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Abstract. In this paper, for any pointed map f: X — Y between finite
type nilpotent CW-complexes, we obtain Lo, and Lie models of map;(X, Y),
the pointed space of based maps homotopic to f, in terms of Lie algebras
constructed from the Quillen models of X and Y. The main advantage of
our approach is to allow X to be an infinite dimensional CW-complex, in
which case map’j;(X, Y') has no longer the homotopy type of a finite type CW-
complex.

1. Introduction.

The notion of L, algebra or strongly homotopy Lie algebra was introduced
in the context of deformation theory of algebraic structures as a generalization of
classical differential graded Lie algebras [22]. Since then, the geometrical trans-
lation of algebraic properties of these algebraic structures have been successfully
applied in many situations. Interesting examples are the proof by M. Kontsevich
of the Formality Conjecture on Poisson manifolds [14], and the L, structure de-
fined by M. Chas and D. Sullivan on the equivariant free loop space of a manifold
[8].

In the same spirit as in rational homotopy theory differential graded Lie al-
gebras are realized by rational spaces, L, algebras can also be realized or “inte-
grated”, modeling thus the rational homotopy type of a given space. [10], [12].

On the other hand, based on the work of Haefliger [11], models for the ratio-
nal homotopy type (or for the rational homotopy groups) of the mapping space
map}(X,Y’) have been obtained in different contexts [4], [1], [6] when X is a finite
complex. By map}(X ,Y) we denote the pointed space of based maps homotopic
toagiven f: X —» Y.
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Moreover, starting from [23, Section 11], in which Sullivan interprets the
rational homotopy type of the classifying space Bauti(X) in terms of derivations
of the model of X, it has been of interest to model, also in terms of derivations,
homotopical features of these mapping spaces. See for instance [5], [18], or [7] in
which this approach has been successfully applied to the description of the rational
homotopy of the fixed and homotopy fixed point set of an S' action on a given
space X.

However, all this work concerns the case when X is a finite nilpotent CW-
complex in which case [20] map’}(X ,Y) is a nilpotent space of finite type.

In this paper, for a given map f: X — Y between finite type nilpotent
CW-complexes (non necessarily finite), we obtain explicit Lie and L., models
of map}(X,Y’) (which is no longer of finite type) in terms of derivations between
the Quillen models of X and Y.

More precisely, let L be a Quillen minimal model for X and C' be a finite type
graded differential coalgebra model for X. Then we have a quasi-isomorphism
p: L — Z(C) where Z(C) denotes the Quillen functor on C (see Section 2).
Now let v: Z(C) — L' be a Quillen model for f. Then, the Lie bracket in L’
and the coalgebra structure on C induce a Lie bracket on the graded vector space
s er,(ZL(C),L"). We prove (see Theorems 3.2, 4.1 and 5.2 in the text):

THEOREM 1. When X is a finite nilpotent complex, then:

1. The differential graded Lie algebra s=*%er., (£ (C),L’) is a Lie model for
map}(X,Y).

2. There is a Loo structure on s~ Per.,(L, L") for which it becomes a Lo, model
for map%(X,Y).

When X is a finite type nilpotent (non necessarily finite) CW-complex, then:

1. H(s 'Yer,,(L,L")) = T Q(map}(X,Y)) as graded Lie algebras.

2. The universal cover of s~'Per, (£ (C),L') is a Lie model for the universal
cover of map}(X,Y)

3. The universal cover of s~ Der.,(L, L") is a Lo model for the universal cover
of map}(X,Y).

As an example we then describe the homotopy type of mapz(BScle,Y) for
any rational space Y, with ¢ denoting the constant map. More generally, for
any formal space X and any coformal space Y, both finite type 1-connected
CW-complexes, map?(X,Y) is a coformal space whose homotopy Lie algebra is
Hom(H.(X;Q),m.QY 2 Q).

We also deduce a splitting result for certain mapping spaces which generalizes
[15, Theorem 1.2]. Suppose that X and Y are finite type nilpotent CW-complexes
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(non necessarily finite) and let @ € 7.(X)®Q be an iterated Whitehead bracket of
length n > nil 7, (Y) ® Q. Then, any f: X — Y extend to a map f: X U, et —
Yq and we prove the following in which nrﬁf)} (X,Y) denotes the universal cover
of map}(X,Y)) and nil7.(Y) ® Q is the length of the longest non zero iterated
Whitehead bracket in 7,.(Y) ® Q.

PROPOSITION 1.  Let a € m(X) ® Q be a Whitehead bracket of length n >
nilm(Y)® Q. Then:

(1) mapF(X Uy ", Y)q >~ mapy(X,Y)q x QF1Yq.
(2) Moreover, for any ¢ > 1,

g map? (X Uq ek+1,Y) ®Q = (g map}(X,Y) ® Q)@ (ﬂqQkHY ®Q).

