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Perversity : p = (0,0,0, p3, pa, ..., Pk, - -.) with pxr1 = px or px + 1.
Top perversity t : (0,0,0,1,2,3,...,k—2,...)

Dual perversity Dp =t — p.

Coefficients : Z, Q.

Intersection (co)homology : complexes of sheaves or (co)chain complexes
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‘Program for a Manifold I\/l‘ ‘Program for X‘
C.(M;Z) C’(X;Z)
C*(M;Z):Hoxi(c*(m; YAWA) c (X;Z)zHori(C:(X;Z);Z)
cup product,scap product cup product,scap product
H* (M; Z) j H_.(M;zZ) H (X Z) ij_”* (X;7Z)

If X locally p-torsion-free :
Tors H® (Link;Z) =0

B(dim L+1)

(X = TRP?)
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Introduction

| Goal of the talk

Construct a cohomology developing the previous program: The blown-up
cohomology 7" (X; Z).

Present its properties.

Compare both cohomologies: H; (X;Z) and %’? (X;Z)

Extend the Sullivan minimal model theory to this context.

Goresky-Pardon’s conjecture.
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Intersection homology

0o A—X.
o Perverse degree : ||o||x = dimo= (X, x).

\
Allowability condition : [|o]|x < dimA — k +p(k). —_

@ Intersection chain £ : & and 0¢ are allowable chains.

Intersection homology Hz(X;Z).
° H;(X;Z) = H_(X;Z) if X is normal.

o 0— Ext(H._(X:Z),Z) - H (X;Z) — Hom (H, (X; Z),Z) — 0.

*k
—1 P
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Filtered simplices : o: A — X with 07%(X,) a face of A

S

o= (Xk)

A=Ng#*-xDpx--x,
———
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Intersection homology

Filtered simplices : o: A — X with 071(X)) a face of A

A=Ng#-xNps---5\,
—_——
o1 (Xk)

llo||k = dim(Qg # -+ = Ap_g).

C:(X;Z) = {filtered p-intersection chains} computes

H:(X;Z) intersection homology and H" (X;7) intersection cohomology

P

10/ 45
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Blown-up cohomology

Blow up of a filtered simplex

The prism
cAg X -+ x cAp_1 X A,

is the blow up of
Do *- %A\,

OA = OA + Hidden faces

13/ 45



Blown-up cohomology

Local cochains

N*(A) = N*(cDo) ® - - @ N* (cAn_1) @ N* (A,)

~

A= AgxAr Ay A = cAg x cAq x Ny
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Blown-up cohomology

Perverse degree of a cochain of N*(A)

A Ay

0

A= NgxA A =clg x Aq
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Blown-up cohomology

Perverse degree of a cochain of N*(A)

A W\Al
* 1
vV = apex
WAO

~

A= NgxA A =clg x Aq

AV

o [[1,xp,ll=—c0 Since v x A1 not hidden face
o H]'AOXAIH =dim Al Since AO X Al hidden face

15/ 45



Blown-up cohomology

Perverse cochains

o N*(A) = N*(cAg)® - @ N* (cAp_1) @ N*(A,)

o NF(8) = {we N*(8)/ max(([wlli. ldwli) < pi)



Blown-up cohomology

Perverse cochains

o N*(A) = N*(cAg)® - @ N* (cAp_1) @ N*(A,)
o N(8) = {we N"(&)/ max(||wl i | dewl ) < pe}

° IV: (X) is the simplicial sheaf

{(wg) / o: A — X filtered simplex,w, € N (A), compatlble}.
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Blown-up cohomology

Perverse cochains

o N*(A) = N*(cAg)® - @ N* (cAp_1) @ N*(A,)
o N(8) = {we N"(&)/ max(||wl i | dewl ) < pe}

(X) is the simplicial sheaf

(wg) / 00 A — X filtered simplex,w, € N (A), compatlble}.

—

° %;*(X;Z) blown-up cohomology

° j?”a* (X;Z) = H*(X; Z), cohomology, when X is normal.

