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EAN I s . BRI ENEE &

d(d+ 1)
2
fEd = 20T F, B%TE, Hd > 20 AETE, XERLUE P & 4Ey b %
A A B
ﬁiﬂ‘]h%}\ TERE R i Polyakov/E FH B (5 F5(3.2.29) ) K4 iz 5h i i o 3 X rag
s BATR B (FE R 5) -

—d—1. (3.2.31)

\

55 =T / PE(BX10,0_X,) — T / Y drxtoxe (3.2.32)
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AR FH X AT 52 £ 1393320 5 2% AP AN T 5 14

X¥ =0 (3.2.33)

c=0,0
A3 223518

0.0_X" = 0. (3.2.34)
WSR2 e, BE B Aas sl Rt s Z5Ue Bt n _Eo AT 1

Tz =0, (3.2.35)
o
. 1 .
Tiw=Tn =3X -X'"=0 , Too=Tn= 1(X2 + X)) =0, (3.2.36)
CACTIIYEEEE
(X £ X')? =0. (3.2.37)

X A& Virasoro W o B ISRANTAE 5218 H 1 Guass & 4
FESCHEAR bR, N )5k I 4 B2

T++ — %a_;'_X . 6+X 5 T__ — %a_X . a_X 5 T+_ — T_+ - O (3238)

R MREXEMTTL =05 PRI, RESRETEV T, = 04K

O-T y+0, Ty =0,T _+0-T, =0. (3.2.39)
FIFH(3.2.38), XFEW
8_T++ - 6+T__ — 0 (3240)
(G SR LT ]
Qr = [ FENTi(E, (3.2.41)

XT__ ko N TibFRATAE Q 1B~ 1E, 75 2205
0= / dod_(f(E)Ter) = 0:Q + FET ) (3.2.42)

XA5%, AR TEBNE R WNH5Z, BATTHEFMHARSAE. R, b HHEsF
TEfr, B 5 Poincaré NS JS K TR 4L,

P¢ = —T\/detgg*’ 95X, , (3.2.43)

J%, = —T/detgg™ (X, 05X, — X,05X,.). (3.2.44)
HFXHIEg) ik, EATH 0P = 0= 0aJ5, o HINHIATE

Bo= [ dopy = [ do, (3.2.45)

15



X BT T SR, i
oP,

5 =T /0 do0?X, =T /0 002X,

= T(0,X.(0 = 5) — 0, X, (0 = 0)). (3.2.46)

(e AT, AR TXHEs . X%, ENREX B3 8%, XNIF%, &
17 ENeumannil 5644 IXH, FRATE RIX LA =R BA s & 5L 1 0m . [6
FERT LN 2 #f 8))

3.3 TR
IAE A TSR AR AT 318 2430 S5+ AT i Boson X iz 5 T2,

0,0_X"=0, (3.3.1)
M, ATV T T sZ A A 9% . AT S5 I8 5Z S TE -

o M5%

O] ) B 95 A2 ) A 4 A
XH*(r,0 +2m) = X¥(1,0)

RIRE(3.3.1), dw MU AT 23 2 R S RAT R Bl 85«

XH¥(r,0) = X1+ 0)+ XE(T—0), (3.3.2)
Hrr,
x.u' p.u OC _
X'uT—f-O':f—F r+o k zk(T—l—a
o) = 5 o)+ i 3 e
(3.3.3)
x/J' pu a .
Xi(r—0)=—=+-"—(1—0)+ k o=ik(r—0)
hr-o)= 2+ L e

o o & B Fourierfid, KHUEH AL PREX (1, 0) LAUESAER), Prik, &4
HITE T ot Fp AR SEE R, BT, BFATREHES H ol N YIS B 4

(o) =, il (ah)* =a", (3.3.4)
m%ﬁmﬁX%:am:ﬁﬁw,ﬁmm%ﬁ

o Xt = (3.3.5)

Z OZ e —ik(T—0)
v keZ

O Xt = He=ik(r+o) (3.3.6)

T e

16



o JHix

EFZIEIE T, BATMERE ST RIF(3.3.3). R, ARSI
B0 _ENeumannil $ 4 1F
X"(1,0)|g=0x = 0.

UERBAVE AR S T RENIR, FAAF 2R 51 5%

_
AP e (Al — alt 3.3.7
om0 = 7 VAT T e 3:87)

MIXEL, AT A3 R 214 i

pr=pt A o =al

BAVEI, RS R R S RIR L AR G K £E55 i jio = m IS
FAFPOREE DM EH I, AT

XH(r,0) = 2" p ! ﬁz Ok ik cos (o). (3.3.8)
k0

WARBATHRA o = o=p#s BATATLLS H:

0L X" = ____§:<ye—%“iﬂ. (3.3.9)
keZ '
XS P BT SE AT SR 1, JATTRT LATH 5% ) SV T -
1 o u
Xey = g/o do X*(r,0) = a" + p—; (3.3.10)

KA, atatAfEr = OFCL AR, ER AWMk Fiag. HRAMFENITE, AR
UL, AUESL B R . MN(3.2.45) A 115 £

plCL'M — T/ dO’X‘u_ = —zk(T:to)
0

27T (
—(«
VATT

o+ ap) =p'. (3.3.11)

FEIFZIGIE N, WHaM.

&MM%ﬁ,%L%%ﬂ@@%ﬁ%%%@&%ﬂﬂﬂiw,ﬁMLE%%ﬁ%%
TIFRA W IX R TIXAE S5 s IR AR —Figg), Hehnl DS R L
ez, PerAcm B Ros Ikl B .

X, AR

JW’:Ji/ do(XPXY — XVXM) = " 4+ B™ + B (3.3.12)
0
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M
/)
+

" = atp” — a¥pt, (3.3.13)
= 1
EW = —i> —(a!,al —a”,ak), (3.3.14)
n=1"
= = 1 _
EW = —i> —(a",an —a”,ak). (3.3.15)
n=1"

{EHamilton B 4§ H, X 3l ) 2 A8 F( X+ M 1) 3 B ) 8) AT 45 -7 Poissondi
5 (PB):
(X¥(0,7), X* (0", 7)oy — ;5(0 p— (3.3.16)
HERS{X, XX, XYVAZE, W TR AR LEE, AT LA S HiIM(3.3.16)
HEHIPB.

{Oé’fmaz} = {a ) n} _im(sm+n,0 ",
{af, o}y = 0, {a"p"}=n"". (3.3.17)
K FFSZAE T, alilid & AAFAE
Hamilton
H— /dcr (XTI — L) /da (X2 + X7) (3.3.18)
WA IR 7 2Ok KA . PR, Bl
H=1> (a_po, +a_,a), (3.3.19)
nez
s XNFFRZ, e
=1 Z OOy (3.3.20)
nez

PR, FATE BB G I Virasoro ARl 2T = 1(0-X)? = 0 AT, =
$(04X)? = 00 M4, A VirasonoF AT LA Ny 5K & i Fouriertfi o X M54, &
(NE40s

21 . _ 27 .
L, = 2T / do T__é™To) [ —oT / do Ty, ™+ (3.3.21)
0 0
SR RN
=1 Upenty =1 Q. (3.3.22)
BT AL S A
L:,=L, M L*=L,. (3.3.23)

MR AR LSRR 05 (3.3.19) LAk,  FRATTE 2 nT LU Virasorofi =) 7 XAt Hamilton
R
H = Lo+ L. (3.3.24)
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RN T NEATLy — Lo fEo ERIFR AT, S AL 3 A Poissondi
7 (3.3.16) WU N UEMI I —HE . AE5X L, AR R AT LA R Ly — Ly = 0RER.

FETFSEIEIE N, fEaflaZ BB 75, Virasorofbd Xl LAE Ll

Ly = 2T / do {T__em(T=9) 4 T, eim(@+n)Y | (3.3.25)
0
MR rRoR, XA
L, = % Z Oyry—ry Ol - (3.3.26)
4, HamiltonHs &
H = L.

TEPE T Poissondii 5 HI BB, AT 0] LLX VirasoroZ) W S 465 . A1 E 50
14 i Virasonof U4 :

{Lma Ln}PB = _Z(m - n)Lm+n 5

{Lp,L,ypg = —i(m—n)Lpyn, (3.3.27)
{Lmal_—/n}PB = 0.

FETFSRAETE s LIAFAE

4 BosoniZHE T

E AR 5ZAT J LR T i

o MAZIENI T4k, Hrh, sZisshi@ VB R RGAT. oL DNARKR, X
AT LR DR THEARNAS R, TR T HEE P WA RAE S fE Hilbert 4
) P2 R SR Lo XA LR R T W] U Lorentz AN, & IH KT BAR 57k

o JEHER AL, WUIEWE FALIS, 475 kR, RIEZMIICTiR 2 R = 1
o L IARIRAEDTIE “OtHE” MEEHh G, AR ENR, HAE TR
[ Lorentz ANV, BRI DAZAE 5 RIS o

o IRV E T, XA LLAIBRSTH RS Gk, AW E M Lorentz AN, (HEAE
HESS By EHilbert 25 [0 . BT VB HE ) Faddeev-Popov ik

X = Fh A 7 v DON HRT LA, AT I IX =R o7 vk — 8. —A A —
LR, X EEE R ES R ERAE B i) @, B PUX =R RN R .
4.1 WHWERENEFH
BEAT 1 W~ R 3 T v 8 F S R AR BT 13 A0 F A2 e 7AX % Poisson 65
{ ) }PB I _i[ ) ]
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T J& VirasoroZ W& W I K P B S H AT I 200K
KHIENREE, PR B K Bl & AT 31 A8 ik

[z, p"] = in™, (4.1.1)
[CVMWOZZ] = m5m+n,077w/; (412)

TEWSZIETE N, Srafr AL 2k X, [F I o Flar il B4 o BIAE SE{E 45 (3.3.4) A8 B AE
&7 LR Hermite s o AR FATIE (4.1.2) P I PR B g 7o, FATT AT DB AT #%
ARG

[a",a"T] = ™, (4.1.3)

XIES RN TR A IR TSR R .

FATLZAMN R, € ST VE W Hilbert 2 7] 25 FATIR A R 2 —
AMEIR T TT AR, I X IR R AE . FRATT A 0 3 5 A Sk A 1 Hilbert 2% (W] o 71
EMEE T, SR, m < O LoMTHEAT, IEMERBIACE AT . DUAE AT
{CHilbert 2¥ A (R 5L 75 € SN BIAT FEFE AR K IZS . ZVBAT 8 e XA JATh
WG FE TR ST ot Mpt s SR1, MIEARE 712 F0IE N, WERBA DR ffepr, HAIX
S BRT AU B EORRAE . WERIRATH [pr) REoRTS, JATA

O |p) =0 ¥m > 0. (4.1.4)
TH ek AR A AR XA RS b, JRATT AT AR B8 22 (1380
), oylpty, ot a”,|pt),  ete. (4.1.5)
XFEFAK N, R B4R H T I Minkowski B &, A1 143 21
| 2ilp) > = (plajal,|p) = —1, (4.1.6)

RERE A IR . EIRAMS IR N AR Ly, = 00 FINIXLELT RN 12 35 B FATIHE
A T WD EE R h 5w

SR, FEFRAMTRAM I AT, i — 2 AR 2R I FRATT 0 200 Ak B 78 (1) 2 kil 2
Wbo AR R IR R KL, R TFERT, MR EEATT EHRNERT. A
TR TTER RN LBaEmW S RE, DA AR IR S o R R TRAT 1A
BENTEY A AT E R N, FATEASA LR —ER T e, %
TR et — . IERG A0 T 1 IE R R SO B A . IR T
HE i Virasoro 54T H S AT I 1E G 2 18 Aok e

L, = % Z S Qe Qi (4.1.7)
nel.
WA Lokt IR A0 G - =2 B3R 1
Lo=3a5+ Y a -y, (4.1.8)
n=1

SRXHL, MR, BAIHIEITEMIE I .
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DAL A AN R 7~ R AT 4~ 2 — AN 2, i HLDR R BRATT IS AN JE X A 5 BN 1% 02 % 2D,
AT — AN IER D 7 o A 5 Lo A 2k s B, ATH (Lo — a) kAR
B Lo
IAETRATT DI &L, ARE . t T IE MG o X b 40143 /N OB 4T . T2 Virasoroft
AR
[LmJLA::(n1—70Lm+n%—f%ndnf——D5m+mm (4.1.9)
Hrr, e, EXMEN e = d(HF2 R R 4ER sl E 5 B A b 12
H)e

IAEBATAT LR B BRA TR BRI S LK L, = OB I A BT, R R 2

0= (0l{L Lorll6) = 2m (9]Lold) + L m(m?® — 1)(0l6) £ 0.

KRBT R AAEMVEHAE P A IS . A, B T Gupta-Bleuler 5%, EitRZ
ARGy TR KRBT A INEYEAS EIATR IR RS

Lmsolphys) =0 , (Lo — a)|phys) =0 (4.1.10)

M, AERBZIETET, LEAEN HIRIENX . PN (phys'| Ly [phys) = 0, X552 #2505,

XA, BT YR RATI ARG A, (HE WAL (4.1.10). WPBEZH IS
MRS, ZPrER “Dhids” [spur) = L, | ), TS IAPHEESR. EEAERZEY)
B SO D s, AR e al ub W v 8 %25, JeAl 140 S e AT AN Hilbert 2% 7]
B, A LR BE PRGN R AT, e A TR R A B e
A, WERd =26, H(4.1.10)5E KRR AL E IEAGS . TATAEE— DT s
Il o

AR BT Lo 5T o WERIRATICAE (4.1.20) P I Lo RIE A Hp? = —m*Hla/ =
oo RACEE, FANG B e 46 F

o/'m? =4(N —a), (4.1.11)

Hrr, NERRREHAT: N
N=> o an. (4.1.12)

m=1

AT LA (Lo — o) FOABLRIES, WEFLISEIN = N

4.2 HHET

FERXFP LR, BATE M AImLR, XHATRNEDHSML N, B, Tite
&1k,
FEFCHERYE T, VirasoroZ R P& 7 .1 o [FIARRH T I 5, A5 —ut
ANAZE: .
fzr :f(€+)7 fl_ 29(5—)-



IXASAAR ] R BeE

Xt =a2"+aptr. (4.2.1)
XA R ] LR R, PRUOA RO AR 4, AR 5 1K) AR bR o Rl 0 2003 A2 34 [H AR A 7
BB RS, XTI R . SeHEAA R e A

X*=Xx4 x1t,
WAL, P INZ 8 VirasoroZI W (3.2.37), BT ] LIS o) AR FR X0 7 R MR X —, XK
HRATAT LI R X T RIX —, JURRE ) 7 A7 A 1XFE, MRS, JATT R 5K
A MR, (AR AR T .

Wz, JetEde 1 nl UL R R R R IE (F9%)

/
af = ar = /5.
- 1 i i
a, = Toamt E:Z:an_mam:—2a5n70 ) (4.2.2)
me

M—Aa~ AR IA

WAL, FRATC IR H Virasoro W, nf DA TR 10, BPHERFRS 2, pHs of
Mal . FEPRAER R 7 ) FBUE . R, JATC LT 7 B W W Lorentz B A2 1
DRI DA IX AN G HE RGBS Y5 T — a4 b W W Lorentz AR BRAS,  H A A ERIE [E &
Ja, EANAZHETRBIEL R, ceurl, s e, XHRm2e4Ed e, B
fEd = 26, PoincaréfSEA 4],

4.3 Boson3Z{it

Rk, BATEAR B = 265 H A Ee 1 0 . ECHEREt, AT H JLF AT
A VirasoroZ) W o SR, X%, AT 20 (Lo — a)|phys) = OFIZRALIKI (Lo —
a)lphys)e ZGIEEE R F— N KRR N Ha = agy B T 5 Lorentz AN HYE BAEF- /1)
T, BERIE, XEBREL) = LoEWES Lo DS -—NBRFRr—15 AR 7 20k
Pt o A AR R B ) R - T LA (R 2 [ pr) B, AR5 10 I A [ 41 1 1) S A = 4 1

FATMN A LTI ah . FEEZpr), N TE, TAMA L Ham? = —4afl B B
Wa = 1; XA LIRFEN T

B UORRES (BN Ly = Lo)

ol & |p) . (4.3.1)
FATAT LU B 2177 XA E 53 s 1) e e E SO (24) AN T 2267
ai—ldj—l lp) = a[jldjjl Ip) + Oé{jl@j—}l - dif”a’ilafl Ip) +
1 .
—i—ﬁé”a’il@’iﬂm : (4.3.2)
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XS] DL R Ry — A H BN TG (51 J1F), — AN O RRIK & B, fl— N b
H,
Lorentz APk £ R Y3 A5 A2 Lorentz £ SO(d-1,1) /NI IR, XA/ N IR
JES0(d-1), X ESLESO(d-2). XFE, ARG 7E5H RIS LIAZET
I, AR A A FECEN ARG BISO(25) R R . BT e 412

a/m? =4(1 —a),

M RATREHES H g 7 B e = 1, S FATLLRT A I —FE . X0 El
H] LU H bR 23 18] R 4 B i CR B R K s . B AT A3 Blla = 22, FRA 119 245
1: Lorentz N M HKa = 1H1d = 26,

=AM Redefta? BRI T HEEBUAES(EASO(24) 1 H AR K ) T LAME—Hh 45 &
FISO(25) 1K~ . X5 s M Lorentz AN AEPE HE I, W UHIERT, XA 3K )
WORAS BT

WAE, ZREIF%: RS NGEHNE T . R BED 2

O[il|p> 9

BN ER, 1 HZESO(24)IRERN, LS —AN264E 1) JC it 1 5 5 N A% B
B SRR A |
ai—2|p> ) Oéi—la]—1|p> )
g, EAESO(24)iKE; AR, AT LASSO(24) 5% 5D 7 il A 5 RS o Rk 5
5 X AR T DAME— 4 5 B — AN RSO (25) i f ik .
EIFZIEE, BATER], FEREEMtam? = (n — DINEESin, BATELEE A HK
AnPIFRIK SRR . FRATFHE5E, fERedn, SOk AR DU ERIEERIA

jmax — Oé/m2 + 1.

TF3% SOVFAE S S BT o X282 Chan-Paton X 1+, 7E4EE A5 B4 H1Sp(N)2O(N)
R AEAbe I IE X BRI, @ MBS HUN), A TG EERE, BRITKIE
PR PRI = 1,2, - - NI AR TR A i il AR5, BR T 3h,  FEAS T LU i
MU |p, 4, j) Kb, b, iR — AN, JTES A TR M BAIE R, KRS
sea|p,i, ), MHEMNGEHNDMRENESE, BISHR=ARERBORIE, 7T
EIEHEZ U(N).

EAEE TG, AT AR HRAL R s XA AL B AL AN oG i QR A
53 )5 o)«

Qlp,i,j) = €[p, j, 1) (4.3.3)

Hrp, FQ2 =1, He =1, X, AN2EFRR T, Me = I HAN(N+L) /24
T, JESp(N) R PRI B R, 2e = —1, N(N-1)/20F T, FERO(N) K #: b 4
2
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BMELER, > B BosoniZ i 40 B K260 4E K. IXANYERFR A I FL 4
o szmwthn] Llg XAE/NT2064E, FrUARRAAEIRA T . B4 & Lorentz A4 TEA
28],

4.4 BRIBROSEFL

FEARTT, BAIHK MPolyakov/EHI R ITAG, A B A2AR 70 K 7 AL54. 2% [ Bosons& [T

At DUDX 510
Z = / T b(9:X") (4.4.1)
K ETHERITURE 2 b
gl = [ o /59" 5" 690,095
5X9] = [ "\ /GOX OX

XAE L Wey N, HRMEAL XEWRE, —fh, 87t Weyld
TR B AR o BATRT LIRS S8 2 AR SR B AT JEE

Jap = e2¢haﬁ .
TEF SR Wey FHAR LT, FERE AR5 v DL fifA
0as = Vals + Vo + 20gas = (PE)ap + 2N gas, (4.4.2)

HH(PE)ap = Vals + Vo — (V£ ) gap FIA = A + VL. BRI T LS AR

A(PE, A)
a(E, A)

Dg = D(P&)D(A) = DEDA ‘ (4.4.3)

Hrh, Jacobifr41)=0 &

‘G(PS, A) ‘

et [ TV )| = jdet P = Vaet PP (4.4.4)
(&, A) 1

XA T AN AN L ) LA

TEB R, AW MR Wey AN PE FIHYR . Faddeev-PopovAT #1| ZUATXH I
% Polyakov[12]iF B ) —FF, fERETER T HAd =26, EEAWeyl B FHIBRE. Xt
JEAE AR TR AR B AR 5k . Rd # 26, A Weyl R 7 A ZifR 8 s BT 5
AERFTIE ARG A 5% 08, (HIRATX EATHE & (A X LB #(8]. ). FERATX T M)
wWieH, BATE BTG ALEE BATAT AT S 5L R Wey LI L 1843 PR 73
ik, EXFMELL T, BLor MR AR

Z = / DX#/dot PPeiSelhasX*) (4.4.5)
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o, hogA il BLBH R0 5 (0 [ 52 1) 2 % B i o LA FR AT ol BLA A T 38 (9 Faddeev-
Popov i Fy: AR AR ] S ASHe AL B o b s AT FISRHAL , HorPibo s (S i) 2%
FRANICHE ] :

Vdet PPT = / DeDbe' | #ov/ig* ban Ve (4.4.6)
WERBATIRAE LR hos = Naps BRI BREAL K
Z - / DX DeDbeiSeX1+Samlet) (4.4.7)
Hr,
SX] = T / P00, X1 _X,,, (4.4.8)
Snlb,d] = / bord_ct +b__dpc . (4.4.9)

4.5 I ARP R R
AT B, U A R Wey | 587 515 45 t Faddeev-PopovAT . 44T
PIRAE TN, HILT M2 A, SXE, FA LT S A E %

MG OB, 25 TH S HULR Wey T BhREEIBCA 1 R, Bt

09ap = Vals + Vba + 20gas = (PE)ap + 2Agap, (4.5.1)

A, e (PE)ap = Vabs + Visba — (V1) gap FIA = A+ §V, €7, REHLT PHI LI
SR TCAE X FR K . AT
P& =0 (4.5.2)
WEH S EAA T 5. 72 (4.5.2)F A L EKilling /7 72, & I f# 2 JLEKilling &
B XBREPRER. 24— A UEKilling R BN, 7R8I, A AAE
S P TR ] (H L RE 20 12 gt [l 1 B0 2 44k
AR, AR EAKEE X ARNA:
(Vi W) = / d2¢\ [detgg®®V, W (4.5.3)
7l
(Tap Sup) = [ d36[detgg™ g™ T35, (4.5.)

NI 7 5 S TG AR 3 (R A (4.5.1) & IEAS (Ko S FIX MK Hermite L Bt JE 72851 AR ik
ST EIPN
(P1t)e = =2V 5. (4.5.5)
PH{Z R
Pt =0 (4.5.6)
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(I, T AR C 5K, SR R EE, B AREE BU(PE)as. I, 1
JE(4.5.6), Mo, WPHEY, 10 = (&, Pit*) = —(P&,t9). B, PHYEBR R T A
BEW FHT S AT Weyl F AR B AME 10 BE R 1R I o IXRE IR AN fit i o] s S Ok
[ 52, FRA Teichmiiller B/ . E AR5, WATCEHBXREIIBIT . KN EARBEB
oy FRSAR, BrLL, BRI KR & Teichmiiller 244 .

FREAW T PHIEKillingR A ERGCEH , ERET ML IR b . T
Ao bt P T AR 2O

THe | # PIOERIR #P! EE

0 3 0
1 1 1
> 2 0 3g—3

AR 5 RO T S RS e 1) R A8 LE AT AT

4.6 BRSTH]#F

AR FEER — N —BBRSTA . % Eo K PLE, B MIE KT e
AR i /L ARHOR RO
(00, 05 = fus? 05 - (4.6.1)
FRATTHLAE FH B D03 =4 RV A ok ] 5 e
FA(¢;) = 0. (4.6.2)

XA F Faddeev-Popovii 5, FATAT LA EE A2 70 5 ik

DO =50 / DoS(FA(¢) = 0)DbyDce 50 baliaF e

‘/gauge

~ /DQSDBA’DbADCae*SO*ifBAFA((;&)*]‘ bA(5aFA)ca

- / DDBADbAD S (4.6.3)

y
iy

S=So+Si+8 , Si= z’/BAFA(¢) Sy = /bA(éaFA)ca. (4.6.4)

AR, SR MK TR X N TAE(4.6.1) P I RE RS2 . 5 RI%ba M SR
Y BRI R I FRFR A—— X N T RG] 44

SR ATREA R AR R, HR X TRATI ZERZ 2 W1 o
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SE4= ALY € 7F A 7 STE Becchi- Rouet-Stora- Tyupin (BRST )84 T 2 AR,

OprsT @i = —i€c"0ad;,

dprsT ba = —€Ba, (4.6.5)
OgrsT ¢* = —%ecﬁc“’fma ,
dprsT Ba = 0.

FEIR LA, e N A H ) o B DN AHANNUE A LI I IEA e, (Ho2AY
PR RIS HL

FE(4.6.3), W T RIGMMIERE e, /R REsh T LR BRSTAL ) )7 U5
e
5BRST(bAFA) = E[BAFA<¢) + bAcaéaFA(ng)] . (466)

A3 N s, BRSTRARTE B AR B3, M 3RATIAE I Ve [l 5 i AR 5 N 37 I
TEBSRIGSRRE T, B A PR AR . BRSTRIFRME A RS RR I 4 i, e U8R A2
JAL I o

BUAE, B IEAE MG I A B AN F, BRI R T A

Sp(Y|) = —i(Y|0prsT (b4 FN W) = (W{Qp, bad F4} '), (4.6.7)

H, QXN TFBRSTAR /M 5FE AT o EMVEM AT, JRIEANZZA, Tl
Q@p|phys) =0. (4.6.8)
K, Frfa Y& ZBRSTAAR N .

ROk, BATREAEZ BIXANBRSTHFIH, siFEM, EMEAERZ S e
15 S Hamiltontz AR AL & AT AT e (1 . BRSTar [ SFTE 28 T8 . FRATT 5 ke (1 0 91 6
PR AL, T HIRATIA A AN - AR B AT A RS [ e Aok e A AT T = Bie
[ISRIER

0 = [Qp,0H] = [Qp,05(badF™)]
= [Qp,{Qp,bA0F*}] = [Q%,ba0F4]. (4.6.9)

X AZ S B YE A AE TR T R AR A S E AT, FRAT1A B e
Qs =0, (4.6.10)
Wik ul, K TN EFERARIA S BRI, BRSTH L AUEREEN . i, Wi
TE TRV AR Soiy, X R & PRSP BRS T Fe 2 1 e M. IX =

WRAE TR ST B R AN BV I JATREDE THE R 7 AP AR FRIER S22 S FR
k.
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BRSTif (19 Z A ARIRSE R . HIEEQp) NENRA 24, BAEHQpME
Ko BRI . R, XABIER TEIREAS WIS, WiES. &
B, URATHE R T2, SR, 5

[¢) = 1) + Qslx)

AN SE R AR, AT H o 1X 58 I SR 6 R M ) B Y [ 52 T8 X Hp
4 . IR ) BEZS I Hilbert 25 (0] 2 Q) L IRIH, BRI, W)PFEAZ DABRSTHS 2478 4 1
IBRSTHIAS:

Qplphys) = 0,
A Iphys) # @ p|something) . (4.6.11)

4.7 i BRSTHYHE

FRATTIAEVE A AEIX A 2 0N ] 2 BosonyX o T WA H TG [P 72 5% 1 FA Tt mT L 26 o
KRB, WG RTIEE, S g R T I e S B R N k. AR
HYCHEAR bR RN, ATIAF 2] R S BRSTAZ

SpX" = ie(ctOL + ¢ O)X",
Spct = Fie(ctO, + ¢ 0 )t (4.7.1)
opbe = ie(TE +T9").
BATRA AL T TY = Tow (X) %5, B8 WA T L2
Sy = / o (bypd_ct +b__dc7) . (4.7.2)

S 1 . T 5K R AT AN T [ I

T{, = i(2bi 0t + 04yt
T" = i(2b__9_ ¢ +d_b__c7), (4.7.3)
BT E AR
o_T9" = o, 7" =0. (4.7.4)
WIHIIE S TR
8_b++ = 8_|_b__ = 8_C+ = 8+C_ =0. (475)

PATTL 5 PR AE T3 b B I0E 4 ) F B (P 5%) BRI S OF %) 454 T2 AT R RS
FeFourier#i = A 1) 17 -

D e

by = Zl_)ne_i"(TJr”) . b =Y e o)
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A LLUER],  FourierBE A A2 F 21 S AZHe ok &
{bm7 Cn} = 5m+n,0 ) {bma bn} = {cm7 Cn} =0. (476>

FATRTLLE R 7R AR 1 Virasono AT € O N sk R EJT R KA, Al 115 21

LI = Z(m — ) bpanCp : , LI = Z(m —n)  bypanCon : (4.7.7)
MIXH,  FRATTAT LATE S Virasono 5 A AR EL
(L8, L9 = (m — n)Lore, + S(m — 13m*)d,nnp - (4.7.8)
T, XripMRGIMA AR TS Virasono 5 A7 AL B
Ly = L + L9 — a5, (4.7.9)

Hor, WAL T Lo IEMSi . T2, 4iaRiAE8eT 51k

[Lma Ln] = (m - n)Lm+n + A(m)5m+n ) (4~7-10>
DA d 1
A(m) = Em(m2 —1)+ é(m — 13m®) + 2am. (4.7.11)

M HA M = 26Ma = 1, XA SCH K o IXOR i 2 A8 G HE U B A e
K Lorentz AN VEFr 3 21 (1 [FIAT: (145

WAl IR FHIBRST AR KIUFHE . ik Noethers g 3, EBRSTAN M N A EFH T T —
ABRSTV:
jp=cT* + %I = cT™+ : bedc -, (4.7.12)
DL BRSTHr A% ik
QB = /deB-
WAE, 72QEH, EWHILT : M HAMd = 260, BRSTH 1.
AT A X# Virasono B 55 F 373111 77 A BRS T K 7~ 4

m—n

Qe => c, L5, +> 5 ¢ CmCabomon t o, (4.7.13)

Herp, R AL IEMSFr . EHRNETE, 8B A—1Qp, BRSTHZQs + Qpo

HAPRAEBRST T 5t MBI . $2MERTTH e, PIEEAS I BRS T ¥ 2K,
1M HARIERQp| Y. U AL I — A T3 5h & A, R

bo|phys) = 0. (4.7.14)

Xt “SiegelMin” , HARILEMINAEXAGEA RIRMFL, HE®HZL FEHT. =
TR A R HURRIE I, A3 7 B e EREb N 7, 1 T0f = 0, "EABMIEY SR

T LB (5] T i -
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S B L A2 (4.7.14) (02 o NBRARBA 0 B T I (0 55— D5k g s i AU AT
KT SO I Iy, T AT (A I 2 A Teichmiiller 8, 1y H S AT 5 &N IXFEN
FRAH S ) b3 AT o

e, WATLIRRIRA RS R Y Hilbert 20 . & T X 710, o S5Hr—7
—FE, FrLL, AT FE LRI Hilbert 2% 0] . AN Hilbert 2% 0] & 3 Rk &A1

LRI S W H R C NG EAR I IR TR K
bnso| IHEA) = cpuo| RIHET) =0 . (4.7.15)

LM (4.7.6), FARIbo Mol 205 = 5 = OF1{bo, co} = 1o AR, HIFboMeoIfFAE, £
T2 it

XU AT eI R CHEAR R R B e 2 B R BEAR B S R — R . XM A
PRI YR, Hiby = (0! +i0?) V2 ey = (o —io?) /2R ik, #EXA
o, WizAMAE: “EAEE” M “TARES” , JREL

bol 1) =0, bol 1) =11,
col T) =0, col ) =11)-

PR IN(4.7.14) B IEM BRI E 22| ). ATIMAERT LA, H RIHb,,., c, B FAA
KIER NI TSR RES . BT B BT & AN 2 Siegel 5 14(4.7.14), FRATIARE
HekRVEH. e, RATMERAETF 2P EYIEES. HE, HT@713)HMNQsH “ft
27 S, WAL M i S EIBRSTAZRE

TR, A I ELR) |, p)
0=@Qsz|l,p) = (LOX — Dol Lip) - (4.7.16)

BRSTAARNESS th RIFE A e 44 AF, BIERAIAE AT I 2 AR P AR LY — 1 =00 X
NESATTHEEBRSTHIMG 23 NI e 2R #ET .

TR —Re, MREMBELR o, b Mo T, EMEAE KNS ZE
[¥) = (C- a1+ &iemr +&ba)| L) (4.7.17)
EHNSH: —A26-KREC MM TIIMR Lo BRSTAATEIK
0=Q3lY) =2(p°co+ (p- Qe +&p-ay)l L,p). (4.7.18)

U AEp? = OB, p- ¢ = 0FIg, = OR Rz, Bk, LRI 26240, 4 F %k
FAVBAH I EALQAE A — BB LR (4717 R BRI, a2
BCw, &, BILL, FEIRAP? = OREH IR — Q1A 2252

Qelx) =2(p-{coi+&p-ai)] ,p).

