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DIRECT EVIDENCE FOR THE MULTIPLET ASSIGNMENTS OF
A(1520) AND A(1405) *

Robert D. Tripp, Rogef 0. Bangerter, Angela Barbaro-Galtieri,
and Terry S. Mast

Lé.wre‘nce Radiation Laboratory
University of California
Berkeley, California
October 1968
A measurerﬁent_has ‘been made of the relative signs of thé'
resonant K p - Z¢ reaction amplitudés coming from partial
~waves corresponding to Z(1385), A(1405), and A(1520)., From
this it is shown that A(1405) and A(1520) are to be described as

predominantly unitary singlets.
{

One ‘of the triumphé of SU(3) has been the consistently correct predic-
tion of the relative signs of ré.s‘ona'nt reaction amplitudes as derived from for-
matién eXperime.nts. In particular, all tv:hebbetter'—established Y* resonances
formed in K p reactions and placed into singlets, octets, and decu’plets
according to mass formulae have correct relative signs Eetween resonant ‘

1,

amplitudes as measured in théir Sn and Aw decay modes. Breaking of
SU(3) often alters the predicted decay rates considerably, however, unless it
is severe the relative signs are unaffected. In this letter we inve‘stig'ate the -

interferences between the JP = 3/2+ resonance 2(1385) s JP_=A 1/2_. :

. resonancé A(1405) and 3F - 3/27 resonance A(1520) as measured in the

reaction K'p - Zw., Taking =(1385) to be in a decuplet, we shall find that
A(1405) and A(1520) are consistent with their conventional assignments as

unitary singlefs.
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In this analysis we follow the procedure adopted by Watson et al. 3 of
parameterizing the low-momentum K p coupled-channel amplitudes by constant
reaction -

complex scattering lengths and consta.nt/phase_s, apart from the D03 amplitudes

corresponding to A(1520) which are written as Breit-Wigner resonances. All

partial waves through J=3/2 are included. 4 The old experimental data3 span-

ning the momentum region 250 to 513 MeV/c (1470 to 1570 MeV c.m. energy)
have been greatly augmentéd (about 100-fold at 390> MeV/c) by our more recent
bubble chamber experiment in the region 300 to 450 MeV/c. This partially
completed experiment hé.s so far yielded new angular distributions in the
I_{On-,' Z:I:On”_’o, and Arw channels, and polarizations in the channels containing
Z+, lZO, and A hyferons. 5 Although the question of relative phase of the
resonant aralplitudes enters for this particulai study only in the K'p _)‘ 2w
reactions, we have Iincluded other channels in the a.nalyéis in order to simul-
taneoﬁsly establish the best values for the amplitudes.

The reaction amplitudes for K'p - Zr may be written in terms of the

I=0and I=1 Zw reaction amplitudes a36

T - =

+ _+ g T il_T s :
1
Tzono = e = TO .

If the amplitude-is resonant it is proportional to

ERy* Enqy*/ (Bg-E- 7 ) @
where thé coefficient of the coupling of each channel to the Vel may be obtained
from the Clebsch-Gordan coefficient of SU(3). K Tablé I shows each of these
couplings for a decuplet Yi*’ i.e., Z(1385), and for a Y(') belonging to a
singlet, octet, or 27-plet. The subscripts on these real coupling constants

indicate to which multiplet each belongs. We see that for the reaction
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KN - 2(1385)* Zw the numerator in the amplitude in (2) is negative_:i -gio/é.
Similarly for RN-A(1520) > Zw, if A(1520) is a unitary singlet the numerator
is (3/32)1/2 g2, and if A(1520) is a 27-plet it is +(3/800)1/2 g2

interference between a decuplet and a singlet the numerators are of opposite

Thus in the

sign; between a decuplet and a 27-plet they are of the same sign. For an octet

*
0]

couplings. For A(1520) the only known J'P = 3/2" octet into which it could: pos-

Y, the sign of the numerator depends on the relative strengths of the D and F

sibly fit would make the Sign1 the same as for the decuplet. qu the possibility

of an octet A(1405), the partially completed JP = 1/2" octet h“a's an insufficient

number of known decay 'ra.tes‘1 to fix the D and F couplings and therefore to

predict the relative sign,

1t

Figure 1 shows the Argand diagrams for the So1° P13,' and D, ampli-

~ tudes (the subscript notation is L ZJ) in the RN and T channels. The trajec-

tory of the 'D03 amplitude in energy is shown by the dashed circle \%/ith a vector

indicat'ingrits value at resonance; the vectors labeled So1 and Pi3 affé shown at

