Led-(,\,e 1. Tl«-g nan-abelicn CL.;,bc,hszM/I

We're now reael, to set up the nor-abelian Chabunb
methad. For P section, we otvOP down somewhat in
gererakity, and consider o smodth projechre curve

X oer K=Q & genns 22 More 7€"€’w“‘7, e
(onsider e smooth k)pe/balrc canve Y over &X.
We wrile \/‘-‘ X\D ‘!‘V X a Smoan\ Pro)ec['we Cune
ard DX a reclweed diviser, and wr'le 9 -fv\’ e
genms &} X and r for tte deren o} D. We explichy
allow the posibility that D=g8, i.e. thak V=X 15

p Djeche & geans 22 .

Fm’aﬂy‘('ko akionel poMS x.y&Y((D) (resp-
CDC"“JHM P°M x'yéy[@e», ve have te
@, - pro-wmipchest Efule korior & patts

T8 ( v@) 7,7\ ( resp. —'T?P(YQ . y,,)) )
whee p  Some anxi.’ar) Prf\«e we fil onee and ﬁ,‘,«
Tlese o affine schemes over Qp, Gming wh

Compesion waps TIOR3 0T Ofiie) TGy
ete. mahing Memn ink o G rompoidl 1 affire B, —schanes '



e nabral ac,w‘d\«ﬂ» G@ N Y§ (r&sp. ada?nef
{‘Le de(omposiﬁb’\ Wp 6-( on yﬁc) Ma(h(es an
achon e -rr‘a"(),& 1%,9) (resp. W?P(yady’j))
for all x,9. We vecall several fack vt hous proven
abont Hhidsehap.

Popsston

1. When 2=y, TE(Yz ;x) 4 & fnilely generated
Pm—v\nipof‘(«'( 9onp over @y, sarorphi ks He

Py - MolZev cmpletion of te dizeele Susfoce romp
"z?'(: <a.,...,47,‘0.,...,'55,(,,...,(, ﬁfq;,k;]-g(jzb
A\a. Yor oll X,y € Y@) (fCSP- XH€ Y(@c)), w ¢ hau
‘\1'\4* ‘T\’?'C\/{;’;}x,’)¢¢ 1% non-enp(> (v-up.'
1‘?’()’&‘ 'y,’)¢¢ N nén -empb). In W, bot SC“&(!
erven hane o @p-pof.

2. '“re achon 4 G‘Q @ﬂ'ﬂqap(x;i,'x,’) (resp. 6(

on W?'CX@( ) 7,7)) 13 fon’im\ows (on @P-Poo\vﬁ).




To skule the next ho properhies, 1L vy sa, Hhat
Y hew geed rednetion at 0 just whea Hae exats o
Sﬂ?oof"‘ preper ZQ'SCM ‘%Z.( c.na( a kM}on(‘n«(
d-w"br yZ£C%2( ' é"‘v‘l wZ(' Swch Hrat

0 et e penfie 4 Gy o
(‘,S‘;t“ ;(*Zz ' ? Z 2: .:‘ ‘7/: :}P 4;- “,;;'w iSomorphidm

'Mf 1 6Mg P 15 W f'b_‘ Mh

X .
( Q"%-C)) WQ \/wt,t «jZ(?- %z(\$2< ' 5o -,1‘(_
YQQB n{?ﬁﬂ-ﬂ? -fnha}'\ﬂze
Popstion Cctd) 4
g. \f [‘,i'p N a pAne oQ'aooc( reduwefior and if'
xXYye€ "7.2‘(2() one {-:atcjml Ve Hhe ackom
4’ 6¢ OV\T\Z.&'( Ya ;)l,y) '$ Mfﬁ'“"l'f‘d :
4

%8 (N.B. 1} Y= X 43 pmjeoﬁ\&,\’%
%%(Ze)t' %&(ZA: X(@A. fo te ackon
”Wﬁ(Xa,;x ,)) | uar&m’l{d #’ &Ju -V,yGX[@(\.)




4. 14 L=p, Pen He achiom )G, MW?P(YﬁP;r,y)
2 de Lham ( reaning Pt @P[mﬂp(y@; x,,)'n R e
P@ ~de Rham re preseatn fim) for oll Y9 € Y(R,).
l{’ Mmoreoves P Ve prime ff)'yaaa( recduchon, He.,
T\'PP(Yﬁp;xﬂ) B tr)sfau{he ok p fovalh

*9 € 05.(Z,).

(N-B. We haven't achally, poed #s yet.)
5. Tr?'()ﬁs;x) 4y mixed \ilh resefie wedhfs: i}
W.TT?'O’@‘,)L) deadbes he wu\’ﬁ‘\(’ ﬁ”‘t‘vﬁ\g" an§frue fed

M LCC‘MA ?, "H‘O/\ =Jﬂcea;<¢'j e;e'% '-n.-"; s;;iwn
W ® (Yg;e)
W TP (Vg ;2 )

1% Pwee Qf w‘?hf - q{"w“ pn\"—% (, -fa/ Jdﬂzf.
Moreovar, it 1S @ semisimple re presentnbon & Gp for M
nzA. (We didn't reakion Mg n Lechwe Z bt 5 «

consegrent ¢ e Tole (onjechme fora belian vowieties
a4 proven by Blbigs )



Remarh: j“'"‘"j( ot Some ey calleed non~abelian
Kammer vaaps o l'“?‘ﬂ-/ A’l bﬁ'\-f&( meps N
N, Lilembwe .

\/o«riom'é‘. ghPPose ‘H’W‘[" u 1% Sone G'Q-ecw\'\mnbnf

qudrieat ot TP(Vgib), 9 He guohent by W,
'gbfmn.'nhwtduﬂtbp j\,\ ool ‘).(,!AK‘
(mp&n’k MG PS

V(@) = H'(Gq 7 (i e) —H (G U

\/@A—i‘—i W (Gg P VgD @p)—> H(&,, ut,)

Whea U = T2 (Yg;9) /W,y » =2 sfter abbreviute
'SV\ and 5‘:“ te 9n el ‘jl,n :

Remarh . Ve will al endon U with He nabwead
£i Ubation ndlwead ‘fm::ﬁi weight §i lbration on
1\',;"“’(\/@-'\9) Thes enjoys oM o e vanad preyedies.
VN raeifiedress, de Rhamntss, mircednass et . The o~
‘H’\"&WZ‘\& I\J'OLJM here & v“', U o\ mixed : )
% becM Vn: W‘“u/w.,.,u " MW # rte

Semisimple W_aTIRPY 5 :8) fwvnas 56 N 0 dhireck Sumn,
a':b\.so_ffvfmf:ﬂ?hq& ‘),V“_-.ﬁ""{' en. Th R He a\~€7 e

o.M A Ve




Lemma: S. PP {‘k«(" y hes fﬁﬁd recluchom a"’[zf-p
and that be "ﬁal (Z;) 3 2= integad.

