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the elastic slope (R*' = 5-6 GeV ')."
The fact that &* is distinct from A means that

the inclusive process & + &-&+~gives no direct
information on the hypothetical increase of A with
increasing mass. Such information may be forth-
coming when one adopts a specific model for the
decay of the large radius excitations. It is plaus-
ible that the momentum distribution of the decay
products of these unusual objects may be rather

different from that observed from objects of lower
mass. In particular one can argue that the effec-
tive temperature of these states may grow with
their radii, leading perhaps to an energy-depen-
dent component in the production of particles at
large transverse momenta. Further discussion
of these ideas —and their implementation in a
specific model —is reserved to a separate publica-
tion.
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Arthur Jabs
Universitat Trier-Kaiserslautern, Fachbereich Physik, D-675 Kaiserslautern, Germuhy

(Received 9 November 1973)

The two-particle correlation function f, = (hn)' —(n) is calculated for the case where two
independent incoherent mechanisms simultaneously contribute to high-energy particle production. It is

pointed out that a possible discrepancy between f, values observed in pp collisions and in pure pp
annihilation events could be explained in terms of the phase-space description of the pionization

component.

Many correlation phenomena in high-energy had-
ronic particle production are easily understood in
terms of a two-component picture, i.e., by the
idea that particle production proceeds via two dis-
tinct dynamical mechanisms or processes. Con-
sider, for example, the fully integrated inclusive
two-particle correlation function for undiscrimi-
nated particles f, =(n(n —1)) —(n)' = (an)' —(n).
Experimentally, as a. function of (n), f, first de-
creases and then increases. " This increase in

f, can be obtained by the superposition of two par-
ticle-number distributions either of which can

have arbitrary (within their possible range) values

f», f», respectively. The only requirement is
that the distributions yield different average num-
bers (n), W(n), .' '

However, this only works if one excludes the
possibility that both mechanisms act only simul-
taneously. Moreover, the derivations of the two-
component formula for f, so far excluded not only
this ease but in fact considered only the case where
either the first or the second mechanism acts, but
never both simultaneously, in a collision. " Besides
the theoretical interest in the general case there
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are some experimental data' which can be inter-
preted as the simultaneous occurrence of the two
mechanisms of pionization and fragmentation as
specified, for example, in Ref. 9. Therefore in
this note we present the formulas for the general
case.

We have

serving other characteristics (charge, isospin,
baryon number, etc. ) of the two mechanisms. Such
an incoherence assumption has been made in all
two-component calculations so far. Whether this
is possible for mechanisms actually conceived in
high-energy multiparticle production is another
question not dealt with here. We write further

n =1

where 0 is the cross section for the type of events
considered (inelastic collisions, inelastic colli-
sions with fixed number of neutrals, etc. , elastic
collisions excluded), and v„ is the cross section
for producing n new hadrons in such an event. We
then write

n

(n)

where A',"„,($„$„.. . , $„) is the amplitude for
production of k particles by mechanism 1 and (si-
multaneously) n —k particles by mechanism 2 in a
state characterized by (l (2 ( The quan-
tum numbers of the initial state are omitted in our
notat;ion.

We assume that the amplitudes A,"„,that belong
to different values of k are incoherent, i.e., inter-
ference terms between them vanish. That is, k
does not form a quantum number of an intermediate
state but represents an additional quantum number
of the final state. Hence

n

(n)
&k, n-k

k=a

n-l

(2)

(n) (n) ~ (n)=&n, p+&0, n+~ &k, n-k ~

k=1

Physically, this means that in each collision we
can, in principle, decide how many of the n pro-
duced particles are produced via mechanism 1 and
how many via. mechanism 2. One may imagine that
this is achieved by process 1 populating different
phase-space regions from process 2, or by ob-

o.„",=o. ,w, (n),(n) =

a '," „' = o.,w, (n),

n,"„,= v. „w,(k) w, (yg —k),

(4)

where n, now is proportional to the probability
that mechanism 1 acts but 2 does not ("exclusive"
cross section), and w, (n) is the normalized proba-
bility that a total number of n particles is produced
if only mechanism 1 acts. n2 means the same for
mechanism 2, and n» is proportional to the prob-
ability that both mechanisms 1 and 2 act simulta-
neously in a collision. It is

n, +n2+n» =Cr. (5)

