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We report a measurement of the total and differential cross
sections and VA++ decay angular distributions for the reaction
+ 0 . ++ .o ’ : )
T p~> 7 A atincident momenta between 2.67 and 4.08 GeV/c. A
dip near t = -0.5 and a backward peak are clearly observed. In a

Regge pole exchange model we determine the parameters of the p

trajectory.

The Riégge pole model is most easily tested in reactions in which only a
single trajectory can be exchanged in the t channel. The success of the p-
trajectory model in describing the 7 p charge—exhchange' 'reaction1 makes it
important to see if the same trajectoi‘y also describes other reactions dom-
- inated by p exchange. Theé reaction Tp— TA is the only other such example.
The dip observed near t = -0.5 in the differential cross section for the T p
’charge— exchangé reaction has been interpreted as evidence that the p'trajec_-f
- tory passes through zero at this point, and so we expect to observe the same.

dip in the 7m A final state if the same trajectory is exchanged. 2
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“We report here a study of thev'rr0A++ finat state? as observed in the re-
action | | |
atp -~ 1r+p1ro‘," - | (1)
--An exposure of the 72-inch hydroge,n bubble chamber to a separated nt beam
at-.the Bevatron yielded '96000 two-prong' evente di-stributed among the five |
incident momenta 2.95, 3. 20 3.53, 3.74, a'nd. 4.08 GeV/c A similar expo—. |
% sure of . the 25 inch bubble chamber has y1e1ded to date 45 000 two -prong |
events at 2 67 GeV/c. The events were measured on the Flymg Spot Dig-
itizer (FSD) and constralned to hypothesis (1). Extens1ve use was made of
ithe automatic’ 1on1zat10n measurements5 avallable from the FSD in the form
- of HM = H/T, the ratio of the total number of t1mes the spot was suff1c1ent1y
"~ obscured to produce a d1g1t1z1ng to the total number of times the track was
traversed by the spot. An 1on1zat1on ch1 square (xzo ) was calculated and a

cut was then made on xz _]ust as for the kinematic xz, avoiding the tedious

© and 1ncon51stent procedure of checkmg each event on the scan table. A sample :

| of film was, however, looked at to determme the appropr1ate xz cut so that
the fract1on of events in which 1on1zat1on and kmematxcs were in clear dis- |
agreement would be less than 1%
| A major problem in the 3—4 GeV/c experlment was the proton contam-
ination in the beam, which var1ed from 3-10% for most of the film but was
22% for the 4 08- GeV/c exposure '~ This is a part1cu1ar1y severe problem in
the small- momentum transfer reg1on, where the process pp-’A n is difficult

i to distinguish from the process T p-'A a0 with the usual kinematic con-

6

straint and ionization method. ° The former process has a cross section ap~

‘proximately 15 times the latter m our energy range, makmg even a small

- beam proton contamination manifest. However, the mass difference between the

-
~
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m and p produces an upward shift in the missing mass when a real proton

event is treated as a pion event.. By measuring small samples of film with

.‘.inci‘den’t protons at 2.95, 3.65, and 4.0 GeV/c and treating pp—~> na Tt events

+ 0

Jasmw p—> T A++'

: evénts, we have détermined the cuts on thé'missing mass
vsqua'red required to remove incicient profon events. 7 The 2.67—GéV/é film
was taken »with a beém proton contamination of less than 0.5%. :

E_xalfhir;ation of the Dalitz plot for. reaction (1) shows.that this ﬁnél state |

is dominated by the reactions

wtp > st - @

-+ + S L

TP PP - 3)

and . - ' 'rr+p - 1T+A+.‘ , (4

If on‘év evaluates the 1r+1r0v invariant mass from reaction (1) in the A++ rest
~ frame, one finds that there is a linear relationship between the decay angleof
. the A and the dipion mass. The decay distribution of the A with respect to its

" direction.of motion is such that reaction (3) overlaps reaction (2) in a region

of decay aﬁgles lying _ehtirely in the forward h\e:nisphere. This allows us to

use the method of Eberhard .ar.ld Pripstein8 to .remov'e the overlap events and
_ repopulate the saméle with ev’en.ts frqrﬁ the corresponciing part of the .back-'
~ ward decay hemisphere. These Vrépopulated events v’r‘epresent 15% of 6ﬁr |
| sample (With ap band" cut of‘0.64 < er'rr <.0.90) at 3-4 GeV/c, and 30%~of our
| sample at 2.67 GeV/c. 9 The peripheral nature of the production process (3)
‘reflects itself as very small momentum transfers to the A, so that the re-
'moval of these overlap events is essentiél for studﬁng reaction (2). AThe'A-H
~ band is defined by the mass'intervalvi.iz_ <M (1r+p) < 1.32.

