


1. INTRODUCTION

In contemporary high-energy experimental physics a rather
dominant role is played by technique based on film and filmless
principles of gaining information, respectively. There exist
considerable differences between the two approaches in many
respects, including, e.g., the control of measuring systems,
the manner of registration, pre-processing, and storage of pri-
mary physical information, as well as its employment for subse-
quent processing. On the other hand, the actual information pro-
cessing is almost the same within both approaches. The only dif-
ferences consist of different degrees of precision with which
the given structure of physical processes is involved, and of
the level of completeness of incorporating prior information.

In this paper we shall concern merely the above-mentioned com-—
mon part of information processing problems.

Theoretical and applied aspects of information processing
in high-energy experimental physics are widely investigated
(see, e.g., publications of more or less review nature /1°8/),
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is still merely in initial stage. Consequently, most of contem-
porary information processing techniques represent a heteroge-

neous mixture of rigorous mathematical reasoning and of intui-

tive and heuristic inference.

When compared with previous publications, in this and the
subsequent papers,much more attention is paid to the geometri-
cal problems. There exist several reasons for doing so:

(1) Most physical quantities are not directly observable,
and their "measurements'" are performed in a corresponding geo-
metrical space rather than in the natural physics one;

(2) The optimum choice of a geometric space makes it pos-—
sible to incorporate more precisely the relations among sepa-
rate physical processes which, in the whole, influence the geo-
metrical structure and statistical properties of experimental
data;

(3) a convenient geometric representation provides us with
an exact and clear separation of geometrical and physical parts
of processes involved.

In particular, by a proper choice of a geometric represen-
tation we may find new connections among physical processes and
new factors which influence the properties of experimental data.
All these connections have been considered more or less expli-
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citly in previous publications. However, because of lack of
sufficiently clear understanding of such connections, they

have been usually eliminated from investigations. This amounts
to adopting various simplifying assumptions. Contrary to that,
we aim at not saying merely that the influence of a certain
factor is "small" but also saying which is the "degree of small-
ness". Finally, our approach contains the previous ones as spe-
cial cases ,that is, the main difference consists in the fact
that we shall not impose simplifications until they will appear
really unavoidable.

2. THE PROBLEM OF MODELLING

The contemporary practice of information processing, espe-
cially within high-energy experimental physics, typically fo-
cuses on problems related to statistical elaboration of data
and connected computational questions. The results of theoreti-
cal physics (e.g., the theory of scattering processes, etc.)
usually are considered as final results, the application of
which cannot lead to misunderstandings. Fortunately, this is
the actual situation, however, the prize paid for this is rather
high because the (sometimes) low adequacy of models is compen-

sated by an extremely large (and extremely expensive) statistics.

In this section we intend to point out that for any concrete
experiment it is unaviodable to start with modelling nrohleme,
wnicn should involve both theoretical results and the concrete
setup of a given experiment. A formal application of theore-
tical results may lead to unprecise or even false conclusions.

A basic information-processing problem (for a large class
of physical experiments), from the mathematical point of view,
is the evaluation of an unknown physical parameter §; 6 is
considered as a vector which is described by a pair (n, 6), where
0=10| 1s the modulus of § and n = 6/4.

We are interested mainly in experiments based on various
kinds of registration of the particle tracks. Hence, it is ne-
cessary to add the dynamical information about §. Let a time
interval [0, T] be given. We assume that the dynamics is desc-—
ribed (at present, purely formally) by an equation of motion

) >
—d%=A(t); telo,Tl. 2.1

A typical problem we meet is to find an estimate of 50) at
some r €[0,T], usually at J::O. Suppose for a moment that the
space P of parameters § is directly observable. In this case
the problem reduces to a classical filtration problem. Indeed,
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let (_9T(t1). E(tz) . Q(tu)) , ti c [0, T} denote the vector

of observations along the trajectory of the process

0 . .
= = A + Et), (2.2)
dt

where E designates the measurement noise process. Depending
on its statistical properties we defige a norm ||-|] on the

sample space and find then the value 6(0) for which the tra-
jectory of (2.2) exhibits the best fit to the ob§erved data.

