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% FOR BOSONIC AND HETEROTIC STRINGS THERE
IS A CRITICAL TEMPERATURE AT WHiCH
THE THERMAL ENER&Y DIVER&ES ®BRDER
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s ALSO FOR BosONic. AND HETERSOTIC STRINGS THERE
IS A SYMMETRY (ﬁ-DUALiTY) WHiCH RELATES

THERMAL PROPERTIES AT HigH AND LOWTEM—
PERATURES

IN FACT, ITRELATES PROPERTIES ABOVE
AND BELOW THECRITICAL TE MPERATURE (AND

i DUAL l)
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% [HERE SEFEMS T® BF ©0M F PROBLEMS

VITH THE MODULAR INVARIANCE
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COSMOLOGICAL  CONSTANT ror

THE HETE ROTIC &T RING .

— = |S THAT A MANIFESTAT IoN OFTUE

FA-HOU& (FDR§DMEPEOPL5) AMBIGUITY?

—_— ARETHERE SOME OTHER FUNDAMENTHAL
PROBLFMS  WITH FE RMION|C STRINES

BEYOND GENUSZ 2
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(ToPics iN DiFFERENT coLsR WiLL BE
EXPLAINED | N DETHI L)
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PERIOD MATRIX
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THE GOUNOARY OF MoDILI SPACE

¥ POINTS ON THE BOUNDARY oF My comare Foroe To DEGENERATE

SURFACES (suwass with Nobee) (PINCHE D ©URFACES).

I We TY PES

) A NONTRiViAL HomeL o6y
CYCLE s PiNcHED  (Ag)
2) A TRIVIAL HOMOLO&)I
cycle IS PiNckED
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X FOUR IMPORTANT FACTS ABOUT THE FIRST CASE
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2) & IS 4600D COQRDINATE NEAR THE BOUNDARY OF MI/
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BELAVIN-KN i 2HNIK THEOREM (Puysics Latrars 1638 (136)20))

WE CAN ALWAYS WRITE THE GE‘NU&J> CONTRi 8UTiON T®
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THE POLES of ORDER FOUR OF EJ.
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9[{7’HE’ FERMIONIC ©TRING  (hVE xu‘m;a P4.0. THESis UTRECHT UNIV,)
(8=22])

THE PRELIMINARSITUATION ie THE (SUPFR)) ANALOGUE OF T HE

BosoNic CASE ( GUPER MODUL] SPACE 5Mf‘>
AFTER (stchoNroRmL) 6AUGE FIXING AND BEXPLICIT (NTE GRATION

NERTHE ODD COORDINATES oF SM, |, WE HAVE:

(FerMisnic) 2 AT
2T = | appparsapi] [T Tiepat e

Y[IXJ =& (4% ,F? ) (Z)C Te7—> PICTURE CHANGING oPERATORS ( Rﬂ.)
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2 io AGKN M INTESRAL 6VER Ma/

% bUDNow 5 ﬂ&auns ropEreND ONTHE [fi'+ CHANGING /)(k—»%,‘gﬁ/‘

THE INT E6RAND oF BJ‘c»mess IN A TOTAL OFRIVATIVE iN MJ’. We
Do'T KNOW [F TRERE 1S ACONTRiBUTION Te Tz’; COMIN & FROM
THE BOUNDARY OF M, THROUSH THIS DERIUTIVE. IF THI® (& &0,
THEN 231 i® Nor UNAM aisuous?/osriusb.

—> INTHE LiGWT-CONE GAUSE THERE IS No Such AHeisunY : ONLY
A SET OF 9({5 CANCELS THE BACKGRQUND CHARGE .




INTHE GENERAL CASE WE ONLY KNOW PARTICULAR ChOiCES
oF s vsEruL ONLY LocALL)g IN Ma,. WE COULD NEED
TO DO A CHANGE OFCHOICE TO STUDY ANOTWER REGION
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6‘? IN STRUCTURES (« AiR22-6401D)6- MeoAR, C. VAR4 C.M. P. |06 ( l?x)d‘.)