. We then present results for 385 events betvs}een 3 anci 4 GeV/c and 4?;0

“events at 267 GeV/c. The Dalitz plot projections showless thé_n 10% .ba.c'k-

ground for ‘most-pro_duction angles. This may be somewhat higher in the back-



~4- ' UCRL-19264

ward hemisphere, where small signals make background e'stim‘a.tes difficult.
The cross section for reaction (2) is pres'erited in Figv. 1 -fogéther wij:h some
previous measurements fr_ofn the litefaturé. m We note the power-law be-
havior with incident pion momentum; a fit to our data and the 8-GeV/c point
gives a p 1.6 Behavior.

Figure 2a shows the differéntial.cross sectiqn, do/dt, for the two en-
ergy regions. A fit of the forward peak to do'/du:;AeBt yields B =8.8+1.0 at
2.67 GeV/c and B= 8.0i0:.9 at 3 to 4 GeV/c. The dip Heaf t= -'OV.S is ciearly

11

observed. at both enérgies. " A second minimum near t=-2.5 is observed in

_the 2.67-GeV/c data. A backward péak is observed at both energies, and is

. shown as a function of u in Fig. 2b. 12

(a) t-Channel Interpretation -

In the p Regge pole descri_ptibn the helicity flip amplitudes for

1T+p"1TOA++ go as g(oz)vF(s—bu,a)ﬁ(t)[i—e_iva

]/I‘(afi) sin ma (whe.re g(e) =0 as
o = 0), and for a canonical p trajectory of 0.5+t.h.ave-zeros at ti= -_-10.5,' -2.5,
etc. Thus the miﬁirha at 6.5, and that é.t ~2.5 in the 2.67 -GeV/c data, may be
taken as evidénce for éxéhange of_ the p vtrajectory in this reaction. This sec-
ond minimum cpuld be confirmed by its obsevaation_'at‘ Coﬁstaﬁt t, independen_t
of incident momentum.

As a representation of the available 7 p .charge-exchange data, we show
a best fit of Barger and Phillipsi'?) to those data (with a particular ansatz for
the lgrge—t regidn), normalized to this ,exp.erir‘ner'lt'. The similarity of the
? .shapes is evident, and's‘uggests that both processes are doniinated by excﬁange
of the same trajectory. |

Krammer and Maor14 have done a simult.an'eous fit to the reactions
- 1r+p—> TI'OA++, -rr+p —>ﬁOA++, and K+‘p—> K%++ with a p + A, Regge pole model; the

fit included our 3-4-GeV/c data, so the dotted curve in Fig. 2a shows the -

[l

1
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predictions of this model for 2.67 GeV/c only. We have extended the model
past the t region considered valid by the authors, and in this region the model
should be taken as indicating the dip expected near t = -2.5 rather than as a

quantitative prediction. The spin density matrix elements in the Jackson

frame for the decay are shown in Fig.,'Zc as a function of t, together with the

- predictions' by Krammer and Maor. Within the limited statistics the two are

consistent; with the possible exception of P33 near t=-0.6 for the 2.67-GeV/c
15

. data. We keep in mind that the predictions of the M1 dominance model™~ at

the pAp vertex are P33 = 0.373, P34 = 0.216, and p3q = 0.

Mathews.16 has discussed a linear fit of the available data to

2a(t) |
do/as = [G(0/P] L] (5. | (5)

A least-squares fit to our data and the 8—GeV/c data

gives o (t) (0.56+0. O4)+(1 34+0, 12)!: from w p->1TOA * using the 3-4-

and 8- GeV/c data
and a (t) = (0.49£0.03)+(0.82+0.07)¢t, from 1r+p—>‘n'OA t usingthe 2.7~
P ' ' GeV/c data as well,

compared with ozp(t) = (0.57+0.01) +(O.91:!:0.06)t' from T p > 'rron.

The pij for reaction (2) are approximately independent of plab.’ showing the s
‘independence of the relative contributions of the several helicity amplitudes.

- This enables us to use Eq. (5) to determine ozp(t) as in the spinless problem.

