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_ -+ ABSTRACT , |
. The possibility that the Yf (1385-MeV) spin is 5/2 has been investigated,

a .
Identification of the Y 4 as an FS 5

/3 state is excluded; the D
found possible, though is not required by the data. Of the states P, /2 Dé /2.

/2 assignment is -

81/2' and Pi/Z' only P3/Z is acceptable. the extlided hypotheses having con-

6 7

fidence levels of order 10™° or 407 '; this conclusion strengthens slightly ‘fche.

A
of two components of the decay A's polarization. " This more definitive report

authors' ear%ier'vseie‘ctiox‘z of PS/Z' based chiefly on study of the 0 ~ dependence

results from the application of the ''moment analysis" of Byers and Fenster to
a sample of 895 Y;6 decays obtained from K -p interactions in the 72-inch

h4

bubble chamber.
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L INTRODUCTION -
'I‘he spin and parity of the Y (4385 MeV)‘ has been investigated for o

J = 5/ 2, 3/2, and %/ 2. Tha identiiioa,tion of .th Y "as an Fg /2 state is excluded. :

o the D5 /2 assignment is poaaible, though not. required by the data, Conﬁrmatory v

A~ evidence has been obtained for tho authors' earlier selection of P3 /2. baaed

_s polarization. !

chieﬂy on the angular dependence of the decay A' |
“ A number of reportod experiments ahow coosiderable anisotropy in tho -
a.ngula.r dwtribution of Y i. - A + decay and thus permit the conclusion that the e
Y has a spin > i/ Z ‘l‘wo experimental groupa have found that the a.verage polar-
iza.tion of the A, indicaters that tho Y 4 is eithet“ S 4 /z or P3 /2 . 3 A recent study of ! ,
Y 1°~ A+ w® events concludea from an Adair diatribu,tion that spin 3/ 2 is probable e
but tha,t spin 5/2 is unlikel}.‘l 5. - S o ‘ o
o The analysia reported here utilizes the -complete angular distribution of all
o three componenta of A polarization (whereas the oarlier atudy treated only the { £
. $ - ave raged distributions of tha polarization components in the plane of the A 'and 7‘;.,"'
the production normal) The parity conclusion is based on a comparison of the i
polarizatxou compononts transverae and parallel to the A direction. this comparison
is aimﬂar to (but is more genoral than) that of the normal and "magic-direction"
components of pola,riza.tion made earlier, In this present study, the £ormalism of |
Byers and Foanster6 is appli.ed to the daatributions of A direction and A polarization 3_‘; L

resnlting from Y deoa:y. AR o '- T S

,
b,

1L THEORY

As Byera and Fenster ha.ve shown. the: decay proceas Y - Atw can be .

" conveniently described in terms of expectation values tx;i of certain spin-space

4 ; .oporatora 'I':}i 7

these expoctation values are deaxgnated as "multipole parameters "

T e
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Thus the angular distribution of the decay A is given by

1(6,4) = Z Lot Yy @e)  wit Leven® ()

where /Vl/LO isa constant determined by L and J (the Y’: spin); YII\_"I* (6,4;) is
the charge conjugate of the usual spherical harmonic; and the normalization is such‘
that [1(0,4)d0 = 1, The angular dependence of the A polarization is represented :
by

| Ipff‘ (9,'4)) = Z clm) M *(6,6)  with L' even, (2) "

L, M LiM! ' B

where -Pl;n fepresents & s‘pherical tensor polarization component

[P)=P, Pl=-(P +ipy)/»J'2’ and P} = (P, ~4P )/NZ]; and ™ s a

'M!
combination of tzl,ihf andtgl,ihf -.-_8 +9 The angles 6 and ¢ are the polar and

azimuthal angles of the A momentum as observed in the Yj

coordinate system determined by the production process); the z axis is most can

rest frame (in a

veniently taken as the normal {n) to the production plane, as all ti’i with M odd
must then vanish {(by reason of parity conservation in production).
' For the determination of the Y: parity, Byers and Fenster transform the

above components of 1P(6,4) into components longitudinal and transverse with

M
L

though the dependenc‘e on spherica.l harmonics is very different.__m,_.'_I__‘,bgﬁzlongitudinal

respect to the A direction. Both of these involve onfy the odd-L ¢ as before,

component has the form

N ~_ N M M s RN
I}Z’“-Iﬁ-A- ;M WLO tL L (9 o) | with L odd», {3)

~and fhe transverse component can be represented as .

