, &
<HBNTWA X DT, r=ad event horizon 272 > TUWWEJ . Schwarzschild |ZBE & 4,
MRV IR — ARV SIHZ L L L TT Ty 7 AR—/L DT b B B —(X event horizon
Dk A T

A

LERLENDEWVWHIZENDHDET. UTFG & RITLICLET. 20O Z &idddpgre
HIOFET, HlzIX#RE

R.M.Wald, General Relativity, the Univ. of Chicago Press (1984)

LS ENWTH Y £F. oI —RICEY LoD TTIFE, —KamaL>T
HLMNTENRND T, EEEIZ Schwarzschild DFAIZMN R Z > TV B nE R TnE £9.
iz b rE—OANELNWE LT, ZRTITRENRE 572> TV AENHRET. 50
Yi&1X event horizon OHIFE & V9 DX R r = a DEROF

A =4rd? | (I1.4)

TIN, G=h=1DHMNOEEa=2m TTNHbTy bt —X

S = 4rm? (IL.5)
(2720 F9. R
1 0s
T= 35 (11.6)
TIH, EXA50EEITEEmMm TN,
1 aS
T=9m = 8mm = 4ra , (IL7)

L FI. HEENRDN TS, ZOXNLESL Ty hrE—%2RDDHZ ENT
X FET. ZOIRME L Schwarzschild 128 a DEIFRIZ #2172 & O Tld 7 < T Schwarzschild
F r e A VASE NN G

INTIE, 7T v 7R LDORELITE SN IHEDONENNETE, KREEHRICW-TT
T IR—NANBDLE, TNXHTDBIRET OWIERH 50O X H I BIKEN 295,
EWVH T ETY. ZhiE Hawking 3 To72ikam CF (X 33). D WIERIC Z & TIH,
7Ty IRV ERE T OBWEIC AL E T & radiation D00 Hu v 2 L TEFIZ/ D 7
7L, 22 TH I L EERDOTTN, BB ATTIMNG, I/ =INT 7 VI
WXV LIPS 2 B 0O T Y, 27 ul ) =V Iz e 0 E3 (X 34).
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% T #yp
$WAA<:>JUJJ

S

33: REWEHES L7 7 > 34: PR L EROREEIZ B B
J =)

7T JR—

WHLODRITTIIE YNNI ZLE2erntnnET L, £7°, BROSN TEAREL
TECT I IR—NANTELLREEZEAET. £9T 5L, event horizon 3 TE £
BDa BT, 7T IHR—=0nb < 5 radiation ZERIL X 9 & L TA NI A
RDOMEEZEZTHET. o SICELRET Z2REmEIX, FHE I hDEsTnEET L, LIT
5 <, event horizon [Z{H>TWT, bRAEV ET. a RO NELRET HEFT LWV O DT,
KRN+~ AT ADEZAH, HAdDETRTRODET L, HiF, EVEVTEET D¢
REVLEMOBERLDBREL 20D T, BlzIEHd o ETY + M OENEZE (5
ET=0)ThdorELET. BELWVWSoTHLHEAALFERRHOREOLX XH Y 9. FAIRE
DEEHEDOWN, ZO el KV EMOESTETH a SIZEEL T, AMOAL T+ A==
VIIWHATLEWVWET. LR -oT, afiTORER TR 4L, BENFRIC/ARDZ
LIZe D ET. ZNUNBEBERNBZ 5L WH 2 RATTITE, ZhaitB T 50134
L 72 DTHE £

WORFGX, BET OBEOTDOT T v 7R—N%Z2E £3. BET OPBEIZANL =
& & OO partition function 1%, Euclid kL 721EfH S 2 - T& ¢,

Z=/b¢esﬂ¢%, (IL.8)

DEHTEFET. 2L, imaginary time O AN 1/T OFEMEL 3. 25755 &,
#E )R, imaginary time O F A 1/T O a7 MeE 7= Mo <, Euclid{bl 727
T IHR—IVINE DRZDEME NI L EEZDHZ LT T
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event -
horizon

d\

35: Horizon DIEHL & S5O b

tg

> periodic

NSl =

36: BRI M 2> %7 M E 7= 22/

X X |FF @ Schwarzschild D% Euclid{bL £

t=—ity , (1L.9)
2
= +12d03 . (I1.10)
-
= Off% Buclid L L 72AEICARAT 200 TTH, FEidtp HFmo a2 37 MEER £ 28

1 1
/9 & & DA, (I110) 28 Euclid kL 72 FH O R L 720 £ 2F 0, br oL
Schwarzschild #8208 Z DA (IL11) &2 37 7 v 7 A —/VD0RE T OFIH & BOEfic

HHEVAET. THIEFLE IV ZEDEHATLD, r=aDfEx R THET:

dr

d52:<1—$)dt§3+1

+ a%dQ3 . (I1.12)

1 dr?
ds* ~ ~(r — a)dt;
s a(r a) E+ar—a
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R=2/aVr—a (ﬂh:%i;@3>, (IL.13)
LB,
2 2 th 2 2 2 2

L0 £, Z @ metric RO L 9 72 E @O N1 O metric & EEARTRD 97

A

(I1.15)

v

6 ds®> = r2df? + dr? |
0<0<2r.

37: singularity O 72\

O DFEMWN G X 2L 21 T, FmakROL FT05, 0 OEEIN 2 L/ hZwv e [z 72> T
JFUSIZ singularity 23 % 0 £97. F72, BN 2 LD KE W EJFAEIZAD RO singularity
DY ETH, BAEND X HE 2r 72 & FTHULFAIZIE singularity 2372 & 09 Z &7
DET. TT0D,

t
i@%%%-%% tp? EM 4ra (IL.16)

DL E, 77 v 7 AR—/L® metric IE conic 72 (F#ED )singularity Z F7272 VDT, r>a
DL AT E VLR (IL10) 23 Buclid b L 72 /EH O H ML W9 Z L1272 ) 5.
FIFEE 5 TWe 1/TIXZ D dralldH 72V, Schwarzschild O7 7 > 7 78—/ 1/iE =
1/T = 4ma OEGEDO I stable IZ{ELS Z LN TEHE VWL T

Bl 5 ORIMAF N o7zD TN

fi2%& Schwarzschild 7 7 v 7 R —/VIZIRE T OBYEO T stable ICFETEHE0WH Z
LT

B X35 132 ST DT

BE 75y 7 R—NLORECHEDHTO—>TT. d BT, BOESIEHNH 50T T
T, anblixZ e XV LAEMLMRZ TOhERA. TOFESEFHONfEZ RS L
BRERN RS> TWAZ L3 £9°. Ziud Hawking B3 To72ikam C9°. Tk
T OIXEEIZR O T, T2 TIEARIBEOY OB % i >72 % @, Gibons-Hawking
DHEFIZL =N >THEELEL-.
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1.2 EmILAI-IbOE—

HEAMIT= be =2 W) DORIREOEZ2 DI TTA, Gibons-Hawking DXV
JIZ L A Hawking OFFHEIZL A, ffi o> TV % D% semi-classical 72 FiPAN O TH 0,
Schwarzschild 5137 > & Planck A7 —/L XD KEvb X,

a>lp (I1.17)

WZITRRNZ 72 % WDIXBNFO X 57 bDTY. DF D, R x /¥ —T ORI
25 Einstein HEaCTH 5 Z £ DRI T 2858 T b HAA ad’ Planck A7 —/v
720 string A7 — /L LW /hSL 7o TL HEZNETOERIMEZ VDT TTHR, WT
NICLTHEBRICT Ty 7 R— Ny habt—%EoL 09 Z LB R X —CTHD
HER2S Einstein HER TH D LWV D Z 0B MR TS 285K TH. & 2 B T string
HmN KT RV —TENZRDOTLEWVIDITH->TNDLDIFTTND, stringD7 7 v
JHR—IINT b e =& OL VN IDIETe L ARINOL U VEITH LD LILEREA.

WHRIXENEZRT I 7uRrar vy 7 HmE LB O TR, ORI —0
BHIMERIE, B AA Einstein OEHIZZ2 D £3. 77 v 7 F—nAB+HoEMRTHIR
T hrEIRIEFEOXTEZONET. TNE I/ nRAat v 7 R TR TX
LW EEEZ £

- . - 1 . .
S uAar’y 7B OV Y Binstein eq.

A
BTN = S ==
? 4
T ZAZEWEEMRIT, 1FA SITRKBEGN o v AT v MR B T % )L — T Einstein
BRI D75, é%mwiofw@iniﬁwiﬁw FhE BRI F = 7 LT
X ET.