Then Jelx) =¥ for M xe Yz, (Z,).

Poot: We know thak He Gg-ackon on TPV ;bix)
18 wranilieol."na:s Mmeans '("M& ﬂt. co‘"aw\olcpg ¢
3= 177 desin H (G 1 0ig,: ) (@) = 830

T

The globed Selmar scheme
Now Lot exp(ain how to aftach a 7lolw( Celra

SCMJD%?SW.WQ‘F‘V

. o finite se:s S of prires
¢ o propeiiintegak Zg-scheme ¥ /25 M

Gerait fhe s X. Wedek D X dendrt e
oy 4 DEX, and sot Y= X P
We oMo it a dhaite o Gg—gpivaviowk gpakent
U & T (Vg b).




3. Hu‘shn‘cd/‘), sevend differentcle i boms
ot He Selmor scheme have been L sec! i Ho
J(u'kﬂ\,'l'vwe. \f\ Mint\yor? kl'M'S on"u\ﬂcv( PAPQ/SI
he wied Ne felmer scheae

H-;.S (G-Q ,U)
and a\\w«'fs assarmed Yot Péf and $contumad

M bad prires for (*,b).

Loter, in He puper A non wbelian conjechwe
O‘}—Ek"’gl\“ /ev“ck +7P( -faf L\)Pefbdlo" C“MS”
@eise (BALAKRISHNAN — DAN-COHEN —RIM-WR,,
Hey intvedweed He smaller Selmer scheme

Se(u (47/25)3000«/ (OVV nohmbion)
associted bo He Selmer strnchae
S,= Jm((ZN i} L4S
AR H'(6,0) i+ LS
whirt row p¢S 3 assumed to be ool
o) # good fov




Tle delmer scheme we've deffhecl & bove 3 freva
my papar with Neton DOGRA. We hew e
Contunmenty

ufi(\;é:/?) i Selu, (1/25) "¢ He s U
| 3T hehsion R ana whan (=
(e9.34 Y=X & P@)“h‘e).*"‘;%:ﬁ i

Th reams ok, 6} He Hee, Sel (v/z.) U
aﬁuva( Wfﬁfjtﬂ'msl'm.% on taban&xﬁ,,

S -eg Al poins

LO(a'Dakd"\ ""‘PS_

For every prine L (especially L=p), reshwehion e
J&Aec@v\ pﬁﬂi"\ 70'/\'() 6,( a" ¢ pfblﬂu% O na('va-ra(

10((: H‘(G’a., U) — H‘(Gz, “\d \
O fonclovs, which reshzhy Halh'sl o rphism
loce: Sel,(9/Z;) — H'(Ge,u)
4’ ﬁ'ﬁ"ke Bp —schomss. We ea Loty the
el akion rep



The Lotel avel 7'0M Pro-vmfpa','b\(' ‘k\nmw M“PS
art tompPahble, i that oy Lit o o commaling

SW
Y(®) — Y(e,)
liu lilM @
', V@) 2% Wis,, Uce,)),

Lemma: Tha inage f Y(Z5) e wnels
M B tontamed Ve Selma schenve

SQ(u (M/ZS)
Pzt For x €Y(2Zs), Pa aommnibily 4@
shons that
boc, ( %(ﬁ) = jl.u(x) €Sy
b’ 4,4.,\;)-,3,\{)@',. So j“(l) € Ye(u/v/?g)@;
b



Tl\a bn\\% wi b He mah a(efi«iﬁ‘dn ﬂ- He M

(ouwrie,

Deﬁv\ih"dh : Let Pég Tl C“mbm\b —fkim Loy

associated o nq%he»\‘l' U » M subset

Consittng & thene points X € 9(Zp) fovrhuzh
'SP""(X) Lies \ Ne scheme -thecrehc ,\m.q}&

Y e decetisation =ap
Loc,: Sely, (M/2s) —H'(G,u).

A wiual for abstichion Le:, Yre Chabauhy-kin
jd'bws Caontniny h{ sd' 4’ S-i'\{?ﬂ»( Peo\ﬂﬁ.
Pmaiké’n: For p¢S, w2 hare
"? CZS) Sﬂo(zP)u..

Pext: 4 e™(2s), jp,u(x):l"‘P(iu(x))
Liey e image & e LomalRation v (e julx)
Lies v Selu (9/225).).
Remark: Whea V=X s projech™, vt wawolly, vale

Qo) wstead & Y(Zp)u Th ol X().



In order to 5ay moe, we need b specialite
Cvw” Se“vp -fwrl"v.

Assamplions . From now on, assume Hhat ¢S,

hat p 9 906& for 7, and that be"f(ip) '3

p-inie?fu(.

:rhe CeosoM wR rehe Hase MSumPim,, " b

get-a 9ol hemdl (€ on tha ool lnmmar ~ap
Aot "9 Zp) — (&, Ulay))

ln M nextt partof e cne,ma U prove Ha

w Under He above assumphoms, Ui
CQSW\'VQ , and e Zan"sh.'-clawe cJ"

")r— "?V_-"/
- = - = = = == 7
- a/ir,../;—"v-:_ o 7 sl

Jom(M(Z)) 45 He(Gp 1),
More shonsly, 1§ B %, € (1) & o pont = Hemel-
$pe¢ia(-f'sb-& and Dn:jx,[ c\/s: N He carreqmlgﬁ
resiclwe ch3C (Beink redwers b x,), Hron:

1. geu (Dy (6™ = H.}(GP,M

L. reshikion 0 jou o Dy, is Gy -analyhic




We can summarte He pic“m—e h e Waw&y
Cheabanty —Kim sgnene .

