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infringe privately owned rights. Reference herein to any specific commercial product,
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THE REACTION np =1 °A
A TEST OF A, REGGE POLE EXCHANGE *

2
D. F. Grether and G. G1da1
La_wrence Radiation Laboratory .

University of California
Berkeley, _Cahfornla 94720

December 1970

ABSTRACT

New results are presented on the feectien 1r+p —>'n°A++ between
1.2 and 2.67 GeV/c. The defa abox}e‘ 2 GeV/c, when combined with |
some existing data, give'evidence for a dip in the t ‘di'etributior; o
near t = - 1.‘5-:GeV/c.,v Tﬁis dip, and other features. of the data,
are adeyéuately ‘descri.bed by an A, Regge pole fx‘lodel.' The effec-
tive A2 ti‘ajectory i_e calculated and found to disagree with that

obtained from the reaction 7 p - n’n.

We have performed a measurement of the total and differential cross sec-
tions and the A++ decay angular distributions for the reaction
o mdatt )

at incident QOenta between 1.3 and 3.0 GeV/c.‘ At the higher energies this

“reaction is expected to proceed by the exchange ofronlly the A, traje.ctory in

‘the t channel, and hence pr.ovidesva check of t_he properties of A, exchange

deduced from the reaction

7 p-> n'n : (2)

~In addition, these new data, ‘when combined with some existing data, allow us

to explore a higher It| region than previously possible in either reaction (1)
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or (2). We observe a dip near t = - 1.5 &}eV/czi f.hat, in tel;ms of standard
nonsense wrong-signature zeré'(NWSZ ): R-egge modéis, would gérrespond to
the A2 trajectory paésing through -1 GeV/;:Z. |

The new measurements are based on several Bevatrbn expésures of the -
Lawrehce‘vRa.di'ation Lg,boratofy 25-inch hydrogen bubble chamber to - of
momenta 1.28, 1.39, 1.55, 1,62.,-1.75, 1.85, 2.3, and 2.67 GeV/c. We include
in the analysis published data between 3 and 4 GeV/c1 (henceforth referred. to
as 3.5 GeV/c) and data at 3.7 G»eV/c.2 In total, some 95000 four-prong .even'ts
were measured on the Flying-Séot Digitiiér (FFSD) and on the on-line Francken-
steins (COBWEB) and constrained to the (1c¢) hypothesié o

n'p >nTpwtnT® | 3

'Extensive use was made of the aﬁtomatic ionization measurements available
from the FSD in érder to discriminate between cénflicting hypotheées. In Fig. 1
we show the min w° and the 1r+.p mass 'distfibutioné from hypothesis (3) at
2.67 GeV/c to illustrate the vr'elatively small potential backgrounds.

In Fig. 2 we show the momentum dependence of the cross section for our

data and the 3.5-GeV/c data together with the measurements reported at 3.7, 2

5, 3 8,4 and 13 GeV/c. 3 The total cross sections for our data and the 3.5-GeV/c
data were estimated on the basis of background c,;urves hand drawn under the

1% and A++ peaks. The errors on the cross sections reflect both the statistical
uncertainty and the accuracy with Whic_:h we believe we can estimate the back-
grounds. 6 The cross section has been correcfed for the unseen n° decay
modes. We note that the data exhibit the characteristic peak above threshold v/
and then a power law behavior above approximately 2 GeV/c. A fit of the data

shown above 2 GeV/c gives a p-'i'5 behavior. We limit further remarks in this

paper to incident momenta above 2 GeV/c.
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p and A2 trajectories in a simultaneous fit'8 to the reactions 1r+p - T

-3

Selection of ﬁ:°A++ events for»_iurthéi' consideration was as follows. ' The
events from the 2.5-inc'h 'bﬁbble éhamber were [inbadditvion to the 1c fit to
reaction (3)] fitted to the 2c hypothesis

' ' S+ + o
TP~ T PN
> 1T+‘ITT.1T° . _ D (4)
An event was selected as an 7 event if o
x%2e) - xP(e)=3.

For ""double 0" events the combination with the smaller XZ (2c) was chosen.

. The events at 3.5 and 3.7 GeV/c were not constrained to the 2c hypothesis,

and the selection of n events was 0.54 < M(1r+'rr-1'r°) =0.56 GeV. The events

were further selected as A++ events if 1.15 = M(p‘rr+) =< 1.30 GeV. The shaded v

“area in Fig. 1b shows the events selected by the 2c fit at 2.67 GeV/c.