FFME —HOENEFH L TWT, TN EEM 2o TW\Wb & L £79. Virasoro 13K
DOIERNHELTH D H &, string Ar— 421 LT,

p2
Ly=%+N, (11.18)

TIND, BEN M ORED level N 1%
N ~ (M#g)* (I11.19)

2720 ET. Zh<b0nd level ZFio T IREED W< D& 732 21T conformal field
D level #EDMEZ F 7.

Z 2 TClebel HEDOKRDEE F MBI b WL TRBEEL £ . AN LOMED
12 conformal field 235> T % & L £7. Conformal field theory (ZiF A7 —/ L7372
DTZRNF —=A7—/MT 1/LIZHBIL T2 5, =R F —HERE

B, = (11.20)

T
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LERLEET. R RICWVWET L 6, D RE UV E T DOARTEE X

p(€) = exp <27r\/§\/€) : (11.21)

L7220 E£4 . clid central charge TT. ZOHAEZEL b M, torus 1o partition function
® modular invariance Z £ 9 Z & T, X 38 ® 5O torus L T® partition function 73

N =

1

38: modular Z#i THEOMT < torus @ partition function

HELWZ L L, REREDO = R LEX —N

c
€0 = _ﬂ , (1122)

ThHI La TRk 2 AN 8T £7.
TORERDOTHHLWVWETE, el VN T, central charge [Z7-72 DT 0D, =
Y huev—iX

S ~ const. M/ , (I1.23)

L EST. —F, Ty A= oy st —XmEEICEHL FTnE, FRS
T, 2oy bbb — T WVSANMINE B ET2, BTENIFEEIIIRWE
ENLUTOLIThn) 3. ZOWUDOFFL & REOEIL

H AP #7355 Vol.b4 No.3 (1994) H i

WCHERICTEIZE DN TOWETITNDS, THE5H5EIIL TLE &V,

FTALTH, string DIREEL L TH A 7= hrE—&, effective 72 Einstein HF2H7 5
HTRLHZ PEE—ZHARTE SN Z LRI o TV AR TITE 9. D Rockize
#EZET L, DD Newton EEE V9 DT string coupling D 2 FIZHHIL TW T,
WITIRATIC LV,

Gp = gtP=2 | (11.24)

LRy £,
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Js Js

39: B JIEEDIIT : graviton O HUELIZME

A IO —DSPERENB S DT RLX — &

GM?
oD 3

~M (11.25)

DX HITEL L 72 5 DON Schwarzschild £ o T2 5,

GM
aD—3

~1, a~(GM)D7 (I1.26)

ERVET. IAMNDT Ty VRO N —FEET A L,

D-2 2 -
2 = const.gy’~* (ﬁSM)g——é , (I1.27)

A
Spy = 7 = const. e

ERVET. ZhERIZL TR ET L, M40 DX TR EF. L 720720 string

SBH

S

1

g2

40: 7T v VAR — 1O hat’—

DNV RO L ETN, 77 v ZHR—NIZ7R > TR,
a <ty ®L XX, string DFLARH L

LW Z EiT Y, string 2% Schwarzschild DO HFIZA->TL £ 9,
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a>ly DL XX, BH. OFtl»n I

EWH Z LI ET. i,
_2

a="Ls <« IM =g (M)

U
w

U

=4 (I1.28)

B EEFELTCWERA. 9FD, a=4, T, OO RICLLZ frE—2R b
b DELDRND ST, string TRHEEL 72IREE & IR RV — DN RO 2T T v 7
RV DOIREED —HT HE WS & TT.

THUTFEA R T L2, 69D ko & O Z A ENT BPS IREEZ i ~7-H DT,

I1.3 BPSKEETODLLE

S5WIEDT 7 v 7 HR—NT, R{FT25U(1) charge ¥ 3 2H L RMEZEZXFT. £57
% & string DIRAEEL 7 T » 7 R—/L & L CORBRELNIZORDB L OB EIVET. 72
WHRILNE VNI DITHE VBN T, 4Woel2 & U(1) charge 7% 4 BTG, —3&
iR L ZATHRILEEZZXH L VD Z ETT. HimlX IIB TJ. Dl-brane & D5-brane
EHMAGDETHENES. BHm e 2L LT, 2°,2%, 27, 28 13 T ic= > 7 MEL T,
2213 St izar Xy MELET. 2T T iz 7 METADOTTN, £ radius 8
EOLbDEEXTWET. Db-brane # Qs £, Dl-brane # Qi #E AL, Lb z° W
(\Z momentum n/R ZFflz¥ET. TN T3 OOBRFHEAFFELZ LN TEET.

X1 X2, X3, x¢

X3, X6, X7, X8

<— Db5-brane & Q5 £
D1-brane % Qq f&

n
momentum —
R

X9

41: D1Db5-brane 3D BT

%iE, D-brane 7% —2db 5 & FITBEVNIIEAHL TV D FTOWRITO N 4 DFEET
HIUTHED ST BPSIKETH L Z J:Z)W“c“?}’LZ‘SODTT# A OY4, Db-brane DHIZ
Dl-brane X A> TWAHD T, [TAHAHL TWDHESFIEL 4 KILTT D6 Z D configuration %
BPS JREETT.
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FELWIZ LEEWVWETAR, ZOREO fat—%2 I 70 Aab’ vy ZIZRDT-H D
, BRIV —DFENT T T T e L COENFERNLHELZ D E 2B L,
TN

S=vQ1Qsn , (11.29)

T—HL TWET.

7Ty 7R —/OT B E =) string THONSTZEWVWIEFEEZ WAL E Z A TR
ENTWDHLERNWETITE, RYTFREL T—HLEZLE WSO 55 BPS KRBT
TP, ZHUTERTEERE T, WhbiE, = bt —0 X9 Ty e —7»
FEoTWAY AT LATY. DFED, WEWIC string RIREEEL 7 T v 7 R — VIR IRES
TERTED, ZIVIbDICHL TEEBRZ BB RV 9bIF T

LrL, 77y 7 R—/VOAREOREE W ) DI event horizon DHIZEBLIAALTEL £
TN E D7 bmE V) Z e TY. EERIIHME KL L TS E, horizon D FIZ AR
proper time TA ¥ JAA T singularity (Zd& 72 5217 T3, horizon D46 L TWDHERY T
IZ—H, FUIZASTBDITRZ RN TID, BETMmOMRETEZLET T v 7R —
JNIZEFR L 7. £ 975 &, singularity (XE 272 5002 RYEIIZFNICEZ T2V O T
Fo, PIZIIANVAENR ZORITHR T2 & T, ABEOREBEE TN A EITRE->T
KLDIPRESTIRVONEWIERH Y £F. £ OV HMBEIZITEREZALNTVE
Hh. TIND, string TT T v 7R — LDy =N RESEZNBE VST, 7T v
7 BR—=/VORER DT TR, LAL IV BERBE RV AT KL
THREHS B L7 nwH Z & TT.

42: Penrose X & D%}
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I1.4 Holographic principle
%7, Holographic principle O i L% HIF T E £

G. ’t Hooft (gr-qc/9310026) ,
L.Susskind, J. Math. Phys. 36 (1995) 6377-6396 (hep-th/9409089) .

Holographic principle L 1ZE AR EDNE NI L, §HUN—T 3 UL ERVLWN— 3 F
TWAALRL LD RITNTE £

1. 99\ R—2 g v

\ - A
RIFEDS A DB T OARTEEL < exp 7

IREEEL L V> T % DI Hilbert ZZRIOWIE T, RINT B 2 b HIREBEIT AR %
VELETE exp(V/E) L7200 £908, ZHIZHATZ O bound DRIELILT - &
IO T, 22T, Planck ES% lp ELELZ. ZHITWH WD Bekenstein
®D bound TH. (&L AT LD H->T, TOXREEL A, = hre—%2 S&L
ET. ZNUADNDLVWAALRBDEFEL L TRV EFTLEEALEALEI -2 TE ZNT
W T Ty 7R —NIZRDET. 2oL o= et —% § LLET. 4nb
HETHDITFEBRIE L E L2 b0 ETDOITTT. 725&, BF0HE BEANG

S<S, (I1.30)

D ENETOETT. 5-oTCHZ L1E, RBEICHAIT2BHmEELZEZCYH, &
FOBEMELTE DL, 7TV IR—MIRoTCLEY, FOLEDTY bt —
XA/ THIZHNTWLOT, TN LS SAOKRESEZx D22 L1222
HEWRN N E W D FETT.

