ooooboooao
6000 1986 O 151-172

151

Problems in String Theory
U epplication of Rarmomic mafa T Aing  thasries
FAk = =R e &

§1 WRBehiE

WME FHIWMB oL CRENE b o BEMR s
't@@%%%%titUﬁﬂ?ﬁﬁkﬁﬁthtwﬁwﬁﬁ
BB I > YB3 pt 0 Y EBTMIEERE S vt 0
B (fporalong € Relwnotic iung )T H3 2", T ok
b fowmic alung CPFIF RS BBt 0RBREW S, 2, v
% 0 Bk 0 R ofwdlin fomalion 0 F ¢ Poliyabor
fing OFE DB S 0, T R o B appreack T BB
Pb‘e‘ar()»&o’\r,a}u'm.g ERO, Rumoic mop CEHBEREFO HS
PRREEIRRER I3,

EHI AR IS ST HLER/B Y TS £512 i

=~

PESTIcIETHR R RIE R ICTRXS,

/\__/
ST (LRI S t (ERE)

%
trtETo®IRIT &) BAC ¢ t(cewd ining) cRLUT T t
(shom dlring) 0 2 AR it 5”3, Q ™~

| Rowd lumg  ohen alhung



154

CTTERHEMUE L ERERHB IS I c =33, =t o2
CSERINRTOSRBR, 02 EEIALLEIcCE>THR

b3 REEFTHE o XBTBE O LS TRERE S S tocken

d—

ORBEMOITHSIEH»TH3, Lyl , RAEOPT, TR
To<cu>FRIE, Ub3"2-foep'lh b T = 4 < REPAT h T
I, 2hET I e vt oRBRWMcETER MBS
S, WFERSER3MRMB2IRFITL < CoMmMBATH 3, [HA2]
CE, BME MBS SR BEB AR o R ¥ - EXES
ST ¥R LTUuD., 2oBE, vto BERBRERAC TR
Riemamn A)Aha&a& Prws=9) =Y, 9=0 =K s BRELIRB D"
A m@%m(zlamwtuft¢ms) ZTEHRE I 3E 0D
B T3 o BRal IRIB (g - Looh Level D FRE)T B3 .

& = & &=

(3=0) (%=1 (3=2) (9=3)

Aring BIFZ & S0 & SHEAAE ) g $EIFS
Riomann snfoe EXEEO T F ¥ - e3HE L r3 g, REK7
HBEuTHIdScmInet O3, cgr=oov X 1F BRI R
<, 3102 c@d ous O0F T el LT 0%
%l: FYFEHRIYRBUU et RS hTw '5 (ﬁgmﬁﬂt"ﬁtbh§

tackyon = &3 HKEHRFIIhCFYNEBPR ESEEH»I),

2



155

2, DEDEATUIBHEN BT 03B C takm v T
EI3 2 C>7 cu>BBMBINT FR\ERR O,
SSTEINS oRMBrERALC £O3MBHBI D E

e e

B, comEticn b BMNERCABRIEIE

BIFELRE, 2 vRKEWOREERISKNETTY,



§2. Jocoki shoraln € T IR 3T I3 amalgic toraien
A o mep PEEZ D!
i (Mg, R)— (N,Y),
whone ngf Sowd Riomann wrfae with gonns = § (Z1)
N © Riemunian  wmanfold (dimeN=n) |
® R L T omngy fundiond Ele) T &Y 3
B0 1 XHa ol vg = 2 gH3<%,<P*%> Ve
whone [ dp € T(T MO P 'TN) & difforendiad
T4 € T (Sym T*M® ¢'TN) @ covaniant diffsard of dP
Vg : ouwa 2—§5m on Mg
Ramenic map ¢ 13X REFET
trace Vde =0 )
2 0 Ravnenic map P0Fb ) 0 P 5T EXFZS ¥, E® 9

agcomel poviallen B3I b 3

FE (Ps) _
s ot s=t=0 gM% <JeU, w7 Vg
where

9Pst - %5t _ 4
EN L=t=o , 2t lIs=t-o w ) vwE€F(P TN)