SIXHL, Pl fe AR B BB BRI o Ik, LoML_, L, #A REHF .
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Figure 2: a) #38 DY s 5 IO MAI52 M1 . b) e ILESENr, BIPYFLER

KR (4.7.17) T He_ 5 40 FEBRSTHA 241, 1 AR S 9 R, ~ G+ 28p,0 X
SHIRATET T x264Erh—AN o i o sk FATTT I 24N BE A ih
X RE T LR FH RIFE T4 AEMLE e, T FE4 — RERF, KHQp +

@pe

5 AHE{EAAEETRIE

WU, NS T B B HUN el . % RE AR, AER T EATEEAN,
HAEHIFNETT (Fig. 2a).

MRS AR e, BATTRT LT B 2047 YA B 55 /A LIR IER B (Fig. 2b). #ERE—
AL, BATTZES HE IS4, A DRI E 2 SAHBAEH AN E i Has .
AR BTE S . BATRATEN A “TASR W, R IA e OB TR B
W B R T, FATLAURAERR_E I Polyakov A1 HI R A HE FRIIX LE THUA B4 1) i
BRI FIE . EATIE S, XA (SRR ) Kt 72— 4E & 7 B P X
SETHUN AT AR G PR e o FRAT TR A ZRAE SR S T A1y A IO LI B REAT AR o AEBK |,
1 =IEKilling/ R, IXRREAT = DA E N FH S L. BATALos L [ =
A FEAT ARG E EA T BN AL Teichmiillert, NAZHARIT

5 A BRI TR ST 2 A7 1Kl DUE R A et A g5 2. 24
T AT IE I A (O EC RN, IERG I TR SR N AR e RS, B, SEZ AR
FER T,

KT P BRI B N 41 . % B8 AEFig. 3atP iz X &N Fig. 2a H VUKL 1B
52 1) B P IR B DR S RO, IR AR, e R BAAR IR BT PUAS SLIR A3
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a) b)

Figure 3: a) 55 VU o 19 50 Bl B SOikAH B (R s b) R30S, A AR e
NI T RN

i b(Fig. 3b)e XANHE 2 HEZE T UM 7he-RE P I N PR M (SEE B 7o) HNAME 24
P T R AL P ME S, ~FIIRE, B g ST =4 i 1 (7 4% A g Riemann i 17]) _E
[JPolyakov/E Hl &I E .. 41757555,

MZABET, RATCEER], AR ER0-, 1-F12- SHRIEEAHE . X5
RAE e EAAAAE R BN 7 5P B R 0- s RIS B AT Ao o 4T T8 5 Pl 15
FAEPRMEIN R0 2% L8 AR & A 1 1- s T (R P

6 ILEFHR

mAEMCELF S, #'5BosonsZ K H F 2R & 4P BRI R 75t A
THRURSZE — RS, BATFEIEA I RS . A, RIS HILEY
WINEEAN G UL EAE L N e BAMEE R 4 Eucidff 5. B 5881
DL[13],

6.1 LR
WA T, © — of, R

0z® Ox”
G — QLV(Jy):Z Eiiﬁzziizjgaﬁ(x)'

Ao M, EAEBYEEL FOBAMEE SONBR T e SO SMRFS R A AR R L8
A RR A ¥
I () = Gy, (2') = Q) g () - (6.1.1)

ST IS R AN 2 £ A A, RO S5 TR A8 e, V2 2%, Poincaré/ 170
A TFRE(TQ = 1)

AR B X LA (R A BTG e E TS INMBFR AR, ot — 2™ = ot + e, TATH

ds”? = ds* — (O,€, + O,¢,)dxtdx” .
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H TR AN IR, IR e Ty, B
Opte+ Dut = (0 I (6.1.2)
HAr R 7~ ) LA g A48 AT A3 2. i R IRATHOMEFIAEXA TR, H
Oe, + (1 - 3) 0,(0-¢) =0,

B, JAIHO =0,0MEMTE(6.1.2) MM,

9,06, + 0,06, = 377”,,5(3 ).
HHIX PN TT 1, AT LIS 3 BRI S

D+ (d — 2)8,0,)0 - = 0. (6.1.3)

E6.13)H, RAIEH], d =2 MGG 08, X Td> 2, (6.13)EkES
Wbl . TIRBA T2 R el R HITT R

Ep‘ = WI'LJLZL‘V ﬁ}%% (W/u/ - _wuu> ) (614)

e = Azt P JBEAE R

e = b'a? — 22(b- 1), (6.1.5)
ESERFRIILE AR . IXFE, AT SR
d+3dd—1)+1+d=3(d+2)(d+1)

TERF5 (p, @) I, Lorentzfif/20(p, q)o HH, d=p+qo

Zr>: MR AREIT A TO(p + 1, ¢ + 1) M ZUHL

WAERATI I = 205 IRIE TG o et 2 W LLE B O IRBIAFREH], (H, #EEuclid=®
) (g = 6,0 ) (6.1.2) A14L F

8161 == 8262 y 8162 = —8261 . (616)

WL AR RN GRS, 2,2 = ot £i2?, XAJUBE—DR. WRENTE XE S e =
€1 *ico, SENITREAZ K
Je=0, de=0, (6.1.7)
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Hrr, ATRH TH S50 = 0:0 XRRen ] LUE MR KA, HEMr Tz, Xex
ZIRR . B, KRR YR SR AS A S T AR AR AR

z— f(z) M z— f(7). (6.1.8)
TATAT LU TF I T3 NS4,

e(z) = =3 a2t
T, N I AR 1) AR R G S
l, = —2z"10,, (6.1.9)
Wi, fp e = —2m P AR AR B, AR e 2 LA AR

Wy U] = (M — n) i Uy 0] = (M — 1)y (6.1.10)

R, 0] = 00 B, —HiSCTBRER IR,

EAARE — A8 AR A2 T o Mo oo R B T2 AERiemann Bk S? =
C U oo L4 JRTEM I ME— A %ot. BATERO(2,2)~SL(2,C) KIAREL, Ak Fo1Ag #k:

I3/ 1T FR

Rt R A

(0 z2—z2—€¢ z—z4+a VB

y 2 —z—€  z— X WE

! roz—e? oz RRILE

XA — R T AR 2Tk . I, SIS T AT (G — Go) M
MRS SRR B, BRI T A OB o NGy + Qo E R R 0 o/

F AR v DL 3R A 2
az+b

cz+d’
kigs, A, a,b,c,d € CHlad — be = 1. XIERESL(2,C)/Zy, 70 T S
a, b, c,dHENH A REAARBMWAE, REFG6.1.10)A . RATEFIXAILIERET
PR 7 kg BRI L TR

z —

(6.1.11)

6.2 ARG
WA T YERAR I B ) 5K I A R i R T AR TR, SRR LB AR
(o XL AT L PR
1) M { AT S R, EMESOESIIAHE.
2) fEE— T {9} C {A}, FROAUEIRYg, EAEIREIM LT A T A8 4
az+b az+b

z— f(z) = ot d z— f(2) = rd (6.2.1)

34



P IR ) 7 = . .
0 of _
D(z,7) — (89 ((910) ®(f(2), f(2)) - (6.2.2)
BAVSTHAGE S, A A e I (K5 5 MR 1
3) Fea, APTEMIEY, XA RIS R AE(6.2.2) T —FEAR R h, R SE
(K] (AAS RIS ILHE) o TR, XA AR T LT ok B At . & ik aE,
(2, 2)d"dz"
TEILEARY R AR (h, h) &AM ILTEAE .,
MO AT AT S B AR IR . DRI, FH G BR300 A2

N N o\l oF hi N ~
(Moo =T1(5) (3) (Hoteie) . o2
JRTHEA TR A 2, I SCH B RBREEAN IR AN . AEBR B, REB 5 FEZ R
W FERE, Bk, (6.2.3) AXSL(2,C) AR 2R, MNixAa Ward{E %5 =k 4w i 2L 1)
BAIOBARNE
LT NEHz — 2 +e(2)Mz - z2+€(2) T, gk
0ec®(2,2) = |(hde + €0) + (hde + €0)] @(2, ), (6.2.4)
BHFNE R BRI EGD (25, 2) = (P(21, 21) P (22, Z2) ) 1%
5€,€G(2) (Zia zz) - <6E,ECI)17 (I)2 > + < (1)17 56,5(1)2 > =0.
At IR AT HEIX AN AL, 1520 N2 s e B oy U5 R
[(€(21)02, + h10€(21) + €(22)D., + hoOe(22)) + (barred terms)] GP (2, ) = 0.  (6.2.5)
FATIAER H e (2) K RBURETT R 73 HriX A5 fe . WERIRATTSE HRe(2) = 1HIE(Z) = 1(GXXS
NEFPES), WA H(6.2.5) THIG® (25, 5) FUKHI T 212 = 21 — 22, 510 = 21 = 20 BOFAH
P, UM R AR, BRATT ) USROG s OO TR B s o A 2R BATT
FlHe(z) = z, €2) = z(BFEAENE), MBHGCD ~ 1/(24T 257" 5 WA )G F
He(z) = 22(FHARILBAR), A BIREIR, = hy = Ky = hy = ho S50 JE P SRR EBR
—ANHEOM e A E -

C
G(Q) i Z) = 12_‘ 6.2.6
XA BT LOE ok 3 — SRR e 1.
X = m RO DAVEARAL S0 Br,  SRBH R BR— AN B M e 2 e -
S5 ) M WardtF 5 2K, I W) = 5 B8 KA VR K R T A
G(3)(Zi,§i) = A A Ailfszﬁlzfﬁu’ (627)

212 "R23 7231 F12 12 R12
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HAFA; =hy + hy — hg, Ay = hy + hy — B37 £

IR, N AHSCRRE, BIDY ek SO RESE o« R Bl ARy, JOEAAR
PRI E R 2T R A

z<] 1<j

Hrb, h=3hy, h=3 hio BB RAERR, ELUUKBT A e = 212203/ 213204 FT0
FEIBR_E AAE S5 () BN A R 2

GN(Zl,Zl,.. ZN, ZN) <H<I> Ziy Zi > (6.2.9)
WAk HSL(2,C) B PER A2 W

N
Z@ GN =0, (6.2.10)
N
> (205 + hy) =0, (6.2.11)
=1
N
> (270 + 22:h;) GN = (6.2.12)

=1
Az — Zis hy — by PAHAA e IR S BRER FAHOC B 2LSL(2,C) AL P 1) Ward 15 45
o

6.3 RREETFH

ﬁaﬂ]fjﬂfﬁﬁﬁﬁﬂ” AR BRI Hilbert 23 8] o AT AR AR A7 Mo 1 = 4EEuclid == 7] FF
iz‘*o (R, TATAT LB Wik 5hr — irf7 3, M 4EBuclidii 4% F|Minkowski i

o VA THERLANIR) M, BT W, o=0+ 2, YR RAEN. T
ﬂé BAMSL T AR 4t

5 = 6T+’LU ’ 7 = 67'—7,0 ’

AT T B (4 B R AR ), WFig. 4.

FEAETH b, SRR TR e AR R T E AR AR IR . X R I 2895 (1 = —oo)
EHL@J%@B‘JJ:)?’ KKTCIT B 2 = coo WA V10 L2 — 1/2%, F =i
Bz — 2%,

BAMICL B/ RN R ERIKAERTT, 2 — A2y FTH, 6+ (F %fﬂiﬁiﬁ/ﬁz
W7 ), e N AEAE T A TR ) o IX RS K R 7 2 FeAT 1R &R I Hamilton &

H=1{y+ 0.

IR FAT A AEEuclidE (8] ', Hamilton g (50T BEA R B @M A REF BT, fEWick¥3)
Ja'E A Hamilton . AL, PR AT HITREUE PR, &AM WickHe sl I (a5 1L o
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\J

ﬁ
i N

Figure 4: M1 21 5 302 [ eSS

FEZS 105 [ o LIR30 4 A FAE P T K EDE AR 73 o XA AT AT BUR A =0 v
JERI P A T IIER
ToT3 /N RR A S N gk B A ), ARSI R B T e R TR T

T," = 0. (6.3.1)

EEAMARRT, XEWEN K E A AN ETEN BT, M. RN, BTN KE
(K175, FTLAT,: = 0o A LIV EAIFE Euclid bk s R UF AN, 2 = o + iy,

Ts = Te. = Y(Too + Tiy) = 17,7
SARHEONT,, — ORICHS 422 th
8.T::=0 and 9.T..=0, (6.3.2)
KRR N ) gk R AN ANSE T2 1K 23 F 0l A2 A 2 ) AN S 4 2l ) -
T(z)=T,. and T(2)=Ts:. (6.3.3)

PRI, AT AT BLRG 3E TG 95 AN sPE far , BRA G0 2RT () 2 5P AR, I8 A X/ — A4 4l
He(z), e(2)T(2)H2AEFIEL,
XKLL AR H1) S fE far
Qezi dze(2)T(z) Qg:i dze(z)T(z). (6.3.4)

21 21

XL e 5 N AR A T

z—z+¢€(2), z— zZ+€(2).

105 A5 S 11 =% IHJEEEfﬁHﬁ — M b, T4 ~ cR®, H, ok AN R R, il
fEVirasono f41; ) e R A,
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SRCHN

Figure 5: 554410 N 1 & ) =0T A1 8
MW, FERXLEAR I T WAL A A T I AT 14 Y -

0ee®(2,2) = [Qc + Qe, P(2, 2)] - (6.3.5)

TG, WwRERENETE, WA, SN EERE RIS T .
R EARmE AT, XA PIAI R VU AR T g P 1 A58 ) 9 7 1R B 4°F R4S 32
%

 A@BW) >l
HAEB) = { (1 B)AG) || < fu|
fEFermion SAH TG, MR BERT, SR A 0T. RGO,
IR D15 B RIS ST, 2% A BB 3 MG A
AN S R4 1) Gt 7 AR TR SR AL

(6.3.6)

{ [doB. A] = f d=R(B(:)A(w))

% Fig. 5 —Ff. XFRIBATTLIE(6.3.5)EE N

5. 0(2,5) = — § (d=e(=) BT () B(w, 0)) + dze(2) R(T(2) B w, 0))

271

= [(hde(w) + e(w)d) + (hE(w) + &(w)0)] P (w, @),

Horp, e —AT R N(6.2.4) AR Py A IR o WERTAT L5 Ot 1 e i 2 1) 7 S
P, IXANSERIPEA BOT:

B ®(w, W) + . . . | (6.3.7)

(z —w)? z—w

|
>
[S—y

Hrr, XL SHERMNEE e, HEAT AR )RR EMRT. WNIETFLS, FIAA
P IRRAT 5, BUEHATRBURIT (OPE) Bt A ) 4 7 1) . N ) 5K FIOPE RS LI RAR
(6.2.2)1E A BLE (h, h) LB 152 S

Ba®(w, w) + ... (6.3.8)
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XHL, JAT IS B sk AE A A Ward HAF . 25 AR 5 e 2L
N
FN(Z, Zi7§i> = <T(Z) H(I)1,<Zu§z)> y (639)
=1
o, o2, BMRE, 2z — o0, ARG FYEIEATE) . XS R i AL

A RLAE(6.3.8) I W R vh S H R o BT | 1K) MV 208 R 480 E e PR R ORI B M E
I, 153

FN(z, 2, %) = f: <(z _hizi)Q + Za_z> <1]'V[1 d)i(zi,,?i)> . (6.3.10)

1=1
XA Ward 1855 0 B3 A B ARG 1~ (00705 3, T g 5K B4l A TR It 37 1R AH 5K b Bk
Bk BRbZ Ak, FIF(6.5.1), ZANMENIHE A UG EE,

— e, PN IOAR AT U — A IEAS R B A 1 56 A Sk S T
B;(2,2);(w, @) = > Cijpl(z — w)hi7hi(z — )ls=hi=hidy (w, w), (6.3.11)
k
b, BT RO IR S AE = AR 0,0,y ) PR H— B, fE R FHIR TR EIE
W) SRMAEIXHE, BT IIEAZN, BHHIMOPET M ERE. KA L IERD

H(6.3.11) I ENIRSE At e EATT, T LUK SR ALK RE T R LA Ay 2 G B AT K R 5 —
T

6.4 f#|F: HHBoson
BB BAFEZ e IB RN —FF, —24EE %30 A HBosonM/EH 2
1 _
S = E/d% OXDX . (6.4.1)
WX (z,2)0 IR T
(X(z,2)X(w,w)) = —log(]z — w|[*u?) . (6.4.2)

AR YA TR bR AL R T UG R R PR AT B e IR 5 (6.4.2) ] LU IS
RO RRAG . AT p AR5 5 IT 4R, BRIy — 0, 7ERR BRI PR KR IZSE A T
Fo X pRHCAE AH G R BT G TR T XA QB B IR LU, P UE A
SARIEy . i, WM. XA AT 8. ERMEKOPEZ
0. X (2)0, X (w) = 0,0,(XX)+ :0,X0,X :
1

— _m—i— 00, X0,X : (6.4.3)

O XFERE (L, 0) 3B R iR T BHERATHE N 15K B OPE,
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MM (6.4.1),  E HiBoson f1M. 77 5K

T(z)= —% :0X0X = —%Zl% [@Xan n . _1w)2] 7 (6.4.4)
ﬂ@:—?&ﬁ%:rgggkx%x+@ij. (6.4.5)

grtho MM WickE B, JAiTn] 5

T(2)0X(w) = —3:0X(2)0X(z):0X(w)

= —0X(2){(0X(2)0X(w)) + ...
1

(z —w)?

_ Xw) 1wWX@O+~w (6.4.6)

(z—w)?2  z-—

= 0X(2) +...

Horr, g5 R8Nz — ot EF AR R, AN RTOX = M. P
B, OXGE(0,1) 83, HIFRERI T, FAFFEI0X 2 (0,1) )53

EHILERS? ZREHERN . BRIEAILA, BXHME KBRS k. 34T
K185 — MR XHIF, BAHERV,(2)=: "X .o NIJJ5kEHOPE/R

o n N

T(2)Vo(w,w) = =% : 0X(2)0X (2) : > oy c X" (w,w) : . (6.4.7)

n=0

XHRETF I IPAT I, W AT IR EE IR GiF. Bdl 1452

T(2)Vo(w) = —3[iad(XX))* X — 12iq: 0X (2)0(X X )e" ¥ ™) 4.
a’/2 eiaX(w)_l_maX(Z)

aX (w)
G- w)? z—we +...

o a?)2 1

__(Z_wyvxw%+;j50%@@+m”. (6.4.8)
P, T ATV B N (a2 /2, 0) 3L .

PUE, 5 & THUA B4R O AT DG R 2

N 1 N
GN — <H ‘/VCLZ,(Z@',ZL'>> = exXp |:2 Z aiaj<X(zi,Zi)X(zj72j)> s (649)
i=1 1,7=1;i#£j

Forr, BEE —ANES R B TEATH —A B B #(Guass) g . FTAERE1(6.4.2), Al
3, R4
> a; =0. (6.4.10)

i, IRABEGE. XA P AT .
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AR, A5 2

(Va(2)Vog(w)) = ( elaX(2) .. pmiaX(w) )

—a?log |z—w|? __ 1
|z — w2’

— ¢ (6.4.11)

Efiiha® = 2h = 2h.
ERXAEE Y, JHFoXZ2UD)R, T Er. ©54X - X + e MEHEDR

KEFRPEAR G . IR AT AT

Ve (w, w)

(z —w)

FATT LU, FAFVL I fTa. 7 I AR IR L2 i T ER U AR YE . FE5Z R
B, EAUL)AZNEA I LS & SE

i0.X V,(w,w) = a + A R (6.4.12)

6.5 HME

Ny KT, 5 STAER, BT LS AR B2, et T(2)HIIERE(2,0), T(2)H(0,2).
EATI Ry WXL, BedTTnl LU 5 Sy 4E (A gl fh) M AN AR PR AR 2 (1
AN K2 8] i R OPE.

c/2 49 T(w) N oT (w) N

TETW) = i 20wt o

(6.5.1)
FEVUR AR T LB R TR (T (2)T(w)) = ¢/2(2 — w)*, XAFEAE L IEFS Th b iU
IEH) . PIHOPEfEz & wilbHUERHRE, FTUARER B =Hriks. i, HRIH 7
BT SERE (2,0) LR . Xz — z2Fe — eT, ARUMOPE, LI

T(2)T(w) = WA . (6.5.2)

11(6.5.1) 5(6.3.8), FMFF2, HTHEAAEHIL, T(z) KSAZR. HECRR
H(ZE) i, e A AT . B TE B IREE, W A AR ERIR, c—¢ =
0( mod 24), VIK —4Lorentz AN L% Ke = ¢.

HA6 A HBoson B iR T e, effifi. T (2) = —1 : 0X0X :» AT LLIHOPE

T()T(w) = ${2(00(XX))*+4:0X(2)0X (w): 9)(XX) + ...}

1
4
Y 2

(2 w)? * (z—w)QT(w)+ z—w
FBAM1ED, £ H HBosonfd F o fife = ¢ = 1. fFBosonsZ g, FAITHINH
HBoson, MIMH LM fee = ¢ = d.

oT(w)+ ..., (6.5.3)
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GR>). ZIESAN2,0) 55

T=-1:0X0X:4iQ0*X

o, 32002 — DRy . ZKANA S SaQN A HiBoson ) —AME IE B I M.
k. MR, UEWI AN )ik EOPEIL 2 % (6.5.1) —FERTEL, HEH
i Ay

c=1-120Q*. (6.5.4)
KAUFIAE T TRV LB E A = a(a —2Q) /2. Fald, VoMV 0of FFER 3L
TEALE . fip i PE 4 (6.4.10) IRAEAS IS 0w = 2Q.

6.6 HMHFermion

WATVIAE M i S A G Fermion ) LB 16 . 78 4, W REH BE & Majoranat!
N REWey B g &, BTG M. R DUHPaulififE k&R, B, 4! = ol
v =02, Kk, FAERGERES(1 £ 0%). DiracH AR

o oo 0 dh—in) (00
Xﬂ‘MajoranaﬁE%( Z )E"Jﬁfﬁﬁ%%
1 _ o
S§=—5 / &2 (b + DOD). (6.6.2)
188 )5 Mt
oY =0 =0, (6.6.3)

RXTEIRAG 22 AT TR 23 001 A 20 B A 2 (1 Jig B s

ORI EANTA RIS IT s ol LU i f0 4 ] AR e 2 5l o (i) R A5 3, sl
T WS AT IER R AR B R AR SRS B X

PENw) = () = (664
BT ATEIE T SURARE(2,0) FI(0, 20 Rk
T(:) ==} (G . TE) = —b: 6EIIE) (6:6.5)
AR AT ST BRI
T()T(w) = 1_/2)4 e _2w)2T(w) +- ! 0T (w), (6.6.6)



LARWT (2) ) — D RIUAKIE, Pible =¢ = 3

G521 ST (2) 0 (w) RIT(2)d () 1 3k 3, AiE e R4y 5 3L (L, 0)
(0, DI .

6.7 MBI
TATHEN ) sk R R TT 54
=Y "L, , T(z)=)> z "L, (6.7.1)
nEZ nGZ

B EROE N —n—2, BBl XMz — 2, fE7(z) — AT () F, BflL, —
N'Loye TR Lo, Lo, FHRIEARS. 0 REA1H e I IS LG,
H5 4, WEuclid % fHE 1ALV RO

w=7T+ic—z=c¢e". (6.7.2)

grtho X TIEREL22ln®, FA1HH

_ Z (bnefnw — Z (bnein(inO') — Z (ﬁnzin- (673)
neZ, nel, nel,
MAE I FIERI (6.2.2)0, SRy, IXARRL:
=Y M (6.7.4)
nel,
7E(6.2.2)%, AEJEIGIH — N EES R o R, N 75K 1 IE AR 2
n 1 2
T@w»qwﬂﬂ>w—fﬂ—(ﬂ) | (6.75)
f f
KUE T Nk T (6.7.1) 22 IERf .
W R ] DA
d _ dz
%:fﬁﬁﬂ%),%:fﬁ%ﬁ%) (6.7.6)
e, T(2)T(w)RT ()T (0)MEMFRRFAET DB A5 H, f

[%%p:(ﬁ.wﬁ mf@%”mwwm@

2wy J 2w omi J 2mi
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_ Ly m] c/2 2T (w) 0T (w) )
me W 2mi ((z—w)4+(z—w)2+z—w+”'

dw
— 1 -1 n—2, m+l
2m(12<n+ Jn(n = L™ w4
+2 (n + Dw"w™ M T(w) + w"+1wm+18T(w)) : (6.7.7)

o TBEOR 1 0227 = L(n + Dn(n — Vw2, FAVEBMIG 0, 5
o5 I AR IZQ/\ﬁT(n— m)w™ T (w), jﬁwﬂ’ﬁ”“?@ﬁl\hr&smoﬁi&

(L, Ln] = (0 — m) Ly + %(n?’ — 1)pamo. (6.7.8)
XT (2) KIS A2
(Lo, L] = (0 — m) Loy + E(Tﬁ ). (6.7.9)
RUATTAE S FIOPEF %A #y 7k,
[Ly, L) = 0. (6.7.10)

B M IEAZL BRSO, EEEBREREN R IR, Me=2c=0, &
B2 AL IO H 1A R Ao

&
T3 = 563V9 B, (6.7.11)

Hp, ROZEdikpg iR, E8mm et BK&%@ e, AT LU E AR RIS
WA, 7ECFTH, EH Shrs Rl . XEWE, fEc # OCFTH, FIRHKH
TERRILER T, BTHEANEWEERG6.710)MER T AR, 85N 5k
BEREMNEXRTERNA S, TATATLIR(6.7.11) B4 KA 257 F 8 6L K 111
WHINE e Whap = €®Gapo T4

(G

/[DX]QB_S[?]‘W’X] — e~ SL[90p:¢] /[DX]ge_S[gﬂﬁ’X} , (6.7.12)
Hrp, Xoggigms, Pk
1
SLlgas, ¢ = ﬁ/ det ggaﬁaaqb@gd) + — / /det gR® ¢ . (6.7.13)
Xt LiouvillefF . 7EImA %8, %%%?ﬁﬁ%£ﬁm*uﬁ,ﬁAﬂ N
TR T
6.8 HilbertZ[H]

A TS Hilbert =S 1], FATHE K 1E & BA 1A bR A R 87 3718 AN S AR HE 2
Ko WHERGA(2, 2), NSHE A

[A.) = lim_A(7,0)[0) = lim A(z, 2)[0). (6.8.1)
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T A, ATHEAE2 — oI BB P AL . WRBATE Xz = £, WA, K

w

B =00 WU Fow— 2= L BB, TTA(z, 2)H
A(w, ) = A(f(w), f(@))(@f (w))"(Df (w))". (6.8.2)
A, Blfief(w) = LiF, B35
Alw, @) = A (; i}) (—w ) (—a 2", (6.8.3)
AT AR X )
(Aue| = Jim (0] A(w, ). (6.8.4)

BAVAS (A |2 A) [ HermitedS9E. AU H (b, ) IR FF I Hermite L 50 B
Al 2)] = A (1, 1) 2,2 (6.8.5)

K o 78 MEuclid % (] [5] 2| MinkowskiZ [ 1] 5 22 1, XA @ AT LA B e & BRI B
o fEEuclidif Ao, 7) = eTHA(a O) —TH AR R () PR L 2B Euclid IS [R) 5 35 R
P R B R 0 5 SO, T b, it — 1/ RSB, TH(6.85) I X, Tl
£l

(Al = lim (0] A(w, @) = lim(0]A (1 1) 52h 2

w—0 z—0 z Z

= 1im (0] [A(z 2)]" = |4}, (6.8.6)

J¥ g gk N Hermite AT IS ST AMIHT(6.8.5) 4% T 41 5 ikRIA -

L} L, 1
o) =3 5 =2 s (6.8.7)
s R A 7 2
L, = L, (6.8.8)

LR, Kfldb, LI =L,
X LE A m] DA M Minkowski 2 [8]) 1 T H Hermite P #E H o

7 ERAERE
T(2)[0) = Y Lyz"™7?|0) (6.8.9)
mel,

ez = OFRLHITE . RO R AV ERE, It AFRAT T 20 225K

Ln|0) =0, m>—1. (6.8.10)
lim,, o (0|7 (w) K FIRE S A4

(O|Lp =0, m<1. (6.8.11)
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JiFE(6.8.10)FK B, ANFLAESL2,C)AAEM, Xm > 1AMk HRVirasoroH AF
WIS B AR R 2 o T K (0] FH|0) 1Y M — S04 B Ly o ALy o2 G, 4 3 TE B
[FISL(2,C) T #F.
WER B BRI (6.7.4) 2 2lly, BEARILTEALEFSL(2,C) AL P Z Tk
H
®pep|0) =0. (6.8.12)

6.9 HBABNET
FECFTH, 1543 A m o BRAREU R R, Bl Virasorof VBRI AN EIIAS . IXHL, h 4
HA, BATRFIREART L, 1/ AE

Virasorof UL Cartan TARE HH LA e 1IEACE ETHEART, 02 FIRE AT I

A (HW) K os AT BT A K ST MG R . T8, Rl TR
YEFRAERW A FimA .

PR BT hRIEA(SE). MBI 3K B (6.3.8) KSR TRBURIF, JA 1 51
dz

(L, ®(w)] = %z”HT(z)CD(w) = h(n + Dw"®(w) + w1 od(w). (6.9.1)
LA AT IRIR 35
Ih) = ®(0)]0). (6.9.2)
B, [Ln, ®0)] =0,n>0, Kt
Lin>olh) = Lin>0®(0)[0) = [Lim, ®(0)]]0) + (0) Ln>0[0) = 0. (6.9.3)

XEE, R EAWE— XN, IBa, AR E R Virasorof W T — K7 .
WA, Lolh) = hlh). B —fHh, ILIELEEA (b, h)FIPM(6.9.2) 8 LI ZS|h, h)H i
2 Lolh, B) = Rlh, VA1 Losolh, ) = 0.
R, BRI ASE
IX) =L_p Ly, ... Ly |h), (6.9.4)

e, b, Prfing > 00 BRI 7&. ENTRAIELL + ) e M Lo A ER . X
PR B IR TR A Vermathi .

BAICEEFER, EHWEL)F(6.9.2)4 KT EHS, ()2 HEH NS N K R
TATUAEMKRD . BEESL_|h). AXMEIEH, FH6.7.6), MILE= XK
CREP

d
(L_ﬁPXz)EL£72;;7KuQ®h@), (6.9.5)
X245 (6.9.4), FATT 20 2 & [ 1E
k .
D, (2) = lzl_[lj{ ;h;; (w; — 2) 7T (W) ®p(2) (6.9.6)
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PRI, A SEAT O — R S R EiCRT LA SR IR 5t A0 . g B R T4 AN T AH 5 bR
W2 HEREER R G M. R, fEar—77, RNCLES, LB Wardfi X ]
FHOR R BN R R R TE IR DR T2, IR I AR g€ CFTIR BT A1
KT
TATRFE e HE R . BACEF/R], ek b, Lo & VPR
[L_1,0(z,2)] = 0. O(z,2) . (6.9.7)

HEBSUAS R AR BEIOEWAS . 08 1 Loy, L/ERIO MY o THSEARTRL,, [N, Lo R
RS HWALAK . AT I Ly (A UG5 B, T (M) A M
AT A

FH 248500 535 A BRI S TE IR 1 — AN s S B B R R A
xn(q) = Tr[qLO_i] , (6.9.8)

Horp, RN LR ERGE. £6(6.9.8) %, A7 HLig il LE B Lo I #AMZ Bl 5t
7S TR AEIA ] B G R AN, RR IR 2 L b, BRI AL LA O S P A i i A
A O NS0 ) AT T . AERITRIREIR, R8T D Lo s, KR TN KEAZ
R, MRRAE(6.7.5) T HEAR R

R3] WM HEREN RS, ERRERE, WIS

thc/24 6.9.0
Xh(Q) = m ( e )
. WNIXANKRIEA, AT LR AT C Re AR 2 L.
H MR RN, BV EZERR. WRMNAL /RIS, H(6.9.2), 58

S
BRICEE . HRIR I H O Viasoro SR A, AT, ERE, (69.0) L%
ASBUR R TR, RS BT R T . X T, LRI X
Fe> 1, HARHERRH

q—c/24
S ———— 9.1
e no= INIFEX EAMELE, Oy Lo ANEAS SRR 2.
FEIEMI(ZIE) B, SSMBLIUEIER . L_,[0), n > OZAIME
I L) P = (OILT,L|0) = (0] 1%(”3 —n)+2nLo|[0)
- Sp3
= 12(n n), (6.9.11)

47



Horp, JANIAI A T Virasorof CE 1 28 #5838 A1EL A IISL(2,C) AN A2tk o L IE R 2SR IX
KEIEM . X Kn, KEWHe > 0(WHKe = 0, Hilbert s [ J& 4/, H0)7K
TFe ) WHEMMBIITEY, Xte > 1, RATARMNLIEER I HZMWA R &,
0 < e < 1N, LIEPEERE e A7 130

(6.9.12)

Isingfi B JEm = 3HIB] T, m = 472 =l Ssingfi B, m = 542 = APottstid; m =
2fEc = OF P RFELR

— e, E R Vermaliis) N T Virasorof CEU I A A 41K 7~ o SR, LEER R R
T, WREH I Vermatilfl & “ X7 KR(EEMLESIELHELL). T&, ATAERR
W R EF=ATAAR . HEIsingti Y, Eiifm =3, fAc=1/2, XA FERATHT

[ 18 (i Majorana Fermion(¥1 3L K718 . % FEXF N+ Fermion [1/2) f5h = 1/2M JEZ5H1
AT
3 2
) = (Loa= 323 ) 1/2). (6.9.13)

230 WEWIE6.0.13)H, [ERE AT, BEAEE, DRBSTE,

6.10 iAREL

w4y, EAIELFHS], EEMCETY, A MUY (2,0) 2N ke . i, CFT
AT FAERFRME, &M EAT A (1,0) 0 FHAFIHEWREIT = 0. T2, X2
i) IS AR EIR T I EEAS AR T (2) S . FRATAT LV S TR s AL
TEAAR A B R IX L) i I OPE:

Gab Z'fachC (w>
(z —w)? zZ—w

J(2) " (w) = + A BRI, (6.10.1)

ey, pab 0 EARIE RAFRE, GO FRIT . M AT H RIS S0, AT LAIER] foo
i AL JacobifE S8 3, M Hfere = fo0 GO 58 e IS AR o AT, e ATT A 200 ANAR
AR S TRy A E

JEFFJ(2) = 2, Jezmmt, FRATAT LAE(6.10.1) e e B UK A2 4 0GR

[Ja Jb] = m Gab 5m+n,0 + Z-fabCJc

m’“n m+n-’

(6.10.2)

EARACE AT T HaHE) T, RO O AR ARWIR:, AT (AR 4L b
RN fo AL
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Zr>J: AE IR (1,0) ML IS8 IE 52 8 rh 2 B o

T, Nk EROPEN %2
J(w) +3J“(w)

T(z)J%(w) = 5 (6.10.3)

(z —w) zZ—w

BT (2) T (w) = FEI .

