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ABSTRACT
The total cross scctions for production of A1 and
A2 mesons produced in 16 GeV /¢ 7 p interactions are
prescnted together with a deterimination of their spin-
parity. An attempt has been made to treatl the A2 as a

supcerposition of two resonant states.

.

(To ic submitted to Phys. Rev. Letters)

Work supported by the U. S, Atomic Encrgy Commission



We present here data from an exposure of 60, 000 pictures in the Brookhaven
National Laboratory 80-inch Hydrogen Bubble Chamber, using the rf separated
beam? in an unseparated mode to obtain a beam of 16 GeV/c 7 with Ap/p = £0.25%.
The film was scanned {for 4-prong cvents, and the analysis was porfor'med using
the TVGP-SQUAW scries of programs. The resutiant sample contains 1995 events
which constrain to the Fvntliozis

T p—epr T (1)
and which are consistent with a visual check of ionization, The total cross scction
for this rcaction is 1,08 £ 0.12 mb,

In Fig. 1 the unshaded histogram shows the mass spectrum for the W
éy'stem with no cuts imposcd on the data; the shaded histogram shows those events
havingatleast onc 7w combination in the mass interval 0.66 to 0,90 GeV (PO region)
and with no associated ANH"(IZSG). There is a very strong ¢nhancement in the mass
region 1.0 to 1.4 GeV which we associate with the Al and AB mO.‘?n‘ﬂS.z The separation
into two pecaks is consistent with the production of two resonant states with param-
eters shown in Table I, In order to understand the background beneath these peaks,
we usc the OPE calculation of Woll., 3 There are three one—pidn exchange diagrams
which contributle to reaction (1). Their contribution has been caleulated neglecting
possible interference terms between them. The absolute cross scetions for A++, po
(not associated with the A mesons), and i° predicted by this calculation are in good
agreement with the data of this experiment, and in fact there is quite credible agree-
ment with data from experiments over a very wide range of energies. Furthermore,
the angular dependences predicted for events selected to have 3-pion effective mass

near the A region (1.4 to 1.8 GeV) agree fairly well with the data of this experiment.

We thercfore use this caleulation to estimate the amount of background and its angular



depenrdences in the ensuing analysis of the pronervties of the AL a0 ;\,? resonances,

]
The resonance parameters given in Table I were obtained by fitting the shadod
histogram to two Breit-Wigner resonances and the forny of the Wols bhackground,
The solid curve in Fig. 1 shows the Luckgvound novinstizoed downward by 157 from
the absolute prediction in accordance with the best fit.

L _— s . + -

Figure 2(a) shows the helicity ansular distrilution for A1 cvenis with 7' mass

. . . o . - P L ++ .
combinations in the o~ region (and excluding evestis with m{(p7 ) in the A region)

. - o_ - .
where £ is the angle in the p rest frame between the bwo o e, Events where hoth
- . . s . o . ) . -

7 7 mass combinations lic in the p~ region have heen plotted twice.,  Tits have
been made to the data for various spin-parity assignments assuming the background
has an angular dependence given by Woll's calculation, We use the functional form
seia
£

The spin of the A1 is denoted by s, the orbital angular momentum state of the decay

S 2
FS (cos B) = | A S fg (cos B) + Wolf background .
by £, the amplitude for the decay (assumed real) by Aﬂ; a, is the relative phase
between the decay amplitude and the background to account for possihle interference
effects, and fs(cos £) is the Bosc symmetrized angular function appropriate to the
2 &
decay.  The pronounced peaking of the distribution at cos [ = #1 excludes assign-
. . . . - ot . .
ments in the natural spin parity series 1, 2, ete., and we list fits only for the
. -+ - b - .
assignments 1, and 2 . These are quite insensitive to background (confidence
levels change by £ 5% over the full range of background levels) and we give the
. . ‘ : ‘ +
confidence for the background estimate shown in Table I: 12% for 1 S-wave, 35%
-+ cr R S V(O T A \ * +
for 1 D-wave, 177% for 2 P-wave, and 8% for 2 ¥-wave. The assignment 1
D-wave is clearly favored by these data although one cannot exclude the other
possibilities. The preference for D-wave is indeed surprising and appears to
indicate that if the 1 assignment is correct, an appreciable amount of D-wave must

