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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 productlon is

reviewed, New _data is presented on 1nclu51ve p production
in 205 Gev/c n p interactions, :

INTRODUCTION -

Compared ‘to inclusive single partlcle productlon— whlch has been
studied extensively™ 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 productlon 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 hlgh
multiplicities are involved; and (c) many states, such as o° and p%,

are difficult to study lnclu51we1y because. n° detectlon is required,

Nevertheless, resonances--via decay——account-foria significant
fraction of pion and kaon production, and, for nonzero spin, carry
polarization as an additional variable for studying reaction mechanisms,
Alsd,’vector mesons may ke 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 p production in 205 Gev/c n” 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,

Beam = = Meson _ .
‘Initial momentur  resonances Bubble . No, of
particles . (Gev/c) studied chamber / events Ref.,
(r) ~ x*p 8.2 K*"(890), CERN 80 cm 10.5K 2
K**(1k420) o
(2) = ya 7.5 0° sLac 82" T.6K
(3) pp- - 12,24 p®, @°  CERN 2 m 27X
' K*(890) o
() «p 8 0° BNL 80" 1K 9
(5) 1P 11,2 o° CERN 2 m . 6K 11
o U.K. 1.5 m
(6) «p 15 0°, @®  sLac 82 18,5k 12

() «p . 26 £ NAL 30" 3.2k 13
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As can be seen from this Table, except for the K*(lh20), inclusive
analyses have so far been done only for vector mesons., In the follow-
ing, each experiment is describéd 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.

(1) K'p - KH(89OlX and K (1420)X at 8.2 Gev/c (Ref, 2)

The reaction
K p - K n *x (l)

was studled at 8.2 GeV/c to determlne the properties of 1nclns1ve
K*+(890) ‘and K**(1420) production. Figure 1 shows the K2n* mass dis-
tribution for several ranges of the Feynman variable x of the Ksﬁ+
system in the center of mass. Strong K*'(890) and relatively weaker
x**(1420) 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*V(890) and K* (1uao) produc-
tion (corrected for unseen K° decays and including the K'x® decay
mode) are approximately 1,5 mb and 0,46 mb, respectively, compared to
an inelastic K'p cross ection of 13.810.3 mb. The inclusive K° cross
section is 5,76%+0.33 mb, so that 23% of the K°'s come from K**(890)
or K*"(1420) decay. A triple—Regge analysis of the reaction K'p —
KOX, taking into account K* decay as a source of Ko’s, is given in
Ref, 3. '

Figure 2 compares the inclusive x-distributions for K*'(890) for
all X°, ard for X® from K**(89C) decay. We note the follcwing featurxes:

(a) Both K° and K**(890) 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*t(890)) = 1 arises from the highly
peripheral quasi-two-body reaction Kfp — K*tAt, _

(c) The x-dependences for inclusive K° and K**(890) production are
quite different; however, similar shapes are observed for the x-distri-
butions of K° from K*'(890) decay and for all KO, .

Figqure é shows the transverse momentum squared (pT) distributions
for K° and K™ (890) production, A steeper falloff is observed for KO9;
the exponential slopes for O < py < 0.5 Gev2  are 5.5 Gev™2 for K°
and 4,3 GeV™ "2 for x**(890). '

To determine the K*t(890) production mechanism the missing mass
(M) and momentum transfer (t') behavior of K'p — K (893}(was studied,
with the following conclusions:

(i) For M < 1 GeV (corresponding to K'p - K*'(890)p) and for
[t'] <0.15 GeV2, reaction (1) proceeds predominantly via natural
parity exchange (wp £°).