A A
BH

SbWathe T

S<s
S S’:é

X 43: —> kgt —0 _F[R{HE

2. BULINN— g
ZIVXZEM 3 RICDOZ A F I 7 AFXRIF 2R ICOFX A F I 7 ATRRIREIN TS, &
WO HDTT.
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|~

44: Holography

ZO2WIEVHE ETHE AT IV AEZRDTRDE SIRITONNV T DI AT I T A
WEDLH. ZHIEH X 9 E holography TV 4V LAxFfoTL D& TEHE VW 2
CITRIELET. 2FED, Fan 3oL BoTHDHDIEHET 2RO NFOWG %
ARTWAHRETTHL, EVIHbDTT. £IHI0I) XIRET A BIERLRNTHAR.
Matrix theory &\ 9 DITRWKRIT O BEFGDN D EERD @WK TTORFZE 2 ARk L T
% &) ERT, holographic principle DEBTH D E VI FWNEETHAZHR W
LT TTN, ZhnE ORERERONTEERTT.

IIT AdS-CFT st
FNTIE3EFHD AAS-CFT M DWW TEREEIE W E 2 WATTITE, 3250
Bz ¢,

1. D-brane & near-horizon fEl
2. AdS 2% & conformal ~Z5 4
3. AdS-CFT %I~

DX HITBFHEL L TCWEZNWE BnEST. AdS ZE & v 9 DX, Anti-de Sitter ZE[H & W\
I HDDOIETT .

AdS-CFT %R oW T, FEFICELS ENNLTWALE 2a—R"HDHDT, TNEHFI
LCREET:

O. Aharony, S. S. Gubser, J. Maldacena, H. Ooguri, Y. Oz,
Phys. Rept. 323 (2000) 386, (hep—th/9905111).
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III.1 D-brane & near-horizon 781

A, ZEMIMINZ p IRITIZIED > TUvD Dp-brane & N [FIU & Z AWz & L ET (K
45). Z @ D-brane O %0 b B 72 RIRDZERO Z & %, bulk EFESZ EIZLET. 2
5 B 72 fEIIT flat 1272 > TV E T

bulk 10 &7

N

/ <“\N\N\®  flat

N #¥® Dp-brane

(Y

45: D-brane & Bulk

flat 72 ZE[#])> 5 Z @ D-brane (2 A1} C, closed string DIREEN A>T 2L L ET. T
72 B bulk DN BB NORLFZFTHIAATRY £9°. ZDORHZ D-brane 3 & 919
RISHT DD, LnWHZeuaEBEZTHET. ZOHE, +oERT XX —DmREE %
HZEICLET. 77005, bulk THHIATRL 1EH B A A closed string DIRFE: AT
&, £D 9 HT massless DIREEEFTHIATe, LW HZ 2 EFEX FT.

Z Z T brane @ tension TI Y, N MEX -7~ ZED tension 1%, FILEILD tension

1
mb*

i

Js

" 1 . .
DNAEEZRDET. mg= A £V ) DI string @ mass scale T3

RIZZ @ Dp-brane D AN E O PR HETEDZHE IV ISIHITHZ D), L)
ZeaEZEY. F£9, Newton EHL, FFZEN 10K TTI NS,

G_gg

=
L 72 F9. Schwartzschild 88 a1ZE 9725 EWVWWET L, ZHIEASED D2
9—pRILTTNDG,

G mé’“N
a” P gy

~1,
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EWVIORMENBIESTL 2D TT. DFE VD HIT LD self energy 73, & & @ brane
tension E[FILHWTHD, WO ZEMBREY £

DR,

1
a ~ (gSN)7_pms ! )

L9 X 912 Schwartzschild 03 b0 £4.

ZDZEMBEINIZENRNZI LD, LWnWHZ XU MIiEmL £9. 22 TlX
p<TELET. EBIIZZAND BEERICEZ DDIEp =3 DFETT. WFhicL T
b, T—plXIEOREZE L £

ZIoLFETE, £7 g N <1 DKL, Schwartzschild 4% a 1%, string scale D £ (2t
NTHp/hEL 720 £

a << by .

T D Z DAL D-brane 12 X A5l BWibiF T
ST, goN > 1 OEEZ 2 ET. ZOHATYH, NPIEFICRKEVEKE S
X2 £9 DT, string coupling HIKIZ,
gs <1,
Thod, ELTRWZEIZEELEL 9. 262 string BlinO L BIRIL gs 28 1 &
DN/INSWIFIZBWDIT TING, 20X HREHEEZ DT TT.
Planck scale ¢p 13,

92 8 2 8
G:m_sgzesgs:ePa

EWVWIOBMREMZLET. Lo TCIOEBD X 92 gs 28 1 X0 /NSWERAIT, MK 6p 13
by TV /NS ET. Thbb,

Ip <ty K a,

W BMRIC A W F 9. Schwartzschild 2288 a &V D DI, 72V T2 WEFZER E3L< S Uil
MoTWNDHD, L) ZEERLET. TbLbBME LR TT. Zid Planck scale fp &
DH TS RENDITTTND, ZOEBTCITHRENCII2TZENRLS 20 £4.

ENHZ e nnET L, 2O N KD D-brane D473, 43 71D Schwartzschild
DX 97 b DT> T D, DFE D black p-brane iR iZ7e > TWn5, LW\WHZ &TH (M
46). 4T, Z @ black p-brane fi# T Schwartzschild “EICxHET 2D, ZivA a TT
23, T4 Planck scale 0D &+ KE 0

a>/lp .
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ITIA string #5&72 » 1IB string Hiffm7e 0, EH02EF2 THLRWVWDITTIN, 2 n<
DOFETIIEN S DK R LF —F4hHmTHh 5, IIA SUGRA & 7> 1IB SUGRA @il
fRIZ L DRk B <725, EWHZ il 9.

ITA
/ 113 SUGRA
——

L > a> lp

Black p-brane

46: Black p-brane

A58, D-brane fy7250iR &, black p-brane fiflZ X A 50ik1E, ElX—o2o0 b0 %EEST-
REZLTWAETTHD, LINEINTEZXDHZENTEET. D-brane B2 #ifg TR
A DIKRE RN —FHT 7T VT7 0%, BicbWnELZ XL 912, 10 KITD super
Yang-Mills Biif (LA F SYM Hiim & W) 2 p 4+ 1 IRITIC reduce L 72 b DT £

—7J5 black p-brane ®fED 51X, HLUZ supergravity OfifL L CTEINET. TIHWVIHE
BT, supergravity & SYM BEGGORIC “ T a7V 7 RBMERR H D, L) ENTEE
T T 2T L Vs TNDEKE, —20b0kESTZRTZL TV, L) EK
T

WIZZONYE=H H5VLFELSATHEEL £ 9. FEBERIC black p-brane i3 £ 9\ 9
ZERNC IR o TWD, EWVWH Z LB WTHET. A MY v 7T,

r

ds* = ﬁ (—dt2 + zp:(dmi)2> + VH(r) ((dr)? +r2dQ3_)) .
i=1

RTP

H(’I’):l'i—ﬂ—_p,

(I11.1)
RT P = dpg,NOIP,
3—
[ e? =gy (H(r) T,

LRV ET. Ty LWVODIEHLHEHTT. Zha s LHENIZ, r= 02 horizon
(272> TWET.

Fiz, p=3ORHIEL W LBnH VD E7. (IIL1) XLV, dilaton ¢ IXEEIZL D £
¢ 7% string coupling 72 -7 TH2 6, p = 3 DKRFITIT string coupling (T & D #HIE T
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HERIZEEE-oTND, LWNWHZ LT EF. DFD, string coupling S FEHL TL
FoDTHI RN LITRBERY, LWnWHZ LRV ET. RO, p=3 T
T LML TV, LS ZERDNDET. ZINIEKRTp=3 &\ DIFRe)k
MEWSRME, Loz kg £

Ubtzsewsé,

e p=3 DK, ¢ = const, P > R.

o p#3DKE, ¢ CHHFEPARIL r = 0 T singular.

DI ET.

N HR5 DI, horizon @XM AR 501F TTH, HE Y horizon |2
TTE DL, pA£A3IDOLEITr =00 singulariZ72 5 DT, ZAnbRDikmitiuCL
FWET. OFD, HFHMEHTHEET L EVIEmITIENTLENET. LML p=3D
Y& 1x, horizon DiTfEETWVH- T, 72

lp < by < HRERCPEEE,
DM SN TWETS, HMETHERT 2 &V ) 2 Liaik, AERZRIRET 7
W, SN HZ BT 9.

DTFEKRMIZp=3DL5%5E2FET. b A0 p #3085, HEY horizon |ZiIT
DETERNVENZ OV EELZTIL, AR EmETL2Z2E0NTELOTIN, 22
Tl p=3DHEBICR-THEZTNEET.

TODPBMBEENIE YWV I T EERD VDN, ST tEL ) EFLOTREEE
3 (B 47). Dp-brane 28 N ¥ 8¢, bulk S A0 E 4T HIAATEDOISE RS, L
I L EETEZET (MAT ). AdS-CFT GO EARM LT 45 71X, Z OFR) black
p-brane 3% % & Z A2, xfIind D massless DRI 1% FT HIAATZHE L FIRER IR D 8 & 5
HTHAHD, L\HZ LTT.

