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Abstract

On these notes we give an introduction into the geometry of configuration spaces.
The emphasis is given to the “lifting” procedure which turns out to coincide with
the direct approach introduced in [AKR98a]. Since in applications we also need
much more general spaces of configurations than the ones introduced in [AKR98a],
therefore we treat the marked configuration spaces also.
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1 Introduction and motivation

The aim of these notes is to give a detailed account on the geometry of configuration
spaces. On the one hand there is not a unique way to introduce the geometry on
the configuration spaces, on the other hand the structure of configuration spaces is
getting more rich such that at the first glance its seems that we have a lot of structure
concerning configuration spaces but they are not connected. Hence I plan to explore
these facts and try to see how can one relate the different kinds of structure that
appear.

In all my considerations I will be concern with the so-called Internal Geometry
on configuration spaces, that means the geometry inherited from the underlying
manifold. This is fundamental for the strategy how we handle geometry in configu-
ration spaces. Usually one starts by giving the definition of a measure on some nice
linear space of distributions, e.g. D’(R?) or S’'(R?) and by additional considerations
this measure has support on a subset of this linear space, the configuration space.
As an example the Poisson measure given by Minlos’ theorem on D’'(R?). Then one
consider the L? space with respect to the introduced measure say L?*(x) and obtain
the Segal isomorphism to the Fock space. Thus one can introduce in L?(p) the im-
ages under the isomorphism of the Fock space operators, e.g., creation annihilation
etc. The geometry arising in this way we call external one. Therefore it is natural to
ask wether or not these geometries are connected. This question will not be treated
on that talk and we refer to [Sil98] for more details.

2 Configuration Spaces

2.1 Underlying spaces

In this section we will give a detailed description of configuration spaces which
appear in applications. Before that we need to fix the underlying space on which
each configuration will sit. The most typical examples for the underlying space are

1. X =R%deN.

2. X =R*x R, d,leN
3. X Riemannian manifold.

4. X = M x S, M Riemannian manifold, S -Complete separable metric space.

ot

X = M x S, M Riemannian manifold and S = {1,...,q}.

6. X = M x S, M Riemannian manifold and S = £°(R?) the Banach space of
all continuous functions s : [0, 0] — R? with s(0) = s(6).
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7. X =M xS, M =R?%and S = T one dimensional torus.
8. X =M xS, M,S Standard Borel Spaces.

Of course depends of the applications we have in mind we choose a more conve-
nient underlying space. The most general case when M, S are standard Borel spaces
is possible because we still can apply Kolmogorov’s theorem to the projective limit
of standard Borel spaces see e.g. [Par67]. However in applications we do not need
such general framework till now.

We will choose X as being a Riemannian manifold.

Denote by O (X)) the family of all open subsets of X and B (X) the corresponding
Borel og-algebra on X. By B.(X) we mean

B.(X)={Y € B(X)|Y bounded = Y has compact closure}.

2.2 Finite configuration space

Let Y € B(X) be given, then we define the space of n-point configuration F((ﬁ)/,

n € Ny := NU{0} by
LY = {n C Yyl = n}, Ty == {0},

where |A| denotes the cardinality of the set A. Let us now introduce the following
mappings which play a basic rule in the sequel. Let A € B.(X) be such that
A CY € B(X), then we define N by

Ny : F(()i?f — No,n = [n N Al = [nal.

Next we would like to introduce more structure in Fén%, more precisely, we would

like to prove that F(()g), has a structure of a manifold. To this end consider the

symmetization mapping symgl1 ) given for any n € N, Y € B(X) by

Symgl) Y — F(()ig),, (X1, .., xp) — {x1, ..., 20},
where )
YY" ={(x1,...,2,) € Y" |2, #x;if 0 # j}.
Thus if we consider S,, as the permutation group of {1,...,n}, then we can

identify, using symgf ) the space of n-point configurations with Y /Sy . Therefore

F(({L))/ inherits the structure of a nxdim(X)-dimensional manifold. A basis for the

topology in Fgf))( denoted by O(F(()?))(), is given by
Uy XUy = {1 € [gx [ Nuy (n) = 1, N, () = 1},
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where U; € O, (X) with U; NU; = @ if i # j. A chart of F(()Z)( can be constructed
as follows: let (U;, 1), ..., (Unpn) be n charts in X such that U;NU; = @ if i # j.
Then

~

O1X - >2<pn cU;x - xU, — 1(Up) X . xn(Uy), {x1, ..y 20} — (p1(zi)), -« onl(®)),

where x;, € Uy is a chart in Fgf))(.