(ii) For |t'] <0.15 Gev®
dominant,

(iii) Por |[t']| > o.k GeV2 and M > 1 GeV, p-A, exchange dominates.
A similar analysis of the K (lh20) productlon mechanism indicates
that natural parity exchange dominates for M < 1 (correspondlng to
K'p » X*(1420)p), whereas for M > 1 pseudoscalar exchange becomes
important,

and M > 1 GeV, n-exchange becomes
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(2) yd » o°% at 7.5 Gev/c

'IncluSive p°® photoproduction in the reactions '

TP - x+ifx ' ' ‘: . : (2)
and S
' n - n x X S : (3)

has been studied ip aQ experiment using the SLAC 82—1nch deuterium-
filled bubble chamber exposed to a nearly monochromatic 7. 5-GeV/c
photon beam, Below a.lab momentum of 1.3 GeV/c outgoing protons and
x*'s were 1dent1f1ed u51ng lonlzatlon Above 1,3 Gev/c all tracks
were assumed to be pions; Kt contamlnatlon estimated to be ~ 3% of
the charged tracks, was ignoreg, el -'

Figure 4 shows the x'n” masgs dlstrlbutlon for reactions (2) and
(3) combined. A distinct shoplder at the p° mass is observed, The
shaded histogram, which shows a mgre pronounced 0°, 1s restricted to
the two~ and three-prong topologles._ e inclusive p cross section
(which I have estimated by countlgg events above the hand-drawn back-
ground curve in Fig,”4) is ~ 50 ub, Thls is about 20% of the total
vd cross section of 240 b, ’ .

-1 T T T
3 800 Y d 1 K
>
g 1.5 G‘v Fig. 4. 1Inclusi *1~ mas
o 600 . » 9. Fe > ve 1t i S
< distribution for yd - X
) :
g 400 E at 7.5 Gev/c The shaded
E " v » hlstogram lS restrlcted to
wi : .
290 S ] -2+ and 3-prong eyents.
»
4

.8 1.2 - 1.6
‘M{ser-) (GeV) -

-Figure 5 shows the x~dependence of-the »n Ya system for all n'tn”

comblnatlons in the mass band O, 6 < M(x* x") <€ 0.85 GeV, which contains
about 25% p . For comparisen, Fig, 5 algo 'shows the x—dlstrlbutlon
for inclusive x* productiom in yp -» X (the corresponding distribu-
tions for yp —» n~X and rn - x~X are similar), We observe that
for x < 0.7 the n* and p° distributiens are similar, Above  x = 0.7,
however, the x* distribution continues to fall, whereas the p° distri-
bution rises sharply as ‘X approaches 1. Th;s forward peak comes mainly
from the reactions yp - pgp and yn = p n, which, according to
vector dominance, correspond to p°—nucleon elastlc scattering.

The p% behavior for inclusive p® preduction is shown in Fig, 6.
The exponential slopes below and above p& 0.12 Gevg_ are 9,1%0,1
and 4.4#0,3 GeV’2, respectlvely. . .
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Fig, 5. x—distribution for
inclusive po‘production in
rd » n'n"X at 7.5 Gev/ec.
Also shown is the x-distribu~
tion for n*-in yp -» n'X at

the same energy,

Fié. 6. p? distribution for
inclusive p° production in
vyd » o' x X at T.5 Gev/c.
The exponential slopes are
9.120.1 GeV 2 for pﬁ <o0.12
GeVe, and 4.4+0,3 GeV"2 for
p,? > 0,12 Gev_2.-'
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(3) pp — p%X, @OX, and K**x at 12 and - 24 Gev/c (Ref. 5)

Inclusive p® and K*¥(890) production and. semi-inclusive @° pro-
duction were studied in PP collisions at 12 and 2§ Gev/c Figure 7
shows the inclusive M(n ‘7~ ) distribution for the reactlon :

pp -» nTnX

at each beam momentum, (Only ;z+4's backward in the pp. center-of-mass

Y T T T T T T T T T . T T SO(X)
12GeV/c pp ‘ . 24Cevicpp '
b -1 o . - -.
o 0.765GeV .
’ .

0.765Gev

NUMBER OF n*r COMBI.NATIONS PER 0.02GeV

N E==

P
' 05<|y [<05 *na,
. '\“‘_'g
9
400—
-‘ 08<ly |
200 : ar 12<|y| ~200
. 1\&‘:"&1‘ \""*@m
Q2 06 10 - 4 Q.2 v

MASS OF n'‘n” SYSTEM [Gev]