2. L algebras.

For a basic compendium of known properties of L., algebras we refer to [16]
or [17]. Also, in [14], the algebraic behavior of these structures is nicely introduced
as a result of their geometrical counterpart. Here, we simply recall the basic facts
we shall need.

DEFINITION 1. An L. algebra or sh-Lie algebra (sh stands for strongly

homotopy) is a graded vector space L endowed with a system of linear maps ¢
(denoted also by [,...,]), k >0, of degree k — 2

bey=1[,..,]: @ L —L

which satisfy:
(1) £ are skew-symmetric, i.e., for any k-permutation o,

[l‘a(l)» ey xg(k)} = SgD(O’)EU [1‘1, ce ,xk],
where ¢, is the sign given by the Koszul convention and sgn(o) is the signature of

o.
(2) The following generalized Jacobi identities hold:

Z Z sgn(a)eg(—l)i(j_l)fj (éi(x[,(l), AN ,xo.(i)), To(it1)s- -+ 71"0'(77,)) =0.
i+j=n+1oceS(i,n—1)

By S(i,n — i) we denote the (i,n — i) shuffles whose elements are permutations o
such that o(1) < --- < o(i)and o(i + 1) < --- < o(n).
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In particular (L, ;) is a differential vector space and ¢5 = [,] is a skew-
symmetric operation for which ¢; satisfies the usual Leibniz rule and the Jacobi
identity up to the homotopy given by #3. Thus a differential graded Lie algebra is
the same as an L, algebra for which ¢, = 0 for k£ > 3.

The lower central series of an L., algebra L is, as in the classical setting,
defined inductively by F'L = L and, for i > 1,

FiL= Y  [F"L,...,F*L].
it bip=i

We say that L is nilpotent if F'L = 0 for i > i for some ij.

On the other hand, recall that the free commutative algebra AV generated
by the graded vector space V has a structure of cocommutative graded coalgebra
whose comultiplication A is defined as the unique morphism of algebras for which
every generator v € V is primitive, i.e., A(v) = v ® 1 + 1 ® v. Explicitly, the
reduced diagonal is given by

n—1
A(vy A Awoy) = Z Z 50(”0(1) VARERWAN Ug(j)) ® (Uo-(j+1) VANEERIVAN Ug(n)).

j=1lo0€S,

This structure is naturally augmented by e: AV — Q, e(ATV) =0, (1) = 1, and
coaugmented by Q = A’V It is the cofree cocommutative coalgebra generated by
V. This terminology is due to the following:

For a general graded coalgebra C' augmented by ¢: C' — @ and coaugmented
by @ — C, define the n-th reduced diagonal inductively by A = A®1z®
e ® 15)3(”’1): C — @"*F1C with A0 = 1 and AV A, Call C' primitively
cogenerated if C' = U, ker Z(n).

Then, given a primitively cogenerated cocommutative coalgebra C and a de-
gree zero linear map f: C — V there exists a unique morphism of coalgebras
¢: C'— AV such that mp|s = f. Here, 7: AV — V denotes the obvious projec-
tion. Indeed, if we consider the linear maps fr: @ C — A*V| fr(ci® - ®@cp) =
/K f(e1) A=+ A fler), define p(1) =1 and ¢(c) = > 4sq kaZ(k)(c), for ce C.

It is also worth remarking that if M is a bi-comodule over AV then there is a
natural isomorphism of graded vector spaces Coder(M, AV) = Hom(M, V), given
by 6 — w6. The inverse, for the special case M = AV is given as follows: decom-
pose any linear map of arbitrary degree h: AV — V as >, h®), h(F): APV — V.
For each k consider the coderivation 0: AV — AV:
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Op(vy A -+ Avy) = Z +hF) (v Ao A ) AL A Tay e Dy e A U
1<ip < <ip<n

Then, in the isomorphism above the map h is sent to the coderivation ), 6.

PROPOSITION 2 ([16], [17]). L algebra structures on a graded vector space
L are in bijective correspondance with codifferentials on the coalgebra AsL.

PROOF. As this is standard, we only sketch this equivalence:

On the one hand, a codifferential on AsL is just a degree —1 coderivation D
which, as stated, corresponds to a degree —1 linear map D: AsL — sL. Such a
map is the sum of linear maps D*): A*sI, — sL which, in turn, correspond to a
collection of skew-symmetric operations ¢ of degree k — 2,

lp=s1oDW og®k: @F [ L.

Here, s®%: ®F L — ®%sL denotes the obvious map of degree k. The equation
D? = 0 implies the generalized Jacobi identities.

On the other hand given k-ary maps ¢ as above, define degree —1 linear maps
D®) . @F s — sL by

DE = (L) EE=1)/25 6 g, o (571)®k,

These maps are symmetric (in the graded sense) so they factor as D) : AFsI, —
sL. Finally the map D =), D®) determines a degrere —1 coderivation on AsL
which again satisfy D? = 0. (]

Observe that, if L is a finite type graded vector space, an L., structure on L
is then equivalent to a CDGA (commutative differential graded algebra) structure
on (AsL)Y = A(sL)¥ = As~!LV. We shall denote by €°°(L) this structure and
call it the Cartan-Chevalley-Filenberg algebra on L.

