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ABSTRALT
The inclusive po. production cross section has been measured
. s - + - — - o
in the readtion P — = x X at 205 GeVfe. We find o(p ) =

13.5 £ 3.4 mb, with most of the production occurring in the central

I+

+ - : .
region., Assuming ofp ) = a{p } =~ o(p®), it is concluded that
approximately one-third of the pions at this energy come from

p~decay.

In contrast to inclusive single-particle production, very little; detailed
information now exists on inclusive production of mesgﬁ. resonances, particularxly
above 25 GeV/c[l]. The major reasons for this are the substantial difficulties
of separating resonance from background bhecause of small signal-to-noise ratios,
especially when high multiplicities are involved, and the fact that many states,
such as the @ and pi, a:t:e difficult to study inclusively because 5° detection
is regquired. WNevertheless, resonance dscays nay account for a significant
fraction of pion production ét high energy. Furthermore, vecltor mesons may
be an important source of the lepton prcduction recently observed[2] in'nucleon—-
nucleon collisions at f‘ermila‘:: and the CZR ISR, |

;E-Je describe in this paper a measursment of the inclusive po production

cross section in g p interactions at 205 GeV/c (s = 355 Gevg). The data were
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obtainad from a hB, 0Q0-picture exposure of 1.:219, Farmi National Acceleratox
Laboratory 30-in, hydrogen bubble chambar. To inprove the rr+:t_ mass resélu—
tion, only events occurring in a restricted fiducial volume locafc:ed in the
upstream half of the bubble chamber were considered for the present analysis,
thus allowing at least 35 cm in the forward direction for measurement of out—
going tracks. View-to-view track matching was done by hand usihg bubblea
patterns when necessary. All of the 2- ‘and Y-prong events , 72% of the 6~
~and 8-prongs, and 28% of the 2 1O-prongs fourd in the restricted fiducial
volume were measured on film-plane digitizers and geometrically reconstmctéd '
. with TVGP, yielding a total of 2040 inelastic inte;:actiqns. Additional details
an the experimental)axrangement, and on the séanning and measuriné of events
| may be found in Ref.[3]. |

All charged outg&ing tracks were taken to be pions except thosé of momentum
less than 1.4 GeV/c,_ for which pion-proton .separation by means of lonization
is possible, From a sﬁdy of Kg prbdu;tionﬂ;]we estimate that ~ L% of 1;he

o + , - ' »t

charged tracks axe kaons, assuming oK) = o(x } = oKX ). The XK {832) —
Kgﬁi and AO( 1232) - px signals in our data are suffiéiently small that
k¥ or A° contamination in the po ma.sé region (from .K_i;r;'or pr misidentified
as :t+:n:—) is negligibie. | |
| Pigure 1 shows the inclusive mass"distribution for all 3:+:\:_ combinations,
This spectrum peaks at approximately 0.46 GeV and shows a shoulder in the po
regioh. Por comparison, fig. 1l also gives the corresponding distribution for
\ pions of like ch_arger(n"‘ﬁ%“ and :(H;r_), which is observed to be stru;ctureless.
This distribution, but not the < x distribution, is adequately fitted by a
" second-order polynoﬁnial alone between 0.5 énd 1.1 GeV.

Figure 2 shows the inclusive jt+'_r(_ mass distribution For the following
three intervals of center—-of-mass rapidity, y, of the ::+_rt— syst-em: -3<y <-1

(backward or target fragmentation region), -1 <y < 1 {central region), and
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1 <y < 3 {forward or beam fragmentation region). (Only O.3% of the obsarvad

% = combipations fall outside of the -3 <y <3 rapidity range.) Bl1 regions
show a shouldsr at the po mass, E{‘ﬁwﬂ ;gv' J'U-WU-{A_J |

The inclusive po'cross section for each rapidity interval was cobtained
by fitting the 0,48 < M(rc+atﬂ) < 1,12 GeV mass range with a relativistic p-
wave Breit-Wigner (with a fixed mass of 0,755 GeV and a fixed width of 0. 150
GeV) plus a second-order polync;mi'al in -M(n‘_"rz_) for the background. Highar
oxder background terms were cc;nsidered to be unnacessary since (i) a second-
order polynomial leads to statistically acceptable fi£s, and (ii) in the same
nass 'range, the ﬂi—ni distribution for each rapidity interval, as well as the
overall rcizri- distribution (fig. l), aré well described by sﬁ_c’n a polfnomial
alone, A resolution function obtained from the measurement errors on M(;{Pnb)
was folded int;:: the Breit-Wigner line shape. The average mass resolution is
12 MeV for -3 <y <-1, 23 MeV for -1 <y <1, and k2 MeV for 1 <y < 3.
The resulting fits, showq by the smooth curves; in_ fig. 2, are excellent, The
fit 'X2 per degree of freedom and of 0°) for each rapidity interval are given
in table 1., The errors given for of po) are statistical only; however, varying
the po mass and width used in the fits by 120 MeV and rlnakingr reasonable varia-
tions in the B.reit-Wigner line shape change the quote&.'cross sections by less
than one standarzd devié.tion.

