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Based on. data cbtained from exposures of the Fermiladb 30-inch
bubble chember, we present a comparative study of inclusive A“:(IZZ\S)
production in pp collisions at 102 GeV/c and 0O GeV/c. We observe
that, to better than 10% accuracy, the invax"iant ‘eross sectlon for’
8**(1236) production for {t] < 0.6 GeV° and |x| > 0.7 does not depend
‘on energy. A comparison of the observed properties of the neutral
baryon system produced in association with the A'1(12356) and the
Xnown characteristics of T p collisions reveals s remarkable
similarity betwveen the properties of these two neutral multiparticle

systems.
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The characteristics of inclucive A(123G) production st high

energies have recently been studied for pp collisions at 303 GeV/c(l)

{2)

and prelimipary results have been reported at 205 GeV/e and at
€9 Ge‘v’/c(a). Here we present an investigation of the energy dependence

and other hitherto unstudied properties of the reaction:
pp -+ AT (2236) + ° _ %)

where X° represents anything eccompanying the 2" (1236).

The data sre from a 33,000 picture exposure of the Fermiiad
30-inch bubble chamber to 102 GeV/c protons and from & 19,000 picture
exposure st k00 GeV/c(h). In both experiments the beam transmitted to the
bubdle chamber had the same momentim a.sb the extracted proton beam from ithe
main ring and, consequently, beam-like background was neglicible.

We messured all charged tracks for & sample of 3000 events and
2200 events at 102 GeV/c and 40O GeV/c, respectively. The pro-
cedures used for proton idc;ntification have been described else‘-rhere‘(h )'(5)
In this paper we will be concerned with A‘+(1236) production.in
the backward hemisphere of the center of mass, and, conseguently, to
avoid biasing this samplé of data through our imposed scanning criterionv
used to select protons, we will restrict our consideration to events
which have n'p invariant masses (M,) in the 1.12 Ge¥ to 1,32 GeV
interval and havé lov values for the squares of fuur-mementum transfer betuuen
target proton and the I (!tAI < 0.6 GeVz). With these cuts on
MA and by 4 Ve retain for further study of Reaction (1) 160 events
and 119 events et 102 GeV/c and 400 GeV/c, respectively.

Figure 1{a) displa.ys the 1T+p mass spectrum for the selected
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data .snmp,les. At both beam energles, & clear enhancement is observed in the
w'p mass at the position of the 8" (1236). Tme cross section for
8**(1236) production for ItA[ <0.6 GeV® 15 observed to be, to vithin
10% statistical acéu.racy. 1ndepgnd§nt of beam momentum between 102 GeV/c . .
and 40O GeV/c. A similar plot of the 7 p mass spectrum (i.e., for the
reaction pp + {rp) + X, which 1= not shown) exhibite the presence
of a far veasker signal at the A°(1236), consistent vith the production

\

ratic of -;— for the relative cross sections AOIAH'. expected if
inclusive A production proceeds through I = 1 exchange in the
techannel. (The cross section for production of #p systems outside of
the A(1236) range is the same for T'p u for v p pairs.) The t, dis-
tributions for Reaction {1) at 102 GeV/c and at 400 GeV/c are shown in
Fig. 1{b). Again, vithin statfstical uncerteinty, the cross sections
at the tvo ehergies appear to have the same normalizations and shapes
tnt,. '
The mass of the eystem recoiling from the A“(1236)_ does not dis-
play the sort of low-msss enhancement observed in the reaction

TP - P+ x* for the x’ systm“). In fect, the mass distribution of
the X° in Reaction (1) is quite featureless. This result is displeyed
{n the x-distridbution of the A“(1236) in Reaction ﬂl), as shown &n

Fig. 1{c). (The x varisble is defined to take mccount of the fron=

(s « (M, + m)*)(s - (Mé-_-)")}k

szymptotic nature of Fermileb energles: x, = p:/ { - s

vith » repregsenting the proton mses, 8 the square of the energy in the_
center of mass system, and p;_ the longitudinal momentum of the 4.) The o
invariant x-spectrum of the A“(1236),' lntegrated over our ty fe.nge is

also indepepndent of incident momentum, that is, it .1l observed to

(\1"_ - L

.

i

"seule", within statistical uncertainty, for x, < ~0.7. Purthermore,

there does not sppear to be any significant variation in the transverse-
wonentun spectrum of the 4 as a function of xpor s (the Pp distribution

ic approximately of the form éxp(-ép,ra) for x, < «0,7). Our data are

too meager to warrant & deteiled triple Regge analysis of Reection (1).(6)

hovever, {t appesrs that plon exchange alone may not eccount for all

4 production at large IxA].(”

In Fig. 2 we dizplay the mean charged-pfe.:‘ﬂcle multiplicity

(<n>m) of the X° system associated with A’ (1236) production as a function

of H;o. We also show the variation of the Mueller f, moment {€n5atn>®mcn>)

~

‘vith iy . The data at 102 GeV/c end at 400 GeV/e sre in good agree-

o+
ment, 88 vas the cage for an analogous comparison in pp+ p + X .(B)