Fig, T. :rr+yr— nass dl'strlb'utlons for PR — 1r+7r_X at 12 and 24 GeV/c
for all events, and for 1ntervals of c.m, rapidity y of the o system,
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were considered, since these n" have low enough lab momentum to be
distinguishgd from protons by ionization.,) A distinct shoulder at
the p° mass is observed, Also shown is M(n+n') for several intervals
of center-of-mass rapidity, y, of the at n system, The inclusive po
production cross section as well as the p cross section for each y-
interval were obtained by fitting a P-wave Brelt—ngner plus a second-
order polynomial background to the 0.5 to 1.0 GeV 5 = mass region,
In a similar way, cross sections were obtained for inclusive K*+(890)
production in the reaction

o t#
pPp — Ksﬂ X,

and for semi-inclusive w® production in the reaction -
+ - o -
PP - n x n + charged particles,
whlch was 1solated by one—constralnt kinematic flttlng. Distributions
in y and pT for p° , w?, and kK*" are shown in Figs, -8 and 9,

12GeVic pp 24GeVic pp

Fig. 8. Distributions in the
center-of-mass rapidity y for
inclusive po and K*+, and semi~-

inclusive @° production in 12

and 2 GeV/c pp interactions

(solid circles), The smooth

L . +
curves show the inclusive x~™

/. . and K° distributions,
SN ZRR S s .
AN P/ SN
-1 O 1 -1 0 1
y Y

Table II summarizes the results at 12 and 24 GeV/c on inclusive
cross sections, polarization, and average value of pp.. 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 p° rapidity distributions have very
similar shapes., The same holds for the K° vs x*t distributions, At
2k Gev/c, p°/(all n~) =~ 104 and K*"/(all K3) ~ 50%; both of these
ratios are consistent with being independent of rapldlty. Similar
ratios are gbserved at 12 Gev/c :

(b) doéde for p, w, and k¥ is consistent with an exponentlal fall-
off in for 0 < PT 5 1.2 Geve; (pT) increases with the mass of the
produced particle.

(¢) The p, w, and X* 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, which
predicts strong polarization of the p.

(a) The p° 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 24 GeV’/c.5

v , Polariza-
Inclusive ( >d tion (12
cross section {mb) . Pr and 24
Final state Particle 12 GeV/c 2k Gev/c  (Mev/c) Gev/c)
n X T 21,10, L4 33.8+0.6 =~ 320 -
KoX x°,x° 1.15:0,03%  2.51#0.06% 405 -
onx o° 1.80+0.25  3.49+0.42 470 ~ 0
at s + charged p° 0.3240,06  0,30%0,05 - -- --
particles S
a7 x°+ charged ° 0.32+0.02  0.32+0.03 - L60o ~ 0
particlesP , .
Kot x _ k**(890) 0.25%0.03° 0.64#0.06° 530 ~0
KSn™X k¥ (890) o0.02t0.02° o0,1420,02° = -- --

. . o .
@These are twice the cross sections for Kg production corrected for
undetected Kg decays, :
Semi-inclusive,

C . . " - o + .

These are twice the cross sections for K - Kgr prodgctlon cor-
rected for undetected Kg decays and corrected for the K** K x©
decay mode, ‘

dat 24 Gev/c.

(e) At both energies, o(k*') + o(k* ) =~ 0.2 o(po)'7 and
a(k™) >> o(x*7).
(£) o(w®,semi-inclusive) =~ 0.1 o(p°).
The fraction of n's which come from p-decay. can be calculated
assuming roughly equal p+, o, and p° cross sections, This gives
o(p) =~ 3 X o(p°) = 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(xn) =
144 mb? then implies that approximately 1/7 of the produced n*, n~,
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., (p° = ete™)/(p® - all) = 0.43t0.05% and (p° - ptp~)/(p®— all)
= 0,67+0.12%]. Thus the vector dominance contribution to the reaction

+—
pp - £ £ X
can be calculated from measured inclusive vector meson cross sections

assuming o(p°) = cgwo) and o(¢°) << a(p°). The result is that the
p+p’ pairs observed® in the reaction

p + (bound nucleon) — p+p_X

cannot be explained by leptonic decay of high—mass'Breit—Wigner tails
of the p, w, and @.
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(%) np—ajx at8GeV/c (Ref, 9)

