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Absgtract

We present a study of the inclusive prdduction of
K*(892) and £”(1385)+ cc at 3.6 GeV/c from Pp intéractions.
The éensitivity of the exposure is 35.4 events/ub. Longi-
tudinal and transverse momentum distributions are presented.
The indirect ﬁroduction of KJ from parent kK* and that of A's
from parent L(1385) are studiel., The shape of the x distri-
bution of A's for p R A are calculated from p L4 A and p LY
and compared with the experimental distributions. The
difference of antiparticle and particle production cross-

section of Kg in the central region is compared with the

expectation from Mueller4Regge formalism.



1. Introduction

In recent years high statistics data on the inclusive
and semi-inclusive resonance production in hadron-hadron
interactions have started to become available and as a result
the importance of indirect production of stable hadrons like
pions and kaons through resonance decays has been realised.
There exists a large number of such data in pp, wp and Kp
interactions, but there is a lack of similar data in nucleon-
antinucleon interactions {1-7]. In this paper we present a

detailed study of the inclugive reactions,

P+p+K'* (892) + anything, vo (1)
P+ p~z* (1385) + anything, .. {2)
B+ p+ ¥ (1385) + anything . (3

at 3.6 GeV/c. Experimental detailsg are presented in sect.2.
Sects.3 and 4 deal with the inclusive K" and £(1385) product-
ion respectively. Sect.5 cover: the phencmenological aspects

of the production of Kg and A in the central and fragmentation
regions respectively.

2. Experimental details

The data for this analysis were obtained from an
exposure of 570K pictures in the CERN 2m hydrogen bubble
chamber to 3.6 GeV/c antiprotons with a gsensitivity of 35.4
events/ub. This exposure yielded a total of 33046 K2's, 7792
A's and 7519 1 events within a restricted fiducial volume.
Further details regarding the exposure are given in ref.(8;;

the details of the inclusive production of KosA and 1 are



given in ref.[9].

3. Production of K*(892)

- The extraction of the resonance parameters has been
done by analysing the effective mass distribution of the
Kgui system. The effective mass distribution has been fitted
using & noncoherent combination of a resonance term and a
background term. The final parametrisation can be written

down as
iy 1
aMm ( 1 ) o (4)

where resonance term is represented by a relativistic Breit-
Wigner BW and the background term BG is a smooth function of
effective mass N.

MR.M. r (M)

BW = -« {5)

2.m2,2 2,2
(M MR) + MR r (M)

where MR = central mass of tl : resonance,

r{M) = mass dependent width
= v (p*/pp) 2Tt ;%éﬁ%,
rR = central width value,
p* = momentum of the daughter particle in the
* parent resgt frame (corresponding to mass M),
p; = value of p* corresponding to M = MR'
L = orbital angular momentum of the decay system ,
p(M).ﬁ attenuation factor = ;:5£:“;w§ ,
R

and the BG has been parametrised as



2
BG = o, {M-M h) ®3 exp (—-a4 M-us M7) +0 (8]

t

where Moo= m, +m in the case of K" (892).
This parametrisation is well suited for resonances'produced
close to the threshold. The seven parameters to be fitted are
By rOarGgr0, g, MR and FR.

The Kgn* mass distributions are fitted in the range
0.64 GeV/02 < M (K:w*) < 1l.44 GeV/c2 to obtain K*(892) Crogs
section. Fig.l shows a clear sighal of X*(892) above the back-
ground in the K;ni mode. The fit yields the following mass
and width for K*,

M, = 0.891 £ 0.001 Gev/c?

Tp = 0.058 & 0.002 Gev/c?

which agree reasonably well with the values gquoted in the
particle-data group table.

3.1 Inclusive production cross section of K*ﬁ

The inclusive cross section for the production of K%

is found to be,
o (K**) = o(k™) + o(x*") = 1.47740.015 mb .. (1)

The quoted error refers to statistical uncertainty only. The
parametrization of the background can introduce about 5%
systematic error in the cross section., Above all there is
about 5% uncertainty in the absolute normalisztion. To see

the goodness of the fit the K;ﬂ+ and K;w“ mass plots have heen



| .
separately fitted to extract k't and K contributions. The

values obtained are,

o (k™) = 0.7390.012 mb .. (8)
o (K"") = 0.741%0.012 mb .. (9)

Tﬁese values are in good agreement with ﬁhe overalllfit,
eq.{7). The cress sections are corrected for the unobserved
decay modes, namely K 1° and Kgﬂi states.

