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ABSTRACT

Cross sections and angular distributions for the quasi-two-body
=t w1t s

final states N p » N w , and N 1 were measured at five in-

cident 7' momenta between 3 and 4 GeV/c. These cross sections, when

combined with results at higher momenta, indicate that the momentum

wTt

dependence of the N p° cross section deviates from that expected for

a meson-exchange reaction, and that there is shrinking of the diffraction

peak. Dips in the production angular distributions are observed, similar

to those observed in two-body final states.

"Work dene under the auspices of the U. S. Atomic Energy Commission.
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“Inan effort to extend the available dita on the quasi-two-body
final states encountered in resonance production, we have studied four-
prong cvents of the types

w+£) - 'r."+p 1T+TT-,,_ | (1)

TT+p - TT+p a0 | (2)
at the five ir-mident TF+ momenta 2.95, 3.2, 3.5, 3.75, and 4.1 GeV/c.
.Many exiaeriments have been performed in recent years oﬁ the angular distri-
butions and polarizations for the elastic and two-body inelastic final
states. ! In the intermediate-energy region (i.e., 2to 5 GeV/c incident.
'pion momentum) the available data have been parameterized with limited
success by the peripheral model with absorption, 2 and by Regge pole
models, 3 some of which include the effects of direct-channel resonances.

Reactions (1) and (2) have long been known to be dominated by such

:::++ :}<++ 1
quasi—twojbody final states as N po, N wo, pAZ, etc. As new

resonances are discovered the fraction of events attributable to such

two-body reactions increases.and is to date approximately 50% for these

. . :::++
reactions. In this paper, data are presented on the final states N p?,

N*++w°, and N*JMLT]O. The momentum-transfer distributions for these
reactions are known to be aominated, by a peak at low momentum transfer;
to study the stfucture of this peak and associated density matrix elements
we have added all our events together, regardless of incident bAebam mo -
mentum. . The I= 3/2, N*(ZSBO). lies within this energy region, > but -its
effect is neglected at this time, Thé variation with energy of our data |
kwill be presented in a future communiéation.

The 72-inch hydrogen bubble chamber was exposed to a'separated

il beam at the Bevatron to obtain 0.37 pb/event of pion track length. The
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.' p‘1 oton Lontamnta'mn vay 1cct “’0“'1 5,0 al tho lo\\‘/el umx gies to more thdn

20% at 4.1 GCV/L. _ The 'cxpe’ri‘.ment yic’tltied 40 000 Iour‘-‘prong‘ev_entsj,'.

j _\vhl( 1 were measured on’ the Flying- bpot Dlg1t1ze1.(f;ST‘)}. and'constrai-ne(_i '
_ to Hypotheses_‘('l) ahd (2); _7,800_ events-of Reactlon (i) and 9400 of | |
“Rea.cvtio'n (2),w'er'e vobtai.rie.d FSD 1on1za.t10n measurements were partlcu-".",‘-.

1arl;t useful when more than one hypothe51s was satlsfled The 10% of

ambiguous events wh1ch remalned were resolved on the scanmng table

" or by choosmc the hypothe51s w1th the lower X 2.: Constraining the-e'vents-’;
to the correspondmg proton hypotheses showed that the proton contamlnatlon.
.’1n..the beaﬁm pr_esented.n_o proble_rn, since the pp events were clear_ly dlstlh- S

' g:ui‘she‘d. from _the_'_ TP eve.r.lts by the kinerhatic and iionization criteria,

Cross'.sections.were- obtained by nornoalizing to the §-ray cross

‘ sectioh. Ab ,—‘x.'vay’s‘oa'.n“ ‘was mede over _a_bout FZHOI%nof.'the film. r>I‘he rr-1'uon'

.:‘.j_cor'ttarni_nation was measu.red and"_fohnd to be about 5%’: ofvthe pio’n beam .

Hby mé‘.vkibng abooon'tv'of» seconaary' interactions ._oh ,tracks‘ with 6-ratys. The |
kno\%/n cros.s._ section for §-rays with momenta greater thah_18 MeV was |

| , “.used:t_o obteih the pi'on path le.h.gth.

.’I-‘he'evehts attrihuted to a par’ticule.r resonance we‘r.e selected.

from the observed mass dlstrlbutlons solely on the basis of cuts in the v
v_'respectlve 1nvar1ant-mass 1nterva—ls as follows. vi'N T ' 1,12 GeV o
M(m ' p) <1.32 GeV; | 00, 0.68 GeV sM(n*n') <0.86 GeV; w®, 0.75 GeV:
'!s M(v+w m )<o 82 GeV; n , 0.525 GeV < M(nTn n %) < 0,575 GeV. : .
L For 5% o'f the events more than one combination of particles satlsfled‘ S
“the mass criteria, 6‘_'and in those cases the events .were ass1gned on t_heq';‘-tﬁ
vba’-s‘i-s of-lowest momentorh transfer." Our cross se.ctions for the 'r‘najor v