IP . AX{(AXn) - iIE - (nXA)

1P o
(4)
[(2L+1)/4 ]1/2 7GM1 (. 6,0) y tL  with L odd,

, Vi
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whére mi  depends on L and J, 0(911\'/‘11 is the usual rotation matrix, and v=+1

L1
or -1 in accordance with the Y parity (J =4+ 1/2 or £ - 1/2).

The tM mult1pole parameters are proportzonal to the ""moments" <YM>

L
of the 1(6,4) and I1P(0,4) distributions (and will hereafter be referred to as

"moments"). These can be evaluated by multiplying each dxstnbutmn by the appro-
priate YL (or byo@ M4 for the transverse polanzatlon) and mtegratmg Thus ‘.

£rom the angular distribution, S o :

%S i‘f = 1de I(.9.,¢) Y% (Gv,cb) for even L; | _ E (5.)-

and from the longitudinal polarization
W .. ‘. . .
Lo L fdn 15. A6, 6) YL (6, 9) for odd L. (e
Finally, from the trénsver'se polariz’aﬁvon;,

M*%

R A t1.

for odd L. Since P = - N2 Zoﬁi ¢ 6, 0) P , Eq. (7) reduces to

= [(2L+ 14 ¥/ 2 fdﬂ ﬁzvm (4,06,0) 1P, (6,¢) (7)

Y M, tllf.—. (2L+1)°%/2 {AL }: fdﬂ 1P vt m+ B Z fdsz 1P 1 L+’1’“J 8
- where m ‘has'fvalu‘es 0, +4, or -1; AL = (L+1)1/ C(4, L-1, L; m, M-m) and

= ('L)""/2 C(4, L+1, L; m, M-m); and P;n represents a spherical tensor polar-
ization component, Comparison of the quantities evaluated from expressions (6)

. : ‘ - % Yy
and (8), as shown by Byers and Fenster, determines y znd hence the Yi parity.
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III. APPLICATION
I_n pra_cticé, an angula% distribution moment is determined by .évalua;i:ing
the appropriate Yil‘:[' _f°1' the 6, q)r apgles of eafc_h_' é;vent (k) é,pd summigg over the .

i B
i

N events to .ﬁv.nd the ,average:i_o

[Compare with Eq. (5).] 'Pblarization mo.ments are more difficult to evaluate
because the polazjti.zatlion itgelf is an average,' fqund‘ by summing direction cosines

c;f decay pion mor‘nver'xta in t};e A fest ffamé; thus

v n . - :
- /2
P A(6,6) = (3/an) Z R(6.0), or PY(0,0) = (3/an>>:( > Yy (@), (10)

where a is the A decay paraﬁeter (a = = 0.62), j is any event with a A traveling
in thé 9, & direction in the Y* rest fraine, ¥ is a unit vector along the pion
direction in the A /Irest.frame, and K is along the direction of transformation into
this rest. frame. Angle.s @j, .@j ‘refer to the % direction in the A rest frame. 10
‘Equation (6) for the odd-L. moments of longitudinal polarization becomes [ with

absorption of the sumr of Eq, (10) into that of Eq. (6)]

LOL

‘.'_/r Y‘ YL(ek'¢k)wk Ak <3/“N) o - (44)

Equation (8) for the_ odd~1L moments of transvefse polarizatiqn becomes

“1/2 A - M=m | m e xy
m/L1 1, =(2L+1) Ap ; k>:=1 Yo (O ) ¥y (€. 2,) |
N | :
_ o \1/2
* B Z Zi Yrs Gt YT (8 80| (3/aN) (%) : (12)

.