16/ 45



Blown-up cohomology

Cup product

N(X) @ N (X) —— N (X).

(WUN)e =ws U,

This cup product is defined locally in

It

N*(A) = N (cA)® - @ N (chp-1) @ N (Ay),

where 0: A = Ag = --- % A, — X is a filtered simplex.

(1® - Qan)u(f1® - ®fFn) =+(a1 V1)@ ® (an U Bn)

~-
Wo No Wo Y Mo

17/ 45



Blown-up cohomology

Properties

Cup product: J/;%X;Z) ®<%;(X;Z) > j’/ﬁiH(X;Z) :

B+q

Cap product: %‘;(X; 7)® HJ.E(X;Z) A HjEj(X;Z).

%”;(X; 7) independent of the stratification.

Poincaré Duality: %;x (X;7Z) o by (X;Z)

n—sx

There is no Universal Coefficient Theorem
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Blown-up cohomology

Properties

Cup product: J/;%X;Z) ®<%;(X;Z) > j’/ﬁiH(X;Z) :

B+q

Cap product: %‘;(X; 7)® HJ.E(X;Z) A HjEj(X;Z).

%”;(X; 7) independent of the stratification.

Lefschetz Duality: /Y;* (X,01X;7Z) o b, Hf_*(XﬁzX;Z)

There is no Universal Coefficient Theorem
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Ordinary Poincaré Duality versus intersection homology

K N[x]

H“(X;Z)

H,_ (X:Z)
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Blown-up cohomology

Ordinary Poincaré Duality versus intersection homology

H oz — o x.z) N
;L H (X:Z)
7 xm) — (X

Poincaré Duality versus intersection homology

Let X be a normal compact oriented n-dimensional pseudomanifold. Then

H* (x: 7) 2 H, (X Z) < H'(X:R) — H*(X: ).

~

19/ 45



Blown-up cohomology

Ordinary Poincaré Duality versus intersection homology

H' (X;Z) H, (X:2)
;L H _(X.Z)
a2 (xqz)
X=XT? does not verify Ordinary Poincaré Duality
X =XT? x [0, 1]/A with Ae SLo(Z) .ol verifies Ordinary Poincaré Duality

since A: H, (ZTZ;Z) = H, (Tz; Z) D has no fixed points.
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Blown-up cohomology

Ordinary Poincaré Duality versus intersection homology

H (X Z) Ho (XiZ)
;L H (X:Z)
7 xm) — (X

t/0

= H(X;Z) —= H.(X;Z) — H (X, Z) —= H. (X; Z) —> - --

T, 0 . :
FH, (X;Z)® FH, . (X;Z) — Z non-singular.
o o

Tors Hi/o (X;Z) ® Tors H:/_* (X;Z) — Q/Z non-singular.

19/ 45



and are different

k k )
H, (cM;Z) k A (cM; Z)
H (M;Z) <p(m+1) | H'(M;Z)
Ext (H_ (M;Z);Z) | p(m+1)+1 0
0 =>p(m+1)+2 0

with M manifold, v the apex of cM and m = dim M.

*

H' (cM;Z) = %,”;(CM; Z) if cM locally p-free torsion: H

B(dim M+1)

(M;Z) =0

Dp

20/ 45



and are different

e The intersection cohomology verifies the Universal Coefficient Theorem:

0 - Ext(H, (X;Z),Z) >

k
—1 )

(X;7) — Hom (H, (X; Z),Z) — 0
e The blown-up cohomology verifies Poincaré Duality without LTF-condition.