Inclusive p® production has been studled in 5" p interactions at
8 Gev/c. Figure 1C shows the inclusive et mass dlstrlbutlon for
the 2-, h—, and 6-prong topologies of the reaction n"p —» x'x X, A
distinct p® signal is observed only in the 2- and li-prongs (the 2-
prongs also show some £°). The p cross sections, obtained from Fig,
10 by counting events above a smooth background are given in Table
II1I, Cross sections for some exclusive p channels are also given,
The total p° cross section--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, : ' :

np -mt T X, 8 Gevse,

2prong

150

50

Oﬁ'.,rvvw.vvrr.*1

Lprong

620 Fig. 1o, 1t~ mass distri-

1906 combxnations

butions :f_or- the 2-, L4-,

400
and 6-prong ‘topologies of
AP > nnx at 8 Gev/c,

200

6Prong

7801 combinations

00

100

" 0.5 1.0 1.5 2.0
M (T*T7) Gev
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Table III. Inclusive and exclusive p° cross sections in § Gev/c n"p

interactions,
Cross section (mb)
Prongs Final state Exclusive Inclusive
o _ . ‘
2 e . 0.23%0.02 | 0.67+0.06
°n + mp®, m 21 0.44+0,06 :
N %P 0.64%0.05 )
p%x” pr® 0.49t0, 04 } 1,970, 16
o . o '
p r”p + mx m 22
o~ + ’o 0.84+0,15
p o nx’ + mx, m 20
o)
6 p X —— < 0.46
z8 % , -— ~ 0.07
Totai :“ 3.2 mb

Figure 11 shows the x-distribution for inclusive p productlon

For comparlson x~distributions are also given for 7¥ in o~ p - n+x
for p in the exclusive reaction x"p — pon and for K*+(890) in the
reaction KX'p - KkK*'(890)Xx at 8.2 GeV/c (dlscussed above). We note
the following features: '

(a) p°'s are produced mainly in the forward direction (x > 0) with
a forward-backward ratio of about 6. This suggests that in x p col-
lisions at this energy po'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 po's are produced centrally,

18 Gewsc "p H

Fig, 11, x-distribution for
+

W inclusive po, 1, and T
N ] .
0 3
; roduction in v =
E ] p 8 Gev/c n"p
-SL: i 1pterac§10ns, and for inclu-
EW§ | sive k' production in 8,2

GeV/c K'p interactions.

0.01
-1.0
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At x = O the inclusive p®/(all n~) production ratio is ~ 7% com-
pared to ~ 10% for pp collisions at 24 Gev/c,
(b) The hlghly peripheral reactlon TP - pon contributes strongly

near x(p°) = 0.9, ,
(c) The shapes of the x-distributions for 1nclu51ve p° and n' produc—

tlon are qulte different.
~ (d) There is a strong 51m11ar1ty over the entlre range of x between
np » p°X at 8 Gev/c and K'p - K*+(890)X at 8.2 Gev/c, indicating
similar production mechanisms, »
Figure 12 compares the x-dlstrlbutlons for all n and x~, and for
those nt and 1~ coming from p decay. The latter F fall malnly in
the forward région but somewhat less so than the parent p 's due to
the smearing effect of the p decay, The decay pion spectra do not
show the sharp peaking near x = O predicted on the basis of scaling
in p-production. For x < O the decay pion distributions are sim-
ilar to those for overall xt and n~ production,

8 Gev/c T-p

L) 2.t d}

LI A B an 0 §

Fig, 12, x-distributions for

Lo ]

= 1
. n + . ) .

Eé 1 all n~ and for.nt coming from
b ] . :

fho : p° decay in 8 GeV/= n"p

qu

hJZal interactions,

L E -0s 0.0 0.5 "0
X

The distribution in the momentum transfer t' (= t - tmin) between
beam and outgoing po is shown in Fig, 13. A pronounced change of slope
occurs at lt'| = 0,2 GeV2, below ‘and above which the slopes are approx-
‘imately 6.9 and 2,0 GeV™ <, respectively. It is concluded from this and
from the t' dependence of the 09 spin-density matrix elements that p°
production is dominated by n exchange for [t'l < 0.1 GeVe and by Ao
exchange for larger |t'|. o

(5) xp » °% at 11.2 GeV/c (Ref, 11)

