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BACKWARD SCATTERING IN THE REACTION ™ n-—>A (1238)1r_"
FROM 1 9 TO 2. 5 GeV/c

Robert J. ManmngT
Lawrence Radlatlon Laboratory
University of California

Berkeley, California

September 10, 1969

ABSTRACT v

We hav;é measured differential cross .sectio.ns aod_ decay dis-
tributions for the reaction 1r+h—> A++(1238)1r-’ over a center "of mass
enevrgy raﬁé‘e .2..1 to 2.4 GeV. We have obs>evrved bva_ckwa‘rd‘peaking' in
the differential croso section vw.ith' a dip in the oxtréme backward di-
rection. We observe decay distributions i.ncvonsi:stent with simple
unrnodified’;J =1/2 baryon exchange in the u- channel. The dip is
caused by strong helicity 3/2 amplitudes which mﬁst vanish in the ex-

treme backward direction.
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Ba.ck'vvvar.d;)eaking has been observed in fh'e éhafge éymmetric
reaction ‘rr_p - A_ﬂ+ by Ant;hony et al. 1) at 2.15 Ge:zV/c.‘_\-;vv}.lo examine the
c. m.. prbduétion angle éosinebinterval _-..0,‘9.'99 <.cosp>i':d;‘(1ri_r‘vl?,‘i‘w:ut) <-0.950.
This grou;; vobserves- a dip in the pfddﬁctioﬁdistribution in thg back—
 ward direc.tion‘ -6..999 < cospi"o(v;n; TTZu‘t;) < -0-990- Si#ce this wés a
'spark- ch#mber bmissi_ng-’mass experiment, this gfoup does not have_
the extra constraint of the decayl”cllistributiéns available fof analysis.

We feport héré én a samplé of 13v766: ex}enté of the reaction
“"rr+D - ppﬂ+1r;.obi:.aine'd from thé Alvarez Gbroup 72—vinch'deﬁferium-
filled bubble chamber w1th c. m. energy of ali qutgding Vparticl'e‘s ex;
cle:pt 'thé. .ldwér momentum proton between 2.1.and 2.4 GeV and with the | _
léwe.vr momentum proton < 300 MeV/cv in the .la.,vbbravtbr}.rvfsysferﬁ (impulse
app.i'oximétion). A clear enhancement in the ,‘recoil .protbvn-ﬂ'+ ‘mass
spectrum corresponding to the khown mass and width of A(1238) is ob-
served in both the forward and b_ack\';vard directioné.’ The f)roduction
4 differential cross section has been presented_previouSIY in fig. 2(c) of
ref. 2. | We note a clear dip in the backward direction -1.0 < cospro -
| <-0-90with a peak of 55ub/sr in the bin -0.9 < cospro < -0.8. Back-
'groun.dvunder the A+f('1238) peak typically averages 15% for the cospro
bins that include the backward eﬁhancement (-1.0 < cospro < -0.5). We
have uséd Monte Carlo pi‘ograms3) to investigate the i::os sibility that
i;he enhancements observed are kinematical reflections of resonances
p'J;'oduced in other channels, e.g., backward-produced pO(‘765) such as

seen in ref. 4; however, these reflections fail to give peaks with the

mass and width of the A(1238).
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We also measure d1fferent1a1 cross sectlons for the reactlon
1r+n - A (1238)1\' and flnd d1fferent1a1 cross sections in the backward
direction ['—' -1.0<cospro(1r-'.-n: )< 0 5] with an upper. limit of 7 pb/sr
and statlstlcally conssstent w1th zero. Slnce only I = 3/2 exchange am-
plitudes can medlate backward peak1ng in thls reaction and since by
Clebsch ‘Gordan argurnents I = 3/2 exchange contrlbutes only 1/3 as
much to backward peak1ng in 'n'+n - A (1238)'rr , ‘we 1nfer that the only
51gn1f1cant backward product1on mechamsms for 'n'+n —>A (1238)1r .‘in— _
-volve I=1/2 exchange An 1nterpretat10n of the data (partlcularly the
' d1p in the backward d1rect1on) on the bas1s of s~ channel resonances as
in ref 11is unhkely, since our data exh1b1t no rap1d var1at1on in c. m.

, energy(ECM) commonly assoc1ated with s- channel mechamsms over
an ECM range of 300 MeV The d1fferent1a1 cross section reta1ns the
same shape throughout this ECM 1nterva1 - |

In order to test productlon mechanisms 1t is of considerable
help to know the decay dlstrlbutlons of a resonance ThlS report rep-
resents, to the best of the author's knowledge, the flrst experiment in
which enough events exist in backward-produced 1ne1as tic resonance
peaks to permit reliable measurement of the decay d1str1but1ons. In a
coordin'a't:e systemv with z-axis in the;production plane (in the resonance
\rest frame) the normalized decay distribution of A(1238) can belde-'.-
scribed by the formula ) |
D(6, $) = ('1/41\')[p11(1+3cos %)+ 3py4 Sin 29 . 4'\]—Re(p31)s1n9cosecos¢

- 2N3 3 Re(py_,)sin 6cosZ¢]

where p,, = 1/2 - P33 by the trace condition on the density matrix
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elements. This formula can be rewritten in terms of the spherical
harmonics Y (6, ¢) as | | | N .
DI04 = (1/4«){1 +~f47w73(1 4p33)Y (6, 4) + s«rﬁTRe(pM)Re[Yz(e o

| - 8VZ/5 Relp,_ 1)Re[Y (6, »)13,
from which ahises the folle\.zvlng relatiens'_between the den31ty matrix

elements and the moments { an):