DEFINITION 2.  Given two L, algebras L and L', a morphism of L, algebras
is a morphism of differential graded coalgebras f: (AsL, D) — (AsL', D).

REMARK 3. Observe that an L., morphism does not correspond, in gen-
eral to a degree zero map f: L — L' commuting with all the k-ary bracket
(f o by, = €, o f). In fact a morphism f: (AsL,D) — (AsL’,D’) of differen-
tial graded coalgebras is determined by f = 7nf: AsL — sL’ which is the sum
of maps f(’“): AFsL — sL'. This produces a system of skew-symmetric maps of
degree 1 — k



508 U. Buwss, Y. FELIX and A. MURILLO
& @F L — 1.

Therefore, morphisms of differential coalgebras correspond to systems of maps f*)
that satisfy a sequence of equations involving the brackets ¢; and ¢}, k > 0.

For instance, an L., morphism between DGL’s (differential graded Lie al-
gebras) (L,0) and (L',9") is just a morphism between their Cartan-Chevalley-
Eilenberg constructions (see next section) f: (AsL,D = dy + do) — (AsL/, D" =
d} + db). In this particular case, the equations satisfied by the f(*)’s only in-
volve the differentials and the Lie brackets on L and L’. Explicitly, the first two
equations are:

(1) o' fM) = fDg, ie., fV: L — L' is a differential map.
(2) fVz,y) = [fD (), fD )+ [Pz oy) - [P0z 0y - (-1)"lz e dy).

Hence, an Ly, morphism between DGL’s is not in general a DGL morphism.

A quasi-isomorphism between L., algebras L and L’ is an L., morphism
f: (AsL,D) — (AsL’,D’) such that f(!) is a quasi-isomorphism of differential
vector spaces.

3. Sullivan, Quillen and L., models of a space.

Our results heavily depend on known facts and techniques arising from ra-
tional homotopy theory. All of them, and with the same notation we use, can be
found in [9]. Here we simply recall the following;:

In [23] (see also [2]), Sullivan introduces a couple of adjoint functors,

SimplSets 2% CDGA
0

between the homotopy categories of commutative differential graded algebras
(CDGA henceforth) and simplicial sets which turns out to be an equivalence when
considering 1-connected (more generally, nilpotent) simplicial sets of finite type
(over Q) and 1-connected rational CDGA’s of finite type. In fact, for every space
(or simplicial set) M of this kind there is a CDGA (AV,d) which algebraically
models the rational homotopy type of M and is unique up to isomorphism. This
is the Sullivan minimal model of M. By AV we mean the free commutative graded
algebra generated by the vector space V', i.e., AV = TV/I in which TV is the ten-
sor algebra over V and [ is the ideal generated by v®w — (—1)|”Hw|w®v, v,weV.
The differential d satisfies a minimal condition which, in the simply connected case,
is equivalent to say that, for any generator v € V, dv is a “polynomial” in AV
with no linear term.
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As the dual of a cocommutative differential graded coalgebra (CDGC hence-
forth) is a CDGA, a coalgebra model of a nilpotent space X of finite type is a
CDGC such that its dual is a CDGA model of X.

The bridge between the categories of CDGC’s and that of DGL’s is provided
by the Quillen and Cartan-Chevalley-Eilenberg functors:

€

DGL _ CDGC
ez

On one hand, the Cartan-Chevalley-Filenberg construction on a given DGL
(L,dyr) is the CDGC ¥ (L,dr) = (AsL,d = d; + d3) in which, as usual, (sL); =
Lk—l and

k
di(sxy N Asxy) = — Z(—l)""saﬁl A~ Asdrzi A+ N\ ST,
i=1
do(szy A -+ A sxg) = Z (=)™ sy, x5] AN sxy -+ STy STy -+ N STk
1<i<j<k
Here, n; = >, _;|sz;|, and

STy A Asxp = (—1)"sz; A sxj Asxy---8T; - STy -+ N STk
The dual of the construction above is the CDGA
€*(L,dr) = Hom(€¢(L,dr), Q).

If L is of finite type, then €*(L,dy) = (AV,d) where V and sL are dual graded
vector spaces and d = dy +ds in which: (dyv; sz) = (—=1)I*I{v; sdpx) and (dov; sz A
sy) = (=1 (s sz, y)).

From now on we shall write, for convenience, ¥ (L) and ¢*(L) instead of
%(L, dL) and CK*(L, dL)

On the other hand, the Quillen functor is constructed for any CDGC C aug-
mented by e: C — Q and coaugmented by @ — C. Denote by C = kere and
consider the reduced diagonal A: C — C ® C. Then Z(C,d) = (L(s~'C),d) in
which:

(i) L(s~'C) is the free Lie algebra generated by s~*C, i.e., the sub Lie algebra
of the tensor Lie algebra (bracket is the commutator) T'(s~1C) generated by s~1C.