The Borel o-algebra on Fgf))( is denoted by B <F(()"))(> and it coincides with the
o-algebra generated by the mapping N,, i.e.,

B (rg’f}() — o (Ny, A € B (X)).

Finally, we define the space of finite configurations I'y x by

Lo x = |_| F((f))g
n=0

equipped with the topology O (I'y x) of the disjoint union, i.e., the strongest topology
on I'yg x such that all the embedding

in : T§% < Dox

are continuous. B(I'y x) stands for the Borel o-algebra on Iy x.

Hence de natural manifold structure of F((f))( gives us also the possibility to endow
I’y x with a geometrical structure. We will came back later to this geometry.
Bounded sets in I'p x = I'y may be defined as follows: B € B(I'g) is called

bounded iff 3N € N, A € B.(X) such that B C unNZOFgf}\. B is called compact iff

BN Fé") = forn > N and BN F(()n) is compact forn < N. BN F((]n) is compact iff
(sym’%)~'(B) is compact in X™.

2.3 Configuration space

The configuration space is defined as the set of all subsets of X which are locally
finite, i.e.,
IFx ={y CX||[yNA| <oo, forall A € B.(X)}.

In 'y =T we introduce the vague topology O (I'), i.e., the weakest topology on I
such that all the mappings

TSy (f7)=> flx)eR

ey



are continuous for all f € Cjs (X) (the set of all continuous functions on X with
bounded support). A basis for O (I') is given by the sets of the form

{v € T||ya|l =n}, n €Ny, A € B.(X).
If we denote the Borel g-algebra on I" by B (I"), then
B(T') =0 (Nx|A € B, (X)) .
We can describe T' in a different way. Normally, for any A € O, (X) we define
L= {y €Tlyn(X/A) =0}.
In 'y we introduce the topology O (I'y) with a subbase of open sets
{yeT|lynAl=n,AcCA}.
For any Ay Ay € B.(X) with A;, C Ay we can consider the natural projections

PAg.Ay ¢ FA2 - FAl? Y YA

Then the space of configuration I'x is the projective limit of the measurable spaces
(I, B(I'A)) aeB.(x) With respect to the above projections and the continuous map-
pings

pa:T = Tay=pa(y) =

2.4 Marked configuration space

In applications the configuration space introduced above is not sufficient, therefore
we need more elaborated underlying spaces. Namely, if we are interested in studying
configurations with some additionally degree of freedom, then the underlying space
X should be modified and consequently the configuration space on it.

Thus we consider X as before and additionally we suppose given a complete
metric space S. The space X describes the positions of the particles and the elements
of S we call marks.

Local sets in X x S now is given by

S={BeB(X)xB(S)|3A € B.(X) with BC A xS}
Then we obtain the following generalizations:

% () = {i = {(z1,51), ..., (@n,50)} € Diknsla £ 2y if i # 5}, Q% (S) = {0},



which is the n-point marked configuration space. The space of finite marked config-
urations () is given by

Q= |i| Q5%
n=0

Finally the marked configuration space is defined by
Ax (9) =Q:={w:={(z,s:)|r € v} € 'xxs|y €'x s, € Sforall x € ~}.

Again we have that (2 coincides, with the projective limit of (Q4,B(Q4))aes.(x),
where

QA(S) =) ={weQw C A xS}

and the projective limit with respect to the projections

PAyA, - Qp — Qsz A DAy pa Q) — Q.

2.5 Configurations over fiber bundles

The marked configuration space 2 defined above and the related analysis which
we will derive later on still is not very satisfactory, namely its geometric aspect,
see e.g., [KSS98]. Therefore all the results given in this talk are valid independent
of the position space we choose but in the case of the marked space we need an
additional careful analysis in order to overcome some problems. This I hope will be
the contents of the second talk on this meeting.

3 Measures on configurations spaces

The introduction of measures on the configuration space mostly is connected with the
applications we have in mind. Therefore, since we are interested in the geometrical
aspects the measures introduced below are not the most general although they are
very important in applications.

3.1 Lebesgue-Poisson measure

Before the construction of any kind of measure on the configuration space we need
first of all to fix on intensity measure o on the underlying space X. Thus we assume
given ¢ which is a non-atomic Radon measure on X, i.e.,

o(A) <oo, VAeB.(X), and o({z}) =0, Vz € X.

The most interesting cases arises when o (X) = oc.