The szmooth curves represez;t the variation of the same parameters in
Tr.p collisions gs a function of s (i.e., ¥ p = Anything, vhere Anything
includes the elastic channel, examined at the square of the energy in

0)(9).

the 7 p center of mass (8) corresponding to s = Mi The low-order
cherged-particle multiplicity moments in % p reactions are seen to bé
quite consistent wvith those observed in the "collisions” of the virtual
cbject (or. rather objects) R~ with a proton (see the disgram in Fig. 2).
(8)

As in our previous investigation ', we now proceed to examine
whether the properties of inclusive pion production in R'p collisions
are similar to those observed in ﬂ'p collisfons. In particular, ve

examine the reasction:

Rp+ 1 + {Anything)* L@
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{n the rest frame of the X° system. Figure 2(c) dlsplays the fnvariant
x distridutions of the 7 in Reaction (2) for L§.L<: 50 GeVz. The usual
t-channel direction is chosen es the collision axis for the R p cbjects.
Thus, positive X,. corresponds to emizsion along the R~ "direction”

(opposite to the incident proton) in the X° rest frame. The x varisble

(M;o- (m + uﬂ)z)(béu - (n ~ uﬂ)’) ¥
g 14, vhere Py,
0

13 the longitudinal momentum of the 7~ in the X° rest frame measured along the |

18 defined as: x _ = p,‘/[
o

R~ airection, v, 1s the pion maas, and m is the mass of the proton. (The data
at 400 CeV/e for M?(p < S0 CeV® are too meagsr to permit a meaningful
analysis. For comparison we give the x disﬁri‘bﬁiion for n production in

" 7p collisions at s % 30 GeVe (10) .

Nomaiizations are chosen so

thet the integrals of the distridution in Fig.z(c‘) yield the <> values given
in Fig. 2{a) (i.e., the elastic channels are included throughout). Ve note that
the character of the results for Reaction {2) is very similar to vhat

is observed in real ¥ p dats. The asymwetry in the distri;utions about

x = 0 ig particularly notevorthy. me- peak near X, =+, which is

analogous to real ¥ p elastic scatte-z-iﬁ‘g, is derived almost entirely

from the four-pronged evenis of Reaction (1), and indicates the presence

of low-pass (n"a*") production.(n)

Finally, we have examined {Table I) the angular woments of the

£%*(1236) decay in the Gottfried-Jackson frame (t, = channel) for :
(12)

Xy < «0.7. The results are similar to those obtained at lower
energies, for data.‘ imolviné A{1236) production in exclusive reactions
where T-exchange i3 thought to daminate.‘n ) The large wvalues of
¢;> indicate a preference for lle = Q'é- spin aligmment in the 4 decay, i

consistent with resctions involving n—cxchenge.

b=

In conclusion, we have examined inclusive A(1236) production in pp
collisions at 102 GeV/c and at 40O GeV/c. We find that the cross sec-
tions for A production {i.e., MA 1.12 GeV to 1.32 GeV) for x < ~0.7
and |t| < 0.6 Gev® are 1.43 £ 0.10 mb and 1.36 + 0.1k zb at 102 GeV/e
and 500 Gev/c, respectively. 'i’hese cross sections thus appear to be
independent of s. Also, 4 production appears to scale in x between
102 GeV/c and L0O GeV/c, And, finally, the internal properties of the
systein produced in associstion with the { are remarkably similar to
those expected on the bhasis of the exchange of & virtual T meson '
which subsequently interscts with the incident proton. The latter re-
sult is analogous to our findings in a previous study of the reaction
e xﬁ(a)

We thank E. Berger, R. Field, G. Fox and C. Quigg for discussions,
We also acknowledge the help of D. Cohen, D, Chaney and J. W, Cooper
in the analysis of the data. Finally, ve thank the Directorate and
the members of the Neutrino Laboratory at FNAL for their encoursgement

and help with the bubble chamber exposures.

TABLE ’I

' 2
3%*(1236) Decay Moments in the t-chemnel for x, < =0.7 and |tAl<0.6 GeV

102 GeV/e Loo Gev/e

<Y% o.oéh + 0.025 0.007 * 0.031
<ReY§> 0.003 * 0.016 0.0k % 0.020
<> 0.065 & 0.024 0.094 *+ 0.028
<Ber)> ~0.017 £ 0.018 -0.019 * 0.023
<Rer2> ) 0.009 * 0.016 0.053 ¢ 0,027
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Pigure Captions .

1..

The sess ofr!"'p gyctems produced at |t} < 0.6 CeV is given in (a).
Distritutions in ¢t and x of A *(1236) produced in Resction (1)
sppeer in {b) and (c), respectively. (Both Xpig 304 b, are defined

to be vositive quantities.)

The total gversge charged-particle miltiplicity and the £, woment
of the X° systen are displeyed as & function of Mio in (a) mnd
(b}, respectively. The smooth curves are for *p data gorrei-
ponding to 5___ = . (o) Il;clusive 7 production in TP

collisions 43 compared to observed characteristics of R p

* "eollisions” shown for two regioms of )!io .
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