Unfortunately, the problem becomes much more involved for:

(1) We carry over our measurements within a differen? space
K (usually, the coordinate-space determined by the registra-
tion device). N

(2) The formal operator A(t) in (2.1) depends on chancg, too,
so that there appear problems even when attempting to define
what is a trajectory of that equation. As a consequence of (1?
and (2), a third difference appears which prevents us from using
the filtration approach. Namely, the formal sum A(t) + ﬁa) .
in (2;2) in general does not make sense, for the operators Alt)
and E(t) act in diffgpent spaces. ]

(3) The operator A(t) should describe all phy51c§1 processes
which influence upon the change d6/dt of the physical parame-
ter we are 1nterested in. )

This latter assertion deserves a more detailes eXp}a?atlon.
Suppose the time change d@/dt is a consequence of a fl%}te ff_
mily P, ,..,Py of physical processes. For examPle, let G(t) =p(t)
is theimpulse-vector of a particle, Py - braking process, P, -
process of multiple scattering, P3 - process of large-angle
scattering, P4— process of conservation laws, PP - process of
influence of magnetic field, Pg — measurement noise process.

At present, we imagine all those processes as deterministic.
From a geometrical point of view, the processes P, and P, act
essentially. in mutually orthogonal subspa§es of ,*becau§e the
process P; works essentially in the direction of -n(t) =-p(t)/p(t)
at each t ¢ [0, T},while Py acts in the hyperplane orthogonal
to that vector. On the other hand, we shall see that the pro-
cesses P, and Py will be related through Py which, geometri-
cally, acts in another subspace. )

Hence, the operator A(t) becomes a function of not only the
"pure" ‘separate processes P, ,..,Pg, but also of processes Qiip»

Q i1izia,...,(il,izc {1,....K}), which describe interactions among
pure processes. In most situations, pairwise interactions re-
sult in a sufficiently complete picture, i.e., we may assume
that
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A(t) = F(, P.Qyil1<iig K). (2.3)
Of course, the criteria for evaluating which processes P; and
pair processes Q;; are negligible, must arise from the infor-
mation processing problem itself. Indeed, there may exist pro-
cesses extremely important from the physical point of view, but
contributing almost nothing to the precision of the result we
seek for. The point here is that it is not at all justifiable

to exclude some of those processes in case we are not able to
evaluate the loss of information caused by this exclusion.

All this shows that the role of modelling has been underes-
timated. As a result, we often have to deal with a high amount.
of data without being able to specify in more detail their phy-
sical origin, i.e., we are forced to use a kind of a "black-
box" approach. This does not seem reasonable for we usually
have a good deal of additional information at our disposal.

3. GEOMETRICAL REPRESENTATION AS A MODELLING DEVICE

As we shall see in subsequent papers, the complexity of the
construction of A(Q (cf. (2.3)) depends sensitively upon the
choice of a geometric representation of the dynamics (2.1).
Furthermore, not all interactions are recognized in all repre-
sentations (in particular, this concerns the processes P, and
Pg mentioned above). Tn faer it wae thic lattcor £30t thai wo-
tivated the need for a more thorough investigation on the geo-
metrical picture.

The basic idea is very simple. Since

6@1) =6 n(t), : (3.1)

formal differentiation yields

ad  d@

— =
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2. —_ . 3.2
m m n(t) + T a(t) (3.2)

2 -»
Hence (2.1) assumes on the form %ﬂt—‘ﬁ(t) +-%'El-0(t) =A(t), i.e.,

L Ry -1 49> (3.3)
o(t)A(t) TGRT n(t) .
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As the unique natural geometric representatlon of the dynamics

is the time change of the direction of & using an appropriate
normalization we may suppose that dn/dt is a unit vector, too.

This results in a nonlinear algebraic equation
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where N(t) = jdi/dt| " .

Consequently, the geometrical representation of (2.1) is
a walk on the surface of the three-dimensional sphere. Of course,
we did not touch technical questions related with such a repre-
sentation, and we will devote one of the subsequent papers to
this.