In writing n,"„,=o.»w, (k)w, (n —k) we make the
additional assumption that the two mechanisms are
independent of one another. Correlations induced
by energy-momentum conservation can be neglect-
ed in first order since normally the kinematical
boundaries are far away.

In order to be able to recover the previous re-
sults in their old form, we want to express our
result in terms of "inclusive" cross sections. We
define v, —= o. , +o.» = ("inclusive" ) cross section that
in a collision particle production proceeds via
mechanism 1, irrespective of mechanism 2 acting
or not in the same collision. 02 —= n2+n» =the same
for mechanism 2. Using (5) we obtain n, =v —v»

0 0 ly cL l2 0 l +(x2 (x We have 0, +0 ~ 0 be-
cause by our definition o, includes partly the same
final states as 02. One may say that the inclusive
cross sections o, and o.

2 partially overlap.
Division by v gives us probabilities: o. ,/v

= 1 —v, /v =probability that only mechanism 1 a.cts,
and so on. The normalized probability that a total
number of n particles are produced per collision
can then be written in the form

w (n) = (1 —v, /v )w, (n) + (1 —v, /v )w 2 (n) + (v, /o' +v2/o —1) g w, (v) w, (n —v)
U =l

and

n —l

(n) = g nw(n) =(1 —v, /o) g nw, (n)+(1 —o,/v) g n (nw) ( +/ v+ v/ vv1) g g nw, (v)w, (n- v).
n=l n=l n=2 v =l

Realizing that the last double sum can be written as
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Q Q Q (I+m)w, (l )w, (m) = Q Q [ Iw, (I )w, (m) + mw, (I )w, (m)]
n=2 l =I m=1

l+m=n

we have

(n) =( v/ v)(n), +(v, /v)(n), .

=(I), +(m),

An analogous procedure for (sn)'-=P„:, (n —(n))' w(n) gives us finally our general result

f 2 =(vi/v&f 2&+ (v2/v)f»+ G(v~/v)(1- v, lv)]'"& ~&, —I(v./v)(l —v, lv)]"'& ~&,]'
+2 0(viv2/v '&(I —vi/v&(1 —v./v&]'"- (1 —v, /v)(1 —v. /v)} (~),& ~). .

which is identical with formula (4) of Ref. 3 with

v, /v = v, /v = —,'.'
Consider now the opposite extreme, i.e., that in

each collision both processes occur simultaneous-
ly. In this case, v, lo =v, /v =1 and hence

2 31 + 22 ' (10)

Here f, increases with rising (n) only if at least
either of f» or f» increases.

In all other cases the above statement that f, in-
creases while f» and f» are arbitrary remains
valid because the last curly-bracket term in (6)
never is negative. The quantitative behavior of the
increase in f„however, is modified by that term
and also by the different coefficients in the first
curly-bracket term.

It would be interesting to know the f, values of
either process separately. Generally it is not
easy to disentangle the contributions from either
process in a model-independent way. In Ref. 8 an
attempt was made to isolate the pionization contri-
bution (mechanism 1) from the fragmentation con-

The previous calculations mentioned above
meant the specific cases A~„"~, = 0 for k c 0, n in
(1), v„=n~„"o+o~,"'„ in (3& (omitting the sum), n» =0
in (5), and o,/v+v, /v = 1 in (6). This can be inter-
preted as those cases where particle production
proceeds only via mechanism 1 or mechanism 2

but never via both simultaneously. It results in
the well-known formula

f, =(v, /v)f„+(v, /v)f„+(v, v, /v'')((n), —(n), )',

tribution (mechanism 2) by considering only PP
events with at least six or at ),east eight prongs.
The data thus selected showed an increasing f, in
the range (n ) =3-5. Assuming that fragmentation
only contributes to 2- and 4-prong events this re-
sult would mean that the pionization value f» itself
increases. On the other hand, in Ref. 5 data on