In order to examine the production and decay distributions for reaction (1)

-with the highest statistics available, we combine the ev(ents at 2.3, 2.67, .3.5,

and 3.7 GéV/c. Examination of these distributions at the individual momenta
shows that there is little variation with momentum. In Fig. 3a we show the t
distribution together with the prediction of the NWSZ Regge pole model of

Krammer and Maor7 for 3 GeV/c (the mean momentum of the data) normalized

to the number of events in the forward peak. The model incorporates both the

o AT,

++

_ Tr+p - 'qo A++, and K+p - KO A", The prominent features of the t - distri- .

bution are

(i) a dip at low values of Itl; this lack of events in the forward direction
appears at all our energies, and is cléarly evident in the t' distribution (in-
sert in Fig. 3a) which removes fhe kinematic effect of the finite width of the

A++. In terms of the model of Krammer and Maor, ‘which fits the 'd'ip qﬁite
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well, the diiﬁ is iﬁdicative of the predvoi'r‘x'in.an@_ly'sp_i'n-ﬂi'_p character of thev re-
action amplitud‘e;v o o A :
| .(ii)"the absence of Iavny'di'p st’ruct‘ur_e hear t=-0.5 GéV/cZ; 'thvi's had been“.
observed ivn ér.evious détai’4:é.nd in reaction '(2'); 9 .Ass'ur.ning évnormal Aé
trajeétory, this absence of a dip is ‘c'on.si_svten”t énly with 'the Gell-Mann Ghést-
Killiﬁg mechanism in NWSZF models;7

(iii) a dip in the Vi'cvinity of t = - 1.5‘G6V/¢2 that has not been previously ob-
served in either reaction (1) or (2). . Krammer ahd Maor's rﬁodei predicté
such a dip (see Fig. 3a) COrre'sponaiﬁg to a zerdii; the signature factor when

the A, trajectory crosses -1. The interpretation of the dip in the experi?

2
nilehtal:distribution.as lresulting from A2 exchange depends crﬁcially upon
whether the secondary maximum (roughly 1.7=< |t s 3.5 GeV/CZ) (a) consists
of real nA++ events rather than bé.ckground, and (b) itself results from A2 '
exchange rather than some other process. We comment on these two quéstions
below. |

To a'naly.ze tile effect of non-ﬁA++ eyeﬁts we haVe calculated a cor‘rection
factor based on haﬁd-drawﬁ backgroimd curves under the n and att peakvs,
comparison with the region on ei;the‘r side of the n, and an estimate of the ‘r]‘
and‘A++ tails. The corrected t distribution is shown in Fig. 3b and is thus
our estiméte of the distribution of true nA++ events. The secondary maximum
-is S.omewhat feduced but still present, and the dip is, if anything, more promi- -~
" nent. | |

With r'e_"gard to the exchange mechanism, we have studied, albeit with
- poor stat_isfiés, fhe ba.’ckw'ard" ciiffereritial cross section at each energy to
. see if'bar}'o_n exchange could account for the secondary maximum. These

~distributions are flat between u = - 0.2 GeV/c2 and u = 0.5 GeV/c, in contrast.



with the backward peaks characteristic' of baryon exchange. 10

The A-deciay density matrix"eleme_nts in the t-channel helicity (Je.ckson)
frame are shown in Figs. 3c-e together with the predic‘:tionsv by Kre.mmer and
Maor. Also shown are the M1 dom1nance-model predictions of

P33 = 0. 373 Rep3 L= 0. 216 and Rep31 0.

Both predictions jagree with the general trend of the data.. We obeerve in
particular that the deneity matrix elements in the seconda'ryv'maximnm have
about the same value as the average behavior at small [t], suggesting that
‘this high It| region has the same production mechanism (i.e., A, exchange)
as the low It! region. .

In Fig. 3d we plot a particular combination of the density matrix elements,"

| RT = p330,4 - <Rep31> - (Rep3 1) R (5)
that tests for the exchange of a single trajectory. 12 This test requires that
Eq. (5) be zero if the contributing amplitudes are relatively real. A violaf
tion of this condition implies the exchange of more than one trajectory, but
s'atisfabction gives no inforrnetion. "_I‘he. data are consistent with zero for all
values of t. |

We conclude that our data are cons1stent with a NWSZ model of A2 ex-
change, 1nc1ud1ng the observatmn of the d1p expected when the A2 traJectory
crosses -1. ‘Recently " strong-cut” Regge models 3_ have been proposed as
alternatives to NWSZ models. To date, calculations of ‘strong—cut models
are not available for reaction (1) and in general have not been applied to as
low values of leb momentum or as high values of |t| ae discussed here. How-
eve'r,‘ Bander and C,‘ro'i:sri'rl_a.n14 have_'arg‘ued that the apparent M1 dominance
seen in the density matrix elements and the absence of a dip at t = - 0.5 GeV/c