In fig.2 is plbtted the inclusive K*‘cross section as
a function of momentum. It is seen that the X* cross section
is decreasing with momentum from 0.76 GeV/c to 14.75 Gev/c.
This may be due to the fact that at these momenta the
production of X" is dominantly through annihilations mechanism
and that the annihilation cross section is rapidly decreasing
with energy. |

In table 1 we have summarised all the available data on
the inclusive ratio K*i/(K°+§°). It is interesting to note that

this ratic is independent of the incident energy.

3.2 Topological cross-section

The production c¢ross section of K*‘iﬁ also obtained by
fitting separately the events with 2,4 and 6 charged-pfongs
and the result is given in table 2, Thig enables us to
calculate the associated charge multiplicity <nch> for K"
events. The dependence of (nch} and <nch>/9, with
b= [<n§h>»<nch}2}%, bn incident beam ene:gy is shown in

£ig.3. The dependence is seen to be very i3imilar to that of



o 1 | .
the Ks {89! namely, <nch> increases with plab while <nch>/D
is = 2 and independent of Piab*

3.3 Indirect production of Kg from K" decays

| There is increasing evidence that a major fraction of
pions and kaons originates through decays of resonances,
designated heére ad indirect production., From the measured
productién cross section of K"'t it ie found that t24¢1!% of
all K: originate from K*i. If we assume that K*°{ﬁ*°) produc~-
 tion cross section is the same as that of K*+(K*'J we find
that (36:1)% of K: originate from X" decays. This indirect
production of K; from all g* decays is numerically same as
the inclusive ratio K*i/(K°+ﬁ°); the latter is listed in
table 1. It is thus seen that K® decays alone can account
for = 35% of K; independent of incident beam momentum in the
range 0.7 ~ 15 GeV/c. |

3.4 Transverse momentum distribution

The transverse momentum (pT) distribution of K" ie
obtained by separating the events in pg bins of Kgni system
and then for each bin K" cross section is obtained using the
procedure described in the beginning of this section, The K %
and X'~ have very sgimilar p; distributions and Bo they have
been combined to improve statistical significance. In fig.4

is shown the du/dp% for K'%, a single exponential of the

type,

dg/dp; = A exp(~B p’?‘) . (10)
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fit the data well with A = (5.710.1) mb/(GeV/c)2 and

B = (3.8:0.1) (GeV/c) 2. For the sake of comparison pi digtri-
bution of K; is alsc plotted. The K: distribution, however, is
not a single exponential type [9}. We have also obtained the
pg distribution of indirectly produced K: (from K'* decays)
and it is also shown in fig.4. The indirect K_ distribution
seems to be a bit flatter than all K: (and steeper than the
parent "), namely a single exponential fit for p; < 0.4
(Gev/c)? yields B = (5.5:0.1) (Gev/c)? for the indirect RS
while for the all K: we get B ==ﬁ.7tO.10(GeV/c)"2. We havelm
summarised in table 3 the values of <p,> for k*%, indirect Kg
and for all K_.

3.5 Rapidity distribution

The rapidity distribution, %d&/dy*, for K*+ is shown in
f£ig.5. The rapidity variable is defined as,

y' = %. In{ (E+R }/(E-R, )} .o {11)

where E and g, are the energy and longitudinal momentum of
the particle in the cm system. In the figure is also shown
the y* distributions for all K;’s and aleso that of indirect
g: from K ¥ decay. The average values of y* for these distri-
putions are: -0.20 for K*¥, -0.20 for indirect Kg from K+
and 0.04 foxr all K;. The negative values of <y™> for k't and
indirect K; (which are basically K°) are understandable
because x*t is produced in the proton fragmentation region as

well as in the central region. The small value of <y*> for all



K: is coneistent with its production being symmetric around
y* = 0 because it is an egual admixture of K° and R°.

