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SettingM is a Q-sphere(closed, 3-dimensional such that H�(M;Q) = H�(S3;Q))1 2 M.
Theorem 1 (G. Kuperberg, D. Thurston)8! closed 2-form on C2(M) = (M n1)2 n diagonalsuch that8J t K : S1 t S1 ! M inducing J � K : S1 � S1 ! C2(M),Z

J�K
! = lk(J;K )

canonically �xed on @C2(M), antisymmetric,
�Casson-Walker(M) = 212

Z
C2(M)

!3:
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With fi ; jg � f1;2;3;4g, associatepij : C4(M) = (M n1)4 n all diagonals ! C2(M)(x1; x2; x3; x4) 7! (xi ; xj)and set !ij = p�ij (!).Theorem 2 (M. Kontsevich, G. Kuperberg, D. Thurston)8! as in Theorem 1,
�2(M) = Z

C4(M)

216! + 124!
is a non trivial degree 2 invariant of M.

!
4
2

3
1
3
1 = !12 ^ !213 ^ !224 ^ !34

! = �!12 ^ !13 ^ !14 ^ !23 ^ !24 ^ !34
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[!] 2 H2(C2(M)) is Poincaré dual to F 4 2 H4(C2(M); @C2(M)).Z
X2�C2(M)

! = hF 4;X 2iC2(M):
Z
C4(M)

! and Z
C4(M)

!
are algebraic intersections of 6 codimension 2 manifolds Fij in

C4(M) � M4:
Thus, �2(M) is a mixture oflinking numbers associated to edgestriple intersections in M associated to verticesassociated to some combination of trivalent diagrams.
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For any n, there are (degree n) invariantsthat are similar combinationsof such con�guration space integrals over C2n(M)associated to trivalent vertices with 2n vertices,and that distinguish Z-spheres that are not distinguished by theinvariants of degree less than n.
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Notation (surgery)Let K be a knot in M.
M(K ;p=q) = MnInt(T (K ))[ @T (K )(pm(K ) + q`(K )) � S1 � � D2�S1
If K = @�,

F 4(M(K ;p=q)) = F 4(M)� q2p (�� �+ +�+ � �)
in C2(M) \ C2(M(K ;p=q))up to minor corrections.�lkM(K ;p=q)(U;V ) = lkM(U;V )� �qp

� lkM(K ;U)lkM(K ;V ):�
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For i 2 f1; : : : ;6g, let �i be a surface with boundary a knot@�i = Ki , such that �i \ Kj = ; if i 6= j .Set �ijk (L = (K1; : : : ;K6)) = �h�i ;�j ;�k iM .For � 2 S6, ��

ijk = ��(i)�(j)�(k).Let q1, . . . , q6 2 Z n f0g. For I � f1; : : : ;6g, MI = M(Ki ;1=qi)i2I :Theorem 1
X

I�f1;2;:::;6g(�1)]I�2(MI) =
 6Y

i=1 qi
!0@2� (L) + � (L)

1A
where �

6
14 532 (L) = 116 X

�2S6 ��123��145��263��465
and � 1 3425 6 (L) = 124 X

�2S6 ��143��251��236��456:
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Let K1, K2, K3, K4 bound �1, �2, �3, �4 in M such that�i \ Kj = ; when i 6= j .Assume �ijk (L4 = (K1; : : : ;K4)) = 0 8fi ; j ; kg � f1;2;3;4g.For I � f1;2;3;4g, MI = M(Ki ;1=qi)i2I :Theorem 2
X

I�f1;2;3;4g(�1)]I�2(MI) =
 4Y

i=1 qi
!0@2` (�) + ` (�)

1A
where

` 2 13 4 (�) = 324 X
�2S4

lk ���(1) \ ��(2);��(3) \ ��(4)�lk ���(3) \ ��(2);��(1) \ ��(4)�
and ` (�) = `d + `c : : :

math.GT/0703347 Graphic surgery formulae



`d 3 421 = 116 X
�2S4 lk

���(1) \ ��(2);��(3) \ ��(4)�2
and
`c 41

32 = 416 X
�2S4 lk� (�1 \ �2;�2 \ �3) lk� (�3 \ �4;�4 \ �1)
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Theorems 1 and 2 generalize to any degree n invariant(with 3n� and 2n� component links, respectively).They generalize for p=q-surgeries on null-homologousknots in Q-spheres.For Z-spheres, together with other results ofmath.GT/0703347, they generalizeGaroufalidis-Goussarov-Polyak comparison of �ltrations ofthe vector space generated by Z-spheres.
QuestionsStudy �ltrations of the space of Q-spheres.Find topological surgery formulae for all con�gurationspace invariants.
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Theorem (Le, Murakami, Ohtsuki, Garoufalidis . . . )�2(M1]M2) = �2(M1) + �2(M2) () �2(S3) = 0))�2(M(K ;1=q))� �2(M) = q2�002(K ) + qv3(K ).
�002(K ) is determined by the Alexander polynomial(Garoufalidis-Habegger).Any degree n invariant has a degree n polynomialvariation, and an explicit graphic formula for the leadingterm is in math.GT/0703347.E. Auclair explicitly expressed v3(K ) (that is a coef�cient ofthe Jones polynomial for K � S3) in terms of invariants ofH1(M̂ n �;Q).
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