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(ssumphons [Nepatons

XY, Swooth pejestie cmplex  aholraic vaccter  (inekoble)
U W g Y Mo, . Bk [k han e (oo howalgg)
d-dmg () (5o cobmolgy Groups o cobonst Shaves i abowe ),
We aleo ansider X as a fyplgael aud rasl vanfoll (So Both [de Rhom

Co hnmobw ales above ;'Lol).
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Jopoloy

Intersachon parng: fr-olu) « {@d-r) -ocksf — 2z

s @ ferfect Painng (Fowcare O/aaﬁ?} ,/\/

VT olP=3
He oK Q) x Hyy (X,0) — @
Vsing Ho%aq) = [ Hr,g(X@)];f we have
H@)=H,,_ (xQ)
The re&b‘ny paing
H P60) <" (o) —a

Is efpa.z JD e cup ?afﬁvg in C’oﬁom/afﬁ.
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Di %{MQQ Geomd‘fa

X "’L‘Qiha a raf C*-wanbl - cxrries real dgperotal fms. The ae,
M, Sums & jﬁ(m& 0/44 form

W= f, Xog) W A---Adx,
wlere X,,-.. X,y dre bl cordaten. Foms fom an exterior Q&b’a whh
w = 32,21’_(&..)(,4) , dx\,/\dxi A---AQX.
= ' -

?Ma}b = 2xaAf %MS, Rarnd] =: c/ase,o/ %rm&
H"d?(m)= [chsed - pondf [{tsad = frmaf

(ar r-foem, 4 reed &)

Ths I1s a caAoma/a?;l //aor(y.
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de Rom Theory |
Ao r—prm an b dgrfed on an gl So:
{f-cycfa}x {f—]%rmsf — R

Ixadt 1@(11,14 In/f'?rqfe 'ID 2er0 On G O % Q-oﬁz (nd C/OS'e.d 1%0‘45
iMearq/k. Jo 2ero On loaundariao. Get:

Hom) « H" % R) — R

“Thaorom (do Pham): This & a perdect Pairing 'tdfm;(ffama. H('dR(XAR)
it Hr'ﬁCX,TR). The pairivg Wnduced -frovvl 'H\.Q_ \v\hrgu;owdw fu:r.’v\a is

H R R) « R (xR —R, @p— fxoaqs.

(This gues H™ xR o catioral shudure. h fom © 15 vationd <=
fuW €Q . ¢ o€ Hrax,@) )
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Hedge Thaory. |

Lok 2,..,2d be Gowp[su locall aordimates on X, Than, 22,2, 24
ore (eadl @ordwnates. A Cm‘w-\laﬁuo.c/ «@WA df 1ype @9 sesm o

w=7z%Z) AZC'A""I\ClZL?AC‘%‘ A ----/\cli\w P+y=
This nahon allws the Hle%. dﬂ—COMPOSI"ToV\ c{ “r'dQO(,C)= Hr'dRCX,IR)é‘)RC‘-
rdR 9
H0,0)= @_H00  (mepx v saon)
and Tues: Hp'ci()() = H%f(X)

Lh WY =dim, (HP100) (e Hobe undoers]. From comshvuchon
Wi=0 4 P>d or 9od. So: we have dhe Hodge. dsamovd:
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LaX= Cycle 4 Codinainson 2.

lf": H Ry R ) — H“d"“mcxm |

T nothord b see ot HFT — HP+d-Cc[+d-r ; SO

i
Two O¥s 4 symmetey: ’\\d"’" \(\‘(""'\.
@ WM = HY 6. % ,,,,, A ’°"’
@ X is ’PYb]e,d\V{,; .. }\'/0 he! .‘
d0
X< PN , L oa l\y‘w—p[av\.c Sechon. kv

l—': Hr,ﬁ(x@) p— Hr._ Q.CY' Q)

Aasswng. Yo duad, "“I.f‘a*rwo- ond 'lda.\o(\‘fhw\;. B=dR,

Waed Ltb;sJ\.ch haora - This i i lsw\orph lsm.