-e <A e
= ls

Dp-brane Black p-brane

47: D-brane & black brane
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SIIE=RAF —ffRE B THWDDITTTITE, Fdr ~ 0 DT red shift D
BREDOTITSRELLRYET. TT0NL, MAT O TR RALF —DRL 7% T HiA
72ELTH, oSNt bE, ZRXALF—NIENSEREIAZTSDbITFTY. i
T, X147 D/ED D-brane DR 5 ENE [FIU L 5 72580 X, X 47 4O black p-brane
fITIEE DL D, EWVWHZLEEBEXTHET L, #5)7 brane 7O O A r 73
string scale fg [ZHARD & REVRHIFRYERE R ICHADL L +o/hank 2 A28 Bbi
F7.

LZAHT, (L) XD AU v 27idp=3DHEA,
R = (gN)""tsd, ,
LR ETNG, HIMENILDEEDEWGS, T70bb gN > 172555121, R
Xl L0 b+ REL, WM LD X 7 r ORI TFHEL TWDEZ EBNbr 9 .
M, r 3 RICH_TH/NSWEEZZZ 200 T2 s, (IIL1) 2B\ T,

R77
Hr) =1+ ——,
DA TLEERTLEST, RP/rTP CEBILTHEW, L0152 2ichh £, Hic

p=3TlL,

R?
H(r) ~ —
(r) T

R2
H(T)NT_Qa

LA0EF. 25458 (L) RO AR Y v 73,

2 d 2
=j%g(—d§—+dm%4—dm%4—dx%%—dx%)+zR27gr+aR2dQ§, (IT1.2)

L0 ET. RZAZIXPER RO S RTERED AN Y v 7 ZDOHDTHY, 50 OGN,
5 LD Anti-de Sitter ZE] E FEHEN A LDD A N Y w 72> TWET.

ds?

II1.2 AdS ZEf

FITIERIE AdS ZERIOREEIZ DWW TR THET. D %ot AdS 228, >F v AdSP
2O AN Y v 71X,

@z—fi@dﬁ4ﬂm2+~-+¢ﬁ )+Rzﬂf
- R2 0 1 D-2 2

DE I oTWES. BIRMICIE, D =5D5E54#M-\biJ T,
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ZZTHIIDL AR v OREEE RSLT LT 57201,

RQ
y=-—. (II1.3)
EWVWIOIEHKEERELET. £H9THLE,
dr?  dy?
r—2=y—27

DEINCEEXRBYEETOT, AUy 7T

—dxd + da? + -+ + dz3,_, + dy?
2 7
Y

LEXRBTIENTEET. A(IL3) KDL Iy EHRL EL7-DT, horizon D

1%,

ds® = R? (I11.4)

&

r=0¢+—y=00
DEDTHIEL £7. b ERE SIS T 5 & 2 A1,
r=oc0+—y=20

EWV D RNBIRIC AR D F

(II1.4) XD A U v 71X, CFT 72E T X< HTKL % Poincaré @ F DR TG4 8 <
L7ebDIZTE RO TTN, ZHIZDONTH o LFBL TRZ 9 & BunEd.

TOFEFEFTHWVWATTITE, EBuclid{bL 72 50 AT W € Euclid kL CigimL £
4. DE b,

To = —ITD-1 4

EBEET. 2292 EANT I,

1 da? + -+ dz%_| + dy?
—5ds” = ! y;D—l vy (IIL.5)
y>0,
LY FET. I 2 RoiogA,
1,  dz*+dy?
s’ = — (I11.6)

L7 E9, Zi Poincaré @ B H T, 22T,

rHiy==z,
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EEEFET L, HIEVHDO B 9 (K48). A MY w7 (IIL6) A HiX, SL(2,R)
TAREIIZR>THWET. T7bb,

az+b

cz+d’
a, b, c, deR,
ad—bc=1,

EV I, BETEE BEVEEEHICET L ) R0 RERT AL AN Y v 7T,
HBRIT o Bl RIS R A FEO X S22 IS/ 0 £97 (M 48). (IIL5) KXo A MU v 7%, K
48 T @A D — 1 RTIC L7720, HEITEAMICHELT T

Y

4

AR

[ 48: _befapm & R

T

2WICIZONWTIE I ERAD L2V T, RIZ—HKD D IRILOGEIT DN T~ F
I 2WIEDH AL, ARV v 71T SL(2,R)~S0(2,1) RETL . —f&D D RItOHH
1%, SO(D1) AEIZRY £ ZHUIE DL I BRERN G2 oTNDD, L) EE
THAET:

B A
{x v Scale 254 |
y — Ay
I B ph
ot — H + b it
Yy — Y
o M"Y -
v I
Yy — Y
-
P s
=y iz
—_ =2
Yy 2+ g2

BEBEONEEEWIONRKETT. ZHITE XD 2R ITCOBHETV D &,

2 ==,
z
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EWVWOIEHREGIEREILET. KL ThoIEL T, ) EKiIrT 5 X 578 #%s
special conformal 8 & IOV £ 3. WUcE X, Lo 4FEO LT, SO(D,1) DA
2N generate V5, EWVWIH I LT £

FlEE r > o00DE Z ATy = 0 DFEIBIZKHEL TWWD EWWEL 2. Z OFEEIT brane
MO BRI ER DO TEY, KVFELLSFEmT DL RO K D120 £9. £7 brane
 NKFi-oT&7ELET. 295758, ZORVICRFZEOWMN R TEET. Fxlxzx
® Schwartzschild % R XV & +5iine 2 A, T72b b,

r< R, R=(gsN)",

HEMAEEZ TWET. TInD, WorlzA Schwartzschild £ R XV & iV ViEE %
EZTC, ZZTVoTWHEZADr =00 EWVIOMRE X, AMIZr ZEREKIZT DL
WODIT TR T, REFBEDHEKr ~ R EVH Z L TT ([X49).

. /—r:oo

’
’
’
’
’
\
\
\
\
AY
\
AY
\
\

N

TTTTTTTA

,
, ,
, o,
, ,
,
I\~
\
\
\ )/
\
\

A

\
\
\
\

X 49: R & r

WIZ, ZOEE y ~ 012N TS DL <iFEimlL THIZWEBWET. 2RITTOFFO 55—
WAERT, Fih (y = 0) ZEICEL 72biF T, [RU < %D D RtoOHED SO(D,1)
DEMOEGEL, y=0D@EEICE y=0IC5 L TWET. TTMH IO SO(D,1) @
R, y=00%Kk, T7200 D =504 RITOBERICHTLIERTHH 50T
TY. DFED, KIIEDSO(DN) O&EHE, y=0DOFBICHIRT 22 N TEET. T
DB (z1, o+, 2p 1) LV RPI DR TOBEMEEZ B LN TEET

y — 0 DY, r — 0o TH-T, ZOMHEkE AdS 22D “ boundary ” & FFONE 7.
Z OfEEklE AdS ZEH O RS O Z LT, b HAAMERRT EVWo T, KlIEFEW
WELTELIIE, BEDARNI Y I TEI LW r~RBIZVDZ L TTN, AdS 2
MIOSLG B B, MR & et £3. ZivE Poincaré @ EYFE R O 5 T
FTE, y>0D P FEEmAHY EL T, O “boundary 1Ty =0 DFEfiht 72> T\ E
. TEA B SO(D,1) DS y =0 OFEEICHIRTE 2, L9 Z L, “boundary”
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WCHIRTX 5, EEVWET I N TEET:

Boundary : (1, «-+, zp_1) .

Z DX 912 AdS ZE[E® boundary k2 SO(D,1) ORFENSEAL TWvEF. Z SO(D,1)
X, D —1 &% ED conformal RAERGOEGGOFRF > TWAXFEE RIT T, —fi%
O T scale RV K S 72 b D% scale RERLG OB & Vo720 TTNR,
conformal R &\ 5 O, [JFFTEIIZ X scale ZHATH H K H 708 Hi | [TXL THARE, &
WHZETT. B rod conformal ZHAZHOWTEWHL THEL X 9. D —1 Rtz
RP- 1 &2 TR0 E4L, 2o RP1 ETo diffeomorphism T, JRFTHNZ X015 & HE
K- fi/ha L TnD KL 9728 H%, conformal 2242 v\ E 7 (X 50). Conformal Z8#i &
W DWERIZE 50D b DDy, LWV ZETTR, ZNNkiFE EFEN SO(D,1)
(21, «++, zp—1) ~DIERIZ/2 > TWET.

