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INCLUSIVE MESON RESONANCE PRODUCTION* 

Frederick c. Winkelmann 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

ABSTRACT 

The status of inclusive meson resonance production is 
reviewed. New data is presented on inclusive p0 production 
in 205 GeV/c n:-p interactions. , 

INTRODUCTION 

Compared to inclusive single particle,production--which has been 
studied extensively1 up to ISR energies for a great variety of beams 
and targets--very little detailed information now exists on inclusive 
production of meson (or baryon) resonances. Among the reasons for 
this are (a) the production cross sections for specific resonances 
are small at high energy (except for the vector mesons); (b) the 
familiar difficulties of separating resonance from background are 
accentuated by small signal-to-noise ratios, particularly when high 
multiplicities are involved; and (c) many states, such as oP and p±, 
are difficult to study inclusively because :rc0 detection is required. 

Nevertheless, resonances--via decay--account "for a significant 
fraction of pion and kaon production, and, for nonzero spin, carry 
polarization as an additional variable for studying reaction mechanisms. 
Also, vector mesons may be an important source.of lepton pairs. 

In this talk I will review what is currently known about inclu
sive production of meson resonances and will present new data on 
inclusive p0 production in 205 GeV/c :re-p interactions. The data con
sidered come from the experiments (all in bubble chambers) listed in 
Table I. 

Table I. Inclusive Meson Resonance Production Experiments. 

Beain Meson 
'Initial momentum resonances Bubble No. of 
particles ~GevLc) studied chamber I events Ref •. 

( 1) K+p 8.2 K*' (890), 
K*+( 1420) 

CERN 8o ern l0.5K 2 

( 2) rd 
0 

7-5 p SLAC 82". 7.61< 4 

( 3) pp 12,24 Po' u:P' CERN 2m 27:K 5 
K*±(89o) 

(4) :re-p 8 Po BNL 80" l:K 9 

(5) :re-p 11.2 0 CERN 2 m (Q( 11 p 
U.K. 1.5 rn 

( 6) - 0 :rc p 15 p ' aP SLAC 82" 18.5K 12 

( 7) 1r-P 205 
0 NAL 30" 3.2K 13 p 
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As can be seen from this Table, except for the K*(l42o), inclusive 
analyses have so far been done only for vector mesons. In the follow
ing, each experiment is described separately. Results are then com
pared in Table V and general features of inclusive meson resonance 
production are summarized. The review concludes with a list of basic 
questions still to be answered. 

(l) K+p -7 K*+(890)X and K*+(l420)X at 8.2 GeV/c (Ref. 2) 

The reaction 
+ 0 + Kp-7 KnX 

s ( 1) 

was studied at 8.2 GeV/c to determine the properties of inclusive 
K*+(890) and K*+-(1420) production. Figure 1 shows the K~n+ mass dis
tribution for several ranges of the Feynman variable x of the K~n+ 
system in the center of mass. Strong K~(890) and relatively weaker 
K*+(l42o) production is observed. The resonance fractions for each 
x-interval were obtained by fitting Breit-Wigners plus polynomial or 
phase space background to the mass spectra. 

The inclusive cross sections for K*+(890) and K*+(l42o) produc
tion- (corrected for unseen K0 decays and including the K+no decay 
mode) are approximately 1.5 mb and 0.46 mb, respectively, compared to 
an inelastic K+p cross ection of 13.8±0.3 mb. The inclusive K0 cross 
section is 5~76±0. 33mb, so that 23% of the K0 's come from K*+(890) 
or K*+(l42o) decay. A triple-Regge analysis of the reaction K+p -7 
KCX, taking into account K* decay as a source of K0 's, is given in 
Ref. 3. 

Figure 2 compares the inclusive x-distributions for K~(890) for 
all K0 , and for K0 from K*+(890) decay. We note the following fcatur~: 

(a) Both K0 and K~(89o) come off preferentially in the forward 
direction (x > o), suggesting that production of these particles is 
strongly associated with excitation of the incoming K+ beam. 

(b) The sharp peak near x(K*+(890)) = l arises from the highly 
peripheral quasi-two-body reaction K+p -7 K*+6+. 