- The expresszons above obviously are sums of complex numbers, so represent

separate sums of real and imaginary parts.
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Errors are evaluated for the real and imaginary parts of each moment by

the use of such expressions as : : o

N e N 1/2 T
| r o2 , 2 |
5Re t™) = (1/or ) 1) (Re Y0, 60| -|). Re YM(O,, 60)| /N b (4/N) (43)

Rety Yool o (R YL et 1oy L Ok 4x ( |
for the real pé.rt of the cross-section moment found from Eq. (9), and
. ‘ r"‘N'ﬁ .. N 2 1/2 o
6 (Re t17) = (1/%0)2[1;‘ (Re Ylf)z(v. NG Z Re YYF 5. Al /NV  (3/aN)  (14)
- =1 S k=L | S

for the polarizétion moment of Eq. (11). (The second term ﬁsgauy is very small

in comparison with the first in these €quations. )

1V, EXPERIMENT
The formulae developed above were applied to the Y’: decay distributions
from 895 specially selected events ;fr‘qm a sample of 1650 identified as

K™+ p- Y:%+'rr? (15)
at 1.22 BeV/c inc{dent momentum, The selection criteria were that the Y:f mass
" be between 1340 and 1430 MeV, and that the production angle be such that
| §$ EZI < 0.8. The mass lirriits gave good separation between Y*+ : anci Y*' ’bands
on the Dalitz plot, shown in Fig. 1; the restriction on production angle enhahc’e& the
observed polarization or alignment. (For other details, see the earlier reports.vm)
| Thé various tlf moments determined are presénted in Table I. (The
negative‘-M moments are omitted, as they givevno additional information, tLM being
equa.l to (v~-)M t’II\f*. ' There are two evaluations for each odd~L moment, one from |
longitudinal and one from transverse polarizat :n., These are compared below. The ‘
power s'eries in sines and cosines necessary tc describe the data zre obtained by |
using the eXperimenta,l moments of © .sle I in the expressions (1) tarough (4); e. g.,

, ' ok .
the longitudinal polarization for the z:sumption of the Y 4 State P3 /2 is given by
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A _ 0.0 2 g3% ) .0,0% ¢ 2*
IP- A =7ty ¥, +m§ot3Y3 + 30t3Y3 +/rz§03 3
= (3/4m Y 20,126 t] cosd - 0. 379! s/ 3y/2 (Ret sins cosfcss2y  (16)

+ Im tg §in%0 cose sinz¢) - 0.3791:3 («]7/2«/3)(5 cos36 -3cos6)].

To decide t:he 821 of the Y the maximum comple:uty of non-zero moments

i'
was determmed A chi- squa,red was constructed of the form

XZ Z( <t>> <j-tj>), - | R .('17')

- 1 J

where t or tJ represents a real or imaginary part of any tII\:I

<Re Y2 >) and <ti> or < > des:.gnates the expected value; the moments included

mo.ment (e. g. ,(i//h 50

were those needed to descnbe the decay of a spin 5/2 system (17 real numbers).- t2

-4

The G is the inverse error matrix; each te rm of the error matrix is gwen by

;.-. 8(t, -<t>) 5t <t >) = (i/N )2: ( -<Y>)<YJ -<YJ>) . (18)11-

[For diagonal terms Eq. (18) is the same as Eq. (13) or Eq, (14)]. Data frpm the

angular distribution and‘ from ail polarization distfibuﬁion were used,

2

The ¥ for Y spm equal to 1/2 was found by usmg for the egpected < >

i
~ the experimental values for tiO' Ret,,, and Imtu, but taking all higher-L
<t> 's to be zero (as required for spin 1/2). The xz‘ for spin 3/2 was obtained

. i \
in a similar way. The results are stated, with the number of degrees of freedom,

in Table IL. A, 2
' ‘ - s + X * . . .
To determine the parity of the Yi, for each spin hypothesis, it was necessarn
to test equality of the corresponding moments for longitudinal and transverse com-

ponents of polla.rizai:ion with the y of Eq. (42) assumed equal to +1 or -1,

The ~(Z formed was

| ' L - T
[N S WS T3 Gt (Y - ver/ v, o (19)
T | ' | |
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where the indices i and j again designate any Re tL or Im tL (including only
those permitted to be non-zero for a given spin), and where superscripts L and T
denote longitudinal or transverse moments, Xach element of the error matrix has

the form

Gy <6(tiL; YtiT/Y'> 5(;%_1, ” Yt;r/ \">>' | (20){j

1
The constant y' was given a value.of'i-'l to test for £ = J~1/2 and -1 for
£=J+ 1/2. Results of the parity test are given in Table II, B,

Another method investigated for treating pﬁl_ar:_ization data was a ratio technique
also advaxiced by Byers and' E‘e;‘x@ter, 13 A ratio of the experimental eva.iuations ofthe
two parts of Eq. (12) (the AL sum and the BL sum) was compared with theoretically
predicted ratios for various spin-parity hypotheses, | The evaluations of a xz[which
tested (part A)= partB)‘-XR, with R the predicted ra?:io] were almost identical with '
those. of the parity )(2' discussea abowf\e and .'px"ie'éfented in Table II; however, the results
perrmtted no-discrimination between spin 1/2 and spin 3/2.