(ii) 8 = &1 + 02 where 01(s~'c) = —s~!dc and
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Do(ste) = %Z(—l)"“‘ (s a;, s ']

i

being Ac =Y a; ® b;.

Observe that for an L, algebra L, €°°(L) is a natural generalization of the
Cartan-Chevalley-Eilenberg construction on a differential graded Lie algebra. In
fact, the following can be easily proved:

PRrROPOSITION 3.  Suppose L is a nilpotent Lo, algebra of finite type con-
centrated in non negative degrees. Then, €°°(L) = (AV,d) is a Sullivan model
in which V and sL are dual graded vector spaces and d = ijl d; in which
(djvyszy N -+ N\ szj) = €(v; sz, ..., x;]) where € is the appropriate sign given by
the Koszul convention.

Conversely, suppose (AV,d) is an arbitrary Sullivan algebra of finite type.
Then, a nilpotent Lo, algebra L is determined uniquely by the condition (AV,d) =
€>(L).

The relation of the functors above with the homotopy category is the following;:

In [21], Quillen associates to any 1-connected space X (non necessarily of finite
type!) a DGL (free as Lie algebra) A(X) which determines an equivalence between
the homotopy categories of rational 1-connected spaces and that of reduced (L<o =
0) DGL’s over Q. If moreover, X is of finite type then €*\(X) is quasi-isomorphic
to the Sullivan model of X [19]. On the other hand, whenever X is nilpotent and
of finite type and C'is a coalgebra model of X, the association X ~» Z(C) extends
the mentioned equivalence to nilpotent spaces (but finite type is required).

DEFINITION 4. Given a 1-connected space X, an Lo, model of X is an Ly,
algebra quasi-isomorphic, as L., algebra, to A(X).

Note that, by Proposition 3, if X is nilpotent and of finite type, there is an L,
structure on 7, (2X) ® Q modeling X. The Eckmann-Hilton dual of this assertion
is also true and well known: in [13], H*(X; Q) is endowed with an A..-structure
quasi-isomorphic to the Sullivan model of X.

Next, denote by £x = (L(U),0) a Quillen model of a nilpotent space X of
finite type. Assume U is of finite type so that €*(%x) is a Sullivan model of X.
In this case denote by I the ideal L(U)>2 @ Z; where Z; is the vector space of
cycles in L(U);. Applying €* to the short exact sequence of DGL’s:

O—>I—>$X—>%—>O,

we obtain a relative Sullivan algebra
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o () iz — e

which is a model for the universal covering of X,
X — X — K(mX,1).

This shows that I is a Lie model for X called the universal cover of Lx.

Now consider a pronilpotent space X = lim._ X,, where each X,, is a rational
nilpotent space of finite type. Denote by p,: Z(n + 1)—».%(n) a surjective Lie
model of the map X, +1 — X,, and define

Z =lim.Z(n).

LEMMA 5.

(1) H(Z) =lim_, mg41X,, = mg41X, ¢ > 0.

(2) Denote by I the ideal Lo & Zy C L, where Zy C 2 is the vector space
of cycles in degree 1. Then I is a Lie model for X.

Proor.

(1) Hy(Z) = lim, Hy(Z(n)) = lim_, mg41X,,. To finish apply [3, IX,
Theorem 3.1], taking into account that lim!  vanishes when applied to a tower of
vector spaces [26], to obtain that lim. 741X, = 741X

(2) In particular, from (1) we deduce a weak homotopy equivalence X =
lim. X,..

Consider the ideal in .Z(n) defined by

We then have a short exact sequence of towers

0—limI, — £ — lim (%(n)) — 0.

n “—n n

Consider Quillen models .Z; and £ of X, and X respectively. Then we have
coherent quasi-isomorphisms .i”gn —=, I,, which gives, by composition, a quasi-

isomorphism £z — lim._, I,,. This finishes the proof as I = lim.__ I,,. O



512 U. Buwss, Y. FELIX and A. MURILLO

4. Lie algebras of derivations modeling mapping spaces mapjE
(X,Y) with X finite.

Let p: L — L' be a DGL morphism and consider the differential graded
vector space of Lie p-derivations (Der,(L,L’),d). Explicitly Der,(L,L’), is the
space of linear maps of degree n, 0: L, — L., for which 0[x,y] = [0(x), p(y)] +
(—1)™=l[p(x),0(y)], 2,y € L. The differential is defined as usual 66 = 96 +
(—1)"80. Of particular interest is the space Zer,(L, L") of positive p-derivations,

Der,(L,L");  fori>1,

Der,(L,L"); = { .
ZDer,(L,L"); fori=1,

in which Z denotes the space of cycles. We shall also denote by § the differential

of this complex.