(c) The x-dependences for inclusive K0 and K*+(890) production are 
quite different; however, similar shapes are observed for the x-distri
butions of K0 from K~(890) decay and for all K0 • , 

Figure ~ shows the transverse momentum squared (pf) distributions 
for K0 and K +(890) production. A steeper falloff is observed for K0 ; 

the exponential slopes for 0 < pf < 0.5 Gev2 are 5.5 Gev-2 for K0 

and 4. 3 GeV- 2 for K*~- ( 890). 
To determine the K*+(890) production mechanism the missing mass 

(M) and momentum ~ransfer ( t') behavior of ~p -7 K*+(&p)x vas studied, 
with the following conclusions: 

K+p -7 K*+(890)p) and for 
predominantly yia natural 

(i) For M < 1 GeV (corresponding to 
It' I < 0.15 Gev2, reaction (l) proceeds 
parity exchange (wO-f0

). 

(ii) For It' I < 0.15 Gev2 and M > 1 GeV, n-exchangebecomes 
dominant. 

(iii) For It' I> 0.4 Gev2 and M > 1 GeV, p-A2 exchange dominates. 
A similar analysis of the K*~-(1420) production mechanism indicates 
that natural parity exchange dominates for M < l (corresponding to 
K+p -7 K*+(l420)p), whereas for M > 1 pseudoscalar exchange becomes 
important. 
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Fiq. 1. K0~+ mass distribution 

for several rang~s of x(K0~+) 
in K+p -+ K0~+x at 8. 2 GeV/c. 
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( 2) rd 
0 at 7-5 GeV[c ~ ex 

Inclusive Po photoproduction in the reactions · · 

rP ~ 1{ \r:-x ( 2) 
and 

+ - ) rn ~ n n X (3 

has been stud~ed ip a~ ~~f~~~t using the SLAC 82-inch deuteriu~ 
filled bubble chamber exposed 'to a ,nearly monochromc;tic 7.5-GeV/c 
photon beam, BeJ.o'l/ a.lab,mom~nt:um of 1.3 Ge,V/c, outgoing protons and 
n+'s were identifi~d tJ,sing ionizat~on. Above 1.3 GeV/c all tracks 
were assumed ~o be p.ion9;·K;t contcuitipA,~ion,..estimated to be "'3% of 
the charged tracks, was i.2'nored, · r · ' . "\ · .. , 

·Figure 4 shows the.11. n- ma~ distribution for r~actions (2) and 
( 3) combined. A disti'ilct shopld~.r _at the pQ mass is ·observed, The 
shaded histogram, which $,how$·~ ~qre ~.rc:>nop.nced p0

, is restricted to 
the two- and three..:.prong topolQ.<j:j.es. ::·~THe inclusive p0 cross section 
(which I have estimated by l;:ountf-~I!J EfV~~ts abOve the hand-drawn back
ground curve in Fig·.-" 4) is · 50 ~. This is about 20% of the total 
rd cross section of 240 ~b. · . · 

~aoo f 
~ 600l' 

~ 400
1 

0:: 
1-
z 
w 200 

.yd 
, 7.5 G,tV 

.4 .8 1.2 1.6 
M(~+.r•HG.eV) · 

Fig. 4. Inclusive n+n- mass 
+ -dj.stt;ibution for rd ~ n n X 

a~7.5 GeV/c. The shaded 

histogram,is restricted to 

2.;. and 3-prong events • 

+ - + Figure 5 shows. the x-dep~enc!'! of- the 1f n system for all n n-
combinationg in the mass band o.6 < M(ir+~-) < 0.85 GeV, which contains 
about 25% p • .For c::omparisen, Fig. 5 al$,0 shQws the x-distribution 
for inclusive n+ production in yp -.,+ 1t+X ( 1lhe corresponding distribu
tions for yp ·~ n-:x and rn ..,.. n:!-X are s-imilar). We observe that 
for x < o. 7 the n+ and p0 distr~utiens. a.re similar. Above x = o. 7, 
however, the 1(+ distribution continues to ~all, whereas the p0 distri
bution rises sharply as x approache$ 1. . Th~~ forward peak comes mainly 
from the react~ons rP ~ p~p and yn _... p0 n, which, according to 
vector dominance, q,)rrespond to p0 -m,1cleon elastic scattering. 

The pf behavior for incl~siv~ p0 produ~tion is shown in Fig. 6. 
The exponential slopes be+ow and above ~ = 0.12 GeV2 are 9.1±0.1 
and 4.4±0. 3 Gev-2, respectively. 
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• 

Fig. 5. x-distribution for 

inclusive p0 production in 

yd -+ n+n-x at 7.5 GeV/c. 

Also shown is the x-distribu

tion for n+ ·in yp -+ n+x at 

the same energy. 