Y (Zs) — ) (Z))
l u l‘i? “w
Se(u(*)/z,)(@,) s H; (G, Udy)

The (ommatabiviby o} i3 1qmace gives ame us
Yo mein theorem o} Ckc‘bau{’,—k’m theory ,

761\2/&(8.'\5 Cl«c.bc«} s Cnlesion.

aYan kM nte U")
'ﬂ/\eorem U?uppo'?e i u"“ uni péko\{', awnel 'H\A"

h-:.aluwns:dm l'\ew*)
3 A;M SQ( (‘7/23) < dim H;,(@P (A)

"\0‘0(4 ‘n‘"‘ 43(2 )\4 ] ‘f!'\:','e |l P&/"ICKW
WZs) ™ (z,.,x“ 2 fvte




P@ﬁ’ : 'H,.e dirension {neva({b .‘mp\.‘t) 'H“\(' n\
Yocal3a bon ~ap '(OCp! Selg, (‘9/1;)—9\'(;(@,(11)
& connct be sclneme -f"\ecﬂeﬁ‘““/& dense. So
Nereis a non-3ero o(:H; (6,,0) —> A‘Qp
\AAl.d'\ VW'HM P14 ’4* ‘C‘\QM‘M ,eh‘( 0

dy Loc, . We thws have Hae follong picture

V(2Z;) — Y(Zp)

l'lu l P

Sel (VZ)G) =5 HI(E, U@y

(S
- S EQP
(ordar Phe function )
o )'p,b\: H(Zp)——) QP :
ThR satishies fhe f6lhoning puepefies:

1. otegpu vemishes on ) (2Z2,)., (b.g le frinbion )

2. kejpu 13 Qpanchicon Gy resiclwe dite (cn He
Sane 1S True &} jpia and oL 4s algebmic).

.S . °(°’jp,h do-e) '\e" VGN'S"\ hni{cfm') N awy rﬁ.‘o(u.g

A (as N wa9ed) Sneh aclise Linelar gpun it

Zacthi-deny i~ He (6 M) and £20).



Properies 2. +3. ensurethat tojpu hes el
§.\~.’\d7 sty JEOC o each residuwe divc .

dince “d(z,,) is covered by -f.‘nik@ many
resedne dises Ciinee YOI, ) 3 fnted, 6 by compachnay,
it fellons thak o ©)p,\ heas oty finitel Maw,
‘Y"”""‘“ '\7(2.9). So V(Zp)u 3 finike by 1, 0

1;) GC‘"«Q“? Whie 'HWfS cri{'enan gl PfﬁClL"(G,
we need to Cav\{'m( Hae dimensions of He ?(abq(
Selmar scheme Sely, (V/2Z;) and the Lol
Selmar scheme He(Gp, U). The dather i quite
éasy ineleed w2 hout ‘v("&m(, shown tha
AiMQpH,; (@P, u) = Z“""‘&, H'}'(G'P'V"),

ny§
\‘J"Q-( V“; W.AM /‘V.nd , ano( | ‘“mmands o He

bt are wiwally easy to compute. For We former,
wR have |

dimg, Sely,( Y/2Z;) < ;; PJ a"'\@,gz + Z:J"“‘Q‘;H-f G

The Aght-hand §am is ug ke sabHQ-, es peci
PLQ "Z”"‘» ‘I'D” n?.%, bn" kaanl St MP‘:‘::«)

be carmplerels exoht + & bonk .




ProEnH‘oh: Let £¢p. Then
1T 1mage 4 Y(Z2y) wedar Ve P’°-'~“‘r’°k“"
Kumwer map 3 fn'n;k.

1‘1‘.—‘1\( _Zar;Ski-c(oSw'e (" e lM;& ‘9’ Y(@%)

has dimeasion €1,

Befere w2 ;ef‘ b M preof, e nole Hat 3
proposi Fem ?M’—s W o weake Dot more
wser—frieadly venion of te mai fhesrtn.

‘n“‘-dWV\I gu PPQSQ 'H\&t
€ HS+Ldim Hi (6o V) < £ dma MG V)

"2
TLGA %(Zp)u a$ f"";k° o
Proct : According to the Popesihon,
’%;MOPG( =(o i+ AL&Svips
<qt i} deS.

Yo Jimgpge(h(‘ﬁ/ZQ <H:S -l-':“df”\a,”} (én.v'\)
Gnd heace @ imphes .\—\eqm.l'.'l) ®. 0



To prove He propesition, we need c z.'me( *
analyhi ?ea‘«e{") Let a:f dencte the completion
4’ é‘, and Let Z(be o Be/kovich cmal’("'(

space over Cg. |n practice, we vl only be

interested ™ tha e Mﬁ%@’s an open elic,
or an open disc minng a:})zndwe. "\ANS“P"’
fiﬂ/efama/anenﬁ/)mups 4 non=-a7¢< "."" €an
analyhic Spaces, de Tong clefines hat it means
for & morphism Zi—>2, ¢ Berkovich spaces fo
be o 'Fil\;,'e éldn Cov'v\'nj.‘nﬁ CGA'G?Q? Fé{'(z‘z
o+ f:n'.l-t é hele Covengs Comes h afi bee fanclo
¥ FEL(zZ) — fet,n fo ecch Co-pot
L e'ZJ(Q),ancl orne Cuwv aaq.’n Jefl'ne G PfOfM;"e
,twu.f.,.\u greompoid , colled He algebm.

-f\mdan-en'-d 200\24.‘4 T\-:',(Zq;—'-) b,
¢
719 (2 %52 50 (8 o),
'n\is -fundawnu jmupow( ) (cnn-ec"ca( "‘“"‘-Zq:.‘;
see [Theorem 13] :



E_QMma‘.
1. Swppose that Z?ﬁ‘:-s Ha open disc of racling /.
Then 219 ({ﬁ;xqw: .
2. SMPPOSe {4"‘"(' Z=ﬂ°);(ﬁ He open dite of (’a&//«»ﬂ
minng Hhe aﬁji'\.‘n-en' . '

(R, ) e Z(1)
beé‘)l: AS o ‘(4\2 'H’\?Ofp af P/cffhc'\te -étlu(e
-g“ndamenk( gronps of schemes thare ? 60
eﬁ,w‘va'ence e’f ca"ejon'ﬁs

Fé%(%? haid {—F{n;‘( (on{'l.'\ uomy TT,,"" (221)'5({33
(for ZdSQnMC{'CJ). On He /ﬁk{'-"ﬁfd side ore has

He obieck —rr,f“i'[z(,-,,) A o N an open normal
S"‘°7’°“\P) on He lef-{'-hmd sicle thase correspend to
He Gelois coverngs : ovenngs 22t 2e,
Connectel for wich Av\fz‘(za sc K hremsihie by e
*chjih..e oer . (or ﬁn)‘om/ Pm\"). 1{ Nis Me
norwmal Sn% @~ p corres ponding e Za'-L—-)‘ZQ, Ha.

