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program, - FOG, the kinematic fitting program, CLOUDY, and the logical

selection pfogiram,-FA_IR. Ambiguities were -looked at on the scan table

and either resolved or sent back for remeasure. The throughput efficiencies,

pe'rcentaae of events believed to be good sigmas cu.rrently' availab]‘e for
analysis, are about 92° for the early batch and 79-82% for tho more recent
data. . Tho remeasuros for the latter have been completed but are not used

here.
| I'he nomaiization floretheorec_ent’-batoh-was, basedon ‘a count of - .
beam tracks 'tﬁat deca}'ed Via' the three—proné tau mode. Although the
cross sections for the earlier batch have been pub]nshed prevxously,l
they tended to be lower than. other publlshed values. 2 We have .
renormallzed this set of data ‘based on the beam count uscd in® the Voe
topology for the’ same fllm 3' | ” |
Bofore beglnn:mg any ana1y51s we studled the 11 Fetlme of. the si pmas
and the d ecay - anglc in the he11c1ty frame In thls way we detmmmcd the
appropriate cuts -and welghts to conqaensate for events subject to scannmg
bias. The 11fet1mes determlned for both sigmas are in agreemcm with

recent dotermmatlons with much greater stat:Lstlcs.4

RESULTS
" We have obtamed from our data the f ol]owmg information: ol‘oSs
sections for both channels anoular dlstrlbutlons for both channels, and
polarlzatlons for the DAt channol t*ﬂiere pos.sibble we obtaincd the

dlStI‘lbllth]lS 1n twenty equa] bms of the p10duct10n cosme but because

of 1imited statlstzcs we generally had’ to comme bins.. Polaru zation

J_nformatlon can be ootamed only from tho proton decay of the positive sigma.
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We have obtained the angular dist;ﬁibutj.ons and cross vséctions using only
theApion‘decdy:modcs; for high momentum sigmas the decay proton is
construined to the small dgcay angles frequently missed;byfscanners. This
scanning bias:dch not affect thé determination of théjpbiarization. For

cach bin in the production cosine, the polarization is

P(cos 0) = SN'Z cos x;

whefc N is'thé number of evenﬁs'in the‘bin ahd the_angle, Xio for each
event is measured between the direction of the proton in the sigma center
of mass and the production normal, k x %,-wifh o= -1. |
Events satisfying all cuts wefe weighted.individually. AVefage,

weighté;m_each angular distribution bin wcrernver'mqre than about 1.6 and
avéragod about 1;35. Weightsmfor the cross Sections, whéfe'a significént
azimuthal cﬁt:was applied, were fypiéally abouf Z.' |

We have exﬁanded the distributions in the chendre‘series and the
aésdciatéd_legéndrc sériéss o |

do 2
T = 7 % Aum (cos 8) -

-
l

X2 1
IP = %" g Bum (cos 6)

The strucfuievin the cross seCtion is more noticeable after the kinematic
factor, %2, has been removed; so we have plotted in Fig. 1 the Ao's from
our data along with thdse in é.recént review artitle.6 VThe values in the z°
channel are in very good agrcement. In the Z__channelloﬁr datajindicato a

major ¢nhancement which is shifted to higher momenta than that in the review.



Of paltlcular 1nterest to us is thc ccntcr of-mass energy roglon

bctwocn 1850 and 7000 Mev. There are well-known resonances both above and

below this reglon:

I=0 J =5/2  at 1815 Mev
1=0 J'=5/27  at 1830 Mev
P .