4. Production of I(1385)

The mass distributions of axt + charge conjugate {(cc)
and An + cc are shown in fig.6. Both the distributions show
a clear signal for r(1385). We have c¢hecked that all the
distributions from AnT and its ce (similarly An and its ¢c)
are similar and hence they have been combined in obtaining
various distributions. The fitting of these mass distributions
is done in the same way as in sect.3 in the mass range 1.26 Gev/c?
M, s+ < L'IOGeV/c% The mass, width and cross section thus
obtained for £{(1385) are summarised in table 4. The quoted
cross sections are corrected for the uncbserved decay mode
(tx final state and neutral decay mode of 4). 7

The variation“of”crbSéwéécﬁidﬁhﬁiiﬁuéié;.ié“égaén in
fig.2; the rapid increase in cross section at these energies
may be due to the tireshold effect. |

The indirect production of A from 21(1385) decay is
found to be (8.820.3)% and similarly R from I*(1385) is
{(12.0£0.5)%. We have summariszed in table 1 the available data
regarding the indirect production of A and this is seen to be
increasing rapidly with momenta upto 14.75 GeV/c.

4.1 Transverse momentum distributions

The transverse momentum distributiens for zt(1385} are

obtained in a manner similar to that of the k*. In fig.7 is



shown dg/dp; distributions for 21(1385) along with that of
inclusive A. A single exponential fit of the type |

dq/dp% = A exp(-Bp2) yielded a slope of B = 4.3:0.2 (Gev/c)
for the ¥(1385) and of B = 4.7:0.2 (GeV/c) % for the r~ (1385).
In the case of inclusive j, the data is best fitted by a sum

of two exponentials [9] with slopes as 12.18:0.02 and 4.97:0.01
(GeV/c)'za the latter slope is closer to that of 1 (1385). We
have summarised in table 3 the average pp value for r¥(1385),
A's from $(1385) and for all inclusive a.

4.2 Rapidity distributions

In £ig.8 is shown the rapidiﬁy distributions, %do/dy*,
of 1*(1385). We have also shown indirect A's from £*(1385)
along with all inclusive A's. It is seen that z+(1385)'s have
the characteristic of fragments from proton like that of A's,
while ¢ (1385)'s as expected have the characteristic of
particles produced in the central region. The characteristics
of indirect A's seen to be different from thoselof all inclusive
A's.

5. Test of Factcrization hypothesis

Factorization of Regge residues in conjunction with the
exoticity criterion of abc in the fragmentation process b 2 C
enables us to relate veactions with varying incident particle ‘'a‘';
see for example ref,.[ll}]. Several experimental tests have been
made, see for example ref. [12,13], and it is found that

factorization hypothesis works reasonably well in the fraomenta-



tion region. In Sect.5.1, we test factorization hypothesis
by comparing the experimental x distributions of p E A with
the predicted ones .rom p 5 A and p 3.

In the Mueller-Regge formalism there are three leading
terms in the central region arising due to Pomeron-Pomeron
{no energy deéendence), Pomeron-~Reggeon (energy dependence of
a'%) and Reggeon-Reggeon (energy dependence of s”%); we have
assumed the intercepts for Pomeron and Reggeon as 1 and X
respectively. Here s stands for square oflcm energy. The
Pomeron-Pomeron term will drop out if we take the difference
of antiparticle and particle ctoss sections, ac = (&b + ©x)
- {ab » cxi. Similarly, if we define AE = (ab + cx) - (ab » ¢x)
for the production of c, it has been shown [14] that by taking

a sum of Ac and 5% we are left out with only the Reggeon~

Reggeon term, i.e.,

2%+ a4 4 87H e (123

Since KZ is an equal mixture of K° aqd K°, the difference of
antiparticle and particle cross sections for the production of
K; in the central region is expected to show 3"5 energy
dependancé; Zhis is discuaned in sect.5.2.

