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University of California
Berkeley, California

\January il. 1963

INTRODUCTION
" Std_dy of the reaction

K 4p=- Y haf e At 4w | (1)
| ata momenium‘ of 1,22 BeV/c Bas shown conclﬁaively that the spin of the
1385-MeV .Ylﬂ is 23/2, as reported earlier by Ely et aJ.‘.;l it has also indicaﬁéd
that the YIQ‘ staﬁe is P3 /2 (gve?n Y$-1} parity) rather than D3 /2 {odd parity).

- These conclusions xfesult from the angular distribution of the lambda and the
é.ngular dependence of the iambda polarization,

. The eQents were obtained through the use of the 72-inch hydrogen bubble
'chamber placed in a beam of high-ehergv K~ mesons exiracted from the Bevatron.
The momentum apréad of the beam was +2.5%, and the pion backgrouﬁd was about
10%.2 o |
| Approximately 1650 events were analyzed which satisfied the
- 3 K+ p= A+ ;.&- 7~ hypothesis, Some results from a partial sample wefe reported
earlier. 3 The eventé ware identified by kinematic fitting, first at the decay vertex

and then at the production vertms, thh the IBM 7090 program "PACKACE",
After this t\vo~step Eitting. the number of a.mbiguous events that might have been
K° production rather than lambda production was approximately 1% of the total.
Almost complete separation of the Z‘."ﬁ*w' fr;mx the Av v~ events was accomplishec
by examination of the ratio ¥ (Amr)/ PATE (Emr) for each event, the £ nw being
.‘we nghted by a factor of two because of the dxfference in avex‘age xz values

k3 .
;
A
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' Thefinal A«r"'w". sample included about 93% of the true Aww events and about 5%
of the true T%ww events, The A3w events were excluded from the Awr sample by

eliminating all events with ¥ ( A31r) lesa than 10,

“The cross section for production of the Aw'n" final state by 1.22-BeV/c

’K"‘masons was determined by comparison with the observed number of tau decays'
P 'in the same film sample; its value is 2,2£0,2 mb, . The angular distributions of
ﬁ ‘ . - > . ' N . ’ ‘ ‘
o Y»*‘. and ‘)t“’f production were found similar to that of Y’H production in the work

. viooof Ely et al. (see reference 3)

'I'he Dalitz plot for the Ar'n events 15 shown in Fig, 1, Projection onto

" the A'ﬂ‘ mass vaxi.a is dzaplayad.-the An” projection {not shown) i3 similar, These

mass spectra of the A’ and the An~ systems are well fitted by Yw and Y#’

resonance curves alone, without background; values of M(Y } = 1385 MeV and

' ‘ ' o . : & W
"= 50 MeV are required, The production ratio of Y *to Y is 0.80. Background

'.of- 5 to 10% cannot be ruled out.

On the basis of these mass spectra, the limits 1340 MeV < M(Y ") <1430 MeV
were utilized in the aﬁa.ljmia discussed below. Only events with large production
angles in the center of mass were used because the Y* polarization was expected
to increase with the sine of the production angle, For the study of lambda momentu:

correlation, only events with .‘Y*- K < 0.5 were included; additional data were .
. A "

‘required for ‘the»poiarization‘latudy, and events with ¥+ K % 0.8 were analyzed.

| ANGULAR DISTRIBUTION OF LAMBDA
A particle of spin 3/2 may decay preferentiany along an axis perpcndx\,ala.r
to the incident K~ direction. ad diacussed by Stapp. In this experiment as well as
that of reference 1, the decay of the ¥* was fom}d to produce a correlation between
the lambda direction (il;l. thé Y'd rea't franie) and the production normal [ defined as

n = (RX ‘?‘&)/IKX? i}, Since the Y and Y distnbutions were very much alike,

. o thg“combmed data for Y and Y _ “ were used for the 7\ n dxstrxbution shownin Fig..