(Yg) = 1 /NZ0% (4 - 4p3-3),, |
(Re(Yy)) = 817407 Re(ps,),
and  (Re(¥y) = -8V17207 Re(p_,)-

In the Jackson coordmate system w1th z-axis along the incident nt
direction (1n the resonance rest frame) and y-ax1s along the normal to
the product1on plane, we have evaluated the moments of the decay dis-
tr1but1on for three intervals in cospro(n;l, .‘"hu't)'. These are partially
listed in table 1. All other moments are statistically cons1stent _w1th
zero. If the reaction is mediated by simple J = 1/2 nucleen exchange
in the u-channel,. 'we expect P33 - Re(p31) = R.e(‘.)3_ i) = 0.0 and <Yg)
=0.126(corresponding to Pyq = 1/2) as the only non-vanishing £ = 2 mo-
ment. We ’see from table 1, however, that for all intervals in co"spro :
the <Y(2)) moments are incensistent with the value 0.126 and there exist
<Y§> moments inconsistent with zero. Therefore,. explanation of the
production mechanism in terms of simple unmodified nucleon exchange
is ruledvout. .v An interpretation based on the single Regge exchange
amplitude Noz is ruled out, since there exists no dip in the differential

cross section do/du at the value -u = 0.15 GeVz/ez where the Na ex-

change amplitude goes to zero as a result of a passing through
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tile wrbng Signature nbnsense point o = -‘1./‘2, 6).

In .orde.r' to discuss >re‘asons for ‘t,h‘e‘dip in‘ the téackward pfoduc..
ﬁion direction if i's' <~:on've1iient to usé tlixe-‘helicity fréi“ne \mth z-axis
élong --13“-" (in th'ek reéohance resf rf‘ra.m‘e);. He‘r‘e 't};e density matrix
elements 'P.FH' are dii'ectly 'proport’ioil‘al'to- the produ_cté' of helicity am-
plitudes, i-e., p, .~ (ul+1/2)(u" 1+ 1/2)%, wheré (11+1/2) is the
helicity éinplitude with initial nucleon of helicity.+ 1/2 and final A(1238)
of helicity p...  (There.are fouf_ independent heliqi'ty amplitudes for this.
reaction: two with final A(1238)"'ié»helicity | = 3/2 and two rhovrek with . |
Ihelicitylli__= 1/2.) In fig. 1 we plof the polar dec;ay'angle in the helicity
frame wit;,h superposed cirves calculated from the i'neasurea moment
<Y(2)> for each interval in cospro. Th‘ev relevant one-dimensional for-

3

mula for the decay polar anglé distribution is

D(cos 6) = D(0, ¢) dd =42+ NF774 (Y0 ) (3 cosd - 1).
We note strongly dominant production of the A++(1238) in |helicity| =3/2
states which must vanish along the extreme backward direction
 (cospro = -1.0). This explains the dip in the differential cross section
in the backward direction. However, the dynamical mechanism respon-
" sible for the dominant |helicity| = 3/2 production of the A++(1238) (for

cospro < -0.5) is still open to conjecture.



.
4

¥

}
%
1

-5- . UCRL-19343

FOOTNOTES AND REFERENCES

Work supported by the U. S. Atomic Energy Comm1ssmn

TPresent address UCLA School of Med1c1ne, Los Angeles, Cahforma

1.

'lz .

)

R Anthony, C T. Coffln, E Meanley, .T Rlce, N Stanton, and

K. Terw1111ger, Phys Rev. Letters 21 (1968) '1605

P. M. Dauber, P. Hoch, R. J. Manmng, D. M S1ege1 M. A.

FAbO].ll’lS, and G. A. Smlth Phys Letters 29B (1969) 609.

J. Friedman, Lawrence Radiation Laboratory Report UCRL-19206,
June 1969 _(to be published). See also J. Friedman, "SAGE,"
Lawrence Radiation Laboratory Group A Programming Note P- 189,
July 1969 (unpublished). |

P. B. Johnson et al., Phys. Rev. ﬁ(.1968) 1651.

K. Gottfried and J. D. Jackson, Nuovo C.imento 33 (1964) 309.

See V. Barger, Backward Peaks and Regge Phenomenology, in

Proceedings of the Coral Gables Conference on Symmetry Prin-

ciples at High Energy, 1968 (W. A. Benjamin, Inc., New York,

1968).



-6- ~ UCRL-19343

Tabié 1. Decay moments for'bac‘kward-p'r_oc‘.lu.ced A++(1238)
2.1 <ECM<2.4 GeV, 1.35<M? _ <1.69 GeVZ in Jackson -

B v
coordinate system. - p .
o

+

’ S No. 0 . 2.0
Cospro interval events ' ( Y2 ) _ K¢ Re(YZ))
-1.0 to -0.85 110 -0.050£0.025  -0.07220.019
-0.85 to - 0.70 135 0.027£0.023 -0.0620.016

-0.70 to -0.50 106 -0.034£0.026  -0.0820.019
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FIGURE CAPTION

Fig. 1. Polar decay angle he11c1ty frame cos(-w , T ) d15tr1but1ons and
correspondmg values of (Y ) for (a) -1. 0<cospro< -0.85,

(b) -0. 85<cospro< -0.70, and (c) -0. 70<cospro< -0.50 for A (1238)

events with ECM intervals and M2p1r cuts as in table 1.
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LEGAL NOTICE
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behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

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, 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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