() L W (xiz)

n—sx
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The natural map
X N2(X;Z) — C (X Z) = Hom (C,” (X, Z),2) = w = (0 = (w 1 7))

verifies the following properties.
@ X is a quasi-isomorphism over Q.
@ x* fits into the following exact sequence

o X)X H (X 2) - B (X — (X 2) -

where :(X Z) is the cohomology of the Goresky-Siegel's Peripheral term
:(X Z) is a torsion term.
ﬁ( 7)® (X,Z) — Q/Z non-singular pairing
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When are they equal?
@ When X is locally p-torsion free (LTF) ............ Tors H’ (Link;Z) =0

p(dim Link+1)

@ When the Peripheral term is acyclic (PTA) ....................... ,@; (X,Z) =10
We have LTF — PTA but PTA 4= LTF.

LTF <= % (cL) = 0,YL <= #_ (U) = 0,V open chart U = #_ (X) = 0 < PTA

23/ 45



and are not so different

When are they equal?
@ When X is locally p-torsion free (LTF) ............ Tors H’ (Link;Z) =0

p(dim Link+1)

@ When the Peripheral term is acyclic (PTA) ....................... ,@; (X,Z) =10
We have LTF = PTA but PTA += LTF.

X = Y (RP3 x T? 1]/A with A€ SL(Z
( x T%) x [0, ]/ wit € SLyx(Z)
L

LTE ) (cl) = Z.(cl) = H' (L) = Zo @ Zy # & = X s not LTF.
3 3

PTA 92; (X) =0since A: Z_(XL) = Z_(clL) (—B%;(CL) D has no fixed points.

2 2
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and are intertwined

We have the pairing
CNF(x- =%y % .
D.Nﬁ(X,Z)@Cﬁ (X;Z) > 7 ==w®c— c(wnyx)

@ [vx] : Fundamental class of X.

@ /¥ : Injective resolution 0 - Z - Q - Q/Z — 0
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and are intertwined

We have the pairing
CNF(x- =%y % . .
D: N (X:Z)@C (X;Z) = Iz :=w®c— c(wnx)
inducing the pairings
FA (X;Z)QFH, ™ (X:Z) > Z

n+1—%

Tors 7?5* (X:Z) @ Tors H_ (X;Z) - Q/Z

Non-singular pairings

Tools:
@ Poincaré Duality
e Biduality

24/ 45



and are intertwined

We have the pairing
CNF(x- =%y % .
D.Nﬁ(X,Z)@Cﬁ (X;Z) > 7 ==w®c— c(wnyx)

Duality in cohomology

If the Peripheral term is acyclic the above pairing induces the two following non
singular pairings
FA (X;Z) @ FHA, (X L) > L

n+1—z%

Tors /. (X;Z) ® Tors A, (X;Z) — Q/Z
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and are intertwined

We have the pairing
CNF(x- =%y % .
D.Nﬁ(X,Z)@Cﬁ (X;Z) > 7 ==w®c— c(wnyx)

Duality in cohomology

If the Peripheral term is acyclic the above pairing induces the two following non
singular pairings
FA (X;Z) @ FHA, (X L) > L

n+1—z%

Tors /. (X;Z) ® Tors A, (X;Z) — Q/Z

@ X = Thom Space of to the unitary tangent bundle of S°.
o X = XRP3.

24/ 45



are intertwined: X = L (S! x RP?)

k
k| A (X)
0 Z
1 0
2 Z
3 Zy
4| Z®Z»
5 Z
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are intertwined: X = L (S! x RP?)

G| W N O X

AW N+ IO X
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¥ (S! x RP3)

P &
k /7(5 (X) k /?(T (X)
0 Z 0 Z
1 0 1 7
2 7 2 0
3 Zo 3 Zo
4 | 2@ 7> 4 | 2®7Z>
5 Z 5 Z
P
k| Hys_5(X)
0 Z
1 0
2 Z
3 Zo
4 7. ® Zo
5 Z
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¥ (S! x RP3)

K K
k /7‘6 (X) k ﬂ(T (X)
0 Z 0 Z
1 0 1 Z
2 Z 2 0
3 Zo 3 L
4 | Z®Z» 4 | 2D 7o
5 Z 5 VA