Having an underlying measure o on X we can consider o®" as a measure on X.
We denote by o™ | T(" := @ (sym%) ™" the corresponding measure on I'{”and
o ({0}) = 1.

The Lebesgue-Poisson measure A\, on B (I'y) is defined such that it coincides on

each 1"(()”) with the measure %a” i F[()"), ie.,

Ao 1= Z ma" i F((]n).
n=0

Let us compute A, (I'y), A € B, (X). Since I'y is represented by

then we have

because o®"(A™\A") = 0.

3.2 Poisson measure

Having defined the Lebesgue-Poisson measure on I'y and taking into account that
Ao (Tp) = e we can define a probability measure on I'y putting

= e M),

We observe that the family {72A € B. (X)} is a consistent family of probabilities
measures, therefore by a version of Kolmogorov’s theorem for the projective limit
spaces such family determines uniquely a measure on B (T") such that 72 = 7, opy .
The measure 7, is called Poisson measure on (I', B(T')).



It is possible to compute in close form the Laplace transform of w,: let f €
Chs (X)) be such that supp f C A for some A € O, (X). Then

/e<f’7>d7ra () :/ e(f,m)dﬂ;\ (V)
r Ca
o0 1 n
_ 6—0'(1\) ; ﬁ /An exp <§ f(:]jn)> do (1‘1) dU(l’n)
oo 1 n
_ =) = f(=)
=€ nZ:On'(/Ae dO’(l’))

— e exp ( [ efds (@)
~ exp ( /A (¢ — 1) do @)) |

Thus, for all f € Cys(X) we have

/Fe<fﬂ>da (z) = exp (/X (/™) — 1) do (x)) : (1)

Formula (1) also can be used as an equivalent definition of the Poisson measure 7,

via Minlos’ theorem to produce a measure on a linear space of generalized functions
on X.

3.3 Marked Poisson measure

Let us now concentrate on the case when additional to the position space X we have
also the marked space S.

Suppose that S is furnished with a o-finite measure 7 on B (S). We denote the
product measure on X X.S by ¢ := ¢ x 7. In applications some times we need a bit
more general framework. Namely, instead of 7 we consider a kernel

7: X xB(S)—R,(x,B)— 7(z,B)

such that Vo € X 7 (z,.) is a finite measure on (S5, B (S)) and for any A € B(S)
7 (., A) is B (X)-measurable.
The condition

/AT(x,s)da(m) < oo, A e B.(X)

reflects the different roles of mark and position variables.



Then one consider the measure on X xS as

o’ (dx,ds) := 71 (x,ds) o (dx) .

The marked Poisson measure is constructed in a similar way as the Poisson

n
measure. Hence we consider (07)*" as a measure in (X X S) and denote the image

measure under sym” : ()?;/S) — Q2 by (67)™ | Qr = (67)%" o (sym™) 'and
(6™)® ({0}) := 1. Then the so called marked Lebesgue-Poisson measure A, on

B () is defined such that it coincides on each Qf with the measure & (o™)™ | Qn
as follows
G 1 7\(n n
Y :Z;H(a )™ Qo

We can compute the measure of €y 5 as before to be

/\U"' (QO,A) _ eaT(AXS)

o” (A xS) :/T(:E,S)J(da:)
A
then we define a probability measure on €2, by

A —oT(AxS
aTh = oA

which has the following property

A Q) — % (07 (A x S))" e=or(AxS).
Since the family {77*, A € B. (X)} is consistent, then by Kolmogorov’s theorem for
the projective limit space €, there exists a unique measure 77 on 5 (2) such that
a7 = 77 o py. We call 7 the marked Poisson measure. As in the case of Poisson
measure we can compute the Laplace transform of 7]: let f : X x S — R be such
that supp f C A x S for some A € B.(X). Then for any w € Q, (f,w) = (f,wa),
therefore

/e<f’“>d7r§ (w) :/ e<f’“>d7rf,’A (wa)
Q QA
) = 1 - ()"
_ (o7 (AXS) Z ﬁ/ exp (Zf(mn,sxn)> do™ (z,s)]
n=0 " (AxS)" n=0

~ exp < /X /S (/@) _ 1)7 (2, ds) a(dx)> |



In the particular case when o7 (dz, ds) = 7 (ds) o(dx), and f (z,s) = s (x), then we
find the most standard case of compound Poisson measure with Laplace transform

given by
/Q U9 dn” () = exp ( /X /S (e —1)T(d5)0'(d:1:')>.

