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RELATIONS BETWEEN THE HYPERON POLARIZATIONS
 IN. ASSOCIATED PRODUCTION"
R. Gatto
Rediation Leboratory
University of California
Berkelay, Californis
November 25, 1957
In ﬂew éf the r@eeint_‘ discovém qf -4 m@e up-dom asmnetry
in A2 »p +x” ,1 we report 4n this note on some results on the
polerizations of the produced hyperons, vhich will be uaeful in
the mterpretaﬂon of the experiments. Ve first ; ehow thet in the
decay 2 - 2% + v fromapolarlmd £° theA 15 longim:ml]y
polarimd in the =0 rest frame, and the valus of tts polarization
is the seme, exee'gt for having opposite sign, as the component of
the ©° polarization along the A° line of Pltght. It is assumed

tha‘abot;hh anﬂzohavespin;,mwemmltism&emtef

-

their relstive parity. Denoting by u tbs unit vector e.long the
directs.on of emission of the A® in the =° rest frem, smd by
<$ and <E’> thepolarimtionsoftheif’&ﬁoftheA, onefinﬂs,

& . i ) "

~ This work wes performsd under the suspices of the U. S. Atomic
Energy Commission. . : ' N T
On leave of absence from. Istimto a4 Fisica dell'vniveraita a4

-Roma,, Italy.

L2

Ticho, Detection of Parity Ronconservation in A" Decay, UCRL-8008,

~ October 1957; and Phys. Rev. (to be published). Eisler et al.,
Phys. Rev. (to be published); L. leipuner apd R. M.air, Phys. Rev.
(to ve published).

Crawford, Crestl, Good, Gottstein, wmem, Sal.mitz, Stevenson, and
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~2-
after sumning over the photon polarizations,

@, = BER . W
The enguler distribution of the plon emitted in the subsequent A°

decdy is given by
wﬁr’)»lm(@ ml-mn-wm N €

xf‘nem ¥ ie the unit vector alongtha direction of emission of the
%~ from A° decayintheh restfram,a istheemmvypmﬁer“
for A° ap+u,andwebmrewitten <. u?zn,where, in a
twa-bodspm&uctionpmeess, suchaaa +p~vz° K° B ise

untt vector normel to the production plane. If & 1s known from
£q. (2) oxlxe‘cammasum P, at égi’van angle. One sees ﬁr@mEqa (1)
thatthepolaxizattonfcrthelargex' semple including A%'s emitted in
mammmmmmmmfxs

2 ﬁeasumw ef the ‘u;irdom*e.gmaetries in A? =P+ %~ (for |

directly produced A%) connot aetemim the sign of g, butonly
1ts m@muae--m that, presumsbly, not accurately. 1t has been
polnted out that & measurement of the polarizetion of the micleon
emi‘bted in A° decasy would provide g dimct ﬂeﬁermﬂ.mtmn of i |
. Gatto, Possible Experimnts on the Behavior of tlw Weak Byperon
Decay Interactions Unaar P, C, and T, 008’.&-3795, Jme 19573 and
- P, D. lee end C. N, Yang, Physs Rev. (%o be published).
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' A o 3 &z »
and for such & sample Eq. (2) reduces 0

F—V‘@;)-' = 1}%@2(!—1&-% .

Therefore the only asymmetry expected for the larger somple is an
up-down asymnetry with respect to the production plane (defined oy
the incoming %~ end the cutgoing i(’), end its masureznen'b will permit

'a detemination of Pz:' In a smaller aample, for wb.ieb the A

direction is observed, the aeynmtry will not in generm be up-m,
but relative to the vector u. 3
‘l‘cderimEq. (1) weobaem that mthedemzo—» A4y,
from the three availsble vectorses G , Pauli spin epera.wr,
e , polarization vector of the T, and u, the last two satiefying
(e‘-ﬁ’) = 0 imposed by gauge inveriance--e can form only one '
psevdoscalar, (9.8), and only one scalar, (¢he x v), which contain
e linearly. ‘ﬁxerefm the ﬁ'mitmn matrix T ‘is, apart: from
constants, (9.8), if £° amd A° have opposite (relative) parity
(B1 transition), am (@& x 1) ir they heve sems parity (1 tramition).