50: Conformal ZE#a

—BIZ GO BGRDS scale 2, Lo TV AEGAIZIZE I global 72 scale D Z & & o
TWAETTY. LZ2AN, txL0E T local 727 7 Z 0 V7 TEMULTHET )N
5, i global 72 scale ZZH#Z %t L “CK”’““C“ b, BRI local 72 scale ZBHAIZ % L T
DAREVIERT D LB O ET. iR, BEOLGOMEGHTIX, scale R L conformal
REIZFEC Z & T

I11.3 AdS-CFT x5

TR 5 0D 3t I

&5 & O brane 7% gravity O THR5 L, (IIL2) o K 912 AdS;xS® L) A K
Ui/ £3 (M514). 2R TS ADZEREEL AdSsxS® T, y=0DL Z AN
boundary T3. T, y =0 ® boundary D& Z A% HTY £79° &, 4RILO conformal
RERREENRA D, LD LRy 7.
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Z ® boundary IZEFESN TWAEEHICHOWTEZ £T. ¥ 51 OED X 91 D3-brane
NN 50T TTING, ZORDIRTRNAVX—DENT 7 7 VT7 0%, 10 KIED SYM
PE@m% 4 kot~ dimensional reduction L 72 D272 £9°. ZHUT 4RO N =4 SYM
HERICe 0 9. ZoOMEwmIZIE+972 < EA D supersymmetry 23& Y £ L T, conformal
REZENHIZ Ebbny 4.

T, ML DOEEENEMTHD, L) DD AdS-CFT %G bt T3,
ZOZ LR, 4RIEON =4 D SYM Hig &9 O AdSs5xS® % boundary £ T
kD72 b DIZ—HL TWD, LWnHZ iz £, BRMICVWWET L, K51 04D
boundary £ C graviton 72 £ @ massless KL 7% ¥ HIAATS, LW O RWD, K51 D
SYM HERD RIZHN AN DG EFT HIALTE S D EEL VY, &) Z & TY.

+-—0

y = 0 (boundary)

N #® D3-brane Yy

51: AdS-CFT %}t

ZOZEEL ML EENICE ML CTAET. FTHALLICHENTBEET. Zhic
HSEEERELFRDHY T2, BIZIXUTFTO L1270 £7:
, (IIL.7)

\<exp [/d% ¢>0(x)(’)(x)] >/ = exp |:ISUGRA(¢):| o v

~ v

CFT S
¢ ¢ A HLR

WIZZ OXDOBEMIZOWTHIIL £9°. Boundary {3 CHkD % &5 Z L, TIB SUGRA
DNANWAREO boundary (T COWRADENEH D, E\WHZ & TT.

51 DA D X 91T brane & AT/ MO EEE © & FHT, brane & TE A% ¢y & F
ZF£9. y =02 boundary TIN5, K (IILT7) DALD X HIZ, y =0 DI TOHOfE
EhHz . ZoBEMZIE dilaton, H DV B Ly, TTHWVWATTA, Ligh
ABEDOGOETT . %L T boundary THOE% 52 T, SUGRA OfFH% minimize
T5, LWHZeEEXET. T ROLEMELEX D, LWVWHZ LT

FEHUEE 51 /D £ % D D-brane OLGIZR 5 &, % @ D-brane (20 5 D FMG% §T
HiATe, LW O Z EIZKHGL TWET. TI2 6 (IIL7) &£, §72450 5 brane Lo
BT 77T ThsH SYM BEGOM S O %3 5 operator & AMEE G SH T,
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exponential D FIZ O CTHIFRHEZ B ->7- b D, L TIL7) OATAREL, 5D
EMTEET. 2 AdS-CFT 3t & FEEN TV D H DT

ZOFIENRENS BWNWF v 7 SNTWAHD, W) ZETTITE, Ziuditmiioiis
T protect SILTWVW D & ZAITERIC KL £9. TOGmRIRHEE S 1XME2 N> TN D0,
EWVWODOELLMZHIAL £9. 4EDO N = 4 SYM BiiilL supersymmetric 727217 T72 <,
conformal FETH &H AT TT D5, Supersymmetric 72550573 superconformal £ T
JERL TWHDLIFTT. 2F0, D=4, N =4® superconformal BEfaT9. ST
FL 72X 91Z, scale RELRGOEGGTRN->725, %54 R ILD Poincaré symmetry L 7>
FFo72 b THF E, scale RETH 572 OIZKFRAEDY conformal symmetry @ SO(5,1)
WZHER L TWET

\Z N =4 @ supersymmetry # ff2 &, Wb 5 R-symmetry ZFfHEF. 22T
R—symmetry EWVWHDIL, WL O % supercharge Z IRE 5 K 9 72 ZBHUZ 3T % b Bk
TY. AOHEIX 10 KILH D 4 KIGIC reduce L 72FED, 750 @ 6 J7 [\ D [afRZ %32 %t

FPETH. 2% 0 R-symmetry iZ SO(6) (12720 £9°. ZHiE AdS OHITIX S® @ isometry
xS L TUVWET

ZOX I D =4, N =4 SYM BEEHOFEORFNED, AdSsxS® D FF-D isometry (2
map SAILTWAHHIF T

oL ET &, K51 OEMANTEI D (4 720 KEEDY, superconformal D EKBUT > Th
HREEEHIBCTE £9. Z4 T superconformal DEID > HTBPSeb D, 2F 0 H HFE
D SUSY #5760, 2T £79 &, #ENICK 51 O & AT spectrum 73
—HLTWD, LWnWHrZERmLRTWET.

Wilson loop

%Iz Wilson loop Kob VCOiEIC A Y £97. Wilson loop &9 D, SYM BiERD 5
TWIH &, ZOBGmNERIINTND 4IRICIFZEDO H1T loop & k> TZOMIfHEE & 5,
kwé:k?ﬁ%ﬂ5%.ﬂf%<k,

<trexp [z fAM(z"( ))%da]>
L ET

Z® brane LD A, LW IOHIE, ZORTHWWEL A, open string D i defor-
mation 72> 7= 0OIF T . Z OiEmmIZ VT, D-brane (% world sheet (Z8& &H1F 5 Z &
T, S o7z deformation & W5 DL, (1.56) 226 oD K 91T, ZOROEFIZTEST
Ai(X)0, X' RSy T Az LickhRENFT. TI0D, braneJ:OD/T TYlX, string
DY & FEEL TWbH oIl T3 (4 53).

SF VX 52D Wilson loop i%, K54 DEFDOKD L H i TEL &, D-brane Lo loop
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D-brane

y /
k/—Wilson loop m
Q u Open string

53: Open string & D-brane
52: Wilson loop

DN EERImD D string B A->TE T, TOWRETF =V AL PREAL TS, L)
ZEIZ E£T

AdSPxS® g N > 1

open string Yy = 00
@ / y=0

minimal surface

54: Wilson loop & minimal surface

SEITENOFOTIB TR TRV ET. M4 DEFDOKTOERETD S LV O D
%, AdS Z£[#® boundary 2% L TWAHDT, EAHDHOFEBILX 54 DAKD X H i,
boundary T loop % 5-2 C% Z ¢ minimal surface - 2< D72 IV, LW H Z |20 £
Z ® minimal surface 1%, & HAHA AdS5xS° &9 #h)s 572 22N T D minimal surface T
7. T SYM #ERD Wilson loop &R 5, &9 Ri#EAY, d#LAIZ minimal surface
RO D, L9 MBI map SILET

R SUGRA ® 5 TZ#® loop 2% boundary IZ&H 5, EEZXHDFE 5L TRATTN?

2% Wilson loop 1%, string DR & fiAaL TWET. TT0 5, Wilson loop & HIfFHE
EHENWH T LI, string TV L&, K550 K5 IZEIWN TV S string @ partition
function #E X TWHDELFEIL, EWHZ &Z b £
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55: Wilson loop & string

56: [R5 ST O loop

FHUTRE R R S TE 2o 0% & 5T, K56 DX 972 string @ configuration
HZT, ZOstringNE 2 EDIDEE L TND, L)L TT.

H oD UBHL £ 2y, string ZFAESE 2 K 570 b 0% BIRE IR T
7o LET (K57).

\

HERE ST HERRE ST

/
e

\

57: ME[Riz J51Z string @ source 58: Source 75 string 23 fifi 5

T, ZI25 string BN TV - T, D-brane (WL E 7= & L £9 (X58). =D
D-brane (ZWRIX St Tzt L 77— A, A& L £37. £41L T D-brane 0 Wilson
loop B2 ool b, MEREITICEF-> CEmaz b L#En LT £9° (4 59).