Additional attempts were made to dlscmmmate between 5pm-3/2 and spm 5/2

hypotheses 'I‘he expemmental moments of Table I were used to evaluate

Z (2L+1) ytL IZ <2J+1 . (21)
LM
and o
ZL (2L41) [a ] =2J+1, _ (22)
LM

_ bo‘u‘.h‘ of these deriving from gen,eral properties of the density matrix. 14 Both in- ;;
' equalxtzes were found well sat1sfied within errors, for J =3/2 and J = §5/2. |

| - Another study of spin hypotheses inveo..ed the explici. sol: tion for spin J

ffom the Byefs»Fenstér relation between lon ;itudinal and . znsve.se polarization

moments. 6' The equality

tl\‘ {_ongitudinal) = tII\:I (transverse) _ (23)
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demands ﬁhat

) B (LM) p (LM)

(4 = (Wyay e ML (24

where P“(LM) and PL(LM) are the L, M moments of the distributions in Eqs, (3) ,
and (4), and are evaluated according to Eqs. (14) and (412). As shown by Byei-c and

Fenster, Eq. (24) is equivalent to
y (23+1) = [L‘(L+1)] 1/2 PL(LM)/ P, (LM) ' (25)

This equation should hold for every value of Land M for which a polanzatmn

moment can be defmed The use of the four lowest moments (proport:.ona,l to

tg, Re tg, Imtg, and t ) to evaluate J from Eq. (25) mchcates that the spin is

likely to be 3/2 rather than 5/2. (See Table III.) A simple xz‘ of the form

2= - SAL/CE AL " (26)
i : - .

yields confidence levels of 0.005 for J' = 5/2 and 0.22 for J' = 3/2, However,

these ._xz values cannot be considered reliable. [ They differ substantially from
B IM) _ p (M)

L
relatmn, Eq. (24); the dxfferences are much too great to be accounted for by the

A

'those of the parity xz (Eq. 19), though based on the same

neglect of correlated errors in Eq (26)]. The experimental values J of Eq (26)
are not Gaussxanly distributed, as they depend on the ratio of PJ.( i) to Py (1) The
nparity X "‘, however, does test a Gaussmnly-dlstnbuted quantity,

(1) o) P - (t/yeng R

LO) o
The value of J was varied in small increments in the ''parity xz, " with -

" first the four moments éppropriate to spin 3/2 and then the nine moments appro-
priate to spin 5/2. Only a slow rise in each xz is observed as J 1is increased

from 3/2 to 5/2; the confidence levels for the four-moment )(2 are 0.45 and

0.21; respectively. (See Fig.2.) Itis evident from the form of th¢ .ine-moment xz



“«Qu v : UCRL-11105

" as a function of J, that the inclusion of the L =5 moments has no signi;'icant effect
on the *(Z (as might be expected from the fact that these had near-zero values);

the xz minimum is .Zstill near J = 3/2, These results repiesent the best reliableji,__._\i .?

discrimination between J = 3/2 and J = 5/2' obtained from the data.

V. CO‘MPARISON WITH EARIIER ANALYSIS
’ Thé coefficients or moments obtained in the study presented here were

checked by cbmparing distributions obtained with the functions of lesser conﬁplexfty
that the authors previously derived and fitted to the data. The distributions given

in Eqs. (1) through (4), with experimentai tlf substituted, were averaged over the

' azimuthal angle ¢ and then compared with the angular distribution and polarization-
distributions of the earlier Yf report. 1 [IP” was compared with ‘
(NF-6+NP r?:)/z cosf, and RelP, was compared with (N B r?x - NP . 8)/2 sinf].