These results are taken as evidence that the same trajectory is exchanged in

both reactions. The flattening of the trajectory.‘obtained by including the 2.67-

GeV/c data is due to the steeper low-t behavior at this momentum, a possible

consequence of an s-channel resonance contribution, as discussed below.

"(b) s-Channel Interpretation |

The 2.67-—GeV/c incident momentum is at the pea.k of the I = 3/2,
b .

J° = 11/2+, A(2420). The locations in cos 8 of the minima and the backward
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pe.ak,é,re consistent with H-wave decay of this re_sonanée into Am.. We can es-
timate the branching ratio of this resonance into the Am channel by using the
formula _ , c : - %
' ' 4+ 0, ' 2«
o (N =-A "17) = (3/5)(J+1/2) CLRND SIS SN
If we take twice the backward hemisphere as being resonance contribution and
. . A

take X'rrN = 0.10, we obtain X“_Az 0.07.

- (c) 'u-Channel Interpretation
A backward peak is' ob>s_erved!in>_ both sets of data, and is shov\x)n as a
function of u in Fig. 2b. The ratio of the crdss sections in the backward in-
terval Au =0.2 G.eV/c2 between 2.67 Gé\V/c aﬁd 3-4 GeV/c aat_a is apypro‘xa
- imately 1.8, corfespondihg to a p-3 behayior, con’si.stentwitl‘a that obsérved‘
for‘baryon exchange. proces’ses. 18 A fitv to 'db'/du =. AeBu gives B = 3%1.
" Both the éﬁergy dépendehée and the shape of the backward c-réss section-are
~in excellent agreementrw;lf;h' recent results from T p charge éxchamge.19 The
. spin density matrix elements for the backward interval -0..4.1S u<0.2 are
A, py3 = 0.31£0.07, ps , = 0.04$o.07,, and Py ==-0.10 £0.08.
Dualityzo prevénts a cleé,i'ér été.tement of the contribution from the
v._-,'various'processes, and it may be that the above e.xpla.n-ations are all equiv-
alel%lt. | | — |
In the _'rr—I")" chgrge—'exc‘:hange reaction a pola.ri'zation has beenb observed --
something Whi:éhhis impos s.ible‘if only a s.ingle traje'ctbry is exchaﬁged._ Many
;’theo.retical moaels have begn proposed to exi)lain this -polarization, and we | i
" can ask if a similar pHenomenOn is present in reaction (2). Ringland and
= The\VSZZ have propos§:d a test for th.e exchange of a single trajectovr‘y which
asks 1f .the contributing amplitudes are relatively real. The test-requirés that

" the combination
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, 2 42
P33Py - (Repgy)” - (Reps )

‘be zero. A violation of this condition irhplies' the exchange of more than one

trajectory, but satisfaction gives nq information. Figure 3 shows this sum

as a function of momentum transfer for our data and the 8—GeV/c CERN

data. 23 " This highest energy shows a violation at small t which is no longer

present at the other energies. As this violation ,depe.nds on the differences

in the rate of rise from zero of the pij's, we cannot attach much significance

to the observed violation at the present statis.tical_leverl.‘24

Our thanks go to the Data'Handling.vgroup under H. White and the
Bubble Chamber staff under G. Eckman. We gratefﬁlly'acknowledge discus-
sions with R. Mathews and Dr. J. D. Jackson concerning Regge pole phe-

nomenology.
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FIGURE CAPTIONS

The solid curve is P;-r'fc6 from Vavi;it to this experirn’ent ana the .
8.0-GeV/c data. o

Fig.‘ 2. (a) do/dt vs t at 2.67 GeV/c and 3 to 4vvC.:eV/_c. The curves »aré dis-

| " cussed in the texf. (b) dd/du ‘vsu in the émall ‘|i1l region. (c) Density
matrix é,lements as a-functidn’of t. The curves are discussed in the
text. | v v | . .

: fig' 3. Tést;of 'i‘he ‘Ring.land-'If'htiews' conditidn; v[p33 Pyq™ (Rep31)2'_ (Repél_ 1)2.]

vs t for 2.67 GeV/c, 3 to 4 GeV/c, and 8 GeV/c. '

Fig. 1. Total cross section as a function of incident momenta for Tr+p—> 'rrOA++.

¢
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respect to the accuracy, completeness, or usefulness of the informa-
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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. _

As used in the above, ''person acting on behalf of the Commission”
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, disseminates, 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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