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In the scaftering experiments one has to consider the initial ensemble E of two-par-
tiele states (1 particle from the beam. 1 particle from the target). If E is pure, each
pair of particles before scattering has to be in the same two-particle quantum state.
It was realized that in most experiments we deal with initial pairs in different spin states.
Thus E is in general not pure and in the theoretical deseription of the scattering one has
to describe this ensemble by a spin density matrix. In spite of the fact that the range
of the strony interactions is fintte and all the beam and target particles have some small
spread in their linear momenta, it was assumed that with respect to other quantum
numbers E is pure. This supposition was supported by the independence of the count-
ing rates of the beam intensity and the geometry of the experiment checked in many
experiments. However, in our opinion the usual tests for the purity (*) of E were in-
sufficient and a careful experimental and theoretical study of E is needed. Let us ima-
gine that the purity tests willshow that Fis mixed, how we could find that it is not only
an effect of spin? The answer is that one believes that the total eross-sections, inclusive
cross-sections. ratios of the different-channel total eross-sections and the multiplicities
of the final particles are practically spin independent. Thus the change of the initial
mixture in the purity tests should not influence the estimated values of these quantities.
On the other hand. if £ is mixed, for example, with respeet to the relative orbital-
momentum quantum number, the measured values of the above-mentioned quantities
should depend strongly on the initial mixture.

The idea that E is a mixed ensemble with respect to some additional parameters
was expressed in the papers (12).

In this paper we want to develop the idea from paper (?) without introducing new
parameters for the two-particle states.

Our hypothesis is the following:

1) E is a mixed quantum ensemble with respect to a set of quantum numbers
a={S. 4,16} where S denotes the total invariant spin, A its projection on the diree-
tion of the total linear momentum, / the relative orbital momentum and o the resultant
spin of the particles. Thus the initial states have to be represented by the density

(*) The purity with respect to other quantum numbers than spin.
(1) P. H. EBERHARD: Showld unitarity be tested experimentally?, CERN 72-1.
()) M. KvrczyNsgi: Lett. Nuove Cimento, 9, 134 (1974).
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matrix Df
(1) Di=3 |, B, 7> ola)<a, B ¥l
&

where the states

(2) lae By 9> = f,f.,, S, 4,1, 0,6
and
. 3p dw’
(3) /., 8. 4,1, 6,8 = fop’sw) - ;p ‘Afw’, SYlo, B>
n't L w2
with
d3p’ dw’
(4) ffy'(P,? w) f(p’, ) Tli:: = 0,
Vp S wos

and the functions 7,(p’, w’) are very narrow wave packets ce.:itred on the p’'=p and
w’=w, where p is the average total linear momentum of the collision and a is the
average invariant mass, the label y = y(p. w); the orthogonal vectors p Alw’, S]lo. 8>
are standard basic vectors (3) of the type

[0

(5) |p’Alw’,Slo, B> = S RL,Cllo; 4, ;.gde' DS, o (R)R'\phy, —piy, B>,

Z’l ;{I

where R and R, L,. 8, C(lo; Ay &)y |PAy, —piy, B> denote appropriate rotation Lo-
rentz boosts. internal unitary quantum numbers. numerical coefficients and the indi-
vidual helicity (in the overall centre of mass) generalized eigenvectors, respectively.
In this paper we shall not need the detailed kuowledge of the state Di. Tt is enough to
say that the states |x. 8.3 form a convenient orthogonal basis for the description of
the initial states rmd the probabilities p(«) arc constrained to fit the probahility distri-
bution of the lincar womenta and polarizations of the initial particles. It is possible
that during the experiment o(z) are time dependent.

2) The formula (1) and the usual arguments (used for the justification of cutting
off the partial expansions of the scattering amplitude) that one can neglect strong
interactions of the particles in the state with > pa, where p denotes the average rela-
tive linear momentum and a the effective range of the strong interactions, lead us to a
new representation of the S-matrix. Namely we make one additional step, we assume
that particles in the initial state with 1< pa which are in the range of the strong interaction
have always to inleract strongly (a hadron is not a Swiss cheese). Of course the forward
elastic sca*termg is possible. In view of these assumptions a block diagonal representa-
tion of the S-matrix sf‘em: to be natural:

(6) S=1"98
where S = I7 (identity operator) on the subspace of the two-particle Hilbert space # span-

ned by the vectors |a. f.y> with 1>pa and S= S~ (isometric scatiering operator) on the
subspace of # spanend by the veclors |, f. y> with 1< pa.