6 ™12/ = Ak ()T,




lV\ pa/hCh'h/, ht open M/m( g“b,mhps N Sweh

et 111"‘7(26;1)/“ iy @ prime-te-l group eorrespond
¢

b Gedor coverings 2 Zcecfalejree pove fo €.

Now = Re case 'Zq": \54' o resulted Res hovich
7\\’&8 Hhat He amly Godoid covanns ¢} )ﬁ((dfolejrcf
pine do £ 13 G Ha idenkhy map Bom lﬁd(—aﬂ%';
So TI’.,"’( D:x) has aby m?:;rmd tubgronp &f Melex
pinel £, ~o 'ﬂ:"(ﬁé;l) ifelf. Se

ez q,

a |

In the case Zo‘= ﬁ:, fa»/ a pas:h\—e Myeri F/ok( o,

Let [{! B — D} clendte e ct”‘ W”‘P-ﬂ‘“ 3

o Galots covarng ~Ih Gronp g . Anoltar rerult

0% Berkovth shows Ihat Mhase o Hre anky Guers

Covenry s &) no%’: &} degree prme k4. S0 11'.?"[[1;?1)

hea exadhy ;«3 gmetiet of each deg-22 4 panele €,

naneky pry- 52 SPINTY
1ﬁ“‘7(§*;ﬂ’”§ g_._r: M = Z(1)

‘ 1



Rem/k: Explic:(-l,, h'l n'scmorphis»\

(02 200
A 7|\% 0y fellows. For q/ pn~e e ,e’ . ot
on elers Y?ﬂf"(ﬁ)&';x) ach on e Sibres

0)‘ he (owe/inj [1}: ff),,:—a ‘ﬁa: — 1.¢. '|’t€
set of ‘p“\'vﬁ"»d? X — b; X‘,‘li—ﬁ%ﬁ()’)x‘/,'
Lor some x?(r) € fq Ths dafikes o chaacler
RN ) —
an:%m aho-e ;;M’ phism 0/;/;'3; raerSe Lim+d) Phase
Chemckers,
_I:]: Qet’s prove pcv(‘({)a{‘ e Pfoposi/'o’dn,
Specibically | we U prove
EQ?LL“:-‘ et DC )’m be an aﬂa() fic elisc clefinecl
o/ @4.11.21\ :')((z): j¢(7) )l,, M
ye D) e Yia,),

Y"‘"CQ 49(24) can be covered 57 N@(-Poﬂ«‘\of
§inikely many) dics by compachness, Tae demenc Mnphys
Wl 4, (M2 45 fimk ax desired .




1/0 prore ‘l'LL lcmm, 'H\.Qre % o f—hnc‘vf

gven by seadhg « finike Elele cpergt
Y'—'ﬁy&( b 7' CM " .‘n\{s indlnces

¢,
Wy o mep
“lﬁ(ﬂ) o é*“(

T, 7( ¢,1x,7) —>TI, Yﬁ¢; xy) @
Tle map ® antomalbically fuckors throngh the maxina
P@-Pﬂx"“(*{b"( W%ew(:, awa( oY EO~L 1} e%vun?n“
'S’Of “Yna('vwa,( at/‘\?:\ o/)— G:t on Dolh sidey (acduced

{,v«\( He acho~s "2’2.)@(. G e ([4,). gfnc.e
Tl'ff'(ﬁ)h; X,-g) 13 4 f.kj/: poht A Hy A

G‘C-'ao"?m , this implies Haak
_<F @) 15
|8 Vg, 5x.) J o

in oy, Phak e 3 o (5, —invanted po-price-f.
{ Pq"ﬁf@m 1407 \n ‘)é/l’ia.,(wl b Kigense

/ G |
ﬂ??(y@c})(:?) (iﬁ shee pFL;
More slvz:w?‘) e hewe TFZ,QP(Y@‘;X;)) (@QG—‘# g.




We, now Compare 'H(IM"'%C{)’ xav\d 7 \.\r\G‘(Q/ﬁVP
\qar;ng Vlvﬁpo*’é/l*‘ k‘nmw e p j{. Piclt Gy p«Hﬁ

K,"X € -TT:‘Q?(Y&L : b'x )(@p) c‘v\o( "eﬁt
By ™ Ty Wy (Y5, by) (2
e, e Yx,~7 [ -n'?"( \/CE( })(,y) (@p) % é:(- Wveraat
TLQ/\ ‘}((7) 5 M clage F Hee Cotye [
O b—> \6;;; ol C Yb,, = b:x' b:; o Yx,,) c-( n',_‘ )

- Kb:( O—(Yb,x ),

n\ttc"‘fc(( hepm;mﬁ\‘j 7£(x) So
;)((1):1({)) ane( “g "\W.-e pmde He Lemma. n

\r/('\uz“\ l’) MSo



The cecond pat of e proposifn follows by «
ol e(c.boqu ve Ao éf‘ Fe seime arjhment‘.
L_&_:_':fn_‘. ﬂ.e(— IDYC \/cm ,)ve & punc‘uwecl ana‘7"o?
dite defined ove, Qe . The- f‘(im\;c ot D(a,)
Unde - M wnipoteat K amaa- meap 'jg 15

tenYamed o Swbgche ne 4 H"(C;';,U\ °7l Gl'WﬂV‘cM
< 4.

Por To sim p‘c'-f> He nofafion )R &5Shme thet o chesen
base point by Lies ia D" Again, pelling back anel ana(,k/,.}
(o»ex%?s clefines Mc\rpkam (€)

. (e
‘\'\",,l’(ﬁ‘)lr;\a\ )—m—)'lff}(%y@;b)

. (¢')
T (0 b o) s 8 (Vg o)

e My e D). Theso movphims ee copabbe
wath tompesibon and are cvw‘wrfw* for The nafnad
ackio~ &) G,
m{iﬁ*d’ K above weeps nelmees 6 ey

(1) — T2 (Vg b)

wedl



omtk L(t\(,Q G MMap |

H' (&, @ ) — H (GemPxg,h) @
\We w\u sl\cw M ‘)4(@)‘(@(» a) (c\n"'u\‘-u‘ imi‘l?
e n\‘%?c <} @ — Hhi eomple ks He Pm‘} m‘ﬂ“’
Q"‘"“\ Sieg HQ( G¢ ,d,Z@ (4)) ;@“, 13 One-d;&ensfeu(,
Bt it 3§ now ;*'r"m‘y M’fonvafv( \ fcf Y éﬂ)x(@g>,
let &, €LYz, ib,9) (@) be « pah whick
A L C AT N
C067¢(.¢ »

o mll Xb,, o( Yoz,.,,)
'(pveieqh\“) j( (7) 'l"k‘s vehaes @{(4)/ aacl

Se ely) € im(f) o5 cloved -
TRA coneluces He proet €} e Prepasifien,



be-v\ niPo{'M{' Kumnar amq ps

Lets new fix & bahfcilf(’ bé\/[@\ Fov any rabionel

point x e Y(®), we may chooie o path
Teme(Vg;b,x)(@p)

from b b x. v ceGum, ¥ oCF) s hsio

\’MH“ fm\m b & X,50wR ray -fc/m He elemen('