1
The relative magnitudes of coefficients and their errors compared very well.

VI. CONCLUSIONS
The assignment of spin 1/2 to the Yf is excluded by the existence of
a.nguiar distribution and polarization moments of higher order (L = 2,3) than per-
mitted. Spin 3/2 se’ems quite acceptable, since moments expected for spin 5/2
~ are consistent with zero. Spin 5/2 is not required by the data. (See Table Ii for
XZ values).
The parity assignment demanded by longitudinal and transverse polarization

moments is y = +1 or P3/2 for spin 3/2. This confirms the earlier report. 1
Although the data do not suggest spin 5/2, an' assignment of DS/Z would be very
much preferred to FS/” (See Table I1. )
: =
A further study now in progress treats the Y1 data with a maximum likeli-

hood approach to find moments. Preliminary results on data ranging from 1.15 to

- 1.30 BeV/c are similar to the results given above.
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A gualifying remark should be m'ade with respect to confidence levels

stated ins Tablé II. As is no doubt obvious to the informed reader, quantitative

6 7

values can be changed by a small amount of background. Thus the 107° or 10
confidence levels should not be taken too literally; but conclusions should be weighed
appropriately with other pieces of e‘:vi'denc}e (which also have statistical and back- )

ground uncertainties). It is reassuring that several experiments showing strong

o “ _

effects give consistent results for the Y 4 Perhaps the application of such technique:
w o : : «

1

diécrlminat:.on betweéé P3/Z é.nd D5/2 hyppthesgs..

as the moment analysis to Y, -events in new. K~ and w experiments will permit
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the production of spin-1/2 Y 's ("Background Amplitudea and the Spin ef the o

Yj‘ " preprmt) We believe that the small background in our expenment

(probably < 5%, certainly < 10%) requires such special uB::.lmptIOnﬁ to account

for observed high-order moments as to make the hypothesis unlikely. The

. three expenments cited by Adair to support spin 1/ 2 are somewhat hmrted by

.,statxstics and background. ?;wo of these have been simply interpreted by the
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experimenters to support Bpin 3/2 (referencea 3, 4)

“N. Byers and S. Fenater. Phys. Rev, Letters 41, 52 (1963)

These T operators are the irreducible’ tensors defined in M. E. Rose, o

L .
Elementé.fy Theory of Angular Momentum {John Wiley and Sons, Inc. , New

York 1957) or- A, R, ‘Ednio:idé, : Angula.r Morﬁentum in Quantum Mechanics

(Prmceton University P:ces:a, Prmceton, New Jersey. 1957) The normal-

jzation of each Tlf, as in Byers and Fenster, is. ﬂuch that the dens:.i:y matrix, '
N spin sta.tes 15 p = (1/2J+1) }:\ (2L+1) t T?f' . )

, M
These expressxons resul& from the requxrement that the a.ngula.r distnbution be

 a scalar quantxty {as it is Specxi‘:ed by one number for each 8, cb), and that the

pola.rzzation be a vector quantity, i. e. y A tensor of rank one. - The 'I'I;f's have

the aame form in spin space that the Yﬁ"s have in coordinate space e. g. .

ol a/z

ta s, +is )/tzs(mn

. 'F‘or use of the- T?f’s in collismn problems see the theoretlcal study of

= W Lakm, Phys Rev, 98, 139 (1955), and the" experimental work of J Button

io.'

and R. Mermod Phys. Rev, 118, 1333 (1%0). on vector and tensor pol.»..nzatmns
of deuterons, V | |
"Polarzzat:on" will always refer to IP(8 ), ‘the fractional number of decay

A's times the Ae;polarlzatlon. for-somg :9, $irditéction,

Particle four-momenta are Lorentz~transformed from the Iaburatory system |
. to the production c. m., then to the Yf rest frame, and finally (A decay

’ prbducts) to the ‘A rest frame. The 8,4 angles for‘the .7\ and the 6‘,‘ ® angles

. for the % are determined By té.king apprbpriaté direction cosines with iespect N

to axes obtained by '"direct Lorentz fra‘nsformations" of %, v, and z axes

(incident RKX8f, R and fi directions) to each successive system, The direct

.Lorentz "transformation” is simply the orienting of x, y, and z axes the

same in the new system as in the old, with respect to the p direction of the
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conventional Lorentz transfcrmation. (See H. P, Stapp, Relativistic

Transformations of Spin Directiona Lawrence Radiation Laboratory Report

"UCRLhao% December’ 30 4957, unpublished)

Preliminary reaults are given by J. Button-Shafer, D Huwe, and .I J Murray

,I in Proceedings of the !nternational Conference on Hi_gh-Energy Nuclear Physics

‘Geneva. 1962 (CERN Scientific xnforma‘tion Service Geneva, Switzerland 1962),».:

L p 303, more extensive analysie is presented in reference 1.