The polariaation of the emitted A° is glven by
<> [T(l+€>.'°)'rc]/‘l‘x-i‘r(l+<35 ‘*)TT] ) vbtch |

A
reduces in the precent case to '1&'['1‘55’ 35‘.‘7 "’_]/Tr [mfj ,
giving @A —@z + 2(<55’2-e & in the case of opposite parity

and <E'5A = -<E?>z + 2(<‘35 -'é’ 2 W)(F xU) 1in the case of équa.l

3 In particulsr these A%t pmdnced thmugh int.exm@dia‘ae 5:0 may exhibit
a. f‘orwar& backward asymsetry, simlating parity &miblets
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parity of £° relative to A°. It is evident from these last expressions
that, after avereging over the y polerization, ome has <>, the
same for both mg of relative parity, an& one immedistely derives
Eg. (1). o | '

We now discuss the métrietione mseﬁ'w cherge independence
on the hyperon polsrivations in the resctions (a): &~ +p =2 + K
(b): =" +p i o (c)z ‘ﬁ’* + P wz‘* + k5 amae,mmme what
information on the production matrix can be obtained f‘rom mensurement
of the intensities and of the polarimime We e:eyress the zmgular
distribution and the © polarisetion in each of such resctions in the
forms T3 % [@it] e <GBy -pd - 1w (el 7] , in which
M 4is the trensition matrix for the particular reasction., If the
relative perity of K with respect to N in «l the motrices M are
of the form E + F(3'0); if such relative parity is +1 they are of -
the forn G(-E) + B(GE'), vhere © and B are unlt vectors in the
direction of the in- and of the ocutgoing momentun respectively, and
E, F, G, H ave, for emch resction, fwictions of the energy end of
cos & = mm'.  We mtroéuee, for each rm'bian, the quanti‘bies i‘t »
defined by £ = é_(E#F), or by £ = {._,(Ge + H), according
to the two cases of relative parity. Ome verifies that [€*|° ama
T are the probebilities for production &t o given engle of &
vith spin wp or down respectivelyr Af°|° = £ o [wdt A(s5) = & 31012 1),
vhere A(43) are the projection operators -,;_,- (1238, m-wﬁms |
f‘t are not properly guentum-mechaniesl azzgg:litu&es, | a:;nee an average
on the proton-spin orientation 4s ‘involvad in their definition.. However,
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they can ’be expressed in m:rms of comspondmg guantities f‘or d.efinite
isarbopic spin, f;‘ for 1 =2, £°
the seme W &a the mlimdee themselves ére expreseed in terms of

gor I=3=, 1n exmctly

thra amplitudes for definite is@wpic spin. Ramely.,_
&

552 = fes P v b re(e® 2 )+1+]f‘ 2,

4 a *
e = al £, tE ae(f; £,%) «2 lf ..'a end

’fc:t'a E 9 ‘fB ‘2 , vhere, according to the m cases Of W‘it!h )

+ 1 o 3
f = - ] b 4 . ) N 9§ = .
£ = 7,_,(i‘?»_ ] F ). or 1,-1( +B ), in vhich §j = 1, 3.
and in Which Eg’ 3, G,, axd HJ refer 4o definite isotopic spm.
Calling lf‘ I xlx,' pie, t|2 &ai, If 1‘2 ' x; 'thése

equations imply, as well kmm, the existmce of -1 triangle with

sides m" , %, f #5°  and of o triangle fmh stdes
7’ 7/ f/ sach conditions are all the conditions

{mosed on the process by cherge independence. The triengle comdition
for the intensities I follows a3 a eanfse@enae. Provided. the we
%

Necessary aml sufficient coxﬁition for the eﬁ.stenoe of & triangle
with sides —/—-‘ 7J Xy 5 7/ is the inequality

x.l x2 +1¢3-2(x1x +x1x3¢x2::3)50,whichisequivment
wmofthethreeconditions l-[x_; ’:{x;., _xt <{§'r +'{"", 

rst being o permutation of 123.
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and Be(f; £ ) in terms of the eix observed lf
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 triengle conditions are satisfied, the above equations can bé solved,

glving the six real quantitics |, *12 N "la

. 3

Re(f f‘l") ‘

i2 h &y
A

e *1°. since the total 'tra:nsm.on matrix at & given angle is

defined in tenns of four emupm mubers (Ey FB, E,, ¥y, or

Gy, HB, G, al), one relative phase in the transition matrix £t111
~ remains undetermined from o measumnent of the mtensitiwa and of"
.. the T polerizations at that angle Such an xmdetemimd phasg-(it

can be teken os that betwsen f," and £.°, or thst between £,
and fl'). is & relative phase batween an amplitu&g for spih up
and .an amplitude ‘for spm'aowa;-it 1is méasuiabm,- in prineiple, by
more eomplicateﬁ experimnts such as a measurement of tm E

polarimtions vhen the &ni.tial promns ere. polm'ized.