N



| Thia value is to be compared with that found by Ely et al. s
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o with the mass and angle limits apecified above. There is no evidence for odd

powers of A n in the distnbutio_m The coefﬁcient of the second-order term
(7\~n) was iound to be | - |

zaoe%ozz S o B | @

. 'in a ﬂt of t.he expetimontal data to the distribution - |

Coreaghwtoc 0 g
1 - '.." B »

N R T R “
The probabihty tha.t the diatribution of Fxg. 2 be isotmpm was found to be
6%, a va.lue somewhat. larger than that of reference 1. Thus spin 1/ 2 for the Y

is not ruled out by the lambda angular distribution presented here.
- In comparing with this earlier work of Ely et al. » it should be noted that

' their incident beam momentum was 1, ll BeV/ c. appreciably lower than the

Amomentumxi_n this expenmem. This could account for larger Y‘ polarization. A

conaide’ra’bi_y larger mass band was used for the ’Y* events in the former experiment
also various corrections Lad to be applied to the data. It would therefore not be

very surprising if there weré a real difference between the two experimental result:

ANGUIAR DEPENDENCE OF LAMBDA POLARIZATION _

The polarization of the lambda can ‘l:e expected to give additional mformatior
on the spin and alao on the parity of the decaying Y A Tha polariza.tion co:nponent
along a particular axis can be determined 'by analysis of the pions from lamhda, |
decay. ».The distribution‘of the pions is of the form |

1+ GAPA P = 1+QAI@A 2)(? ’2') +. (pA'r)(P ‘ r)]n : : {5y

where pﬂ refers to the pion direction in the la.mbda rest frame 2 refex-s to a

: um.t vector along the axis of interest. ,ﬁA'r {s the polarization transverse to 2,

~.and a A is the lambda decay asymmatry with value -0.67. The number of pions

Py

,;.
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N going parallel mlnus the number of pions going antiparallel to tlua z ms, dwided :‘-
| by the total number of pions is proportional to a A(? . 2). | | -
B In the experimem under discussion, the. average value of pclarizatxon for )
' the events with Y Kss 0.5 (and also £or Y K zs 0.8). was close to zero, Al_ong .
the normal it wag £ound equal to 0. lStO 08; along the "magtc direction"

{m=-n+ 2(no R)R]. the polarization dropped to «0,02:+: 0,08, 5

Fowever, a more
detailed etudy of polarization became poasxble as the number of measured events
increaaed For certain values of A-n a, the polarization of the lambda along the
normal was found to be ‘almost 60%. | | s

Tha unnormahzed quantity NAa AFA is of more interest than tlze polarization
(or oP ). ‘since the theoretical distributions for the former under various spin=- |
parity aseumptions take simple forms. The evaluation of N ACAE A' with P A
designating a polarization component along a particular axis, is made by finding

,the sum over. a.ll events 3 }:A cosG (9 being defined as the angle between tbe decay
pion and the axla of interest) ’I‘hia quantity is shown in Fig, 3 as a function of
la.mbda momeﬁttlm~.projoction. both for the noxrmal and the magic directions;i.e.,

- the ordma.te of Fig. 3A represents NA“A .n and the ordinate of Fig. 3B .
ropresents N A® A~ A’ m. The small inset at the lower left in this figure indicates
the auccesswe Lorentz tranaformations which are neceeaa:.y for the evaluation of
tho lambda polarization components. Values of polarization components as well
as the number of la.mbdaa in each interval are given in Table I.

Fitting with only even terms to the data of Fig, 3 gives the resulte stated :
in Table 1I. (Conﬁdence lovels for t‘xe best fits improve somewhat with the admix- |
ture of small contributions of odd terma.) Flgura 3 displays the best-fit curves--a
quadratic for the noz'mal distrlbution and a quartic ior the mamc-direct on

distribution., These can be expressed ap:"



-
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(normal) =1 + 3.5 ( A-8)? | (6a)
(magic) 1= 9.7(R.R) 2 028800 - (6b)
(For errors on coefficients, see Table II.) ' |

The magic directien has the useful property of yieldmg maximum polar-
ization for the lambda comix}g from a certain parent state if the opposite~parity
state with the same total épix\ gives maximumn polarization along n, In fact, a
more general theorem has be;n proved for spin 1/2 and spin 3/2:

Whatever the angular dependence of the polarization component along the normal,

. F

tie angulax dependence of the polarization component along the magle direction is

exactly the same for the opposite-parxty initial state. The following pola.rization

diatributions are obtamed ior the various Y staﬁea o£ interest.6

s ‘~ 51/2 (pormal) or Py/p | (m‘gic) 1 1 | (7a)
Sy/2 (magic) -,._.;ox.-..»\ /2 (normal) + «1&2(/‘2 n} | )
P:,/Bz/ ‘ (normal) or §%2 (magic) @ 1- - (A ) (7c)
P?}{z (normal) or D;}{Z (magic) : -1+5(ﬁ.n) ' ' (751)
P¢/3/7' (magic) or D"':'s/z {normal) 3 ~1+3(ﬁ-n) -2(? ,n) '(-‘,e)
3 . 3f2 S |
ptl/2 %172

3/3 (magic) 2;orv .}:)3/2. (x;o;mal)

..