‘The ntn~ mass distribution for the reaction n"p - atx"X  at 11,2
GeV/c is shown in Fig, 14, In order to reduce the background in the
p° region, both n+ and n~ were requlred to be forward in the center-
of-mass. A.clear peak at the p mass is observed, The" p Cross sec-
tion (which I have estimated by counting events above the hand-drawn
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t'—distributions for
P - p X at 8 Gev/c. For
the combined 2- plus L-prong
data the exponéntial slopes
are ~ 6.9 GeV 2  for |t'l <
0.2 GeV® and ~ 2,0 GeV 2 for

|t'] > 0.2 Gev@,

background curve in Fig. 14) is o(p°) ~ 2.0%0.5 mb for x+ >0,

Xp- > O,
This cut greatly enhances the p
of the f£°,

451 1 — X, 112 GeV/e ]

x.x >0

% T a

» 25
> .
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~
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= 54
©
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Figure 15 shows the

04 12 20
M () (Gev)

evts / 0.04 Gev

p% distribution of the x

Fig., 14,

Figure 14 also shows M(n*n~) for -t(beam,x*n~) < 0.4 GeV2.
signal and reveals some indication

"1 mass distribution
in 7"p » xTx"X at 11.2 GeV/c
with both g+ and = forward in
the centef'of'mass. The dashed
line is an estimate of the back-
ground in the bo region. The

lower histogiém'has the restric-

tion -t(beam,n*x") < 0.4 GeV2,

*1” system in the p~

region (0.64 < M(#*x~) < 0.88 GeV), again for x_ + >0 and x - > O,
The observed sharp peak at low p§f can be associated mainly wit o° by

examining the 7t1~ mass spectrum for intervals of 2.

The forward

slope, indicated by the dashed line in Fig. 15, is 6.4#0.}4 GeV € for

Pr S5 0.

2 GeV-, This slope (a) is less than that for inclusive n

*+ and

7~ production in the same experiment (8,9+0.8 and 9.4%0.4 GeV’E,

respectively, for

p2 < 0.2 Gev@

and all x); (b) is close to the t'

slope of 6.9 GeV" 2 for [t'] <o.2 Geve for inclusive p° production
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in ' p collisions at 8 Gev/c (see Fig, 13); and (c) is about twice
that for inclusive p® production in pp reactions at 12 GeV/c (3.6%0.L
Gev 2 for p% £ 1,2 Gev'2; see Fig. 9).

(6) x"p - p%x at 15 GeV/c (Ref., 12) -

In a paper submitted to thls Conference prellmlnary results were

' presented on semi-inclusive p production in 15 Gev/c n”p interactions,
In order to reduce the possible number of n+n combinations and thereby
improve the p sxgnal—to-background ratio, only. events containing an
outgoing proton with lab momentum = 1 Gev/c were considered. Figure
16 shows the n'x~ mass distribution for these slow proton events. The
shaded histogram contains L4-prong events only, Clear p°® production is
observed, :

- ¥ p-—-wtwp X 1
. IS Gev/e
" 1200}
Fig, 16. n"n” mass distribution
3 . - + -
K in np » nx pX at 15 GeV/c,
& soor : _ :
e The shaded histogram shows Y-
~ 3
Z f prong events only,
a00}
0 . et . ]
0 .8

fo
M (7)) Gev

Preliminary estimates for the p cross sections are O, 240,06 mb,
4-prongs; 0,13+0,04 mb, 6~-prongs; and 0,05%0,05 mb, 8~prongs (the 2-
prong events do not contrlbute since a proton is reqplred in the final
state). The overall cross section for the reaction =x™p — e°px is
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0.43+0,15 mb, About LLO% of this cross section comes vfrom the exclusive
reaction n"p - pon—p, which is found to be dominated by fragmentation
of the n~ beam into a low-mass p°n~ system (Ay,A; production).