As we observed (see (2) in Section 2), the measurements are
carried over in a different, 'geometrical", space X. Thus, we
have to obtain an analogous representation for the geometry of
the measurement process as well. Let us explain this in more
detail,

Fix an orthogonal coordinate system (0xyz) so that the z -
axis coincides with the t1me—ax1s (e.g., this is the case in
the experiment described in Ref. 2/) Let (50) 0<t<T) be an
integral curve of (2.1). Suppose it is in a general position"
relative to (Oxyz) .For any te[0,T] we may 1mag1ne the process
P, as acting in the hyperplane orthogonal to a(t), and the mea-
surement process Py in the hyperplane (t = const)=(z=const).Our as-
sumption entails that these two hyperplanes do not coincide.
Consequently, we cannot simply add the two processes but we
must first perform a transformation (depending on t) of one
process before we may add them. Problems of this kind are nenal-
Ly treated neither in statistical literature nor in the litera-
ture devoted to information processing.

4, RANDOM FACTORS

. Suppose now the dynamics is described by (2.1), the operator
A(t) by (2.3), and the processes P; and @Q,; are random ones.
In the most general seﬁup this says that there exist functional
spaces M;, My o -fields MW, m‘y and corresponding
probability measures g, oy (1 <i,§ <K).Having a finite family
of probability spaces as above we may construct a common pro-
bability space (M, i, ) so that each process is defined on
(M, » in a canonical manner /7, However, we do not go into
detalls of that construction, for we have not enough informa-
tion at our disposal in order we can construct the above-men-—
tioned probability spaces. Furthermore, since there exist, in
general, infinitely many probability spaces (M, i, ) which can
serve the purpose of canonical representation, this idea would
include in our consideration an element lacking both a geomet-
rical and a physical interpretation.

Therefore we propose another way, also related to the geo-
metric representation. Indeed, that representation enables us
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to separate the physical and the geometrical constituents of
the actual states of the system (2.1). Based on microscopic
theory of processes involved we shall formulate a phenomenolo-
gical model of random factors. In analogy to the deterministic
case’® we shall construct the "stochastic" flow (Tt;t [0, T),
where

T, (. 8) = ®®), 8t) (4.1)
if p(0) = p, g(0) = g, and t » (p(t), g(t))is the trajectory of the
stochastic equation of motion (2,1); with p indicating the phy-
sical, and g indicating the geometrical parts of the state vec-
tors. The construction will proceed via an operator representa-
tion of all stochastic forces.

On the other hand, the following natural question _appears.
Suppose we have been able to determine the flow T =(T,;t<[0,T)
(i.e., we have been able to determine at least its second order
properties). We can include also the measurement noise process
into T (e.g., modelling it in terms of a white noise process
as the majority of experiments we are interested in are made as
independent position measurements). As a result, we shall get
a continuous-time description of the entire family of random
factors. However, all measuring devices are constructed so that
only measurements at a certain discrete finite set of instants

is possible. Therefore, one may ask whether our apgroaib enjoys
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directly take into account the discrete nature of experimental
data. This question is particularly vital when we realize known
theoretical results on estimation problems for random func-
tions ’® which, roughly speaking, assert that the optimum esti-
mates obtained from the entire continuous-time sample paths are
dominated by those ones obtained from certain discrete set of
data lying on these paths.

Here our arguments go as follows. For "old" experiments, we
can integrate in between the discrete observations. Since we
did not make any simplifying assumption, the resulting proba-
bilistic picture should be at least as adequate as that one ob-
tained from the usual approaches. For "new'" experiments our
approach will result in an optimum design (in particular, the
optimum number and location of discrete points of observation -
similar considerations have been made also previously but only
at a heuristic level without a sufficiently rigorous mathema-
tical background).

5. CONCLUSIONS

The basic aim of the present paper was to explain several
ideas on which a new approach to information processing in ex-
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perimental physics is based. This approach will be developed in
subsequent papers.

It is clear that even within the proposed new approach cer-
tain simplifying assumptions will become unavoidable. Never-
theless, unlike the usual approaches, our approach will allow
for estimation of errors resulting from such assumptions.

The latter fact seems to us to be of primary importance. In
fact, in majority of contemporary experiments the result is an
gstimate of an unknown parameter and determination of some of
its statistical properties, e.g., its dispersion. But it does
not follow automatically that the dispersion calculated is close
to the theoretically optimum one (the problem of efficiency).
As a consequence of more or less uncontrolable simplifications,
the problem of efficiency has not yet been solved in a mathema-
tically rigorous manner. These facts, according to our opinion,
sufficiently well justify the forthcoming series of papers.
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