-f(o_) = b""c—(y) & n?‘(yﬁ ',b) (@p\

Tle funchion T G =TI Vg5 b) (@) i

M\% Na conhnleny 1-coty, ek, and ks class

i~ H (GQ’T\';Q"( 5@;‘»(@&) s indepeaclent ot

le choi@ & path ¥

Definikion: The map

~ 4 Y@ — H'(Ga 8 Vg; b)(@p))
X - [3)

19 ("uul n{ (9/0,941) EE-M;POR«A" knmw m:.ﬁ. .‘h

Exacthy He sane consimetion defies a Lozak po-P




Examgks:
Le‘c WS Néw illusﬁh{-e l\OV'l'D WA k‘e C‘\G‘X«J’, —k.'.\‘
critedon by giving three examples of finifeness
resulk proved wsing thi melhad
Sfjel ¢ Theorem
First, we indicate how fo wae He citeqan to
re-prave a finiteness Hhagrem elue b Siesel.
Theo rem (Sieﬁe\) Let S be afinile sef of
P{.\r\p nam bes, T Yo are 0“") fl’m"'f5 ey
{:ﬁples (a,l),c) af‘ cop/a'me v"\"?j?" , @ach “‘7
din'sible '7, Priw—s " g, Snch Mt
a+rh=c
(E«;. "’f (= fZ,'S},M-\'l‘LQo*‘) “(“HMI wy ke 5:7“‘,
pefwuﬂ{i‘" 9" (a.b,c), oL
A+t =2, 4+1=y , 193:=4, 44329 )

‘\:)"A’ “"°H’" . S"Q;G('S"g\ecﬂm asse 5 that
Here are 6"'7 {’:“;l'e(‘) ANy solukens o He ?cy.qh‘e‘h

X-\-'?-.;" 'f"( 1,9 6‘2:
(tohe x= 3, 9=2)




Now an elerent zeZ; such Hhat 1-xeZg

alro 13 fte sane Hﬂik’ Gs e Zs-n‘nl-ejm( poak{'n

") = 'P;\ §0,1,003 = Spec ZIt, é(:ﬂ]

SO Yieye('s 'n-eofem 1Y ?ﬁ/v\f vedeat Sy ihg frat
M(zs) s finike for M S — it

in 3 7,..‘” Het wr shall prove He resulf.

Lot V= Yy= P {0,100} dencte o

genenc fbee. So Y(T)= PO)~$0,1,203 73
hemeom ofplu' ¢ ke §P'vu¢ wilh Hheee ?o*‘b "e"‘”"‘,
\,,/k;(k "moany 'l"f\a(' {41 @P- pro-nni(»kq(- élv’( {WJGMN
7”“? <) Y@ (‘\"' Yons j-awuri"( ba se po?f\'t) s
pro-waipdtat free on tw gepabo \We can @vea

be explicit abont H«f‘:&‘}e‘ﬁ' “pieces.

P(oggs"{"m: Let U denck He (Dp-Pm-um‘po"u(‘
?"‘M -ﬁdcvxw‘&(pqu' Y@, anel

- rf"‘ . V=0 a3 old, and eHamic e
have V'u: @P(n)(" —Iw Sove pas.'vliv-t o\l-eye/ rn.



P@ :[? fince Hhe completion ‘Péc} \/&-1 has Frvwad
‘S—v\v\o(qw@«H §7PmP, hooe that

W, U= W, U= U
§°’°M "1, wher ML s e cl-eSceno(M; CQ*\WS‘{.\"
o V,.:O j-o( odo( n.
NOw \/1: U\as % He abe |iamkﬁ6h 6f u We com
degerbe 'l’l—\is?emel-n‘«}i)_ Let

2
f: y — GS-M,Q |

he ke map t — (,1-%). lcla
'\'dm.eo( map m{—\.‘na(aneAJ 7:@»95 ) He
J} u O,\h( &M o{ {-cpo(c?.'(d funa(q»&uu 7&'»?5,
33 eosy b s2e: T\}(‘/(d’);x): .’s‘freeb 7enem‘(‘€a‘
l)'y Hee C\ o fosps

™ that the
abe lian3afion

L &




and Hese two are taken ‘o
(1,6) and (o,ffl"?l 2, (€ ; G)
{.‘«e qbe'.‘am'mfwa cammanles it Mal ?’ew(ompleﬁdn 7
W} Jelons thab fe meap

f o U —> TG S0B) & Qp(rY:
15 He abelianisahen map for U. Since it is Gp-€g nivadan
s gives Bhat V2 @, (1) s claimad,
for N>, e ket He itemied Commalfor ~ap

(VA Vg

whidh 3 chjec"ivf 1
pPo~s- S} M e loformic chaacler, an claad. 1)
%@M‘\f'}'.-n‘ A are tle dimensons & M J;W
pieces & Ne descending ceabrad 2ty on He free
Lie algebra on o jaz«m(avs, ancd Hese are hrevnbe
he 5 e b, He vadues & He Moiregqu neck lace
P"l? no\miw{, e,

o =2 %/«(%)24

where pn it He Mobing funcheon.

Gy ochs o V., waHe n™




’ro (ompu'k e Local and 7/cl90( Solrer diveasiensy
appearng he Chabanty =tim caiterion, we e e

—g-&uaw“‘-) (e (tuld')d\‘\

Lemmﬁ_\%f 1\21, e have

A:M%H;( 6o, Qo)) = 1
d!ir\mr H; (6-?'@? (.\»:Z o, i} n= av neta

1 A 23 odd.

&Zﬁi For the (ocal dimensions,
de(@P('\\\ = @P
1 M-‘J:NE&STG"\J, vl Hodj( f-(hwhcv\ 93\&’4 I?,

FiDp(@p(n) :g Q, 15N

'®) “"D>=-N.