GRAVEFE 2, XM AR EVF 2 CPTH S, J5 A 2 A Wess-Zumino il
HIAFL Ao B [15] . Xt — A 4Eh i ENe, Horp, AR g (o) EREGRIFERE R R T .

1
C4)\2

Hrp, U, = g7'0,9. TEHEPIE DU = 4EREB LAY, = 4ERE il it
Befrlw LR T3 B 4B M My IXREWZIN, EARERIE: e AR
B YE ) s g . (R, BN B A BEA RN S A=
Yot . WA BIRLREF— . XA H X TRE W B &4 i
WAHMWNARWREATEE, Mk, TLUER], X% = 47 /kR, I8 R LTEALRR (X
FRAWZWELY) o ZEX P& OL, AT LABGIE, FERERT = g togfJ = Ogg~! & FAEH
0] = 0J = 0o XEEg — hy g hy FAEHE(6.10.4) X BRI e, Idr, by 02T
BGIu#E. THE, WMJAERGUiHHREL FIR, WJA G R A EL

FEIXA PR (EUESE A — B, — AN RIS A2 Y ) 5k & ] DL T 5
WENER o XA —Sugawaraldid . HEHAREG. 4, I 7E(6.10.1)H 1) #,
AT ARG = k6o et —ANIE, BRI 722, T2, (2,0)845F

&
s / %€ Tr(9,90"g~1) + = / &€ Tr(eas, UUPUY), (6.10.4)
Mo 81 JB;:0B=M>

™

To(z) = 20 T 2 JY2)JY(2) - (6.10.5)
i AL AT L iy D
_ rlg

[y Virasorof U8 hEBEG RIS Coxeter$t H o AESUN)ETE, Bl =N; #FSO(N), h =N-
2, S5 MRXAMREL—EL W TH DM IEEHIR, ENIZE DN IEREE. e
SR A

FEIXFRRA I BS H,  A5 S R FR P Virasoro X BRPE “K7 5 BRUEATRATTAT LN GRELSF
F it Virasoro 54T o el 2, EROIE BT RHREI 7R . 4 TR IR FER) s, FRAT Tt

VAT Ty — AN TIVERUE IR i A o U R BAT TR P HR I IE e 1, B4, A BIRRE 114k
G
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K HEVirasoroREE TE IR P o R ARG AR, EEFHRAFREME
JRRIAS M, A I A K
JmsolBi) =0 Jg|R:) = i(Tg)ij| R;) - (6.10.7)

HAampiE Rammm ) SR ER R, WSIR)ER. & R)GW T —F, HREE
FFRi(z,2), MIELAAR. T, 41F(6.10.7)% 422 ~5|OPE
(T%)i;
(z —w)
KA IR E X, B G AT ARENE TR I 3% — R R T [16]
D5 I () FETE AL ] AR ) 5 8 () 475 6 — Sugawara B A THEE,  JF45 tH
hR_k+B, (6.10.9)
Hr, CrigRRRI) ik Casimir. #ll1, SUR)MHEIEAh; = +1)/(k+2).
mAEACEER, PiHAREGIRA T AR IR 5 BRAEREI A T LR IR— X B
SR, XA R 45 I, AR BB T A o nl tH B, i AT R
g, fESURMEIE, XHiRj < k/2. XSU(N),, AIBIR R LTI Young b £ %
HEF TR TR

AU IR AGE LIE, EATTRT BAAE B2 A G s BB RS 1 o

JU2)Ri(w,w) =i Ri(w,w)+.... (6.10.8)

R SEEME %S BEGHIEH 07 5T — Sugawaral /1 3Kk B Tg. HH— N M
WHR AT FHEH € G, % 18 WNHIR A IE AR G 7 9 — Sugawara™ J) sk 5Ty, Hrr, Hif
%Gbﬁ%%%o &%%TG/H:TG_THD IEEU%

Topm(z) " (w) = BB, Tom(2)Th(w) = BHIK . (6.10.10)
FHIE T i 2 O fifeqm = cq — en M Virasorof G, FHBGHUE, [T RO AA) 388 ) AR
&, G-WZWHLIE ] LAy i H- B30 A H Y 5K B 5 G/ HE e . 8NN, E
. WHREFEG = SU(2),, x SU(2); BLKHIESU (2) 1 X FHE, B4, G/HEESZH
D7 (6.9.12) 1/ MERLES o X IXAMIE HE, WL[17).

AT SR W] LAAE[18, 19] P B U7 ARKCRIAR SC B A VRN BERL

6.11 H HFermionflO(IN) {75 X F#RPE

H H Fermionf1Boson 1] LA F K SEELRARE R R ox . EXTRAVEHEIEMNAH
FMajorana-Weyl Fermion ¢ &5 H 1.

S = —;T/d% DY (6.11.1)
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W, XAEA B RBOND R, ¢ — Quyy, QTQ =1, EFHFAEFHHermite
(Jit = J7,,)¥
J9(2) =i ') (2): , i<]. (6.11.2)
FHOPE B
54

Z—Ww

()Y (w) = (6.11.3)
FIWicke B, FA1nlH5H

ij,kl mn
e T

Hrr, Gkl = (57t — §i§ik) FEO(N)ARAL L&,

J9(2) M (w) =

Gw) T (6.11.4)

2 fij,klmn — <5ik5ln o 5zl5kn)6jm + (6j15k:n o 5]k5ln)5zm o (m PN n) (6115)
TEHEANFEFON) A HE, FERKARBTF 74 T2, T2, NAHHFermionSEI 118
Rtk = 1IMO(N)FAREL

FATTAT AR5 5 — Sugawara WV 5K &
1 N oo y
_ . 1] 1] .
T(z) = SN 1) ; D J(2)JY(2) 5. (6.11.6)
SATTH S —FE, T(2)il e — MR R I
cG/2 N 2T (w) N IT (w)

TETW) = 2+ o T om0 (6.11.7)
Hrr,
kD
=T (6.11.8)

$SO(N), fih=N —2HfID =LN(N-1). k=1, X&HH

_N(N-1)/2 N
C=TyN-2 2’ (6.11.9)
B, 4t — A Fermions 0 fif GTHRS o PRI A AN BEVE AR 7 B B AR) HhoCar A2 B9 A L i )
M, BrUA, XIE PR . A, WS IATR K Fermion /7 X i AR E L, 0T
DL 45
1N .
T(z):—§Z S oY (6.11.10)
i=1

FLAEFLLE(6.11.6) 10 TEMUG PR, /2 BTN T EL B M T Fermion ff: FiL 8 o 57
N3 R

P13 N 1t Fermion SO (N) (7 BRI, SRATSE T LA BIO(N), (AT
BT WA ISR, RATWRBES 2, (24 FAUTBY (L IE)#R.
RE(EU) B h A SURBER (R IAETCS LA, 490 RV FEr e AR . IANAE R
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B, HAYEEC2WV-V2 AR R R IR . UNZEEEL WA 2N P A
e &R e SHMILYieEC. WIAETTE, AN S E, XA T k%
BRITEIE . H8(6.10.9) NV H RXFE I, Tl 143 2 R E LR Z

S N-D/2 1
=N 2= (6.11.11)
Rk i 5 R e Fermion A &, EHILEAEE1/2, fE2RON)FRIE T RKE
— AR, X AT LE kv

hy

ij
Tkl

Z_w¢l(w)+..., (6.11.12)

T (2)M (w) = i

KHE, Hrh, Tj = (5167 — keI RO AR . H(6.11.12) 5(6.10.8) ek, R
AR, ' RRERRHIR.

Jig 2 AL B SR BCE R M AE T, JF H, A(6.10.9), FAIE Elhs = he =
N/16, TEBATTES TR I 77200 F thFermionE i, X FE— ML B I H 155 AT
e

WERFRA T ZEEH 2(6.11.1) 8 Zo X R PE,
P — =yt (6.11.13)
FG L T IXARNE, FATAT AR b RS [ R A A A
e Neveu-Schwarz : (o + 27) = —1(q),
e Ramond : ¢(0 + 27) = ¢'(0).

FA TR AT FRE (1) 12 S5 AR B INAE AT Fermion b, 75 WP AR O (N) X FRPE
FERET b, SR A Al AR LR TT

U1 +io) =Y e T, (6.11.14)

Hor, n#%. T2, fERamond(R)H 7, 2B . #ENeveu-Schwarz(N.S)if
gy, YRR I, Pril, ‘EfFourier @5 (6.11.14), {H2&, IAEnZ& 8. ME U
BRI, ST BIER T, 2 = Mo, B EITARRL

Piz) =3 @l =Nyl (6.11.15)

AT 2], AENSTIF (8 Hm), W' (2) 2 PAER(fE2 — 2*™ FA), MAERHE
91 B A2 s . B

e n € Z (Ramond),
e n € Z+ } (Neveu-Schwarz).
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OPE(6.11.3)57~ TENSFIRHM S, Fermion#izX 1) N o1 R AL #He oK R

{Wm WL} = 5ij6m+n,0 y (61116)

BATE LB BNSH . XH, Fermiondff 1 &FHEOR, 11 H.(6.11.16) £ 1] W’_n_%,

n < 0A&/ = AEHAT; RN, w;&%%@mﬁﬁo PR, B2
Yl ol0) =0 (6.11.17)

DLACHEAN S SR P E R s AR B 1A B A i BT o . R ERAT
e, KRJAIAEGIEAMRER R, RER )RS
i) = ¢i%|o> (6.11.18)

mH, HRMRRN B, Wi s e i .
EIX A E, Gl AFermion A2 A I, EAN L2 ABER T Fermion bt X 14
FIRIXA NG 7172
[(=1)F i} =0 (6.11.19)

FEZSH AL (—1D)F|0) = [0). AIF(6.11.19), AT H KB HA(6.11.18)F (—1)F

—1o R RAIRALE HE N Fermionfi X, FATTv] DU E W
o THEZ (L IE)ERHEH (-1 =1. BN ERZS N THRA G

J910) = W_%;b{ﬂo) . (6.11.20)
o RERNIARE (1) = —1. REUTFHE NI PRRISL
T2 k) =i |0y — 8%y + Ly 1 0). (6.11.21)

AT VBN ST AR (2 ) . TR e LA N ST fagho—</ 2 15 . i
T4 — AU FermiondR Fu'_, STIRL + ¢"+V/2, KIS, 55— 0 B T R AEE I
T, T O T IR T 3R T e Fermionf, FTLLE M 2%, M
WAHE LTI, o F, R85

Tewslg™ ™) = ¢ % [[(1+¢"2)". (6.11.22)

n=1

FIFH B SR AR (A8)FI(A.10), FATTAT LAFEE 5 Ak

9.1V/?
Tryslg" =] = [31 , (6.11.23)
n

Forft, 0 = 0:(0]r)e A T 4B AL R AR R R TR, oA R SRR 0,
R (1) TR, 9f, Tk — /2R

194‘|N/2

e _N T o1
Tras[(—1)7 ¢~ = ¢ = [[1—¢g"2)Y = ln

n=1

(6.11.24)
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U, FATTAT LABEE B R B R s s KR b

\F N/2 N/2
= Trys [(H(Ql)) qLO_cm] _ ; (rﬂ + [i“] ) , (6.11.25)
Y. N/2 N/2
A (m -] ) BECRTED

A I LA S R AECR R RIFE TR R R AL 2 B, T FIAE RE
fiEbR. XX hEES KA AT XAEANT, FRATE SC— ARG R AR AR (07 5 FEAEAR) »
K, FATEL PN — MEE PSR I — AN EBE AR H 2 (8 R AR,
AT A LUAE XA 70 5 S i) B Cartan [l o AEXPFHF L, B0 T BLA S iiCartanE B
Thg = 2™ LTS (R R, A1 e

XR(vi) — Trp [qLo—c/24 e?ﬂizivﬂé} 7 (6.11.27)
Hor, i fECartan+ AL £, Ji&Cartaniit 19 F 81K o ENFO(N)Cartan+ 1L 2L
g2z, g3 JYPTINE e , HEBONN /2. T AT B SR R AN R R K 4

SPRFIESR . 2% FEFermion ¢ M2tk ML BFy= = ot £i?, JATATRLER], oF
TP A R 1. ZRGEK, FEAMHIM KA BRI A, BA 115 2

N/2 ' N/2 ’
Xo(vi) = ! 11 95 (vi) + 11 Ya(v:) : (6.11.28)
2 m i=1 N
N/2 ' N/2 ‘
yv(s) = & Oslv) _ ' Palvi) | (6.11.29)
203 m i=1

FATIAE ¥ BIRamond i 7, M i&Hilbertr* 1], X H, Fermion/&BEBI) . Xfn #
(0] R S s TSI = S R 7S X (73 2 R = B ) K S S R Y VA% L L) = R T
Ko BRI, X HL—NHEL ) 72 ) A S A e AR L B

{06, 03} = 7. (6.11.30)

Y IR RN, XA O T #E(6.11.30)20(N)CliffordfC £,  HiHermite
ONYHIv RS I M,  “EL2 7 & 402 432824 B IO (N) ) (Divac) i 5.5 Al
| Sa) KERIE RIS,

YhsolSa) =0, 5] Sa) = sl Sh) - (6.11.31)
% &
N
H Wh/vV2) . V=0, RPN =1, (6.11.32)

AT 5 X Weylhg i, EXANFERAHEM . T&, RAEEERS = (1 +V*)/2 SH
HHEERC = (1 — 4Nt /2 S, Fist b, fERamond sy

(—1)F = AN+ (—1) L Vet (6.11.33)
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DL A XA X
CDFIS) =1S) . (~DFIC) = [0} (61134
WAE, ik A Fermiondk 1 AVEH, FAT 1M & Ramond B3 [F 44N 1

R TME, REZSAH IEHACES? AT DA UEIX A . % [E7ERamond B
2% ) Fermion 4 5 & 2L
Gz, w) = (S|¢' ()¢ (w)|9) . (6.11.35)

AT LA R R TT(6.11.15) FIAS B K & (6.11.16) F1(6.11.31) K iHE, Hh

z+w 1

G (z,w )_5”2\/%2_ (6.11.36)
WEYER, WMAECETHO N TSR h I E A PR A X)), FRATTH
(X|T(2)|X) = :2 (6.11.37)
T, N sk E I E X
T(w) = lim —;fj V0wt (w) + Q(ZJ_VM)Q | (6.11.38)
Hrr, FTATEFEOPER AT il 7o MIXRLER LA AE—#L, FATATLATHE H
BITEIS) = 15 (6.11.39)

ei T e RN IEMIVERE . FATIAETF Ramond #8731 2 FH. 1L BN
o B0 > 0K YL 8 M TTIRL + " WSHICHERS, A ZEH2N2, T,

0o 9 N/2
Tyt =2 b b Tla e = [2) L e

n=1

WA A (— )RS, BRAEEI0, FARHEMZ, B 5B AR
[ (—1)F AAEA . T[(—1)F] = OfRSEHE], RIEZARFMEM(CRISHIEL) . FrLL,

9,172
' 6.11.41
Xs = Xc = B lﬁ] ( )
ECRISTA LI, (AL R -

[NV/2 N N2 N
xs(w) = 5 |11 Balve) 11 U (6.11.42)

2 Li=1 7 =1

[N/2 ' N/2 ' B
volvi) = = 0 Oa(vi) 0 91 (v;) o1

2 =1 7 =1

Xfo; =0, EAIZE1(6.11.41).,
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BeJg, R CRISE R RES A I35, (2), N SELA|0)
1S,) = lim Sa(2)]0). (6.11.44)
FATE FH O (N) 1) SO By SL AR R CP T [ e Fedabn . T2 FRA T FFIOPE:

Sp(w)

U (2)Sa(w) = 7ig N (6.11.45)
J9(2)Sa(w) = ;W,yﬂ']aﬁ (fﬁ_(q”ig) +... (6.11.46)
Oap i U (w) LA J9 (w)

Sa(2)Ss(w) = . (6.11.47)

ek L~ R S
(z — w)N/E + Yas (z —w)NE-12 7" 3 V', las (z — w)N/E-1

6.12 N=1BILEXIFRH

FMCLF 2], CFTHRHIEXRFRME ] LUHTIE(2,0) 545 1N 5K BT HIOPES i . 1E 2
(1) A OO R ) H 8 AR S AT A4S T ik Fermion (1/2,0) MR (1,0) . IXH, FRATTHFFTSFAE
TALTA A E3/ 2000 Bt EATT S FR XS FR A Fermion M X FREAH K o

FEAVEH &
1 = 1 _ -
— / POXOX + / d22(b0 + POD) . (6.12.1)
() H fbr i Al Majorana FermionFJES . AF FH R AE LB SE X FR
0X =€(z)Y , dp=—€(2)0X , ov=0 (6.12.2)

AT RE S XS FR
SX =e2)y , o =—€(2)0X , =0, (6.12.3)
AR, b, eflER RATHT o
FHRPSFEA AT E/EOG = 0G = 0, SFHEFIER AL

G(z) =X , G(z) =X . (6.12.4)
HATE 513 2|OPE
GIGw) = _1w)3 + 25&1‘2} T
T(2)G(w) = ;(ZGEU%Q + iG_(? Yo (6.12.5)
Hrp, T(2) 22 c = 3/2/1(6.5.1) I ELR 1L N ST 5K 5
T(z)=—5:0X0X : =1 : 40y : . (6.12.6)
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(6.12.5)I 7RG (2) R UEHCH 3 /200 3 . T RIGHE B REF I N=1ILTEAREL, ke g
T ITEABNEAN AN R f— BRI AT AR IS A AR PE N 45 A 1k
HH. EXe=2c/3. T, M(6.5.1)73E, EMMEGWE FFIOPE

G(2)G(w) = e _éw)g + QZT(_w; +...,
T(:)G(w) = S EW)_ [ 9GW) (6.12.7)

2(z—w)?  z—w

FINBRG(2) = X G, /2 H32B, AlVirasorofRF—ile, FAIE R A (R)ZH KR

1
{G,,G} = g <7~2 _ 4> Orts0+ 2L,

(L, G)] = (7; - r> Gt (6.12.8)

XAREAT W RIS ARG — —GFIT — To MIifi, NSELRINGGAH R &
AIREM . fEEAESEIN(6.12.4)H, EA DN T Fermion i % H 14 F 41

EN STy, BRARAT FIH, Sr > 065 GL|0) = 0o JREBGHITI IEA K,
FBILTE RN MGRIT I AR E A . — MR bR &

oo q n—2
g (6.12.9)

Lo—c/24]
1—qm

X%i = Tr[q

n=1
fERamond #8741, GREREHLN, Fenl i —DEEXG), 15M(6.12.8)E L
{Go, Go}t = 2Ly — g . (6.12.10)

JEAS A ER R K 7E L IEFRE T, (6.12.10)WURIHMTEM A, h > ¢/16. 24(6.12.10)
MAAAET %, SENERIFH, GuEWNRIFSZHBES. Mh = ¢/16 IEA R
I, BIAN(6.12.10) G = 0, "EEWA XN LG = 0. H7EH HFermionl§ ¥,
AT GIAERT ()T, BHGRAH, I HitE LA 2( Fermion$ H

E A TFGol RS 43 P 25 BB il B0 4 R . ERE 4 P I (=) AT A =
¢/I6HFEAS I DTk o XA LR AN=VEIL L 10 KM B 5 4%, EDiracti br KICFTHE
}‘*120

gyt IR RFFIE AR

XB_ = Trlghoe/?] = gh—e/ ﬁ 14: Z: _ (6.12.11)

n=1

N=LEILEH IS AEN=THEm P EH —MUER A, i, ARz, z—E, A5
AN A A5 50, 0 FII AR 1 i

Dy=—+00. , Dj= 9 +60: . (6.12.12)

2L i WL [20]
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Yy X R, » B AE W] A A P ) R A S, AR
X(2,2,0,0) = X + 0+ 0 + 00F (6.12.13)
Hrh, FREAEFH. EHR(6.12.1)28 5%

1 _ A A
S=- / 22 / d6df DX Dy X . (6.12.14)
T

G A RASHAER EAERUY, RIS AR (6.12.14), TEMIE 5(6.12.1)%
firo

6.13 N=2#BILEx TRk

LB X FRPEAT e B ) R AR B R N=2 3B, B T )9k
&, EUENNERGE M—AUQ)RS. T Virasoro OPE, 'EHOPEZ

GH(2)G (w) = 230(2 _1w)3 + (é‘i(z‘;))? + ZJ_(‘ZJ)) - 2 —T(w) ., (613.)
G (2)GH(w) = regular , G~ (2)G~(w) = regular, (6.13.2)

T(2)G* (w) = 3(fi(332 + afi(;”) o (6.13.3)

J(2)GE (w) = ifi_(@s}) T (6.13.4)

T(2)J(w) = (iwqjy + 2‘]_(1:3 T (6.13.5)

T = c_/i)Q (6.13.6)

N=2HBAREL A BRI —MELEIO (R, (ESHEG! = G + G, G2 =
(G — GOy, RS FAYEAT . SO@UAE A R WUNAZEHC —
G, G — —G— AN 1R FAT 0T LUR A BT M 26 050 26 2 A1 £
FL IR O T — ARSI BIHLIMION=21R3C, Uk, 2RI
fFo XRANE, 4T, JRAGOIE, 5 T H

GE(e*™2) = eTMGE(2) (6.13.7)

AT A SO 2)~U ()X Frtt. S8 G N[0,1]. Xfa =0, FAHTNSHIT,
Horhr, P EATER S R . o = £1/2, A BIRamond iy, Horh P i far

58



AT BEHOR IR o AR JATTAE H U (1) X5 BRI 9 B RIS, BT AR 25 b i 5 4 A 45 21D F
Ma FRid FAEOE B R . AT AR S B34S B IR (R iR s)) -

Je— J, - agémo  Le=L,—al,+ o?gén,o : (6.13.8)

ot + o= -
GrJroz - Gr ) Grfa =G

T Y

(6.13.9)

Hrb, ne ZMr e Z + 5o WRENTEN SHIRER /> Z (B3 HE T MBS .

FENSHATT, HWARR AR RHHAWE |, o)1, BT, J, GFIRIEA R K, 1Ll
ARAEAERFN Jo I AT R AE . SL(2,C) — A EHTHh = ¢ = 0. KaaPHRERBILIE
A G IR SRR AR

TERER T, HWAL S IEREE K. R, XH, TAIBEAWL

GEGE =0 {GJ,G5}=2<LO—QC4> : (6.13.10)

FHBRGIH ERH R . L IEEEEBEEREERE ST, A > /24, HA > /24, Ji
AGTAEPBHAEA, HWAZUANEMESH. MA = ¢/24, BRI, GFAETE
1, HWRSRZ—Na. X8, AT LXK AR B TN=10 55N (1) P H .
TERE A (— 1) B (W 75 4 ) A = ¢/ 241713 B DTk

FIH(6.13.9), FRATHES: H

1

JR* = JNs :Fg LR i = L = SIS (6.13.11)
Lt IEE & AELE — /24 > OFEN S h 648020 — || > 0. RamondJ 25 % N 2|
112h = |q|IINSZE, PN TS . MM TS EAF NS LK. harsrE, el
MOPEFERLER 2RI, 7T LAS B (FAEFR)

Olh (z)OIH (Z) = OtI1+¢Z2 (Z> : (61312)

XA TAE A N=2 I I BLE 11K 22 B B A

M(6.13.11), FRATATLAHEH, 7EN ST B B AL H AT (h=q=0), {EiHsh T, Hmk
S EI7E R 4> (h=c/24,q==c/6) T o IXZELERIB /o e KA 364, PN it it
&, BATNRE], fENSH b IRAT (h=c/6,q==c/3) M TAEHLF . MmO H 21,
XA EAFAE 5% 18 ORI 23 0 AR v A T2

N=2{ LTEH 1L 7] A A A SU(N) 58 BB (I TE b Ko — BB SEI . 6451 TE AT Y
TCalabi-Yau(CY)¥iE, &RiceiV-3H1]. ECYTEIE, N=2LEMh.0fifrde=9. L
FH (h=3/2,q==+3)&X N T CY U IERME—(3,0) B,

XA TR 5 ALE I N=1IN =0 B8 0 BRI B 54 HE A ¢ . B ) LA, s BRI
AN=2 LT BRI I CET RN ) 2 R E RN A WL [21, 22, 23],
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6.14 N=4#BILEXF TR

&G, B MEZRTh AN REILERECE R MIN=4BILEARE, BTN
gk, A PUANE R A SU (2 A =AM PUASEIRAESU(2), F S M ANIL5TE
i — AR . Virasoro ' Offe 5 SUR) A H A K, ¢ = 6k XM
] Virasoro OPE, AHNILEAEK R, G, GARI R FIOPEXRAf &

a b _ ﬁ 6(11) Z'Eabc Jc(w)
JUz)J(w) = 2 e —w)? + Gow +..., (6.14.1)
B(w _ T8 (1w
J4(2)G° (w) = ;agag_(w)) b TR w) = —;o—gﬁg_(u?) L (6.142)
G ()G (w) ::(;QT%Z;3 209, gi{igj?Q ijfzg +-25aﬁ(3iﬁﬁl)-+... . (6.14.3)
G*(2)GP(w) = regular , G“(2)G’(w) = regular . (6.14.4)

GN=21G 1 —H#F, FATTRT LB N 25 Bk 4 15, H R SO BN SRR J % F . -0
TN=2, A7 MERSN, RENSHRIAFFAT LI,

FENSHR I, JESHOERAWEK, BE T IUEREEAISU(2), B g R AL ZIEH
—HE, RKIENE, A < k/2

25> FIHAEN=2 LB IR, W ENSHA T, h—j > 0; A
I, TERIBST, h > k/4.

WAL LT PR ) R R BRI BT, B AT AR A N R 52 S R R B
T ES. k=10 KRG L, MM T L8 KB, N=4 LB A nT LU 7E
A SU(2) 58 BB I44ERicei 1 3 Kahleriit . E o RRSEHL . AR L, XL
JEIK3E . AENSH T, MAA R R AA (h,))=(0,008(1/2,1/2); R, {ERH
i, (hj)=(1/4,0)81(1/4,1/2).

PR, AE(=D)FIR# Sy, RSB DTk, SR UEN=4BILTE B MR 7 45
KT N=AFIRHIR I 2 PRI [24]
6.15 HIFKCFT

BiTea B2, ARt T, ROIARATIAN DR RIRR, EuEIt
TERCHE Ry 2000 I 7 ML Ay — 1. AEIXH, WLAHURHE 2 T, FRATTH
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— A S IXFE I RIGE R IICEFT . 0 LB ER = X, N, cfFh=1-X. Al
WHRE N AT (e = DELE R Me = —1. EMIEHEH R

1 _
&:—/fzwa (6.15.1)
T

=, e, FAMFRIOPE
((b(w) = —— . bl2)e(w) = —— . (6.15.2)

Z—w Z—Ww

BT RO = 0c = ORI R4y . e A0 3B ge e 3R i a2 T
FIHermited Jit

c(z) = Z 5—n—(1=X) Cn C;fl =c_,, (6.15.3)
nez

bz)=> 2" b, , b =eb_,. (6.15.4)
nez

T2, ENMR) KRN
Cmbn + €bnCy = Oimgno 5 CmCn + €CnCrm = by + €bpby, = 0. (6.15.5)

XHIEA, BT 25050 — —b,c — —c, FAMTATELGIAN SRS 73 I ZRALY) (B T
RS SRR R puR A SEDF

NS : b,, n€Z—-X , ¢,, n€Z+\, (6.15.6)
R : by, nGi—i—Z—)\ . Cn, nEé—i—Z—i—A. (6.15.7)

I, 77 5K A be A A S o i 52
T = —M\bde + (1 — \)(db)c. (6.15.8)

TEA NIRRT, DRI (X 0)F1(0,1-\) (L HE A H

S WEWITI LA A
c=—2e(607 —6A + 1) = e(1-3Q%) ., Q=e(1-2)). (6.15.9)

i) VirasorofC 4

4, BANCEBI I MR RIRE L. BN = 20 = 1, &
XM Te = =260 EHSHMRY . B DN = 1/2Me = 1, BN Tc = 11

& (Dirac)Fermion, 5547 ) #>Majorana Fermion.
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#(6.15.1), 7 NEMUD)FRYE: b— €D, ¢ — e o FMNKUL)

J(z) = —:b(2)c(z) == > 27", (6.15.10)
nels
SUrb, T ARUESL(2,C) R AS L2 0) KA TEGE, IFEL, (e(=)b(w)) = 1/(= — w).
AU (1) AR

W) = g T (6.15.11)
FEE NIl b, e i IR
J(2)b(w) = —Zb(f”fu Fo, JE)e(w) = ZC(_“’L o (6.15.12)
TJ OPEM HAL 545
T()Jw) = —@ 4 W | uIw) (6.15.13)

(z—w)? (z—w)? z—-w

HEEAE(6.15.13)H, R B, XA EAFT(6.10.3), HARRAZHICHK, IS
2|
[Lin, Jn] = —ndpmin + gm(m + 1)6mtno - (6.15.14)

UL IUERE EAREC R I —A “RE” + N(6.15.14), FAT 1432
Lid ] =Jo+Q o Q+Ji=[LeJ]l = —Jo. (6.15.15)

FTEL, J§ = —(Jo + QU T FHEECAY, ¢; = Q (QRERINTTRAT)o X Lbctk R
TR LR S, oAl oy

LRI, — b BRI = —g@x, (6.15.16)

Hrh, oy =201 — g) &5 # g i Euler 44 .
FZ1(6.8.12), FRAFRI(NSH )

b |0) = cnsr1]0) = 0. (6.15.17)

Rk, X TRl S s\ = 2), RIS A EED, 2L T —11c1]0).
fEXH, ﬁiﬂ‘]i_ﬁ%i;BosonﬁaiZ}W%E’JE%}TBOSOHQ, RN E LTS e T2 e . M

MAETFIR, AU Ee = —1. FRATHE 5EBosontb U(1) i
J(2) =—=0¢ , (9(2)9(w)) = —log(z —w). (6.15.18)
25 OPE(6.15.13) [ 3 Jy ik & &
mo_ 1 .72, 1 _ 1 2 Q 2
T=5: T 45Q0] = 5(09)" = 0% (6.15.19)
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i T 7EBoson oI J15k i FIFk R I, Boson ¢ “H5efir” o M NAIEHE
_ L 5 _ % —n()
- 27r/d p [8¢3gb 4\/§R | | (6.15.20)

fik, b, ROEdibrifhix, FIH0.2), ENEE, A —Qx/28 5, I
1, x =2(1 — g)2& M Euler 3.

SR, HEEMIERY, THROMe=143Q% RAE(6.15.9)FFIN, FLHHIP
DT e = ¢ — 2. THE, TABELIGI— DN = LA BhFermifh 5, h4EH1I7m(2) A
YEROInE (2) Ao IXMERA PO —20 IRAIRR N ) 5K 5 4E

T=T+T. (6.15.21)

brEQIIFREAT NN S 5K EAU (1) OPE.

+ Q) 1

T(z) : w0 — |9 Byl - e . 4 6.15.22

(2):e (z—w)2+z—w e +..., ( )

J(z) : ™) = L [Jo,: €99 ;] = ¢ 1 e?®®) . (6.15.23)
zZ—w

BRI, BATRT LLEEEMID, cRIER N

c(z) = e®Pn(z) | b(z) = e ?POE(2). (6.15.24)

Z5>): FIH(6.15.24) 2550, i BRSO IGIE (6.15.2), (6.15.8) and (6.15.10).