Te 13 Joceli spouitr CBF RS T 0T B3,

Jov = - taace VIV 4 - trace RY (4P, v) P




155

- ML ERTEI PIRHKEEBERIS M/ IRALIY, =
T = > 0 Aovmenic map P 0 Romolbpy fas ERE IS, T <
TIEIL T—TReHc FZH

P: [M=TuMg) — GLUn,T)
EXALT, 2 wnic BﬁLﬁMgtmmmWEf*&t
), GTN®E,ttZ3, T

T :TLETN) — T(¢™TN)

IS r(TN®E) — T (¢TN @ Ep)

FHBE LT+t e¥z2s>, I nmadsrm:

T% Vin = Am Vm Vin €T (TTN®Ep) | m=12,~
€3S, PP HERTHIERE, T 0HE mZ0 (m=12,-)T D
3T B 5(P%W?§E% O B3, Ravmenic mah o BF 0
YT oRE ¢ —éﬁi‘s‘ 3), LETE Mg(320) » 50 F AT 9
Ranmenic. map B RER T BB & 33 tanget 4hae NoH EEZ S

1=33,

()

Def (JTfHied I > analyne “toraion)
dﬂx/:y?q @ W/[“ '(di'gth(S))ho]

—_—

whure

~S
C?(S)i‘, 7\2"90 >\m

Jf Um= Am Ui Um €T (FTN®E)  p: THMy) > &L(LC)

5



156

eL, dt/Thomimne 300 BERaEem< cu>EHRT
53,

NB dﬁt/JP(p FTuMy) o X=H p e&xBLTL S,

A%, p=Tura BRL, ¢ 7" My0 Uodily map T:Mg— My 0
cxe, By T2 0 omolyle torsien ERNESCHEETS.
Def (T3 3 onalytic tordien)

Tz g L= e S0l ]

(}J‘R.QJ’UL
— ° _s
Tz T %y W)

Jx U = A0 V', Vi €T (I'TM,) | m=4,2 -

J=»° = — thae Vv v’ — R (V°) ) Ve e (T7'TH)

%=4 » Riemann AAUI»{-C\LQ

3=1 0 Riemanwn Mﬁfw T C/I7 ¢ %Hgo CZ“C“r’l#‘{’l,'C}

(ImT>0) TEMT W3 Lt , T 13 C/T0 Teickmilln fruramilin
TS . WUTF Tl)={} €3 3,

NDm"c
2K T"tut T #5 N A o map 0 - fit
WY
=3 Wﬁu%fﬁg - B R \\\\ ReT
(o) ' 7
L <d <, !




157
ET, 2 R TRtows T 0 confoomal fas A fF 0 mrdlll TRAD
D= {tsC ; [tz1 ,-Lt<pccd | ImT>o]
a3, RTsD RIFL, ¥F bw C/M "3,
Rormonie map @0 C/FF — N T [B]=o 3> TF I ¥~
Bl otToE®R3Ini, Jumaine | Joche Ublentack = & =
THEABEMRIET T 3),

Def (%c: €/ =N =¥ 3 3 funlilion Lendlion)
No _ -1
70 @ f, deez (ome) ™ ? et Tz fdet TE ) *

Ji.' €/ o L,dﬁm:u;? map Tt 0 Jocoki ochoralen
Tlee: TG TN®Ee) — (@™ TN ® Eg)

Nem *of 300 algmrabise of Jq, @ (8 TNOEG)> (% ToE,)
e M=T(C/M) — GL(n,C)

922 ¢ Rumann awnfoce

922 0 Riemann anrface RR/FrEH3S, >22< Hie E¥F
®, 7= Fuhdan greup ©H 3, B 60254 ¢ B Hc ma={o)
«l, 922 F AR IS, Wazzwwmwn&mw\srda
N map o753 Remitepy BB EEB T BE IS, == 91

0By < BRI, 922 0 Rémann arfae 0 confomel Lace @4% Dy
F



158

F 39-3 B o Teckmillin paramdne (T, Tas—3} Et> TR
LTR®+Tu >, =<, & fmaomdin T= (To,~, Tag-3) 1=
LT3R T35 Fuhtlon guup =T () B X ) 37 e ©FF
> Rigmamn mnfoce H/7 5 N A Aaemenic mah P H/T = N