\'\ Onv Cale,Simle N2, = L‘u—l
D;a( @P(“‘\) - F °Ddrz ( @P(v\» =0.
go dim H,}, (GP '@P(n\) zdim Ddg (@p(w» ~dim M(@P(“))
= 1-0:1,
For He 7‘05@( dirensons Hese ae mnch l\am@q anel

e DO ven b, SOh‘é 1‘@/ PUZLJ and S“‘nﬂ)’n
{-uv p=tl (qﬂanfo's work 3 vmp(.lp f-‘(‘eo()



fo ve ot P P’“"L' save ramarh ek N coge
n=4 foUons from Kumner theon, 0.
abtaniids Now Lets tnyto apply He Chalauty ~tin
en Ienon to Ha gmaient U, = u/Wm-M for Sone
w,,@ N). On e Locak side , e have

ZJ “a, H;(GP,Vz.b de\ H,; (65, Q) *")

AL |
-f‘ rn,

nSa

hile o k(;lobd nicle, we hawve
2 Z""""Hf(éac NE i_ d""‘Hf (G& '(DP("F r..)

=
= ) ra

3encsV
odd.

Nw Singe ‘{'Le.f.‘ G re ou pwh\»g M{’tjery' we havg
thet S+ Q. < 2 -

‘(n (M Q‘A‘N

for N Sv’f&he«“; lage (for fixed §). So tle Chabadty-

ke ceiberion for N33O shaws finkiress &L I(Z),
as C(G;"Od . N




QRuadmfic (L\G)Dahfj_

The next example we will dicuss % Hhat o}
Cl,hac(m('o’c (kabaul'y' whicl\ 5 Concemeo( A ”\
(onlw(liv akioned or .M{-ejw( poo\ak On CUrres uging
e wb",‘v(' 2-2 pa\ff o} H»z-fundamenu 9.
To state He result, recall Huat the Néror\—l-d
S?.\/Cﬂ’jfa"‘P NS(X) ¢ avaneh )(,:ti's¢ -
Gronp of divisors medste J%bmu ec,,w'w‘fwm.

Se  NSCX) = Pie(X)/p:
Te W eorem c"HNQ) base si,: ?'h/ft-,t;((i())a £ kg r«mfd :

Example: 1§ X & & smooth pojechive curve,
Hew NE(X) 2 Z vit He degree map,
Example: 1£ X= A 45 pncipally polasied

o be|iun wwfb/), Pear, ~K po(ariSaﬁdv\

9\5 A_:‘--) A' Wen H-MQ 8 an im/a(h!‘l'd‘h (j-
Ead(A), called He Rosati invelabion, g /e

b? «%\\L’_;A/ﬂ.\ ~ 9\"°W’i/°9\




I'f we wnl'( E’\A(A’)".-{»r f‘k SMLSPGM )c'x041§’1~¢
ROS&"" "'\VO(KI'BV\ Hen flee B an TSOM-’P"M'SM
@Ns(A) cD@ End(AY &

ERP""'Hy {' DCA 436\ chsm ,’Llf" D O{-QI-OMJ\(’
a nofP"n)m AD A——;A b, %

)‘DCX.) [tx D DJ
translafion b) X,

The map  Div(R) — Encl(A) given by
D — N AD A& wehmees e Jomo rphiim @®.

VWafnw\? AS ‘fO’ POCG/A 7th$’ 'H‘G& 3 ehse
Nésn-Sever Gronp- scheme NS (X), defiedss
e gndhent Pic(X)/Pics(xy whee Pic(x) it Fre

Picard scheme dF X. NSCX) 3 e diserele 7(onp—se‘vm¢
over k, bv\" '\\' 3!\;@’70\4/% bae H\a,e

NSCX) = NSOCk)
M l-\;kd M 3 an inelwgion

NS
50 MM




TLt (\‘(-rd\‘dml) Po‘c«/J nnevbe, ()K(X) R B)
defiwhion He mnk of Hegrowp NSOX).

’n\-wfem (Quadmbic Chbﬂw(j) Let X/@ be a
Srcoth pm,echve CurR 01(’96"“5 9’2 w ifh
Jucchian J. Swppase that

rk(Tta)) < 9+ (90(3') -1, &
Thea XCB)  finite.
Remark: Wealways hae = (T)214, se DX
a\uys & veahker condihon Han He Che bm«& eanclihom

(}L CT!@)} 49 , So Quaa(raf?"( Cha L‘)‘J) can h
“Pplo'tcl W merce casZr

Ld 5 now ditewss He pma’f o} wadvahic (“\4‘%"9
Fov Hhis, we want to ideatidy a relevaa(' gmobentef
‘H('/\A.AAMM gromp. We Wl do thy vie «

Caff‘l'ﬁ\l S\'\QJ7 6‘(’ "’LL }vmdﬁhenu 70'\f$ ‘)’ G“ "U"]")
s abdian vaathe,




PKOPGSA'\CV\ Lef A be an G b(lm'\ va nef) ove” o
ckamd-e-ﬁ%‘c Of—»e(a( let | bec £ivre bunclle ove
A,ana(ul_ beﬂeassocm"&( &. bﬂw e,

flo (cwpiemen"o/'l'g He -SM-SGCM h Ha ok

Space G’)“'A Le{' 56[}('() be “y p&cw eO’
OcACK). Then the maps

G, — U —A
indnee e G- -ecl/m'va/.'c.n"‘ ceatvral ex tension
& 1— '"—Q'(Go’n k) =T, 0) - %k 0
1

o (4) VA
on él“& :f'mdawd jmps. Moreovef,'Hi
Commuhter painlkg in @ &V-‘.( f

8 R e Hg(Ag; 000 =(\" Hig (Ar. Q)1
= HO"(A‘\/fA , Q1))
whae Cf‘v(L) 2 He —firsf élale Clern class .




|_?_’°_°_’_'S'_'_~ We'l( prove 'ELQ veSu ‘,“( b, comparing M’I“‘.
BeH\ {—w\da men(-n( 70%?5. 'n\a& S, af{-e‘/ embeouc‘o\;
K iaside € (snd meybe wing o LeSschely argument)
it swffias to show that for every Aand L defred on
@, e maps
@’M—‘B L s —A
indwce o centrel exteasion
®1 —sm, (¢*; 1) >, (L<);5) =m(A)0)-1
! )

2'(4):%;2 H,(ACa),Z)
on fandamenhl gemps, wrare commn b puinhg <3
e fint Chern class ¢,(8L) € H'(AG), 2)()
| Hom ( \'H, (ACO),2), 200
T Tl first pact 3 staghtformad : since
*—s L'(c) — ACO)
2 o -F.),.,c L.\»\;U.e, we hout Hhe home fops QXG(FS%WQ

T, (Ag) ;0)=>,(¢% 1)->7, (140,8)-m,bc0) o)+ ey
'/" | 7)/ '
a"d S0 ® a Cw



Moreover, the achon &t 1, (ACK);0) o T, (€% 1)
by conjugetion in He extension @ 4 idealified
with Hhe wenodrary az o on Ho(C”,72) tomhg

from He Lozally tial Sibrebim LC0)—s ACE)
Since L¥CC) 44 4n oriented ¥ bundl (e, th1

monodrony achion 3 tvial, and 50 @ Y& conbm
e)d'fn&‘d\ﬂ.