5.1 A _in the fragmentation region

The following expressions can be written for the invariant

. - a
cross sections in the fragmentation process p - 5 @

3
fip -~ - Y 57 -v (13}
PP ,
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P . : -

£5p >+ &) = ¢ .0 + 2¢M (g% 447,87 v (14)
PR p Pi p P

21 ‘H‘P P 'P M -;2 »

f l(p <+ A ) = v -+ B + ZT _-B + 8 e (15)

where s: is the coupling of the trajectory 1 to the pargicle
‘a' and Yi& describes it couﬁling to the bc system; M stands
for £, A,s p OF w. From the exoticity condition it can be
shown [11] that the coupling‘of all the meson trajectories to
pA system are equal and hence dehoted by -VM_. and similarly
from the absence of exotie\exdhahges_in 5+pi+ scattering it
cah be shown that o and f coupling to r is equal and hence
denoted by B, From o,w universality we can also write

ai = 3/2 By and a;w]JZ By* Thus we obtain the following

relation,

fs(P + A) = [1"2(3§/3.~:'] (s/sl} 3!] £(p o 4) + 2(3/81)_;:

£lp 1) .. a8
The ratio sl:r/g.f; can be replaced };y-u:c}t(zrpl /c:ot(Pp) which
we take as 0.62.
Besides our present work at 3.6 GeV/c the experimental
| data on p E A exist at 4.6[15}, 5.7[16), 9.1{15}, 12(17]},
22.4(13], 32(18] and 100[18) GeV/c. For the p & o we use
18.5 GeV/c data {20], For the p E At we use 12 GeV/c data [21]
for the first five data sets of p, 24 GeV/c data [21} for the
next three data sets of p and 102 GeV/c data [22] for the last

100 GeV/c p set; this way we shall take care of the small
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energy dependence seen experimentally in p E A. The results
are presented in fig.9. |

It is seen from fig.9 that the factorization prediction
is very good for p data with Piap > ? GeV/c. For the three
low momentum data sets, (3.6, 4.6 and 5.7 GeV/c) the predicted
values are always more than the experimental values. This.can
be understood on the basis of the phase space limitation for
the production of A at these low momenta.

5.2 K; in the central region

We define the central region of KJ as -0.1 < x < 0.1
with x as g:/p;ax. From the invariant x distribution, denoted

by £(x) = (E/npmax)do/dx, we have calculated the central
+0.1
region cross section through { f(x)dx. This has been

done for all the existing data [23] for ap and ap with

a=nx, Kand p. For a given p _, of ap -~ K°X data, the corres-
+0.1 «ab 8
ponding values of J f{x)dx for ap - K:X was estimated
-3.1
by plotting the cross sections as a function of s"% and

interpolating between the data in the neighbourhood of Plab®
Ih this way we are able to calculate,

2. o +0.1 +0. 1.
b (K) = ! fixyax|. -~ I £ (x)dx| .. (17)
s ~0.1 ap 1 ap

- - .

In £ig.10 is plotted Aca(K;) as a function of s‘%. The dashed
lines are drawn to guide the eye. The data points for AuP(K;}

cover a wide range in momentum, namely 3.6 GeV/c to 100 GeV/c,

and they are in reasonable agreement with linearity in P



as expected, see eq.(1l2).

6. Conclusions

(1)

(ii)

(1ii)

(iv)

(v}

(vi)

The conclusions drawn from this study are as follows:
The inclusive production croés sections for

K*(892) and L (1385) are,

o(K*t) = g(K*") = 0.74:0.01 mb

+
6(31385

a(zl385+cc)= 36.’4;1.5 ub

+cc)= 70.522.0 udb

The inclusive ratio K*i/(x°+§°) seems to be

independent of incident antiproton momentum..

Nearly 35% of K} are produced indirectly from
K*'decays;

The proportion of indirect production of A from
zi(1385) decay seems to increase with the incident
momentum. This could be attributed to the thieshold
effect in z$(1385) production.

The p% distribution of K* is flatter compared to the
inclusive Kg for p% < 0.4 (Gev/clz. The‘p% distribution
of the indirect Kg is also steeper than the parent x*,
and its slope is closer to that of the all inclusive K:
for p% < 0.4 (GeV/c}z.

The p% distribution of £+(l385) is flatter compared

to the inclusive A's for pé < 0.4 (GeV/c)?.

From the rapidity distributions of K" and zi(1385),

it is concluded that K" and I (1385) are dominantly
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produced in the central region, while tt(1385)
has a strong contrikution from fxagmentationlof

the proton.

(vil) we have made a study of factorization hypothesis
from A's produced in the proton fragmentation region
and K] from the central region. The shape of the x
distribution of A's from p 2 A can be reproduced
from p'R A and p E”A for p momentum > 9 GeV/c.
The differénée_of antiparticle and particle production
‘cross section of KS in the central region is in
reasonable agreement with s“% dependence as expected

in the'Mﬁellervnegge formalism.
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Table Captions

1.