PP collisions with and without annihilation have
been used to calculate f, values. The result is
that f, seems to rise with increasing (n) for pp
events without annihilation but decreases in pure
annihilation events. Obviously, in pure annihila-
tion events there is only pionization but no frag-
mentation, according to the conception of these
processes. ' So, here pionization shows decreas-
ing instead of increasing f, values. This contra-
diction could easi~.y be resolved in terms of our
statistical-model calculations as presented in Ref.
3. There, pionization was described by phase-
space computations, and it was shown that a sta-
tistical ensemble yields f»--(n) if the total en-
ergy of the ensemble is kept fixed, but that it
yields f» -+(n)' if some fluctuation in the total
energy is admitted. " In pp collisions such a fluc-
tuation can easily arise from fluctuations in in-
elasticity, i.e., from the fact that the escaping
protons (excited or not) retain a va. riable fraction
of their initial energy. In pp annihilation, on the
contrary, pionization takes all of the available en-
ergy and no fluctuations are possible. In fact, the
annihilation data on f» presented in Ref. 5 within
their error bars are consistent with f2' 3(n) and

f» =-,'-(n) as calculated in Ref. 3 for different ver-
sions of phase space.

~A. Bio/as and K. Zalewski, Nucl. Phys. B42, 325 (1972);
K. Fi@/kowski, K. Rybicki, and R. Wit, ibid. B44, 509
(1972); G. Charlton, Y. Cho, M. Derrick, R. Engel-
mann, T. Fields, L. Hyman, K. Jaeger, U. Methani,
B. Musgrave, Y. Oren, D. Rhines, P. Schreiner,
H. Yuta, L. Voyvodic, R. Walker, J. Whitmore, H. B.

Crawley, Z. Ming Ma, and R. G. Glasser, Phys. Rev.
Lett. 29, 515 (1972); E. L. Berger, B. Y. Oh, and G. A.
Smith, ibid. 29, 675 (1972); P. K. Malhotra, Nucl. Phys.
46, 559 {1963);S. N. Ganguli and P. K. Malhotra, Phys.
Lett. 42B, 88 (1972); K. Imaeda and A. G. Agnese,
Nuovo Cimento Lett. 6, 415 (1973).



3884 ARTHUR JABS 10

Z. Koba, H. B. Nielsen, and P. Olesen, Nucl. Phys.
B40, 317 (1972);A. Biagas, K. Fiagkowski, R. Wit,
and K. Zalewski, Phys. Lett. 39B, 211 (1972); K. Fiag-
kowski, ibid. 41B, 379 (1972); Acta Phys. Pol. B4, 545
(1973);H. Harari and E. Rabinovici, Phys. Lett. 43B,
49 (1973).

A. Jabs, Phys. Rev. D 7, 3368 (1973).
4A. Biafas, K. Fiafkowski, and R. Wit, Nucl. Phys. B43,

413 (1972); K. Fiagkowski, and H. I. Miettinen, Phys.
Lett. 43B, 61 (1973); L. Van Hove, ibid. 43B, 65 (1973);
P. Pirila and S. Pokorski, ibid. 43B, 502 (1973);
Z. Koba, Acta Phys. Pol. B4, 95 (1973);D. Robertson
and N. Sakai, Nuovo Cimento Lett. 7, 227 (1973).

~A. Bio/as, K. Fipkowski, and K. Zalewski, Nucl. Phys.
B48, 237 (1972).
Note added in Proof P. K. Malhotra, D. S. Narayan,
B. S. Chaudhary, and V. Gupta recently also considered
both mechanisms occurring simultaneously; they use
the term "mixed two-component model. " See Tata

Institute Reports No. TIFR-BC-74-8, TIFR-TH-74-18,
TIFR-BC-73-8, TIFR-TH-73-40 (unpublished).