The results derived below are valid for such measures except the case when the
measure 7 is given be a kernel. More precisely, concerning the geometry on the
different kinds of configuration spaces it is known for the measures introduced above
with the expectation of 07 when 7 is a kernel. The results concerning the compound
Poisson measure turns out to be not sufficient for applications. Hence, in order to
overcome this problem we will need a modification of our framework. This subject
will be treated on the next talk, see Section 6.

4 Poisson and Lebesgue-Poisson spaces

4.1 Fock space isomorphism

Having defined configuration spaces as well as measures on them we are ready to
go further on into the analysis arising from the above measures. Hence we will
consider the L? spaces originated by them, i.e., the Poisson space L? (I',7,) and
the Lebesgue-Poisson space L?(T')\,). It is well known that the Poisson space is
isomorphic to the Fock space
I : L* (n,) — ExpL*(X,0) = @Lzym (X", nlo®")
n=0

where the pre-image of the coherent states Exp(f) = (f®"/n!)>2,, f € Bis(X) is
given by

zgl@mpaﬂ>=eﬂuvw::I1u+<f@»em>(—/chwdocw).

ey

If we additional assume that f > —1 then we can express e, (f, ) in a suitable form
for linear theory
ex (fi7) = eog(1+1) = (f)e

)

where (f), is the short notation for [, f(z)do(x). The function e, (f;~) is the
generating function of the Charier polynomials in L? (7,), i.e.,

o0

en (fi7) =20 S < OIS >, L) €D ()

n=0
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and

(€2, 5™)Cz ) g™ hdma () =l (), G

In the case of the Lebesgue-Poisson space this isomorphism is natural:

[A : L2 (FOa >\O') - EXp(L2 (Xv 0))’ G— <g(n))oo

n=0»

where g™ (zy,...,2,) = LG ({z1,...,2,}), and ¢° = G (D).
IfG,F, e L2 (I‘O, »), then we have

(G, F)r2wopn,) = | G)F (n) As (dn)

Mw\

ni/ G({zr....2a}) F ({21, ., 20}) do (z))

n=0

I
Mg

(g(n)a f(n))L (X" nlg®n)

sym

[en]

= ((9")nz0: (f")nz0) Exp(L2(X.0))-

This proves that [, is an unitary isomorphism.
Let us define the following function ey (f,.), f € L% (X) (the space of measurable
functions over X) on I'y by

ex(f,.):To—=C,n—ex(fin): Hf

xren

We have that
lex (f, ) \%mg) = eXP(\f|i2(x,a))-
Indeed, applying the definition of A\, we obtain

lex (fs ) 22y = / lex (f,m) [*dAe (n)
:Zm/n|eA(f,{x1,...,azn}>|2
:Z%/XanQ(%‘)dU(x)l

= eXP(|f|i2(x,a))-

This result is clear from the Lebesgue-Poisson-Fock isomorphism.
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The function ey (f,.) is called the (Lebesgue-Poisson) coherent state correspond-
ing to the one particle function f. The name is justified because ey (f,.) is the
pre-image of the usual coherent state on the Fock space under I, i.e.,

L (7 /nl),Z) = en(fs-).

Hence we have the following diagram

4.2 The K-transform

There is a useful transform between functions on the Poisson space and the Lebesgue-
Poisson space, the so-called K-transform. It is defined by

K : L), (Tg) = FL'(I),G = (KG) () = Y. G()

nC,|n|<oo

which is well defined because the sum is finite. There is many properties and ap-
plications of this transform to statistical physics but we are interested on its use on
the geometry.

We only notice the following property: f € By, (X) with supp f C A € B, (X),

then
(Kex(£,)) (0 =[] @+ f(x).

TEYA

In fact by definition we have

(Kex(£, )M=Y etfm= > [lr@=1l0+r@)

nCy,|nl<oo nC,In|<oo €N TEYA

5 Geometry on configuration spaces

In this section we describe in details how appear geometry on the configuration
space. Since the underlying space has a geometrical structure so we expect that
the configurations inherit similar objects, e.g., derivations, gradients, etc. We would
like to stress that one difficulty on configurations spaces is the absence of linear
structure, therefore most of the objects can not be defined directly as in a linear
space.

There is essentially two approaches to introduce geometry on the configuration
space. The first one we define the directional derivation of a function on a non flat
space. Then, using the directional derivation we could try to find out the tangent
space as well as the gradient. Further more, having the gradient and the tangent
space as a Hilbert space we define the divergence and so on.
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5.1 Lifting of geometry

We start by introducing the natural geometry (or inherited or lifting) on the con-
figuration space. Let us recall that the finite configuration space has a natural
geometry. More explicitly, on X" we have the product structure, hence for example
to each point (x,...,x,) € X" is attach a tangent space, T, ) X" ~ ®r_ T, X.