(*) J. WERLE: Relativistic Theory of Reactions (Amsterdam and Warszawa, 1966), p. 231.
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More explicitly
\

. { 3,04 40590, 0575 for 1> pa,
(0 T 8044055878, A, P rergios for 1< pa,
0 for 1> pa,
. S - _
(8) xa Sz, for i< pa,

where [»> denotes some basis vectors in the N-particle Hilbert space for ¥ > 2. Here
it is good to comment what we understand by the rangeg¥a» The range «a» is a
Poincaré-invariant quantity defined as follows: for each &> 0 there exists ly(e) such
that for each state @ from # the probabilities [(®\S— [, 8, kD> < e, if |2, 8, 7> has
1> 1y(e). Chooéing some small ¢ (depending on the experimental accuracy), we find Iy(¢)
and a = ly(e)/p, for cutting off the partial-wave expansions «a» has been taken to be
10-% cm. There is no other way except for the contact interactions between rigid bo-
dies to define the range of the interaction. Only the effective range has a physical mean-
ing. In a similar way the electromagnetic part of the S-matrix has been eliminated.

3) From 1) and 2 follows that the probability of finding the final particles in tie
state ¥ is equil to

(9) Py=Tr(SDiSHe> 9,
(10) =2 olx) ST+ > (0Pt .
l~<j‘pa l>a;a

The total probability py is the sum of the incoherent contributions and. since the inter-
Jerence between the free motion and the forward strong-interaction amplitudes is missing,
80 one cannot prove the optical theorem in a complete analogy to the model from ().

If our hypothesis turns out to be correct, it will require very serious changes in the
strong-interaction elementary-partiele physies.

On the other hand the mixed character of the initial state could give nice support
to all these models of high-cnergy p-p collisions which use the idea of incoherent sum.-
mation of the probabilities of all the di¥erent processes leading to the same final state.
In particular we think about the successful independent eluster production models.
discussed for example in papers (+-5) and the references cited therein. The number of
clusters emitted by the excited proton in a collision could depend on the value of «
characterizing the initial protons in this particular eollision.

We treat the hyporhesis presented in this paper as some preliminary model hypo-
thesis which should be made more specific if the mixed character of the initial ensemble E
of states was found. The tests for the purity of E will be discussed in the sub-
sequent paper.

Let us notice that, if the data indicating the possibility of the violation of the optical
theorem (7) were confirmed, then the hypothesis presented in this paper would give
a natural cxplanation of that fact.

(Y) P. PIRiLA and S. POKORSKI: Phys. Lett., 4-3B.. 502 (1973); Lett. Nuovo Cimento, 8, 141 (1973).
(*) 3. PoxomskI and L. Vax HovE: MNuel. Phys.. 60 B, 379 (1973) and preprint TH. 1772-CERN.

(*) A. Brazas, K. FratkowskI and K. ZALEWSKI: Phys. Lett. 45 B, 337 (1973).
(") M. KUPCZYNSKI: Phys. Lett., 47 B, 244 (1973).
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Let us also notice that the mixed character of the initial states of the type discussed
in this paper may be also appealing to the people believing in the Landau hydrodynamical
picture of the high-energy scattering of the elementary particles. This model has been
given increasing attention recently; look, for example. (°) and references therein.

1 would like to thank Prof. J. WERLE for valuable discussions and for reading the
manuscript of this paper. I acknowledge also the discussions with Profs. H. D. DoEBXNER.
W. H. KrLixk and with many colleagues from the Erice Summer School 1973.

(*) E. STHONEN, J. EMBEMBERG, K. E. LassiLa and 8. S0HLO: Phys. Rev. Lett., 31, 1567 (1973).