(7) np > p°% at 205 GeVlc(Ref. 13)

I would now like to present some new and still preliminary data
on inclusive”po 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, p production can only be studied in
the central and backward regions in this experiment, '

All charged tracks were taken to be pions, exéept'below 1.4 GeV/c
where protons and 1t were separated in the usual way by means of ioni-
zation. From a study of K§ production it is estimated that g 10% of
the charged tracks are kaons, assuming o(K2) = o(k") = o(K™). The
k¥ _, Kgni signal in our data is so small that K*© contamination in
the p° region (from K*x* misidentified as nin‘) is negligible,

Figure 17 shows the inclusive n'n~ mass distribution for the fol-
lowing three intervals of center-of-mass rapidity, y, of the atn”
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 p°

T T T T T T T T T ]
i mop = X
100} P .
205 GeV/c
80

- 3

280
>
3 240 . + - . . .
Ng - 4 Fig., 17. = n mass distribution
o
e 150 ] for three intervals of center-
s of-mass rapidity y of the ' x”
E )} system in x"p -» n'a X at
© 100 -1 205 GeV/c.

B
50 -

[0 J) SIS I ERIRUN U N T S !
O 04 08 1.2 1.6 20 22
M (*m~) GeV
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mass, There is also some indication of £° 1n the central region, The
forward region, however, shows no distinct p ; this is expected since
the nts™ massvresolution 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 p° cross section for backward and central produc-
tion was obtained by fitting the 0.5 < M(n"x") <.1.0 GeV mass region
to a P-wave Breit-Wigner (with a fixed mas$ of O. 765 GeV and variable
width) plus a second-order polynomial background, . This gives o{p°) =
2,4#0.8 mb for -3 <y < -1, and89+22mbfor -1 <y <1, The
cross section for observable o) °'s is thus 11, 32,3 mb, This, of
course should be considered a lower-limit since the beam-fragmenta-
tion contribution is not included, v

The fraction of n's coming from p-decay can be estimated assuming
equal cross sections for p+, p~ and p® production, Using o(p) = 3 X
o(p®) 2 34 mb and o(n) =~ 24O mb (Ref, 13) then gives that 3 25% of
all pions are products of p decay.

Figure 18 shows the inclusive mass dlstrlbutlon for all x*x~ com-'
binations (=3 < y(x*n™) < 3). A fit to the p° region yields o(p°) =
11,1#2,6 mb, consistent with o(p®) for y < 1, indicating that the fit
is insensitive to the resolution-smeared p° signal from beam fragmenta-

600 v T v Vl T LA | A T A T
205 GeV /c
i rop=mtr X ]
¢ ¥ M (7r*7r-)inclusive
400 ° 1
I N
> 200} ¢ - ]
o N .
~ | . J
o) q%h%p Fig, 18. Inclusive n'x~ and
fi O b—+—t—+—— %i,;q?ﬁﬂﬁm?b o nint mass dist;ibutions for
s 400':_ Tp—mt Tt X J np - naX at 205 GeV/c,
o - .
~ ¢¢ -7 X
b B e
© - % @ M) inclusive
: ¢
_ O .
200t S8 1
% |
%0
- o 4
°°o%%
‘ O 1. 1 1 l%im%

0 08 1.6 24
M(mrT) GeV
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*

tion, Also shown in Fig, 18 is the structureless 1nclue1ve mass spec-
trum for pions of like charge (x*xt and n"n").

The distributions in y for p , for all n+, and. for all n~ are
shown in Fig. 19. The p°/(all »*) cross-section ratios for the back-
ward and central region are given in Table IV, 1In the central region,

Tp — p° X, 205 GeV/c Fig, 19. Distribution in center-

of-mass rapidity y for inclusive
production of p’O (solid circles),
%" (solid ¢urve), and = (dashed
curve) in 205 GeV/c n"p interac-
tions, For xt.and n™, do/dy
has been multiplied by /4,

. v
Due to poor nn mass resolution

in the forward direction, the

p° cross section has not been

determined for y > 1,

-1 <y <1, the p°/(all n~) ratio is 26#6%, which is 2 to 3 times
larger than the correspondlng ratio in 24 GeV/c pp interactions (~ 10%
at y = 0) or .8 GeV/c n"p interactions (~ T% at y = O). The p°/(all x*)
ratio in the central region is 98*7N, in agreement with the value of
219 obtained by Barnett and Silvermanl* on the basis of a general pe-
ripheral calculation applied to the diagrams shown in Fig, 20,

Table IV, Inclusive p°/(all n%) ratios in 205 GeV/c " p interactions.}3

c.m, rapidity interval eofgall ) o p°/(all =7)

-3<y<-1 0.12+0, Ok - 0.16t0,06
-l<y <1 0. 28+0, 07 o 0. 260,06
y>1 not measurable

p Fig. 20, Diagrams used by

Barnett and Silvermanlh to

calculate the inclusive p/=

production ratio at high

energy,

COMPARISON

Table V compares some of the features of 1nclu51ve meson reso-
nance productlon in the experiments just described.