Therefore by analogy and from the definition of Fg?), we have

T, =@Pr.X, nery

ren

)

are two element in Tnfg? , then we have

It (v,)

TEN (wz)xen

(@)sens @adaen). o = D (Wrste)gx = (0 0)rx,).

(n)
T, T g

Therefore, we see that the scalar product is nothing but the lifting of the correspon-
dent scaler product of the underlying space.

Let v € Vus(X) be a smooth vector field on X with bounded support. Then
this vector field originate a one-parameter subgroup of diffeomorphism on X. More
explicitly: ¢y : X — X, t € R such that

{ Fvr = (W (z))
¥ (x) = (x)

We have also that f oy =7, ..
We can extend the follow associated to v onto I' as follows:

YT =Ty =) (v) = {¢) (), x € v}

Then we consider a vector field on I'g, Exp (v) which coincides on each Fg?)with

the vector field @} ,v. Denote the corresponding flow by Wy *P(*) This flows acts

naturally on functions G : 'y — R as

W) G () =G (0P ()

Then the directional derivative along Exp (v) is defined by

(Vgip(v)G> (n) = %G ( ;Exp(v) (77)> |t=0

for G € BCY, (I'y) . We have the following result.
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Theorem 1 Theorem for any G € B C, (L) the following result holds
K (Ve

Exp(v)

G) — V'KG.
Proof. The proof is based on the following fact.

K(@™s6) ()= > Gl zen))

NCy,|nl<oo

= ) (EG)Wm)

nCyy (v),In|Coo
= (V)" KG) (7).

Then the result follows since the sum is finite. m
The tangent space T,I',y € T' is defined as the set of all (v;),. with v, €
T,X,Vrxevyand ) . , (V2,02) , x < 00 equipped with the scalar product

(e, (D)), =2 (el

Now we deduce an expression for the gradient in I' in terms of the gradient in I'y.
The above theorem gives us that

<gradFKG (), (v(ﬂv)):,geﬁ»ﬂF = (K <gradF0G, Exp (v)>) ()
- Z <gradFoG (n), (v, x)x€”>:rnro

NCy,|nl<oo

= > D (ead™G(.0), vy

nC,|n|<co €N

=3 > (erad™Gna) v,

TEY nCr,|n|<oo
xren

:Z Z <gradF0G(n’x)7vI>TzX

TEY NC,|nl<oco
xen

This implies that

grad" KG (v) = Z grad™G (n, z) .

nC,|n|<oco
xen

There is much more objects which can be introduced in a similar form, i.e., diver-
gence, Laplace-Beltrami operator etc. Instead of reproducing here the full collection
of such objects we prefer to mention some applications of them. Before we do that
we would like to mention what is the situation concerning the other spaces.
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Remark 2 FEverything what was done to I' can be “generalized” to the compound
Poisson space with a special subgroup of diffeomorphism. Concerning the marked
Poisson space the situation still is not clarified although in the next talk I will give
hints in order to clarify it.

5.2 Direct construction of geometry

There is a direct way to introduce geometry on the configuration space. The starting
point is to consider a vector field on X with bounded support, i.e., v € Vecty, (X) .
Again we denote the flow generated by v as ;.

Definition 3 The directional derivative of a function F : I' — R in the direction
of v is given by the Lie derivative of F' with respect to v. Its given by

d
(VSF) (v) = EF (¢ (7)) =0,
if the right hand side exists.

This definition applies in a special set of functions, the so-called cylinder func-
tions: F': I' — R is cylinder iff admits the following representation

F <7) = 9gr (<901:’Y> D) <90n7>) , 7€l

; € Cg° (R™). In the case F () = gr ({¢,7)), then we can compute the direc-
tional derivative as

(VEF) (1) = g (e, 1) < oot (1) o
= g (o) = (2.5 () hoo
e (2. 2)) 2 3 07 (1) e

xey

= g (lo. 1) 30 V5 () 0% () oo

=g;ﬂ<<¢,w>>Z<V§w<x>,v<x>>m

:Z x)>TIX

:/ NV (@), 0 (@), v(do)
=(V'F(y,.),v )>L2(X,TXW>'
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This implies two things: first we see that the gradient is
VIF (7,2) = gp ({(0,7)) V¢ (2).
Second the tangent space at v € I is
L* (X, TX,v)=T,T.