Next, let f: X — Y be a map of nilpotent complexes with X finite, let L’
be a Lie model of Y and choose a Quillen model of X of the form £ (C) for
some CDGC, C. This is always possible by taking C, for instance, the dual of
a commutative differential graded algebra of the rational homotopy type of X.
Finally choose any DGL morphism v: Z(C) — L’ modeling the homotopy type
of f.

The restriction of v to U = s~1C gives a linear map v: s~'C — L’ which is
also identified to a map v: C — sL/. Composing with the degree —1 isomorphism
sL' — L' we obtain the map 7: C — L'.

Next consider the vector space Hom(C,L') with the usual bracket, [f,g] =
[,]of®goA, and the perturbed differential D, = D + adx:

Dyf =0pf+ (D)1 + 7, f].
Finally, discard the negative graded part by defining s#om(C,L’):

Hom,;(C, L") for i > 1,

AHom;(C,L') = _
Z(Homy(C,L")) fori=1.
Then, the following holds:

THEOREM 2 ([6, Corollary 15]). (#om(C,L’),D,) is a Lie model of
map}(X, Y).

From this we can prove the following:
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THEOREM 3. The DGL s~ 'Per. (£ (C), L"), equipped with the differential
and the bracket defined by

60 =000+ (-1)%000,
[, 9)(a) =Y (=)'l l9l[f(a;), g(bi)],  where A Zaz ® by,

is a Lie model for map}(X, Y).

PrOOF. Observe that the restriction of a given derivation in Yery
(Z(C), L) to s~1C produces an isomorphism of graded vector spaces,

T: s Der (L(C),L') = AHom(C,L'), T(s'0)(c) = (-=1)16(s7 ¢).
We now prove that T commutes with the differentials s71§ and D., respectively:
D T(s720)(¢) = T(s71)(s~16) (),

for any derivation § € Zer. (£ (C),L') and c € C.
On the one hand,

Dy Y (s™10)(c) = O T(s~10) () + (=) (s710) (de) + [7. T (s710)] ()
= (-D)19r,0(s c) — 0(s~ dc)

Z 1)lasl (1) +6) Z ),0(s ;)]

where 91/ and d are the differentials in L’ and C respectively, and A(c) = 3, a;®b;.
On the other hand,

T(s716)(s710)(c) = (=1)11a.0(s71c) 4+ 6(dsLe).

where & = 0y + 0y is the differential in L = L(s~1C). Hence,

0(0s'c) = —0(s 'dec) + 9(; Z(fl)l‘“l [s™'ai, slbi])

%

_ fldc +Z |a1|+\9|(|a1|+1)[ ( 1ai),9(s’1bi)]
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as @ is a y-derivation and C' is cocommutative.
Finally, a straightforward computation shows that T respects the Lie brackets
and therefore, is an isomorphism of DGL’s. d

Now let ¢: L 2y (C) be a quasi-isomorphism where L is a cofibrant DGL.
Then:

COROLLARY 1. H.(Zer,,(L,L"),08) is naturally isomorphic (as graded
vector space) to m.Qmap}(X,Y).

The proof is an immediate consequence of the following:

LEMMA 6. Let~y: L1 — L' and: Lo = L, be DGL morphisms, with Ly, Lo
cofibrant and Y a quasi-isomorphism of graded vector spaces. Then, the induced
map

Vo: Dery (L, L) — Der.y(La, L)

18 a quast-isomorphism.

Proor. Write Ly = L(W), Ly = L(U), and filter the spaces
Dery(L(U),L") and PDery,(L(W), L") respectively by

FP ={f¢e Per, (LU),L"), f(U) € L'>P}
and
GP = {g € Per,y (L(W), ), g(W) € L7},

so that v, is a morphism of filtered spaces. At the 0-level, the induced morphism
of the resulting spectral sequences has the form (Ey(1).),dy) where

Eo(’(/J*) . @67",y ((L([])7 (90)7 (L/, 5)) — @67“711, ((L(W), 80), (LI, 5))
is again given by pre-composition; dy denotes the indecomposable part of the
differential in the corresponding free DGL; 0 denotes the induced differential on

the associated graded space L' = &, L'2P/L/ZP*1; and dy is the usual differential.
However, in this setting, the map

Yrw: Dery (LU),d0), (L',8)) — H#Hom((U, ), (L', d)),
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is an isomorphism of differential vector spaces, this time with the usual differentials
(the same for Yr,w)).
Therefore, Ey(1),) can be seen as:

Q).: Hom((U,d), (L', 0)) = A om((W, ), (L', 0))

~

where Q(v): (U, 8y) = (W, dp) is induced by 4 on the indecomposables. The map
Q(v)s is clearly a quasi-isomorphism as Q(¢) is. Hence, E;(1),) is an isomorphism
and, by comparison, v, is a quasi-isomorphism. O

The construction presented in this section is natural in X. Let g: X — X'
be a map between finite complexes and 1: C' — C’ a CDGC model for g. Let now
f: X’ =Y be a continuous map, L a Quillen model for Y and v: Z(C’) — L a
model for f.