W pddep

2012-05-01 13:53:03 7/26

Cycles 101 (7/26)



Qbean sur:ﬁce P
1 1
) 2 0 0
1 4 1 0 1 )
J 2 0 )
1 1
> bt kb bo
A Yo SENEY R S
o pY prr 2 b? Cy=e
he  he b' cl= 10X -€
po i
(€=5er' CMf , X= '\n,dmmhfc fljﬂrc['ur )
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Th HOQ(‘;L iMC{_OX H\QOIQ\M ® Nssume A=dtW\(X) is even. The wkersechon
'{WW\ own Hd'dg(X,lR) 13 SUW\W\Jchrml and  \ow- cbqg_ka_raﬁ‘z
Thee is on Or‘n\D%Omaa d;_c:ow\posr]\*om ) Hd'&()() =@ <M , whar

ST 12 (W T 00 ) R), e

The. inkorsechon Fom o STV s defnte 4 Sgn ent™
(U d & &, e wkersechon Bom O('I‘-vaa*m% non-duaneeke. So ~ 1e))

,E_”L‘"P.k.i 1! X is a gurface, Cowsichr H"'(x). The L-dwml spac
RL i« ’Pas*\\lc dz;|<v(\\-¢,, On dha C'omp(au\uv{ , Yo woheysedton form s

\r\laaii\lc. d?-FRV(i{'e_.

® SU\P()OSo_ r=p+q is ewn, rsd, o€ W0 0 el primtiue , Hon
1 T, 12%) >o.
( I(o(.’[i)=£o(ﬂ'3 ).
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“Thaorem
Hd?‘"s Kaoraw wxfl\'eAZ
® (tbd lofechdy) Lof X be o svoth prjechve varedy of dinn d.

L a hy‘oerphub S'QO!'\OV\ ’Fl\m,\
L K (X)—H rdK(X) A SOMorghsw

@ (Wealh Lofscholy) Lok ¥ be a smooth hypuplane Sechion 4 X TTha,
HOX) — HECY)
1S 0w iSDWﬂr‘)l\tSW\ /9/( 'l<& |, lhjecﬁ"wc, %or (.=d—L

This Gnsralite) Jo cow‘)ldm wkersechions, For the Irel @y we have:

Padh's Thaocom: Ldt Y be a v\om-s\»\%uﬂar Sulouaneda 4 PN Than
H* (PN) — H(Y)
IS @ 'lSovv\or?l\sm -G..r i <ad-N.
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Evowple: N od, A=)/ = H'C) =] Tan, one camet embed
(n abefl“\am Jrkm:@\c] v 1\35 (e,\mn s 0. \own @wp‘ofe_ iMUSadTah, N
MO\A Vdﬂd‘d 4 d.m*‘-vA, S a Covvxplde "lMQV‘Se.d\M,‘Oa bJLa.ﬁ L¢454’«J3

God  Wing b,= 2-dm )

Eﬂf_‘i: Hard Lz{kcl\ag = ht < lhPan 4 P+, < +d
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Cyclls, e yclo map ad equvalbna velabons.

v

X = projectve algebmic oty 4 dwin d.

A wredusble effdve ayde 2 0} codmh v, is @ closed ivreduche
wbwnehy 4 cdwn r. The ablion uup Gourated by those 15 the
froug Z7(X) o] codim v cycles.

@ P €Z2' ) ar rw@fom% euivaluk 4 2 UP, Ve Z°(X>T)
sh. YuelU, WV, eZ(X) ad 3ugu, eTU ob.  Vo=o, [%,=P.

TThis is o ewvalonar felhon — the wealast Foing @ Neasmeble 1 o,
Tha Quohant is the r-th Chao grove: T T

CH'(X) =2/ 1

3
X
© Mybraic equivalenca 15 Rftad Jhe e, usmy VS C, ay quve.
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The Ocle wmap: Lt 2 ke trrehable & codimin 1. TTha wap
H ad_mgz, Q\ — Hac[-:m'B (\)(, @)

?vo\ndu us wth @ chan o4 dm'n 2d-ar a»\cl, ba Powaare dw:fb) wih a class
rz1 e H%x, @)

This s the cycle mMap
d: CH (X) — H(x.®),
Sppse bt X is dified i @ romboer £eld K. We have an isomorghiom

ar

P @ ey = H" “(xeE,qp
But han @ 2, wheh ic K-vahaal, Vb an  ihuaciowd class [2]6|‘|Qné&,®1) (r).
M oy ke, one an ow (et oo bard) Nt Ha cycle wap AL fadkrs
Hovough a,%z(om.'c equialence : ZrOO/%‘ — W
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© oL,Be 2N an L\omloﬂi caﬂa @Iu\lalo.uk i () =d(p.

O vpe2'®) are humenally equvalet ¥ Ve Z4)
. v =Py .