~ \l”i‘
K K

k| Hy_5(X) k| Hy,(X)
0 Z 0 Z
1 0 1 Z
2 Z 2 Zo»
3 Zo 3 0
4 7® Zo 4 7® Lo
5 Z 5 Z
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U‘I-bu.)‘[\)b—lok‘

G| W N =O X

Tl h|lWN O »‘

Gl WM =IO »‘

k
k | 7 (X)
0 7
1 7
2 Zo
3] 0
4| Z®7Zs
5 Z
%
k
k| H__(X)
0 7
1 7
2 Za
3 Za
4 7
5 7

U‘I-bw‘l\)l—‘Ok

e

Gl WM ~H|O 7?‘
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G WN O X

Gl hlWN RO X

Hy

(Sl X ]Rﬂ”?’) free

are intertwined: X = L (S! x RP?)

G| W N =IO X

g h|w| N Rol x
N
N

gl sl w N +lo] x
N
N

gl slw| N +lo] x
N
N

AW N H O x

AW N+ IO X




are intertwined: X = L (S! x RP?)

K
k| o (X)
0 Z
1 Z
2 0
3 Z»
4 | Z® 7o
5 Z
K
k HD?*@ (X)
0 Z
1 Z
2 T
3 7® Zo
4 0
5 Z

Duality
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2Ly
YASY A

H§76(X)
/ Z

YASYZ:

k
0

3

ﬂﬂu'/
By
&4
X
2
N
|
>
o}
(D)
=
=
£
(D]
=
=
v
(g}

Zo
YASY)

A

DO

L\

V
YASY 2

k| H_

Duality
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are intertwined: X = L (S! x RP?)

k K k k
k| A (X) k| A(X) k| A (X) k| A (X)
0 VA 0 Z 0 Z 0 Z
1 Z 1 / 1 Z 1 Z
2 0 2 0 2 Zo 2 Zo
3 Zy 3 Z> 3 0 3| Z@®Z
4 | 2D 7y 4 | 2D 7y 4 | ZD® 7y 4 0
5 VA 5 Z 5 Z 5 Z
=N N b V=
k k k k
k D67§< ) k HDL?(X> HDLI (X) }/ HDLE (X)
0 Z 0 / 0 Z 0 Z
1 0 1 Z 1 Z 1 Z
2 VA 2 Zo 2 Zo 2 Zo
3 Zo 3 0 3 7 3 YASYZ
4] 2L 4| Z8ZL a| 7 4 0
5 Z 5 Z | 51 Z 5 Z

Duality
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fNTERSECTiON HOMOLOGY
AND

DURILATY



Coming back to intersection homology

Duality: Manifolds (PL)

A H*(I\/I; Q)® Hn_*(l\/l; Q) —-Q Non-singular
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Coming back to intersection homology

Duality: Manifolds (PL)
h:HMQ®H  (MQ) —Q Non-singular

h: FH (M;Z)® FH _ (M;Z) — Z Non-singular

h: TorsH (M;Z)® TorsH | (M;Z) — Q/Z Non-singular

1—
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Coming back to intersection homology

Duality: Pseudomanifolds (PL)

h: H(X;Q®H.” (X;Q) - Q Non-singular
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Coming back to intersection homology

Duality: Pseudomanifolds (PL)

h: H(X;Q®H.” (X;Q) - Q Non-singular

M FHz(X; Z) ® FH,T* (X;Z) -~ Z Non-degenerate

t: Tors H:(X; Z) ® Tors H”

n+1—sx

(X:2) - Q/z —
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Coming back to intersection homology

Duality : Pseudomanifolds

D: N*

P

(X:Z)@ N, *(X;Z) — I := w@n — ((w un) N x))
|
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Coming back to intersection homology