Tlec]=B t'> = F ¥ —Blotn®r > TH,

////////// kg pobygon

Def (P H/IMP—=N £33 33 horlihion fenction)

o 33-3+'2

. -1
7! fﬁ_gD%d’c foet (H/Pe}  dot T (et T,

wwRene
dt = Dy o ' BEB MR (ch 5= qurmaliyu Mol
rwakance B 5 sk & 3)
I. = RH/ME o Uenbiy map
Tl No, P13 =1 0B B AU
(R 1]

75, kH113 TT R T3 TR IS Ramannian manifold
N@H37? Hrc, N?"Recl-ft 0B 88 T>71 7
8



159

(e8]

grwe 422 0 Rismann swnfae © conformal haax éE@D%D
2alict BRE R, HTE€DRIBLT vk (M), dat’ Tz,
dot” Tfee & T= AT} (121€39-3) ORI C LT axplidkp Kbt
'Z.‘gg, (322) “lt T3 T= AT (139D @I STEHARET
3 Riemannian manifdd N B H S5 7



160

Dotemruc M\C?vb)“c >3 c,cv\.g-ewmo.l mupaniance T O S Bk B
5, N2°plat ® cXIF, n=dimgN=26<5H3 XBAHBY

TTCREMD S N=T*cH <,

Laxample 1]
Gt C/Pe — T2 M= {1Thc& ) BT
3 Lallice
TR Jogb opwater RT3 p el (FTNOEp) o FF
DERPETRWLBISR L T 3(1.e, Pe=T(C/M)>T, e0)=1),
20 BB /M0 Local comdenate (X', X)) & 2=+ TX® ¥ L,
C/Me o mile & de*= |dx'+Taxtl v 3 S | Jﬁt ‘CQJIt o B A

BIX® 12
2.
Amn = (’j—%) lm"htlz m.né& Z

CEB. 2=T ol €r0ERT It Pundtlen EEX T S
2l 5 2 (G5 (el e)] ™

ShEtR U S L dt’Th &

, -2
ot T4, -~ i fe (20 = (25 )

vEZbtED, 2 n0atER 19738 M”/&"\%"ﬁ &> TS

Bhhzu3?, S=TBALS) K> Tt/ JE E5tES
3

o

10



161

TREREY ZHRFF S MO codpun B IS B AR

g 3
-25 utZ . .
4 Lo da” ‘T(FT %;v;b 0m'c gc emz _ginz [(z- Hﬁgt)+(njmt)a+ezjs+c'c}
€0
+ 35 { ﬁ})zs f oz [(ZnRTf* (ndntf € T rcc }
-2s
G R EEY ]

A CTH - BRS=0T WHE L,

T Y, W=RAEFS> cWwE L, |
éL [ = mgts Ilf((;:;) (€75 4 2 (Pwt) >’ (es- D +0() ]
—= bdnt $E1) = ~ S dmT
Do T
dat” o= (el € 57T |4 e[

- UnT ¥ |olt

y

«MB3, T<o<T
'\(f)= TRT A2 —n. (- e?_‘tt'wlt)
¥ Dadebind |- funcion T BT, Nog # of joe sigemvnts of, I
« ' ‘
=26 W2, BB 2, 0 &N IF
7oy = Sfﬁ,f‘;)z Um0
X3, A, TesL(Z,Z)‘CL‘C, T T =32 s Ml

cTtd
TR EXLZDSC

11



16%

ImT
dnT lcT+di®
— dT dT
dedT > Icc+alt

)| — \C'tfdldil'ut)l

bR, dedt/(n)%, Owe) P00 B T h T R HModidon TS
HLITTFRLBEZTL S, &> T, D < LT Pundemental
recpen {T iz, L <Rec<L ImTro} RS = = a0
3o 230 inligrand (& InTo e eI LSS W ET S
0T T. IS A kR BEK IS, = B Pt E T
3 froomic Afong 1 Tackyon €3> T x 0 BT B Y, = 0
frwone Durg FEEBEBRT CFE> TR,

[ apampte 277
P C/7e — TZé
5K oBITId M= T (C/I<) o x=Rp &

ﬂ.»‘o O
. € GlL (=z6,€)
O euut 146

]

p(mtnt)

= P.® P,
whene 0= COToiEFESR p- ¢FeoERR
z2¥3 . |
Ep & Ep, ® Ep,
2= Bp Bp BERAE R, LB LEC/ LD vedn