12,

vMoments higher tha.n L 5 have not been examined. and a xz for spin 5/ 2

R _gg not presented From the fa.ct that all 10 independent parameters for the

L=4 and L=5§ moments were conszstent with zero and from the la.ck of any

13,

‘evidence for (A n) polarization tarms in ‘?zhe earlier study, these are expected

"to be mero.

N Byers and S. Fenster (University of California, Los Angeles, Department

. of Physics), departmant report June ﬁ%?} and private communication

14‘

Sea Byers and Fenster, reference 6 See alsoR H. Ca.pps. Phys. Rev. 122

| 629 (1961). for_discussion of Eq. {(22), the Eberhard.—Gopd theorem. -



IS

5" UCRL~-41405 ;.7 i

' J
4/2,3/2,5/2 1
3/20 e

M. Rety Im £}t

L0 1,0000 e
Ci42 0. -0,018£0,022° .. -0,02840,023 .
0 U U.0,448£0,034 GT o o0

"' 20,017£0,024

00 . -0.410£0,032 .
44 -0,025%0,024 ©  -0,04140,024 .
“#2  .0,04420,025 . . 0,042%0,025 '

3

0 ' 0,027%0.037

sl *-0.026£0,024 -

R R NN NN O
+
™~

B. from'I 'I_;"(O, $) - Longitudinal component
1;_.4 Im tll\f
0T -0,019£0,400 b

iR 20,0430,225

4 10,13440,048
0 % . 0.24740,073
S -0,066£0,343 T -
L -0,246%0,088 1 =0,124£0,094
L0 0,45420,434 I
44 0,046%0,042 | . 0,025%0,043 "
42 . 0,045%0,044  0,008£0,046 " -

0 ¢ 0.030%0,065 I

"3 4Ly M: Ret

~0,0660,054 -

U W W e W W e e

o . C, from I1P(6,¢) - Transverse component

Mo M
T b M yRety oo yimty

o 4f2

1_1‘-~0.051109061
| ~0,056+0,068
: =0,0770,044
0 +0,272+0,058

~0,057+0,070 °
'2AT'0.095:!:0.0.50 ‘
A. 0,332+0,071

-7 0,026%0,037

: 0.012:}&:0.038“},;.";5. L
0 °  0.045%0,055 -

) 5/2 L

G I I R T T N T T




-15~ ' UCRL-11105

Table II. xz values,

. %
A, Y, spin

7 .

1
- 2 ' o, .
Y,1 spin . Y . -+ .. Degrees of Confidence
T ' ' o freedom - level.
1/2 ~  771.0 . 24 2><1o‘7
3/2 - 0.8 I 1 2 0.79
S R S -
. B. Y1 parity
L o 2 N g
Y1 state Parity X o Degrees of Confidence
- . , freedom - level
Sy - (-) . 0.07 _ 1 . 0.89_
~P1/2 - (-.l-)' 0.34 4 0.56
Py/2 | (+) | 3.7 4 0.45
D3z (=) © 44,9 4 <107
Dy/p IO 7.6 9 0.57
| FS/Z . - (+)7 45.3 9 8x10

Table III. J values from Eq. (25).

.0 2 N 2 . 0 -
Mgment. , 1:1 S.et?’_ : - Imt3 . t3 ;
T 2.4%44.4  0.65%0.73  -1.7#1.6  4.720.8




U Fig, 1.
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'FIGURE LEGENDS

Dahtz plot of Aw ™ events from K «-p“ i‘ﬁteréctidhs'at 1.22 BeV/c: L

ﬁ', Progectxon of the events onto the Aw mass a.xis is displayed to the rxght

‘,j«ex?ressxons to the Av a.nd An” sYStems

Dependence of the "

<?N~.

A of the ﬁgure. the cux've represents the i1t€ing of Breit«-Wigner resonance

ﬁarity X z (Eq. 1 n‘_. ﬁpm J' The solid hne represen

the x obtamed from the four moments (L = 1, 3) a.ppropna.te to spin 3/ 2

2

- the dotted line represents the X evaluated for the nine moments (L 1 3 '5)

appropriate to’ spin 5/2 'I‘he number of degreea of freedom £ is 4 in the -

. formes case and 9 in the latter. .
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This report was prepared as an account of Government
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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.