B, EANSHIRE 4> 2 [ b, cH hEdy B L TERUE ) —(1 £+ 2Q) /8Het*/245 H
HRE, BEMEBXAIEN, e L T &, BN p) A &1k p), B
PABosonft Hilbert 2 [a) 32 4L T W Hilbert 2 [8]) i PN I AN

BN Dbk RICFT S, A 20BN 158 5226

7 IHEHLKCFT

BRI 2 5 2% 8 — A i H A M Riemann il [, BIFA . BRI 5 #g = 1Eulerfily =

AR FRYE, BATAT BLPR RO &, AR B, JEHAR
broy, 00 € (0,10 T2, WREREKMITIA N, BAAEB N1, &1!‘]Tuﬁﬁ$/l\§iﬁﬂ€
UL R, e RIS AR, AT 1 IR R 7y >

1 1 1
= _ 7.1
% 72 (Tl \T!2> 71
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| mw
T T+1
—>»>
0 1 Re w
Figure 6: 1FE4 8- f5 FI3A
gk . i dis
ds® = gijdodo; = —|doy + 7 dos|* = M, (7.2)
To T2
Hr,
w=01+7T0y , W=0]+T0 (7.3)

FEINT R AR o X HE S R Bk R P B4 () (0 S DN o AN RERRIS 95 /M o) R R
B Weyl FHAR B eAZ, R 3R H K 52 Teichmiller Z 4. o, oo fR A ML U4 Ay

w—w+1l |, w—ow+T. (7.4)

AT DO Bl s, BN, XN T REEOMr AR ESE R, K Fig.
6o

BARTIETG TS /DT ARG AR, (BAE—28 R Apfi b ifAr . AU EFig. 6 i E
W WAEATINIAE, F%IEFig. Tatf AN RBISE,, T RIHMESAR(T.4), EATE%0
Mo BRI, 20 XN TR + 1. A4 ie . BAHZE TR IR IS4, T,
At

T : 1T—>71+1 (7.5)

REFI M AR . IUAE, %IEAEFig. TS K 5 —DEMR-FAT LGS, mE

HorMir + 1R 1E. BB FORMIES IR ERIE m),  FATT0 0 B 4 1R
Ao TR, RN/ (r+ DE—DNEERIA . JA] L2058 A
T

T+1°

ST : 77— (7.6)

A DAE WY, O S8 AR e (1 B 2R A I A AR . RO AN AR S B
TE(T.5) T IITE H, PAK

S T—>—l , S*P=1, (ST)=1. (7.7)

T
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a)0 1 b)o 1

Figure 7: a) #AHT — 74 1. b) BT — 7/(7 4+ 1),

N . N
| 5 I
i
oo
_1 1
2 2 T
______________ .I.______________.l._______________

Figure 8: PRI R4 2% 1]

e WA HATIE 5

potb A:(Z Z) (73)
Horpr, SEFEARGBHAMEFAT IO, XA HRETE BUESL(2,Z) « DR A U3 R 1 755
T ANEGM (7.8) TR )AL, BEHE R PSL(2,2) = SL(2,Z)/Zs.

Z BIPFTR B, B EAEPIH (> 0)UE, &R P Teichmiller ¥ [7] o 4R
1M, 0T BN EIEA S IR e |), FRATT L BERERR XA . o LAUE B, AR
FEAIRF = H/PSL(2,2) RAE Bk = £1/22 [AIRTFONE TR S BT 85 i AR
W Fig. 8.

MAEE IR, A MR ERI . % E KA 2 MR JE L AE . 41
-y, HEHEF 2, TERET . XA TEAT = n + inlfITH . XA
4 T IR _ECFT A2 R4 A Hilbert 25 (0] _E s 2 [ (AR A SR 5%,
WEA R T AL AR Y« Hamilton®” (M) H = LY + LY sl o Feih J5 /i e
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H“Bhi” HAEP = LY — LY SEBl. Kide—iE B i £E Hilbert 4% i) i 45— AN o
M(6.7.5)

C C

Lcyl: v ’cyl:’ v )
0 LO 24 ) LO LO 24 ) (7 9)
Hor, Lo, Lo Bk EMERT. b —i, B2

/ e—S’ — Tr [6—27r7'2 H e27ri7'1 P} — Tr { 27TZTL0 e—QwifL(c)yl _ (710)

— Tr [qLo—c/24 qio—a/24} 7

Hor, ¢ = exp2mir]e EWAFEE R AT REAIELLHR 7. Kot DAEFRA AR, B
P T BRARRR I B IEAR R RIAL .

7.1 RERE

7£6.475, BAICEHRAFSHL i mHCFT. XE, BRIV EEE4A R A
BEsLhrEIgX. B, EXX 4 2rmR, m € ZUCHZEEN

BATE e HAAESE EFR SRR ). (EHEN
S = — / Po\/g 470,X0;X
= 4171'/ dO'l/ dO'g*|T61X 82X|2
- —E/d% XO X, (7.1.1)
Hrr, 45t LaplaceH 14
0= l|761 — 82|2 . (712)
T2
P B AL R AT AR 43
Z(R) :/ DX ¢S (7.1.3)
SOl TATLG R0G TRAE & (1) e dufg, HEEATMIE Rk . XA
I b NG YRR, 2 ERT (Fhdh E.ST x S1) 2R JE ST — AW IX AR
STH P AN RS2, AR XU E I A [ B RS ) e E . ie s i FE0X = 0fF

DL W1 i
Xeass = 2mR(noy +moy) , mneZ . (7.1.4)

CATTAE LA I R B
Xeass(01 + 1,09) = X(01,09) +2mnR | Xgass(01,00+ 1) = X(01,092) +2mmR , (7.1.5)

MR A2 dLAE &
TR?
Spum = ——|m —n7|? (7.1.6)
T2
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:‘FIE’ &/ﬂ]—fu }FX Xclass+X’ Et%’/fé*\ ﬂU\ ’%‘,’ﬁf
Z(R) = Y [ DyeSesw

m nGZ

- /Dxe 00 | (7.1.7)

m, nEZ

AR AERSr o A — AR BLa I BUE L, x (01, 02) = xo +
dx (o1, 09), HH0 < xo < 2R 36\ 1] LAH Laplace 5 ¥ IR AIE o8 50 TT

Oy = =X ;. (7.1.8)
AMER R, XA R EE
27rz(m101+m202) _ 47T 2
wml m2 T ) )\ml,mg — T |m17— — My . (719)
ASE bR G A2
/d20 ’lpml,mzwnhng = 6m1+n1,05m2+n2,07 (7110)
FIrLL, BAT TR EARETF
=Y AV s (7.1.11)
m17m2€Z

o, MR 2 H A (ma, ma) = (0,0)0 SEHAMFEWE A, 0, = Ay, —mo 1F
FHEAZ K,

1 /
SO0 =1 22 Amwma [Amimal” (7.1.12)
mi,m2
X CIRYYN ,
HMWz/mew%Wf:§:u&%mF (7.1.13)
mi,m2
I S 2k -
/ Dy = / dxo dAmimy (7.1.14)
m1 my 2T
grafE i, FA1S R
2R 2R
Dye N = - 7.1.15
/ X Hml,m2/ 11’)’{12,’”7/2 detID ( )

MR e, A R BOR S,  FdT TR ATH S Laplace 857147 5115 [13],
det'0) = 4?0 ()7 (7), (7.1.16)

Hrr, p2fE(A10) % e X Dedekind &L IR (7.1.7) P BT A I, FRAT145 21
R

Z(R - \/_|77 m;EZ

7rR

fm=nrf® (7.1.17)
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KRN 77 PR E () Lagrangef . (BT, FATCLIRE], (EIA0 L RIHC 5 o Bl mT Lg%
7E(7.10) T () HamiltonE= B G H o b TIHEE, FATLAUR % 8 T 3 Em ) Poisson
DCRAT (LB A) . A2

2 2
PL PR

ZR)= Yy 1217 (7.1.18)
m,nEZ "
Horr,
1 /m 1 /m
P=— (2 4nR Pr=— (2 _uR) . 7.1.19
L ¢§<R*”l> » IR vﬁ(R 71) (7.1.19)

KA B (7.10), MIXHL, FRATTAT LS AL A (135 F R 1 2 k. AR, fEgks:
AT, AEIRATR IR, R B AR S . B AE6. 4K, AN RN a2l
KIU(1) i

J(z) =i0X , J(z)=i0X (7.1.20)
B LU (L) IR EL
J(2)J(w) = G w)? + finite , J(2)J(w) = o) + finite . (7.1.21)
FATAT IAEAT B — Sugawara e 2 S N )5k &
T(z) = —;(8)()2 = ; CJ?, T(z) = —1(3)()2 = ; g (7.1.22)

Al LL6.10VHE I —4F, 1 m] L 205 S AWK OR . fEAE AR s s, — M
SHES B E AT QL MQRHiE . MN(7.1.22), AIEE], JIEREH

1 _
A= 5@% , A= 5@%. (7.1.23)

gitle MR FoRid ST, T A e 5 s bt . AR 5 vk 50X
FE—NE0R (e = ¢ = 1) IRHIERR:

XQr, QR<Q7 ) TI‘[ 1/24gE071/24] = QQZL/QT]T_?W- (7.1.24)
Hr1WILBEY, O&LH 2Q, = PLHMQr = P HU)E R, xid
Hm,ne Xm=n=0, BIAAETER, EMHWERFRMERLT . HEbrid hm, niTHW
A2

Jolm,n) = Py lm,n) , Jo|lm,n) = Pg |m,n) . (7.1.25)
TG, eI SR X A (R, BN EX(2,2) ~ X(2) +
X(f)):

Vinn =t expli pp X +1i pr X] :, (7.1.26)
_ Vinn(w, )
J an bl — . .. 3
(2) Vi (w, w) pL p— +
T an ) U
J(2)Vinn(w, @) = p3w+.... (7.1.27)



EATHIA R 718 H Guass A 45 H

N N o i
< [T Vinini (2, 2) >::II 2 ZRPR (7.1.28)
i=1 i<j
Hop, BRI, 25 = 2 — 20 M Gauss A3
99RO L (5 ) giad)Hibew)
= (22— w)ab [: eilatb)o(w) . +0(z — w)} ’ (7.1.29)

FAFRIU (1) F = E T FIOPE
[le,m] ’ [sz,m] ~ [Vm1+m2,n1+n2] ) (7130)

SUQREAE. 72U, x U Heie o, 57 RARASM, (2 |m, n) 354
g/l\fﬁei(m‘f'n)@L-l—i(m—n)GR .

FEIEWZR R, S E 42 00 RIS [ )30 H (RORE 1) & 1 0 22 i A A 2RI
A, SEEATHUEm/ R R EAN R GERAAAE RVFX L, BRI Anik. X2
FE(7.1.19) A En KRS B RERE . "B mURE T (—4E) R

FECFTH, - MEWRAIM, BRNILEHEST, H(AA) = (1,1). XX
Figr1, BIEdr1dzdz 2 ILTEAZR . WER Mg [ o R, FRATA H BRI
RS, RIER RS, G AbCEE B a2, Ea N IRBSA B A, 4
JCEAAE A RATAE, BA TR RNETIL L. TRk, Eile, MMk, BAE
FIBHONR L gIICEFT WHESLGR . LS, O AT 284k

FERMIAERF 5, TG A DAN)FER, We = 0X0X = JJ,
WA A ZE N E(7.1.1), KHE W, IR ST R ER. iR
FRIVEAZ, E2 A Bl EXMEE, SAERKM, R, 78E R0k
MICFTH, UGHATAAE .

e, MIBAE, HE AR REG AsZe i H R, FAIA e AR R
BN Rt EMNAZAE RIS FAAL, RIS, XX 52182 B, RO
AARVERL T 52 0 A BRI %, R 1) SR R AR AR

FE WAL AR T SUE W ANAS PR 2 2 8 (1), DR A I 8 AR A o FRATTRE AR R C 0 R
£(7.1.17) W LagrangefE % /x o FHBESRAR A XAMERAE, /T BMGEBAZ R . T
e, BOMHFEFZER AR 7 — 7+ 1, BATTLLSAERF (m,n) — (m +n,n),
BAMZEAZR . fEr — 7+ 18, TATHREALKM(m,n) — (—n,m), FMEHKEA
B FATF 8, B EBosonf I ML 73 BB Z BEAZ K] . R, {EHamilton®
ZN(7.10)H, RPEEANTE, AETARHR N AN MR
c—¢C
24
S, WEZEA=A=0, ErWEc—c=0mod (24). HERINNHEE, c=c=1,
M(7.1.19), (7.1.23), P?/2 — P3/2 = mn € Z,

A—A-

= BH (7.1.31)
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—NERW A AE B B Boson LI EC /3 B L. e LUl IS UK IR R — cof 2,
%kﬂ]?ﬁ*i?éi&ﬁﬁﬁﬂﬁféﬁiﬁgi ] AR AR — R R L, P DAIRATT 201 56 20 TR AR o 547
PRFU H B BE A PRI AN(710)BRATFE R 2], BEERAZ K, A F5 50 il i o — I &

Hm =n =051, FrLh
. Z(R) 1
lim =

R R/

FERRAIGRELZ T, BT PREAE T Boson (34 AL 46 1 & il LA Laplace 51 R AE A
AEAE AT Y. (R AL bR i 5 3 U5 H -

(7.1.32)

Aoy, 09) = (dx(01,02)dx(0,0)) Z g2ri(moitnos) (7.1.33)

< |mt —n|2

SRAEAT Z AL A I C e BRI R . Bl 145 21

a A(O‘l,ag) = 4:2_ [5(0’05(0’2) - ]_] s (7134)

AR S BAl 2 ms TR s, I B g % . et al DU e 2K Uy
o FER AR RN N

Alor, o) = —log Gz, 5) , G =2 [01() 2 (7.1.35)
1,02 ) ) 19/1(()) ek
Lﬁﬁ’)ﬁimTuE%iﬂ%&fﬁNE Eﬁﬁiiﬁ){i ' S NS . eAMTHE
1E[0, 27] o A E NYEIR I 250 ﬂxﬂﬁ~&1”ﬁﬁﬁ
1 , . 1 . .
- / o\ Jdet g9 G0, X X + - / Poe® B0, X 0,X7 | (7.1.36)

i, gu M EE(T.1), e R2MHEMNe 5, 2 =1; G aXWIEEwHHErE, ©
TE X 23 R (H s 2 (R A 1) S B S AR FH o W B R B 2 IO RR IR o e a2 7 DU 4 A
JuFEE R I OTI K 2RA) o

EARF I B — AR A 2

vdet G Z o 7r(Gingw(mi—l—nn)(7711'-1-711'7_') _
(/)™

XN=1, G = R?, B =0, XNE7EREBLME](7.10). R HLEM,; 1% EPoisson HLH 3K
A1, A PAAS B Hamilton K 7~ :

Zya(G,B) = (7.1.37)

l'44(G, B) g7t q="
Zd,d(Ga B) - W a Z nNﬁN ? (7138)
el
>~ I:P ’
Pir=Pg GijPiR, (7.1.39)
) Gy . G
P = ﬂ(mj + (Bjr + Gje)ne) , Pp= \/Q(m] + (Bjk — Gir)ru) - (7.1.40)
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BISH PIR

Ji(z) =i0X" |, J =i0X", (7.1.41)
J(2) T G¥ 1.42

RIS AR SHU Q)N AKX T N kRIS 25 — Sugawara 3 1)

T(z) = —;Gijaxiaxj = ;Gij S ANEEN (7.1.43)
il QY pRAE, ALK
— 1 S
Z]QLQ . A=5GQR0%. (7.1.44)

5(7.1.38) lLE, HAMFRIQY = Pl ge
ATDAIER, BeAY R 25(7.1.38) A AR [

7.2 SRR SZ Higgs BN

MPRPEARR = 1, KT HRAN R BosonICFT, A —SeeBkiG LI . IUAE IR 1L TEAL
H

A=tmgn2 A:i(m—n)Q. (7.2.1)

(
4
. R, m=n=£IWNIELQ0)ESF. T MBIOR, MK (1,0)(THE)5
AU (2) = i0X. A, BATG A WRFBATB AR X LR, A
R K, m = —n = Z1WEZO,D)FEFF, 4B 3hmACH 55, ?Jaﬂ‘]/ﬁlﬁ
WA, FAL RN A HRUGAT K. AR (1,0) PSR T LS AE T 51
75 (7.1.26)

JE(z) = \}5 L eFVIX@) (7.2.2)
e X . Z

T (2) = 7570 = 50X(2). (7.2.3)

BT AL FFIOPE, & LEFEMH (X (2)X(0)) = —log 2115,

J?’(Z)Ji(w):ii_@z})—i—... , JTR) T (w) = ...,

J () (w) = ..., (7.2.4)

PRI W) = s+ T
P w) = 1_/1)2 (7.2.5)
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AHELIL, XAk = 1RRHISUR) AT . EIHALS N, By H(6.10.6)%5 H
[FISU(2) IR e = 3k /(k+2). Mk = 1N, A e = 1. XA A HBosonf
7730 FERE AR ET SELFR y Halpern-Frenkel-Kac-Segal #4)it

DARTERATE 2, SUR) A AT B RR: j = OB RR LB EAA =
1/40)5 = 1/238 " (CEH(6.10.9)). j = OMJESEHT . j = 128 RERFZRSU2)LIH
Oy R Ky (1/4,1/4) BISU(2)g 4y i — AR . EAITH (m,n) =
(0,£1) F(£1, 0) DU T A ATV, o Rom . EATA IEM P ITERE AR OPE(7.2.2).

XADLGAHE BINGEIR B . U (1) fpl, pfEKH TGy, By FINYERS i EIUE . X
TG BREFRME, XA A S BN ZEREGRIARKS 2 — 8 TR, — LT AR A
SMIFIER, SNAAbeli ', JBRAEREGE = 110055 GAREL

IR CETERAT I s I ARBOM FRPE B, I 2 A0 WYL 1R 5% 18 R AT 1Y ST FR e o % 18
TEAE R RV B30 —AN264E (L 7 $E.X %) BosoniZ . M4, Tt M7 2 AH AL
fr, JURAT RO F BAERE . BIAE, A2 E R4S, IrbiAT254E Lorentz AN
TR

aya”410) , aya%o)y o a®ah|0) . a%a®i|o), (7.2.6)

ARSI T, Rk E, KT, AU A DM E. TR, ES
HOXPOXPER, RBUE PRIt T2, WmEMEEAL R eflhE,
e A

|AT) = a|lm = £1,n = 1), (7.2.7)
ERFEIM? = (R—1/R)?/AN %R, DKk

|AT) = a"|m = £1,n = F1) (7.2.8)
A LM FEEER R BIRATE DR, P £R =1, EATRRIIER . {EX5A
b, SZARIRIHSU(2) x SU ) MVEX FR . MR = 1T, SU(2) xSU(2)Hivaxd #r it B K
BRBIU1)x U)o X7 MW I Higes BN, 1R AH 4 AR bR f it Higgsbr 2 1O /E HI (
HARX HLEATHE) o

7.3 T-XH&EME

FATHAE PRI HT 50 A AR08 RIG I E R BB R0 1. 2&ATC8F
2, sty

He Lyt Lo 2 (™ 4 2p P=1Iy—1Lo= 7.31
= Lo+ 0=75 ﬁ‘i‘n ) = Lo —Lo=mn. (7.3.1)
Wi, i AE |
R — 7 Mo (7.3.2)
ANAR o X0 R FU (1) 47 R 51145
PL — PL s PR — —PR. (733)
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AR 5. KTH BRI EZRLE
J(2) = J(z) , JEZ) —-J3Z). (7.3.4)

BHRAE, AMERE, T HA AR A GEX A XA DRI, RIE
B CFTANRE DX 7 242 RAEAR 1/ R F o PR I UF, XA - 4EBAL R0 R
Yo EARRMASCI A E P B S br ESEMRI . AR, mlszie i &, ER A
FOERDR R, BT — 3B R ST — X BRI, e IR R A
K. MM, ERTEAESZIE T L, EAREAE RO T3 L

ek, AT —XHBYERE T R . AR = 10CFTH R . CAFE,
(ERA L, A A TRIESU2)r x SU@)re AL, B L, (A H(T.3.4) 1
NSU(2)pWeylEHe, AR T7ER = 109 EXHB. DLFE, S REI A LS [ TP =
e [OXOXMICFT, MR = WEET NS . hFREIEIE I A, hahfi—dh
RIS . R = VAR — /RIS MEAR. TRATATLUE e ReA
B Y REAR I, XA L, MEERAR = 1 SUQPMFRIEIZE R, %8
AL ASUQR) RS . TERH A4 E B BosoniX. R = 1, SU(2), 24 M
A, BIFR = 1, MUTSARRPERREG, O BRME R B A MR R P 0 B O 4

TOATAT DT — AT FRPE S BINGEFR TR, X, B AR A T B
B, KBTI BEN 2,

BSR4 B0 K7 1.37) 10 45 JEFE (7 MO B0 P 1 S B 0 By 8
Y, RIS, fERREG, AIB, G L(N) T e A5 . AT, DY ekt
(R e, ny by DAUEE TR AL . L) MRS AT HEA S, R IR T
WESEOREGL(N, Z). 505, AL RS0, SRR, B2, Frixees
et A A E R B RN N Z). B FIITBRM2N x 2N R (R

Q- ( A B) | (7.3.5)
C D
Hrr, A, B,C, DN x NfEFE. 58 LO(N,N)ANREERE
L= < ’ 1N> , (7.3.6)
1y 0
Horr, AN ENYERAAERE . WROA BESE, s TONN,Z), 1 Hik L
Q'LQ=1L. (7.3.7)

EME;; =G+ Bijo WA, WEAZHE

33
33

E— (AE+B)(CE+ D)™ | ( ) —>Q( ) . (7.3.8)
TERF R (R ) RIS TEN=2, AT LA &

T, {1 U, 0 Ty
J U2<U1 U12+U§> J (—Tl 0) ( )
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MZ%, T, Uy > 00 EXEBUT = T1 +iTy, U = Uy +iUs, K RERAN(7.1.38) 28 B

Tyo(T, U) = kaf—|—mﬂ#wm+ﬂm+UmW

+ 2miT(mang + mang)| . (7.3.10)

XHEFEO(2,2,Z) AL PSL(2,2) 2% 4 (7.8) LA S AL T« UVERAETFIU L.
TR AT LAAE) ™ 24725 il H AR 2 W o B . R4S IL25).

7.4 3 H_EH B HBEFermion

E6.1177, BATEZL T T N H HiMajorana-Weyl FermionJCFT. FATK: % & XA
PR AR PR RS pR . A R AR (6. 111)43?\55 H TR AR, AT gk
F¥Fermion/E I AN G J E I 5564 B, A DYASATRERIER 73 o Fermion#g 1247
a3 ¢h W IS Y 1 A4 I Fermiond 181 Xk (U FR 9 H E45 ) o

/e’s — (det 9)N/?. (7.4.1)

ML BTG 2 R AAEA AT CIEBRIAR, rTRATHSE . JRATTE 62 I8 AE T 1 J (ALA) B
IS e, A2

)\AAN (<m1+;)7+ <m2+;>> , Mi2 € Z. (7.4.2)
AR R T 45 J
(det 9) 44 = ;?;) (7.4.3)

XH(AP)ILF AT, FA115 2

Aap ~ ((m1 + ;) T+ m2> , Mi2 €7, (7.4.4)
@aaupziﬁ? (7.4.5)

X (PA)IL S AT, AT

Apg ~ (mlT + (mg + ;)) , Mig €7, (7.4.6)
mammpﬁﬁg (7.4.7)

e, X(PP)ILFFEM, AP TE, DOyRX Ll &I v Ao, Tl
& BW ARV O A eI HERD), WTRUE R, X EAT S 59, (1)t
B, e %,
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AP BIREE R BT . ke = 0, 19 FR/RAESE — N3 B A PIA S 544 b =

0, LFE/RAEH AR FIA Pil A &AE. B4,
o VBI(T)
(det 9)[¢] = e (7.4.8)

(P,P) H BE4E MIRR W77 A e gs by HARIFON S B4 . MFRA, FRATE BIRAT s
PPl LA, BT E B SR o 8 TR ERIASAS K 42708, Bl T 4004 BT A5 34
LA LSRN, PSR B Fermion)a, FRATIIEA N/ R B E AR
I [
n

1

fermionic __ 1
ZN -2 Z
a,b=0

(7.4.9)

AL HBRAE T R BEALN . A T i, AT LA (6.11.28), (6.11.29), (6.11.42),
(6.11.43) [RHFIE I T7 XAUHL /) R R R A

Z]f\(;rmionic _ ‘XO'Q + |XV|2 + ’XS‘Q + |XC|27 (7410)

MIXEL, FATER], FraMON) WK R #Z 5.

LEAR B e 45 7 v () Fermion [ 1 # pR AT DU AT IR AR s 55 R FAE SR 1 1 A e
JHI 5 Aok 2 o BT Szegox 44 H

(W (2)09(0)) = 69 S[)(z) S[i](Z)zW- (7.4.11)

FAATWE I DR T Bleg i ERE . 4 HEEFermion s F#:,

HEBEMSETE, F—NAEEH R RS 5 N Fermion, {15 eI G %

B, EEER EHRSS T NS R E, TAIEEH 4 2 A4S ek

. R DTER HERE ER B R ES . IR T BB S —
M(=DEFEN, AEFR A DTEk A

L= = [;Ta”m(;’”“:”]m . (14.12)
TR .
<k1;[1 ¢ik(zk)>0dd = b gV (7.4.13)
7.5 Bosontk
% & B AMajorana-Weyl Fermion, Jf H.
V(2P (w) = Z‘S_ijw - (7.5.1)
FATAT LA LA 5 5]
V=SS G i), (75.2)
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FEAHRALE H(1,0) AR B U (1) AR

I =i L T = ¢ _1w)2 +o (7.5.3)
J(2)(w) = f(_wzl +...0, J(w) = _;ﬁ(_wg) +.... (7.5.4)

JIRE(T.5.4) KW, ¢, QRGN IR -1 5. sk
T@yz—;;WaW}Z;:J%. (7.5.5)
EA T OTe = 1o
BATAT AR 5 TFfiEBoson X (2) KRR FIFE I AFA S ]I,

J(z) =i0X |, ¢ =% | =N, (7.5.6)

ZR>): WeUF: I SR LU B A % Fermion#16  (H—FEM [F BEOPE.,

mH, ey N 2(7.5.5), 7R EMfsEN ks, B, T =
0X? 1o XANFAEFAFFMIESRE, PMajorana-Weyl Ferm1on$[l~/\ﬂ5{EBoson Al fE
S HEMEL . R, BN WAL BINE S SFER, FRAT 7% &
—Dirac Fermion, 75— JJHH%E ek, R, A Trrasig, AL E F
TR, ATHHEE, BAIMNN=2[1—"Dirac Fermion(7.4.9) ¥ [ L5 B BT 46

- Poisson HFT KA. FH 29k 8, FATTrl LAUER],

[\')\l—l

(o2 = J%m%ze p{—|n—b+7( a)|2+mmn} (7.5.7)
\/_m%Zexp{ 2|n—l—7ml2+i7r(m+a)(n+b)} .
Ma,b € ZWF, FEATTREA. T,
1 al |2
7 - ;;} 197[;]
- 2\/12_72(;0 ZE:ZeXp ot sl binm @B (758)

Eb LIRS N 12, Em + a2 BER. T2, m=2m+a. Fa LFSRFTEHM
EmMNAT R NI,

> exp {—|n+7m| } (7.5.9)

m nEZ

ZDirac = \/—
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Figure 9: $IES/Z50

LK, S5(7.117)Ee, BAVER, ©5FFNR =1/v2[fBosonffl—Ff.
2., Dirac Fermion® 7142 R = 1/v2[1 % #Boson.

7.6 HIRHE

HIAFE AT HOS I GHIRIEM N, R TE S B, FRATTAT LA 8 — AN B
M = M/G, “Eilit B U FRBEGTI M BB 2] W R G A AE I (EGHIE
M, MBEHBER), Ba, M/G— DTG 55— i, WRGH R E S, B
AMJGATE—AOCIERIE, A 7E N E SRR 7, FOVBRIE R . I
15, AT SR b )1

FIESHER. A Z MM — —xo FURER/Zo&H —/NMED e = O ELRE
(AR R HE . 538, HERAT 5N EOC IR REE, B, PF#e — 2+ 27,
ARV B B ERT, B RRE 2 — eime, B, — AP g A

SCFTHISZIR M S, PURIE A DGR, UG EATT o 5% S SR A FE B 1 5 1 =
i), (HREAVPRFIMCFTI#E . &, BERENHEI) L&A RI, sZE el sl
AL . Brguh e, AN CEF T S BREUE A PRI .

N THRMEANELENER, XREAEARER LR RE R 5 1. b TR ®
PR AR BRI, AT AR SR T A . FEBR AR 1 SC[27) AT A4k BB £

HAEFEE AR B B SRE R R 1. IR ARKIE M, H 23
Ko € [0,27] FERLUARIED — —o. TXERAE T, AFAERE S, © — 0l — .
FT A3 I e & AETL AT [ 58 2B (Fig. 9).

ANHERE 3 R L ICFT . & — AN IR 8 Hilbert 2% 8] W ) 2T 4E Z R B AR e X —
_XF’ ﬁ*/l\fﬁﬁ%%?fj{?, Xﬂt]‘ﬁ%ﬁfﬁt’ Vm,nﬁv—m,—n°

MRERIERY], ERRBAR SR T RATAN R HEAF AL TR, PUREI®R
BB ZAZELRT, TR 7 5AERm P — R R, AZRIHERT
%Vn—i—,n = %(Vm,n + Vv—m,—n)O

R, XAZFERE N, 5 WATOHE R ORI o I H L 2>
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PREOT DL RIS . AT EZ . FATMHamilton & 7 1 (7.1.18) T a4 T H
REAAZMNZ, BATDAHEL PN DL T BN T +9)/2, Hb, g
%TE*&VE%T%&LE’JEIIE%%?JMIJF/ﬁE%

N N N N
1T a—n; IT @n,lm,n) | = (=) ] azn, [ @n;| — m, —n). (7.6.1)
i=1 J=1 i=1 j=1
T, | .
Z<R)invariant 2Z<R) + 2TI‘[g qLo 1/24 Lo 1/24] (762)

%TH“%:%:/]\’F’ &ﬂ‘]ﬂfﬁ%‘n\iwmb n1|m2, n2> ~ 5m1+m2(5n1+n2’ %‘D%%/\ﬁm =n=
ORISR ARAN AT Dadik . XL AR TS (), B FgffEH, & e 71 -1
IR . FATIFS2]

1 3 n
T Lo—1/24 =Lo—1/241 _ 1/24 = | .0.
Al 1
Z(R)invariant — 7Z(R) + l . (764)
2 ¥y

X R B30I A 1 R PR T, XA C ) ué&fw@%%&ﬁ’] (I ¥R
Pho XK E%ﬂﬁm?ﬂﬂﬂkﬁ’]é%/\ PUAE, XX, ATHe v REIL A4 E, |, X(a+
2m) = = X(0). KR AWVESRAME, DUVBIEX - X2 I_JEI’J FEX—E 2 (ERIUT
XTFermlonE’JRamond”lV\)zsti%ﬂéf” i&%ﬂilﬂﬁ%ﬁ:ﬁﬁ%b’? PR R,
TH I RS AE B I E Laplace 7 FEIKIf#,  FAT 175 2 70 H1 HE%"E’JFEM%ﬁE%%

B i (n+1/2 pi(n+1/2)(o+7) Un41/2  —i(n+1/2)(0—7)
X(o,7) =20+ + ————e . 7.6.5
(0,7) = @0+ == %<n+1/2 n+1/2 76

TR AL T AN EE M B 2o = 0, 7R XEWLEIXAE D, PIAFEA| HO™) H
W, ‘EAEVirasorof CEGE IR, ZEFRIEARH T AR e 2

Ani1/2| HO™) = Gpy1 o HO) =0 n>0 . (7.6.6)

% fEFermion i JE X B Be3z i) —#¢, JATAT UL E MM ILENE. Eikh = h =
1/160 HRMIZ B AR FE RS LK. R, ARITAMNSEEARR. AT
TEEUANARZS, FRATT 20 FH AT TAEHL th 5843 b (85 1k v 55038 -

. 1 7
th1sted — *Tr[(l—i—g)qLO_l/Qll qL0—1/24]

2
i [ﬁ e s —J

il (L= ¢ 2)(1—q"72) oo (4 ¢ 2) (1472
Ui
= |- — 7.6.7
2+ (76.7)
AL R
i i 1 U n U
Zorb R) = Zuntw1sted th1sted = _7(R N N N 7.6.8
(R) - 5200 +| |+ |5+ | (768
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FEREANAZ [y B b, AE(7.6.8) R U AN AN [R] 5 73 vl LLARE R DA A8 A 158 4 g Y A
AL F A A BT AR R NS R, S A Fermion& 1 FF . FATRE I
20, s b, gfE0, 1UH; g = 0 RILEIED, g = 18R DB, X
Fiac o, BRI MIEC o0 oA 80T B K

T“:lijzg, (7.6.9)
2 h,g=0
HZ9 = Z(R)F1
Z@]:2‘ﬂ?h] . (h,g) # (0,0). (7.6.10)
FERARH N, EAT AR et
r—T+1 2 ZM = 2, (7.6.11)
T_ﬁ_i - 21— Z[) (7.6.12)

PAK, BAMFHER, (7.6.9) 281,

TR, BEAHLA IR AR T AR . X2 AR B AR VR T 1) — AN il R
Mo MBRIAVEHEAHFE R, XA BE-HRIE, AP,

FH P (1 56 2 o i SR HO™ (2, 2) ASL(2,C) A A8 B8 A Bl . Al B4 19 A 6 6 4
EET R, XA AT BLHEAT (R IL[28, 29]). AT BLAf E R AR
[IOPE[28, 29]

[HO] - [H] ~ D" P20 Vot o] + C22 VS o], (7.6.13)
[HW] ’ [Hﬂ] ~ Z C2m’2n[‘/2tn,2n] - sz,2n+1[‘/24r_n,2n+1] ) (7614>
[HO] - [HT] ~ 32 CH 2 Vol ] (7.6.15)

X, (VIR U )RS E ARV, = (Vi + Vom—n) /V2LEI
BAU(D)FER. OPEMARS M N4

cmn — \/52*2(hm,n+ﬁm,n) , 0070 =1 (7616)

F
B = (M/R4+nR)?/4 | hpyn=(m/R—nR)?/4. (7.6.17)

VERE, BRIGER AN UQ)ROXFIOX ] LB B k. Bk, 7ERURIEHE
AT EFIEL UL, x U(L)p AN EHHPOPET, KOLRME, E&
W, farm AN AR, ARIEAT IR Z, x ZoX Rt

(H°, H™ V,t ) — (=H" H™, (=)™ V,}.), (7.6.18)

» Ymyn
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(H°, H™,V,} ) — (H",H°, (-=1)" V,} ). (7.6.19)

» Ymmn

2R A W 5 BRI RR PR Akt ok

(H*, H™, V.t ) — (=H°, —H™, VI ), (7.6.20)

EAVERRED,, ERTE AR
PURUE BRIE MM T — AN IELESH IR R, 1 H, KR IRATE GBS FRER —

1/R, BIIN(7.6.8):
Z(R) = Z°*(1/R). (7.6.21)

Yx3): XAER — 1/RFIHMNS, FIHTE(7.6.13)-(7.6.15)d OPEHE 5 F 4145 i

Ry,
HO° 1 /1 1 HY

SR> M BRI (7.6.20) K 228 e “BURUTBAL” BURTEEE . TEWIFTA 2
T EORIA IR . AEIRXAOCR Y, ISP HEIR A LR IE B B AEA

Yr>): AEW], MR = V2, BRI 2 BR B R Tsing iE 2 BR B
¥y

n

03
n

Vs
n

: 1
ZIsmg — 5 [ + +

] : (7.6.23)

(AP, XE, N=1. /RIEFEA14).