395 MeV/c (corresponding to the energy of the D resonance). The RN

03

amplitudes in Fig, 1a are not relevant to this discussion since the relative signs

" are 'always positive. However, they do show that the elastic channel amplitudes

- do have the correct orientations to be described by the behavior beyond resonance

of A(1405) and 2(1385). The Zr amplitudes in Fig. 1b display the signs with

which we are concerned in ‘thi_s letter, ‘namely that relative to the Do3.amp1itude

of VA('15120); the SO1 amplitud}e"repvresenti:.lg the highv-e’nergy tail of A(1405) has

the same éign. The P1'3 amplitude given by the high—energy tail of =(1385),

however, shows that ét its resonant enérgy this amplitude isinegativ.e_imaginary, i.e.,

opposite in sign to, A(1520), Which demonstrates that the signs of the Zr

amplitudes for A(1520)and A(1405) relative to =(4395) are as expected
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from unitary singlets. It also excludes the assignment of A(1520) in the 3/27 |
octet or the assignments of A(1520) or A(1405) into 27 -plets. 8

H#ving seen that the SO1 and P13 amplitudes at our_energy- have phases
in both KN and It which are quite consistent with an interpretation that they » (/ 2
are the high-energy tails of their respective resonances, we have altered the
parameterization of these states from the previous constant scattering-length
description to that of simple Breit-Wigner resonances. Threshold dependences
wefe given by appropriate phase-space and centrifugal barrier factors. Re-
minimization of all a_mplitudes yieldediﬁts with higher x 2 than the previous
parameterization, ? but nonetheless gratifyingly good considering the simplicity
and highly constfained nature of this model, in which there are no free phases
for the resonant amplitﬁdes. In these fits we have fixed the masses and - -
partial widths at resonance of X(1385) aﬁd"A(1405)‘ at their |
experimental values, 10 whereas the KN partial widths (of course clo‘seé below
1432 MeV_) were left free to be detei‘mined by this experiment. For '_2(1385)
the rati;) of the ‘r’educed KN width thus obtained to that expected by SU(3) was
1.5 , and for A(1405) it Wés 8.0 . This inzlicates’that devixations.‘from'
| SU(3) symrﬁetry are srpa‘ll for Z(1385) but are quite appreciable for A(1405),
as l;;as been noted previously. ,11 |
It is perhaps wdrthwilile to exhibit the data that aré most relevant to

the sign determination. The interference between X(1385) and A(1520)

23

appears most clearly in the A3 coefficient of the Legendre polynomial expan-

B

sion of the angular distribution, since this coefficient arises only from P3 —D3
interference. From Eq. (1), if we take the difference in the A3 coefficients
between = n~ and T ', the interference occurs only between states of dif-

ferent isospin. Since the I=1 D amplitude is small, this quantity comes .
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almosf purely from Z(1385) - A(1520) interference. Figure 2a displays the
data expressed as é ratio A_3/A0 (we do not yet have measurements of the
partial cross sections) and the curves corresponding to the two choices iof rela-
tive sign. The large excursion from positive to negative, passing through zZero
at 385 MeV/vc (just Before resonaﬂce), requires the Py3 amplitude to ‘be as in-

dicated in Fig. 1a. Similarly the I=0 Z°n°® angular distribution best shows

the interference between : A(1405) and A(1520). Figure 2b shows the AZ/AO

‘ratio tﬁat a_fises primariiy from the S and D states énd their interference,
since the P amplitudés are small compared with S anci-D. 'The curves corre-
spond to the two choices of relati\;e sign of Ai(140‘5) with respéct to A(1520).
It is clear frofn the data that beyond resonance the two amplitudes must be
nearly in phase, as is requiféd if both resoﬁances are unitary singlets.

FOOTNOTE AND REFERENCES

“This work was 'suprp'ortedAunde'r the auspices of the U. S. Atomic Energy

Commission. |
1. R. Tripp et al., Nucl. Phys. B3, 10 (1_967); ~An updated version of these

SU(3) comparisons offbaryon' resonances will -appear in the Proceedings of

14th International Conference on High Energy Physics, 1968 (to be pub-

lished).