Fig. 6. p; distribution for 

inclusive p0 production in 

+ - I yd -+ n n X at 7.5 GeV c. 

The exponential slopes are 
. . -2 . 2 

9.1±0.1 GeV for pT < 0.12 
2 4 4 - 2 f GeV, and • ±0.3 GeV or 

2 2 
pT > O. 12 GeV • 
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(3) pp ~ pOx, ru0 x, and K*±x at 12 and 24 GeV/c (Ref. 5) 

LBL-3045 

Inclusive p0 and K*±(890) production and semi-inclusive roo pro
duction were studied in pp collisions at 12 and 24 GeV/c. Figure 7 
shows the inclusive M(n+n-) distribution for the reaction 

pp ~ n+n-x 

at each beam momentum. (Only n+'s backward in the pp center-of-mass 
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~ ::L • 
~ J .... ~~ :l. t,+* Jl. 

12GeV/c pp 

0.765GeV 

1 

t., 
u2 .1---="'o.s-=----'-

21.GeV/c PP 

• 
• 

4000 

• 

-2000 

Fig. 7. n+n- mass distributions for pp ~ n+n-X at 12 and 24 GeV/c 
for all events, and for intervals of c. m. rapidity y of the n + n- System. 
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were considered, since these n+ have low enough lab momentum to be 
distinguished from protons by ionization.) A distinct shoulder at 
the p0 mass is observed. Also shown is M(n+n-) for several intervals 
of center-of-mass rapidity, y, of the n+n- syst~~. The inclusive p0 

production cross section as well as the p0 cross section. for each y
interval were obtained by fitting a P-wave Breit-Wi2n=r plus a second
order polynomial background to the 0.5 to 1.0 GeV n n mass region. 
In a similar way, cross sections were obtained for inclusive K*+(890) 
production in the reaction 

K0 n±X PP -7 s , 

and for semi-inclusive wo production in the reaction 
+ - 0 pp -7 n n n + charged particles, 

which was isolated by one-constraint kinematic fitting. Distributions 
in y and ~ for p0

, w0 , and K*+ are shown in Figs. 8 and 9. 

2 

0.2 

0.1 

12GeV!c pp 

pO + I 
Trx-

10 

w .... 

21.GeV!c P P 

w 

.... ... ~············ . . .... ' . 
•• •• • • 

!--"~--+-:-+~-+--+ ,.-' 
K•• I K•\ K~ 

0.4 

0.2 

I *-ll+ '( 
/+ 1 T~T • \ . 

I. I • ' 

I ' /. ., 
-1 0 

y 

.Fig. 8. Distributions in the 

center-of-mass rapidity y for 

inclusive p0 and K~+, and semi

inclusive w0 production in 12 

and 24 GeV/c pp interactions 

(solid circles). The smooth 
+ curves show the inclusive n-

and K
0 

distributions. 
s 

Table II summarizes the results at 12 and 24 GeV/c on inclusive 
cross sections, polarization, and average value of PT· From this 
Table and from Figs. 8 and 9, we note the following features: 

(a) In pp collisions vector mesons are produced centrally. At both 
energies the inclusive n- and p0 rapidity distributions have very 
similar shapes. The same holds for the K0 vs K*+ distributions. At 
24 GeV/c, p0 /(all n-) ~ 10% and K*+/(all K~) ~50%; both of these 
~atios are consistent with being independent of rapidity. Similar 
ratios are ~bserved at 12 GeV/c. 

(b) dcr/dPT for p, w, and K* is consistent with an exponential fall
off in P¥ for 0 < ~ ~ 1.2 Gev2 ; (pT) increases with the mass of the 
produced particle. 

(c) The p, w, and K* polarizations, obtained from decay angular dis
tributions in various frames, are all consistent with zero. This dis
agrees with the dual resonance model of Fenster and Uretsky,6 which 
predicts strong polarization of the p. 

(d) The p0 and K*+ cross sections have risen by a factor of two 
between 12 and 24 GeV/c. 
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Table II, Properties of inclusive vector meson production in pp inter
actions at 12 and 21~ GeV/c.5 

Final state 

:rt' X 

K
0

X s 
:rt'+ 1t-X 

:rt' + l(- + charged 
particlesb 

+ - 0 
:rt' :rt' :rt' + charged 

particlesb 

K~n+x 

K~n-x 

Particle 

o -o 
K ,K 

0 
p 

Po 

~hese are twice the cross 
undetected K~ decays. 

bsemi-inclusive. 
cThese are twice the cross 
rected for undetected K~ 
decay mode. 

dAt 24 GeV/c. 