M. G. Albrow, A. Bagchus, D. P. Barber, A. Bogaerts,
B. Bosnjakovic, J. R. Brooks, A. B. Clegg, F. C. Erne,
C. N. P. Gee, D. H. Locke, F. K. Loebinger, P. G.
Murphy, A. Rudge, and J. C. Sens, Phys. Lett. 44B,
207 (1973);- 44B, 518 (1973).

7The two formulas which follow formula (4) in Ref. 3
contain a numerical error and must be corrected to

8
read 2(n) =(n)~+(n)z= (n)&+1, f 2

————(n) + (n) + —.
8J. Karczmarczuk, Nuovo Cimento Lett. 6, 524 (1973).

~A. Jabs, University of Kaiserslautern report, 1973
(unpublished); Nucl. Phys. B52, 554 (1973).

~oThe values in Ref. 3 are derived for the asymptotic
cases of zero particle mass and large total energy of
the statistical ensemble. As we do not know where the
asymptotic region begins, we assume that the results
are valid also in the cases considered in this note.

PHYSICAL R EVIE W D VOLUME 10, NUMBER 11 1 DECEMBER 1974

f'~4m. decay in a relativistic quark model*

Dayanand Parashar~
Department of Physics and Astronomy, University of Hawaii, Honolulu, Hawaii 96822

(Received 20 June 1974)

Based on a relativistic version of the phenomenological couplings among hadrons in the broken
SU(6) X O(3) quark model developed largely by Mitra, we calculate the decay width and the
corresponding branching ratio for the four-body decay process f ~4m. In addition, we assume that
the dominant contribution to the process f ~4m comes from the mechanism f ~A, z-+(p7i)z-+4g.
The model makes a very interesting prediction for the branching ratio I'(f -+m'm'mm)/I'(f ~nm')

which turns out to be 3.1%, in excellent agreement with the recent experimental value of
(3.7+ 0.7)% determined by Anderson et al.

Ever since its discovery, ' the f' meson has been
a subject of extensive investigation. Although its
existence has been confirmed and its quantum num-
bers IG(J~) =0'(2') have been fairly well established
in many experiments, ' the information about its
decay modes hBs been rather sparse. A particular-
ly interesting process is the four-body decay mode
f'-4n which seems to have received some atten-
tion during the past few years. Some of the ear-
lier estimates of this decay have been made by
Ascoli et al. ,

' who obtain the branching ratio
&(f -n'~'» )/&(f'- nn)-7'fe. The most likely
mechanism suggested by these authors for this pro-
cess is via f'- pp, where the p mesons are emitted
mainly in a relative s wave, and then each p meson
decays into two pions thereby yielding a 4m final
state. It is pointed out that if the d-wave ampli-
tude is neglected, the f' 4n a,mplitude can be
completely determined' in the p- nm decay width.
The other experimental estimate for this decay,
reported by Oh and collaborators, ' corresponds

to the branching ratio -(4.7+ 1.1)$. These investi-
gators, however, make no mention about the mech-
anism for the decay in question. 'The branching
ratio was further revised most recently by Ander-
son and collaborators' from a study of the reaction
m'd- m'v'n Tt pp„where p, is the spectator pro-
ton. The value of the branching ratio established
in this experiment is (3.7+0.7) le.

Unfortunately, there have been comparatively
few attempts to compute this decay process in a
theoretical framework. A model for the f'-4~
decay was proposed by Banyai and Rittenberg'
using the effective Lagrangian techniques, chiral
dynamics, and vector -meson dominance. Contrary
to the pp mechanism advocated by Ascoli et al. ,

'
the decay f' 4n is assumed to proceed mainly via
A] and p me sons in the intermediate state . The
resulting branching ratio in this model is predict-
ed to be 2.9%, in reasonable agreement with the
experiment.

The purpose of the present investigation is to