The (ouom\a cJahons hold:
Ratonallly — (Mgohaically — }\OW\OM —  Nmencally

(& TH} = ui. ——  Quv. e
The wmplicafions = e cloar,
E_xa_meQLw{ A= proj. \Wo.cl. Curve d Jos a>0, (ny two 'Po.v\\—s Gre

a%ebramﬁ(la equalawf.
7100/%;'2, CHX)= 200/« Jac(X)

@ Howologicn cquiv. =& Qlsebaic equv.  (Sxamde 4 Gridlls | Z(3-£dd) )
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The Man Conje churey

»
»

Br ze 20, d@e W (xR o WY Q)
Hocge Comjedhue: W™ “(xR) o K%, Q) = L(210)

“The Hoclgz Qnjedtre i< Wid —omn. Sowme Broun casax
* For r=d=dim®X).
¥ For (=0 \k'
% TFor r=4 (duisors)

So, for curdies A Surfocon.
* For r=d-1 (by duaddy) i( and 3-Rldy

* Generic akelar acdhien.
»* OMlar Sporde @ser.
* Cerlain Kuaa. \fa.r\@ken

% The mown chualloge of presek sems 4o be  diwd 4.
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Grothadecks  stadad awjedues
Lt X be a Pv’o)ecf\Va nocth Vo.(‘la{a Oy Q ﬂ@dcl & L,a hypofplow_ sechon.

@ ‘HOW\DlOQ’\‘Cal eafh\mﬁm,\cz = numentcal. eciw\falcy\ca.. U-V\ P0S. cravadkershe
WSe_ ,Q:-odrc Cbhomoloa\d )

@ ld A < Hai (X))  be (Z‘GQ)). Than cup wih Ld—éu; induced
R lSo\Morplmsw\ d-al

Ko L KT,
(Here tae Colnamlﬂw i« BordR w cuar 0, €t or Oys W oS, Chor.)

@ 7ol r<di , ha C-valiud garvg on APy,
of —s (<1< 13 o>

(S <pasr|\V¢, C‘a{m‘l'a.
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Whot's Qv\mon?
x =0 @+6=0

% Tn dur. Q, @ hos ad @D hold ] the \-‘ac%a. cm;)w&m_ halds
(Hem we work wWkh doRham cohomolsx,)
Thu, for duisws @ holhs: numerncal equv. = howo, i

(T\n 4‘04/{', YI(LMMc&.Q_ QQ‘A\V. = Q%c_b(aic Sy, ;go/ &\KSOTS)

* s B anjecuas o X/Fy and ol ths pouers. Lok H'OO be he idh
Co\r\ow\olow in some Wal col\omolow Hﬂora Then F ook samismgly on
X ad W char. poynomal whh ndeser coef. dhat o indepandack 4 e

cohowelogy Hhaory. Furkemore, Ha eenvoalbus ol have adbsolute value 2
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E\(amelﬂ&

Nebahion: PcCx) = CH'(X) = duwisors wad. vt eqwalima. (Pad ‘arou(»)
NS(X)= dwso wed. a%o.hfau‘c (howol . frumer: ) eqm\lqﬁm.
P = vank d Ya Néron-SQuan group (Jrh. Picod huvn\ocr).
NSO woy have dorsion ™ Gewerel.
Pice(X) =(Q|ohsafs Q%.OJ 7(c|v\sors 30 )

0 — PP —Pic (W — NSX —0

X = carve of Qs . 3 dudl AV
/
00— Pice()=goc ) — )3 Z. —>0
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Y (X,Z) =~ Z7¢

HRxe= K% 0,0 © 1, 6, w

Heo we wahe we 4 a Juwal Haorem:

i = Wiy, 950, Q=N
So W 15 He Hody docomposhin.
The oipohotad Seyuonce 4 shawver

a:xtC)
0 — [ — @x — @ — 1
\W2A
0 — ¥z — WG — HG,02) — = W, 2)
| d
Pic X)
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So: P = H'0,) / W' &Z) , 0 Conglex dors, whose Hamgent

Space i H'XOy).

1,dR
0— Ty 0o N 0VE) = T 0 =0

X =swfaca

We ﬂm P Ho(!ﬁL C'av\:)cd'u(e :fo( Qlt\!\Sor’S. TThuwa,
W O R) AW 0,00 = 2'(x) /oy @puvaline.
W+ WX, K fLyy) = (X, K, whee K i g anoield dvior

hao g Jflu._‘a-zomd‘nc ﬂwu W'O is callod “Lo. lrre&larib ond
0 —h? s alld Mo arthmdic Gunus,

2012-05-01 13:53:07 20/26 Cycles 101 (20/26)