FERMiONS ARE SINELE VALVED ON A DOUBLE COVERING OF ThE Ri MANN
SURFACE, THEN, THE)( cAN BF PERIODIC OR ANTI PERIODiC. AROUN D
EVERY NONTRIVIAL WoMoLogy CYcLE. A SETOF RrRiesiciTy
CONDITIONS, AROUND A CANONicAL HOMOLOGY BASIS DETERMINES
A SPIN STRUCTURE , AND CAN BE REPRESENTEQ By A THETA

CHARACTERIaTIC. ¢ A 20+ 4
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— THETA CHARACTERISTICS ARE NOT MODUJIAR [NVARIANT.

— WE AN NoT OEFINE = PiNSTRUCTURES WiTHOUT A HoMoLogy BASsIS.
=> WECAN NoT WRITE AMODULAR |NVARIANT PARTITION FUNCTION FOR

EVPERSTRINGS WiTH FERMiONS WIiTH ONLy ONE ©PiNSTRUCTURE , WE
MUST SUM OVER A SET OF SPIN STRUCTURES CLOSED UNDE R
MeDULAR TRANSFORMATIONS. (AT LEAST)
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74; — PHSES »> THE GSO rresecTioN

THEF ARE CHoBEN IN SUch A Why THAT }’3 = © (suerkyymmeray) (Tewyens o))

EVEN SPIN STRUCTURES etmi 22 4 (he 2620Mo0Es)
U0, SN STRCTURE S, QU = 4 (u semomone)

oNLf EVEN SPANSTRUCTURES CONTRIBUTE TO 4(/ . Tuer TRANSFORM

BETWREN THEM S ELVBS, :

» /U'-—"—Z 74.5 ’ﬂs
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FOR THE LEFT MoVERS WEcaAN choose U P Vwﬂf’wriﬂfo
CiF NeT, WE DON'T HAVE MODU LAR iNVARiANc&‘) OR, ALe © ) INSTEAD

oF UAU .

% et WS/\’U(,— ( DixoN- HARVEY)

st

INTHE 6ENUS 4 CASE , THE 6SO PRAJECTION CORRESPONDS TO

WEIGHT WiTh A OIFFERENT &i6N SPACE-TIME BGONS AND FERMIONS

HKTHE INTERPRETATIEN CANNETBE PossiBLE BEYEND 5=d + WE

CAN HAVE AFIELD WHICH CorRRESANOS To ABesoN ON AHANDLE
AND To A FERMION ON ONE ANOTHER HANDLE . WE CAN RAVE

S0 PRoIBCHIONS WiTH THS INTERPRETATION Localy, ON
A HAND E =>THEY CANNGT BE MODULAR INVARIANT.
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LET's STUDY CLOSER ThE GENUS 4 CANCE LLATION .
THE G5O PROJECTION MUST ELIMINATE T-Acuytms L.E.

DIVERGENCIES INTHE DBEG&ENERATION LIMIT:
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Besonle 8. N°LAIN  gweul
| 00.8.ROTH  (n3¥) 539
THE QUATITY OF INTERBST s Heremotie {13 ATIR  Npp g

£. Witten 1928) 2941
THE THERMAL FREE E'NERG)/: S

)=_4 e
ia @

{ THE TRACE IDENTI Fife  FiNeL AND iNTiAL (SPACE-TIME ) sTATES.
THE HAMILCTONIAN H ieATinE-musuﬂou OPERATOR .

THEN, IN THE PATH INTEGRAL REPRESENTATION OF R)

(bee) ‘ozq - =S 2(¢-1)
— &
F&) =20k =2 [ oy, do &7
dJ % (034 )
CT”ERE is No J’= o CONTRI 6{;‘}0”)
=P WE MUST INTEGRATE OVER coMeACT SARFCES WITHOUT PUNCTURES,

AND WE MusT iofnmy

X X° 45
| {X' kS OMPACTIFIED ONTHE ¢-ToRUs OF RADIUS (24, .
X" 154 MULTIVALVED FiELD ALL OF WHOSE VALUES DiFFER Y’
MTIMES /3 .
—>THE VALVE OF A CONFI6URATION OF X° CAN Jum P 8Y
AN INTEGER MULTIPLE @F /& AROUND A4 CLOSED PATH
ON A 6ENUS ¢ RIEMANN SURFACE 5o
THEN, WE MUST CAN&OER ALL X' CONFI6U RATIONS
cldSSIFIED By THE IR MONQORO My (ONDITIONS AROUND

