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- Y*'s with Spid 7/2% -
Charles G. Wohl, Frank T, Solfnitz, .an'd M. Lynn Stevenson

Department of Ph&sics and Lawrence Radiation Laboratory
' University of California, Berkeley, California

May 11, 1966
Several years ago, Cook et al. measured the total K'p Cross’

section from 1 to 4 BeV/c K~ lab momeﬁtum and observed a bréad E .
‘iiow bump centered at about 1.6 BeV/c (total c.m. energy 2065 MeV). 1 '
'Bl'anp.ied et al,, 2 B6ck et al., 3 and Eberhard and Shive:ly4 have ob-
served bumps in invariant-mass distributions which may indicate
existence of Y*'s with masses above 1900 MeV, but statistical
‘accuracy of and (or) agreement among the experiments is podr.
Recently, Cool et al. measured very accurately total K p and K'd
cross sections froAm 1.0 to 2.45 BeV/c (1794 to 2411 MeV) and found
- evidence for a number of Y*‘s. > ‘Among them are an isotopic spi’n

,‘I? 1 Y*({ ~ 2030), which we have previously reported, 6 and an

I=0 Y*(a‘"' 2100), for which we here give independent evidence. In
- addition, we determine the Y;k(2030) to have spin—parity JP= 7/2+"

~ and the Y:(" 2100) to have iF - 7/2". '

The 72-in. hydrogen bubble chamber was exposed at the

Bevatron to a K~ beam with momenta 1.22, 1.42, 1.51, 1.60, and

1,70 BeV/c. We found about 30 000 events ‘consisting of a disappearing
beam track and an associated V-like charged decay of a neutral .
particle. After kinematic ana.l)vrsisv and imposition of other selection

ty 7°) and 14173 A events (A—*p-i-'rr')

criteria, 8408 R° events (Kg» m
remained. About half the former are K +p-+K%+n (ch_a.rge-exchangé).

events; abdut half the latter are K~ +p—=+ A +7° events. Cross sections and :
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. ?réductioﬁ and (fo‘r. the Am° eventé)b ?olarizationangular distributions

were measured. “Table I gives the cfoss sections. Experimental T
~ details and a moré complete discussion ,Of results than can be given |
here will appear in an article.

The scattering amplitudes for the two reactions in terms of

pure l-spin amplitudes are

A(K™+p=- R° +n) =(A%N-A%N)/2 (ta)
AR +p = A+ =(a YN, | - (1b)

where superscripts give I-spin. Differential cross sections were

vexpéndéd in a Legendre polynomial series

Dmax ' ; :
%___ cx2 Z a P _(cosé), (2)
n=0 V

" where X is h/q (q is the K~ c.m.. momentum), 9 is tHé ’cv.m. scatter-

iﬁg angle be:cween mesons, and c is the square éf the nun;xer‘ivcal factor

in Eqs. (1): 1/4 for K-+pv—> R%+n, 1/2 for K™ +p +A+7° The

equation o =41rc?&2ao relates va and ag- Figures 41 and 2 show the

coefficients a for the two reaction_s from this and other experiments.?'_s
Coefficients a are related to partial-wave amplitucies.

Labeling specific partial-wave amplitudes LZJ {(where AL is orbital angula;- E

‘momentum), _1__3 , 81, Pi. P3, D3, etc., and terms in this series

Ti" with i=1,2,3,4, etc., we can expand the a

G

_ o om N iy | ' DR
a, = ‘Zo‘nRe(TiTj)- z oy 5" Iy (3) o
R = o e | o

The amplitiﬁdes have been treated as complex numbers and as two-

component vectors in turn. Table II gives an abbreviated set of the o.:{].
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All nonzero a:{] are positive. The interference between amplitudes
having angular momenta .J'1 and J, and even (odd) relative parity

contributes .td the a, with n even (odd) and IJi-JZ lSnS(J'1 +J2).