L I=1 J =7/2 at 2030 Mev

1=0 3 =72 at 2100 Mev

However, this energy region has not been as thoroughly studied. A resonance

p

has been reported in the I =1, J 8

= 5/2+ state at 1915 Mev.® This is a
andldatc to f111 out the 5/2 recurrence of the 1/2 baryon octct -W-

have included in Fig. 2 the coefficients which seem to show definite

structurc in this'region. vThesé_are A2 andA3 in the I~ chahnel, and

Az and BS in the Z+ channel all of,whiéhvseem to have extrema centered

in the v1c1n1ty of 1900 1920 Mev Othér éoefficients are monotonic within

errors in thls reglon

THE ANALYSIS
We have used a conventional partial wave analysis in which the

angular distribution and polarization may'be;representeds
T . 2 2
'aﬁ'" I= Ifl + gl
'Iﬁ 2 Re (f g) n

where n is the production normal we have used, and
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- £0) =2 J[G + DT, +12] P,
g(8) =1 A 151n e% [Tz - Tg] T 5

’

The waves, T, ai*-e" differentiated by their orbital -angﬁ]_a’r 'moméntbmf _
quentum number, z, and parity state #. We shall refer to them according
to the _standai"d _con'ventioﬁ specifying orbitél state by the Vl.et’vcer, .isos.pin
state by its integral value, and spin by -tw’icé its half integral value.
Thus FO5 refers to the 5/2+ state in I = 0, which»resonate'sv around

1815 Mev. : |

Thus far we have tried oniy energyédcpcndent fits in which we fit

a scries of cnergies simultaneously. Single energy fits would be preferable

but the nature of our data makes this impractical. At a single energy

tl}o nﬁmber of »data poi.nfs is seirerely lvimited., and our data rc}:}quv.vi.rc-: h}igh
order waves, vin'creas_;mg the nuiber of parametersv tovbe considered. We

h_a‘Vo used only two types of parameterizationm, -resonanf and polar background.

The fes_onant parameterization takes the form:

‘Herc A is the anxpiitude of the wave, _ER is the resonant energy, y/2 is

the reduced half width, and ¢ is a relative ph_asé. The energy dependence
of the width is contained in the terms Dy and DZ’ based on the formula of
Glashow and Rosenfe].d.g .

~ We have chosen to represent the background with a form in which the
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magnitude and-phaSe.of the wave may vary independently
T = (A Bk)ei(c f Dk)
Here k is the éenter—of-mass moncntun in the elastic channel. In gonerél,
this parameterization gives a position and derivative of the magnitude and
phase. In particular, it can take on, within an energy span not greater
than'one\ddth,.the general appeafance of a resonance. Thus, in fact, when
we began our analysis wé,inéluded only FOS5 as rcsonant, but this polar
representation sﬁggested first the D05 ana then the D15 as purely resonant.
‘¢ emphasize that this parameterization is not intendéd.to be valid over a
- broad encrgy region. We suspect that any paraméterization,may break dowm
over too broad a range; thércfore,'wé prefer to work.ﬁithin 1imited,
ovorlappiﬁg fégions and then to iron out'incbnsisténcies; In this way we
hope the data Willisuggeét a Broad parameterizétidn not readily forescen.
Our best fits dre'Suhmarizcd,in Table I with the resonance
parameters listed in Table II. All waves below D5, in both isospins, are
“represented by'ﬁolar bétkgrouﬁds. The parenthetical number for a resonance
indicates the nﬁmber of free paraméters. ‘In all our beSt fits, all

parameters were free to vary except, usually, the relative phase of the F0S

resonance.” We have tried fittiﬁg both the Legendre coefficients and the %

distributionsvdirectly. The fits to the coefficients had confidence levels
two to three times greater than those for fitting the distributions with
the same parémcterization} Several waves consistently violate the Wigner

condition forvéausality in our best fits.5 The worst violation for each

% _

On two occasions (including fit c) when even this paramcter was free, the
fit showed marked irprovement; apparently the fitting procedure used this
variable as a convenient route for adjusting many relative phases.
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fit is indicated in Table I, where the motion of the phase‘ is given in
radians per pion"’mé'ss. We iuf:end to study this problem further