Inclusive 
cross section (mb) 

12 GeV/c 24 Gev/ c 

21.1±0.4 33.8±0.6 

1.15±0.03a 

1. 8o±o. 25 
o. 32±0. o6 

o. 32±0. 02 

0.2')±0.03c 

0.02±0. 02c 

2.51±0. o6a 

3. 49±0.42 

O. 3o±O. 05 

o. 32±0. 03 

o.64±o.o6c 

O.l4±o.o2c 

(IJ.r)d 

(MeV/ c) 

320 

405 

470 

46o 

530 

Polariza
tion (12 

and 24 
GeV/c) 

...... 0 

-o 

-o 

sections for K~ production corrected for 

t . f K*± 0 + d . sec l.ons or -7 KsJC pro uctl.on cor-
*+ + 0 decays and corrected for the K - -7 K-n 

(e) At both energies, o(K*+) + o(K*-) """0.2 o(p0 )7 and 
o(K*+) >> o(K~). 

(f) o(a.P,semi-inclusive) """0.1 o(p0
). 

The fraction of n's which come from p-decay. can be calculated 
assuming roughly equal p+, p-, and p0 cross sections. This gives 
o(p) """ 3 X o(p0

) = 10.5 mb, which is equivalent to the production of 
about 0. 3 p' s per inelastic pp collision at 24 GeV/c. Using o(:rr) """ 
144 mb5 then implies that approximately 1/7 of the produced rr+, rr~, 
and n° come from p decay. This is a large enough fraction to affect 
the details of inclusive single pion distributions. 

Vector mesons have small decay branching ratios into lepton pairs 
[e.g., (p0 ~ e+e-)/(p0 

-7 all)= 0.43±0.05% and (p0
-7 f.l.+f.l.-)/(p 0

-7 all) 
= 0.67±0.12%]. Thus the vector dominance contribution to the reaction 

+ -pp -7 £ £ X 

can be calculated from measured inclusive vector meson cross sections 
assuming o(p0

) = o(w0 ) and o(~0 ) << o(p0
). The result is that the 

1-L+~- pairs observed8 in the reaction 

( + -p + bound nucleon) -7 1-L ~ X 

cannot be explained by leptonic decay of high-mass Breit-Wigner tails 
of the p, w, and cp. 
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(4) 1{ -p e. ox at 8 GeVLc ~Ref. 2) -+ 

Inclusive p0 production has been studied in J(-p interactions at 
8 GeV/c. Figure 10 shows the inclusive J(+J(- mass distribution for 
the 2-, 4-, and 6-prong topologies of the reaction · J(-p -+ J(+ J(-x. A 
distinct p0 signal is observed only in the 2- and 4-prongs (the 2-
prongs also show some f 0

). The p0 cross sections, obtained from Fig. 
10 by counting events above a smooth bdckground, are given in Table 
III. Cross sections for some exclusive p0 channels are also given. 
The total p0 cross sectio1~-most of which comes from the 4-prong 
events--is 3.2 mb. This is about 14% of the overall inelastic cross 
section of 23 mb. 

2prong 

Fig. 10. J(+1f- mass distri- · 

butions for the 2-, 4-, · 

and 6-prong topologies of 
+ ..;.. 

1t p -+ 1t J( X at 8 GeV/c. 
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Table III. Inclusive and exclusive p0 cross sections in 8 GeV/c rr-p 
interactions.9 

Cross section ~mb) 
Prongs Final state Exclusive Inclusive 

0.23±0.02 J o.67±o.o6 
o.44±o.o6 

2 p0 n 

p0 n + m:rr 0
, m ~ 1 

porr-p 

porr-prro 

0 - m:rro ~ 2 o} P rr P + 
' 

m 

p0 rr-nrr+ + 0 
~ m:rr ' m 

0, 64±0.05 } 
o. 49±0. 04 .. 1.97±0.16 

o. 84±0.15 

4 

6 poX ~ 0.46 

~ 8 ·o 
p X 0.07 

Total 3.2 mb 

Figure 11 shows the x-distribution for inclusive p0 production. 
For comparison, x-distributions are also given for rr± in. :rr-p ~ rr±X, 
for p0 in the exclusive reaction rr-p ~ p0 n, and for K~(890) in the 
reaction ~p ~ K*"'"(890)X at 8.2 Gevjc (discussed above}. We note 
the following features: 

(a) p0 's are produced mainly in the forward direction (x > 0) with 
a forward-backward ratio of about 6. This suggests that .in :rr-p col
lisions at this energy p0 's come predominantly from excitation of the 
incoming beam, in contrast to the situation just considered for pp 
collisions at 12 and 24 GeV/c, where the p0 's are produced centrally. 