N K +p=+R%+n

Around 1 BeV/c the coefficients are domin;ted by the
D'5 YT(1760) and the F5 YZ;(iBZO). 9 Effects are large because both
resonances couple strongly to the KN channel. Between 1.2 and
2.0‘BeV/c, ag and a, are large and variable, whereas above
2.2 BeV/c there is little requirement for either Pb(cose) or
P7(cose). Around 2.5 BeV/c all coefficients are positive, so all
polynomials add constructively to a peak in the forward direction. The
peak narrows with increasing momentum -- f_fom 2.2_4 to 2.70 BeV/c
low coefficients decrease, whereas high coefficients increase. We can
attribute the peak to a peripheral mechanism. | The peaking persists
dan to about 1.5 BeV/c, but below 2 BeV/c it is quite broad and tﬁe
‘require‘ment there for P6(cose) and P7(c036) ié due rather to undulations
in the angular distribution than to the peak. Therefore we must attiibute
the behavior of ay and a, between 1.2 and 2.0 BeV/c t§ something - B |
other than a peripheral mechanism. A peripheral mechanism very
| -probably does not necessitate higher terms in the Legend:e polynomial
series below 2 BeV/c than it does above 2 BeV/c. The coefficients
above 2 BeV/c indicate that below 2 BeV/c the projections of the
perlipheral-mechanism amplitude on partial-wave amplitudes with
J >5/2 are negligible. |

Since coefficients higher than a, are consistent with zero, we

" assume amiplitudes with J >7/2 may be neglected. 8 ‘The coefficients
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a6 and a, provide refined ihformatiah ai)éut' the J=7/2 amplitudé_s.
At l'ea,st‘ one J = 7/2 "aim_p'litude is,vpresent at 1.22 :BeV/c, since a, is
nonzero there (see Téi)le II). Above 1.4 BeV/c,_ 57 indicates that
. J= 7/2 amplitudes in both parity states are present. The ‘magnitude
of a, sets a lower limit on the magnitudes of these a.mplitudes'.'- The
simple inequalities
(B, %+ g [B22 15,1+ g1 22|54 G4 (4)

and coefficients of Table 1I yield:
¥, 1G] >(429/9800) |a, | = 0.044 a, | (5
aq from J=7/2 amplitudes >8X 0,044 lag | = o.35|a7|.' , (6)

From 1.6 to 1.8 BeV/c, |a7[ approximately equals ag, 80 J= 7/2
' __'a.fhplitudes account for at least a 'third'of the cross As>e‘ctidn'. o |
The squares of J = 7/2 amplitudes contributeAto" ag: These

contributions are always positive and appeér also in ag, _enlé.rgevd by
a factor 4X33/100 = 1.32. Experimentally, at 1.22 and 1,42 BeV/c
ag is-tp_o large éo be consistent with aq if thg only contriﬁufions .to ag
- are from J=17/2 ainplitudes. Above 1.7 BeV/c, ay is negative.

The only other terms _contz.'ibu.ting to a, are the F F, and DG,
interferences. One or both mu-s-t; Be'important from 1.2 to 2.0 BeV/c.

To summarize, the J=7/2 amplitudes are large, vary con- "

. siderably with energy, and cannot be associated with a peripheral mech-

aniém. We now investigate the possibility they are resonant arhplitudes. o

The amplitude for resonant scattering from channel a to

channel B is

- (x,%g) | - |
 Tple) = Zep (7).

AN

bN
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. wh'e.-rr.e.;' x,=T /I‘, and €= (w "-w)/'(l"/Z); “Here “0 is the resonant
energy and w is the total c. m." energy For elastic or charge-

- exchange scattering xa=xp-x and T=x/(€-1). Figure 3a shows
that the amplitude traces a circle of diameter x in the counter- _
clockwise direction as energy increases. The interference between -
twvo resonant amplitudes is given by

’ X, X, (1 + €€, )

T,« T, = =xxI (8)
i (1+€2)(1+€2) :

) where 1= I‘(ei;, €j) contains the energy dependence of the interference.
Figuxje' 3 shows patterns for three cases. (For simpliicity' we have -
- assumed the widths of the resonances aretequal; 'effects of unequal
widths and variation of widths with ene rgy do not change the qualitative _
characteristics. ) The factor I must be multiplied by the product of
Acouplmg constants xli and by the appropriate expansion coeff1c1ent

\

a i to obtain the contribution of the interference to an a_ - 1f the\

n
AN

resonances are in different I-spm states that are coupled by a minu\s\
. ) N
sign, the 'patterns are reflected across the I(e € ) = 0 axis., The A

mterference between two w1dely separated resonances [F1g 34 ]
is domma.ted by the real parts of the resonant amplitudes, since at any
energy at least one of the amplitudes is predominantly real; the reso-
- nances are close to-the nddes., near which ore of the ainplitudes is
purely imaginary and-its real part changes sign, o

The pattern of a, (Fig. 1) resembles that of Fig. 3b reflected i )
V across.the I(€i, €j) = 0 axis, "I'he siinplest conclusion is that there
are two ovexi'lapping resonances with different values of I-spin.
VEquatiorrx (Sﬁputs a lower limit of (0.18)2 on the product of the

_elasticities xixj‘
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" The pattern of a.6, centered at about 1.3 BeV/c, resembles
that of Fig. 3d reflected across the I(ei, eJ.) = 0 axis. One node is
near 1 'B'eV/é--near J=5/2 resonances. The other node is near the

maximum of |a7l, where we suppose there are J= 7/2 resonances.

