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Cusp forms of weight w � 0on � ��nite indexSL2(Z):Sw(�) = all f : H holom.�����! C such that:� f �a� + bc� + d�= (c� + d)wf(�) 8 a bc d! 2 �� Im(�)w=2 jf(�)j bounded=) f = Xn�1An qn=�; q = e2�i� ;  1 �0 1! 2 �Deligne (1968) (or Sk+2(�0(N); �))f 2 Sw(SL2(Z)), eigenform for Hecke Tn(A1 = 1, Amn = AmAn if (m;n) = 1 : : : )K = Q(fAng), �j` prime of K.Thm 9�f;� : Gal(Q=Q) �! GL2(K�)� unram. outside ` (N`)� p 6= `) tr�f;�(Frobp) = Apdet = pw�1 (�(p)pw�1)
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Kuga-Sato varieties n= 3� = �(n)Xn ,�! Xn ellipticsurface�???y ???yMn ,�! Mn  �- M1n  #�a�ne smoothcurve=Q(�n) projectiveCZ+ �Z � Xn(C ) = �nH� C =Z2 (�; z)???y� a bc d��a�+bc�+d; zc�+d�???y ???y[� ] 2 Mn(C ) = �nHXkn = Xn �Mn � � � �Xn| {z }k � Xkn. projectivesingular if k � 2  � Xkn-\nice"resolutionf  ! !f = (2�i)k+1f d� ^ dz1 � � � ^ dzkgives:Sk+2(�(n)) ������! H0(Xkn;
k+1)
 C
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Automorphisms of XknXkn 3 (x1; : : : ; xk) : character! "Sk (permuting factors) sgnf�1gk 3 (ei): (xi) 7! (eixi) Y ei(Z=nZ)2k (translation by sections) trivial�k = f�1gk�Sk � �kn = �k�(Z=nZ)2k???y"f�1g
 2 �kn ,�! Aut(Xkn)
�!f = "(
)!fSk+2(�(n))� Sk+2(�(n)) ,�! H�(Xkn; C )(")(f; g) 7�! !f + !gThm This map is an ���! (k > 0)
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Shimura's isomorphismLeray for Xkn �k������!Mn � ����� XnEab2 = Ha(Mn; Rb�k�Q) =) Ha+b(Xkn;Q)( also for H�c and H�p := im(H�c ! H�))"-eigenspaces:|(R���kQ)(") ="K�unneth(
kR���Q)(") ="[�� 1]� = (�1)i on Ri��QSymkR1��Q =: Fk) H�?(Xkn)(") = H1?(Mn;Fk) in degree k+1(? = (nothing), c, p)Sk+2 � Sk+2 ��������!(Shimura) H1p (Mn;Fk)
 Cso enough to show:H�(Xkn)(") ������! H�p(Xkn)(")
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Structure at 1, IXkn �!! Xkn (Pn)kS S SXk;regn ((zi)�����at most onezi 2 P singn )S (1) Ssmooth=Mn Xk;smn f(zi) j no zi 2 P singn gS (2)Xkn(1) H�(Xk;smn )(") ������! H�p(Xkn)(")(2) H�(Xk;regn )(") ������! H�(Xk;smn )(")So enough to show:H�(Xkn)(") ������! H�(Xk;regn )(")or equivalentlyH�(Xkn �Xk;regn| {z }exceptional divisor)(") = 0
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(1):Xk;smn �Xkn 'M1n � G km � (Z=n)kH�(G km)(") = Q(�k � 1) in degree kH�c = Q(0) |"|=) (1) by exact sequences of H and Hc.(2):Xk;regn �Xk;smn 'M1n � �knk copies of G k�1m �	permuted transly by �kn� = stab(G k�1m ) � �k�1 � f�1gacting trivially %=)H�(�) = Ind�kn�H�(G k�1m �M1n ) is induced=) (Frobenius reciprocity)H�(�)(") = H�(G k�1m �M1n )("����) = 0as "��f�1g "6= 1
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Structure at 1, IIXn � ���1(cusp) : Pn .locally xy = t=) Xkn locally 'cone V k = fx1y1 =	�k � � � = xkykg������!t=xiyi A 1� A 2kQk = projectivisation of V k= [ of 2k copies of V k�1(smooth for k � 2)Singular , xi = yi = 0 = xj = yi, i 6= j.V kh1iline bdl. ???y[Qk blow up 0�����������! V k
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) sequenceof blowups: ����������! 1������! 2gV k = V khk � 1i#...V kh2i#V kh1i#V k = V kh0i=) strati�cation:gV k = Fk�1 � : : : Fj : : :"largest open onwhich  j is ' � F0 = V k;regFj+1 � Fj = Q(k�j);reg	�k�j � (linear variety)Lemma for any smooth S,H�(Qk;reg � S)(") = 0:
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Motives (for rational equiv : : : )Wkn : = �Xkn;�"�k(#�kn)�1X "(
)
 2 Zh 12nk!ihAutXkniRealisations (Betti, `-adic):Wkn;B = H�(Xkn(C ); Q)(")= Eichler-Shimura parab. coh.Wkn;` = H�(Xkn 
 Q ;Q `)(")= Deligne parabolic cohomologyWkn �! h(Xkn)(") x�! MM1n Q(�k � 1)[�k � 1]split by Eisenstein symbol: realisationSk+2 � Sk+2 �!Mk+2 � Sk+2 Eis. seriesx������! MM1n C
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Motivic cohomologyD > 1, (D; 6) = 1, E=S elliptic curvex 2 E(S), y = Dx disjoint from 0-section.Propn. (Siegel/Robert/Kato) 9 canonicalfunction #D on E with divisor D2(0)�[�D].ix : Ek �!Ek+1 prj��! E (0 � j � k)(ui) 7�!(x� u1; u1 � u2; : : : ; uk�1 � uk; uk)Image = n(zi)��� Pk0 zi = xo.�k� (Dui 6= 0; �xD(ui � uj) 6= 0 ) ix�! (E � ker[�D])k+1[�D]???yUky = (ui 6= 0; �yui 6= uj )j???y(E � f�yg)k
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Lemma j� = isomn on HM(�; )(")
Z[ 12k!].(each component of complement is �xedby some 
 with "(
) = �1.)[�D]�i�x(pr�0#D [ � � � [ pr�k#D)(") 7!�y2 2Hk+1M (Uky ; k+1)(")'Hk+1M ((E � f�yg)k; k+ 1)(")Eisenstein symbol (B)ny = 0, some n > 1[�n]��y 2 Hk+1M ((E � 0)k; k+ 1)(")???yoHk+1M (Ek; k+ 1)(")Elliptic polylog (B,L,G,W : : : )h((E � f�yg)k)(") = Symk h(E � f�yg)�| {z }h1(E)! kHy ! Q(�1)=) �y 2 Ext1(Q(�1); SymkHy)


