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THE REACTTON pn —ppn~ and W*(1L470) PRODUCTION AT 6 GeV/c*
W. Gage, E. Colton and W. Chinowsky |

Tavwrence Radiation Iaboratory
Uhlver51ty of Callfornia, Berkeley, Callfornla 9k 720

September 1970
A search for N* (1&70) productlon has been made among the
9Ok selecteQ examples Qf the reactlop pd - ppx (pSp) obﬁained in
& bubble chamber exposure at 5.9 GeV/c incident momentum. The
peripheral data are in good agreement with the predictions ef a
single pion exchange model. At mosf 5% of the events are attribut-

able to M (1470) production by some other mechanism.

The rather convincing evidence for existence of a T = 1/2; J = l/? nucleon
isobar at mass'of about 1450 MeV/cg, revealed both in missing-massvspectrometer
experimehﬁsl and in phase shift analyses 6f pion-nucleon eiastic scattering,?
haé.stimulated many searcheé for productieh of the resonance in bubble chamber
experiments. Since observations in bubble chambers prdvide detailed information
about all particles involved in.prdduction ahd decay, study of such events

should provide understandiﬁg of the production mechanism. The particularly in-

teresting feature of the process is the very sharp decrease of production cross

section with momentum transfer, not consistent with a single-pion-exchange mech-
ahism. The reaetion pn —appn- is especially suitable for a production experi-
ment since only charged particlés are involved so that full kinemstical con-
straints canvbe imposed in fitting. Further, the usual dominanee of the final
state interactions by the A (1238) is less strong here eince there is no pure

= 5/2 nucleoanioﬁ system produced. Indeed, perhaps the most compelliﬁg evidence
for productionvof W (1470) has been obtained in pd reactions at 7.0 GeV/c in-

cident momentum reported by A. Shapira et al.?
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\le present here the results of an experiment with 5.9 GevV/c protons incident
on the ILRL 72" iiquid‘deuterium'bubble chamber which give no clear indication at
111 of ¥ (lh?o)'productionpin the reaction pd -»pprx (pép); where psp.indicates
« "spectator" proton; o |
To prov1de the data, all. three-prong events and four—prong events with at

_east one stopplng positive track were measured on 70,000 frames of a total ex-
posure of 100, 000 photographs. On the average there were 12 1nc1dent protons.
The 20,000 events measured were kinematlcally fitted, using the TVGP-SQUAW pro-

gram system to the reactions

pd - pp psp o (1) |
PR . _
a : 2
| pd —px x 2 Pop | (2)
. - |
_ va—fppn T P ; . (3)
pd'fapdﬂfx' | (4)

Thesfitting procedure uses as.starting values for the spectator (p p),momentum,
the measured value for four-prongvevents; Spectator protons in the three-prong
events have momenta too small (< 80 MeV/c) to produce an observable track. For
such events, the starting velues of "measured" momentum components were teken to
be O + 30 MeV/c for components in a planebperpendicular to the_chamber's mag -
netic field direction and Ovi 4o Mev/c for the vertical component. Events were
accepted only if the inferred projected length of the spectator track was con-
sistent_with tne observed, within the errors. In practice this meant a toler-
‘ance of + 1.0 mm inconsistency between the "fitted" length and the observed.
‘_Momentum uncertainties intfact were great enough to absorb such variations withf'
out significantly affecting the X2 of the fit. A total of 1245 events were ob-
tained fitting reaction (1) and satisfying incident beam and fiducial volume re-
quirements."Further observation on the scanning table, to determine consisten-

cy of bubble density resulted in the elimination of 188 ofithese;
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Ambiguitieé,.mostly between fits to (l) and (3), 2 production, were in all
cases decided in favor of the highér constraint fit of the single-pion prodﬁc-
tion reaction. There résulted 1057 events in the samplé.coﬁsiaered £o be‘ex—
amples of process (1). To check §canﬁiﬁg:efficiencies'and.possible biases in
the measurementé, a smallef number, 26% of the total Qas rescanned and failed
2vents remeasuredf' In nohe of the distributions tb be. presented waF any evi-
lence of detectable bias uncovered in comparing the ﬁwb gfoups of data. The
final sample,‘after.excluﬁing all events with confidence level < 2%, is 904
>vents, of whichv686 are three-prongs and 218 have s visible spectator.