be included to explain these data,
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For the assignment 1, a number of theoretical predictions have been made
. . . . o-8
concerning the relative amounts of S-and D-waves in A1 decay. Those of Ref.
5 are "hard pion' or Rifective Lagrangian caleulations and predict predominantly
S-wave decay. Those of Tief, 6 are "quark' calculations and predict predominantly
0, . : . .
transverse p 's in the decay. Finally, Refs. 7 and 8 summarizes those papers using
. 8
current algebra and superconvergence ideas. Onc of these, Ademollo et al. ™ pre-
dicts dominantly S—-wave decay., The other three” (Gilman and Harari, Bishari and
. A . . . e 0
Schwimmer, and Framptonand Taylor) find predominantly longitudinal p™'s. In
. . 0, . .
terms of S- and D-wave amplitudes, production of transverse p 's implies equal
amplitudes but of opposite sign (if the amplitudes are relatively real) while the
o1 0 . . .
appearance of longitudinal p™'s requires AD/AS = 2 under the same reality assumption.
. . . s 0
Further information concerning the longitudinal or transverse nature of p7's
in Ay decay can he inferred from the distribution in cos 6, wherc € (the so-called
Jackson angle) is defined as-the angle in the A 1 rest frame between the incident
beam particle and the bachclor @, If the A1 resonance is diffraction produced
(as scems indicated by the relative energy independence of the production cross
section), the state should have zero helicity. This alignment leads to a distribution
in cos 0 given by
n12
A

W(cos 0) a|—5—
Mp

o

°L

cos2 0 +lgT|2 sin2 0 (2)

where we have used the notation of Gilman and Harari, 7 The quantitics gy, and &1
arc the coupling c.onstants for longitudinal and transverse po helicity states. This
formula necglects the effeets of Bose symmetrization in the decay. Figure 2(b) shows
this distribution for Al cvents where the solid curve indicates a fit to the data using

Eq. 2 superimposcd on the Wolf background., The agreement is quite good and
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yields a value for the ratio of the coupling constants,

] gT/gL]2 - 0.16£0., 08 .

This is in good agreement with the prediction of Gilman and JTarari who find
value of approximately 0.1, Althourh the relative phase of the couplings must be
known in order to caleulate the amounts of S- and D-wave, a determination of the

magnitude of 8 allows us to sct limits on the ratio of D-wave to S-wave., For

51,
the value of (gT/ gL)2 indicated, we find
0.4< | A /A < 22,

The preference of D-wave in the helicity distributions appears to indicate that the
ratio is larger than the lower limit, but the prescnce of L\.vo orbital states makes
.a moxc precise measurement from the helicity distributions quite difficult.

Similar analyses have been performed for the A2 resonince. The (liétriblltion
in cos f is shown in Ilg, 2(c). The abscnce of peakss at cos § = 1 excludes the
assignments 17 D-wave and 27 I'-wave, and the data do not show a dip at cos
= 0,2, which is characteristic of 1. Thercfore, fits have been made only for the
assionments 17 S-wave, 2" D-wave, and 27 P-wave. Confidence levels for these
fits at the level of background indicated in Table I are 73%, 6'7 %, and 87% respec-
tively. Only the ot assignment is sensitive to the background level giving poor
fits (3% confidence or less) for backeround levels Iess than 30%. Clearly all these
fits to the data arc acceptable.