ZTLTEDOEES Do L A& ET L, D-brane ETH 9 —H DA loop % i
XFET. D RERMEERE T T loop #9E5 L ) 7 string ZFfo CTX 722 L1272
3

HEPRIE 5 C string DR & 4O L W72 E, AdS D TR S L, % bound-
ary FHIECX 54 DA D X 5 73 string @ configuration # 52 7= L D272 0 £9°. i
N HE D OFFANTE 91 9 surface o< D2, W HRIEIZAR Y £9°. D-brane
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////// 33 7

[
e

59: MERRE ST T string i s & Bh> 7

Eoltbt =y EiEoTLEVWETN, ZNaEADOERTH D L, K2ER#R -
TWLDIFTIND, EINTSIZo2 LR >TWDH DI T,

Wilson loop {IZ DWW TIEZEWIEWZ AR AL TWWTL £ 900 °

AREEE QCD

WIFARLE D QCDIZL 7o B E 9T, L) Z EIZ oW THAL £9°. 4%
TORDMN=TT &, £ HL TH supersymmetry 237%->TL £ E . Tld supersymmetry
EETIEE S THE DD L WS & ZAUTFRBEICL TRUL WY, 20 H b T
T TROE S WILOHOMEE B 2T, F 5 H A FRIEE D boundary condition % #f
LTV ET. DF Y fermion (2K L T, periodic Tix72 < T anti-periodiciZ L TR 5
FCcT.

LT —oWieE EF TRV EL T, AdS¢ B2 £7. KIFL I E@ED 3+ 1 RILD
Schwartzschild solution %z TV £L 7211 Y, BuclidfbL 726 Zidm 5 < S xR
LRICHEETE o727 T3 ZRERIT L 918, AEIX AdSg 25 @ LI Euclidean @
Schwartzschild solution 23\ TV £9. £ 975 &, Z® boundaryiE S'xS* (272 ¥
£9. oF Y, AdS*xS* T, Z 9\ 9 configuration & & -7- % Dl D-brane DT
BB L, fEJRIIA ® Dd-brane 78 N fdh - T, 1 FA%E St ar 87 MEL7ZbDICk Y
7.

M-theory TEXZ THWVWATTIFE, ITIATRSZ LICLET. zh TSl 287 |
b3 BB81%, AMRIEE, §7¢ 5 fermion % anti-periodic |IZL TRV £9. 5795 &
fermion 7% massive (272> T, supersymmetry 23 £3. 2T, BELL L, T74b
LR a X0 b, +HmEWEZATAHETRD 798, i/ SUSY D7V Ei# D Yang-Mills
HERIC 0 £,

KIEZH WO DIFTTR, ZHTHIEE e XY biESWTLEI L&, b HEED Yang-
Mills # 5% CTlx 72 < T, supersymmetric 72 Yang-Mills Bl K-> TL W0 ET. o0
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DEMRT, ZiUX QCD OGO X 97 b 0T, BN o JV RKEWEZATO
Yang-Mills Blaa D A0 BGRIC T E 220 piJ T

TN TaZ/hSK L TRDLILEEZBZTCHTELRVETE, HbEV/INEILTED L,
ENNCLDREBENTLENVET. TTLLWORAUESTH, AT AL
& Z AD asymptotic freedom &7y, £ 9V I HDITRAX R VWDIFTTR. £o0no
EEERHLOT, ZHEHED 9 EL Vo TWRWERIZE I DI TIR, 20 L 5%k
E7 /LT glueball ® mass ZRKD72 0, 17 —VBEEHEL7ZO L TWDHAZHEH N
£

IV fTHIER - Kk 25 EBHmDERILE

AHET, BEEROIER ECTRZ 5 X ) B O IEBEZN A2 T X 2bi TS,
WDOAT » 7 & L CRAICIEEBNR ERIEBERL <7 b 9. ZOMEGHNITHIERL &
ENTWAELOTE., ZRUREDRRE I E Vo TNT, ZAnSMEL T Tk
W EEmL KO L BunET.

ZZTIEET, Wb b M(-atrix) theory &5 Banks, Fischler, Shenker, Susskind
(BFSS) 7% M-theory ®fTAIAL L U CTHREBL 72 D%, DL GEHIWBIRL THZW & B
F9. WIZF 4, Ishibashi, Kawai, Kitazawa, Tsuchiya 23f2"8 L 72 IKKT model (2D
WCiEm L, £0&H LTI DD —D>& U IR A DN Tigim L £

1. DO-brane ® % #Gm & M(-atrix) theory
2. IKKT model
3. mIHA K]

IV.1 DO-brane OE#Ei#HE M(-atrix) theory

ZITIE, BFSS oth®HEL X 9. 5 D542 #4% M-theory ZFlikL 72 &\ 9 =
& T, &% Discrete Light Cone Quantization (DLCQ) & W9 TE W& 5T
%D Seiberg & Sen TF. TR AYITENZHITR o TV IO EHTHIR TNE F
Lxo.

11 RtOHGHZ £ 2 £, M-theory %2 T 525% 0 T o'l Fiz 8 Ry ®MIC
a7 MEL £9. M ORFIE M-theory &L TWET. 1.6 THHIL 72 M-theory &
type ITA B & OGRS

Ry = gsbs, 13 = Ryl2, (IV.1)

DRV HE T, HEPIORIL DO-brane & KK-mode Dxfii%a &L, KOXiE membrane
& F-string Ot a2 £ L TWET. 2O %K% Infinite Momentum Frame (IMF) TA £ 7.
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IMF & 1XZ2 0% % 11 HAIZH D92 < boost L CWo 7z frame TH X 9 LW H Z & T
D7z HIZ light cone JEIE %

N $11 + ZL'O

xt = 7 (Iv.2)

EEFRLET. ThIKHGL TETIE S

i=pll:|:po

) V.3
N (v3)
ELET. EOXO%ar "I MEELTWDLDONE S L DOEFRTELS &

z0 20 0
()= ()= (o)

LS IRE TS D Lo ) £ (1K 60).

60: z'! Fa % 4% Ry OHIc=2 87 M

Z L% light cone JEIETH D & |

xt xt -1
(x_)~<x_>+\/§7rRM< ) ) (IV.5)

L0 F9H, XHIZZ3L%E Lorentz boost L F7:

l_—i—l efwl.—i-
(<)-(). s

2P 210 L2 210 TED RIS NWLEWHIZ LAEARL TWET. FERICL CEIED
+! —Wpt
p e“p
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L 72V ¥£9. Lorentz boost L7= 1 O D\WI- JEIETCHED R —HEEXET L

1! ! —\/§7Te_°"RM
(E)-(2)(mr)

X

LRV ETHR, 2T,
2R = V/2me¥ Ry, (IV.9)

LT, AilEZETELROLIICRD £T:
+ + R%
( x_,) ~»< x_,) +| "&r |. (IV.10)
z z 2R

w
Wiz R = e—zRM % fix LT, w— oo, Ry — 0 ORR% & » £, LIF T O frame

LER

THRTHDOT I ZHNTEL L,

xT xT 0
)

SN

/////4 3311

27R ////%//

61: z= Mz R OMIC= "7 M

M-theory @ Ry — 0 #R[R% w — oo boost L 725tk & RO 7= 01F TT A, Ry = gebs
TTN6, ZHUE type ITA BEm O 595 MR 2 IMF CTHED 72 b DICiZe b £ A .

Boost Fii® N i@ D0-brane ® &%, DO-brane ®#73 KK momentum T4 75

N
pll=_ IV.12
o (1v.12)
L7220, N{&® DO-brane D /NI )L =7 3k D L Hi1cET £
P? 1 N
H =P — L X X2 - Iv.1
0 ]ﬁﬂr(2 +4@ﬁ i X517+ >-+RM (IV.13)
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Bet% DAL N {H D0-brane O IEE & T, —-2® DO0-brane O #r IEE &S 1/Ry T
HENN NEH->TN/Ry 720 ET. ZONINV =T IERO X HIZEP R ET.
N {#® DO-brane OEFEEBOHFZNT 7 F > 7 1% 10 IRITD super Yang-Mills #q5 %
1 k5612 dimensional reduction L TH A Z ¢ N T,

szg_ dt{tr (Z X2t +Z (X, X245 )—i—fermion}, (IV.14)

Z]l

LRV ET. OveralllZ 1/gs & LTBWT, KILE b TEAHZTRNE RVLDIT T
NTHoTVWAZ LT X, BESORTERHSET 5 L MHICHEI DD Z N TE £
NERDODEIIZEHEZELEL X 9:

1 1., 1 1 , ,
- ~ X (X5, X f . V.1
gsﬁs/dt tr <2XZ) +gs£§/dt (4[ 5] ) + fermion (IV.15)

FOHLBITENRWHFIZL FT. FNLTZOERNO IV =T 2RO ET. gk
)T

(Y (v

P=—=—X,, (IV.16)

L= m% (IV.17)
DLEAILF=T L
p2
=2 (IV.18)
2m

LB L ERIBRIZL T

gsls 1
H= 2 _
> " T g

tr[ X, X7+ (IV.19)
ERET. LHEDL I A TVENIIEF L2 TERY /A, gls T -T,

1
H = ggls <§trpf + tr[ Xy, X% + - > : (IV.20)

Zil(gses)Qﬁé1

£ = R\il2, Ry = gsls % AT M-theory D37 2 — 4 CEZET L,
2

P21 )
Hﬂm@§+wm&xy+), (IV.21)

LRV ET. ZOMEE PEICRATLERD L IR £

_H—}m__RMt<P2 1

P = NV +

> T am (X, X% + > , (IV.22)
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N

H+ Py
pt=—" " —\Vo— 4. V.23
7 o ( )
Z I boost BT TT 725 boost 2 DEEFEARTHS &,
P~ =e“P™ = Rt E + L [X;, X2 + (IV.24)
- 2 Tam ’ '
N
Pt =e¢vpt ik (IV.25)

L0 E9. ZZTO =X boost oo DEfEE & B Z L AEHRL TWET. Z D frame T
F 5 & e T light cone D FHENZHRDO 22 87 MEOYERH D L HICRAZETR, b
EDIIWITLTHDE RyiZ 0l oTUWET.