M TR R BUGRTE W] LU AR M AE & 7 1wy BAHETT . E R, AT LE B R A
FICET, s 4 28100 8AH B AE FHCFT. A7, FRATTER DA FR 4 mp BLZ& — AN 5K
HIAbel B AEAbel B HRE. 1 TINTSCR, JATALERXAN 5 10 8T B 2480

FATTIAE W8 — A B AR RS BE R 7 80490 7~ o JRATT - AAE 242 0 R [ J
ERFR RIS HE, X, RALRHUQ)MN BRI Z, T8, % |m,n) —
(=)™ [m,n)y—FEAEH], REFIR T AZ . JUMEH &R AF#: X - X +7 R 3K
ARG I ) 5 R S e . TR Z )] = Z(R)RDER S . Z[9) it
HETLH

. 2 . 2
exp |57 (5 4+ k)’ — 157 (%~ nR)’

Z[= >, ()" o . (7.6.24)
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RLVE R B A A AR T AR R R B L A A, Prlhn — n4-1/2, BUH
WHAEZY) EPATT — —1/778 e, Z[ B E T DA EH . PR RS

exp | ZT (2 n le—iﬂ 2—(n lRQ
Zhl= > p{ (e () )_ ) >]. (7.6.25)
m,nGZ 7777

A, Wik — 7 4+ 1R m AR L, Z[] A BN Z[]#3 21

w5 (4 (e ) -7 (50 2) ]

1 _1\m
ﬂﬁ—m%%( 1) 7 . (7.6.26)
SYSEAY U
. 2 2
Zly) = 2:(—UWGH{Z(R+(H+@EQ:_2(R_Q%%®R>} (7.6.27)
m,nEZ nn
o, fELagrange® N

R TR? g h
Z" = — ex —m++<n+>7
2 VT2 mnzéZ p[ 2 2 2

1. (7.6.28)

F8(7.6.9)FF I DTRRIC BB SR, FRATI75 3], Boson(fIE 4 ok BAE K42 R /210 [ A 1%
Ho XREMNGFETCERUERHERMNPTIER ., XEEEFE, il sxtafa
— AR RO . X2 B AR I — R

EANIE ] 7 AR AR, e SR e Gk, fEREET R
JCFT.

GR) . HIE YT MCET, FREE PAS 480 Ry o AR KT 9 X o 10 [ 8 1 B R
A TE LA G 2o R, THRIEX, — — X RIX, — Xy + TRIAINVE . Hyik
AN L 43 R 5

3L AT R T 10 B4 1 A Y R B AR BB A . dYE A T CEFT I — SO AR 1
FUL)E x U g FARX R AN T8 AR O AE SR RP R . e M EES &
A FEEGERU A n, 75 E

d
Gtranslation = €XP 211 Z(mzez + nquz) ) (7629)
=1
Horpr, DB TAREIEHURE, 0;, o e AT B I ANPAREG R By AR (O (d,d) FF A 14 1Y
b 18 S S 7 o L1 1 DN T P W X (A E BB i 1 R e 2 L1
e S5 A RIAE BB AT B 00 10— N SR AN R PR MU R 45
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Figure 10: a) XEI . b) 2 FANFR 1) H AR o

G52 HEEMANSERIBINCET. WA AN LH T ER_RAZN . XMEHI
HVEREIEO(2) 1) Zo 71 o XA BRI PR TEAC I IE E 73 B B R B S . BiC 20 R AR
SEBAAR N ? fRAGEE(A14),

A3 BRI A A 1) e B ANAR PR I N A 2 A o BRI T 882 1T LU A0S HOR PR P 1)
ML, ATRERE B BONARIER SE 1. T2, BB ARBEALN.

g5>]: FARE AR ER A R EBURE, (UEBERT FAIREITE: g = (-1)mtn,
XN T AU PR . UEBT, ANTREMIE — MR IR s, T, RN RE
SRR, DA B N T AU (1)L 1 Zy FRER B AL .

7.7 EETHERiemannfiH _EFCFT

@A, A& nth 7K s, BRiemann®k(g = 0)MI (g = 1)1
[JCFT. MM, FRATTAT Ll Myt e 2 TRl B &M CFT. 785 #g >
2 Riemann AT F ) N BRI BT 4T BN (B2) A JE AR A I A )3 (g — DA E
o AR AR E BRI S o AENAS LI ) 7 4 R g1
i RHE T, T BRI AR AR

SR, 76 XAE S P Riemann i i _E ¥ [F]—CFTIAH R B 2 0], H—HKR. X
WA T VE—DHF, FREAEFig. 10a- 55 W5 k20 i _ECEFTHINC 7 e 2K .
BB T3INE . Finlad, A MHERRE, 115 Hq¢ — of, il & R fE 2
KA Mg = o), DR 2R A — LA AN IR (Fig. 10b). XFRR
XFE 43 R B HamiltoniB AL 24 2

(1)go =3 "~ G2 gyt (di)gr (7.7.1)
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Figure 11: 2| XA [ R Hamilton$i 5

o, WA S LR, 8 LFELNMmm bR S 2 LA
KA, 2 ) R R T AR K, FRATT AT BUR A T Hamilton & K 5 FIg 1IX &84y o 7
F(7.7.10)7EFig. 11T EEHER R o X n] DAL HES ™ B4 EAH OC B ORI T = 1

AR PR - R R TRV AE 5Z e T A L I, FTCLE e mE M. B, g = 24RiE e
— AN U R A2 — PE B 1E, FERGERERIS BRI AT DI o A P 1 e i 4 A SR A

HEE .

8 Boson’Z I EUET #RIEFI TN A H AT

e —=, WATCELFR], HNCFTHREE DA, MN—MMSL(2,C) AAEEL A R
BRI Lk, XL A A, AN IR R R RT. SRim,
BNV T EL B PES . WIFLS A SR 0 2 R 3 A
BATKEAC D R AR Tk P 14, B IBHILNSTE . TRATCEF 2], W) B 2 200
Lo = Lo =1, NN 4 Virasoro B AFFNIERB K. FHICFTHIUG UL, EAT1402 3t
JEAEN (1, )5S i H, AWENTHE X, PhAX N T Virasoro 2.
fEALTE e, PolyakovfE H & /&

_ L 2 navvy
sp_.kmw/}zgaX'axvhu, (8.1)
MIXH, FRAT4S 22— KPR AR
(X" (z,2) X" (w, @) = =0 log |z — w] (8.2)
FIRY 5K & )
T === 0X"0X" (8.3)
ORI T,

TER BRI )N N THAFV, = P X" oo fET,TF, EAELEREIA = A =
o' p? [ANEES o D TEN T (L) 2 B, BdlI75 2p® = —m? = 4/a/, ERELT
Jse st
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NAEES @ p), RN TERF: 0XrOXVV, . Al EIX LA I et 4
£50(€) = €, 1 OXPOXVV, : HT, TTHHENIIOPE:

. o 0xvV, a'p?\ O(w,w)  0,0(w,w)
T(z)O(w,w) = —zp“ew,z(z ) + (1 1 ) = w)? w + (8.4)
PASSTA — AN AMESL . A THIR(LL)ERE, FA1L2004 1 I =B b s
pME,ul/ = pue,uy =0 (85)

HMip? = 0, ERINTI TR He), R FR 5K (S FR Ee) MK 1 (Fp* =
p- D= 1€ ~ N — Puby — Pupy) TG A 26T o B R RESAL ALy sUAL B

FEBLAR I (BRST) PV HETAL 1, B A 2B BN [Q s Vigs (2, 2)] = 00 B 44K
FUPIENAS bR S o RS TG, BRI A A S F codfe DAYE IR APV 1S T 3 T4k
11 TR 1 574

FE BRI RN £ P i (SRR B 0) ) DA o 1 53040 B T5 A 5545 AR 3 24 N s AT %
TRFESRANALIE BB kMg . st JRATLL AT S 20, AEBkE b, A7 kR
MISL(2,C) ANt e ARE AT IOB MV [ 52 o 31X AT URIRAE = AT AT I A7 72
i€ B EIHUN0, 1, co =AN N s B T, AR R IN-3M LB BRI
= (BRTET) RECH e i P PR 20 5L [5) o

¥ah 2 s b, ARLREUE . TN AU Rl B g, 3RATTE e e A AR A I
AR AE 2 T R BN R T IR SP AR AN AL (¢, eF AN, AT SR T OB TN-
LT A T AR . TX R, BT AR o Bl R AN AR PR 7R #EN-14
FEIE BRI AN R T AERLAR 4 T A%t AN AL o d i, FRAT T Z0AE FEAS Sl ()7 1 AR
77 (Fig. 8).

AT I Boson % f) HL B R LS R T . IS B IV IR, 6 N T BB ECF T Y
IRTRITAC 73 oK AR TS = (A AR 70 o FRATTPIEAE B T3 i AT XA . AT & F
B, XA HE R SBoson I 73 B E L/ (roni) &5 Y, AT 261X A,
Wb, Ao A oTikg?, KW T AN SR SR T vtk . R, W50, cotiikn?.
Ja, BOMEEEH LMY, EMINT Ly = LoAEE [Schwingerll B dry /1o B2,
A 1452 . o X

A4=/f722 Zhosonic(T, T) _/fTQQ (S (8.6)
Hrr, FREAR . FE, Ziosonic A E24MNE M E B HARFR I oTfk . AECHERIEH, 2K
AT SR AL FE XS 1) AR BRI Zosonicr  MOGHEF L FIAISM /7o K FN G AE(8.6) TP 45 H
A B 45 B 1) Schwingerill & .

e, nflam Ty ESn =0, UVARECKHXA X HATES], ALk
e, B TRRAARNE, XA A . AR T 5L TF UV AR (SR ) R .
4R, {EBosonsZ i, ML, HARRRIRARU.

IR T 2, gl 18 AT BL 7 77 #g g i Riemann i 7] E A CFT B A3 AH 5C 5~ 1 B 5)
KIS — AR BT L SERE R Gotring e I g el B STRRAS 2T LR — AN DR 1 g 5 R I IIAR
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Figure 12: a) Vi Pzl b) BT VY ibsic £ A 10 B A 10 e AR A e

O D 1

a) b) Q) d)

Figure 13: a)[A#iL. b)[AX. c)Mobiusii. d)Kleinlffis

&, Hd, v =2(1 — g)/&Riemann M [ M Euler 2. L ISR IF. @2,
T AT 146 A FERiemann [ T A2 se—ANJES5 /NI, 08 M Buler 8K 1. Bk, i
FUENZIIHFE, EAERE KT 1/ gstring o

X, A EER SIS R ANE T . AEIX RN TR R B DU 2 AR Fig. 12a%
IRo I —ANFEIE AR, W] DU WS 204G DY bR G AE L S B A (Fig. 12b). X
WA AT S . T2, TR TR Al 3 AN A M i 5o IR aZ i n] LUSCUR
H 5% o FEIXFE BRI, PATSZ ISR AT i TR 6 P 8 A % T A I e A SRR

K, N EIT AT LA M Riemann i . W H, FRATTAT DL RE AT A A 5% (HE
W, SZAEE ) BB RT G 54 (FLrh, sz e AR . TR ARG, BAT T
FEFH I FETT AR A AN AT 32 17 (Y Riemann M1 o SXFE ) dhiH i TWiskg, A3 8BRAGI
AT 1) P AT X O R FAE . A ARSI AESY ) Zy = RPYIAF . Euler#Hh

x=2(1-g) —B-C. (8.7)
giit. fEFig. 139, AR RA LA WPUA R R R . = 1IMEE, 1 = 0FI [,
PLE PHANAN ] 52 [ (R BT, v = OFMobiustii Fly = 0 Kleinjffi .

GAE G HEEE BN, A E [ 1 TF 54 1 F B D Z50EL 55 A 8 ) T 5Z RS A o DB IX
ARG TR 5 R BA K (Fig. 13b)o W RBATHUR ][] F, BAE/E A TF5L M
PR P o R, GIRBAT TR Ta] [ 0T, A e S S R T AR
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9 EFRGANREFIERAETHIZ

24, BATCE/MIR T 1E264E 1 tH Minkowski 2= [ [ 5% (4L £ . SR, FATARERL
Y R G, B M0 AT HEVEVIH (3R 8 . % a7 LU 8 7O A
e, AR E NIRRT XK 78 A 1 AL B i Fradkin Al Tseytliny
tHo PolyakovfE i AZ p.!13

1

4o

Sp = 1 [ € [V39"Cru(X) + € B (X)] 0, X9, +

o [ @evgRY9(x), (9.1)

Horr, RV AT A B g, AR B i . Rl MRS ZEIKT
W (VEV) Qo Y HEE 5y« RO TS (U Euler BF AR T B 5145

1
Y= E/\/ER@)’ (9.2)

WATELR, e SPRT, BWATAE—NEFex®/2, T, ZMAEAT LHKFVEVS
Jstring = 6<I>0/2 . (93)

X 5, EANBRAZILEAZ R T H,

LE_ o R<2>+i(ﬁG g% + 68 )0, X" 0, X, (9.4)

V9 967 o Y pvt SR TR '

Horr, pea#mT LLld o i/ — O 59 M & Tt A 21 . 2L ARF BT,

G
1

%/U = R — ZHupcrHVpa +V,.V,@ 4+ O0(d), (9:5)

Bhav _ Vi e H O(a/ 9.6

L=V e Hywp| + O() (96)

il
i} ! 2 1 2 2
B* =D —26+3a [(v«p) —QDCD—R+12H}+O(04), (9.7)

Hrh, Hyp R B, 584 RN FRI 58,
H,yp = 8,B,, + 8,B,, + 0,B, (9.8)

DI S HEH

NG, B, RRMERSS, = 65, =0, WA, oGO Ae = BPRICFT. il
&, WLUIEN], ISR AGH KIN, P E R AL

SOEAARII ZAT RN BV 52 A48 T 2

g = 6% =85 = 0. (9.9)

IR, BATIEAETHEE 7 X
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REESAF T RI —rRE, WTRUN RS EH AR 2

1 D —26
Q/D-2gtree / dPev/=det Ge™ | R+ (V@) — S H” + ——

+OW@).  (9.10)

ERX b, ORI AN A A RAT TR EIE AN B, KOy IRATE
Ye i By, BAA BB AR AR IR d . SEBR b, FRATHE IEPIDAFIG P -

o TSI BRI A SRR EGH K. A, HEETKT, BATELIEAEN,
LB 78RS, FRATT T 52 N BR AR AR 20 1 i€ S il th e AR . X2 AT 2 425 1B I 1
o T H, BEREIIEIEWE, BT/ MELE TS 5 1 B i k.

o BRRELAEE . Ma, LIBHFABRM. FHANT," ~ d5logZ, Hr, oIk
JE BT, FRATT AT BAAR IX AN J7 B2 BLAE th A7 2500 & ok o B8 I 46(6.7.13) 1 ik
[MLiouvilleff &, WARBPCAH K, ALK A B EX MG . A, &
TG 7 NMED + 19 BUB oA 8L (o (AN AR AR KR ), " B Wey L N AR e 3 o 14
T, BAIEIREE RS

BAVAEL B NEREHERM S, BRINICEED, (ZME3ENBLT) LR
HINGAG, B, ®. T E A 2R SR i . AT AR RUL Yy, e
EHERIF B IE. RMRREABIEHERE . EMEAEHERUERY, B3
B E R RE AR fER R, XA TF2E0] LUl % i N v R I (1) 58
A (Fre) BU IRIE, Mo REIFEA], MBI RY BRSNS EAER MR R, X
AN TEE ) e B R AT AR [33] kB . BRI i F g e 2 A i v Bk, H B A H iz 3
JI R I, AT LA ST RO AR

ATLLVIERT,  ERIE BT EW ORI, o2 (R AN AR It A2 i s 1) o 50 A R A 1
IEAEAT AL 1 (9.10).

7E(9.10), LI 2 A BX Mo B ity . KPR “9%FR 7 o fERXAFREE
i, JERGHK IS8 A IA X A e B S TR S X AR A
KIF) “Einsteinr4e” AR AR 53K T — &+ PHIHE(E, i Einstein/i & ¢

GE, = e 3G, (9.11)
A5G 2 4E Einsteinbr 42 7 (175 H 2

o—49/(D=2)

1 1
tree | D E . 2 2
st Kz/dx G [R (V) oM
D—2
+62‘I’/<D—Q>36 +0(d), (9.12)
Hrr, 5UESR A4S
K= gstringa/(Dim/2 . (913)

VAL IR B R IN 2 AT 5 B AN 2 Ak R DRI, FRATTHR (8]
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10 ESRAEEXSRRE

24, BAICAES], BosoniXid 2 A 3 2L |a] il .
o U RALE —ANEI T AT, TR E T 2 AARE
o EAIAEE I 4 Fermion .

e —J7i, JAICEER], AV H HFermion CFTI, &A1 5 L83,
X LEISAE AR N [ IE A XA PE T S i — R e, Rk, O T3 2RI — FEAR e )
A, BAVELEZ A L0 B fHFermion. & T heE, N T RN s, X
Lo Fermion WV i #5415 I X8 bR, Bllr, oro BRI, EIXFPEEIE, A XN T i
BB O T N B vh L X B s, FRATT 7R EE L B ) VirasoroZ W £ (1) 2
Wo WML RK A THIEARMN=EILTEAL . EBosonsZ I, TATMN =4E5] T
Frin, & aH45 T Hilbert =S 0] _E—2H Virasoro 29w, x5 ) 55 DA
PrEXrfi . XH, FATE MRS R DMN=UEIZ I —4EN=1 5| )1 T4, B
A5 — M Bosonh bR XH AT AN FermionAb b5 . — N2 AR pr il — AN 2 4L B 3hgr.
MN=1VHT| 2 ESOEEEM D5 1T

Boson Polyakov{f H & 1214 2

1
4ol

17
SH =

[ Vi |gouxranxe + Sorpirs

?

Q(wav‘lw“) (&;X = lebl/JM>] : (10.1)
FE S N=1 8 50 (1,0) X FR R Je 221
5gab = Z.E(IV/aXb + ’VbXa) ) 5Xa = 2va€> (10'2)

SXP = iept | Syt = A (aaX“ _ ;Xaw) e ouh =0, (10.3)
Hrp, e2—"MN A Majorana-Weyljig &« 1 — MR A B30 (0,1) X PR, EaFH
— /M8 Majorana-Weyl Fermion efllFermion ¢, AT S, FATH (1,1)@BX K
P,
FOERE 2R 2B 3 Ve

Gab = e¢6ab sy Xa = 7a<> (1O4>

Hb, (R— A HMajoranalig ;s oMICNSHAEH & (10.1)B#. & T Virasorof 177,
Tl A B

Gmatter:iwuaxu ) Gmatter :i@“(f_ﬂX“~ (10-5>
TAVE DI GINTE 21 Y. AU 5 3o R R S IA = 2003 % 1D, oA &R,
HERIAE, TATHHES B REA K Ke = -1, X = SH RSB, AR ZHIES
HE 3L AN AR MR AR & KRG, SRR R G RO R T R O . B
NMBosonFlFermion 8 b X HCafar DT#Rk3 /2. DA IRATA EAIID, P Ol & cratter =
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SDo b, AR H AT TTER—26, [, 8,4 0tik+11. BEHOME T %R, FED =
10

SWMAPRERET, G, T,GETE. Wi, B LA ROk s,
BRSTYi A& [26]

@

. 1
JBRST = ’meatter + Cjjmatter + 5 (CTghost + ’VGghost) ) (106)
o~ I:F[ ’ 1 1
Gmatter = Z¢M8XM > Tmatter = _iaXMaXM - §¢Ma¢ﬂ ) (107)
. 1 3 1 3
Gghost - —Z(C aﬂ - 5’7 b + 580 ﬁ) ) Tghost = Tbc - 57 86 - 587 ﬁ . (108)

2520 IAIE G gost M Tgnos 6 TEA M (IN=1H I TR AR B IIOPE(6.5.1),(6.12.7) 0

BRST/if A&
Q= L b{ dz jrsT + ]{dz jBRST] - (10.9)
271
EXD = 102 FK, 0 LLHFRE vk e RS,

10.1  H(Type-II)#B3%
AT 15 5675 R M (type-TD) BRI T o FA PRAAED BTG rh AL BRI HE T 1 . BN PR A% T
R G HERL Y AL 2 15

Xt =2t +ptr | T =yt =0. (10.1.1)
HL S EBosont ., i B 1A B K 07 R R X~ 0,0, FRATTAT LAV 28 A H £

Wo Tr&, PPAR PAAES [ Bosonfl Fermiondig 1k it . (HAE, Fra B ERAH K
1o

ZIRATLATTER RN, FRATA X N T RGN SHILRIAL S A A I P A 288 )38 43 o
T FIGHIN SHIRIAFEAATI) 75 A 43 o

MRS, WEE, WAV R AR . SRk, A5 NEIDE A OTH)
L, MG, 10,

FEOCHERE 5 Bk T 5 R BN A A4, AT 2 eql 7. ENSH
7y, GRPEEE), ME—FRGE Lo. A N IEMG P&, BRI N, B

ik, SCFHEHEING, Mz ib. Bl Ryt NSHREM, BaenblikehEz.
REARUFSHM, WABREMERRSS, FTLHBRE A% FRUPHE LI £y,
1690, fotHERath, BERY, HARM (BosonflFermion) k¥
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G IRA T BosonsZ J7 1, BRYIPLAS ) Lorentz A4S PE B 7E AR 8 0 IR B B (K e
AN MEA|0), MRcy_12(0). PIFIIIEER RIS Ta = S0 IFE MR 75 4L
UMAEDHES ELy — 5 NiZETF. Kpy—Mp? = —m? = 2/ RS, L8
To B AEHHERY plp)s WRp? =0, EWALL = 5. A1, FAIAAZATEL T
Ao PIAEIC T A (-1 =1, TAIAEHMINESMOA R (GSOHFE): fEN ST 14
AN %A 7 Fermion £ .

R 5y, BATAEWNNER A . LGy Lo W FMAENSES 70— ko W % —
T(10.5)Go R I8 L AT FATTHAF : A0l BT 1IE M7 4, EWEHE LGN
e % . RS J7 1, MEILBACEIRAT I ANIE

D -2
Oz{GO,GD}:2<L0— - ) (10.1.2)
HLoAR | IREW®RED = 10. RIIESZOQ0)MIER . ARG, = Yfa) +
23000 hat o BAECIL R —HE, SRR Hy KEIR, agHpu. Goh M EZ
XIS WA TR . Go = 0B WKEDirac/i #p = v p, = 0. T2, {ERHE 10l GE
(1) 6 it B A& 2O (10) 1) — Mg & SH — MLl 8O, &AW & JC BT & M Dirac )7 2
(=), SARMEE 1, CARME N -1, Al E&E AR EIES F, EFhE
o 245, BEAH - NERKHE B~ DNGSORZ M IMEBIRA 4> . R IATE K FH
I, P BB A AR M AT AT A . PO B IX AN S, AR RES S v FRAT Ak [
T FermionF#. KR (—1)F = IEBUSALERES 2 — MNE M HsE, BT M
FrrgetE . FATHIRFRSECOE IR, HAE R PR FE.

FANF e ] LN FHZEA R 33 . g alesk, TRATTE I YA 2

o (NS-NS): HTEMNAEL RN KER R P A, KXLEEBoson, XH, ¥
(-1 = (-1)fr = —1, %ﬁé@ﬂifﬂGSOﬁ%fﬁﬁFE@%Tﬁ%&ﬁ%ﬁwilpiﬂyz’P>’ BATl
SETEN], RN TR R & (511 7) s — DN SOMPRIF sk EM bR E .
HTHRT .

o (NS-R): XYt EFermion. iXHPGSOHFE(—1)"t = -1, WiLLwE, AR
B REAT TR I SR o ﬁi?ﬁ%ﬁ%ﬁlﬂwil/g\p, S & TE i I 2% Fermion, 1 H AL —A~C
Majorana-Weyl5 | )41 F1—4~S Fermion.

o (R-NS): XH, NSHMGSOHEF & (1) = —1, H2E, {ERH s, AIA
AN EE BRI PREFSTHE & (type-1IB) BLCTiE & (type-1TA) . FFIR, AT ERAKZS
(K107 olp, S 8 C) FETCJFEIN 4% Fermion .

o (R-R): TEIIANEIE, TLJEERE|S,C), EnAN—NREM— ZFabs Rk
i, B E AR . ETypelIBH, BA1E|S,S), B — s, —4 45
i SOl BT A B A OB PR IR &

AN BATH HEBosonk 1, Hi2, MIRIANCLEHRN, ELHESTAEHE
iTe BRTT, EATHIEINAE BT A vTER

P type-IIAFIIIBEIE AT BT A 51 330, 12 BUAT LOZEH (¥ N=2m S50 0 AR
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Pk o fEtype-IIBHY, 51 150+ A FIFE I FE, A~ H ﬁﬁ% [f]Fermionf A Jx [
Yo type-ITABIRZICTHER), A5+ AL i Fermion i AH 5 IR TV o

FEOCHERE T, ZE B RA T RSN His 8 I fE . AENS-NSHRIH, A2

- 1

M, ZIATAEBosontl X LA F BN, ‘Egh i rcstt. XA N T A HKlein-Gordon /7
o R-NSH4r 445 I 2 Fermion, 29 # A& P G i & M A i &2 & W Dirac i 1%, B4
FE(10.1.3)%, I EGy = 02 R (F&FA] B R B R k3841 e) . AN(10.1.2), &RV 7 4
HKlein-Gordon 7 #2; A7 T FERIEEGy = ORI Ly = Lyo RS0 LUHAENS-RES
9Ye WJh, ER-RE, /EXNERE, EALEMANDiracifE: Gy = Gy = 0. KA
AR, Ramond-Ramond G i AR . B oG, EATE AW W B s IL e &M
SRS 2 ES . WAMIERAAENINESRT . RIATGIHRE 2R, &
A4 T AR AR AT I A% O o AT IR S PELR N 1 AE T — 15 o

TRA T BB DI A B0 545 (— 1) Fer (IR 5 e AEN SES)

(—1)F = exp {m > wiwi_,] . (10.1.4)
reZ+1/2
TER Y
9 00 o)
(—1V’::111%fexp[wr§j¢&¢ﬁnlzzrllexp[mr§j¢¢¢#n], (10.1.5)
n=0 n=1 n=1
Horp, TYEASTEI04E P . BATTrT ELAGE IR )T 3K (10.5) 4k T H A8 0 2
{(=1)", G} =0 , {(-1)",Go}=0. (10.1.6)
LA TRk R
{r'. g} =o0. (10.1.7)

R AR, A KRN TR I DiracHATGoth KAz,

SR>): AEW], AETCREAKE, AT A% H 7R 55 _E [ Fermion A1 Boson F 1R . 41
RERA (D)2 IR, XNV ELTER . 21 type-TTA M type-TIBEL i H
AT AN RER)BER YL . IEWEAIBLT MR 5SSO0 KR g4, BH%
[7) %% H i) FermionflBoson 3 A1 % .

PLAEFATIWT 5T P P Pl 2 2 i i (i 70 R ) XA I R I Boson il 7y, AT 8
W4k 15 RELTBosonsZ 16 1K, AR DR G (ron) % AR, IXH, FAEAT
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St Fermion ) vk« AT 58 % IBIBE B« fENS-NSH 7, MIANGSOBY B A
EWILFATEG R Pril, XEr R BN oTEk & x v xve MR-Rir, ATCAHEF
HOER, FrATTER ZxsXse ER-NSFINS-RE4r, A1 0453 —xsxv A —xvXso
A L PR A1 5 2 R R B Fermion AH X - ¥ Boson iy — /M A ik« JiT LA,

ZIIB _ (xv — xs)(Xv — Xs) 10.1.8

(v7an 1)8 ( )
FIFHSO(8)FFAERR K24 30.(6.11.26) F1(6.11.42),  FedlTrT AL 2 26 %55 15
11 1 aviaar U'15) U'[G]

1B _ + _1)atbrab - —1)atbtab Z 1. 7 b2 10.1.9

(i’ 2%;0 (—1) 2@,%:0 (—1) i ( )

a = 0FRICNSESY, a = WBRICREBSr, XA,
LEType-1IE T, ME—H) 202 s N iZH v o A0 . it 40 R B0 ik
03] 194[%?]'