THEOREM 4.  With the above notations, the induced map
s 1 Der (ZL(C"),L) — s ' Der,(£L(0), L)
is a DGL model for map*(g,Y): map}(X',Y) — map} (X,Y).
Proor. We show that, applying €* to
s Der, (ZL(C"), L) — s ' Der,,(£(0), L),

we obtain a DGA model of map*(g,Y): map}(X',Y) — map} (X,Y).
For it consider the following diagram of DGL’s

in which: V = (sL)#, Y is the isomorphism defined in the proof of Theorem 3, and
the lower square commutes by [6, Theorem 13]. The DGL structure in the last
arrow is the one given in [5, Theorem 1] or [6, Definition 5]. Hence,
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© (57 Fer,(L(C'), 1)) € (57 Der, o (Z(C), 1)
is identified to
¢* (s~ Der(AV, @ﬁ)) — ¢ (s7 ' Der(AV, éﬁ)).

However, by [6, Theorem 9], and using the same notation than in this reference,
this last morphism equals to

AM1eD): AVEA & (Ve 4H)2) —AVE A & (Ve d)?),

which is a DGA model of map*(g,Y): map;}(X', Y)— map;‘cg(X,Y). Here, A =
CH A =T and §:C—C". 0

As a final remark, consider the particular case of the space of self-equivalences
of X homotopic to the identity map map, (X, X) = aut1(X), and choose L =
Z(C) a model of X as in Theorem 3. Then, by this result, s~*Zer(L, L) is a
Lie model of aut;(X). Note that the Lie bracket is not related with the usual
commutator bracket of derivations of Zer(L,L) which is known to model the
classifying space Bauti(X) [22], [23], [24].

5. Lo algebras of derivations modeling mapping spaces map’}
(X,Y) with X finite.

As before, let f: X — Y be a map of nilpotent complexes with X finite, let L
be the minimal Quillen model of X and let L’ be any Lie model of Y. Choose also
a DGL morphism «: L — L’ modeling the homotopy type of f. Then we have:

THEOREM 5.  There is a structure of Lo algebra on s='%er,(L,L") for
which it becomes an Lo, model of map’}(X, Y).

For its proof we need the following results, which are of a classical type in
deformation theory. However, we have added here a complete proof in order to
have the precise hypothesis and statements we want in our applications.

PROPOSITION 4.  Let : (L,0) 5 (E,0) be a surjective quasi-isomorphism
of finite type complexes where (L, ) is an Lo, algebra for which ¢4 = 0. Then, E
has an structure of Lo, algebra for which £ = O and there is a quasi-isomorphism
of Loo algebras {f*)} from L to E with f) = ¢.

Moreover, this construction is natural with respect to surjective morphisms:
consider the following commutative diagram of finite type complezes
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ker o1 —— L, *»9: £y

R

ker po&—— Ly L;» Es

where a is a morphism of Lo, algebras, ¢; are surjective quasi-isomorphsms, i =
1,2, and all the vertical arrows are surjections. Then, 3 is also a morphism of
L algebras.

The proof for this result requires its dual counterpart:

LEMMA 7. Let (AW, D) be a Sullivan algebra with D =3, D;, Di(W) C

AW, and let j: (V,d) — (W, D) be an injective quasi-isomorphism. Then,
there exists a differential D on AV for which D1 = d and a quasi-isomorphism
¥: (AV,D) =5 (AW, D) extending j, i.e., such that (¥ — 7)(V) € AZ2V,

Moreover, this construction is natural: consider the following commutative
diagram of complexes

(Va, d) o (Wa, d) —= (Wy/Va, d)

~

(Vhd)(%) (W1,d) —— (W1 /V4,d)
where j1,jo are injective quasi-isomorphisms and all the vertical arrows are in-
jections. Suppose there are differentials D in AW7 and AW, with Dy = d, for
which AG: (AWs, D) — (AW1, D) is a CDGA morphism. Then, the following is a
commutative diagram of CDGA’s:

(AVa, D) —2> (AW, D)

Ml Ael

(AV4, D) —=~ (AW, D)

PrROOF. For the first statement, choose a basis of the acyclic complex
(W/V, Dy) of the form {z;,y;}, where Dyz; = y;, and take elements w; € W such
that [w;] = x;. Then, the section o: (W/V,Dy) — W, o(x;) = w;, o(y;) = Dyw;
induces an isomorphism of differential vector spaces j @ o: (V,d) @ (W/V, D) 3
(W, Dy). Endow A(V & (z;,y;)) with a differential D so that
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AG@®a): (MV @ (21,9:)), D) — (AW, D)

becomes a CDGA isomorphism. As Dx; = y; + ; with ; decomposable,
(AV @ (z,9:)), D) = (MV @ (wi,97)), D)

with Dz; =y} = y; + ;. Note that, in the quotient quasi-isomorphism p: (AV &
(@i, y5), D) > (AV, D), D;i(v) = dv. We now show that we may choose a section
p of p such that p(v) = v + @, with ® decomposable:

Let (v;);>1 be a basis of V such that D(v;) € AV.; and assume p is a section of
p for which p(vi) — vy is decomposable for k < j. Then, the linear part of p(v;) —v;
is a Di-cycle in (z;,y;), and so is a D1-boundary, p(v;) = v; + D1 (u) + w, with w
decomposable. Define p’ = p on AV, p'(v;) = p(v;) — D(u) and extend p’ into a
map on all of AV homotopic to p. Proceeding inductively in this way we obtain
the required section.

To finish, define ¢ = A(j & o) o p.

For the second statement, observe that the quotient map (Wy/Va,d) —
(W1 /V4,d) is injective, Hence, as above, we may decompose Wy and W as follows:

(W2>d) = (V27d) S2) (Svd)’ (Wlad) = <Vlad) 2] (S>d) @ (Ta d)7

where both (S,d) and (T, d) are acyclic complexes. With this decomposition the
lemma, easily follows. O

PROOF OF PROPOSITION 4. For the first assertion, the dual map ¢V:
(EY,0Y) — (LV,0Y) is an injective quasi-isomorphism. Moreover (see Propo-
sition 3) €>°(L) = (AsLY,D) where D; = s0Y. By the lemma aboe there
is a differential D on AsEY where D; = s0V and a CDGA quasi-isomorphism
Y: (AsEY, D) = (AsLY, D) extending s@".

For the second assertion, take the dual of the diagram and apply Lemma 7.

O

PROOF OF THEOREM 5. Recall that, given a coalgebra model of X, C,
there is an injective DGL quasi-isomorphism ¢: L < Z(C) [9, Section 22]. By
Lemma 6, this produces a surjective quasi-isomorphism of differential vector spaces

Vit Dery(ZL(C), L) = Per, (L, L").
Here, +/ is a factorization of v through 1. To finish apply Proposition 4 taking into

account that, by Theorem 3, s~'Zer,(£(C), L') is a Lie model of map}(X,Y).
O
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Theorem 4.1 is natural in X. Let i: X — X’ be an inclusion of finite com-
plexes and j: Lx < Lx/ a minimal Quillen model for i. Let now f: X’ — Y be
a continuous map, L a Quillen model for Y and v: Lx, — L’ a DGL model for f.

THEOREM 6.  With the above notations, the induced map
s Per,(Lx:, L) — s~ *Per.;j(Lx, L")

is a surjective Loo-model for map*(i,Y): map’J’Z(X’, Y) — map};(X,Y).

PrROOF. Apply Theorem 4 and Proposition 4. U

6. Lie and L., models for mapping spaces without finite dimension
hypothesis on X.

Until this point we have dealt with mapping spaces map} (X,Y) in which X is
a finite complex. We now consider the general situation and assume f: X — Y to
be a pointed map between nilpotent rational CW-complexes of finite type. Denote
by fn: X, — Y the restriction of f to the n—skeleton of X and let i,,: C,, — Cj 41
be an injective coalgebra model of the inclusion j,: X,, — X, +1. Then, if we
denote by U,, = H.(C,,), there is a differential on L(U,) and an injective quasi-
isomorphism [9, Section 22]

on: L(U,) = ZL(C).

Moreover, we may assume U,, — U, ;1 and we may choose ¢,, so that the following
commutes:

Z(Cn)

T

C Pnt1
n+1 g n+1 )

The linear part (¢,)1 of ¢, is injective. We denote by S,, a supplement of the
image of (¢,)1 in C,,. This can be done in a functorial way, £ (i, )(Sn) C Snt1-

Next, choose L' a Lie model of ¥ and DGL morphisms v,: .Z(C,) — L’
modeling f,,. Then, the diagram above produces another commutative diagram in
which the vertical arrows are surjections and the sequences are exact:
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Hom(Sy41, L") Zery, ,,(ZL(Coi1), L') == Ders, 10 (L(Unta), L')

i | i

Hom(S,, L' \—— Yer,, (£(C,),L) Dery, o, (L(Uy),L").

Finally, desuspend this diagram and apply Theorem 6 to obtain:

PROPOSITION 5. s '%Per,, 1 on. s (L(Unyr), L") — s~ Der,, o, (L(U,),L")
is a surjective Loo model of j;: map;  (Xy41,Y) — mapy (X, Y).

Observe that C = lim_, , C), is a coalgebra model for X,
v =limy,: Z(C) — L'

is a Lie model of f and L = lim. L(U,) is the Quillen minimal model of X.
Moreover, ¢ = lim_, ¢,: L = Z(C) is still an injective quasi-isomorphism.
Then we have:

THEOREM 7.