Duality : Pseudomanifolds

D: N;(X;Z)@N;:(X;Z) —1Fi=w®n—e((wun) nyx))
U

FA (X L)@ FHA, "(X; 1) —> L
Tors //%* (X;Z) ® Tors 1%’;?17* (X;Z2) - Q/Z

|} Poincaré Duality

30/ 45



Coming back to intersection homology

Duality : Pseudomanifolds

FA (X L)@ F A, (X L) > L

n+1—sx

Tors " (X; Z) @ Tors

P Dp

(X;2) - Q/z

|} Poincaré Duality

P Dp
FH(X;Z)® FH." (X;Z) — Z

P Dp
Tors H (X;Z) @ Tors H ~, (X;Z) — Q/Z
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Coming back to intersection homology

Duality : Pseudomanifolds

P Dp
FH.(X;Z)® FH." (X;Z) — Z

p Db
Tors H (X;Z) @ TorsH ~, (X;Z) — Q/Z

Duality in homology
If the Peripheral term is acyclic then the above pairings are non singular.
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Coming back to intersection homology

Duality defect: Components of the peripheral complex



Coming back to intersection homology

Duality defect: Components of the peripheral complex

5\ (Free) 5 ;
0 —— FH. (X) ~——= Hom (FH." (X); Z) — A" (X)

(Free) always non degenerate pairing.



Coming back to intersection homology

Duality defect: Components of the peripheral complex

Bf (X) —— Tors HZ(X) (Tor) Hom (Tors Hffl_* (X);Q/Z) —— Cﬁ(X)

.. . . . D P
(Tor) degenerate pairing or non singular pairing since 5_(X) = C__(X).



Coming back to intersection homology

Duality defect: Components of the peripheral complex

00— FH? (X) %L Hom (FH (X);Z) — A’ (X)

B’ (X) —— Tors H:(X) @ Hom (Tors H:)_ﬁl_* (X);Q/Z) —— CT)(X)

*

(Free) always non degenerate pairing.

e

¢ (X).

n—1—z%

(Tor) degenerate pairing or non singular pairing since BZ(X)



Coming back to intersection homology

Duality defect: Components of the peripheral complex

5 (Free) 7] ]
0 —— FH! (X) ~——=Hom (FH.” (X); Z) — A (X)

B (X) —= Tors HY (X) 4 Hom (Tors H”,__(X); Q/Z) — C” (X)

(Free) always non degenerate pairing.

.. . . . P \ o P
(Tor) degenerate pairing or non singular pairing since 5_(X) = C (X).

n—1—:x

0—= A" (X) —=Z, (X)/C.(X) —= B (X) —=0



Coming back to ... intersection cohomologies

We also have ...

(Free)

0 ——= Fr" (X) <= Hom (F.), * (X);Z) —= A’ (X)

5 (Tor) n—1—sk

B, (X) —— Tors )f’;* (X) — Hom (Tors 77 (X);zZ) *>Cﬁ(X)

and ...



Coming back to ... intersection cohomologies

We also have ...

(Free)

0—— F" (X) == Hom (F . *(X); Z) — A (X)

B](X) — Tors 7" (X) 7). Hom (Tors Ay (X)) —=CL(X)

and ...

0— For (X) T FH? (X) — A (X)

B7 (X) — Tors 7" (X) 4 Tors H' (X) — 7 (X)

*



MiNiMAL MODELS



Sullivan minimal models

A" (D,Q) = A(x1, -« s X, XL, - - -, dXim),

where (xp, ..., Xm) are the barycentric coordinates of A.

A*

o, (X) is the simplicial sheaf

{(wg) / o: A — X singular simplex,w, € A:L(A, Q), compatible}
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Sullivan minimal models

X simply connected and of finite type.

o A" (X) is a DGCA computing H" (X; Q)
o There exists a minimal model (AV,d) = AiL(X).

e It contains the rational cohomology of X since H* (AV,d) = H* (X; Q).