_ qua51 two -body reactions together w1th results reported in the hterature

. 7 1
‘are shown in Flg. 1. Morrlson has made extensive compllatlons of
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such cross sections and finds that meson-exchange reactions are

r

. -1.5 -
characterized by P top

g ine, ‘momentum depcndence, whereas diffraction-

‘like processes such as clastic scattering show a much slower fall-off.
The observed cross sections for N p0 production have a momentum de-
pendence more like a diffraction process than the expected meson-ex- .

change dependence, being roughly proportional to p-.o'5 . The cross

inc.
sections for N*wo and N* n° productioﬁ show the ekpected meson-ex-
change behavior, as does the other j'po pvroduc‘tion proce.ss o TT-p-* pon,
and the reaction K+p_ - K*ON*++.' |
In Fig. 2a we show the t dependencé of thq N*p0 ex;ents to-
gether with results of other experiments performed at 2.3 and 7.0 GeV;/.c. 2
At the lower energies the initial diffraction peak, the.abr.upt change in
slope near t = - 0.4, and the s.econdary maximum whose slope decreases
with incident momentum are reminiscent of the behavior of elastic Tfip
séatf_eringS in the same energy region. A fit of the diffraction peak to
(do/dt). eAt gives A = 8I.8:i:0. 3, compared with average values of
A=8.0 for ™ p and A = 6.7 for Trfrp elastic scattering in the same ‘b
energ}; region. ? The initial slope of 12 to 14 at the higher morn.entum.
implies a shrinking of the diffraction peak and a displacement of the point
at which the change in sldpe occurs to t = - 0.2, The same rate of |
' s‘hrinkage, AA/APinc.z 1.4 (GeV/c)_3, is observed for the reaction

st + Tc
up to 9 GeV/c incident momentum, and for

K'p - K °N
0 ' e . - 0 .
CYPpe P up to 5 GeV/cl, The reaction ™ p - p n shows no shrinking

T : : :
~upto 7 GeV/c. In Table I we summarize the momentum dependences and

initial slopes of (do /dt) for the various processes discussed, '

"\_,x
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Phe form ol the t distribution for our cvents appears to he in-

: e - -k . *
~dependent of dipion mitss up to 1 GeVoand of 7 p mass within the. N,

Very low momentum transfers are kinematically prohibited for high ’

invariant-mass values. .To explore the very low momentum transfer ..

region in our data, we used events with low invariant masses within . - 4.
. . i i i

the N* and p0 mdss,_’li‘mits at the highest incident momenta? and fmd
a flattening of the t .d’;stribution.s belov;( t = - 0.15 (GeV/e?Z.

Fi'gure 3a shows the density matrix elements for -th'e: I.\I*+1L and .
plov decay angular distribufions. Again changes in charac{_er vc_en be.
discerned néar t=-0.2 and -0.4. The solid line's are the predicationg

of the oné-pion -exchange modelx with a.bsorption2 calculated at 4 GeV/c |

incident momentum.

Figure 2b shows the momentum-transfer distributions for the . .

+ st + 0 ) + st + 0 i B
reactions T p—~ N w and T p -~ N n . The comparative shallow-

ness (A = 3.3+0.5 for Nz':w) of these angular distributions has already
‘been noted. 1 For N*w, increased statistics in this experiment make_f",“ U .
evident a dip near t = - 0.8, and a flattening below t = - 0.2. Indepe,ndeht o

, 1 :
.samples at lower rnomenta7a also show evidence for this dip. 0 The

“distrib'ution for : N:f:‘r_]o events has limited statistics (102 events) but is‘v./""‘i:‘?'
~ flat until t = - 0.5, after which it drops quickly. A similar behavior

has bee‘n noted for this reaction at 8 GeV/c and also for the reaction” E

on T P — T]n. The denslty matrix elements for N " W events are shown

~in F1g 3b No characterlstlc changes are ev1dent within statlstlcs, but

| the predlctlons of the p- exchange model thh absorptlon2 are clearly : yj,}_.,‘, o

1nadequate. :
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| Table I
Reaction Momentum A
dependence
+ o a0 N R ~-0.5 Shrinking
Trp—p° N P‘ 9 —20
- o -1.7  |No shrinking
T p—p° n P 3
_n_-p__.IOON*O NP'“'O.S ' _ ,
| o - 0.3 Shrinking
Yp— p° P P 4 —8
ko —k*Nn*tt| p~ T Shrinking
K p—K N P ~'g 5
| - - 0.3 |No shrinking
TP Elastic P | -8
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~ FIGURE LEGENDS

Cross- sectlons for the resonance productwn redcuons
g+ s wtt
p—»o.)N (é,l),Kp*K N (@

“p-’p n(?),
), Tp~p°N"? ?), vand vp —~ 0°p ( §4)

T
-+ T
X

Dlstnbutlons in the square of the momentum transfer, t, for
ot st

the reactions .(a) wt p—~ "N, (b) nt P - w?'N" and

ey

Crp N L

vF‘ig.- 3.

Momentum transfer distributions of the density matrix elements.
s ' ‘

+ N ' L+ 0 Latt .
for (@) mp—=p "N and (b) " p—>w N . The solid lines

are the predictions of the OPE model with ébsorption,‘ calculated

at 4 GeV/c in Ref. 7a.
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