H‘remains i prove He asserheon ryaoclm) Chen
C‘@%, w'\czhuwt'u prore VI& & meawe exp't'ec'f
calealehon (hich also re- proves te fnt part),
LQ{’ W M-l:a Ala) =V//\ wheo Ve
Complex veclor SPite ot ol mensim gzelim A and
A &5 ol ¢} ank 7-} V. So we can a’*"ﬂ)
A=, (A;0) canciicall,

Tle APPELL-HURBERT Theorem gives ¢ a
covnpleke descriphond Ke C*tosavs over Alg)
(in He complex anelyhic tn"ﬁ%)‘



LQ'E H(":’) bQ & HC/M;{'FG" -fcfm on v qua(
A A= UC1) (e waiteirele) be & map such Haaf.

* E(’."):: IMH (—,-—) i3 & 2 -valwed
GV\BS;r\ me(‘nl Pcu‘n'nj on /\,’ an ol
. o((v\.-l-m) ze™ ECu, ) u{u,)..((u,,)

1‘\2& 1 H« ) n‘9‘\+ G chom c’} N\ on Cxx Vft’ch L)

(D) eu = (xln). ™ w *WH{“'S‘, V'-M'\),

and He gmohient af"xV/A is & % bundle on
ACO)=V/p . Tle Appell =Hum bo/t Tleorem

Says that ecen, (“bumlle crites i iz vay,
{ora km‘wg H anel !O( SC""(/}0°(\, Hweabave
cond ihons . Morewv,z,‘E € Hom (KA, Z(4)) = H'(Wag,
S He (hermclasse} |, Y
Naw 7.\-91\ Sud\ an H ana( «, ‘&‘{' Mn be He “'(‘

M= { (b', w) € 4RxA e¥= AN
'n\ere % a V\G{'V\V&( ’fbup lﬁ\v on r\ 9"\4'\ b)

(Ku "‘4) ’ (x‘z ' M,_)-.—- ()g+b’.,+'m' E(M,,U;) 'M",Ml)/



Ma\!iny [k a central extensionef A b,
Z(1). Thare 3 & natwsl nght achon o M ow
(x\/ 90\/6«\ »7

(B (Y= (YerrHlv, )+ 44H (um)e3 v +4)

and He 7”‘{’\&"" s ( chienhn Mfc"f,‘ b 2(1) " )y
” 4/22(4) = (") ? ’

_
GV = OV =
S"\CQ ¢Xv % ﬁmp‘, mnwcf@a‘, this S‘\oM'H\&f

n(L*CO); 8) w1+ is easy bocheck Hhet
YN identificabion B compahble with he druchures
a3 Central extensiensof N b, Z(1). So the

Commutrbn pe.in’n; w T, (L ();3) D Pﬁ,ud ke He
Commaullor pa-\"l\\j "M ﬂ, whith b, oh'recfeql(ulqbbr
DYPE E(',") . We Reow et Hhit pqifl'a?'g

He one (orrespomﬁ‘y o (L), so v aedore, O



New e return o tle sethhg ¢} Wmdmﬁ? Chabauhy,:
X/ AR 1 Shaak'\ pmjfcﬁ‘vf Cure MH« cho‘kin T

Such that
rk(T(@)) < 9+Pal(T)-1.
We ¢. PPV Mmoo that X(@)¢ &, otherale thae 3
nething Jo poave, Tle Abe |- Taco by embedeling
Y —> T ""‘(hfes on Pu“bﬂ(’t an c’Sono’Ph"S“‘
P5C°<T) —_ Pi("CX), ana{ So n"h&b- Hace

an l.sOMakaiSm -

ker (NS () —NS(x) 2 ke (Pic(3) — Picc) =,
T group )‘( 1% o Meic free abelign 7raup4 Ak
Pa (3) =1 (since Ne map NS(T) NS0 @ am-
Y0, 04 ﬁmp'{ vt |\~e buwelles P»“ bach ko amplodive

bnelles).
S“PP‘”‘ we a~ 7i\r¢v\ a non PP Ql(ﬁ{n,'(' o}' a'(' 4‘.('
o L bandle L on T st Ly= Oy 18 tiwsl.

| £ L 45 He fof#‘GSPO“""} G- brsor, Han M
Ake(‘TacoLiemhec(o(o\wj ‘(lf‘h b an em b?b(omt;



AY: X e—> L*
P pw"l'culm af fer ¢ ham:‘vy He pant 590‘(@)
G\)pmpﬂ‘a ‘f‘) , 'H(re R Go ;‘\&‘0\(-26( qu

ﬁ-pi“?'(xa;\a)——aw?'(l_’&;a)
on Lundeimental Grshp .
(laim. AT, 4 Swrjechive,
Proct . So"\t.@ [L]¢ P|'<°(f), 't Chern elass
(f L) R nen -jen, o He commnbmbor paing
N* Vo — Q1) commg from mEe(1%. ;8 )
3 Su(jec hve. Tln'i, Coﬂb"""‘,“"n H“f““’ Hhat e
Compatife map
50 b) — T (g0 — VBT
'S swqechive, implies Pt ﬁ* u! Swjecﬁ‘u : /(“’h
B Shnre ﬁ is suvjective, it determmnes
6—@. -Q%imw"m"‘ cymﬂim(’ of' ﬂ,m'(Xa;b) whith 1t ¢
Central extenion of T by @, 04),