Hence if v!,v? € T,T" we have

/X (W (2) 0% (2)) g () = 3 (1 (&), 0% (@)

ey

and

Z V|3, x < 00

TeEy

This shows that the two approaches we introduced coincide.

5.3 Some applications

Before finish this section I would like to mention some applications of the above
introduced geometry.

Since the Poisson measure (as well as compound Poisson) is quasi-invariant with
respect to the group of diffeomorphism with bounded support, then it is possible to
define a unitary representation of Diffy(X) (diffeomorphism with compact support)
on the Poisson (respectively, compound Poisson) space L? (1,) by

dr, (¢ (7))
drs (7)

Another very interesting applications of this geometry is the integration by parts
and its characterization. The gradient defined on functions over T', grad" gives us
the possibility to introduced also the Dirichlet form on L?(7,). It allows us to
identify the diffusion process corresponding to this form. This identification uses
a quite standard technique of Dirichlet forms see e.g., [MR92]. These results also
works for compound Poisson measures.

Finally, I would like to mention other applications of the geometry for interacting
particle systems (the case of Poisson measure corresponds to the free case). Basically
this corresponds to perturb the Poisson measure by a Gibbs factor (locally) and then
obtain in a certain sense the limiting measure. For this new measure, arising in this
way, all the questions shown for Poisson measure also can be answered positively
here. I would like to stop here concerning the details and address to the forthcoming
Ph.D. of Tobias Kuna (Bonn) for the details, other applications and historical marks.

(Va, () F) () := F(é (7))
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6 Generalization to fiber bundles

6.1 Introduction and motivation

Up to now we have shown the various aspects of configuration spaces and in partic-
ular the geometry on them. Even concerning geometry we have clarified in details
the geometry on the simple configuration space I' and the space of marked configu-
rations with compound Poisson measure. For a general marked configuration space
till now is not clear (or at least not clarified) that we can produce all the machinery
introduced before.

The point is the following: in general the marked space is not independent of the
position space i.e., every mark s € S is associated with a position on X, see e.g. the
examples presented in the first talk. In the compound Poisson case the marks and
the positions are taken to be independent. Another restriction we have used was
the fact that the group of diffeomorphisms as being the group of diffeomorphisms
only in the position space with the marks unchanged. This framework turns out to
be too restrictive in applications and therefore we need a suitable framework for the
marked case. Thus in this talk I plan to give the first steps on this direction which
allowed us to overcome this problem although we are far of a complete and clear
understanding of this situation. Therefore this talk (which is the results that I am
still working out) is intend to furnish an independent and general setup in order to
cover our marked space and having in mind also examples of applications.

6.2 Diffeomorphisms on marked spaces

If we consider X x.S and Diffy (X x ), then the measure m,, on I"x g is Diffy (X x S)-
quasi-invariant, but the positions and marks are independent. On the other hand if

we use the group
Diffy (X)) x Diffy (5),

then it follows that the support of its elements is not compact. To see this we
proceed as follows:

(¢, V) (z,5) = (v,5) & x € (supp @)°, s € (supp¥)°
& (z,8) € (supp @) x SN X X (supp)*

= (supp (¢,v))" = (supp @) x SN X x (supp)*
= supp (¢, ¢) = supp ¢ x S U X x supp ¢

which implies that (¢,%) has no local support. Hence we need another group of
diffeomorphism in order to handle this situation.

17



Let us consider the group (Diffy (X),0) and (Map (X, Diffy (S), o) and define
the semi-direct product of them as

where , f (p,9) (z) (s) := f(¢(x),g (z,s)). Then G has the following representation
G — NH,

where N is a normal subgroup of G (Vg € G, gNg~! = N) and H is a subgroup of
G. More precisely,

N = {(¢,ids) |6 € Diffy (X) ,ids (z) (s) = s}
H = {(idx.f) | € Map (X, Diffy (5))} .

It is not hard to check that G is a group with inverse element given by

6, ) =(o 1 (o7h).