Fractions of indirectly produced K; and from x*

and tt decays in ﬁp‘interactions.

o -
Cross sections of K** and K ~ in pp interactions at

3.6 GeV/c.

Average Py values (in GeV/¢) of inclusively prdduced
K*(892), X%, indirectly produced Kg, inclusively
produced £*(1385),A and indirectly produced A.

Mass, width and cross sections of inclusively produced

$+(1385) and I (1385).
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Table i

Plab K*t/ (K°+K°) | A (from z (13853 (all)
(GeV/c)'

0.76 [2] 0.36 = 0.01 -

3.6 0.36 + 0.01  0.088 + 0.003

H

12.0 {4] 0.23

i+

.05 0.165

+

0.030
12.0 {10} 0.32 + Q.08 -

14.75 [5] 0.31

H+

0.03 0.23 = 0.02




-"18

Takle

2

No. of o{pp + Kt X) a{pp ~+ k*" x)
prongs ub ub
353.7 + 7.9 369.5 + 8.1
374.2 + 8.1 359.3 + 8.0
ll.g i 104 1205 i 1&5
Total 739.1 z11.6 741.3 +11.6
Table 3
Average p. values in Gev/c for
Beam T
momentum ot
Gev/c K K2 Indirectd tt +ed 7 4+ cof A Indirect
(al1) kS (all) x
0.76 0.343 0.309 0.313
+ 0,010 |+ 0.00€ |+ 0.009
3.6 0.446 G.364 0.376 0.389° 0.354 0.345| 0.350
£ 0.002 |2 0.001 }+ 0.002 + 0.006 | + 0.007 i+ 0.002] +°0.004
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Tabie 4
Final state Mass(Gev/cz) width(GeV/cz) Cross-section{ub)
z¥(1385)+cc | 1.383:0.001 | 0.035:0.002 70.5£2.0
£7(1385)+cc | 1.38820.002 0.03620.004 36.421.5




Figure Captions

1.

Effective mass distribution of K:ni. The solid line shows

the fit to this mass distribution.

Inclusive cross section of pp » K*(892)%, PP -+ z(l385)++cc,

PP + 7 (1385)+cc as a function of incident beam momentum.

a) Mean associated charged multiplicity <n.,> as a
function of beam momentum for K; and K"* production.

b) Ratioc of mean associated charged muitiplicity to
dispersion cnch>/D a8 a function of incident beam

momentumn,

p% distribution for inclusive production of k'

and alsc for Kg's produced indirectly from g*: decay.

o]
and Ks

The solid and dashed lines are exponential fits

[——- = . exp(~B Py )] to the e distributions.

de
Invariant cross section, f(y*) = % féﬂ___;dp%’ as a
function of om rapidity variable y 3 inclusive k**

and K; and also for Kg's coming indirectly from k't decay.

a) Effective mass distribution of Ar and its charge '
conjugate state. The solid line shows a fit to this
distribution.

b) The same for As" and its charge conjugatz state.

2
T

£7(1385) (+cc) and also for A's coming indirectly through

P distribution for inclusive production of z+(13851{+cu),



10.
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. . .
£7(1385) decays. The golid lines are exponential fits

to thése distribucions [925 = A exptubp;)i.

d
PT

Invariant cross section, f(y)lab, as a function of
rapidity ylab in the target rest frame, for inclusive
£+(1385)(+cc), xm(1335)(+cc), A and also for A's coming

from r*(1385) decays.

1 dza 2
Invariant Ccross sectzon, f(x) = f »w dp_, as «
pmax dxdp T

function of x for the reaction Pp » AX at 3 Tmomenta o

3.6, 4.6, 5.7, 9.1, 12.0, 22.4, 32 and 100 GeV/c.
Predictions to this cross section in the fragmentation
region from the reactions » p » AX and pp + AX are also

shown in the figure,

The difference of KZ production in the central region in

antiparticle and particle reactions,
0.1
.. { f(x}dxl_ -f f(x)dxi as a function of

% {s being the square of cm energy). Polnts have been
plotted with a = 7, k, p. The dashed lines are shown to

guide the eyes.
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