- (observed in previous data as well as in ours) rules out a large class of
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st’ro'rig-c,u_f modeéls’;' Thus 1t is ‘6f inte_rést to see if fufuré c_aiculations 6f
strtling-c'ut models can explain thésé feafurés of reaction (1) and, in addition,
the dip near t = - 1.5'GeV/c.’ |
' ,Finally; we calculate tbhe.}effective A2 trajectory. Following Mathews, 15
a linear fit is made to |
' do _ _Glt) | 2t

® Piznc' ( Z )
As a necessary conditi;)_n for the.use of this equation, 5,11 the contributing
helicity amplitudes rhust have t‘h._e same (é -ﬁ)a depéndence; hepcé, the pij
for reaction (1) at a given t should be independeﬁt of s. Such ah independence
is indeed obsevr{red, within statistics, i;1 the data above 2 GeéV/c. |

In Fig. 4 we then show the a f(1:) derived from a least-squares fit of
Eq (4), uslng our data and avalla.ble data above 3 GeV/c. 1-4 A 11near fit to
these points gives | |

a(t) = (0.87+0.03) + (1.75+0.13) t.

For comp'ariso'n we .also show in Fig. 4 .a'eff(t) = 4(0.34.'5: 0.03)+ (0.35+0.08)t
derived in a similar linear fit15 to the reaction m p > n°. The fit of Krammer.
and Maor used ar= 0.4+ 0.9t for thé AZ trajectory. Exchange degeneracy re-
quiljes a universal (p, AZ) trajectory, and for comparison we show the com-
monly accept'e_d p tlla;jéctory, a = 0.57+0.91t. This trajectory is in only fair
agreement Wi{:h the dﬁta. o |

_Clearly the reactions Tr_-p -+ 1% and Tr+p—> 1]°A++ give different effec-
tive A2 trajectories. This disagreement may indicate the presence of additional
exchang'ed trajectories. A similar comparison16 between the reactions
0

wp— m™n and v',n'+p - N gave nearly identical effective p trajectories.

W
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. FIGURE LEGENDS

Fig. 1. Invarla.nt mass d1str1but10ns for the reactmn ™ p - 1r+p wtn a0 at

2.67 GeV/c.
bt - - (a) p1r+ combinations recoilin_g off an 1°.
(b) 1T+Tl'—+r° combinations _"r_eco'i.l‘ing‘ off.a,‘ A++ The_ shaded area indicates

the evehfs selected as n%sby the 2c. fit.

. Fig,. 2. '-’I"o‘ta;l crossmsee;tfieﬂ vs la'.box."a‘tor“y momentum for the reae;i—eh
1r+P - 11°A++. The ‘dsolid curve is 'Pl-lt',s, from a:fitv to the data above
2 GeV/c. The cross- sectlon va.lues for P1 ab < 1.7 GeV/c are upper 11m1ts.
| F1g 3. Combined data for the reaction at P~ 'n°A at momehtajz _?: —2 67
3.5, and 3.7 GeV/c. |
(a) t _distribution w1th no background correction. The solid curve is the
prediction a(v:c_c‘)‘r‘ding't.e the model of Kramme_r and Maor (see Ref. 7)
calculated af 3 Gev/ cv- and hormeli'zed to the number of events in the
forward peak. The"ihs.ert‘is the t' distribution for small It'|
(b)> t distribution with background"ee_rrection.
(c-e) Density matrix 'elements‘ in the t-chennel helicity (Jackson) frame
as a function of t. The solid curves are the predictions by Krammer
and Maor‘, the dashed cur:ves the predictions by the M1 dominance model..
(d) The combination of density matrix elements,

. | 2 2 -
RT = 933911 - (Repsi) - ‘(Rep3_1) ,-as a fuhctlon of t.

1%

Fig. 4. o g0 the effective trajectory, for the reaction 1r+p - n0 ,A++ as a

fann
(g

- _ function of t. The 'solid curve is a fit to the data points of (O 87%0.03)
v+ ‘(1 75+0.,13)t. The dashed curve is the effectlve trajectory for Tp—>nn
of. (0 34:*:0 03) + (0. 35*0 08)t (see Ref. 15). The dot—dashed curve is a

nomlnal;p trajectory of 0.57+0.91t.
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