. We showed above that interference between J=5/2"and 7 /2 amplitudes

dominates a,. 1f ag is due largely to .interferences between J= 7/2
resonances and the known J=5/2 res_onances,v then to contribute to ag '
with thg proper sign, the F7 Y™ must have I-spin different from the

FS Yg and the G7 Y™ must have I-spin different -fron"x the D5 Y’;‘. Thus .

ag as well as a, puts J= 7/2 résonances-’ in differ,ent I-"spin' states; in addi-
tion, it specifies which I-spin state is associated with which parity state. '

K +p—=A+7°

This pure I=1 channel provides independentvevi.dence for the
existence of an f‘., Y; Existence of a resonance is shown by a peak in
. 2ag .a.t about 2030 MeV. Spin 7/2 is indicated by the requ_irerhent for
Pé(cos 0) and the structure of its coefficient ag- The parity determination .
" is. based on the following experimental facts. (a) In the forwardb |
direction (peripheral region), there is destructive 'interférence be - |
tween resohance va.nd background below resona.hce and construcfj.ve’
interference above}v resonance (a.3, ags and ag change from negative
. to positivevaround 2030 MeV;)f. (b) In the same (peripheral) region, the
A polarization is hega.tive/from below to above the resonance band
R

reaches 100% near 2030 MeV. It can be shown that an F7 Yb1

fering with a predominantly real peripheral background reproduces these

inter-

3% ..
facts; a G, Yi interfering = with the same background would have

. opposite pola.riza.tion.
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Abee 1:. 5 .EeV/c'.tvheva'rv'Qard peak in the  AT® differential
_ c:oss',sévctions is much sharpervtharrx in corréspo’nding charge-exchange
diétfibutions, and few datav exist between 2_ and 3 BeV/c to set probable
| 'upéér limits of péripherél-mechanism effects on high partial-wave
amplitudes. Thus the dominance of high partial w.a.ves by resonant

amplitudes is not as clear as in the charge-exchange case. Yet the

- predictions of such dominance are qualitatively correct. The

: D5 YT(1760) and Fo Y’:(2030) alone require that a, be zero and ag
B ‘be just IF7 I'Z. Experimentally, a, is much smaller than other

. coefficients, and ag roughly reproduces the peak in age
| ‘We cannot accurately determine either branching fractions or
widths whi;e the magnitude and sha.pe of backgrounds in a, are un-
»knownv. For instance, if all the K_+p-> A+ 7 ag is atfributed to
IF7|2, 5/6 of ¢ is due to the resonance; this seems too much. Cﬁrvés |
_in I";ig. 2 are drawn for the case (xI—{N'xﬂ"'A).i/2= 0.20 and T" = 170 MeV.
) Using this width for the Y’:(2030), I'=100 MeV and x',= 0.5 for the

| Y’I(Néo). and T" = 50 MeV and x= 0.7 for the Y (1820), we fit the
charge-exchange ag and aq. 10 Parameters of Table 111 lead to the
- curves in Fig. 1. Better ﬁts can be obtained, but then the Y’;(ZOBO)
velasticity is too high to be compatible with ag. There is considerable
discrepancy in ag between data and curves from 1.2 to 1.5 BeV/c.
- Cool et al. reportanl=1 Y* (~1900) with I" uncertain and ;cm 0.4. > " .