@ It contains the rational homotopy of X since homQ(Vk,Q) =m(X) ® Q.
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Sullivan minimal models

Example

Q if k=0
Qe A dt] ifk=3
Q[e? A dt] ifk=5
0 if not

H" (ZCP?) =

Minimal model:
*
¢: Nas, bs,c7,...) = A, (X)

with
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Sullivan minimal models

Example
Q ifk=0
P 2 ) Qleandt] ifk=3
H(XCFY) = O[e? n dt] if k=5
0 if not
Minimal model: .
¢: Nas, bs, c7,...) = A, (X)
with
dag =0 db5 =0 dC7 = 33b5

p(az) = e A dt o(bs) = €% A dt w(c7) =0

36/ 45



Sullivan minimal models

Example

Q if k=0

K »n ) Qlendt] ifk=3
H(=CF) = Q[e? A dt] ifk=5
0 if not

Minimal model:
*
@Y: /\(33,b5,C7, .. ) - APL(X)

with

da3 =0 db5 =0 dC7 = a3b5
Minimality: dV c ATV - ATV

36/ 45



Sullivan minimal perverse models

Local differential forms

~

A= Apx Ay A = cAy x A

37/ 45



Sullivan minimal perverse models

Local differential forms

~

A= Apx Ay A = cAy x A

Tk

A, (D) ={Po(s,t) + Pi(s, t) ds+ Pa(s, t) dt + Ps3(s,t) ds A dt}
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Sullivan minimal perverse models

Local differential forms

~

A= Apx Ay A = cAy x A

Tk

A, (D) ={Po(s,t) + Pi(s, t) ds+ Pa(s, t) dt + Ps3(s,t) ds A dt}

1tP(s, )| = —c0 IP(s)I| =0 |P(s, t) dt|| = —o0 [|P(s) ds|| =1

[|P(s,t) ds A dt|| = —o0

37/ 45



Sullivan minimal perverse models

Global differential forms

° A;(A) =A(X1, -+ Xm, dX1,. . ., dXm), With (xo,. .., Xm) barycentric coordinates of A
Tk

o A (A)=A" (Do) ® QA (cAp1)®A. (Ay), with A = Ag -+ % Ay,

o A% () = {we Ar, (&) max(||wlls, ldeol ) < pe}.

PL,p
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Sullivan minimal perverse models

Global differential forms

° A;(A) =A(X1, -+ Xm, dX1,. . ., dXm), With (xo,. .., Xm) barycentric coordinates of A

e

o A (A)=A" (Do) ® QA (cAp1)®A. (Ay), with A = Ag -+ % Ay,

o A% () = {we Ar, (&) max(||wlls, ldeol ) < pe}.

PLp
o A% (X) is the simplicial sheaf

PL,p

{(wg) / Wo € /Z:L’ﬁ(A), o: A — X filtered simplex compatible} .
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Sullivan minimal perverse models

Global differential forms

° A;(A) =A(X1, -+ Xm, dX1,. . ., dXm), With (xo,. .., Xm) barycentric coordinates of A

e

o A (A)=A" (Do) ® QA (cAp1)®A. (Ay), with A = Ag -+ % Ay,

o A% () = {we Ar, (&) max(||wlls, ldeol ) < pe}.

PLp
o A% (X) is the simplicial sheaf

PL,p

{(wg) / wo € /Z:L’ﬁ(A), o: A — X filtered simplex compatible} .

o M (A, (X)) = (X;Q) = H(X:Q)

38/ 45



Sullivan minimal perverse models

Algebra?
H' (ZCP?) H' (CP?)
H (sCP?) | p=0=1|p=2=3| p=
k=0 Q Q Q
k=1 0 0 0
k=2 0 Qle] Qle]
k = Qe A dt] 0 0
k=4 0 0 Q[e?]
k=5 Q[e? A dt] | Q[e® A dt] 0
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Sullivan minimal perverse models

k

H (ZCP?) | p=0=1 | p=2=3 |p=0
k=0 Q Q Q
k=1 0 0 0
k=2 0 Qle] Q[e]
k=3 Qle A dt] 0 0
k=4 0 0 Q[€”]
k=5 Q[e? A dt] | Q[e? A dt] 0
Minimal perverse model A(as, bs, , .. .)
AV |p=0=1|p=2=3|p=m

k=2 0

k=3 as

k=4 0

k=05 bs
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das = a3,

Sullivan minimal perverse models

k

H (ZCP?) | p=0=1 | p=2=3 |p=
k=0 Q Q Q
k=1 0 0 0
k=2 0 Qle] Qle]
k=3 Q[e A dt] 0 0
k=4 0 0 Q[€’]
k=5 Q[e® A dt] | Q[e” A dt] 0

Minimal perverse model A(as, bs, s, €, .. .)