0, 9, Not Q\I‘zr‘a"kivsﬁ_ is eoSSIUQ.
B ezt (pyqual-e  e=zoib
9 4 Cy= €
A

Thon: (Noethar) Ppsgciea
(BMY)  C2s 3Cy o G dype.
Buk, %w.ml, 4 and By Gre hot restricked  Mach 10ur'|'|w

r A= (p:z We 2Lven ‘ahow JM Chow araufs,

CH(PY= Z , i=o0,4,4.
But =For a ?a\uml QW%(L uuy are <ompl-'ca7f¢n’. CH'(X) is reaf-lm::‘\»\g vahonal
et o the swdfac. Ths drudure is Very Cowplicated. Tor 2xam ple:

Thaoram (Mumford): L Tavo e Pl 16 flse: “3an b ¥ 0-gele
with  dped2n, of~u B, P offeckhie’. Tn gorchader CHE) is nat tpesadee

Conjectue. (Bloch): T4 P3=0, CH(Y s ropretenteble.
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,R'\‘aicl Calaloi—You 3—\90[&:

K swosth projecdve. 3-fold is Galab-Yau i Ky 1 tval aed
W' = W2 =g, Tk hgid f H'(X, Ty )=0, which wplied by Serres
duclly that hi2=0 So:

wt—(’": Certain
X= r&()lk*l'an \)'a \)\ow—ue Mad*l-@za*mm 4 ‘“\Q G‘H‘M ’5—-@U
|

X + 5 ""3""%"’2*1‘; -l-(;_)-\--‘u-j =0

/ W =h**, Wiz e (bt cold be vry
0 o large. )
o W o Hody:  h*? is accounked for by dies .
t0 0 2 =b, =b,. Ofin cambe aalyred
0 h'' 0 , ‘easily”
0 0 OToM, Hs'd-& D) Gues a 2-dwl Galos
1 szrea@Mah, h_o+ Cam&na -ﬁ-am a‘% c_y«f%.
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Were hW'=h¥?=30
e Gatos (e cvatadion i associdtal o the modular @,(wx

[aoywal €S, (T (H. Vo).

The argumat Wed Dok counkw I darasensie P b deda Ho L-fch
o ) from tha zedn -(wa(\'o»\. The aralyss of e Cotribuhon 4 Hj‘y H:l—
i laped on X \:Qma fbeed by Ky surhoy Ouer ®' and

p(X)= P (gl fbr) +1 + 25 (n(Xy)-A)
L o componants o e flre X

Moaovzr, Hns mvolve Uv\(brs‘tov\cL\va he sructunre df Ha'ﬁ( X).

“This Q\Lavuplz 'a-v'elc{(\ ?Qﬂocl); F(x)= Zo v, o /
e n /
’ V= ;o@f(h ) (#s gpeany w Ropbys work on T6)
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J‘h%wr's —lezafcm Ow {'Bclac/ Newhon 'Pmlyaoms

P poime. H—ﬂo:—’ﬁaﬁ , %=1
Xy = Swook, prjective Varidy o Fo. Than
RSO ok fee W) - moduths

Frob: X— X wdin 0 o-fintar wop o H=W" U, bk Frd® i
0. Lingar Way. We associate +o it ihs l\lzul"ran Pdlj%mn ; re-geald ba Ya. ,,'
(a <lope % of |1.m3+|r\ b wmeams b wels d wluakon ™. ) ',"

On Yo ofher If\ow[, B /rdo (H) has Ql!Lw.vd'o«a dwsors
Po % ey 15 SO SR
~V——_—

T v A
We can Construct the Vodse pdygon havva Sepmanks 4 Slpes

04,2, ... Of lungth Over Y-gis egal fo tha wulbplicly

ol R S
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Thmaw: Assmu Yot \(Sa.alw\‘s o Lf*\n& b a smeohn ?np(r schawe 9‘-*&?«(«/@9
ol ol Hq’CX,_QPx/‘,LF@\ 0ce Yorsion—fre. W(Fg)-wadules. Thar:
The .W{{Tf’l\’c;’b d I sope ) in ™ Hbc%c ehgor o HL'QS(XS/W(FS])
is b Dhace W Gee e Hodye wmbes o X"%(ﬂ%\t{&'

'Fur\'LQ(wwm, ‘H\O_ Nawton P°b8°"‘ fies obove Cor Ov\) o HoJﬁL @baom
Pavard - O.ssuwb do Stondad  avijedures LN oiguuaucs 4 Frd® ave ovits
adsicdh - The “\aorm %-Ve/s ’W\MM aloat  thair ’P—a:l\'c aluadion W {-UW\A

d- Hodga numbers 4 the %&WMC \Q\Lzr “This | Sowae shancs, ,ﬁ.\m '\Vv(omdion
C‘b&d- #XCH:QYY ), =1,23, ... .

O
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