If this has JE

= 5/2+, it contributes to ag by interfering with the

* #* ' '
Y1 (2030), Then if the Yi (1900) width is larger than about 100 MeV,
the relevant interference pattern is something between Fig. 3b and c,

and the int%;;;ference adds to ag with the proper sign to reduce the

discrepancy between data and curves in Fig. 1.
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- " The Y’: (2030)' and 'Yg(“2100).v_have' nec_e's_sa.ry properties to
'be.interpreted as first recurrénéés bf the Y*(1385) and Y*(1520)

Since the Y (1385) is a member of the SU(3) decuplet that contains

B the N3/2 (1238), the Y (2030) is a member of the decuplet that .- . ' ' -
contains the recurrence of the N3/2(1238), the N3/2(1920). By |

the equal-mass-spacing rule there should be a ._.1/2 ~2140) and

an Q (~2250). In exact SU(3) the process decuplet = octet + octet‘

is characterized by a single coupling constant, and the rates PTrN'

PRN’ and FnA for the decays N;:/Z-"TH N, 'etc. » should be in the

ratio 6:2:3. Because masses within a multiplet are not equal, the E

rates need correcting. The corrections should be smail béca‘use the
ﬁnal-sAtate c m. momenta for the three decays (723, 702, and 700 MeV/zc)

are almost equal (see footnote 10). For the N3/2(1920), I is about

170 MeV, and x is about 0.6, 11 We obtain

P"N: P—KN: Fn’Aa‘

xRN and consequent increase of x

XeN XRNF Xrp = 0.6:0.25: 0.16. A reduction of
TA could make agreement betwéen
; theory and experiment very good.
Since it is not clear whether the Yg (1520) is a singlet or a
. ,'member of the octet that contains the Nf/2 (1518), it is not clear
whether the Y:(”2100) is associated with the G7 N’:/Z (2190). 1,12

We thank Prof. Robert D. Tripp and Dr. Gerald R. Lynch
for many helpful discussions. A first preprint by Cool et al, contamed
‘no corrections for effects of internal momenta of nucleons in the
.deuteron, and there was no evidence for the Y1 (2030). Before the
importafxce of these effects was reported by Cooi et al., > Dr. Lynch
_ independently did the cé.lculations, thﬁs encouraging us in our inter-

- pretation o% our results. Prof. Harold K. 'Ticho (UCLA) designed
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_and directed construction of the K~ beam. Josephine Canada Cochran

and Reginald Paradis did the scanning work particular to this experi-
ment. Prof. Luis W. Alvarez provided encouragement and support

throughout the course of this work.
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Table I. Cross sections for the reactions K +p~RK? 4+ nand
K +p—= A+ fr°,‘ Quoted errors are statistical 6'nly; A7n° cross
sections may be systematically 5-10% high because of A- =°

separation problems.

K~ lab Total c.m. 0(K +p—»K%+n) o(K +p+A+n?)
momentum energy ' _
(BeV/c) (BeV) (mb) (mb)

1.22 1.896 2.83+0.14  1.58£0.07
1.42 1.986 1.90£ 0,12 1.37£0,07
1,51 | 2.026 1.83+0.09 1.37£0.06
1.60 - 2,065  1.93£0.43 . 1.10%0.07
1,70 2.109 1,66 +0.10 © 0.94£0,05 \
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Table H.,""Abbrevia'ted table of partial-wave expanéion
coefficients o.:f. All contributions toa,,

ag, and a, from amplitudes with J < 7/2 are included.

Ti Tj aq ag ‘ a,
5131 + PP, 1
P,P, + D,D, 2
DD, + F,F, 3
F7Fq + GGy 4 100/33
F.G, ,9_800/429
F.F. + DG, ' 0 200/11

Ay | . . 1 0
With the a normal1zed as in Eq. (2), read the Ti ‘a.s (Ti 'Ti )RN -

for K"+ p—= K% + n, and as (Tii’Aﬁ' for K™ + p+A + 0,




T

{5

Table IOI. Properties of the J = 7/2 resonances.

UCRL-16868

1,75 wy (MeV) I' (MeV) XEN | Xp
1,7/2% 2030 170 0.25 0.16
0,7/2" 2120 145 0.25 -
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 FIGURE LEGENDS

'Fig. 1. Coeffi'c'ier‘xts a for the reaction K~ +p~K°+ n
~ Curves are effects of the Y,(1760), Y3(1820)_, ¥,(2030),
~ and Y (2120). . . ) '
F1g 2. Coefficients a_ for the reaction K~ .+ p—+ A+ n°,
Curves are effects of the Y,(2030).
Fig. 3. (a) A Breit-Wigner resonant amplitude. (b-d)
Patterns of interference between two resonaﬁt amplitudes at

various separations, |

-~
S
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

. A. Makes any warranty or representation, expressed or

: implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
‘may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, .to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
-with the Commission, or his employment with such contractor.
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