The spectator track is defined as the lowest momentum track which, fur:her,

‘must be a stopping track. Evidence for the appropriateness of this procedure

is provided by the distributions in spectator momentum and angle in the lab sys-
tem, seen in Figs. 1 (a) and l.(b) respectively. ‘included in those plots are
the inferred momenta and angles obtained in the fitting procedure for the three-
prong events with non-visible spectator. The momentum distribution is in good
agreement with the square of the Hulthén momentum~space weve functionu(nérmal—
ized to the total number of events), shown superimposed on the experimental
histogiam 6f Fig. 1 (a). Deviations from isotropy in the anguler distribution

5

result from dependence of the flux factor’ on the direction of motion of the
initial state neutron. As seen in Fig. 1 (b) the angular distribution is also
in excellent agreement with the isotropic distribution modified by this factor,

shown together with the observed distribution. Thus the events are considered,

- for further analysis, to result from proton-neutron interactions, viz pn —9ppﬂ—

with the initial-state neutron given a momentum opposite to that of the spectator
proton.
The events are strongly periphéral, as can be seen from the momentunm-trans-

fer disﬁributions of Figs. 2 (a) and 2 (b).
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We tlot the momentum transfer from the target neutron to_the slower of the two

protons,.(ps),

. B )2,- (§)> - ?’)2 : ' o ' (55)

and from the incident proton to the fasterrproton, (pf) as observed in the lab.
system, .

(50)
where the E's;and_ﬁﬁs are the lab‘energies and.momenta ofdthe_particles spec-
ified ty the subscripts. Botn diStributions are strongly peaked at low momen-
tum transfer, suggesting.a.single-particle-exchange mechanism. Distributionsv

in effective messes,

- 2 = = 2 ‘
,M(pf:rt ) = —(Epf + Eﬁ_). - (pr + Pﬂ__) | (62)
and ' '
: ' — — 1/
Mpn ) =| (B +E_ 2 _ (» .5 )2 - (6p)
s | g ,@») - (PPS + Pﬂ,) . . T

are presented in Flgs. > (c) and 2 (d) respectively. These, nhile‘cieariy show-
ing -dynamical effects, do not demonstrate any partlcularly s1gn1f1cant sharp
.peaklng. In partlcular the variation w1th M(p T ) is in disagreement w1th that
of Shapira et al.5 in the absence of a peak near 1450 MeV/c , there being Just
a small departure from monotonic decrease in that region. We show below that
but for small residual effects, these distributions are in good agreement with
singleepionéexchange expectations. |

To confront the data witn‘pion-exchange model predictions we first restrict
the sample to. those 538 events with [tp l < 0.4 (Gew/c)e.

s

in Fig. 2 and the distributions in Fig. 3% represent those events with [tp |
s

< O.#V(GeV/c)2. The curves are described below. At the pion-nucleon energies

' The shaded histograms

relevant here, the diagram with nt ‘exchange contributes six times more to the

total intensity than the corresponding diagram with no exchangze.,

':"\

Y
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Theoretical curves drawn in Figs. 2 and 5_were obtained»from'a sample of 30,000 o
events generated, using Monte-Carlo methods, according_to'the production ampli-

tudes of the two diagrams, added incoherently. Kinematical form factors of the

[

for use in the physical

8-10

Dlrr-Pilkuhn type6 were used to modify the pole equation
region of t. These form factors -were obtained in gnalyses

of np, Kp, 5P

vand pp inelastic reactions over a large ranée of incident beam momen%a. In add-

ition, we have'included the weakly t - dependent factofll

7 v v
® (t) = | 2.3 - u2 2 | o _ ' (7)
7.3+ ¢ ' '

in the expression for dac/dM dt, which Wblf8 feund neceséary, In (7) pris the

pion mass. The ﬁ-p elastic and eharge—exchange differential cross sections which

are required in the calculations were constructed from the "CERN" ph&se‘shifts.12