We note that po production appears to be most copious in the centrai
. region, and that, at the present level of statistics, the forward and backward
po cross sectilons are similar, Summing over the three-rapidity intervals, we
obtain an overall po cross section of 13.5% 3.4 mb., A substantial fraction
of this cross section comes from events with high charged .rs‘:ultipli'city; For
example, o{p ) = 9.1% 3.k mb for n, %10

The inclusive p° cross section at lower energy is 3.49 £0.42 nb in 24 Gev/e

pp reactions [5} and is ~ 3.2 mb in 8 GeV/c x p reactions [&]. Thus o(p®) has
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ircreased by about a factor of four in m p reactions between 8 and 205 GeV/c,
. . . - . o . . .

the 1ncrease coming predominantly from central p production in the higher

charged rultiplicity interactions., (Over the same momentum range, the average

chargad multiplicity has increased [6,3] from 3.L to 8.0, a factor of 2.4.)

2
The inelastic n P cross section at 205 GeV/ec is 21.01* 0,46 mb [3],750
that an average of 0,64 £ 0,15 po are produced per ineiastic interaction, The
fraction of pions {charged plus neutral} coming from pldecay can ba estimated
assuning equal c#oss sections fox §+, p—, and po production, Using o{p)} =
3% g(p‘:’)_= 1',0.5510_.2 mb and o(x) = 235+8 mb then gives that (31;.&1* 8.7)%
of all pions are product.s of p deéay. The correspondirig frgctions at lower
energy are ~ 15% in 24 GeV/c pp reactions (5] and ~ 2L% in 8 GeV/c‘ X p reac-
. tions [6]. | |
| The cross-section ratios cr(po)/d(ft+) and o(p”)/a(=") ‘are given in table 1
for the backward, cenﬁral, and forward regions of p0 and ﬁi eenter—of—mass

. . - + s X .
rapidity. Here, the denominator includes all x or m ,  including those

* “ B -+~ , - a . - _ ’
we have used o(m) = o ) + olsx ) + of{x ), with ofn ) = (nch) cinel/a

- o(K) = 8o.ht2.0mb; o) = (n_ ) o, /2~ o(K') - o(p) = 70.0%2.0 mb;

fen’ Cinel
and o{x") = o(x P - y + anything)/2 = 85.3%7.6 b [k]. Here, (nch) =
average charged multiplicity = 7.93+ 0,06, T el = 21.01L % 0.46 mp [3], and
U(p) = oiﬁel/a; also, we assume‘ G(K%} ~ g(K } = U(Kg) =.3fh9:t0.60 mb [L]
and neglect possible p contamination in the % sample. |

¥ The ﬁi cross sections used have been corrected for K# ;ontamination assuming
a rapidity-independent K?/ﬁi ratio of L4%. In addition, 0(ﬂ+) for -3 <y <~1
has beaen correctéd for an estimated L,1 mb of contamination due to protons
(with momentum » 1.k Gevfc) which could not be identified by ionization,

Proton contamination in the central and forward regions is assumed to be

negligible,
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from o~ decay. Thz p /rt ratio in the central region is 0,25*0.03, in agree-
ment with a value of 0.21 obtained from a general peripheral calculation (7}
and with a value of 0.20 obtained from the quark model [8].
. . o + - i . . : -5
Finally, using @ p - pp  branching fractlon [9] of (6.7%1.2} X 10 7,
we find a ratio

(1~ f£rom p° decay)/(all x ) = (1.1%0.3) X 107 ,

integrated over rapidity and over transverse momentum up Eo Pp = 1 GeV/c.
However, due to limited statistics, we are unable to measure the p /(all :ri) _
ratio for highgz: Prs and thus no direct comparison is possible with the data
of the lepton production experiments of ref. [2], where pi/ (a1 Iti) a 10_)'"
is obsexrved for pi >1 éev/c_

Conclusions.~We have measured the cross sectian foﬁ J'[-—P - po + anything'
at 205 GeV/ € to be 13.5% 3.k mb and estimate that approximately one~third of
the pions at this energy come from p decay. Thus p production is an imporztant
éource of pions in wp collisions at high energ};r 2nd can thar:éfore be expected
to have 2 substantial effect on single-pion inclusive distributions and two-
pion correlations [10]. With the present statistics we are not able to explore
~in detail other aspacts of inclusive po prodl.}ction such as _polarization;_. scaling,
and p~-n or p-p correlations, -A

Acknowledgments,—It is a pleasure to acknowledge_z the effort put forth by

the 30-in. bubble chamber staff, the hadron beam group, the accelerator opefa—

tions personnel, and our scanning and measuring staffs,



(o] L. a, = .
Table L. o cross sectlons and o /ﬂ ratlos
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in 205 Gev/c % p interactions.

<,
rapidicy 5
interval X /dpi.
-3 <y <~1 0.85
-1l<y <1 0.82

L<y <3 1.08

o(p”)
(mb)
2,70+1.25

8.10:2.81

2,66x1.39

o, +
p/x

0.17+0.08

0. 26+0, 09

0.13+0,.07

o /%
0.20+0. 09

0.25+q, 09

0.100. 05
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FIGURE CAPTIONS

]:*‘i.g. 1. Inclusive ;r+;-,:" and .:zint mass distributions for 5 P -» :{’}:—X- é.t' 205
GeV/é. The 'érrow indicates the expzcted position of the p0 at ﬂ(ﬂ-{’r{-)
= 0,765 GeV. |

Fig. 2. ;r+:z_ mass distribution for.three intervals of center-of-mass rapidity,
y, of the :rf+:t_‘ system in P - ﬁ+ﬁmx at. 205 GeV/c. The arrow indiéates
the expscted position of the po at I"i(JE+Ir_) = 0-765 GeV., For each rapidity
interval, the upper curve is the result of fi'tﬁing lt’ne C.th 1,12 GeV‘mass

region with a resolution-folded Breit-Wigner plus a second-order polynomial

packground {lower curve).
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