::0 
6 
blX 
~"0 

~~~ Nl:::: 
0.1 

j -... ___ -;· \ 
·- I 

I·· 
~/ 

n-p-.f'0 n ( 

1/ 

o.~•,_t;:-o ~f-r~-o.:c5-r-.,-,.-r--:to o-.--.-....-,--,--.-4-,-..,L...j"·o 

X 

Fig. 11. x-distribution for 

inclusive p0
, rr+, and rr 

production in 8 Gev/c rr p 

interactions, and for inclu

sive K~ production in 8.2 

GeV/c K+p interactions. 

.. 
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production ratio is - 7% com-
24 Gev/c. 

n:-p -+ p0 n contributes strongly 

At x = 0 the inclusive p0 /(all n-) 
pared to - 10% for pp collisions at 

(b) The highly peripheral reaction 
near x( p0

) = o. 9. 
(c) The shapes of the x-distributions for inclusive p0 and n± produc

tion are quite different. 
over the entire range of x between 
K-*+(890)X at 8.2 Gevjc, indicating 

(d) There is a strong similarity 
n-p -+ p0 X at 8 Gev/c and K+p -+ 
similar production mechanisms. 

Figure 12 compares the x-distributions for all n+ and n-, and for 
those n:+ and n- coming from p0 decay. The latter n:± fall mainly in 
the forward region but somewhat less so than the parent p0 's due to 
the smearing effect of the p0 decay. The decay pion spectra do not 
show the sharp peaking near x = 0 predicted on the basis of scaling 
in p-production. 1° For x < 0 the decay pion distributions are sim
ilar to those for overall n+ and n:- production. 

:A 
E. -btx 

~~~ 

~o-

~fi~,-

·1.0 

8 GrN/c 7r-p 

-o.s 0.0 

X 
•10 

Fig. 12. x-distributions for 

all n:± and for n± coming from 

p0 decay in 8 GeV/~ n:-p 

interactions. 

The distribution in the momentum transfer t' (= t - ~in) between 
beam and outgoing p0 is shown in Fig. 13. A pronounced change of slope 
occurs· at It' I = o. 2 Gev2, below and above which the slopes are approx
imately 6.9 and 2.0 Gev- 2, respectively. It is concluded from this and 
from the t' dependence of the p0 spin-density matrix elements that p0 

production is dominated by n: exchange for j.t' I ~ 0.1 Gev2 and by A2 
exchange for larger jt' j. 

(5) n-p-+ p0 X at 11.2 GeV/c (Ref. 11) 

The n:+n:- mass distribution for the reaction u-p-+ n:+n:-x at 11.2 
GeVjc is shown in Fig. 14·. In order to reduce the background in the 
p0 region, both n:+ and n:- were required to be forward in the center
of-mass. A clear peak at the p0 mass is observed. The p0 cross sec
tion (which I have estimated by counting events above.the hand-drawn 
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Fig. 13. t'-distributions for 

:n:-p ~ p 0 x at 8 GeV/ c. For 

the combined 2- plus 4-prong 

data the exponential slopes 

are -6.9Gev"'" 2 for Jt'l< 

o. 2 Gev2 and 2. 0 Gev-2 for 

It' I > o. 2 Gev2• 

background curve in Fig. 14) is a(p
0

) ~ 2.o±0.5 mb for x:n:+ > o, 
~- > o. Figure 14 also shows M(:n:+:n:-) for -t(beam,:n:+:n:-) < o.4 Gev2. 
This cut greatly enhances the p0 signal and reveals some indication 
of the to. 

45 

> 25 .. 
(!) 
..... 
.Q 

E 

2.5 

..... x •• > 0 

-I < 0.4 GeV 2 

1.2 2.0 

!Gev) 

> .. 
Cl ... 
0 

c:i 

! 
> .. 

Fig. 14. + -rc :n: mass distribution 

in 

with both :n:+ and :n:- forward in 

the center of mass. The dashed 

line is an estimate of the back

ground in the p0 region. The 

lower histogram has the restric

tion -t(beam,:n:+:n:-) < o.4 Gev2. 