12



163

Pl T H S,

TN ®Ep = (¢ TN ® Ep,) ® (P TN Ep,)
U, BERVEM(EITN®Ep) &

V= (V4,Vs) , Vy STIRTN®Ep) (3=1,2)
B>t &b, C/Fc omieE ds'=|d'+~wd| €I S ¢ , JPc.ot,
Jzy "EBARBERFZNT

Amn = i(f‘f{f Im—nc|® J&n U €M (SN O ES,)

G Im-tedrel® o VR, S M (€TN® Ep)

= G=YImenct f Vo€ H(IT R
w3, Wt J.FEEoBM R Ul Y, Il &
‘ ~Edmt = 1o Tome X - 16
die' T, = [ 3 IT (-9 - [e €™ T 147" "]
l6'+

= et Jo, JF -9 - 8

brRene.

g oire
¢ B3, #1828 00" poho +%o>/.ﬁd§§z|; 4:z’;vtn+%_>4‘23
= (2T s = —220) - % B B Et DT HS )
(cf. for M’J}t Le?:ﬂ_zs = 4Z0s-1) 52 kS0 = —5‘3.> 50 BT
 No = (¥ of oo slpandan of Tlec)= 100 2, B,

73 = §D°\tdf (I’ dak’ T, (m'ﬂ&fi

O LA e

p (Imz)*
= dtdT SRS T E o MR
| Sb ImT)= o)™ 1T, 1-9"

13



164
CRHTES, Ly o whgrand 1 fundamedal nagion D 1T 1)
TRWMTH Y)Y, RALREIS, 3-bhS5S2omld R
Tackyen IR0,

[whs]?)
W'ZW\# O Riemann Wm 75 @'P\Wahﬂ/v

@ H/M ) (922) — T3¢
EHXX3 ., o nEHRTERY T3 §- Lesp (322) pRFB IR LT

TICR PERERRCS I (1o, Tw= T(R/Tw)3Y, p)=1)

O3,

H/ @) O reall comdinate & LY L, R/ g mirle € LT

Princans motue BB XN 3 3: | |
= v dyr . (X, 9) 4>0
dS = ‘3}- .

So0HB By I T BFELREhZO £> CBS,

M M . i_,
Jf(e.c= ~ thoee V'V ? = ——(3,(%71-*' }‘}2)
J1e = — troce Vgt - Ricel (+) = ~L3}(99—i—,+%gl)+/] '

14



165

b/ Th dtTr E B TS Alag oluce fromda” EFUS ©
B THDS, 5, HOBEBE wm = 12-)c L, dm=7+h

m= 12 )ed <, BEE AN ERET S fundidn RIVIRITL,
KAy Lo,

~( Sebhorgs tace foomalo)
T Rilm) = AR S: v R i) tamk, (rer)dr

m=1 4T

<5 ’E A N(Ts)
{Th =1 NI = NT)™

3 (n In NT2))

960 % = Rune M dr
T}, : primiive  imeonjuggacy claca of T € ™ (Fuckacan qmep)
T, . To puimitie elomont (ST,g'meZ; rsYr=7")
N = [”T»rF'T_)_:_] T > :W;%WKET'
Aw) g vl (H/TE)
~TRINDCLT RiN= € RURESLR: (rekR,e»m) < &Z
"z:&trm) i E]RT S,

™m=1
ZG(S)I;? _ﬁ/]%} g:ﬁf +51 z < ~+irot c=S

— €5 Te(DE S=0T memerplic = 33T Y AITMEIEFTDH
37 Selberns nthace fromda & B 0T Zels) T3t H I3 ¢ (€QT;L;)\/IT,))
Zels)= AF) M(r‘+-1:+ €)% pechtmr) dr

= ) ot
Z Z Q n‘Q-,. 1‘6) n 1—.- /‘%—t -S
* e F(s) fo” zf“’“ frign=1 b ) e - €

x5, €lo o &R Er 3 ¢

15



3(8);—‘{; L Zels)
= S5 D@ mdrmodr
+ ¥ 1 i% ,;Z: r?s; L1 ranck (M) (020 ) K+ Ontr)
g0y = — fTH