AV |p=0=1|p=2=3|p=m
k=2 0 o, €

k=3 as

k=4 0

k=5 bs
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Sullivan minimal perverse models

k

H (ZCP?) | p=0=1 | p=2=3 |p=
k=0 Q Q Q
k=1 0 0 0
k=2 0 Qle] Qle]
k=3 Q[e A dt] 0 0
k=4 0 0 Q[€’]
k=5 Q[e® A dt] | Q[e” A dt] 0

Minimal perverse model A(as, bs, s, €, .. .)

AV |p=0=1|p=2=3|p=m
k 2 0 o, €

k=3 as

k=4 0

k=5 b5 azp, aze

da2 = as,
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Sullivan minimal perverse models

k

H (ZCP?) | p=0=1 | p=2=3 |p=
k=0 Q Q Q
k=1 0 0 0
k=2 0 Qle] Qle]
k=3 Q[e A dt] 0 0
k=4 0 0 Q[€’]
k=5 Q[e® A dt] | Q[e” A dt] 0

Minimal perverse model A(as, bs, s, €, .. .)

AV |p=0=1|p=2=3|p=m
k 2 0 o, €

k=3 as

k=4 0 014,,84

k 5 b5 azp, aze

da2 = as,
40/ 45



Sullivan minimal perverse models

H.(5CP?) | p=0=1|p=2=3|p==
k=0 Q Q Q
k=1 0 0 0
k=2 0 Qle] Qle]
k=3 Qle ~ dt] 0 0
k=4 0 0 Q[€?]
k=5 Q[e® A dt] | Q[e” A dt] 0

Minimal perverse model A(as, bs, s, €, .. .)

AV |p=0=1|p=2=3| p=
0

k=2 Qo, e

k=3 a3

k=4 0 Qq, Ba age,ag,e2,
k=5 b5 da3zQp, dze

das = a3, dag = azap, dB4 = aze,
40/ 45



Sullivan minimal perverse models

H.(5CP?) | p=0=1|p=2=3|p==
k=0 Q Q Q
k=1 0 0 0
k=2 0 Qle] Qle]
k=3 Qle ~ dt] 0 0
k=4 0 0 Q[€?]
k=5 Q[e® A dt] | Q[e” A dt] 0

Minimal perverse model A(as, bs, az, e, as, fa, . ..)

AV |p=0=1|p=2=3 p=0o0

k=2 0 Qa, e

k=3 a3

k=4 0 g, Ba aze, a%, e, Bs — ane, cua — 200e
k=5 b5 d3zQp, dze

das = a3, dag = azap, dB4 = aze,
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Sullivan minimal perverse models

H.(5CP?) | p=0=1|p=2=3|p==
k=0 Q Q Q
k=1 0 0 0
k=2 0 Qle] Qle]
k=3 Qle ~ dt] 0 0
k=4 0 0 Q[€?]
k=5 Q[e® A dt] | Q[e” A dt] 0

Minimal perverse model A(as, bs, az, e, as, fa, . ..)