In fact we have

(6. 5) (07 F 7 (07) = (e0 ™ F (07 F 71 (0710)))
= (idx, fo [ (7))
= (idx,ids (¢7',.)).
Notice that the composition in Map (X, Diff, (S)) is given by
(.f © g) (x) (S) =f ($’g ($, 5)) :
Given any element (¢, f) € G we can decompose it as
(¢, f) = (¢,ids)(idx,f) € NH

This shows that our choice of the semi-direct product has indeed the represen-
tation: G = NH. This gives us the possibility to obtain a morphism between
Diffy (X x §) and G. Explicitly we have

I:G — Diffg (X x 5), (¢, ) — [(z,5) = (¢ (), f (x,9))]

As a result we have to ask the following conditions for the group of diffeomor-
phism on the marked Poisson space: (¢, f) € G such that

1. ¢ € (Diffy (X)), f(z,.) € Diffg(5),z € X.
2. f(,s),f1(,5)€eC®(X),s€S.
3. dA C X bounded such that f (z,.) =idg, Va ¢ A.

18



6.3 Vector fields on the marked space

Having defined the group of diffeomorphism on X x S we would like to know which
kind of vector fields produces these diffeomorphism. To this end suppose given a
flow in G, i.e.

¢t (CE, 8) = ((bt (‘T) 7ft (Q?, 8)) .
Let V be a vector field on X x S such that

dt

{ dPe(z,s) _ V(¢ (z,5))
Do (2, 5) = (z,5) |

Since
d®, (x,s) _ %}EI) _ V(D (,5))
dt dfi(z,5) V2 (P (x,5))

it follows that

Therefore the class of vectors fields on X x S should be such that:

d
Vect (X x §) ={V = (V!, VZ)|£V1 =0, supp V', suppg V2 bounded}.

Conversely, given a vector field V (s,z) = (V‘él(g)), then the follow associated to V'
¢, has the form

) (2,5) = (dc (2), fi (w,9)).

Indeed we have p
S0l (2,5) =V (0] (2,5))

d®}(z,s)
o = V(@)
< tdt’ _V (q)l(xu 8)761)?(1;78))

o} (z,5) = (x,5)

which implies that

O, (v,5) = ¢y (x)
(I)? (st) = ft ("E7 S)

but this means that ®} (z, s) belongs to G.
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6.4 Vector fields on fiber bundle and associated flows

Till now we have introduced diffeomorphism and vector fields on the Cartesian
product between the position and marked space. Nevertheless we would like to
introduce a generalization of it. This is the so-called fiber bundle. A fiber bundle is
an object which generalizes the well known notion of Cartesian product. More over
every fiber bundle locally is represented by a Cartesian product, see figure in the
next page.

Thus let us fix the notation for this framework. M is a fiber bundle, X the base
space, and S a typical fiber.

Denote by 7 : M — X, m — 7 (m) the projection. For each m € M the tangent
space T, M ~ T, X ® TS, where m = (z,s). Hence we will define the vectors fields
over M as

Vect (M) := {V|¥m € M dm,, (V(m)) =V (7 (m))}.

Locally any vector field over M may be written as

o= (i)

For our class of vectors fields we have additionally information, namely:

dﬂ-m - (Inxn OnXN)

e (3) e

Vi (z,s)=V(z)=V(z,s).

Therefore the vector fields over M locally are of the form

Vi) = (yamn)

Let V € Vect (M) be given and v} the corresponding flow. Then 7 (}) should be
a flow in X. To see that in reality this is well defined we proceed like this

d 1% _ 1%
%77 <¢t (m)) =dm (w

This means



and therefore )
m (% (m)) = ¢ (m(m)).

Conversely, if ¢/ is a flow in M such that
dy, (V (m)) = V' (7 (m)).

But this can be obtained making the following observation
d 1% d Vl
%77 (¢t (m)) = Eﬁbt (ﬂ' (m))

e dr (0} (m) St (m) = V* (61" (x (m))).

The results follows when ¢t = 0.
Now we would like to study the support of a vector field in our class. Hence let
V € Vect (M) be given and suppose that

suppV C 71 (A),A € B.(X).

which implies that 7(m) € A°. Moreover, since dr(m)(V(m)) = V!(x(m)) = 0.
This gives us that supp V! C A.

Remark 4 Let us stress that our class of vectors fields over M, Vect(M) is really
necessary. In fact, we know that

T, = P T.M
men
and if V,, € T8 is gwen by V,, = @;EZ;) . then we define a vector field in
men
Vect(M) by
B 7g! 1
wm:(~¢w):(vm@)
V2(z, s) VZ(z,s)

That V is well defined is a consequence of the marked property, i.e., for any © € X
there exists only one s € S such that (z,s) € 7.