Table V.,

b

Forward hemisphere only (xn+,xﬂ_ > 0).

C 51 GeV/c proton required in'final state,

dBeam fragmentation region (

Yo m (p®) > 1) not included,

Comparison of inclusive mesoﬁ‘resonance-(R) production data,
T ) e o R
Initial pbeam Yinel o(R) ( >; ) (R/éll_fo) exponential
R particles | (Gev/c) (mb) (mb) "R “ch z 5 Yeom, T - slope (Gev’e) :
4 a - - ' 9 1:0.1 (o < p2 <,0.12)
12 29.8 1.80%0.25 0,06 3.43 0,018 ~0, 10 3.6io.u (o <:p§ < 1.2)
PP e 30,6 3.49#0,42 0.11 4,25 0,026 ~0, 10 3.6+0.4 (0 < p% < 1,2)
o oy _ 6.9 (0 <t'] <0.2)
) 11.2 22,1 2.0°  0.09 3.k 0.026 - 6.420,4 (0 < p2 < 0,2)
" P 15 21,2  0.4240,15° 0,02 . 3.9 0,005 - -— ‘
205 20.9 11.3¢2.39  o.54% 8.0 0,068 0,26t0,06 -
SHP X*p 8.2 13.8 ~0. 46 0,033 ~3.4% 0,010 - 2.3 (o< |t'| <o.7)
K'p 8.2 13.8 ~1.5 0.1  ~3.k 0,032 - 4.3 (0 <p2 <0.5) |
Kg“*go pp 12 29.8  0.25t0,03 0,0083 3,43 0,002k  ~0,018  3.4*0.4 (0 < pZ < 1.2)
pp 24 30,6  0.64%0.06 [0.0209 4,25 0,0049 ~0,023 2.8%0,3 (0 < p% < 1.2)
- PP 12 29.8 | _o.o2¢o.02‘ 0, 0007 3.43 Q.ooog -~ . - ;
80 1 o 24 30.6. 0.14#0,02 0,006 4,25 0,0011 - -
&rotal cross section, | |

-6T -

Gho€ ~191
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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 AT has been studied inclusively™”), »

(b) K*'s in K'p interactions at 8.2 GeV/c, and p°'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 dlrectlon in’the
center of mass, However for pp collisions, p 3 wo and K* are pro-
duced centrally,

(¢) For n"p collisions, the p° cross section is typlcally 2-3 mb at
low energy, -and increases to 32 11 mb at 205 GeV/c.v

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

(e) In lower-energy n p interactions (where po's come malnly from
beam fragmentation) the p°'s are strongly polarized and have pr slopes
of typically 6-7 GeV~ whereas in lower—energy Pp interactions (where
p°'s are produced centrally) the p Crs are unpolarized and have smaller
p% slopes of 3-4 Gev <,

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 cf questions aimed specifically at
p production but relevant to the other meson resonances as well,

(a) How does AB - pX 6 depend, for example, on projectile (A) and
target (B); on total energy; on mass and multiplicity of X?

(b) What are the properties of inclusive production of charged p's?

(c) How does the average number of p's per event, (n ), depend on
charged multiplicity, ncp? Does (n Y increase w1th nch

(d) pces AB - pX scale?

(e) what are the p-n correlations?

(£) How are one- and two-particle inclusive =x dlstrlbutlons affected
by p production?

(g) what is the p/n ratio as a function of x, y, and pp? What is

p/n at high

(h) what fractlon of the single leptons or lepton pairs observed at
high pp in proton-nucleus collisions!l® come from vector meson decay
as opposed to direct production?

(i) what are the p production 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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