More 7«@,«((7' Lot L,““?L,,,, be inclepenclext
f'?"\?r\h "7‘ k, )(W()=Pq(7) l'fv-Q wri ke
M= L.,X).,X...x).,,,,,
3 7T 3

for He common f'bre produck, than M3 “(’;o’f.lb""
over T, and ih funclamental §oup & & confra
extension o) Ve T by @p (1Y in itk He
Cammuts fo Pf;,..\.’, N 9?«.4 b, He Chernm classes
Cqé}(La\; Y (19}(,-(’-1).—“& (of‘ﬂ/ Ahla-'facok‘ e becd, §
{5t fo o Comm gn embeddinj XM e by
o\f\a(\tec( mMép oN af«nclaaenh( ,mps 3 m»jec/s‘ve
Jinee M, (f’([;) Avre lo\wals -‘\dfpéndﬂn‘.ms g
"\lwf shown :
Lemma: Yere i o V\oﬁe«d‘ U & n¥ *(Xz;b) bk
B o coabel extension ¢ L7 by @, 00y
Let’s feed Hhis Lemma inte tha Chabanky = fim
¢ ri ledon . WQ've Jﬁcﬂfﬂi Kt Bloch - "\'4"0
Selmer grenps fof @9(4) J.o-eu(y. o VPTN hae




LQM"\C\‘ Le{‘ AR be an e belian wm'el} 4
dM'\S\d"\j 'T‘"e«

rim Hy (€,,\pA) = o
* i W(A/@)[p=) & file, Hea
dimH} (Gg VoR)= rk (Al)).
Pfe‘i_ For{"‘tfﬁfﬂ*pa/'(' VpA Hg}(Aﬁ‘@p)*

oM PArITon

Se H& '&omorp'\um hehaoen Q,-q(q anel de Rham
(okaﬂdlajy S'\M Hat
’
Dar (Vo M) = Hdk(Am, ,)*
We know from He winal descaphior of de Rhas
(oJ'chs(o)) H\a(‘
clim F*H;K(Aa,/@,\ =§ 29 t=0
9 :

L

S 120
So dim H; (GPI VPM d"‘é\‘m(Amp/@p\*)

Tor He second, Hj (64,V,A) 3 He € 4inea fe(w
qgronp an«‘\-eJ o A, wk.zk ¢hs ™ 4 ¢X¢ff‘f%w

19 -va@?gA(@) =}z (6, Vo) = VoW (Mg o,



V£ W (M@) [p) 3 finite, Hen

V, w (Ale):= @& L WA@Y =0

Se A;MH;(G@,VPA)= rR(A(@)) as clared. D
Backin Mo seHing of quaclabic Chabauty,
'H-( 7mc(0‘4 Pi?(@‘s &’» onwvr %ghm'(‘ are VPT, @p(‘!) '1
Se Assnming that W(T/a) [p*) A fiile, we have

dfM H.} (@Q,Vp‘)') -)-dﬂM H} (G‘di, @?(“)ﬁ -4)

= rk T(a)
v-A’u“e

A HE (6,,V,3) + dim Hy (6, @yt™)

= f) +(>-‘\.

So '\s- r\\T(@\ < 31*()-4‘ 'H\.,,J"\e ("\qbanly—hk\
cataon prves fililmess o X(@) , provins e

’ﬂ.eme.« on Caclvabic (L\ﬂbau‘)

L b



| remains e ex plain how we cqm remave the
G\SShmpﬁ‘Oh ‘"w-{’ Ll (T/@)[P“’] 13 fwk We de Ha
b’? “V(eﬁm'ny q-—a," He pfbb lew MM\'\; & CMS{W-"‘?H
?J\L T@nhu’)‘?f Balakrishnan and Neki D‘j’ﬁ

’9,\22i\nik‘cm Let Y/@ be e smocth projec l\‘vemrvsg‘
beX(®) o vahonud basepat, and suppate U s

G—@-eﬁ/W;Mﬂaﬂ'\' ﬁ/hﬂheﬂ"' J)’ TTP”()(&; b) whih
0'0""; "‘G}QS ‘“Q abe ’:'ﬁnf'sqﬂaﬂ ﬂ?’ﬂ(xi '\9)""

ﬁ-w-ﬂﬂ-n? =V
Let V bQ Hﬂ.‘iw‘aje Of PT'

G Lé [vem knmw map

@Pg T(@ —>H (6, V7).

The Relakrishnan —Dozmgelmu $¢hewy
Se(“(X/@)BD ) \), J.e-fm.kdvs He cleed Shb‘(lwne

of §el, (X/€) grearoyta—pabbbaeh vhieh? e
preiMG.7¢ dy \/ wndos He wep fe(“ (X/GZ)—BH;@“VJ}
The Bala\ln?)\'tm —D07n\——( hebanhy = Kin dx g
X Q)" & Me et o peints X € R(By) such Pt

Gom(x) Aies i He schene-heortht image o}

bc,: Sely, (/&3P — HE (6 uy,




The same wjunnh as Lefare <3t blith
* X(®) € X, e Xx@,),

 if dhim Sel, (/@) dim H} (G, U), .
X(&an i ke,

e We hawe
dim Sel, (X/@)"'& dim (V) +g;l~'~ Hz (65, Vi)
2 gr ZdmH;(6q V)

clim Sel, (x /)P <o rhT(@)

ardl 5o wt 50 XCQIIPR fintk — cinel hene, fo 13

X(®) — once 1 /)tTCm) < g+p-1,

Thais tonelu eles He Proct of Hee gmaclate
CL\QbGu'} ‘l'Leav-em .
Remarh: A more sophiticatee venion ¢} He SO 6 ame,
chons trat X(@) B finde as soon a4

rhT(®) < g+ + dm b (NS(T) ") -1 o

¢ lex conjuseham. (Forhhi, one must cons ele-
-\-o:sﬁ «wﬁ,) -Z:.- ofhe, Hhan GL7')




(onal i"iona( a4) u(,fs

’rke Ckﬂban{',—k;m cra'"-en'on Can '>€ V\Sla( ‘o
bev{ f‘“;km“ a{— mﬁmd o S'-M{'E)/ql POM"J on

Chrves inc wle range O'F fo"l’hﬁ{"fo"lf , inelunding:
’ g—fn*??(w( pohh on m W??-Phnclufw( -(:'ne (k.‘m)

. Qhadfqh’( C"tﬁbﬁhl} ( KQ:{Q/, Bﬁlﬁ ’2”?"”‘”' Mﬁ”ﬁ;

Dogrs,... )

’ g"“"fjm( Pcnkh on on(e-puna‘weJ -eU.‘pfic Curvey
e ThCM (ki)

¢ RG"TM Poink oNn Ch ey w“\ m -Etobt.""s
(\im, Coates)
¢ Rd'wnd pa.\nh on pro]fc(\’w k} p?/bolk Carvey Whith
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