In order to distinguish between these assignments we must examine the dis-
“tribution in cos 0 (as defined abovc)‘ which is presented in Fig. 2(d). The theoreti-
cal distributions for the possible spin-parity assignments arc

v 4 2 4 2 2
W2+D(COS 0) =N [pzz (1-cos 0) + pll(l_—S cos 014 cos f) + 3poocos 0 (1-cos 0)]

(32)



W (cos 9) = N|2p,. (l—coszﬁ) +p,.(1+ coszo) + pon (1/3 cos2 0) (3h)
27 p 22 11 00

W, {cosd)= N[ZPH + pOOJ (3¢)

where P i represent spin density matrix elements and N is a normalizing conntant,
The data clearly deviaie from isotropy, climinating 1+ S-wave. For the remaining
two possibilitics we have made fits to the data for cach, once aguin assuming the
background of Wolf and also assuming Pomeron and p exchanges for the 27 P-wave
hypothesis (i.e° P11 # 0, Poo # 0, and P, = 0dn Eq. (3 b)) and p exchange for the
hypothesis ot <i. e., Pyq # 0, Poo = Pay = 01in (3 q)). Confidence levels are 5% and
2% respectively for 2¥ D-wave and 27 P-vave. The prefcrence for 2¥ results from
the penking in the data about cos 0 = 0 and appears to indicate that at least part of
the enhancement procedes through a state with these quantum numbers., A {it to the
data assuming the presence of both o* and 27 also gives a confidence level of 5%
and yields a ratio of 1,0£0,25 for the rclative amounts of these two states; the 2
state occurs entircly through Pomeron exchange.

Recent experiments have indicated a splitting in the A2 mass spectrum, 9 Al-
though the resolution of this experiment is insufficient to detect such splitting, we
have scparately examined the angular distributions for the upper and lower halves
of the Az peak. TFigurc 2(c) - (b) shows that the data are dramatically diffcrent
under this sclection. In the mass interval 1,28 to 1.36 GeV JP ~ ot is favored
over 2° by confidénee Tevels of 257 to 15% in the fit to the cos f distribution and
by 14% versus 27 for cos6 ; in the mass interval 1,20 to 1,28 GeV JP =2 is pre-
ferred by 33% versus 1% for cos £ and 59% versus 4% for cos #. The data are indeed
consistent with production of two unresolved resonances cach with a cross section

of about one half the value shown in Table I,
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Resonance Parare {0rs

1

Trbhlo

i

]

ond Packoround Tevels for A1 and A2 Production.

. - 0
Cross scetions hove hoen corrected for the unmeasured decay mode p 77,

width [7

lesonance Mass o Resonance Cuts [ % BDackground
(GeV) (GeV) (e h) (GeV) Inside Culs
A1 1.089+0.012} 0.,140%£0, 031 | 25050 1,00 to 1.16 49+5
(a) 1 n 19s . |
2 1.282£0,015| 0,125+0,010 | 180+60 | 1.20 to 1.36 54%8

(a)

*his assumes the presence of a single resonant state.
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Fig. 2

FIGURE CADTIONS

Muss apoeis foe e 0 7w wostoemn, TP sheded histozram shows eventls

. . ¢ 5 - - o i i . .
associated with p° and excluding & . The sohd curve shows the background

-

g A events baced on the OPE caleulation of Wolf (see text).

. C -+
estimate for g, no A
Helicity (cos ) and Jackson (cos ) angular distributions,  The dashed

curves indicate the contributionfrom the OPL calculation of Wolf, (a) Helicity

r

distribution for Al cveats, The solid curve shows the it for 7 £ =1 D-wave.

(h) Jackson distribution for /\l cvents,  The solid curve represents the fit
for ‘g;‘T/g:I |2 = 0,16%0,08. (c¢) Helicity distribution for Az events, 1he

- 3 -—
solid cuvrve is the fil for JP =2, the dotted curve for J1 = (d) Jackson

oL

distribution for AZ cvents where the solid curve shows the fit for 2° and the

+ - s
dotted curve for cgual amounts of 27 and 2 (sce text). (¢) and (f) Helicity

s o_- . o
and Jackson distrilautions for 1,.28<m(p 7 )<1,36 GeV; solid curves indicate
. P -+ i AT

fits for J° =2 , (g) and (h) Helicity and Jackson distributions for 1.20<

O - e o .. . . P -
m(p 7 )<L 28 GeV; solid curves represent fifs for 0 7 2

e caume SRR
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