Figure 15 .shows the ~ distribution of the :n:+ :n:- system in the p
region (0.64 < M(rt+:n:-) < o.88 Gev), again for x:n:+ > o and x- > o. 
The observed sharp peak at low pf can be associated mainly wit~ p0 by 
examining the :n:+:n:- mass spectrum for intervals of~· The forward 
s~ope, indicated by the dashed line in Fig. 15, is 5.4±0.4 GeV'"'" 2 for 
PT ~ 0.2 Gev2• This slope (a) is less than that for inclusive :n:+ and 
:n:- production in.the same experiment (8.9±0.8 and 9.4±0.4 Gev- 2, 
respectively, for ~ ~ 0.2 Gev2 and all x); (b) is close to the t' 
slope of 6.9 Gev-2 for It' I < 0.2 Gev2 for inclusive p0 production 
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Fig. 15. p; distribution of the 

forward n+n- system in the p

region for n-p --+ n+ n-x at 

11.2 GeV/c. The dashed line 

corresponds to a slope of 

6.4±0.4 Gev- 2 • 

in n-p collisions at 8 GeV/c (see Fig. 13); and (c) is about twice 
that for inclusive p0 production in pp reactions at 12 GeV/c (3.6±0.4 
Gev-2 for .~ ~ 1.2 Gev-2; see Fig. 9). 

(6) n-p --+ p 0 pX at 15 GeV/c (Ref. 12) 

In a paper submitted to this Conference preliminary results were 
presented on semi-inclusive p0 production in 15 GeV/c n-p interactions. 
In order to reduce the possible number of n+n- combinations and thereby 
improve the p0 signal-to-background ratio, only events containing an 
outgoing proton with lab momentum ~ 1 GeV/c were considered. Figure 
16 shows the n~n- mass distribution for these slow proton events. The 
shaded histogram contains 4-prong events only. Clear p0 production is 
observed. 

1200 

> .. 
" <t 800 0 
0 
' . 
~ . 
~ ... 

400 

'lr-P-11'+11'-P X 

15 GeV/c 

Fig. 16.· n+ n- mass distribution 
- + -· in rc p --+ n 1t pX at 15 GeV/c • 

The shaded histogram shows 4-

prong events only. 

Preliminary estimates for the p0 cross sections are o.24±o.o6 mb, 
4-prongs; 0.13±0.04 mb, 6-prongs; and 0.05±0.05 mb, 8-prongs (the 2-
prong events do not contribute since a proton is required in the final 
state). The overall cross section for the reaction n-p --+ p0 pX is 
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0.43±0.15 mb. liliout 4o% of this cross section comes from the exclusive 
reaction re-p ~ p 0 re-p, which is found to be dominated by fragmentation 
of the re- beam into a low-mass p0 rr- system (A1,A2 production). 

(7) re-p ~ p0 X at 205 GeV/c (Ref. 13) 

I would now like to present some new and still preliminary data 
on inclusive p0 production obtained by the Berkeley-NAL collaboration 
from an exposure of the NAL 30-inch hydrogen bubble chamber. As 
shown below, because of poor momentum resolution on the fast tracks 
coming from beam fragmentation, p0 

production can only be studied in 
the central and backward regions in this experiment. 

All charged tracks were taken to be pions, except below 1.4 GeV/c 
where protons and rr+ were separated in the usual way by means of ioni
zation. From a study of K~ production it is estimated that ~ 10% of 
the charged tracks are kaons, assuming o(K~) ~ a(K+) ~ a(K-). The 
K*± ~ K~rr± signal in our data is so small that K*0 contamination in 
the po region (from K±rr+ misidentified as rr±rr±) is negligible. 

Figure 17 shows the inclusive re+rr- mass distribution for the fol
lowing three intervals of center-of-mass rapidity, y, of the rr+rr
system: -3 < y < -1 (backward or target fragmentation region), -1 < 
y < 1 (central region), and ·1 < y < 3 (forward or beam fragmentation 
region). The backward and central regions show a shoulder·at the p0 
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Fig. 17. rr+re- mass distribution 

for three intervals of center

of-mass rapidity y of the rr+rr-

systel!l in 

205 GeV/c. 

- + -rrp~ TC1(X at 
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mass. There is also some indication of f 0 in the central region. The 
forward region, however, shows nb distinct p0