1 1< 1 & a1 B4ah
ITA _ - (—1)w+t = (—1)atbrab (10.1.10)
(v/T2nm)® 2 a%;O 2 -,%:0 i

G2 AEWIZTB ZITARKORAS . FI(A18), IEMIEALAESE T% ., AW,
R —ADRE S, A 25 R EH FiBosonflFermion FH H1E, 5 i 25 X R 20—
.,

10.2 FLHRER-RE
DUAE, FRATTHE B PRGN Hu S JC U Type-1TA B8 I R-RA, A EATAE AT itk
J1, AEAETIAO AR PR E AR OAE o B 2 PRI [30]
POl B 58 N TEAN IR 1041 Minkowski 2% [0 () TR R L0 5 [5] TF 46 »
(32 x 32) 4ETH 35 2
{17} = =20 | " =(—++...4). (10.2.1)
DA FE F5 H P Minkowski & fn K T -

I, =n.,l" r“=n"r,. (10.2.2)

BAFR HIMajoranarn, o, THIFEZLURRN, T0 & RXIFRET, JLRFGEXFRET.
5351,
rrir’=r r'r,r’ =-r;. (10.2.3)

oo
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Majoranalig S, /& K H: S = Su;
Iy =Ty...Tg , (Tp)*=1, {T,,I"}=0;. (10.2.4)

Do & SEXFRIT . FE104E, X2 Weyls 4TS = £S5 Majoranagc A 25 ) JR Al . 17
$tLevi-Civitaik &, AT = 1LE . A TR TR ) SO R

1 1
[HL-th — EF[’“ . d = i (I# .. T £ permutations) . (10.2.5)

W ERH S, FATATPAE R AR Y R AR

[y [Hpe - k)‘em...morukﬂmuw : (10.2.6)
(-1
F,ul...ukrll — meﬂl...uwrumﬂmﬂm , (1027)
Hrp, [z o PREEG 7. T2
1
F,ul-wl...uk — F,u,l/l‘..l/k _ Wn#[ml'\w-..yk} , (1028)
VLV H — [V1-Vklt _ (k 1>'77#[VkI‘V1...Vk—1] ’ (10_2.9)

Horp, D596 8 AT ATRR T B E R RERSR A, AN E Sy, AN Lorentzbr
Eiﬂ%XZ(FO)aﬁﬁbﬁ'

WAE, ZER-RIM MRS FEAL, BATEHL €W LTS = SHIMajoranalig
BS,o A, BATE S AW LTLS = £SHMajoranalit &S,, i, XFType-
[IB52¢ = 1A Type-ITASZE = —1. SIS “HWB. hTRRE, EX M
Jig 47 A2 U5 S Y

Fop = Sa(il%) 4,5, . (10.2.10)
XA X, Foprt 5L, EF, 6% & Lorentz NAE W) o fEE R LI TFAES ALK
FllF - F y FTH - —fF, (10211)

Horp, TATCZLHAA T T R RR AR TO 2 SRR 1 555 o
PAE, BATAT LLEXUiE & FRETT 2 SN FRT ) 56 42k -

10 k&
7
Faﬁ = Z EF,U«L..MJV (Fulwuk)aﬁ 3 (10212)
k=0 """

Horb, k= OWUELE TR AIRERE, 5K F), 25K
WAL, FRATAT USRI (10.2.7) 19(10.2.11) Fh I B — N TR AR S 2 R 51 5 42

k41
2

o D

YHEA RS (p,q) IR E Y, MajoranaflWeyl 51 EAHZR ), HE|p — /28,

(10.2.13)
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BT RS

o
(_1>[ ] ehre-po

F,u,l...,uk — 5 (10 — k.)' Mk+1---H10 *

(10.2.14)

(10.2.13)A1(10.2.14) 2 [ W AH R E Bk, Type-IIBEE B (¢ = 1) & ZF Fok (T
() 52 35 A B XA 4 2 (k=13 F1k=5) Mtype-TIAFL i (¢ = —1)8 & 1H Bk ik B 1
Hk=0,2,4), fEHEE, MALKESEREHEIT16 x 16 = 256,
GAE10. 1B, e S BRE SUE R ( 10.2.1) 257K H Go fGo HI WA T i

%Diracﬁﬁz:

(P I")F = F(p,I") =0 . (10.2.15)
h TR S R gk BT R, AR AT EAE L (10.2.8) 1(10.2.9) s — B EEEH(H T
IEOGE:

p[ﬂFVlka] — pMFNVQ--'Vk — 07 (10.2.16)

B S Bianchiffi S5 RSO FRoK i B0 1 chJE i T A Befl T LA 6 0 s i
B
dF =d*F =0. (10.2.17)

figé tH BianchifE 55 205 A e VFBA HE R FE bR 98875 D (K — 1) U RE I A M

1
By, = mamlcﬂg“.uk] ) (10.2.18)
s, M S

MM, type-TIAFEIE, B — N EAREROE R ok, & — AR & (CH) R —A 3%
b gk & #(Crer), [FIIN, type-IIBELR A —AN0E X (C), M2 L(C) Fl— 48
H(Crvee), JEEA ENE . AN, PR A B EH SH64 = 8 x 8.

MR, EMIZE T, RAEERRENX TEEIMNE. |k, 25 Em AR
AiFermionBA VP (s| RR|s) A o LIk, R-RUVAEAFAE 5, mARR, &
&) )5 FEABianchifi 5 A 7E — MR AL_FEEN . WUREMILES P A, RATE
%A AR .

R-RIEXA T — Mt A&zt el SIKFRE 25 710, fEmh
MBIk, KT BRI e D2 em® AR N S-N S35 I3 % e B - D23,
B, TEMW B, RIS TR

10.3 Type-I#Ei%

DAEBAT IR B TP 5Z . A PRI RENE: %€ [ AR E T SZ . AR SE 1] R THE 5438
PN 5 AT T s A 2. FEIT I8 T BosoniZ il . EATE 45008,
A LLAE S s 75 I Chan-Paton Al 7o R R IE, BATSBIUN) AR, e IR f i
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B, BAMFEION)MSp(N) VL RE. ZOlH -, (EEZIEE, GSOBGE LML 14k
&, fkBosonfs it L TR R IR G

MRamondiB 7y, FAT 1K 15 2 MLV HE 11 BE A FE H I Majorana-Weylig & . T2, {EJF
5% 350 43 1 JC A 0% fH104E Yang-Millsi#E 2 A4 . £~ —3 it ko, JATEE
104 P (1) Yang-Mills# 18 ST KEYE REES AT 51 0 FRIE SO o b 149 31 fe i B B
PEE, T2 EIE Y AL G R LB . ME— SR B AT RE R 3R B2 K OE 1N
[11O(32) FF 5% HH IR 6

AT XA 38 P IAR T R M T & o 8 i e 2 S e & 4
BE [ AE AR B br s 0] B, e — e ER#GE . XA Y S AR T A Q:
2 z BB AT, 00 0 — —o T I IE 1) S (TR AT o R IEAS & A0 R
PE, FRATT 20 M A A R RR IR P 5L B . WNFRATT R A D&% &M Type-T1A BHLE,
HATIBIE oA BRI (L2 22 A I AR I - ERamond 364 ) o T2, FA H% [EIIBY,
FIAE R B EAF P P RRE R RIS I M . ZAEAEIRIETE B, Bl
AR, B RGHIRIARE, ERANNEE, & a2 R4 i
R85 5§

TENS-NSHB4Yy, BRAr AR M —DFrE (K1) 1EA 2L IR SO FRAR I I
XFRoR BB k. fER-REBS;, 28RAs ROMFRIKEE T T, (H bR M4fibs B HE
SRR E AR k. B E, MWEE P NMajorana-Weyl5 | 71174 7 F1 P ~Majorana-
Weyl Fermion[fJFermion#fi 73, FATHR G2 EATH —F. T &, A, FATAG 9
J1, — s RO FRIKE, PL—Majorana-Weyl 5| 717+ Fl—Majorana-Weyl
Fermion. XZ104EH (FIE)N=1E5| hZEENNE. S, & NGB 2
A GE 7] R FAT5% o

FA RS o A2 AT 2 FATTE ) B 0 R A A A B U AR ek e e, X HL,
TAHE e

X(o+2m) = X271 —o0) (10.3.1)
DA A FermionZB AL H A I EAT T A2 - YELaplace /7 #2092 — 92 = ORISR sk, FATTAT BLIE
B, A3 3K B8 SR A A IR vT LA S A T A i A 09 2 NeumanniZl 1 25 7 1R T 5% A8 b R
& Dirichlet-NeumanniZl S 455 () FF 5% AR BRIGAT o BRI, 1 A P (st P31 ) 1K ) 2R 286
TR TAEAE . ARSI, MR s L. XML, AT
A LA Chan-Paton K 1~ il B 4 $H 5 0 ZE S ARl . T2, S ARH M (F15%) 8935 7 —
i, IR EITE R A FIN=1 8 Yang-Mills/J L04EN=1#5] Jj. XHE(RE N
(1) Type-TEE5Z 1R . MEIRAVG A BIH), SCHH REFITEH A O(32).

10.4  ZHUHER
wmas, WAICAEFR, H T NZerh Ly, 53 n] LR A Virasorof 2 (Bosoni%) »

o i A IN=DE AR G 5%) 117 ., PSR BRI & A0 BR I, AERRP R X L,
FAMCHAE FIAE 22047 B R, FRATTr LR ARAE 22 B A ] Virasorof R £E A7 _E A
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FEE I TARE AT e

Fg—Angie, Hd, A, TATA € B H K Bosonk b5 MU S5 8 H 1 A2 %
AN S Fermion,  /r 249 RACECRE A2 8 5% 1) 20 RARE, Weyl s 1 U SR H5 /2 # 5))
BRI AL H L2100 AR BNy, FRATH A AHE 2 20 H Bosonfh br . £ AR
KUKt 2 Virasorof UL, Weyl 5O BOH WA A B 3 AR FR R EH 2260 J807E—ike, A7)
104 /e + A BosonB AR X #(z, 2), 104 e BliFermion ¢+ (2) F— A EAM 1164 41 75 3))
Mgl (z), I =1,2,...,16. X*EdE BB, (2, o/t BB (FABRAZNE),
W IRAE 16 4E K o ERUE . O 7RG, JATIE R AE A2 B I8 W I GSO#%
%, H(=1)F = —1. X8, AT WA 5 th £ 3hFermion’E il :  NSHS 7 (I
77 Boson) M R(If 4 Boson) . A 10N AFEBUN F YR, o EE( “A” )ABHF.

TATTHs 22l v SEAE XA T2 OGHE RV Fr) 5 Bl 1 1C 70 bR B 8 1) AE X B Boson %
W FEDTER (/7enn) 8. /e B Fermion ik (1 T GSOBE ) xv — xso WJE, HEBNE
FHBoson ¢! 1M oTwkE I BRI CFT A B 84 (7.1.38) KAF3:

R _
_ 72 T'i(q)
Zcompact(Q) = Z —16 - 16 (1041)
Lis U n

Horr, prtsriRi. GafE ik, JAI752

1 % 1 21: (_1)a+b+ab
(v/Tanm)® 7'e 2 nt
a,b=0

Zheterotic _

(10.4.2)

AT ALz AR, M TN 6 BT — 74+ 1 FAAZE, BRI R U
S MREUR) (p%, =R . BRI F AL

1 _ _
T — —— Flﬁ — ’77'8 Flﬁ, (1043)
T

R A% A EORH R O sl RO R A BP W) ) o WAL T SR AT I A 16 4E A

\\\\\

o Fg x Eghfriio IXRERFEg x EsfHRHE . EglAR HHO(16) IARE,; F1O(16) I g 2 A
A%, O(16) AR E8YE R i, R EINEL, FEMIEj N+l HEH 5 A0, O(16)/ it s
BERSE = (G,6,,G)/2, a=1,2,---,128, H¢ = 1Y, ¢ = 0 mod (4). RET
TR EESE T2 — AR R AT USAEY i nijeiy + S mate, Heing, ma € Zo
% sSRAT DL O R £ S 1

2

_ _ 1 _

Fggxes = (Ts)? = [2 > 19[;]8} =1+2-240 ¢+ O(3). (10.4.4)
a,b=0,1

e SRS, TATMEER], L= 1112240 + 16 = 2- 248 &, EIEHKEs x Eslf
PERER R FL b, XNAHEEILSEI THERHKINE x Eglim . ME—mnl ik
e EARRN, B LS AP A s g A
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o O(32)/Zoh ri o X ZHPIAIER B EIL P 2 —F R MOB2) KA fi . O(32)11
W, TRI6HER R, fEAEIE Nl EAEE D+l LA K0, EENE
JEE = (C1. Gy Gi6) /20 ao=1,2,3,-++,216, G = £1RIY, ¢ = 0 mod (4). HHIF
TS T2, — O RURE Y nij€j + Yo Ma€sy, With ng,me € Zo F ML
1

1 _
Powa)z. = 5 S I =1+480 g+ O(). (10.4.5)

a,b=0,1
XANFRTEREHA —NO(32) L B s, Z5M TR E I TMIERE, £L =
LFS IR AT . EIESA Ly = 2.

BT AR s Bie o m] L322 N A B 8l Fermion o, i = 1,2, ..., 32k . FATK

MO(32)/Zo TR B K0 i

J9 = ipl)? (10.4.6)
JERRES IO (32) A EL . fERamond &7, Ty Fermions& AW, 7ERXMIEIE, O(32)
ANVEATE S, FRAVFRINADOB2)HIEES, Co Tfa, MIEGSOHF(—1) = 1A H
T8N SR 1) A5 R s FIAE RES 73 1 — AN e &

X Eg x EgBlig, AT AL 16 Fermion™ 845 H 1) )& # 8l B BA S A . AEIXFh i
JE, OB2) AP EI0(16) x O(16). 2R, fERamondilisyr, AIEHHIL, = 11—
NO(16)iER . XA EESO(16)MEREF RS G, T REs P F AR P

IRAETRATT O] A IR Z2 UL 5Z 8 G B i OGHERIE) o fEN ST, XIS

Ly = ! , Lo=1. (10.4.7)
MEEGSOH, A3, EHBLT, %)ﬁ%%‘x%lﬁiﬂ/?d{ﬂp), e E), RO
PRIKEAAKR T, Bl ,J% [p), B4 HAEG = Eg x EgBO(32) M HEBIFR R PR E .

TERI Sy, MSTLIR I

Go=0 , Ly=1, (10.4.8)
H5GSO%M—E, B4 H—"Majorana-Weyl5| )i+, —1Majorana-Weyl Fermion,
20 A B BEG I A B 2% 7~ ' Majorana-Weyl Fermion. P& 7E104E A N=1j %} Fx
P, fELERRAAEEL 2 ESAAEGHR PRI R EBL 5L, ©F, #Hig
TN

E104E, FATTAT LA IE Iy — N R 2 HE e . X W] DIE A Es x EgHI 1K Zo 5N
WA El. BAPHAH P — DR (-D)F s FENADEHIRE—A, A — XK
P, BERFFO(16) F I R B AL, MARO(16)EMIAT 5 FRA KRR BIAE AL —F1
B A E XN IRAEICS,, i = 1,20 ZoTtdw (=1 S Sy FATEIL ERIGIE
o BATEIEPIRIEEL . £ AT Fermionifsy, HA(—1)FHHE P RIHMER .
FIH (6.11.26)F1(6.11.42), FATATLAE B (- D) pic—FERERE L, 211
HfeesE L. s

1
Z fermions [Z] =

! b+ab bh+gh 194[?]
S (—1ywrbrabragtbhegh Y L1 (10.4.9)
a,b=0 n
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RN Es, APRBOEES, B4l MHnBHR

~ rh 1 ! Yg+oh 58[’(;]
Zo =1 35 (capmen 200 (10410
~,0=0 n
S L 23 PR
1 1 ZE' [h]? 1 1 ,194[01}
Zheterotlc - 8 9_ - (_1)a+b+ab+ag+bh+gh Z bl . (10411)

S5 AEH(10.4. 1) B AR (K . FRAE WIS H S TS RE 5O (16) x O(16) (#1104 B
W, SRITCHEN . XA S X R ?

SR2): TR 104E A B I A BB, 3R TR S AR B IO (8) B AE AR T
AT B A R 16+ REZ R LI RAR B KRR AE A% . (Boson BTk EE—FEMI. ) B2k
HRG=0(32) 15 . R e SRR AR RS BB, TN R 5125k

EERATT N = R
oA
o LA B ESL T KR
oA T
PRS2 D BIE 2 SEATIR I 2 /2
G = Eg x O(16)F10(16) x O(16)H & LI HIFER

10.5 HBIEZITNARER

5 BosoniZ K81, T A AT 2002 L RARE N )R A . R FAEE Y E 5 (H.(6.12.12),
(6.12.13)), Hr,

XH(2,0) = XM(2) + 0pH(2) . (10.5.1)
LB AT LB AETE
/dz/ﬂevZe /ﬂz/ﬂeva )+ OV, /dzvl (10.5.2)
Vol 2L ﬂ%‘ﬂ%%y MVl Vo AR A LB E0. X s R 2% Boson, T ffi 44
R A
VPosh(e p 2 0) =€, : DX* X (10.5.3)
VR = e et Ve p ) = €, 0 (DX +ip - PF)e N (10.5.4)
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Hrb, e-p =00 fEWAREIGRS, XA TR
VPPN (e, p, 2) = [QprsT, £(2)e *Fe - i P X] (10.5.5)

I 22 Fermion A SEAF N BEAE DA A Nb MG . RS, e B
‘/_felr/rréion(u,p7 Z) — ua(p) . €—¢(Z)/2 Sa(z) e X :, (1056)

I 2K B B, v I B 3 i Bosontk (i Boson, e~®/2J& L BLTE 43 /813, vk R 1) H JiE
W(6.157), S, &L TERE M5/8 Fermion ¢ (IL6.1175), ‘& ERKO(10) imE. T
PR—1/2R IR pf o Voo BILTERE L. efm, w2 G i Dirac )y Fipu =
O HE o

TE AL B3, v 1K R B FermioniZ 15 B, A7 — Mb 2 Ak A ITAICEFE RN,
fEBosonfb JE A 1, B 5oy (K H LSO fr P PR S 418 X S B BB K illing e B A O
T, MO AH G RR BORTI T, X T AT A W ofir 1K 45 € MBS I TV AR SR, FRAT
AT AR R 7R o IX 0] LA R S 7 VR8T o 5 18 ot Ag, VI BT AT . &
FEBRSTAE ), [Qprsr, V] = 0o FRATT AT LA 3 2 755 [R) AT 4) 25 16 49 B T A B4
HIEHV, = [QBRST,fV]HT’ fif Ag + 1, B AQprsrdi firle 4 ZBRSTAT it
Ty Vot EBRSTAE N . SR, HATCEEF, WEENBRSTA # 1 M&& %
Ko EXMIETE, DKIAC I S 7 rp, e R R Hilbert ¥ [A) AR I, 3X A
Wik G o ANTR] ) fr 26 SCHR Pl B R R o X Fermion WA R EHG AT ATHECHE, 0

Vi (u,p) = [Qprst, E(2)VIT" (u, p, 2)]
= u(p)e??S, PN 4. (10.5.7)
Forr, A w5 A 355 50 DU 4 i 9 A7 o Bk ) I o TOZE IS 5588 X6 B fir ) LU AE % 3)) 1

i) Fermion Il ff 2K #0) it
Q. QMfdz e 2 G () (10.5.8)

P FermionZ8#t £ Boson, X2 MK

Qi VB (.9, 2)] = VEP (€ = w0, 2) (105.9)
[Qa’ Vboson<6,p, )] erlr/112110n< — ’L'pMEV (%w)g, P, Z) . (10.5.10)
XX Ay A7 25 ol P o

10.6 EXIFERIEHE

mAEATCEER], E104EH, A AN X FRILIE .
o Type-IFLig (F1), HN=LEXFFRHERMIEEEO(32).
ISYE(6.A10) S AT A PR B AR, FEAEBHOCR SR, TRA AT I 1 BALA A% T
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o ZLEHIE (FHE), AN=LEXFRIEFIEHFO(32) FIEs x Eg.
o Type-ITARE (L TE), AN=2HX PR
o Type-IIBELIR(T-E), AN=2XFrM.

BAVEB S LR ) 1 A1 — A H %1771 2 T A {EBosonth
JEK A, BR B B R IR 32 B e A7), B 7 — M 3 h B SRAH N o B 22
[P WeyI e . SRTAT,  HHTEERTFR PR I, XA 350 H M — g [« ZET04RARS
WIRISOEAR LI, BN LG5 ) H e —FEpl it

G, FRAARAE AL M T AR BMR AE A AU E R & . 4 T Bosondgy LI, FRATTH
W ZBAR B B R IR . SR, 1 T Fermion I L, FRATTARAS B — AUH BRI,
i #3Boson 1 5l 11 2% il g0 Fermion i p7EAR BE T EE A [H] o FoAT 145 4 Bosonh Hi AL
H0, X Fermion A VAR Il T&, FraIsiRemiA FFEMACE, B2, XL E
W AT LSRR (SUSY ) k5, vl LLH M — M ISUSY AR 4k 50 11F

S~ @™ e | O ~ DP™ € + ™ e (10.6.1)
LEATEL B BOAE P SEA 0 R 2, ST 5 | /e X 2 IR
E104Ed, AT R ARAK 200 &Y, ATLAPRHIRIN< 2 SUSY.,

ﬁiﬂﬂ%ﬁf‘ﬁ%%Nzl%ﬁﬁ(ﬁo AT RN R (B 2 B, %E%Ej‘@;
— R H(A,) B/ "Majorana-Weyl Fermion(x,). #4512 EEWE 51 71(9,),
XIRRIK & (B ) F— Mg oK), LA —“"Majorana-Weyl 5| J154 £ (4#) %D*/\Mat]orana-
Weyl Fermion(\,). #8452 Yang-Mills[fN= "1 5| J7 ()4 R0 248 0 Bk e, Fl
N HIMEIE R VO . Yang-Millst H &2 52 (/D> 5] J1 )

1 a a,uv —a a
Lym = _ZF"”F M — XD, X", (10.6.2)
/\EF[7
Fp, = 0,A% = 0,45 + gf* AL A (10.6.3)
D, x* = 0,x" + gf“bcAM (10.6.4)
Mgt Yang-Millsili & 8. 2iN=LE5] J/EHEZ
_ 9 9,000 1 -
N=1 3/2 v v
Lsycra = ﬁR ¢ 2H,,,H"" — 62 “¢2 — §¢“F" PN, —
—fmtv A— 3f(f; PTVTHA + —— f” ¢ H, o 10, TP+
H6UTPYT — V20, TP TEA] + (Fermi)4, (10.6.5)

Hrr, w@&Newton™ £, T e DR 584 ROMFBRE, H,,,H(9.8)4 th, AT 1A
IS AL S DU Fermion F 10,

P T AR £ B —
LéVU(}lRA+YM - LSUGRA + ¢ 3/4 L,YM' (10'6'6)
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£ Yang-Millst H] 5 AU R DR i JE #6  5 B elbess . AElE 51 0 LI os ks
AT Z5UE L3 98BIV E

. K
Hul/p = H/u/p - TWSVS;)’ (1067)

HAr, Chern-Simons¥i &
Wiy = ALFS, — gfabcA,‘jA’;A; + eyclic. (10.6.8)

KAME TR, T A G VR, ORI B A ROA — dA +
A, A] F it R A5 4

9B = 5 TrlAdA], (10.6.9)

A5 XU 1798 H AR AR 1)

UM G gt/ k3R TCAEER, mT LB o FFAR FE AR L, T #ie LB & — A
—IIZ4.

MPATAT PSR RRPER, U B AT e -

o Type-ITA #5] /). XJE104EType-TTAME L FIMRREM I . B A& — DN=2HXS FR
PN ES, KPR T 91 (gw), —DRNIKE(B,,), — Mo (K1), —4
RKEEA M A3FEAR SO FRIK B C,,,; L& MMajorana’| JJ il (y#) Fl-—4~Majorana
Fermion (\,). #8751 71254 W i, nf LLATI4EN=1 7| J1[31) " 4 5 L1t 15
B, XYL S 1S B G, AR KK C,, o 1R

1 1 e 1 .
=11 _ L1 [ b 2} T, 1
QK2 R 2_4!G4 “/Ju V¢p+2ﬁz(144)2G4AG4AC+
Lo . .
"‘@ [¢#F#VPUTU¢U + 12¢VFPG¢T:| (G + G)ypa’T ) (10610)

;H\:EP ’ @3\%?@%%(@0 + @)/2%%}(7 WIEé Q ﬁ}%ﬁ%éﬁ, IﬁJHﬂ‘

c 2
~ 1R ) — _ _
Wy,ab = Wy,ab + T [—lb Fl/uabpwp + Q(WFZ)% - ¢ura¢b + ¢bru¢a)} (10-6-11)

BN, B, GoCHIE,

~

Grpo = 0,C0ps — 0,Coop + 0,Cp — 85Clus (10.6.12)
RG22 E R AR
G,ul/pa - G;wpo - 652¢[uryp¢g] . (10613)
S R, NSRS BT —M04EE s, —MEA— M & (L C):

e (227 ALY

20 20
e’ A, e

(10.6.14)
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SR CH 104E TP A3 FI2TE R,

Cuvp = Cuwp — (Copr Ay +cyclic) . By, = Chur - (10.6.15)
FIH R CI A, 104E1E H & v LA NI EHI 45 2], X[ Bosonili sy, A1
£l
GlIA  _ 1/d10x\/§€a {R— 1 2 _ 1 o202 _ 1620F2 I
2kK2 2 - 4! 23l 4
1
—— | B 10.6.1
+2K2(48)2/ ANGAG, (10.6.16)
N I:P’
F.,=0,A,-0A, , H,,=0,B,,+cyclic, (10.6.17)
Guvpor = Gups + (FuyBoy +5 permutations) . (10.6.18)

% 2 75 Einsteindi 48 b BTy pe-IIAF 246 it AT LUl it g, — e g, 28 535
B, 104EIKT D — 3. {EIIE

1
+W/BAGAG. (10.6.19)

VERL, AEMTEUKCE, R-RAFIC,, ME R R TICT, SR AE10. 27 % B —
Ffo

o Type-lIB 51 F1. BWE TN I1(gw), WA KKFRIKE(B,), PR, A4
H X B 45 bR S FRIK BT P/ Majorana-Weyl 5| ) 5 1~ A1 5 [6) £ T P I Majorana-
Weyl Fermion. &2 TN, HiEH H i, B RATEE 2N BXE R RIR
FHALA i FETERE . XA TTREA G A3 AT, X Type-1IB#E 5]
71, AR LA e e 72 5 iz B T RE[32]

FEIXAER T, A SLE2R) AR AZNE, e SO FRoK SRR i A (A
F4EAXBAER) . BATEH ORI KA (NS — NS)EAHIK T, HxEaAKER-R H45>
bR & bR

S =x+ie 2. (10.6.20)
T, SL(2,R)iit S $A e A8 SR M A FIAE BY 1
aS +b BN d —c BN
S—>cS+d ; <B%V>_><—b a)(é%y) : (10.6.21)

HAr, a,b, ¢, diEEN, Had —be =1, BNENS-NSRXHKkE, RN, BRER-RRXT
ks . HJFATEE4 A NonT, FLRRIesh R nT DO R FIE H =145 2

1 10S0S 1 |HE + SHN|?

o, HIE RWFRIK R 7. (10.6.22) & B 2 SL(2,R) AR ]
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-~ A%

Figure 14: a) fEA4ET I =M [ H o b) FE104E 1) R 75 1
11 RHE

B AR AT B B A SO RRVE R B B o YRR R PR W] DA SR, 4 R IR Bl e ek (R
)RR E o TR, FRATTHRE X 0 SO0 BRI SR SO R o i R A O RR PR R
W, RXERER N HHEAFRBRE. XN L EER RS, R, A S
1o F-fESchwingerfi 1 (5 & 2] JC i Fermion ) U (1) HE a2 1 1 2R B, AT LA
—/NEAN A B, SR AR AR, FRATIRA GG KT 4B S
IR T, AT I E SR M AF AL

BRI, & QAR Ay g ] BEHAGES)

HikE
sret 1 T

Jr = o= 11.1
SA, /=9 89 (11.1)
FEMIEAZH0p A = [a, A] R, A RAEH R 502
Feff Feff
eff i
SaT Tr/DAM —Tr/ADH(SA /TT[ADMJ], (11.2)

EI\EP LM THI R L, S HACED, I # 0, AETEXRFRME AT
o FEPLIY RN, SRABLAG 18 T LA 2UANAR

5Feff
5diffreff:/ (VHe” + Vet )—
0Guw

T, BN EWA AL 7 HNe Y ) iR AT

e, MTUVIRGE, REMILT . HREANYE %4 = MK (Fig. 14a). &
TR KL %ﬂ?@ﬁ&‘f@lﬂ?é@%iﬁﬁ%ﬁﬁﬁﬁo p SRAE Pl 1] ) [l ) Fermion 2
TR, FATAT UM A Pauli-Villars BUHI AR BEREZ AN, Al EAfa] SdsiiE B i, 25— A4
MIEIH A EAR I I, B K. ARSI, BT ied . AR, Wi R Fermionsg T-%
(¥1, Pauli-Villars 546 (B & RHIAL) R A VB AN, 2000 7 Bt 1o 95
EAE

FELOZE, R RAR SR 25 otk K I AEFig. 14brR R N . AhEmT L2
MV Bosonm 51 /150 AT LAUEW], AR ME— 58 X AR A8 70 0 B Ry 45t — A R R o

/ M TH (11.3)
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Figure 15: FIYIBANER ) I8 I, S ATAR B AL

ko AEXTHR I DTk o] LA R S RIS o 0 SR 2 — AN AN SR AR ) T B B AR ), B
DI R A B AL AEFig. 1517 —J&l B TR A& 45 .

BA T HE BTl w58 EkNSHEAR: F=Fy+ A% Fy=dARA — A+dA.
ZH, ARBVESEUERE(0ER). BT PN miE, EfH U~ —BE
"

5NW$~/$%[qﬁmﬁyuﬂﬂmmﬂwm+@ﬂm%mnmmﬂ, (11.4)

o, BT LA AN . 1N LA, PO SRR A SE L T TY[A RS . =4
AN ZE e 5 I A0 R 8 T 1R 7 AR BT I = AN AR T T[T, T[T Tr T2 R (T [T2])3
X, ARUMEER, o, FRE-BO(D)2EARY = etel R, KA.
FEAE2IE R R® 5 O(D) ()1 Bt A6 BET e 1 e A 43 2 . & v] LU B BEBe &% B Rw it 7
KXEMER = dw + w?.

E I8 G MR RO KL AT 2
&kmw/&%pmwmm+@ﬁ@&wmm+%ﬁ@%mm%wy (11.5)
Il L2 R LA VU Boson Fl-— 2842 S 5| )7, FRATIMS 2R A 1 RCH

oT|

mixed

N‘/J%:kﬂHA%HﬂRﬁ+eﬂH@RJHMﬁ+
+esTr[ORo| (Tr[F3))? + eaTr[AFp) (Te[Ro])?] - (11.6)

AT 5y AN RET Te [ A Fo] Te [F§) TR, FLZ e T LA e ST

H—AJUTEEN], & AT Se e o P Ak 1 A Sl (B 58 BE 18 UL [5], p. 343).
TS, RO TR I Wess-Zumino H G 45, E B TRIVE R IHFLS . G(A) =
ST/6N. T 12,

S0, G(As) — G0, G(AL) = G([Ar, As)). (11.7)
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TERE AR AN Sy FIR R, Sz R AR 3
SF=[F,A] , 0R=IR,6]. (11.8)
FLEUE B AT [R™), Tr[F™] 2 AR ) -
d Tr[R™] = d Tx[F™] = 0. (11.9)

WA, MEEm, BRAEFN . O TAEDYE T RN SO FIDIE I, JATT M e AR
AR (D + 2) EAXIPT2(R, F)JTG, Ew LUGAEF, RSB LA 5
ATP2E I, ] BRI S5 AR

PR, F) = dQP ™ (w, A), (11.10)
Hr, (D + 1)ERQPHIAREMIEAAR, (HRTER AR T H AR
SAQP T (w, A) = dQP (w, A, M) (11.11)
TP S AR F L ERIX R . de e, DR RAEAT QPR M43«

B T IE T TeAFR AT [© R W FIVE S i AN TT 2935, FoAR I mT LR, el
IMAEEERLEHEF . XA Green-SchwarzL

1B E JSCHS I AT AR 70 42 T oy it
0|y ~ / d"z (TY[AFy] + Tr[©Ro]) (ar Tr[F] + asTr[ R+
+as(Tr[F3))? + aa(Tr[RE))? + asTr[F3]Tr[RY]) . (11.12)

TAICLE/R], EN=VE5 )0, SOMPRIKE 5 g5 Chern-Simons R g% . &
138 m] LA N5 | 7 Chern-Simons T2 3 (‘e K v #k4AN 07 1) -

H =dB+ Q% (A) + Q% (w). (11.13)
BAVER B, EABIAEEAE TR R T B B WA E A AR KN
SAQ9%(A) = dTr[AdA] , 6009 (w) = dTr[Odw] (11.14)
LA, SORRR K B A T AR
5B = —Tr[AF, + OR,)]. (11.15)
T, AR

Poouier ~ [ @2 B (a/ T[] + as T RY) + as (T )+ (11.16)

+as(Tr[RE])* + G5TT[F02]T1”[R3])
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YERHAT o

ALK AT AR SR o IXAN PR o] DLE BRI R AAAE A RO ARk I E
(SRR (WD E Siay N

I T AT HLHIAE) T 2 — A SO ARk B B e h . IX R BE
€[ RNE G ES

MRS SO AT DIk ? S, AT AE R, K, e i TR .
FEARYEr, TALTEAAAE, W) Do TR 2 (A Jigl/2)Fermion, (H€3/2) 517157
A(B) AXE SRS FRIKEE By, ey o ENIIIZNRF = dB3E () BXHERID/2/E

F,

Hi-fip2 T + FHD D (11.17)

1
W%...m

X5 RERIHBL, FATLBIE Lorentz#FO(1,D-1) I FAER R . EANIED = 4k + 24
TAFAE . WRVESCH, FRAT D2 VERFGH) TAER 7R o IX AT DAE 8 B 4k AR 24
TRV R LRI

BUAE, FRATTR 25 ok A 2R AL 0 BB i vaik e SBRATHT IR 1, SO A

PR RVEAAZ 1) (DH2) e Rl Tl IR #, FATATLAED x DI AR A
He 2 T AT AT

—T1 0 0 0
0 Tp/2
—ZTp/2 0

Tt Tr[RE™ =2(=1)™ Y, z2m. —NAJES FermionX] 51 J) SCH I DTRR R 4145 Hi[34]

L 2(R) = ];[1 (Smh(mim) . (11.19)
AE T T 23 itqﬂ AT — DRI E, EUE SR ER; ER(D+2)E
T 1577 <Y DB &ﬂ]ﬁxﬁﬁﬁélﬁdﬁﬁﬂfﬂirﬁﬁ:

D/2
GHEPORE IS by
1
8 1;[ <tanh :cl)> ' (1121)

T3 A0 B A K RV B A SR B Ttk RO FE RS RE T, BT R
e X1, H L/ 2 Fermionn] PLARF R A He, e IR BH B otk th 1 #1145 H

Lya(R,F) = Tr [e"] Lija(R). (11.22)
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BED = 10F1 JETT B rg A5, FA143 5
Tr[FS]  Tr[FYTr[R?
[1/2(R7F)‘12—f0rm = "0 T o148
Tr(F?| (Tr[RY] (Tr[R?))?
_256<45 RET; >+
n (Tr[R°]  Tr[RTr[RY]  (Tr[R?])®
+64 2670 * 4320 i 10368 7

Hr, nJ2 AE3/2Fermion ) 24 H o

495 (Tr[RY)  Tr[RATr[RY (Tr[R?)?
BBy = _64< 5670 4320 10368 )
Tr(R?] i (TriR?])
384 (TT[R]+ 1 ),
TA(R)| 13 gorm = T12(R)] — Iyp(R)| (11.23)

12—form

TS ) B TTRR [ o B I3 %0 BT Weyl Fermion. BRIAFELI04E, TR TiL4T Majorana-
Weyl Fermion, ‘eAITRF o i oa k2 b1 1 —F

RATTERAE IS — N 104E B 18 2 S H E IR .