P = HDLCQa (IV26)

ELT, I nbdp b BFSS /NI L k=7 2 C M(-atrix) theory & FHIIL TV 5 H D
TY. ZEWIT

T. Banks, W. Fischler, S. H. Shenker and L. Susskind,
Phys. Rev. D55 (1997) 5112 (hep-th/9610043),

<7

ZALDY M-theory (272 5 & W o TWDIRILIT A2 0 #55TF . Light cone @ 5 RIIT AR
DAy MEDEEEFFO L JICRZ EFTOT, Z 0w b HFEL T light like (221>
237 MEL 72 11 RILD supergravity (2 331F % DO-brane O#EL, & 5\ & DO-brane & 1%
KK mode T35, #ERF, 11 KILO supergravity @ graviton OELS —FH L T\ 5 &
SOMNH Y FIN, MRS THDOFZEMINITEE0IC a7 MELTL o7
HDOTHY, TZIZERIZ boost L 72D T—RARD = X7 MEE a2 £ o 72 Blim 4 i~
TS E IR DIZEE 2V E bt ET. EEICH TS H DT 10 IRILD type TTA
® weak coupling limit T2 FEF %t i FEIR < 3.

A, 2 Z Cafeam L 72 M(-atrix) theory 2SR EFRC R D72 DITITRO K AH 7 U T L
L TERBZR2WTL & 9.

1. N = oo tERIX?
11 kIt H\NiZ 10 IRt @D Lorentz AEMZ BIET 272 D121F N — oo MifR, 372
bbb,

P+=%:ﬁx , Nooo, R— oo, (IV.27)

EWVORRIRE & 52 EMMMETT. LarL, EOHEIE 10 IRIL T weak coupling T
X722 W\D T, Seiberg-Sen DifamlIfix e <o TL EFWVET. FWh 2 ET L, K
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|2 M-theory (F IROKE AT Z Fio72 TA ) IZ72 D S W RIS Kbh CLE 2b
FTF. Fiz, N — oo DR T Maximal SUSY (Lorentz RZEME) 23EIEL TV 5
ME MG, BFLHRMR 2K I Bbh g

2.PT ~0 DEHEES X1 HM?
E<HmBN TS X 91T, light cone quantization D55 sil, FEFEENNE (HZEDHE
R )N PT ~ 0 OEBIZESATL £, EFICRICS VW & TF. 2T light
cone quantization ORARRRMETH 1V, M(-atrix) theory 25 Z DA 9 F < [Fl#E
LTWDHEWIRIITIH D EHA.

IV.2 IKKT model

RIZ IKKT model, #114 IIB matrix model IZ- DWW TREEL L £9°. &E kI

N. Ishibashi, H. Kawai, Y. Kitazawa and A. Tsuchiya,
Nucl. Phys. B498 (1997) 467, (hep-th/9612115),

T9. IIB matrix model DEHIZIRDO L H I G2 b E7:
1 1 1—
S = —g—2tr (Z[AM,AV]Q + §¢7M[AM,¢]) . (IV.28)

ZIT, AL IF10%IEDRT by, 4p 1E 10 kot Majorana-Weyl spinor TH D, £ b
DREIET T N x N @ Hermite 174 T,

ZAUE 10 IR IT D super Yang-Mills Bz 0 R tiZ dimensional reduction U 72 & DA,
7Y EHA. 20 model D—2DMERIIMB AT F— T ANToE LRI & T
23, 1 OOAEEMEE L T off shell @ string amplitude #5252 LN TX £,

Z ® model T off shell ™ string amplitude # 5-2 572912, £ Wilson loop
w(k! (o)) = tr (exp [i/k“(a)A”da]) , (IV.29)
wEZ, TOLRBEBROYHEEZ MW TRO X HICERL £

— I 0)

(w(ky (o)) w(ky (o)) - -)- (IV.30)

IIB string @ off-shell @ amplitude
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Z TR () IX 2 ofEM (IV.28) TOMFHETY. /s IIB matrix model O FAH]
7% conjecture T9~. &R 5, AMRO amplitude 2155 72H121%, N — oo DME[RE &
HEXIZ, N & @ 2EDEHCHBISELBONIS>TWERA. kDX I,
N 500, g?=0L95E X2,

¢ N* = fix, (IV.31)

ETDDIXMENLDTTN, NOMBDh>THEEA.

T, IIBEWoTWAOE, TIB @ string 23 5EFM2 1/N BN H HTL 52 L33
FENDHEVWIBRTIB EE-oTWET. b HAA, BTO string BliwlE7T =27 V7 4T
DN S TWNEHDIT T, FEBIEGNRDIRETCEXIIRT O L2 51X TT. TIn
o, IIB matrix model & \W\>TWA DX, HHAYIIB string 23 A3 W D matrix model
ThbHEVIREDTHRTT.

(IV.30) 23F % @ conjecture 72D TTH, ZHNENL BVIRETWANEFHL £9
HD, ZoX 9 7% Wilson loop 12 %t L Tl loop equation & FEI A FiERH Y £ L T,
THIE—F TV 9 & Wilson loop (Z%19" % Schwinger-Dyson equation T4~ L72>L 72723
5, (IV.30) ® X 912 amplitude # 5% TAHTY, FEEHIFEBD HoThehar he—
NLIZKWEDT, NOMBRELRWVOSZDNDOEHFICLLHDOTT. £ 50
BEBWTEBWT, Z<BEBX 21EIZ loop equation DEEZ TR £9 &, 2t
light cone gauge T IIB string field Z B#FHINICHHRL TWHZ L A/RT I LN TE
£7. Loop equation H{KITEM HRRXIeDTTHR, BT 2 loop 234 7T light front
Xt = const ® LIZDO>TWAHEIICHIRT 2 & (K 62), FiMEfiE{LT 52 LnTE,

62: Loop % light front @ T HilR

string field & HRDZ LN TE L LW bIFTT.

Light cone @ string field T H AL LTIZbDROTTN, SoX b5 o7k 91T light
cone TIX P ~ 0 ORIENR &V £30 6, BEEE BET 5 &0 9 B TIZR VB R
OTTHN, FEEIIRETED THEmL TWAHZ LT A, ZOEKRTIHDRL A
full theory % light cone IZ£f> T2 T, FEBBEENF AL DI & H72 K 912 L TEEY
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NRTET & LT &, fEDNT string field Z HBICTETWAHE W) Z LIZRVET. Th
EEDBALERTZENTENL, D e b 2 OMERITEERRAYICIL B string THh 5 Z
AR Lo . EEGmICIE TIB string 2 HEL T, Lok, = OMMEE
L FBNT 0 R ETEY, path integral 28 52212 well defined 72 D T, FEEBEhERAIIC
ERINTCHGRIZR o TWNAHAE NI ZENTEET. ZO model BIEL WEFU HIRILE
IZ S ONET HZ LN TE HDOTTHR, L review

H. Aoki, S. Iso, H. Kawai, Y. Kitazawa, A. Tsuchiya and T. Tada.
Prog. Theor. Phys. Suppl. 134 (1999) 47, (hep-th/9908038),

EHTHELHIZELIZLEL 9.

IV.3 JERJH#a o=

FERTHALE(]F o N S B DI FESTZERN H DI TIIRL, THOVWIEBERT—D
D “HE (T\E 72 DT,

A. Connes, Commun. Math. Phys. 182 (1996) 155, (hep-th/9603053),
A. Connes, M. R. Douglas, A. Schwarz, JHEP 9802 (1998) 003, (hep-th/9711162),

ZHETTBEET. WONFE o TV DIFHEMT 2, LTl 400 mT 2 b D LA
CTIERVWEWNS ZEZEEL TREET.