; this is expected since 
the n+n- mass resolution here is ±140 MeV~-comparable to the p width 
and sufficient to wash out the p signal (the mass resolutions in the 
backward and central regions are ±20 and ±50 MeV, respectively), 

The inclusive p0 cross section for backward and central produc
tion was obtained by fitting the 0.5 < M(n+n-) < 1,0 GeV mass region 
to a P-wave Breit-Wigner (with a fixed mas$ .of 0.765 GeV and variable 
width) plus a second-order polynomial background. This gives o(p0 ) = 
2.4±0.8 mb for -3 < y < -1, and 8.9±2.2 mb for -1 < y < 1, The 
cross section for observable p0 's is thus 11.3±2.3 mb, This, of 
course, should be considered a lower-limit since the beam-fragmenta
tion contribution is not included, 

The fraction of n's coming from p-decay can be estimated assuming 
equal cross sections for p+, p- and p0 production. Using o(p) ~ 3 X 
o(p0

) ~ 34 mb and o(n) ~ 240 mb (Ref. 13) then gives that ~ 25% of 
all pions are products of p decay, 

Figure 18 shows the inclusive mass distribution for all n+n- com
binations (~3 < y(n+n-) < 3). A fit to the p0 region yields o(p0 ) = 
11.1±2.6 mb, consistent with o(p0 ) for y < 1, indicating that the fit 
is insensitive to the resolution-smeared p0 signal from beam fragrnenta-

400 

- 200 

-
:::E 400 
"0 
...... 
b 

"0 

200 

205 GeV /c 
7T-p-7T•7T- X 
M ( 7T+7T-)inclusive 

Fig. 18. Inclusive n+n- and 

+ + d .. t 'b . f n-n- mass ~s r~ ut~ons or 

at 205 GeV/c. 
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tion. Also shown in Fig. 18 is the structureless 'inclusive mass spec
trum for pions of like charge ( Jt+ n+ and n- n-). 

The distributions in y for p0
, for all n+, and for all n- are 

shown in Fig. 19. The p0 /(all n±) cross-section ratios for the back
ward and central region are given in Table IV. In the central region, 

6 
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4 
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"0 

' b 2 
"0 

0 
-4 -2 0 2 4 

y 

Fig. 19. Distribution in center

of-mass rapidity y for inclusive 
' 

production of p0 (solid circles), 

n +. (solid curve), and n- (dashed 

curve) in 205 GeV/c rr-p interac

tions. For n+ .and rr-, do/dy 

has been multiplied by 1/4. 
I 

Due to poor nn mass resolution 

in the forward direction, the 

p0 cross section has not been 

determined for y > 1. 

-1 < y < 1, the p0 /(all n-) ratio is 26±6%, which is 2 to 3 times 
larger than the corresponding ratio in 24 GeV/c pp interactions (- 10% 
at y:::: o) or 8 GeV/c n-p interactions(- 7% at y = o). The p0/(alln+) 
ratio in the czntral region is 28=7%, in agreement with the value of 
21% obtained by Barnett and Silvermanl4 on the basis of a general pe
ripheral calculation applied to the diagrams shown in Fig. 20. 

b. 1 · 0 /( 11 +) · · 2 5 1 - · · 13 Ta le IV. Inc us1ve p a n- rat1os 1n 0 GeV c n p 1nteract1ons. 

c.m. rapidity interval 

-3 < y < -1 

-1 < y < 1 

y > 1 

COMPARISON 

p0 /(all n+) 

o. 12::!::0. o4 

0.28±0.07 

Po/( all n-) 

o.l6±o. o6 

o.26±o.o6 

not measurable 

Fig. 20. Diagrams used by 

Barnett and Silverman14 to 

calculate the inclusive p/n 

production ratio at high 

energy. 

Table V compares some of the features of inclusive meson reso
nance production in the experiments just described. 



