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Preface 

In this book we introduce a  class of marked Riemann surfaces (X ; Ai, B i , . . .) o f 
infinite genu s tha t ar e constructed b y pasting plan e domains an d handle s together . 
Here, A\,  B\, ... i s a canonical homology basi s on X.  Th e asymptoti c holomorphi c 
structure i s specifie d b y a  se t o f geometric/analyti c hypotheses . Th e analyti c hy -
potheses primaril y restric t th e distributio n an d siz e o f th e cycle s Ai,A 2, Th e 
entire classica l theory o f compact Rieman n surface s u p t o an d includin g th e Torell i 
Theorem extend s t o thi s class . I n ou r generalization , compac t surface s correspon d 
to the specia l case in which al l but finitely  man y o f the A, , j  >  1 , have length zero . 

The choic e o f geometric/analyti c hypothese s wa s guide d b y tw o requirements . 
First, th e classica l theor y o f compact Rieman n surface s coul d b e develope d i n thi s 
new context . Secondly , a  number o f interesting example s satisf y th e hypotheses , i n 
particular, th e hea t curv e H(q)  associate d t o q  G L2 (R 2 / r ) . Here , T  i s the lattic e 

r =  (0 ,2TT)Z©(U; 1 ,U; 2 )Z 

where vi  >  0 , u) 2 £  M  and H(q)  i s th e se t o f al l point s (^1,^2 ) G  C * x  C * fo r 
which there i s a nontrivial distributiona l solutio n I/J(XI,  £2 ) i n Z/^C(M2) o f the "hea t 
equation" 

( d  d 2 \ 

wrd4r+q{XuX2)'p=0 

satisfying 

I/J(XI + C J I , X 2 +CJ 2 ) =  £i^(£i ,x 2) , ^{x ux2 +  2TT ) = £2^01,^2) -

The genera l theor y i s use d t o expres s th e solutio n o f th e Kadomcev-Petviashvill i 
equation wit h rea l analytic , periodi c initia l dat a q  explicitly i n term s o f th e thet a 
function o n th e infinite-dimensiona l Jacobia n variet y correspondin g t o T~i(q).  I t i s 
evident tha t th e solutio n i s almost periodi c i n time . I n [Mel , Me2] , thi s resul t i s 
improved t o finitely  differentiabl e initia l data . 

This boo k i s divide d int o fou r parts . W e begi n wit h a  discussion , i n a  ver y 
general setting , o f L 2-cohomology, exhaustion s wit h finite  charg e an d thet a series . 
In th e secon d part , th e geometrical/analytica l hypothese s ar e introduced . Then , 
an analogue o f the classica l theor y i s developed, startin g wit h th e constructio n o f a 
normalized basi s o f squar e integrabi e holomorphi c on e form s an d concludin g wit h 
the proo f o f a  Torell i theorem. Th e thir d par t i s devoted t o a  number o f examples . 
Finally, th e Kadomcev-Petviashvill i equatio n i s treated i n th e fourt h part . 

We speculat e tha t ou r theor y ca n b e extende d t o surface s wit h doubl e points , 
that a  correspondin g "Teichmuelle r theory " ca n b e develope d an d tha t ther e i s a n 
infinite-dimensional "Teichmuelle r space " i n which "finit e genus " curve s ar e dense . 
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