KA YR BN=L 5] 7 # 18 & — 1~Majorana-Weyl5| 11 5 F F M & F ) B
Jig 3 i)Majorana-Weyl Fermion. M FJHIF 2 XA SR, X 72E KCH 1

Type-IIAE 5| Jy & %A TR, T2 i s B . R, TypeIIBj T
(), AL XS SCHS DTIR I 2 1) P DMMajorana-Weyl 51 351, TTHR—1; o (IAH B T4 1) 9§
MMajorana-Weyl Fermion, FTTHR— L4 —A HXEK T A (11.23) AT BUE HY R SR 55
T%.

BUAE, AT % EA R AR L EAN=UE5 1. UM T 551076 RN TF

Mo EURCH 2
21" = I3)5(R) — Lijo(R) + Lio(R, F) . (11.24)

FRATT 2 D W BESRO6F WY T RO (1) FO IR 125 1R AN RT 24 JH5 AR o Tr[ RSN B4 5 4R SEAIG I 1) 3fe
L R BEO(10)47 — AN SL (K By 61K Casimire T-5&, £E(11.24) 9 Tr[RO) I 1) R H b
MEETH REWSEN = 4960 K MIE 572 VS HER B s, T8 H 2
MIEHER YR AT 2], 0 BRI B — D EE(H A 7873 ) 4 AF & dimG = 496,
7E(11.24) F4fi An = 496, FeA145 2

Tr[FS]  Tr[R?Tr[FY  Tr[RYTr[RY = (Tr[R?))3
5 24 i 8 Ty

—T;[g] (4Tr[RY] + 5(Te[R?))?) .

MCETHT, ARBTE, WU T 4% 1 S5 1R M A5 B2 W] LUR) FH Green-SchwarzHL i 40 3%
AT T, A Al AT o XA B B LAY

Tr[F6) — 418Tr[F2]Tr[F4] _ Mjm(mm)?a (11.26)

96/t = — (11.25)
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T, .
961" = (Tr[RQ] - 30Tr[F2]> Xg, (11.27)
H
TR (Te[F?))? Te[FPTr[R?Y Tr[RY  (Tr[R%)?
= T T a0 s s (11.28)

LR SO AT LLE S Green-Schwarz LRI o #E—CR B AR /5 22 (11.26)
HAEFEMUHON)., T, MR 5]

Tr[F°®] = (N — 32)tr[F®] + 15tr[F?Jtr[FY] (11.29)

Tr[F*) = (N — 8)tr[FY] + 3(tx[F?])? , Tr[F?] = (N — 2)tr[F?], (11.30)
Horfr, ToREER R R T, ot fEO(N) AL R,

S AEW, AMRATE(11.26)FdimG = 4968 G=0(32)/£. T2, HG=0(32)f Type-
I A4 3R 2 S H I

HAE, %G =FEs x By, 'EHAYEE0496. E% A A 46T Casimirs.

Tr[F°) :72100(Tr[F2])3 , Tr[FY) = 1(1)0(Tr[F2])2. (11.31)

5> BilFEg x BgiliL(11.26)0 T, BexBEeZéhiZth it i B, fh%,
HEEsx U(1) X8 FIU (1) 2 S8 H I . B AN 10ZE 38 X W X LE

XA 2 Js i B0 ) B2 ) Green-SchwarzAH [ 30 H I, 38 i 26 A9 94 A 1) o0 B8 P o
FRKHE[35]. 10 H., 3 BIFERBCAARPERD S8 HOE < M I R C R

M(11.13), FMI#32)(G=0(32)),
dH = tr[R? — iTr[FQ] : (11.32)
30
CEATAT PHAYE I BN (11.24), FRATIAS 2408 ST AL 1) 3 340

/ tr[R?) = 310/ Te[F?]. (11.33)
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g12] . ZE104Eh AR EE0(16) x O(16)2405% . & & 40 Fermion ¥ F-1F #i¢
ERERET, BV, V), (S,1) Fi(1, )., SHEO(16)HI1284E it R . FIH
msuﬁ]—16muﬁ]—15uuﬂhQFﬂ-+{f@qFﬂP, (11.34)

trg[FY) = —8tr[F*] + 6(tr[F?))? | trg[F?] = 16tr[F?], (11.35)

A AE g 3R 7R 2 8] T 1 b tr g FNAE FE AR R 7R 25 0] h 118 tr, SRUERH PRI & 0w B . AT
2 5t Green-SchwarzAH & I ? £E104E A HE FAE, AEEXFR & B 2 ?

S50 LRI04 Es x EgAefti%. XAFISAT AT, & HIHAEH T
HR TR A g = (1) - THIXAN IR 10 2800 o IR A AR 43 06 B (1
FHEIRHMMER AR, UM FARE]) . PSR SRAT 42 XA
SFRIIND? FAERIN 2 525 E E R 2

12 EEULAEB I AR s

w4, BAICLHIE TARRBA04Eh X B e . AR, FATH B B O fEA4E
Hig . 9EEMI—A I R FHKaluza-Klein i 8 AR . 25 f8 3B Jow 6 ih 21— A%
e, HEMEREUN44E. RIATC LA Boson X M E BN, 541083 77 FE RS il iR
XN F-CFTe fEType-IIZWRAHE, EATNI N T (1,1)BIEFT; fERILEEE, XM
T(L0)EIEFT. B, SI44Er KBS HE 2 EOR AR XS HCFT ) —
AR, S, 4RSI, ORI BT E DT AR B CF TR« X
Tl L U R B B, DURAFAE T LT R (ICEF T NIl BT R A A LT
MCFTH A, T EEE SR B .

12.1 HHEHEZL

ot ] B T RETE A, N B ET SRIE R PRI . X ) LRI R S 104E BEAS AN [R)
st Hf, MW EENILEYE S, WATCAS B EOH S,

HEHIBREHBID < 104 240 5% 18 T8« A 24 B 8 ok 0 1 % 305 28 1 i
SR, IAE, BD — 20 M M AR R BB bR, ATk 18 2B B i 5
It Fermion 16445 1 8 R BB AR oiRIEE 0« )5, 10 — DB BB bR I v dik
H(7.1.38) %5 th o IS 433

eterotic _ L10-D,10-0(G, B) Ty 1 ¢ atbrar V8]
Zhsterotic _ - 5 S (-1 +b+ab 741’ , (12.1.1)
S 0 L
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o, TyrEO(32)8Es x Eg I sl Gop, Bagre (10— D)4 B A1 O FR K 5 10 4L
WA . ARERBIES I RS . FORMI04EE B4 H DYEFE R, (10— D) /MU M
HL(10—D)(11—D) Mhrte ROMFRIKEE A DYUESOIFRIKE, (10— D)NU(1)#
WML (10 — D)(9 — D) hs s (a0 &) . 104EIK 745 o0 —Mhr . &
Jo, (HRYHEHO) M 104 1 245t (H B 4E 80N I (10 — D)- (HI4E%E) e .
X Fermionfy RMLLI1L.

TRATH S VF 40 3 2 Ok B104E R B AR RY,S, Hoh, a2 tEREIE AR, ot IUE
H1,2,...,10 — DI B4R b o AEAbelds 558 (10.6.3) 60 75 B A B i 10 00 . AR 48 4 £ 24
o, X4 (Higgs) bR Y 21— AN RE Tl

Vitiges ~ [ f e G GP Y2 Y5 Y Y (12.1.2)

MY A AU Cartan T AREU BUR BUW A, XANFEEA V31 1977 [n) (5 /IME i
Se). ATHFIY 1= 1,2, 16RFFCIEEAT. B0 HigesB %, EAHT
A s B B

[m?)" ~ G0 e Y (12.1.3)
XA R B HROARNE . M EMIE R 2R ERN, J& T Cartan 1 #F11)
I IR E BT . NI, KUY HERE Al Gk B Cartan 1 #f~ U(1)=H, R FA1HE
HOIX SRR, IBA 2205 B 5 L 70 R 0 1

i 1—‘10—D 26—D(G7 B7 Y) 1 . b+ab 7‘94 [g]
deterotlc _ 20 - Z (_1>a+ +ab — O] , (1214)
7'2% 7787_]8 2 a,b=0 774

Hrdr, Tyo_pos p migar GHR 7L M K BHH R4 HE IR

(10 — D)(26 — D)NMsESG, B, YRR, BEAEATT IAFR S T2, B3
B DYERI 25 AT EARE S IR ST, A B Bk S50k, BRI Py
JE(G, B)M(CFH) G (Y) R JLAAT

AR, EAR SR B B, X JE TR Boson 5 0% [ER A ME- . &
A DA R 104E 2400528 R E S0 R 4EE A kA3 2], fEabrZeorh, e (9.10) FIEK
Ul ndE—e g5

/ eterotic _ 1 - 1 ,
af® Sigtetc = /dl%\/—det Groe ® [R+ (VO) — S H? = Th[F?]| + O(a'). (12.15)

TEDYE, oot by A10OZE B8 (1) I £8.37 15 2] (Gl € J5 B AT N ABBR X @) o T
H, FATHIRE Cartaniiiily, ARG SN WilsondkY,!, I =1,2,..., 16/ E 1]
PEORFFIC PR FTEL, BESh R N Sk Abelfb Tr[F?] — 3218 FL Fhev:

Fl, =0,A, - 9,Al. (12.1.6)

SER X
Hyp = 0uBuy — 5 3 ALF, + cydlic, (12.1.7)
I

YRR “HEARRT
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Hrp, FRATC 208 T M Chern-Simons vk, A& o/ T B o

AT AR UHETTIERGE X DYy, A4 BB 5 I HE I A AR T2 T L . X AE
PfskCaa . MIXFINE, EAG 2

. 1 N “
st — [ aPa V=det Ge™® | R+ 0 00,® — 1" 1,1,
1 - -1 i gy 1 ran A r—1
Hrr, i=1,2,...,36 — 2Dl
. 1 Do ‘
HNVP = a“Bl,p — §LZJA;LFZ>7p + CyChC . (1219)

BEbR BT PEMAE(B.A) P4 o XAME B — N ELEN0(10-D,26-D) X Fr itk . WA €
O(10-D,26-D)#&—4N(36 — 2D) x (36 — 2D)HipE, A4

M—-QMQ' | A, —Q-A, (12.1.10)

REFABAEHEAL . SR, WYL A BRIRATTRNE, >k AR AU A RS H

P3N 5 B I A B B B PR 7 BEO(10-D,26-D,Z) o XS THHME PRI RE . 7E(12.1.8)

[£1(10 — D)(26 — D)ArfEH EAZO(10 — D,26 — D)/(0O(10 — D) x O(26 — D) ofiZid,
WAE T AR I (9.11) % B Einsteindr 22, ZEARH, 1FHEA K

4P

. 1 “D—2 . N
St — [ aPa \[~det Gp |R = 5= 0"00,0 — = 1" 1,
- 22 1
€ - % j v 9 r—
-— (M~1)i ) Fo* +§Tr(8uM(“)“M Hl . (12.1.11)

XD = 4, 104E5] 1181 4 Ha 44 Majorana’ | I ik 7. AT, 448 B 304k 5 10
AL AN=4)5 5SUSY., XM LR EMN=4HEZ HES LB hZESNEREZE
. Hul hZESUEERE, 6MREGINNGT), IMREMIAD RTRKE, M
FeaMajoranai| JJ i 5 44> A Jig b5 I Majorana Fermion. K £ &M 514K
H, 4 B e A5 Majorana Fermionfl64 bx & . B} TSUGRAZ A&, , FATEA
AR RELEE.

FED = 4, RONFRoK BN — DX AR (e 5e ) T DM bR e, “HT7 .
‘B AR E X (FEEinsteinbr ¢ 1)

e, =, (12.1.12)

>

XA & XA B, 18 ) ) FEVre®H,,, = 0 @A (12.1.12)1f1 @ h fif . SR,
M(12.1.9), HHIBianchiff %=
ehvpo

maﬂﬁl’mf - —Ll‘jFZVFj#V ; (12113)

111



Hrp,

- 1 ervre
W= F 12.1.14
2y/—det gg "7’ ( )
A BT s AR (I (12.1.12) )5) -
1 . ~.
VH 2V a0 = — (12.1.15)
A TTREAT LA R A 15 2
. . 1 1
Siyete = [ diay/~det go [R — 000,06 — 5P a0+
1 - - 7 N 1 U RN
—5¢ (M) FL FP + 10 L F, FPhv 4
+;Tr(6MM8“M1) : (12.1.16)
B a, W E XESY,
S=a+ie?, (12.1.17)
T LA =S A
~ : —— 10850,S 1 -
heterotic __ 4 -1 7 nz
SDi4 tic _ /d xry/—det JE [ — 5 ImS/; — ZImS(M )ijFMVF]u
+iReS LijFl FH 4 ;Tr(auMa“M_l) : (12.1.18)

ME X(12.1.17), 1/ImSH2 5% Bl B 3025 2 B (R A0 54 M 5 % 80 3t % J AT ) 1R 3
(1), A4EAA %A — ANl 35 AR e F L AES B AETRSL(2,2) X BRI, wh % 76 Able it
TR RS — R o AR STE P IISL(2,R) /UL HEUE . H R AR R
25[1]0(6,22)/0(6) x O(22) F HUHE -

K, T FEEHR Type-IBZ R BNALE K I B B . WTRLIERS, 756 420 RIY
SR A LR T, MR R — 1/ RS A8 =388 0T kb . B
— N, XBEWIEAER . T, PR ANRMTType-TIAF R Z 4 T -2 41/ R Type-
B . — BIRAMAESHE FES L, ramer B 2dEFrEm. RATH G ER
B Type-IIAB 18 2|D = 4244k . 156, P "Majorana-Weyl5| JJ 1 + FlFermion%y
H8MD = 4Majorana’y| J) 11 F484~ A Jig S [FMajorana Fermion. Ji&, D = 4[] #
WA e K FIN=S8@ X K o 104E & & 5= A4 g &, 6 NU()REFM2INMbRE. XS
ok e AR (AE R AL R 6N U (D) R EAI6 M hniE . K T4 —DEMNIRE . R-R
U)MEa H— MM e e . R-R 3G — 3R (4 b G W #1
HHE), 15N REM26MrE. P B B R EN=S 5| 1 ZEE, E05T
J1, 280 K&, T0MRE, 851 )1 A48/ Fermion

Z5>): M(10.6.10) [F104E AT 2 1E Bk, R TR I 4E 5024, (PR 5 52 B
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KCH AR 2 Q) PAL4EAT A . AL AT 2/ 5.

12.2 #FIEFERELAESHL

T R AP R B BB 104E P8 . SR, SRR S U A 92 B)
Tt e MR IATER R K], XEN TN B AR, M1 IR EAL
ey, o REIFRTRAN s RFUCKBY, 15 Sl 20t 2 IR RE AT 2 M ia 3l 5 F

EIEAS T, BAVER R Adi i TSR . 7 — s B, XFEIIE S 44 e
KHCPHCFTHM — AW IBCFT ik ARG H o A AH B A0 fuf AR RR P (I CF T 2o By
AR (W ) 5238 8 7 FE RS Al o AE20s2 M5 T8, XA IWECF T AT /EN=1A 2
Hi(c,e) = (9,22)0 fEType-llffIE, EUHA L MAN=TEILIEAZIERN (c,¢) = (9,9).
WMRCFTH A “KREBRMWME” , Bac BIFZTTREH, F-ATW] LLE B 13 2] 41 ko #
LN E R

XPEEALE MBS, 7R R BAR S L X R R A X . O T MER Y
HI, BAlEa T EN=1RM, FONE R AVFTFIERRIME B BRAEH(KRE
[t A RIS, A5 ) 8, AERRUERT 2 A, FRATT AR 7 B SRR

RS R LT, BAMRE —LBosondz 3R A4 A2 12 3 7 FE A, 1 Fermion ]
BHEEFCH TIRED = 4 Lorentz AN o fE—MIEE, & Sildh T4 104E 2 W 1 T A
FEXTRRME o WIRAH Y Fermion )48 70 5512, B2 R R R X —dl—
Fio WHREATR DN AR 2, A TIE ) 7 AR AL o ORI 5 —
ATV, R R D ASUSY A ANE BRI 218 s T R — M

K, FRAPE S IEAE SR S [ My x K ERIZRZ 5 E, Hh, My 5244EMinkowski ¥
i), KigRseedt S8R IE . EFahr 020 M A TR R K I T $8b5 )5, ATHE T
FI04EZ LA E F & (P XT FR AR 7 (4E Einsteinbri 42)

2
5, = Ve + 3f2e2‘I> (Vs @ H) €, (12.2.1)

2
5¢m=:vmf+-ggeﬁwymﬂz—12Hm)e, (12.2.2)

1

dk:vﬁhmVW®e+§8§H@ (12.2.3)

1
5Xa::_ze¢F;m7m"e, (12.2.4)

b, &G0, NER T, xR o AR GE X PR S S
). M H, FATHH

H==H,,, vy , H, =Hy.y". (12.2.5)
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LO4EDAERE T LD = 4R AR R A A AR R Ay 3 A

M=4"®1l , T"=7"0", (12.2.6)
i vpo ) mnrpqs
75 - Jeﬂupcﬂ/u P 0= 6' v detgemmpf]87 e (12'2'7)

A2 A I 2 ] 1S B B

N RS S AE W R 7 RS (fermions) = OFF#E— Mg, Bl —AN4 e LR aE
e, AT SAN=UENKI . WRANIE—AMRAAE, BATRATE A T #R
PEo EAN RSB H e = 0 #EAE[36] T H & fEH = 0fJ44EH, N=1#X FrPEAAAE
FIZAF TR ZS R I A, WIEK W0 o vF— N Killing i =€,

Vin §=0. (12.2.8)

WA, XNFREEWRE K2 — P Rica (R, = 0)Kahleriit B . &5, B 5 ()R
B3 IR0 L

FrnY™ =0 (12.2.9)
, T, (11.32)28 5
1
30

R e Eh, BIEELES Z1E0(6) ~ SU4)T . Ry 2 Kahlerf), H4
HIEEE 2 AEU(3) € SUM) Y. fha, WHRRicciik &5 1%, HREKSZE —SU(3)Hk
%%, XFEMIRIERK A Calabi-Yau(CY) it JE .

fift(12.2.9)F11(12.2.10) (1) filf B2 07 ¥ 2 8 H BEBK Z¥w € SU(3) ik AN B MTEIR KA €
O(32)EEg x EgH' o 7EO(32)H 5 A£(12.2.10)ISU(3) [ ME — ik N J£ 7EO(32) > 32 —
3 + 3 + singlets € SUMB3)H . ERXMIHIE, O32)HHHU(1) x O(26)(X & HSU3)AE
BT RE) . U2 “RF7 8, B, BRESHUD)Mp = X, ¢ A EZE. XK
Hoe R, A RATAIE, LA RCF . BT KA1 2 X B ) Green-Schwarz il
FIEwEH - MENXp BAF MREEMG . INU)MEHE - FiE, BEA6E
ot ME AR R T 2513495, AT MBLG I — A B A6 . A 10 BT
#HEO(26) A AE TR 7R .

A X 2 fEEs x Egti B o Esf e KSU(3) x Eg 7 #F, & NI, Esfffl:kl
KRR NEg > 248 — (8,1) ® (3,27) ® (3,27) ® (1,78) € SU(3) x Ego EIXFh
Jrarb, 8 H BERRES N N Es P ARt (12.2.10) 0 AEIXPPIE T, A B B (1) S A
EEsxEgo LNy EAEEI 27 AR 1) 44 G i & 0 T Weyl Fermion I3 H, Nzie X271
FIFEECH o B FEMEE (R BIEH)Z|NL — Ng|s ol DUl ECYRE B
fRbr e HA R . 270 ESUB)HI3—FE AR He, 277ESU) M3 AR He . T2, % H
#& fEFermiondfp o4 MK EDiracB FF 0 Fa b, Hd, o2 E$5br, AZE3¥64r. 1l LA
UEB[36], DiracH fF ek, MMM EH, &FT|x(K)/2[, H, x(K)£&R
& K1 Euler# .

R"™ [mn RPQ]TS = }?[mnFa

pq] *

(12.2.10)
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E e XS of (AR IER ) . AR B, AT RS IORAT B IE, i H AT
TR AL G5 X LB IE

VER S — N7, BATE % Fe 4 BI6EK 3 K _EType-TIFE 8 10 B 801k . K3ZEWH
SRR IAYE R R, Rice P Kahlerdi B D . XA IE A SU(2)CO(4) 5838,
& BKahlerff o BKahler 5 A4 25 07 T3 A2 SU AR B3N W B S5 My I A2 4E . ] L
WEBH,  FEIXRE R b Ae A 6 BR N =1 0 FRo 50 20K off 2 JLE AN AR (), AR ik
HAN=AE LT FRIE . T H, K37 — AU 18 g &, 15 H E R B0 Type-
ITHE IR AE6HE H A N=2 X BRIk o (I ik — P AE WA RS, N=4). A T JaH
M H A, EERAK3N LR A — AR R0 X (B i 2 B BN ). %
ARAHVER . A —A(2,0) M —4~(0,2) I ATE A L L2041 (1,1) B (2,0), (0,2)80—
A1, KahlerEaUE BXHME R, He19451,1) BRUE & BXHME K. BA 3K,
AT AL o TR U FIHE T 405 il 42 (373 21

B H B Type-IIELR, {EGYE T o i Bosonil . T #RFIK H 104 = GG
RS, BATMECR 290 i

Gun ~ 1w () © d(y) + Au(®) @ fin(y) + (1) @ hinn(y) , (12.2.11)

Hrp, o 64E E B BCF AR, vy Wil bR, I&F, p=0,1,...,58m =1,2,3,4:2K3
fabr. 104028 TN B EEG, A RIA,, (64E5] 1) RTCRM, WR

0, ¢(y) =0. (12.2.12)

XA TIRER R A, HAEAIhr—A. Tk, fE6ded, 7D LhiEsl
o MR [ (Y AEK3 EZ AR EN), A, (x) 2 BFER. Ba, ERBAMARTMITEL,
FEK3ERAILER. N, KAEKAERENILERERE. O(c) L LERR, W
Fhnn ()i /£ Lichnerowicz J7 #2

Oy 4 2R b = 0, Vi = ¢ i = 0. (12.2.13)

XA RE B AT LA E X AE21E TS, M9 S A XS 2IE A, KIS . b 2 1
A, EATTHAS T BT FE (Runers 72 S AR )

Dfmn - Rmnrsfrs = Dfmn + 2Rmrsnfrs = 07 (12214)

VorAnp + VoA + VoA =0, V™ Ay = 0. (12.2.15)
F X L FE R0 B AR, W] PASGAIE, Lichnerowicz /7 F2 FIf# R 5145 H

B = AL Sy 4 APS,, (12.2.16)

T &, H3-19 = 57N B EbrE. A DX N TR &5 2505 B As L — AN B o
TC B bR (K3A ), & W] S AR B Ricai F M 4 . AT L5 BI58 M bR & . 7E64E
W, 104EK Fib gy — NEIANE TC R AR
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XA AR SO FR K AT NI TT
Bun ~ B (1) @ ¢(y) + Bu(@) @ fin(y) + P(x) @ Bpn(y) - (12.2.17)

TR ERA0, 1FI2IEI (0, frn, Bomn s HHL)Z AN FATIAF BI64E 1 —ANJC i
T 2FR A RO RRTK B 12245 &

MR-REB5y, M FEFEMRET, 7E6dih, TAIA —MHa ML EREIEA, A
— AN EIE A2 RENIE A 64, — AN mE3E AL —Ax
AR EEN T— N C R R .

B2, BATHE =101, —DRFRKE, 24N RKEMSI MrE . fE104EH 1M
A5 45 6 4E I AN Weyl 51 181 EATTIK N EB3E A& IE b T K3 EAALE K AR
WEOEE .. 9T REFEAIR ORI FE . NI EMIE MR FE. 64, (LT
o (1,1))N=2/XF BRI A R I A«

e RELZELS. BEHTINKRE, 2R T Weylig = 4.

o lin| HZEHE., BUEIIIT, 2R TFHERIWeyl 5 11+, 40 RE, 14RO
FRokaE, 1AMFRE AN T Weyl Fermion.

AT 2518, EK3 EType-IIAPLIRRI64E TS i WAtk 5] 71 2 Fa201MU(1) R
2 H A 648, N=(1,1) 80 R [ € 6 5 b 924 7 K BE RS & & 78 70

. Bosonglis &

1

&ghz/d%w—&mG¢r¢pp+vmﬂ@@—IQHWHQW+
TR 1 .
+8ﬂﬁyMa%f5}-4/@%v—@tGMJU”FLFM”+

1 :
oo [ A B FL L F,

TV

(12.2.18)

Hrp, 1=1,2,..., 24, HXFRRIEFIG 2015 2 AL R4 - 20 bR S AR TE RS
[1O(4,20)/0(4) x O(20) b, WA —NELFO4,20) %m0 FRME. T2, el RAE
Hp = AR(B.A) PRV RS, Hrd, LEAERKOM4,20)E R, X5, H,, A
r Chern-SimonsTil & ZE EIK T — MITEIHHEE AL . X2 B THVEY K B R-R
GaNiEE R

M BN EKS I Type-TIHL R K i 45 1 G AET 1 K B0 4% 00 5% B8 1 [ R 1 6 it i
o EARMTHEYE & (12.1.8)M1(12.2.18) 2 AN F ). SR AT MK E 2K, /£ &L
), A= EETFRAEE LR R,

WAE, FRBAKS EEH 645 M Type-IIBELE . NS-NSH 7 Bosonds (G, B, ®)4
EType-TTAHF—&, FATHRERNING 17, 1D RO FRIK A8 TR &

MR-RE 7, BATH T — M ED=6E4 I DB ERE), J5—2fabs &
X FRGK R (FECLE TR, B4 Y D2ARAR SO AR IR EAI224 b ), AT X (498 b 5k
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(B 3 AR TR AR R FR IR B9 s F B 258 AR RO FR ok AR i) . AR 3R
AT LA 248 b SO AR K 523 24 0 14 FSHB RN LA S F R4 BT ARl LLAH R 51007
FER AL Bosonil: 151+, 5AS BNARFN21A B H S SO Frok /s, 105 MR e

XH, ARType-TIATEIE, FATE 2] [FAETE R PIAST FEWeyl 51 1. €11
TECYEA B> THEN=(2,0) R PR PE . AH IR A TC BT R 7R A2 -

e (2,0) SUGRAZ H3s. 'EW&EII ¥, 54 BXHE S FRak A2 22T Weyl 5| F11
1o

e (2,0) KEZHS. EUELIN I AXERAIFRIKE, 5ADbREM2AXS N T 5] 1
FIAH B F-PE I Weyl Fermion. G B IE /B o 51 ) 2 MK E 2 A, #
WRRTALN, (HE R B Hf. FrELTRESNO(5,21)/0(5) x O(21) Lk, A4
JAOGB21) X BRIk o B R BB 5K &, BT LSO B A A T B s 2, (E AT T
LUE P ASE 3 T e

520 FIHST RE IS RAAEWO(5,21), (2,0), 64EMET] 12 5H A Hf .

Y52 % FEType-TIA B FIA%E (BB . 5 BT AR I SA4E 32y, R0 T He bR
BN . EEARTIFHEM AN, KEAN g, B, @RI A, BL K Type-
A A, Cone I Type-IIBHIy, BER FiF 0 A1 244 B 767 30 2 A A N=1,2 4}
SRR o

12.3 ST 2 A R

A A S AN 2 AR 2 A B R R . FATTR R IRE S5 BT D=4Y
HMinkowski? [8] [ 24 L 5L 5 1 o AEAGER,  —ASN-37 i 0 FRACHE il a2 1 5140 KK
N Weyli QL e ILHIEQL A2 1k

{ngQé} = EaﬁZIJv

{Qi7@é} = %,@'ZU,

{QL,Ql} = & olsby, (12.3.1)
Herp, 20758 OMBR i R

LB BATAEL0.5F 2, I 20088 X FR A w] LU AE % 51y B 1) I 5 B Fermion T £ 2K A4
. EHRAMMEE, 171

1 - 1 _
Qi - T%dz e_(b/QSaE[ ) Qi = 272 %dz e_(b/zcdzla (1232)
Yy m
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Hrp, S, CROM) R thehe s, B SURITBAE NS KN FCFTHRE > T
o FATET 2

:e90) .. pa2d(w) . — (z —w) 1% elata)olw) . (12.3.3)
Sa(2)Cq(w) = oy, Y (w) + O(z — w), (12.3.4)
Sul(2)Sp(w) = éﬁﬁ+ou5?@,
Ca(2)Csw) = \;_% Oz =), (12.3.5)
A _ETAT B I S AT #9522 (12.3.1), FATIAS2], A BT LS00 L T FIOPE:
I

Y(2)8 (w) = (Z_(Sw)?)/él—k(z—w)l/4 J(w)+ ..., (12.3.6)

S (w) = (2 —w) VA (w) + ...,
SIS (w) = (z—w) VA (w) 4. (12.3.7)

o, JVRBCE NI R A BB AT, O AR /2. TR T2 =
$UMLE . RY, ST WU 1 J7 IR 23 ST

G (2) ! (w) ~ (2 — w)_l/z . G ()2 (w) ~ (2 — w)_1/2 ) (12.3.8)
Fermion T A (I BRST AL B KL OPE (e=%/25,37) (e G) AT — N B — IR S I, IX
P RO AE (12.3.8) RN F AT A7 00

FIBA R RE(X (2) X (w)) = —log(z — w) SR REX . HiE4EH I EAT

M(2) =21(2)e™? | Nz) = Bl (2)e ™2, (12.3.9)

FIH(12.3.6)F1(12.3.7), FRATTAT LA IE R FOPE

MM (w) = Z_Uw +JY 40z —w), (12.3.10)
MM (w) = 507 +0(z —w), (12.3.11)
MM (w) = 70! 4+ 0(z —w), (12.3.12)

Hrr, JV = g4 6179X . FIE, NONENAE E i Fermion, BATAE K —MO(2N), )
WACK . MH, XSERIIEN], O = 0, PR, FORMgE T RHEO(2N), /U1).
AHEUER], O(2N); ~U(1)xSU(N)yo U(1)K; i o /2 HOX A B 19 o B AE FeATT vl ATt
¥ Cartanyi J [fJOPE

1J
(z —w)?
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JH(2) T (w) = + regular, (12.3.13)



MIXHL, FA1453.21
517 —3/4

(2 —w)?
o N=1IN A EXIFRIE . AERXFINGIE, A7 H— 3, AR T

JH(2)J7 (w) =

+ regular . (12.3.14)

J — 2J11 , J(Z)J(w) = (Z_3UJ)2 + regular (12315)

, WHYEARF. THE3 R

(12.3.16)

BAGRNS, SHEPTHE R, 2 5HU)Ar3/2F1—3/2. Bosontb U (1) WA 4> FFaf F Hi &
J=iV300 | ¥ =Vt 8 = emiVER 2y (12.3.17)

Horb, WEARHET®. 0 B IRATIE N FVirasoro L T B ATy = —(00)2/200T =
T+ Ty, WA, THTe WA SRR TUQ) R T7 B DL S sE Bk B W=
R0, TRUIIEET A IC. NI, X, 5= OIaiTi M H5T

PUAE% e N ERAER,  FHU (1) A AR S4TSR T e

Gt =3 e PTW 4 o) (12.3.18)
q>0
Hrh, HRATEOREKHT0. Ba, (12.3.8)EKAE(12.3.18)F g L Biftq = 1/v3. &
I AEG™ = G+ + G~ 51
G*(w)
(2 —w)

G, WG PIN=1E AL M kg, GHREMNEE N3/2 [ Virasoro& 1] . T
H, G /2 (6.12.7) ) S LKA T, G, T Wi 2 e = IFIN=2i JL LA %(6.13.1)-
(6.13.6)0 WiHE R EM: WIRNIBCFTHN=2ARZEME, IBATATATLLR #4320 (F
) ST R AL I I 2B BR AT o 726,137, M, RATCALUEY], XA Ramond
B RAEE, BEATENSHEA RS,

XH, FATHE IR TG ot R S SR N N =278 LA et T . At
ZRAEC A3V IR, ENHN=20NSH 7>, » A MWDK ARER . 50%|0) M T4k 5
Alh,q) = 11/2,£1) WATILATAYE /2 5 1 FL i Fermiondik TF, 44E 4 # 8)Bosondlk
Fan. A, ENMCEFTIABI Y, BT ETEES, WAL = ISNESK. 4G
WEREER, 19350

J(2)GF(w) = £

T (12.3.19)

\h,q;h) = ]0,0;0) , 10,0;1)" | [1/2,%1;1)" | (12.3.20)
Hrp, f8bfI=1,2,--- M, i =1,2-- - MBS FIXFERIZS . WEE T & Boson S /&
o M) ,a”4]0,0;0), EHARGET G105, BOHBRIKERAK T
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o P 510,05 1) o EATIEEPELERC N MRS JE IR R
o [1/2,+1; 1) "EAHRHEM HhrtE.
% B Fermion, MREZ;, AT LAETC R AL UEN=1 KI44EHx 2 =&

AHHEEDIE R, FANEEIN=VET| H 2, —DiKEZ EAESEAGR N, i
T—ATFIEZEE), MRELHESNM AL E.

o N=2 NN M. FEIXMIEIE, F2MgS2 AT o O T M (12.3.14),
EX TS =T+ J2 3= (JY - J2)/2:

J5<Z)J3(w) = (z —1'LU)2 + ...,
()3 (w) = G 1_/2)2 + ...
J(2) P (w) = ---. (12.3.21)

MW7, BATTBAER, fE(J°, J3) T, SUEHR(1/2,1/2), Sf(1/2,-1/2),5 F(-1/2,-1/2)
S (—1/2,1/2)0 11 H, ST AW IR IEAGE, 15 AL A TBoson i,
I L7, SHE AT T

?

s __ 3
J=idh = 50N, (12.3.22)
5! — exp [;Qﬁ + \;ixl . Y% —exp l;gﬁ . \jﬁx} , (12.3.23)
S R 2 _ o | gy L
Y —exp[ 2¢ ﬂxl , Xi=e¢e pl 2¢+ \/§X] . (12.3.24)

R (12.3.6) X LE, RATFE]T12 = expliv2y] 1T = exp[—iv2x]. T, J3,J12, J%
TERRARELSU(2)1. TMH., U2 = explig], U2 = exp[—ig].