A BASiS O6F CLoSED ATHS ON Z}'- Ay Ay, Bay By
(ﬁ'i)v-/MﬁM&) oy
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THE CONFIGURATIONS oF THE  SECTOR” LABELLED
BY (M4 mg, miyeyme) (G, W) ) ARE THOSE WHOSE
VMUES ON APGINT PeZ, ,X(P) TURN INTO

X°C) + mipp (resr min) ‘)N 66iNG ONCE AROUND 4

(Rese. B&)
THEN , THE PATH INTE&RAL SPLITS -

-SXlt
_ ~ '3
3 & ) %8 S ©

mMezy BC. (%)
.\, /3

%WE CAN 0BTAIN _EVERY X° CONFicd RATION I_N-‘,g.
GIVEN SECTOR INTHIS WAY:

o ’

X" o (el ) o (TuJ-u)
@) = Namaay ot X
6 L(LM\«.L ' - .
—_— %Qi X(;‘)},a‘) )-.—_.- [a) AND HAS (_”";m) *MOMODROMY PROPERTIES

THERE IS oNL ¥ ONE REAL MULTIVALVED FUNCTION SATIS-
FYIN6THESE CONDITIONS"

V3 Wi=o B?( OEFIN(TION ( Q,5; ==6)

2 ARBUND /4; -—)Jiu)i — 5&,, +}A S 52,_‘,; *‘Sij
2 ARBUND 55 =» S}wl—* sz: +5B‘|jo; = 52 P+ 'L',;i
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ONE FUNCTiONiS A “CONSTANT “IN FUNCTIONAL INTE 6RATION :
=% O‘E/XO — °®/x° (7“"‘1"")

(Lowierd)
SEX(%R)JJ‘F’] = S [X(rﬁl"‘)} J] + SEX(@'#)/J’/& —
_ (L 2 _
- S [}( /J] +_§.T [Métil-WﬂC%F)é; [The me - vk ]
UNDEFR A MODULAR TRANSFORMATION
A4 (
%(ﬁ)-.- ) 5 (®]=[p]c “)
B 3 R BlA |\

DIFFERENT SECToRS ARE INTERCHANGED BETWEEN THEM .

—> 10 oBTAIN MODULAR INVARIANCE WE MUST SUM QVER
ALL (mm) SECTORS. (We “NEW'T,’)

3 - sy,
F(/b) .____Z J‘ (Je,fIm'c) I3 W/\W é SIxX@E J/;]
J B2}
s

¥ WE cAN WRITE THE [o-DEPENDENT PART IN THIS WAY *
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X OBSERVATIONS

FETHE NUMBERS (my, .. g my)- ) 0ng) HAVE NO TOPOLO &AL

IN FORMATION, ONLy 2= 6.C.D. (7% ) 1S ATOPOLOGICAL

INVARUNT ¢ Y=4 2 (m;A;+mB;) CAN BE INTENDED
2 =L

AS kTIME (0RSPACE) DiRECTION ON Z&. 2 COUNTS

THE NUMBER OF TIMES Y & WRAPPED AROUND X

sk TN LiGhT-CONE 64U6E CALCDIATIONS Wi HAVE SUCH
L Y PATH CHOSEN FROMTHE BEGINNING, AND Wt HAVE

E. ALVARER  Puys. Rev. D3¢

ONLY ONE SECTOR LAGELLED 5)’ 1. (in.A.a. worio (N3P /K5

/ . * H
O i o= ') Qe S MANDELSTAM
: i) \ .
< . : . (3] ‘GW .
t
/2

WE HAVE NOT MODULAR TNVARMANCE .
_—_.>WE MUST iNTE 6RATE OVER AFUNOAMENTAL REGION OF THE

SUBsRLUP OF Sy(zy /) Wiick LEAVES IN WRUANT THS
WhoLE SECTOR. (oM, ). THI® RESULT CAN BF EXTENDED

TOTHE MOOULAR INVARANT ONE BY (BSET TEWNI QUES

H ([ E.ALVARRZ 8 MARmaRio NPB3OK (113) 32F (§=1 ‘“D“m“"k>
ETC. C MLAIN & RSTH (;Mnuy,s )C ) 3 )