Table V. Comparison of inclusive meson resonance (R) production data. 
--------~ -- --- - --- ~---- -- ---~~---- --

(nR) Rj ~ll 1!-
R 

Initial Pbeam 0 inel o(R) . exponential (n ) - (nch) (nch~ (y- :::0) 
R particles ~GevLcl ~ (mb) R - -c. m. - slope ( Gev- 2 ) 

. 2 
yd 7.5 o.24a "-'0.050 0.20 3.4 0.059 -- {9.1±0.1 (0 < pT <

2
0.12) 

4.4±0.3 (o.12 < PT ~ 1) 

12 29.8 1. 80±0. 25 0.06 3.43 0.018 ....0.10 6 " ( - 2 ' i 
3. ±o.4 o < PT < 1.2, I 

PP 
24 30.6 3. 49±0. 42 4. 25 o.o26 3.6±o.4 (o <pi< 1.2) I 0.11 "-'0.10 

0 8 22.7 "'3. 2 0.14 3. 2 o.o44 "-'0.07 {6.9 (o<jt•j <0.2) 
p 2.0 (0.2 <It' I< 1)1 

11.2 22.1 2.ob 0.09 3.4 o.o26 -- 6.4±o.4 (o < p~ < o.2) 
1! p 

o. 42±0.l5c 
--

15 21.2 0.02 3.9 0.005 -- --
205 20.9 11. 3±2. 3d 0.54 8.0 o.o68 o.26±o.o6 --

-IE+ K+p 8.2 13.8 "-'0.46 0.033 -3.4 0.010 -- 2. 3 (o<lt'j<o.7) Kl42o -
K+p ·- 8.2 13.8 "'1. 5 ' 0.11 -3.4 0.032 -- 4.3 ( 0 < p¥ < 0.5) 

-IE+ PP 12 29.8 o. 25±0. 03 0.0083 3.43 0.0024 ....0.018 3.4±o.4 (o < p~ < 1. 2) K890 . 
2.8±o.3 (o < Pf < 1.2) pp 24 30.6 o.64±o.o6 0.020) 4. 25 0.0049 ....0.023 

--
pp 12 29.8 0.02±0. 02 0.0007 3. 43 0.0002 -- --

~ 

K890 pp 24 30.6 - 0.14±0.02 o. 0046 4. 25 o. 0011 -- --
~otal cross section. 

bForward hemisphere only (x +,x - > 0). 
1! 1! 

c ~1 GeV/c proton required in'final state. 

dseam fragmentation region (y (p0 ) > 1) not included. 
c. m. 
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SUMMARY 

The general properties of inclusive meson resonance production 
may be summarized as follows: 

(a) A limited amount is now known about inclusive vector meson pro
duction, particularly below ~ 15 GeV/c, but almost nothing is known 
about the inclusive properties of other meson resonances (for baryon 
resonances, only the 6++ has been studied inclusively15). 

(b) K*'s in K+p interactions at 8.2 GeV/c, and p0 's in n-p interac
tions between 8 and 15 GeV/c come predominantly from beam excitation 
and are therefore.,'produced mainly in the forward direction in· the 
center of mass. However, for pp collisions, p0 , u:P, and K* are pro
duced centrally. 

(c) For n-p collisions, the p0 cross section is typically 2-3mb at 
low energy, and increases to ~ 11 mb at 205 GeV/c. 

(d) A substantial fraction ( 15-25%) of outgoing pions come from p
decay, producing a significant effect on one- and two-pion inclusive 
distributions. 

(e) In lower-energy n-p interactions (where p0 's come mainly from 
beam fragmentation) the p0 's are strongly polarized and have pf slopes 
of typically 6-7 GeV'"" 2 , whereas in lower-energy pp interactions (where 
p0 's are produced centrally) the p0 's are unpolarized and have smaller 
~ slopes of 3-4 GeV" 2. 

CONCLUSION 

Clearly, there are still many basic questions about inclusive 
meson resonance production still to be answered. I would like to con
clude this review with a basic set of questions aimed specifically at 
p production but relevant to the other meson resonances as well. 

(a) How does AB ~ pX, depend, for example, on projectile (A) and 
target (B); on total energy; on mass and multiplicity of X? 

(b) What are the properties pf inclusive production of charged p's? 
(c) How does the average number of p's per event, (np), depend on 

charged multiplicity, nch? Does (np) increase with nch? 
(d) Does AB ~ pX scale? 
(e) What are the p-n correlations? 
(f) How are one- and two-particle inclusive n distributions affected 

by p production? 
(g) What is the pjn ratio as a function of x, y, and PT? What is 

pjn at high Pr? . 
(h) What fraction of the single leptons or lepton pairs observed at 

high PT in proton-nucleus collisionsl6 come from vector meson decay 
as opposed to direct production? 

( i) What are the p product ion .mechanisms? What .is the p component 
of beam or target fragmentation; in particular, are p's produced in 
high-mass diffraction dissociation? What is the multiperipheral con
tribution? How much p production is there from decay of higher-mass 
resonances or particle clusters? 
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