Comparisons of the model predictions with the date are shown in the shaded
distributions of Figs..e (b) - 2 (4) as well as those of Fig. 3. Figures 3 (a)
(3 (b)) show the distributioﬁsiiﬁ the cosine of fhe angle between the initial
proten (neutroﬁ) and the outgoing Ps (ps) aé'eeen,in the pfn- (psﬁf) rest cys-
teme. The cofresponding Treiman-Yang (azimuthal) angles @p and @ are dis-

, , ) : S Ps \
played in Figs. 3 (c) and 3 (d) respectively, while the momentum transfer to the

%, tpﬂ_ end t - are plotted in Figs. 3 (e) and 3 (f) respectively. The ob-

served distributions sre in excellent agreement.with the pion-exchange model
predictions,vnormalized to a total sample of 538 events.” We find,.then, that
for those events with "small" momentum transfer, Itp [ < 0.k (Gev/c)e, no add-
itional resonance production mechanism need be invok:d. - »
To help isolate possible I (1L70) pfoduction events in the péﬂ- configur-
3

ation, which in fact is the one in which Shapirs et al.” observed large "anom-
alous™ ¥ (1450) production, events were selected satisfying criteris in such a

way as to minimize the contribution of single-pion exchange and the effects of
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fiﬁal-state resonant'interactions in thevpfﬁ- system.v We choss éVenﬁs with
iarge momentum transfer to the neﬁtron, ltp | > 0.4 (GeV/c)2 and with large |
Pfﬂ_ effective-mass'M(pfn_) > 1.8 GéV/cz. ;n Figs. 4 (a)iand 4 (b) we show,
Jor the 229 events-Selecﬁed according to these_fequiremehts, the M (psn-)>and
HPf distributions respectively; Thssé:show'a peak near ;ATO MeV/c2 in the
mass aistribution and give evidence»fsr peripheral.produétion. For tge.loh
svents with 1.32 Gev/c® < M (p ") < 1.60 Gev/c?, we show the distributions in
nomentum transfer as the,shaded'hisfogram of Fig. 4.(b)bahd in cosine sf scat-

tering angle cosf, as the unshaded histogram in Fig. U (c). Further restriction

P
s :

to peripheral production, l l < 0.k (GeV/c results in a sample of

events w1th dlstrlbutlons in M (p 18 ) dlsplayed in the shaded hlstogram in Fig.

4 (a), and in cos@, dlsplayed, cr0ss-hatched, in Flg. I (c) Fits to the wom-

pS

entum transfer distributlons shown in Fig. (b) to the form ce'dt yield slopes
o= 6.4 + 1.1 (GeV/E 2 for the complete sample andci~ 7.5 + 1.5 (GeV/c)™  for
the events with restrlcted M (p x ) values. In maklng the fits, only those
date with 0.08 < 1t | <ok (GeV/c in the upper hlstogram and with ’t ‘l
< 0.4 (GeV/c)2 in tie shaded were considered. These slopes may be compareg
with the value(L= 20. 7 + 2.7 (Gev/b obtained by'Blaif et a1.> for anomalous
* (1400) productlon observed with a wassing-mass spectrometer.,

Since the éharacteristics of these events are not qualitatively very much

different from the peripheral ( [tp | < 0.k (Gev/c) 2) dats discussed above, a
S

straightforwardvapplication of the single pion exchange model was made here also.

The theoretical expression used for the events with It | > 0. L (Gev/c) ', where
: _ Pg