In the energy region between: 1733 and 1865 MeV our data 1nd1c<1tc
that cocfflcmnts above A5 are conslstcnt w1th zero. Flt A shows that thc
data does not I‘Cqul“C F7. Above thlS region the A6 beco*nes significant,

but only in the LN ch‘annel.v We have trJ.ed, adchng FI5 and F17 to account

for this; Fits B and C show some slight improvement over Fit A and prefer

a resonant parameterization for the D15. ‘The resonance parameters are

6,7 However, our data

in ‘generzil agf_eement with preVious’ determinations.,
distinctly prefe? a narrow width for the D05. Also, the D15 has a lower
mass than gener’all'y accepte’dv | |

| Vc have gotten one 51gn1f1cant fit in the energy reglon from 1844 to
2001 MeV, listed as Fit D in Table I. The hlgher mass for the FO5, which
was parameterized as purely resonant, may in'c]i'cate‘ the presence of back-
ground in this wave. In Fig. 3 we hé\fe rotaied this 'fit- so the D05 and

FO5. waves retaan a crude contmulty with their counterparts in Fit B.

- The F15 and F17 move in a manner con51stent with resonances: reportcd

elsewhere,6 7 having masses of 1910 and 2030 MeV respectlvely.- Both

waves havethe same relative phases as the D05 and FOS at these energies,

which agrees with the results »of others> 6. Assumlng the FlS is domlnated
by the 2(1910), we: obtain from thls fit. an émphtude of .14 + .05 (in the
notation of Ref.__ 6, t = -.14)., If we use an elaot;mty for the F15
resonance of .10,7 we find that the branchin_g fraction into the I

channel is .20,
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TAVIE 1.

. Sunmary of best fits to data in two energy regions. The type of paramcterization
_is cither resonant (number of varisbles given) or polar background. All waves
" below DS have polar background in both isospins. The last two coluns indicate
wave with worst violation of Wigner condition; the rate of change of the phuse
is given in radiuns per pion mass. ' '

| .k.\‘j

4y

Coef{icicnts - 1,844—2.001

Parameterization :
. } + ‘ ) 2 ) Causality
_I_’_il Data - FEnereies S . P15 FOS F1S  F17 X DF Violation
A . Distributions = 1,733-1.865 R(4) P R(3) - - 266.2 244 S11 -2.5
B Coefﬁcients" 1.733-1.865 R(4) R{4) ~ R(3) p P 88.7 89 P13 -1.8
C bistributions  1,733-1.865 » R(4)' R(4) R(4) RY ‘P 247.0 235 P11 -3.0
D P P R P P 97.3 8 PIl -5.5

TABLE II. .

List of resonance parameters for the fits given in Table I. vy/2 is the reduccd

half-width, - D

(E,) is the full widih energy dependence evaluated at the resonant
2VR &y o

cnergy.. Their product is the normully quoted half-width,
X . + ‘0 Relative
" Resonance " Fit 'ER LI ])Z(ER)Y/ 2 Amplitude Phas_c
A 1.831 .048 .316- [3.14]
ro5 B 1.822 .046 .285 [3.14]
C - 1.83%2  .047 .311 3.14
D 1.893 .101 .262 {3.14]
A 1831 .036 122 3.47
D05 B 1.832 .028 J27 3.61
c 1.8 .029 125 3.25
B 1.738 .050 .079 -.53
Dis
C 1.756 .078 .068 -.40

t IEncrgies in GeV



Fig. 1.

Fig. 2.

Fig. 3.

~ dashed curves. The cnergy range of the dashed curves is , ;
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FIGURE CAPTIONS

The A 's obtained from our data are compared to those taken ]
from Ref. 6. a) The data for the channel K p +}r+2f.

b) ' The data for the channel K_p'+'nf2+. ' | v

The coefficicnts in our data which show structure in the
region from 1850 to 2000 Mev (indicéted by horizontal bars).
All other coefficients are monotonic within errors through this -

particular region.

Solid curves are the high order waves from Fit D in Table I.
These have been rotafed so that the D05 and FO5 retain some

continuity with their counterparts in Fit B, giVen by the

1798'to 1844 Mev; that for the solid'curves is 1844 to 2001 Mev.

The arrow is located at 1920 Mev.
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LEGAL NOTICE

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

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 repoft 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. : :

As used in the above, "person acting on behalf of the Commission”
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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