6.5 Volume element on fiber bundle

Before doing something else on the configuration space over the fiber bundle ,, (or
Q0.a7) we need an intensity measure on M. To this end let us recall some standard
concepts from differential geometry.
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Let Altg(M) be the set if all alternating forms on M, i.e.,
Altg(M) :=={w : M — Altx(TM), m — w(m) € Alty(T,, M)},

where for each m € M, w(m) : T,,M x --- x T, M — R is k-linear and anti-
symmetric form. If (9;|,,), is a basis for T,,,M, then its dual basis is denoted by
(dm*)"_,. Hence a basis for Alt,(M) is given by

(dm’h A A dmik>1§i1<...<ik§na

where )
dmi A - AdmP = — Z sgnadmi"l ® - @ dm'or.
n! <
oESE

For any w € Alt,,(M) we can represent it locally by
w=dm' A Adm™.

Suppose that (dm?)™, is another coordinate system at m. Then dm’ may be ex-
pressed as
" Om’

— Om/J
J=1

dm' = dm’?

and, therefore w has the following transformation rule

—~ om' . " omr
wz(Zamjldm])A---A< amjndmj)

Jj1=1 Jn=1

n 1 n
= am. ---am_ At A - A dim?n
. - am]l 87’?]/]71
Jl,"‘]nzl

1 n
:<ngnoam x om >dﬁ11/\---/\dmn.

o D
O'ESn

Det (6717’) dm* A - A dm".
omJ i j=1

The above calculations shows that the properties of forms gives the right transfor-
mations rules for the volume element. Thus, as a volume element on M we will take
an orientation wy which is differentiable n-form different from zero.

Definition 5 The intensity measure on M o is defined as

o= pwy, p>0.
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6.6 Quasi-invariant measures

Proposition 6 The intensity measure o is absolutely continuous with respect to

Diffo(M) and

phk(¢‘4(7n0)‘ _ do(¢™(m))
Phyop—1 (M) do(m)

m) = Z ]1¢(Mk)(m)

is the Radon-Nikodym density of o for any ¢ € Diffo(M).

Note that pg is finite because ¢ has compact support and therefore we can take

supp pp, and inf pp, op-1.

Proof. Here we only present a sketch of the proof. Take a covering (M),
of measurable sets from M such that each M, is inside of some domain of a chart.
Locally the intensity measure o is written as

do(m) = pp, (m)dmy A -+ A dm}.
then the result follows by definition and the change of variable formula. m

Lemma 7 Let ¢ €Diffy(M) be given and suppose that supp ¢ C A with A € B.(X).
Then

/M(l — p%)(m)da(m) = 0.

Proof. The proof is a straightforward calculations of the integral.
| (= smydotm) = [ (1= ) mydetm)

= o(8) = [ tm)dotm)
=o(A) —o(67(A).
The result follows taking into account that ¢~ '(A) = A. =

Theorem 8 The Poisson measure 7, is quasi-invariant with respect to Diffo(M)
and for any ¢ €Diffo(M) we have

- dmy (¢
Py’ (w) = dr, ( H p¢

mew
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Proof. "The Poisson measure is given on §2 by its Laplace transform by

/ el#) i (w)dmg (w) = / TSI iy ()
Q

Q

—exp ([ @5 aotm) )exo ([ (1 o)

—exp ([ (@ = pgim)dotm))
Z/Qe<“""”>d7rgo¢—1(w)-

Then the result follows from the fact that ¢*m, = my,. m

7 Supplementary Bibliography

In this short note I tried to collect the most relevant aspects of the geometry of
configuration spaces. Of course that a better understanding of all this material
should be done with the reading of the original works on that. Hence I would like
to present here the essential references on geometry on configuration spaces.

e About Poisson measure on configuration spaces there is many papers but I
would like to stress the following: [AKR98a|, [AKRI8b], [KSS98|, [Obal7],

and references therein.

e Marked Poisson measures are used in statistical physics and I refer to [KKS98],
[Kun99], and references therein.

e The geometry on configuration space as it is described in these notes was first
introduced in [AKR98a] and after a series of generalizations and applications
born on that basis. Here I mention few of them: [AKR98b], [KSS98], [R6c98],
[Si198], [Kun99].

e Finally let me mention that most of this literature is on-line via WWW| below
I list some of them where everybody can find them and print at home:

— www.uma.pt/ccm/cem.html

— www.physik.uni-bielefeld.de/bibos/start.html

— www.mathematik.uni-bielefeld.de/fakultaet /content.html
— xxx.lanl.gov

— www.ma.utexas.edu/mp_arc/index.html

— www.emis.de

— www.sissa.it
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