ITIS SHOWN THAT THE TWo RESUTS ARE EAVIVALENT.
D

N . . . .
%BY PUTTING ALL THE WINDINGS ON AHMWOLE” USING Dp(ap,2)
TRANS FORMATIONS.
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— By PERFORMING A POISSON RESUMM AT 16N
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= J P 272 &/b ’ A=4 ¢
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5 is ONLy AFORMAL PRo PERTY

FOR THE B056 Nic STRiING THi ‘
ND AND IN THE

DUE To DWVERGEN OES INTRE INTE GRA
PERTUR BATION SERIES (emesam'\wu. )

%’D"VFRG’ENC‘ES oF F(p) COME FROM DIVERGENCIES N
WAW Whick ARE 6(VEN BY —uE BELAVIN-K NiZhNIK THEBREM

\A//\W o ;J_é/d/g—- (Z,';,; ~ ;(:_“__g_ +Cy 40(5))

lgl“ | amwl
AD ARE MODULED Y /5—0E’PENO‘ENT TERMS (EXCEFT
TrE (e )=(338) TERN —= TH= TackyON) TN SUCH A Why THT
THE LOWEST GRDER TERMS DIVER&E FOR (& — TR GRATION)

p < Ve AND TS DUAL (2= N
(HA6BDORN TEMPBRATIRE ) (e "’3%)
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ALLTHE TERMS IN THE PERTURBATIVE SERiES DIVERGE

AT THE HAGEDORN TEMPERATURE °© IT RECEIVES N O
LOOP CARRECTIONS | /

WHAT 19 THE PHYSICAL INTERPRETATION ?
TWo POSSIBLE ANALDGIES:

|) COMIiC STRINGES
(NuMER‘:CAL SiMULATIONS ——> L/MiTING TEMPE RATURE )

2) Q. C. D, v PHASE TRANSTION AT T
( CoNFiNED ——>DECONFINED PHASE )

SKWE CouLp EXPECT Thkr WHEN WE INTRODUCE INTERAC-
TieNS, STATES ACQUIRE AWwom |
IF ['éRoWs Quickly ENOUEH WiTH THE MAss AND
WEBKCLUDE i N F(g) STATES WHOSE MEAN LIFE 15 LESSER
CTWAN /3 THEN 1T HAS BEEN ARGUED (6Leloe STéyLof

P.L B¢ (1m5)26) THAT Ty = 0.

WE HAVE SEEN THAT THS (® NOT THE CASE TOR
posaNic STRINGS AND WE WiLL SEE THAT THE

AaME HAPPEND INTHE HETERQTIC. CASE.
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FERMiONIC STRINGS

SPACE-TIME FERMIONS HAVE ANTIPERI®DIC
P-(EVCLIDEAN TiME) BOUNDARY CONDITIONS AND
THEY MusT BE WEIGHTED WiTh A MINUS (sTé-
TISTICAL) si6N N THE PARTITION FUNCTION -9(350)

WORLD- SHEET FERMIONS ARE SPACE TIME
FERMIONS iF THEy ARE PERioblc ((RAMONDYR)
ARBUND THE "&PACE “DIRECTION o OFTHE STRING—»

¥ IN Loofs, WoRLD-

SNEET FERMIONS CAN

Also B PERIODICR)
OR ANTIPERiI®DIC

(NEVEU-SCHIAR) (Y -S)
* 4ROUND THE TIME"
MeDULAR TRANSFORMATIONS DIRECTTION,

PERMUTE IN ANON-TRIVi AL WA)’

WERLD SHEE T “SPACES" AND “TiMES" INDCHANGES RS RL.

¥* A WoRLD SHEET FERMioN WITH R 8.C.

AROUND A HoMplLesy cyclE Cw , PROPIGATES As
A SPACE-TIME FERMION 4 LONG THE ORTHOSONA |

DIRECTIoN 2
| C A%

>-T FERMON .



@9

WHEN IT HAS THE WiNDING NOMBER  my (e 7Z) (T
1S WRAPPED ARDUND The (TAR6ET) sPAcE-TIME
TIME X"(o F LENSTHEY mk TIMES WHEN

IT Phsses ThrougH Ch -
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. . 0
. ¢ \d
N .
. ¢
. .
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SN, . ©
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H
T . T
. . v
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. A .
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9 " AR
Se o
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R = B.C. mk WiNDING NUMBER
T el
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