¢ () P
+/S?fg\ [ HS)J_— Wi, hZ-4 g ow.o.oﬂ,(n T) Kq/z((l‘*e)“&) B €

* F s HS) x (m‘a,uﬂan, ot S<0):]
A8,
i @ 4 {g) g: (r 41) L An(r+ '1'%’?] pechiaor) dr
kaw )~ /= 72

' £ -t G bo 4 o€ n Lt
' / — , —‘z 4 €577
ot Jes € e 'g—"fg[ r’ﬁr%4 N e"h 1 }%6]

‘MMMJ@7ZI§|¢M%%%JW le)t TS,

N —
\;.t‘

—ls4m) Rr
T‘_
Lz o U ]

<HY, Mmoo feg €T3
= ~ (st v
T = ZE, l-e 0]

00 bdO /1
= Z Z ™ e
Y, h=o =1
ko 4 esmh
_—— 2 ~
- h‘}r%’l m 4— e —mer

—m(stn) ¢

2HI M

. o FTaY 2 (He)
OLQx j?'c Jg&/g‘ X/YL =

7./(1)
Tt ZM=0ER LT,

— e‘ +4th

16

*és]



167
% At T FE AP LT fn- e Ot g
A< PEOMYBEEYIS rRaBA R —€ S TE)
—Z'oy= — fx{h

S—ao [ HS)J_' {TT, n~ ‘/—‘ WO&(“QT) K4/2((;+ 3)“2"’)]

maL
el g A2 (0 ek [t h-1] ar

G gt Tem e~ T Dim [_z§ 4 e-tront
t e © & My N enlr — 4

- e- ’FI_({T(I) z 12) .

1~ - BRI B 'Z%m‘fffz I+

3¢-+0
SD dT1dTy - dT35 AT 5, 3 {w6@ (W o)k e — fuley) +13f G
3
Y1553, SOANTBRETs 4 o 5w o Ziz) 200

-13
7 () (Z'1)
G o> USSR TH IV Cu > TY ¥, fundaomndal region

D' 0 EFSIERAANY USTC ERm> T HTHLH 3 ¢

THDo

17



§4. paibiion funchin o EHEX 0B 1

Se TR R EE UL fmbdion puncton & £ xt € 0 ERY
bE Y LTH <,

Porkibion Rundion 7 13 % < € € R O path ol (= & Y EE
hz L3S,

E®

L& &w&c«@ [ TSk (Troowt € )

=1

wRone
G (Mg, R) — (V.3) | dimgh=n
E(‘P)d*—,&ji S A DP‘P';BVCPJ.J_-éd‘x  amtnigy.
pri %S R

Qg = s of drffeomerpiliin rep

Sy = Volume o coformal andomilion grreh
= =< Callan Aol 288> T —H%  Rivmansian memfld N
€ Yot CIIBA 0 Pung TRA AL LT LT,

Pt Rovmonde map €, NFh UTRMIS, TP T,

@ = i @
—— =< P cemplox vedder fundle N ardion

Fe (' TNOE,)

P17 = Ta(My) — &L (N C)
2HY, MMy 0 ERBMPIF-SBEIIZITNECII. = W
Bl HFE v, HP, B 13 '\

138



STHe = Jmogd (e
~ P ~

E(q,)= E((po“f?): E(‘Pp)'{' %SH}<3—(P°CFIQF >VR. + 0 ((PB)
€T 3D, =< 13 Ravmeic mah @ O ‘kmwh?\? o N> B
LT HEZDINT, Pl u T o gi\e, (T8 ) $ B v,
— %, M ko wmiic o BWR 4 ERE a=103=0, 1228333 (¥522)
€ LT

d»{%&wmnkm mﬂﬂ T,&obmﬂvv %MW

b3, BBt &9

iase 2R
jﬁ/ﬁk,&v“yﬂﬁ‘s”ﬁe}&@j AR S m)

—_=<
Jpost= Qay
fHe = SU o
Ne
Rp) Ty =z . -
S (3% @ T ok 7T (<.OM_C) . ﬁ—ﬁ. 9=
39-3+ 2
b T (el (M) 2 Y a2z