1 15(1&-5) #Xmﬁ.'n) . (710

- (The normal d;et:ibution_a.agree Wif;h ex;:z_-éaaiona developed earlier by Richard

-Cappé. 7) The distribution for the magic-direction polarization, P.im, gives

additional info:maﬁon over that for the normal polarization, P.i, This is

. apparent from Eq. (5), the, diatribution of deéay plons; if .3, ia de'ﬁned as the normal,

the distribution in general has a nonzero '?‘.r term, which contributes to the

magic-direction polarization but not to the normal polarization,

INTERPRETATION OF pcmmmnom FITS
" The assignment of Bpin 1/2 for the Y1 can be conclusively ruled out by
the polarization results (Table I and B‘ig. 3). Figure 3A would have to be isotropic
and Fig. 3B quadratic ii the state were. S, /z [oee Eq. (73) and (7b)}.. The situation

£
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would be reversed if the atate were Pl /2. Both dimtributions fit isotropy very
_badly, with confidence levels of €10 3 ,
| Spin 3/2 is compatible with the polarizatmn data, Further, P, /2 is
deﬁnitely £avored over D3 /2. 1fa quartic term is added to the expression for 3A
.[in accordance with Eq. (7@)], not ounly does the confidence level decrease, but
“ the coefficient of the fourthapower terin is negligibly small, A second-order fit
to 3B [Eq. (14)] is very poor. with & confidence level of 2X10 3. It may be noted
: aleo that the coefﬁcienta of the beat-ﬁt distribution, as given in Eq, {6), agree well
| in x'elative sign and in magnitude with the theoretically predicted coefficients for
“the P 3/2 decay [Eq. (7)] for an incoheient mixture of I =& 1/2 and J 2%3/2 states.
{The contribution t’rom each of the Eq. (7). dxotributions is pmportional to the differenc
between the populations of J (+) and J (-) statea. At presen& it ia not clear how

, interference in decay amplitudea £rom the ditferent initial states may be e.cpected to

- affect the polarization distributiom. )

‘ FURTHER RESTRICTION OF POLARIZATION FITS3
The lambda polarization components along the normal and the magic
direction-can be analyzed simultaneously, The coefficlents of the various powers
of (R.n)or (A. m) in the two distributions are related for any poasible Y state by
two conditions, _ " _4 o ' o . - _
If the Yﬁ.' reaon_ance has L_:{ J ;1‘/2,',' the ‘polarizétioo distributions may be
B.i = A“’) + A(Z)(A 224 e 4 A(ZJ ”(1& n)‘“ ‘)
'f’-m :A(O) A(Z)(& n) Fivas +A(ZJH’(/{ )(2J+1)
it can be shown that the following relationa must always hold:
A(O) + A(O) =0 -
A“” . Am AW Am.l) A(") Am RN At
If f:he Y resonance haa L = J+1/2, these rela.t jons still nold if n and m

‘ subscr{pts*m interchanged.
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" The folded data for the polarization diatribution along the normal and
: the magic direction were simultaneously fitted to the expreasions given above,
" subject to the stated constrainta. The distributions and constraints assumed
.. were thoso appropriate to the Y atates SI/Z’ /2. pB/Z' DS/_Z' Ds/z, and Fs/a.
The results are given in Table m. " A -
BACKGROUND AND INTERFERENCE EFFECTS
‘I’he dwtributions of Fxg. Z and Fxg. 3 ha.ve been stuched as functions of Y
mass to determine whether the small ba.ckground that may be present could in- |
ﬂueuco the resulta. The value of tho (A-n) coefﬁciont for Fxg. 2 data is somewha
higher for low-masa than for high-maas qu' but the coefﬁcients of the normal
polarization diatnbution, Fig. 3A, are the same within statistics for low~mass and ,
~ high-mass Y* events, - . - = o I T g
| The interferenc:e of ti:ie Ym; and Y?' is emall, as shown by -the' Dalitz plot :
of Fig, 1 and By the K-_"I\.é plots of roference 3. The latter have slié};t backward
slopes, ,oorx‘zporai.blo' with those of roference L. . o |

ol - WS -,..‘4 Rl
AN Tar ey 2

RA R0 B
:.‘f,.*.'-. M /" X . B [ P
The D5 / a.nd F / states cannot be ruled out, However,' if itésagsimedthat

e s

CONGLUSION.S

‘the spin of the Y" is most likely < 3/2, the only good iit is that for F, J2r AS shown
~ in Table 11, the constrained ﬁta to polarization data ywld a confidence level of 0,23

. for the 17-‘3 /2 state. the conﬁdenco levels for the other three stams with J < 3/2

5

: aro all of the order of 10° Inspection of the results for separate fits to the normal

 and magio-direction’ 'polarization mstributiona (Table 1) conﬁrms this last conclusion;

i
4

the conditiona stated above which relate the two polanzation distributions are con=  '

9

siderably better satisfied for the P than for the D, 3/2 state.