AV |p=0=1|p=2=3 p=0o0

k=2 0 Qa, e

k=3 as X,y

k=4 0 g, Ba aze, a%, e, Bs — ane, cua — 200e
k=5 b5 d3zQp, dze

doas = a3, dayg = azan, dfBs = ase, dx = B4 —age , dy = ag — 2ape
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Sullivan minimal perverse models

H.(sCP?) | p=0=1|p=2=3|p=®
k=0 Q Q Q
k=1 0 0 0
k=2 0 Qle] Qle]
k=3 Qle A dt] 0 0
k=4 0 0 Q[€7]
k=5 Q[e® A dt] | Q[e” A dt] 0
Minimal perverse model A(as, bs, a2, €, g, Ba, X,y .. .)
AV |p=0=1|p=2=3 p=0x
k=2 0 Qap, e
k=3 as X,y
k=4 0 g, Ba ase, a%, e2, Ba — ane, ag — 2ane
k=5 b5 daszQp, dze
dap = as, dag = azap, dBy = aze, dx = B4 — age , dy = ag — 2ape

Minimality: [[as|| < ||az|| [1Ball < 1| [lewal| < Iyl



Sullivan minimal perverse model

Regular ‘ Perverse

A’ (X) DGCA {A,, (X)}, DGCA



Sullivan minimal perverse model

Regular Perverse

A’ (X) DGCA {A,, (X)}, DGCA

(AV, d) (AV,d) with V = @, V,




Sullivan minimal perverse model

Regular Perverse
* ~%
A, (X) DGCA {APL,B(X)}ﬁ DGCA
(AV,d) (AV,d) with V =@V,
dVc AtV .ATV dVo c ATV -ATV + @, (AV),




Sullivan minimal perverse model

Regular Perverse
* ~%
A, (X) DGCA {APL’B(X)}ﬁ DGCA
(AV,d) (AV,d) with V =@V,
dVc AtV .ATV dVo c ATV -ATV + @, (AV),
H*(AV,d) = H" (X;Q) H™ ((AV) . d) = A7 (X;Q) = H. (X;Q)




Sullivan minimal perverse model

Regular Perverse

A’ (X) DGCA {A,, (X)}, DGCA

(AV,d) (AV,d) with V =@V,

dV c ATV -ATV dVo c ATV -ATV + @, (AV),
H*(AV,d) = H*(X;Q) H™ ((AV) . d) = A7 (X;Q) = H. (X;Q)
homg(VK, Q) e~ (X)) @ Q \I/\Z:ckelzspigrtels?n homotopy 7




Sullivan minimal perverse model

Regular Perverse

A’ (X) DGCA {A,, (X)}, DGCA

(AV,d) (AV,d) with V =@V,

dV c ATV -ATV dVo c ATV -ATV + @, (AV),
H*(AV,d) = H*(X;Q) H™ ((AV) . d) = A7 (X;Q) = H. (X;Q)
homg(VK, Q) e~ (X)) @ Q \I/\Z:ckelgspigcels?n homotopy 7

Any nodal hypersurface of CP* is intersection-formal.



STEENROD SQUZARES



Goresky & Pardon conjecture

o, (Xi2)

_ 7
-
-
-
P .
'

L(p.1)(¢) = min(2p(£), B(0) + i)
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Goresky & Pardon conjecture

L(B.1)(£) = min(25(0), B(0) + i)

Effective improvement :

0+#Sq?e "

p(6)+2

(X) and 0 =Sq° eﬁﬂzm( ).
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Goresky & Pardon conjecture: A cone

M manifold and p = p(dim M + 1)

* Sqf
S (M: Z) =2 S (M Zp)

l: |

H™ (M: Zo) —Me H¥ (M Z,)
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Goresky & Pardon conjecture: A cone

M manifold and p = p(dim M + 1)

59 gy

A (M L) —=% A (cM; Zo)

l: |

H™ (M: Zo) —Me ™ (M, Z5)

H<p+i(M; Z2>
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Goresky & Pardon conjecture: A cone

M manifold and p = p(dim M + 1)

S i
T (M; Zo) — H (cM; o)

ok

< S ! <
H (M; Zy) — M = (M Z,)

N\

Hgmin(Qp,P‘H)(M; Zy) = o (cM; Zs)

“L(pi)

H™""'(M; Z,)
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THANKS FOR YOUR ATTENTION !