AT IR RN AR, R AIEASRIFE . R (12.3.5), FRATTAT LA IE B 9800 i
JE(£1,0)/1(0, £1/2). FATAT L2

Gint = G(Q) + G(4) ) G(2) - Gé) + G(E) ’

Guy =Gy +Gy, (12.3.25)
Go(w)
T (2)Ghy(w) = iﬁiw T
3 + 1 G(i4) (w)
JS(Z)G?Z)(’UJ) = finite , JB(Z)GEE)(UJ) = finite (12.3.27)
Go ="z, (12.3.28)
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ZERBEHAE ST BN T UHEENIERE B2t = i0XE. A EfFe 28 A
H Fermion (AL AF . T0&, XN TGN EEIR I e = 31— H H24ECFT,
B Jii s T BUE WY 1R I AEGE B L IISU )R B AR B b A 53 4 KB I, &8 e =
6IN=4E I ACH(6.14.1)-(6.14.3)

KA fEc = 3N EBCETH, H—A% H HFermion ¢ = ¢, FATA] LLAIE ASTC
J i R fEBosond iy a1 [p) FAY_yppat|p)e BT —ANEE TN=27|J) £ EEMW
11067, RN, H—NERTRERKEZ ESIKTAB, WETE)MEE. LiE
REZ IR REX T o0 p) s, o, Jot DA N
MG & 2 AR TR B IR E N T8¢ 2J% |p). JoBUEE 2 BEA&ABoson A\N=41] N
CFTH L. RAEC.147 AR K, — e = 6F-N=4KILECFT B2 &A = 31
S, EIEESUQR) K PIALYONE S A . e SA = INA BN G5
H AN TG I 22 A AR

o N=4 IR, FEXMIEIE, W R8T, BSR4 (RE T+
J2 4+ I3 4 PR EFR, TRESETE.

25 >]: Bosonfb B AR MIBAT, S, SEMETMER, WX G, ZEB3IN
HBCFT A Z0 A& P TH P o

EN=4H 51 1 Z TEH S 5651 106 T2 Ra ¢l ,lp) M, Hf, 1=
1,..., 6Fp ERT R BRI CFT 642288 shift it Fermionfk £ »

7 FIRFTE S, R A RS LR K AR SSUSYIIZA W . FATE A
HE5 (p, )K€ Xp MBS ILTEXN FRIE Mg NGB BB TR . B2, fED=41
5L, WIBCFTEDHQ0)AZM ., R eHEROANEM, I 2AHANEN=1
2SUSY. WRBENTHc=3(2,0)@c=06 (4,0), MARMARNZPHIN=2. &5, WH
TATHOA A AR R, AT TG I [N=4,

A Type-ITEESh, fE AN, (H)E, XEBEXTFRESE Sk A4 shfn/sck A A4
B Bhil sy . Wi, N=1iF28 8 ok 75 2 (2, ) i A HSUSY . XN=2i 2585 Frit, 13
PR AT RE . B (2,2), A —ANEXERMESR B A —A KA B RAER—iAfe = 3
(2,0)®c=6 (4,0), FHrr, PIRREI S EXTFRAEAR B X,

24075 IL[39, 40].

12.4 BN=2BXRHERIXRNEREEE L

FEARTT, ARG BSOSl AL E CF TR P2 SEAEAYE p 2 b B R R AR 1 (0 S AL 2 1)
Al PR = A P AR AR 54
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E12.177, WAICEER], AR50 I B EUL, 45 HN=4 X TR 2
AT EH FEXAEIE AR TE, EA N=120 25 AR PE . FAT TR 20 4k 2 Ehim
JEWIRRRYE, 70 R, 4N44E5] )3T i 3RS AR o EATPRE Bl M b 5
K FATVKGER N —AE S FRIE S . T HRBIXFE R FRYE, 15 55 BA TR 26 2504 T
ML TR ERT . TAPEAE R E TP i T, 284N 10 £ 8l Fermion
; Bosonfb BAN A FEShr i . X FermioniB B — /N & K&

Y0 = 7(w3 +igt) Pl = 7@05 + %), (12.4.1)
Y = EW +iy®) , P = T(wg + ') (12.4.2)
, WFPTh. EATH AL
-~ 5IJ 3 _
W (W) =—— . @' (W) = @' (z)¢ () =0. (12.4.3)
ZEBFNOR) AL = ¢ ! 4N Cartanifi 7] LA 44 1 HiBoson ¥ KR B 1E
J(2) =i0.0"'(2) , (¢'(2)¢”(w)) = =6 log(z — w). (12.4.4)
HBosonf) 77 =,
Ylh=e? | gl =e? (12.4.5)
e R H A4 H
V(er) = expl ZE[ ¢I] : (12.4.6)

Her = £1. EPNHFFH2 = 167170 &, @ﬁs%uc O(8)fiE &
FermionfA R4 —O(8) 4 i X FRME(O(8) AR E I A B 7). 'EHIU(1)* Abel 1
FHz T AIEH
¢I N 627r7j9[wl ’ le _ 6—27@91&1. (12.4.7)
X 4% T A AN HAE H ZEBoson I
o' — ' +2m 0" (12.4.8)

U(1) XS BRPER Zo 7R EDXTF)VQI 0" =1/2, (—1)FXFME. EXANZH T, Fermion
KR, R EANINAZIIRRE, e WA ST A A Nexplin (X ) /2. T2,

o>, €l =4k, ke ZX N FJiEES.,
oY, e =4k +2, k€ ZX N BB EEC.

PRAEGSOBLIEI A e Eh i) —Ay, IATARHS . Frg i R o145 Ko i ) 2R

WA .

V2
Boson ¢° \ND = 4EHERS X Fermiont i t, T2 85 ar44Eige . X+ Bosontd #7744k
BEEPEEL. AE(12.4.9) 9 6 N T 5 DT I T A H R FERZIXTV (L = 1), HIE

VEC=0XE Vg(e)e?X | X* = (XP+iX?). (12.4.9)
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BErkE3/2, FOX- V(e = —1), HIEHEME-3/2. 5% ECSORY, AT F4 IR hiE
PE(E£3/2) 174, B AEN=ARS P ERATI N .

FIEH K TREO(2)xO(6)CO(8), Hirp, O(2)%t N TA4EMZHENE . MALERIRL AL, O(6)
SR S — A RO BRPE o X T BN =4 6 R R R, DR N=A i 4
HO(6) My44EiE &8, O(6)&N=4 X FRAE T B R (A h O 55 %) o R4 B fif
PR AMN=4 Z FHENE, TUEZHEETHEMELEO6) RAFRE T A
PR . IX BLAT — L84 i 5

e N=4 SUGRA Z&EE. CH&H5] )1 T(06)H3), 4Majoranas| J1 14 T (0(6)1
), 640516 F(06)F1KE), 41 Majorana Fermion(O(6)MHHujiE &), F24Fx
L

o LIE HIE3/ 22 HEE. BETINyIwz(1E), 4MNKE(ER), 7TMMajorana Fermion
(R + ) FNsANbr e (e i+ L helie ) .

o LHERELEL. EUFTINMREME), 4MMajorana Fermion(Jig &) M6 b5
B (RE).

R B AT BRO6) RXTFRPE, 54 Tk A4 B 5k 0 2 T A5 FON =45 14 o 3 4
BRN=4ERFRE

AR, FRATH T HRCFTI N B PE, BB E, SR AEN Rt A T 1k
B Lorentz AN AR 1, X BRI AN N i A8 J AEA4E 8 AL b X v, pn bo 20 R B AEHTAE N
22 ¥ B Fermion ERIXRRYE, — NS B 2 AE FHAEFermion EO(6) MU (1)3 ¥ HEH
BHCFRE. I VEAIAEBoson (6,22) BECFT FXIFR I £EIXFEXS AR 1 — AN 2
LIROERFF T HI N BB AR

10
GM =Y ¢ oX' (12.4.10)
=5

JREDEGMFGP=1—il, e T X RSN T A R ), BATRIIAEH
ED = 4385y, FrLAGP=HE AR 1. e TR R T GEfE AU IR 1 L B .

BN VRE N ZBRTE B 7 B4 1 TP 4R, e A = AEN=2 0 XN R Pk o % X B e i
€ WilsonZk A % Flid iz B 6 — BRI, 11456, 22) 4% s34 (2, 2) @ (4, 4) @ (0, 16) 77
fi# o XA AN SUE T (4,4) Boson MARFF S [KIFRE. b T (R3S,
AT A Fermion ¢, i = 7,8,9,10 RIS o X0 T 4840 BV Boson

¢2 N ¢2 +7 ¢3 N ¢3 — 7. (12411)

XA G ey A AT I PRER SR W], BT PRI AR, R, HaRmA
AT T BATHVIA AP 2. BARBA AR MAT A .
2O RAVIEA %G AE, (HZERA AL EIEA .
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25> VW RIS R I A R AR

Thh, BATBIAE T LA — AP I E- . R IRBE 152 (0, 16)¥ 5y . H I8
X T Eg x Eshg R TE . SR ATC LI 21, Es > [248] — [120] & [128] €0(16).
KTO16)TH#ESU(2) x SU(2) x O(12)#E 20 I0fil, FAl113 21

[120] — [3,1,1] @ [1,3,1] ®[1,1,66] ® [2,1,12] @ [1,2,12]

€ SU(2) x SU(2) x 0(12), (12.4.12)

[128] — [2,1,32] & [1,2,32] € SU(2) x SU(2) x O(12). (12.4.13)

TEEs b B AE FH 4 02 UM ANSU(2) 1 HF 1 5 1 ([2] 1) A B A &, (H 2 fR B 3L Y i
B(2]MNAZE . XA A3,1,1],[1,3,1],[1,1,66],[1,2,32]FK~, E4a UK
BEE; x SU(2). XA LAEESHISU(2) x B FRE R MRS B R kG H

Fg > [248] — [1,133] @ [3,1] @ [2,56] € SU(2) x Er, (12.4.14)

Horpr, AERXAEA,  RIASHT N T (3] — [3] MI[2] — —[2]. AAFARATH R IEA
HET AN EEEIRIN NS, R, AERXMIE ST, PURB IS 2 AR

BAVE A IE S PR TE S . 228 B Fermion ok

1 27a a+h a—h
l Z (_1)a+b+ab 19 [b]ﬁ[b+f]19[b7g] (12415)
2 a,b=0 n
Boson (4,4)HtrT BLZE2 T (7.6.10) 0 st . Jofi 1435
oy Laa W o4 M
Z(4,4) [O] - 174774 ) Z(4,4) [g] =2 92 [1 h]ﬂgﬁ [;] ) (h7g) 7& (Oa O) : (12416)
FAIBEEAE I Es K7 Heh R 41025 H -
1 7+h Y—h196 Y
1o O G106 (12.4.17)
2 ~,0=0 77
W, HAQ2)MIM—ANEsil 7y, EAIABOEEN . B2, TAE 2] Z, 08
FARIL 73 e £
heterotic __ 1 : F272 f‘E8Z(4’4) [Z] 1 ! Qg[gig]ﬁ[g:g]ﬁts[g]
Zheterotic 3 %::o s 3 g::o = X (12.4.18)
1 e L o e
- 1 a+b+ab +g g
X 5 a7b20 ( ) 774
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S52]: AW, _EIRIOEC S RBURBIARAR . B Boson(a = 0) TR . ) RAE
W, MARILHIE N (h = 0), BAVEEBINTF, —ADSONFRKE, G = U(1)* x SU(2) x
E; x EsHIFERE R R %5, 7ERVEREGHIERE R s h AN A5, 167 A4tk
PRERAHEIRE, x SU(2)[1[56, 2] R AN B AAS B b & . WHLETRI B4 (h = 1)3F 9,
P15 2 2 56, 1]132 B ACFI[1, 2] 11281 Rl AN AL 4 (K bR &

LG UIRTER R, XA AYEBI A N=2 R BUE X BRI . AHN I ROSFRPEZSU(2), "EliE
AT o FRAT KRR A DS JE T s A EAT T RATFR AT AR . 1 J5

o SUGRAZEAM 5 I FRA), 240 Majorana 5] 711 ¥ (A E &) FNAS K &= (1
)

o REZHAMUFTINKE(RE), 2/ Majorana Fermion (W), F1IANE (245K bR
(A

o KEIKEZHAMUFTINREHA), 2Majorana Fermion(MHA), 14SEhrE (F
) FNAS SO FR K B (FRA) o

o B Z EAME21 Majorana Fermion (FL.25) Fl4MR & (2 WEZE) .

WA, FAHELES CHRIN=22 T, RAASUGRAZ HE, 1M KREKE
ZESEEKT), £U1)2x SUQR)XE, xEgfEMiR RPN RELZ EL; HRMZE
L EA, 7ESU2Q)xE, F, #%M4[1,1] + [2,56] + 8[1,56] 4 32[2, 1] KA,

P A 1. T84 FeFormionbi 2 000 a — 1,2.3. T, SU@),
SU(2) AR F U2

. 1 5 ; 1
Ja — _% ,¢O¢a + 56abc¢b¢c 7 Ja — _% ¢0,¢a o §Eabc,(pb%/}c ] (12419)

BARAEARS A2 (T A SU(2) AR ALK, FEFL R 22 M DU A . O(4) e it
FATESU(2) x SU(2) T, #%M[4] — [2,1] + [1,2] K. BURIEBEE TR HIAE S
—ASUQ) ek b, A2 AR BT AT . UREBUERIA S —ANSU2) A
PR HISU(2)) AL MEAR BUN=2F 2 KRS BRYE o 110 H., FESU(2) T AR i A2 i 1) o — 5
P (H TR AT R) 2 (Mo k) etk 41 5

Vi = +i(dapy’ £iols "), (12.4.20)
B 2R [2) 3 e, LARAE RER 3 vh IR (2] g & . FRAT 1A 3
S

Vi (2)V5(w) = Vi (2)V 5(w) = —2055(J(w) — JUw)) + Oz —w), (12.4.21)

Z—Ww
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3005

V. (2)Vog(w) = —— - +dogg Jw) + O(z — w), (12.4.22)
36,
Var (2)Vi(w) = - _fu — 40l JU(w) + Oz — w), (12.4.23)

Hor, SkAifeEy B

XANSU(2) AR S I BT M3 /204N AT 4h A T IAE A N=2M 25 ] X ) 1 1)
AT BRI P N=4B LA E, 5123 — e —3.

E—AN=28gH, EhiE B (elRaHae), 2B T IEEErCartan T HEW
VG Boson kAo W B e T A A, SO VS BEB B 2 Cartan. Ty i
iR % EA WA R E.

R ERIE ), T T I HigesIH AT T, X T ROR 19(6,22) 4% 134y
HE)(4,4)B(2,18) 0 FAME(, )P AT AN Zo B, "ERFEEN = 4 — N =2, {EF N
B, AT AT — A Zo P (5 W AR M 33— D i) o TR TKs e /25247 T8,
Hrhe € Lyjge T2, ML REZE

PO

Zheterotic _ 1 i F2718(6) [Z] Z(4:4) [Z] 1 i (_1)a+b+ab b+gl” lb—g
N=2 o 4720 4
2 h,g=0 720777 2 a,b=0 n

ALHIH RTAND g, 15 () [0 FE PR KB IE

o (12.4.24)

Zr>): W, /2 =1 mod(4), FBA(12.4.24) ERAAEL .

BB T Tos(e)[2]02 x ISMRENILEZ, 4[] F 16 . R T K2 H IS, &5
AN LR RARELZER, 2 x IIMERXEREL ESWIFE. ST IEEZ E
A, ERERE AR (4,4) R TR, 15K 2 AU A Rk TR, BN
TR R B2 AN /B 2 A L. ECFT/KT, BATCLH BIXFE— A FR R
It

RS A 1) SR 45 H J20(2,18) /O(2) x O(18) e MSEENEG 3, Bag, Y., FATH
DIAIE U NI EET = Ty +iTy, U = Uy + iUs, W = W] +iW/]

o TQ—W;’UVQV21<1 U1>’
Uy U, U

- WIWIN (0 1
b om0 (00 nray
MW = =Y + UY/e H—DHAMIERE ——HIn S = S, = e *H15Y, RS
AR Ta, BTk A SO RRIK R A A4 B A AT K dhler 5 A2

f=STU = W'Wh | K =—log(S,) - log [UxTs — sW3W,] . (12.4.26)
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ML ESETIICERIEO4,4)/0(4) x O(4). FAN=2BXIFRIEAR VK%
EAZBEPERA, KTFRET - ANREZELE, B2 ESES ) EAA R AR
B IE.

FEIXAN=2FLHr, AR % B IR e PE By, BAN=2(%1)BPSZ & 1) tH I
Bk, 2 MHMREME, HEEERER. A2
V2092 V2092 V2092
To By = 7 <)\2> = FQ,lS[?];Tf - 2,18[(1)]7_;743 - 2,18[%]772744
Ponsl0] + Tosll) 7 Tausld) — Tosld] -
_ 2,18[0] : 2,18[1] Fl . 2,18[0] 5 2,18[1]F1 +
~ Dasfo] -QF T'2,180) P - T'2,180) ; T'2,180) P (12.4.27)
K 5 U3E L (03 0))
Fl - 7_724 5 F:t — T . (12428)
XA N=23EAS, Bt h 511484k
T—7+1 : By— By |, T—>—1 : By — 72 B,y. (12.4.29)
T
R F A IERE, TLURTT
1 > 1
Fi=_+2 din)g" = +16+156¢ + 0(¢), (12.4.30)
n=0
8 > 8
F, = it /"> di(n)g" = T 8qM4(30 + 481q + O(¢%)), (12.4.31)
n=0
32 > 32
F_= P ¢S d (n)g" = T 32¢%/4(26 + 375 + O(¢%)) . (12.4.32)
n=0

AT, WAL (Do s(l] £ Tous[l]) HIEMZ TN, SMIESHNTFRREZ RS, #T)
FUE RN TR 2 A . T 2 T A TR R ORI s e S AT
S —E: 16 =20 — 4, BOBIRAIAE TR L2010 5] ) £ EARN KB L EAR TR
Jo—4 W% EA.

BATHG 5> W7 5 (12.4.27) KT FOBPS I B 28 o BRATTHE AU 28 46 R B e =
(1;€r, )y JHT, ep, epft —HEBHUR BERICRAEO(32) / Zoks T — A R . TRATE
HRARBLI )2 =, - r — C2/2 =1 (mod 4).

FIFH B BRIOSE I, FefT 0T LUAEAR R T_E TR S AT BPS i A S e Xhh = 0,

Ji e 2o

- ]—m1U+m2—|—Tn1—|—(TU—%WQ)n2+W-Q|2

M e
4.8, (ToUs — §TmI2)

, (12.4.33)

PHEM D, AR P BIR VL 1 SCRrEAT S BPSZ BRI K A& .
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Hr, W%Wilson@% HI164E R K. Ja%
p=1-en+i-e,—Q-C (12.4.34)

FEAEL, IXLEAEAT (12.4.30) (K 2 EVERR Hid, (s) SRR 2 A

Q)

S=m- -7 —

-G (12.4.35)

% (NN

ML R L HENd, (s) B2 S, fEh = 1, R ae

G

M? = |(my+ 3ep)U — (ma+ 3€1) = Tny + Sep)+
—(TU — W) (ny + 1e%) +
W (@ + O /4 8o (Tl — STmiT?) (12.4.36)

pIEBINES R ZEM A, (SRR EZES, H

(m)()(Q<)(Q<) (12437

I, p RIS 2 Efd_(s)MSSH 2 4.

12.5 B KRB FRAE G

FERT W RN EALE 2], T DGER PRI AR ek s KX FRIE . AR 51 0185
WS R R, R TSGR FRIER R R, R B AR B e BRIE 2
AT B 20

N TAEZERIM S, 25 &R T R Zod M, EERIERT, 510 iR w
MR AT, TR K. BUE, B ISAERIM(2,2) 0 H 45 1A A i
VE— A28 e WEPARA R, RIIEACHI AN B, AR5 B B X — X 47748
oo P T BRAZR, HRTA R m,n) A T —MHE T (-1)". XE—1
B EEH B E, BOAER B ERERE A . BRG] ey 1 &a,|S))
I =126 R TS, &S @ lm = 1,n) RAEMN . ENAMAG] 1M
THIN 2878, HEENAAEELTER. b L, ERARm =10, EMN
ot ORI, HEIAE, AT R 2k B TR I #A ok -

m%zi(}z—i—nR)Q , m%zl(l—nR)2 . (12.5.1)

VLR 25 Fmy = meRWREn = 0, RN REEm® = 1/4R%. X2 iR
RIS 0T, ERERABEIRT, N=gBEXRIEast#IN=2. HzRiits, A8k
FEN=4GE 5| S RREHE, b, SEXFRIER B AR BIfE S e DAL IN=2.

BIRFE ECRAEIXFE IS AT T e AR 2 M 2RI R, (HIK R R
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X, AR AR AT B R AR (1 X PR 2 TR ) — L B

o {EH Rk X AR B A, R REAT o LUAE AR S A B EIRAT . Qi AGE S B E B B
R, A AATIAT R AR BB [ Ward 1B 55 30, e B R B B I PR ot AR IR (1 22
wr, A MEFIERERR, RIS T me e, R RAE, B FREAT S R . 1
REEE >> my o FT N SEUO A Ha s 0 FRA B o XX PRI, AHEERS X, MK
REM S RN ST HF o TR AT PRI BK AN ) 7L

o I AR MBEATCLTHRN, £ BRI E, KB
I HASA RO TR TR, B Ot AR B (BARAERC S A R PR A e AT T AT LA 2 ) o
RAGAFE BMAEHIBIE, R, HH M BRI TR AORE, Ay, —
A 2 TE RS

o 75 BB FRYE I SEZS b, O FRA bR g o — A E I B bR, A
HE OB TR IR R R, A, BHEms s — 0, YEAETH
B BEHRAZ BRI PRI o FIHBPR S AR &, XU R0e N Esih gy, A B
(]S 1, MR — colit, mapm ~ 1/R — 0o XA, —ANEIAM 2% e 5025 i e
S, X FRMEAESYE ST R . IXAMTNTE TR K BF R R B R R A g
)

ZIEBAAE(12.4.24) FHIRIN=22 LRSI . W (2,18) PR R i e T4 111 (0,16)
WaE, AN =4 — N = 2 [IREEE “BIBI7 o R, 4(e, ex) # (0,0), Babk
R AR

E— MBI, g, m RO S 2 1k, BA A RS 1M A Rk
W . ZERTIHN AT B b, B EE R ARk . AR (D) E AR B, ER(—1)" . £
KRG, AN E5 M =T EIRIES: TR Amse ~ 1/R Ma, S @ jm =
1,n = 0)FIJFii Mg s ~ RIUa",|S) @ |m = 0,n = 1) EKMRXIL, B—EENELT
NG AT I, TENMIRKEL, ERBEHE A

12.6 ZEN=1HipFIEA4EF KT

25, ZMeasms, MHRRBER, BAVERA GEL B WA 51 M1 a9
FIN=2BXFRIE . O T A BIN=TEXARYE, A TA] USRSy S — 2

53] HRBHAEN=AZL 5L 10 (6,22) K8 s H I (6,22) = @2,(2,2),0(0,16)K 7> %4
AR XS, i = 1,2, 3Kbrid. HR T2, x ZL.mEERE: H—AN2Z000
Eod— MO ERAESE — R I A bR b, B A2t R g B — M S ERAE
SR AN AR b, BL L grgo i — S AE AR SE RIS = AN I AR bR
EBPUA ST R — AN EERIX AN Zy x ZoBi o
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KT ARAEANAZ P, FRATT IR K 00 204 Y AE B 4 o AT B o N — A Es i
FEFermion S Ey x EgiZ TR LI — P Eg 164~ S Fermion 7324 £]104-24-2+211)
B o Zy x ZoWE % $& AR T v AE - AE P N Fermion ) — /AN HE & — AN, i HE
11102 AR

XA Zy X ZoBURIE EC 70 PR BUE B -

1

1 1 1
N=1 = _ +8+
ZZQXZQ - 2-2 Z Z Z (_)a Fral X
T2 177 h1,91=0,h2,92=0 = «,8=0

y ﬁ[g] ﬂ[a-&-hl] ﬁ[a—i-hz] ﬁ[a—m—hQ] FS

N | —

+ —ha- )
el Soten S 8 Il 2l 2Rl
Sra15 ara+h ara-+h qra—hi—h
Xl zl: 19[5] 79[54—911] 19[54—922] 19[3_911_922] . (12'6'1)
2 a,5=0 775 1 7 d

PATR R 2 P il , AEN=1 X AR Z mET K. HRAN=1E5 hZ &
& A, BAVEEEIANFESKMRE . CREARMITR, Frid L AEN=2FE735
RIRLYERE EREIBONBEE . AF KT R EARFER 51 6 T Ak B TP U (1) L
TEWBCH K. EglER T

G52 AFWIAEE, x SU(2) LB Zo B4t B x U(1) x U(1) . EgfIEREHRE ]
PLEAEO(10) I AEBERE FE I EO(10) he & _E—4NU(1).

T, EAMESMHER EEsxEgxU(1)xU(1), HAFEUMREZES. BFH
B RNFRIK BT LMt 2 Has . H BB MIN=1 s 2 ESRRME. BRERR
AAEEs MBI JC R 2 B .

Z52]: IFMITEEs x U(1) x UL FIAR =2 EA RS A1 2wk T L1
R2M IR,
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E¢ | U(1) | U(1) Sector | Multiplicity
27 | 1/2 | 1/2 | Untwisted 1
27 | -1/2 | 1/2 | Untwisted 1
27 0 -1 Untwisted 1
1 | -1/2 | 3/2 | Untwisted 1
1 | 1/2 | 3/2 | Untwisted 1
1 1 0 Untwisted 1
1 1/2 0 Twisted 32
1| 1/4 | 3/4 | Twisted 32
1| 1/4 | -3/4 | Twisted 32

KL Zy x ZHOR T ARTAE LR R %

E¢ | U(1) | U(1)" | Sector | Multiplicity
271 0 1/2 | Twisted 16
27| 1/4 | -1/4 | Twisted 16
27 | -1/4 | -1/4 | Twisted 16
1 0 3/2 | Twisted 16
1 | 3/4 | -3/4 | Twisted 16
1 | 3/4| -3/4 | Twisted 16

K2: Zy x ZuWORIGI0TFAL T o P %

MEEATTLUERIR, RS T . #lan, 278080 H w2278 H &£3x16.
SR, BESERVE SCH H H.

B PR 2 AN R PR VO RN 1, FL 2 A TR e e R . A I X S A 1Y
JECET LRSI, HFermionf i 4E[41]. TATAF L1418, HikH[42), &
BT A AN SR CANPIN=1 242

12.7 Type-II3ZHERE EE 1L

1512275, BATCEH B4R IEKS BI04 Type- I Rk . X EEHE T — P N=2i
XEFRIG6HEFLIE o A2 — BN LREA B b, FATI153 21— D N=4 X FK 144 2
wo

X AR B BIN=2- X AR 64 _E [ — A Zo it B BB, R Eflid e AT
PART % FE K3 L) LA & 24k .

U R BATIE I ARARAT 5 (0 SO AR T AE T B BRI A e (£ Ze AT _E R
H-FermionJAL), FATPREAG 2UAT 2 (RI P A XS FRPE R (FE6LEH 1) 2 o BC 20 e Al
¥
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1 & Zuoll]l 1 P[00,
g3 = UDlgl o = (—1)otbhab t9° 7 bmg ]y (12.7.1)
6—d 2 h,gZ:O 7_22774774 2 a,bZ:O 774
L1 C prRElgEt gt
X§ Z (_1)a+b+>\ab [b] [b:i]] [b—g] ,
@,b=0 U

Forp, Zy P12 (12.4.16) T HIT ) ZBUR B, X = 0,170 5% T Type-1IB, A

BATE 3L JF EBosonit o AR M AINS-NSE b, TAER5] 17, RO
skim, JKTFRIL6ANbR & (T Zo ) o FENS-NSHLEIER 5y, FAIE 2416 M. (R T
K7 bR S 80E4-200 T, NS-NSHJLFE I 512275 KB B I 2 FE

TER-R /7, BATLAUNBX 7 thA. fEType-ITAEL R, A1 21K B R-RAH
3 AN R AIIANSIE A, FIoR E R-RALMI S 4> 19 53 #M6N K& . fEType-1IBH,
AT 2K B R-RAHL M3 43 44258 b o Fr ok & FI8 M s 2, Ak H R-RAL #3567
164 ) E XHE 248 bR S FRIR EFILI6 M & . X PR 5 K3'E 8k —2k.

H TR BEFAT IEAEF IR I AEK3IR I iz s i 5% 19— ADNCFTSE B 52, k3R AT]
RS G/ 2o BRI . FRATER AN B A ARz R BT THIANOA (F
#), 241,008 (dz1, d22), 24(0,1) 1B (dz1, dz2), 14M(2,0) B (dz1Adzs), 14M(0,2)
ak(dar A dz), FIAA(L1) TEak(de A d5)e SR, HAANSTERRIALR . ERTTE
Zy &, TRIBEAP R K, BATFE TN, 144K, 1150,2), (2,0) R4 (1,1)E
KXo R, ZoAEHEAAT EA16 M E &, fEPRE R ER AT R A T I —
MRTE, BAERE— A7 m B B D) L — ANk . 1857883/ 2y, BATTLIRE b —
MNEGE LS Ricei PR IE « A XA 5 I A 59 JE 4 Eguchi-Hanson 5 | 7 B 1 1 28 R
SRR o I R R LI — R4 R B BB K Ahler it 2, FRON TR SR 3T H Euclid (ALE) it
o FETCBRIISYER LA 8544053 /T THESUR)HA MR FHEM—1A. 7ES2 LIMSU)1EH
W W EEEGCE, SSESURQMEERIE). XMEMAEA KR FIFr L% S — 1M E
M. ARPSUR)THA —NA-D-E43K. ARVIXN T Zy T #f . Eguchi-Hanson” [1]
XN TN = 2, DRI N TSUQ)MZy T H#E, R DI Z 0 KT K2 BE
w5, 3B AME TN T i DY TR T A . 15255 W BLAE[43])H % 21 O¢ T-Eguchi-
HansonF [H] B 2 WA XSG — I BXME (1) B T&, B E, Tl
FIEMTH164 . FATERAERIKIMER LR, & A4REE— DTN FATdn]
PIVFH Euler . R TATE —NRIEM, RATH A glt)—AAbelEI1E K 0E; D)
Br—ail bl g s F, H—2e R NG 2. I8 A BEuler 8 i 4145 H

= () = X(F)] +X(V). (12.7.2)
EKH, (T = 0, Fre® iy = 1164 @ 5, 1 X & — NEguchi-Hansonl#
Ty x =2, WATHI6DZXFER, Frel, Sk b, x(T1/Zy) =24, E2K3MEulerfl. 1
MEBEFRSFET, PURETUMIER 7. XMEPRANRIES =0 “H%” . 78
MPMECFTHIR S, EX N T o B a S, sz wrEs, S m16M %0
MBS A s s Em . F R, EPRENIE, BARKSmIEZE 7, MHN
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