1

2. The method of employing relative[signs for SU(3) classification was first

~used By_ A. Ker'nan and W, Smart, Phys. Rev. Letters 17, 832 (1966). ‘_
3. " M., Waltéén, M. Fefro-Luzzi, and R. ‘T'ripp, Phys. Rev. 131, 2248 (1963).
4. There are no indications that higher partial waves appear in detectable
amounts at thbe léw énergieg considéred here. We have altered slightly
the anélysisﬂ fnethod of Ref. 3.by employing the appropriate c. m. mo-

mentum for each channel in the decay widths of the resonant amplitudes,
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using a fixed radius of interaction of 1 fermi_in the expression for the

centrifugal barrier. |

ZJ+ polarizations from this experiment have been published in R. Bangerter,et al., N
Phys. Rev. Letters 17, 495 (1966). -
We .reverse the convention used in Ref. 3 to make it more appropriate

for discussions of unitary symmetry. |

J. J. de Swart, Rev.v Mod. Phys. 35, 916 (1963).

From the known branching fractions of A(1520) and A(1690) (a presumed

mémber of thé 3/27 octet) there is.reasonably good evidence for soiﬁe

singlet-octet mixing between these t\ivo-.sta‘c_es, as noted by Ref. 1 and by

G. B. Yodh, Phys. Rev, Letters 18, 810 (1967). In order to alter the

sign of the resonant A (1520) amplitude the mixing angle ‘would have to

exceed about 45 deg. The estimate for this angle is about 16 deg. For

A (1405) there is evidence for much stronger SU(3) symmetry breaking, as -
discussed later in this 1ettler'. The conclusion of our e.xperiment c;)nc'ern-

ing A('1405) is that the symmetry breaking is not so severe as to alter the

51gn of the resonant amplltude.

The ratio ¥ /(x Y (where (x ) is the expected chi- squared) for the con-

stant scattering length parameterization is 1.23 , 1ndlcat1ng either that

detectable differen‘cesvwi'th this éonstraining parameterization are be-

ginning to appeé,r, or that the data in their preliminary form have some

additional biases. The resonant parameterizations have yielded ratios of v

1.38 for P13 parameterized as a resonance and 1.85 for

~

a('\

S01 parameterized as a resonance.

‘Particle Data Group, UCRL-8030 Rev, Aug. 1968.

C. Weil, Phys. Rev. _1_6_1_, 1682 (1968). For this A(1405) ratio which should be
one in exact SU(3), Weil obtains 11.1 by use of the S5, scattering léngths of '
J. K. Kim, Phys. Rev. Letters 14, 29 (1965). A more recent analysis by
Kim and von Hippel (submltted to Phys. Rev. Letters) yields for this ratio
6.84+1.0.
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Table I. Coupling coefficients of Y for various SU(3) representations.

ENKY*

8xny™®

De.cuplet (10)

/ey,

0

(1/6)1/2 810

A
Y
.\i) v
: &
: Yy
%
Yo_-

()

Singlet (1)
Octet (D and F)

27 -plet (27)

(1/2) g4

/102 g /Y g,

(3/200Y/% o,

F

1/2

(3/8)7 % g,

-3/ 2 g,

-(1/40)"/ 2 g,

e
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FIGURE LEGENDS
Fig. 1. Amplitudes for the reactions KN+ KN and KN~ Zn shown inside the
unitary circles for the three partial waves of interest in this letter. The

correspondences are =(1385) = P,13, A(1405) =S.,, and A(1520) = D

01 03°
The latter is pa,ramet'ebri'-zed»as a resonance whose trajectory in en.e"rgy is
shown as a dashed circle.. The overall arbitrary phase for the reac%:ion
Ia'ndplitude KN - Z‘\:T is fixed by taking DO3 to be imaginary at resonance.
The S01 and P,1'3Aa;mplitudes are here parameterized as constant complex
scattering lengths. Their phases in the Zﬁ channel are left free to b'é
determined by this experiment. It is Vthese phases wflich show A(i_’405)
~and A(1520) to have the S'amg relative sigﬁ, and 2(1385) and A(1520) to
have the opposite 1;ellative sién, Crosses near the heads of the arrows
show where the S01 and Py 3‘ amplitudes Wc;uld reach if parameterized as
Breit-Wigner resonances, as described in the text,
Fig. 2. Data from this experiment showing mbst clearly the interference
between A(1520) and the high-energy tails of Z(1385) and A(1405).
(2) The diffe}rence between the A3/A0 coefficient of the Legendre poly-
nominal expénsion of the Z+‘n'- and Z-n+ angular distributi.ons._, This a.r,ises
primarily fljom Py3~Dy3 interference. The solid curve sdeé the best
fit to all the data measured in the experiment; the da_shed cufve results
Pfrom ,révefsing the P13 phase. (b) AZ/A6 for 20 ‘ ®, This arises primarily
- from S01 - D03 interference. The solid curve is the best fit 1;0 all data; the

dashed curve is the fit with the phase of S01 reversed.
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XBL68I0-7085

Fig. 1.
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