(1) Ho(s7'Per (L, L)) = W*Q(map;(X7Y)) ® Q as graded Lie algebras.

(2) The universal cover of s~*%er,(Z(C),L") is a Lie model for the universal
cover of map;(X, Y).

(3) The universal cover of s~ *PDer.,(L, L) is a Loo model for the universal cover
of map}(X,Y).

PrROOF. Observe that,

Dery,(L, L") =lim Der,, ., (L(U,), L"),

n

Der,(Z(C), L") =lim Der,, (£ (Cy), L"),

as DGL and L., algebras respectively. Moreover, in view of diagram above, and
by Proposition 4, we have a quasi-isomorphism of L., algebras

Der(£L(C), L) > Der,,(L,L).

On the other hand, map} (X,Y) =lim._, map}, (X,,Y). Apply Theorem 3 and
Lemma 5 to get (1) and (2). Finally, Proposition 5 and again Lemma 5 imply (3).
O



Lo models of based mapping spaces 521

As an immediate consequence we obtain:

COROLLARY 2. For any formal space X, and any coformal space Y, both
finite type 1-connected CW-complezes, mapi(X,Y) is a coformal space whose ho-
motopy Lie algebra is Hom(H.(X;Q), m.QY ® Q). Here ¢ denotes the constant
map.

EXAMPLE 8. We compute the Lie algebra m.Q(map?(CPg,Yq)). First,
recall that, for a 1-connected finite complex X,

W*Q(map:(X, Y))Q = @j_¢:*H0m(Hi(X; Q), QY ® Q)

as graded Lie algebras with the bracket in the latter term given by the coalgebra
structure A on H,(X; Q) and the bracket in 7,.QY ® Q given by

£9)@) = S0 @), 9], Ala) = i@

%

Therefore, by Theorem 7, for n > 2,

™ Q(map}(CPF,Yg)) = lim m,Q(map(CP,, Vo)) = [ =Y ®Q.

r>n+1,
r—n—1even

The bracket of two sequences (a/r)'rzn-l,-l and (bs)52m+1 is the sequence
(C€>€Z7n+n+2 V\/'lth7

o = Z [ar,bs].

r4+s=~¢

As a final application of all of the above, consider a map f: X — Y between
CW-complexes of finite type (non necessarily finite) and let a € 7.(X) ® Q be
a Whitehead bracket of length n > nil7,(Y) ® Q. Then, f extends to a map
f: X Uy et — Y and we get a fibration

map’ (ST Y) — map%(X Ug et Y) 3 map}(X,Y).
Here, c is the constant map and map?(S**1Y) = QK1Y acts on map?(X Ua

eF*+1.Y) via the pinching coaction V: X U, e**! — X U, e+ v S+ Then, we
have the following generalization of the main result in [15]:
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PROPOSITION 6. Let a € m(X) ® Q be a Whitehead bracket of length n >
nilm.(Y) ® Q. Then:

(1) Rationally, and at the level of universal covers, the above fibration is trivial,
i.e.,

mapy(X Uy e, Y)Q ~ map;(X,Y)q x QFYg.
(2) Moreover, for any q¢ > 1,
Ty map? (X Uq ekt Y)®Q = (n, map}(X,Y) ® Q) ® (WqQkHY ® Q).

PrROOF. Under our hypothesis, in [15, Theorem 1.2] it is proved that, for
a finite complex X of dimension bounded by the connectivity of ¥, and for the
constant map c¢: X — Y, map? (X U, €71 Y) g ~ map?(X,Y)q x Q*1Yg. How-
ever, assuming again X finite, but for any f: X — Y, essentially the same proof
can be carried out to show that the fibration above splits rationally:

map% (X Ua ek+1,Y) ~ map}(X,Y)q x Qk+1YQ.

Q

Now, if X is a (non necessarily finite) CW-complex of finite type, observe that

map% (X Ua 1Y) = lim mapin (Xn Ua LY,

n

is a pronilpotent complex. Here, X,, denotes the n-skeleton of X and f, is the
appropriate restriction.

As at the beginning of this section consider for each n, a coalgebra model
C, — Cp41 of the inclusion X,, — X,41, so that C = lim_, (), is a coal-
gebra model for X. Moreover, choose L’ a Lie model of ¥ and DGL mor-
phisms v,: Z(C,) — L' modeling f,, the restriction of f to X,, so that
v=1lim_, v,: Z(C)— L'is a Lie model of f.

Next, as for each n > k,

map% (Xn Ua ek+1,Y) ~q map}(X,,Y) x Qk'*'lYQ7
apply Theorem 3 to get a Lie model for this space of the form

s Der, (Z(Cn), L") x s~ Per(L(ax), L).
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Now observe that the limit of these DGL’s is

s Per, (£L(C), L) x s~ Der(L(ax), L).

To finish apply Lemma 5 and Theorem 7(2). O
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