NG ¥ o e Agmaches of T,
T ldedily, map T Mg— My
By, TNT RS T ek, BRI TRATI ST <l
I3 |
B> TR, pedien fundion 5 [Ts@l v 6 O B BIRT
3Tz &)

19



o] aaza R 3
4 = go SM UL St STae

wi{u[*zg,.\a<7<e TE ™+ 0(F)]
-1
b e 2R , =
Z, R (dat “TE) [1+ ol#) ]
-4
dot Tz (et T, ) ™

]

: 370
+ S DcdT (J)m:)ﬁ"'i-3 dut’J ( -JE Sdi 19=1
1 , :
Imetul ¢ 4
3> { 'lT HTadT2 (Wl (M) ek Jz (dsut’JPo) 1922
o Rl @
€CBES . 2= Plank EE)NESRFIER (TS, <o &3

L2 TS 2y 283z 0 KK B3,

3—3"‘-:

Referonceq

DI H. Schwony , Supondiing teons”, PRya. Repte 10520223,

2 A M. Pobyokor, Ouantim qeemidiy o Gowrnic iring ’, Phyo Ltk
103839207, See alas D Frisdan " Inbordution T Polyakn’
ting By’ im Kua Houckeo XXXIX, 1982, Reconl Adwances

20



171

in Feld TReows and Statistical Mechamics , 2d. Gy T ~B Juber and
R. Mo (Nowth Holland , 1984) 0. Olvaney ,* Theory of aiinge
Wth Lrvundonieg ¢ Pluctidtions | W and quaitim oeemdiuy”’,
Nucl, Phya B216 ('83)425 | |

3) ¢.a. Calllan, B T Moitonec , M. TJ. Poy and D. Fniedan | * Shings in
frackgrrund ulds”, Nucl . Phya, B262 ('85)593

LF)_D,B. Roug amd T.M. inger , " dnalylic tosieon for complox mm%u‘,’)
Awn. Math, 18 ('73) 154
5) J. Plchineki | * Coaliation of th one Lrsp iMing patd (ntegral ’,
Wnive. f Taxad propuint UTTA-13-55 (5 Be fublicked on
Comm. Math. PRya. )
6) C. Voo and E.Witlin , Boconic ning algebraa’ | Phyo. Lott, 1598 (85265,
F)E. Gava tal., " Multleop divergenced in e coud Goeonic ibng
thoswy ', Phya. Lo, 468 B ('86)207 ) AA. Belawn and V.G. Knighnik,
" (qebraic Mmd% qeondding of quantum dhung’, id , 201
E. D Hofor and D.H. PRong ,* nllideop amplitudia for the Boeonic
Pebyabes Dring”, Nucl. PRyo, B26Y ('86)205 5 ¢ Lomgth - tuidt flanamsling
in dlning ot indegrals ', PRya. Reo. Latt. 56 (56912 5 G Qilbbert
' Bring ooy futh infigal 1 qonue twr end Righn, Ymiv, of
Texas prepunt UTTG=-23-85 5 M A Namoge and S. Rajeen,

‘@/n M“ﬁcﬂv (m\fwjﬁiw wn Pn'eé,a,/gfwfv Mg 'Cfp,eh_%)) CERN

24



17<

frepunt Ref CERN-TH.4327/%5 |
%) A. Sllong , Hormenic amalysis amd ciscontimumus graups in weakly
agmminie Riamannian haces with appbictione B Dirichrst aomins’,
T Indian Math Joc. 20 (S&OWF ; 278 EEP ' SFRIH V-v= TR
(C® BB ¢ T 0RA BT (58166 5 H.P. McKean,
"R llorgy Mace fomda ax applied te o compact Riemenn tunface’,
Comm . Pune AMU&'QA Math. 25 ("72)225 ; p A, Heghal ,* TRe X,ﬂ%?f
Tce oumdo for PSLE2.R) 49217 Ladune hole im Math. vl S48,
(Apringer, 19%76), |
D B, Ramds? , On he analylic continualion of the Minakkivendanem-
Plifel yptn fundtiom for compact Riemamn snfaces’, Tnana, Am. Math.
o, 201 (' F5)241,

40) G. Moo and P. Neleen | * Meaune -f% mede i . The Po—@}a}éﬂv Afu/ma
Rao e nodocal anemalics’) Nyl PRys. B266 ('86)5%

22