N {Hl® D-brane ## x £9. D-brane B HWIZHEEL T\ 5 & 121X, D-brane O FEIE
IR SRS ZENTEET. L 2AN, 2N ESWTCEETE, %177
Z V7 E 10 IO super Yang-Mills #ii% reduction L7260 & 720, X N x N
DATHNE 720 7. ATHNO AR T AR EEE T 6, string O FEAR 72 H H RIS
AR D LY T o L EMERIEFHR L DO TIHRVINEEZ LI ENTEET. 29
V9 B T matrix model Z kO TH £ &, 213 IIB matrix model DI5#,

A, :ip=1,2,---,D, (IV.32)
I CZEREREY LEZONET. TORTAH DL LR
S = —%tr[AM,A,,]z e (IV.33)

X, A, BEIC p DR H Y FF DT flat space ICHEATWD X OICRR 7. FEE, B
KA TIEH D F 77 flat space D H D string @ Schild action @ Poisson bracket { , } %
[, [ICEZHAZb0n (IV.33) & —&HL 7. WwWThiZl A, A, O contraction D15
EHD L,

[Au AT = [As A A, Agln ™, (IV.34)
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EWH SO, flat 72 A MY v 7 T contract SILTWDHIFTI.

ZNTIERFEDONANASR PR Y —ZE DL HIZL TRIBENTHDHDTL X H .
—ODHFEMEEL LT, Ay 1T ZAUZIERY A X178 O CTRERD 22 2T TH A 15
%LV 9 ERRT, 1IB matrix model IX5E45L TE YD, WAWALRREZEN HEIRYIZ A>TV
DOHBHNERAD, &5 —DOOWHEMEE LT, Z® model IXRFZE% local IZFEiR L TV
LI T, B R Y — &R o220 oD patch 2 ik L TV D D TR WL
BEZHZ ENTEET. 1IB matrix model 345 DO £E THHRON, T b Ik
JEEL TXC O TARYIZIEL WEG@R SO 2 00NE 000 FRHAN, PR FFED 1o
D Fm\E L THE, IIB matrix model 235238 L TU 5 Dl local 72 patch TH > T, &K%
FLR T BRI ZNZEYD EDE KRB BIEL L W I FEL B DR ET.

Z T, MR KM E ORESDETEREE O D22 ENRENRI D WVEEL WirE
HTHEL X9, FHEATHRFEZED G TR 2Rk KE S 52 L1, HFTH
EWVWHRLAONTWA LI TTNR, 0L ZAZZITR 2> THERFA. LrL, 5
BIADE>TWVWAZ EZYHRITIHEVRICL TUIWT EHADT, FHFEOV AR TH
RUIZENTWABBETHHE NI ZEETES-TRBEET. FIPMERRRONED D
DLFELLSEoTEBE VWO T, ETHHEEI O #EmaEDEL £ 9.

IV.4 SER[HEFE

WA A R2 L EXET. 2l L 2?2 TRORAEFmEBEZDE, HEWV D DITHE
ELTHEIE (2,y) THEALNET. ZOHAHN—Vaa2EX, ¢ &y PMTFITHD L
LET. PARBOZBRSN TR =2 a RN 0A0AH0 328, ZZTREO LD
WZIEOVET

2

' =p, ¥ =7, [p,q=—i. (IV.35)

P, QIEEFHFOEEHELEETT. BRSSO TWDLE I, p & ¢ DFHRTHD LT
W2 WA 2m < B WO BFRIZRREEDS 1 OXFIEL TW 5D T (X 63).

TIND, ZHFFICEVET LRI V2r IR THARE W TR TR0
FTE p, ¢ THMANCR A THEOFHEICHAZD L IR DDIF T, SED, =T,
Bk % & EBO R DO TI D, UEEEE THTW S LRI L TE £9

ZHIUTERRES 272, Planck A7 —/MITHARTHBEWE ZATHD L ZERIED L 572
P2 A TWDDTEN, b o Lilr <ITAT< LR BN D CICEI TV ET
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22 q

A 7

21X 5
A () e
z! p

63: HELE & 8L S
IV.5 3JERJH#RBKE

ST, WICHFHERm T, HHAR §2 28 IR THIINANSH LI TR,
AHAERTICPLIRE L 0T W DX 3 IRocZE I HLD AT,

22+ y? 422 =12, (IV.36)

T, TSR L 7 ek & L C, A EE RO 3L

T=l,, §=10, 7=10, (IV.37)
PP+ =00 +1), (IV.38)
[Z,79] =2, --- . (IV.39)

EEZXET. ZHANE IV EHRTIEMREREICR > TV DINERTHAEL L. EZT
HWWOTTN, O <IZERL L £ 9. Rescale L T,

y_ T Y 4 Z
= —, = —, = —, 1V.40
z 7 V= P EG ( )
CEELELET L,
PPt = 0+ 1), (IV.41)
B =ii€2’, (IV.42)
Ly £t 0, OFEA R EAE
L.1e) = 1)0), (IV.43)



LR DAHEORE, Thbb
|£>7 |£_1>7 |£_2>7"'7 (IV44)

EWVWS XD, L, DERHED |0) HEELTWRVIREETIEH I D subspace 75 JLARIZ
SHGEL TWET. ZDdh7eh ORI D & ASHBIRIT,

(00, £,) = il ~ il (IV.45)
L7 E9. Zi% rescale LT JEETH L L,
@, 7] = . (IV..46)

720, FENICAEmO ZIX TR FEHEEZ FHHL TWAZ ERnn0 3. £ bAHA,
JEWRZ RS K S JH 0 TIHEAMHEHD L 9> THWET. ZIHNIERTINEIEA
HaEkm & FEATHRWTL X 9.

3w o o BRAOER I 2 BRI & ALRRI D 2 > patch THEY &b®To<n b Loz, JE
AR A 2 MR D A CIHERHUIERE A S A2 EMTERVNLEEBEZXTHEL X 9.
L)L, ZAUERNR#L WO TY. Patch Z3EY &b¥ 5 LW 55X, H 5 patch D
L& RO patch D % identify L72 SWE W I L—L & 52 HH0OTEN, —REIERH#H]
a2 5L, Milocal 72 b DO TIE R AR T2 b DIZ7e > TL EFWET. 95 & patch
L patch Z RV GOH 5L Z AT, AWIERD T MO patch (212 U AT REEN Bl T
LEW, FADpatch 72HFICL G EFNTWRVIREEE WH b DEEX LR Y T
ZTOX IR T, WY EHEEH Ao CE T, TREZWEHICYIDHL, #WYIZEY
BPEDLZLICEoT, HEAHZEREEL S DT E1E, BRE1 I ES VMY, BEES
ATHMATND L ST, FEFEoExiT W IR TT.

120 J e LT, 115WEEE JRpTR7e patch # £ T H D & L, A4 model 1T global
BT RT DO THDEWVWISGTIRTE 2L RDRNE VDO TN, —EFHE
REREOHE TSI AL Z 5T

V FE®H

TR 258 452 6 9D L BWRBICE > T T, AYD model 2 o5 ---. BEH
SARHDOHFREIZE OV O bDOTE & BWET. FIERHUE AT ZDOFNRN VIR D) E
NWEHA. HDHWE, SOITHERIN AR ZHE THEMB L ZEHRmIC > TN T, &L
A DY o 72 FEZE8 matrix model DHFTE D X IR I TWVDHDN 2?2 &V o 7= fifRA
BERDONBENERA. EIRDONIERITIIZN L2V OTTN, WTiuL T
by, {THERC string OB 2 EXULN TEOOH L EE-o TRV ERWET. Ly
L, FEEEORIFIZIE, BZ6L2>oTWEHA. T string DfIRE 35 AT,
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INMBENRETHBWIHIT, 1ZADD ko & A RIF U BRI EERA > < d & A
PHES. TING, BLaffo THE-STI/ZIV.

AT

TVERAAL SVICEFTEOFRIISINL T, KRERL-7=TT. HFTO NEITGH
L7znE BnEd. D T 2 6 KRERZ LIXBWET, 020 L& EHEFIT Qoo
TWel & nwEBnEd. F2, FREITSA, IHODEREA, KE/E—SA, /NEH
TS, DXBE—RRS A, RMESRSA, BRI S AICITFEREEZ Eo T e &
FL ol WVEESIE R L OEREETANLEZIL TTFEY, KERSLT VRN
TEELE. ZOBEBHEVL CHLED TEHHSETWEE £

JNEFEAITIE, R B ENW MM U A KA TEICKRIEL TIHE L
7z, ZOMOFEARBNEDLOESLBEWIC S, FIZRIECU T Y,
PG ERR O IMEEE AT ) Z ENTE ELE. Zo%HEBEY LI
B L £

IR — (A
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