the model is of questionable validity perhaps, differed from that described

above in the exclusion of the phenomenological form-factor (7)13; Using the

Monte-Carlo technique to generate events and applying the same restrictions as

to the data, there resulted the various curves drawn in Fig. k.
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The solid cur§es‘in Fig. & are normalized to the total number of events and the
dashed curve in Flg. (b) is to be coﬁpared with the cross-hatched histogrem
of the restrlcted sample with 1.32 GeY/c <M (p 7 ) < 1. 60 GeV/c . The depend-
cnce of the data on the momentum transfer-tpf 1s‘less steep than thevmodelvﬁreé
(ictions. In»addition, the'mass distributions in Fig. LI (a) are not well repre-
senﬁed by the model, although the discrepanciee are not severe, coﬁéidering the
limited statistical eccuracy._ Thie is particularlybso for the lowef momentum
sransfer data. The engﬁlar distribution of Fig. 4 (c) is inegood'egreement with
' the.model's predictiens. Concedihg the'doubtful applicebilify of the model to
the events withvlﬁp | > 0.4 (GeV/c)2, we may consider its predictions to phen-
omenologically'repr:sent the shape of thé Background fo be»subtracted from the
.'. M (psﬁ-) distribution. Taking this ﬁoint of view, we make the generous estimate
of thirty five.events to be ettributedvto W (1470) production by some unspec-
ified mechanism. Events with ltp | >o0.k (Gev/c)gand M (pn7) < 1.8 Gev/c?
show a smooth variation with M (p:ﬁ-) and so provide a coﬁtribution of not more
than five resonance-production events. _At most five percent of the data may
then be attributed to I (1470) production,‘by'some mechanism other than pion-
exchange, about a factor ten smaller than that reported by Shapirs et al at 7
GeV/b incident momentum.

The resﬁlts reported here were made pbseible by the usﬁal high quality
performance of the Bevatron and Bubble Chamber, for‘whiehﬂwe thank the eperating

crews. The continued support of Professor E. Segre and initial a331stance of

Professors P. COndon, M. Mandelkern and J Schultz are gratefully acknowledged
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 FIGURE CAPTTONS
Fitted distributions of (a) sﬁectator momentum‘and (b)'cosine of the
angle between the spectator and incident proton directions in the lab;
oratory system. Thevsmoothvcurves are Hulthén distritutionsrwith |
B =5.18 @, normalized to the total number of 90h pd - ppnt P, events,
the Mgller flux-factor is taken into account.- 7
Distributions of four-momentum transfer squared from (a) initial
neutron to finel slower protOnr pé; and (b) initial.proton to final
faster proton pf; effective nass of (e) pfﬂ- system and (d) psn’ Sys~
tem. In (b) - (d) the shaded histograms are for events with ltp' | <

' : s

0.4 (GeV/b) The curves give the\predictions of a single-pion ex-

change model whose details are discussed in the text.

Distributions, for events with ItP | < 0.4 (Gev/c)2, of (a) cos o, »

s . ' : T

where ép- is the angle between the incident proton and outgoing faster

f _ :

proton evaluated in the pfﬂ rest system, (b) cos 9 where GI in the
Ps. s

angle between the 1nitial neutron and final slower proton, (e) Treiman-

Yang angle Qp , the azimuthal angle of P, in the pfﬁ rest frame, (d)
v il
Trelman-Yang angle ¢p in the P % rest frame; momentum—transfer
: , s L S
squared (e) ‘t'pﬁ- from the initial pI‘OtOrl to the % and {f) tqﬂ- from

the initial neutron to the m . The'enrves'give the predictions of a
single-pion exchange model discussed'in the text.

Distributions of events with the restrictions M (pfﬂ-) > 1.8 GeY/ce and
lt | >(0.k4 GeV/c)2 (a) Effective mass of the p n system; the shaded

Ps
distribution represents events with [t | <o0. b (GeV/c . (b) Four-

- momentum transfer squared,'ltp |; “the shaded distribution represents

events with 1.32 Gev/cag M(p )< 1.60 GeV/cz.. (c¢) Cos 6, for events

S
with 1.32 GeV/02_<_ M (psn')< 1.60 _GeV/cQ; the events in the shaded histo-

grem have, in additionm, ltb | < 0.k (GeV/b)Q. The curves give the
o . -

predictions of the single-pion exchange model discussed in the text.

4
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B. Assumes any liabilities with respect to the use of, or for.damages

resulting from the use of any information, ‘apparatus, method, or
process disclosed in this report. .
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includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the '
Commission, or employee of such contractor prepares, di_sserhinates, or pro--
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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