3/2
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g . Table I, Lambda polarization
gy RO TR A . ;

AcRsAdm 0.9 ~0.7 405 . =03 . <01 01 03 05 07 0.9
N, 105 . 99 82 :° 91 69 82 78 93 81 109
Py d - 0.58 . 0,50 - «0,15 , -0,11 0,29 ..0,52 -0.35 -0,53 0.59 0.5}
Byofi 0,03 <078 0,15 - 0.27 0,58 015 -0.30 -0.04-0.51 0,48
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. , : ' Coefficients
Polarization =~ Order Dég. of xz Confidence . a2 . -4
component of fit . freedom level 1 {A+n) ( A.6)
s o 4. 24 -5 5
Ny Fped. 0 4 24.2 T.5X1077  -0.0925.2
2% 3. 4,0 026 -23.747.4 83,0:18.4
4 2 40 013 -23.829.1 84.5566.7 -2.1£81.2
Nyo, Py S °c 4 16.4 0,003 «0,03%4.9
‘ 2 3.0 153 0002 = 5.4%£7.1 -19.5¢18.2

& 2 5.3 0,07 - 22,068.8 -213%64 247%78

) . : . * *
Shest fits, appropriate for ‘Yx state o_f.}?s /

YA
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Table III’.' Constrained simultanequis fits of Ny A’?’ A° n and N,a A‘i‘3 A £7i

ST

- Y“ state | Degree of - kz- Confidence
-fxeedom S : ‘ level
S1/2 . 9 40,4 6.6 x1070
Py 9 367 3.1x107°
P, /aa 7 9.4 0.23
D/, 7 ’ 31.9 4.3 X1073
Dy 8 8.3 014
Fs/2 5 8.5 0.13

al normal: (-23.045.6) + (81.3215.4) { A-a)* |
p3/z fit - ~ 2- . 4
] magic: { 23.0&£5.6) + (2202 46) (A- n)"  +. (256%50}{A . n)
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| FIGURE LEGENDS

Fig, 1. Dalitz plot of An'n” events from K~ ) interactions at 1,22 Bev/c. The
square of A-rr effective mass is plotted against the square of Aw effective
mass, S_ca;ea giving:the masgaes in .MeV are also shown, Pfojection of the

. events ontp the Aﬁ'+ mass axis is displayed to the right ofthe figure; the curve
‘représenta the'fitti;xg of Breit-Wignex réeénance- expressions to the Aw' and
 Ar” systems;- | | |

Fig. 2. Lambda angular diatributzon with respect to the noxrmal to tne production

| plane. The abscissa repreeents the dot product of a cmit vector a.lo.xg the
lambda. momentum with the unit vector along the normal (in the Y ~rest. frame}.
- The data frorn this experiment (K?Z) are’ shown, with a fitted distribution of
the form 1 + (0.69% 0.22)(A'n) . TFolded data from reference 1 (Ely et al, )
are also shown, with a fitteci distribution of the form 1+({1.54 0.4)(1{-5)3

Fig. 3. The compohenta of Iarr;bda polarization (multiplied by the number of
~lambdas and the lambda decay asymmetry) are shown as fu.nctiom of the
lambda directxon. The-ordinate of Fig. 3A represents N o Aﬁ A..ﬂ and the
ordinate of Fig. 3B represents N AD A‘f’cr'h.' ‘The dashed curves ?epresem the -
best fits {Eq, (6) in the text]. l_The small sketch in the lower left indicates
how succéssive Lorentz transformations are carri'ed out to find first the Y"&
chrection in the produc&ion center of mass (1). then the A dwectmn in the Y
center of mass (Z), and finally the pion directxon in the lambda center of mass

(3). The lambda momentum ‘and also the lambda polarizaticn are projected

onto 'the normal or the ma.gic direction .in the Y.- re:at frame (2).
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