7 UCRL3575 .
S <-‘?/

UNIVERSITY OF
CALIFORNIA

T
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
v

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any watranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




TN
e

UCRL-3575—

UNIVERSITY OF CALIFQRNiA» .

Radiation Laboratory
Berkeley, California

Contract Ho. W-7405-eng~48

CHARGE-EXCHANGE SCATTERING OF K° BEAMS

- AS A TEST OF THE PARITY-DQUBLET PROPOSALS

1

Henry P. Stapp
November 1, 1956




(%

. ' : oa ' ' UCRL-3575
CHARGE-EXCHANGE SCATTERING OF Ko BEAMS
AS A TEST OF THE PARITY-DOUBLET PROPOSALS
Henry P. Stapp
- Radiation Laboratory
University of California
- Berkeley, California

November 1, 1956
ABSTRACT

| The determination of the K37f @o Kzn’ ratio in K+"beams\
obtained from the dharge-exchange scattering of a beam of neutral K.
particles should resolve the question of whether the K particle is a
‘parity doublet or a éingle particle. In:the parity-doublet'cése the
KBﬂ to K2”c ratio would, in general, depend upon the lsca‘ctez‘ipg éngle
and would differ from the value obtained in ordinary K*,'beams, The
ialue of the ratio would depend upon, and give information cpncerning,
the specific form of the interaction. If the K .particle'is assumed to
have zero spin, and if the Strong interact@oné are charge—indepqndent
and are invariant under time reversal as well aé space reflecﬁion and
ﬁarity'conjugation, then the K31{ to K21f ratio in either the
forward elastically scattered beam or.in the backward elastically
scattered beam must be four times its normal value.: If there is a

7 - K interaction among these strong interaqtions,.then it is the
forward direction in which the Ky, to K, Tatio s four times

normal,
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| SECTION I

The Dalitez analysislvindicates'a parity differencelin,the reaction
products of the two-~ and three-pion decay modés of the K particle.
Attempts to avoid the conclusion that parity is ﬁot'conserved ih this
interaction have been advanced by several apthéra. Yang and Leez have
suggested that there may be two particlesjhafing opposite paritieS‘
which'together”form a "parity doublet®. Thé ocbserved apparent,equalitj
of masses is then regarded'as a coqsaquencé;of:an approximate symmetry
in nature under an oéeratioﬁ that isvessentially the interchange of the
two components of all parity doublets. .SchwingerB arrives at a.similar
view from a consideration of the consequences of a presumed interaction |
betwsen pions and K particles. | | |

if paiity doublets indeed exiét, a number of experimentﬁl guanities
could have values different from those reqnired if the K meson were a
single particle. Schwinger3 has discussed the multiplicity of life;imes
that particles consisting of parity doublets would exhibitb and Lee and
Yahgs have noted that the products of the strange-particle decays need
not be symmetric with respect to reflections in the plane perpendicﬁlar
to their directions of motion. Neither of.tﬁese possible anomalies has
besen observed as yet, but the nature of the experiments are such that

negative results do not allow definite conclusions to be drawn.



An experiment that éﬁquld ciearly disiiﬁguisﬁ-between_the parity- |
dpublét and the single-particle 1ntérpretgtion of.strange particlga is
the determination of the Ky ©0 ,Kz » ratio in beams of ‘_‘f, ‘particles

obtained from a neutral K-6ns beam by charge-exchange scattering. If
the neutral K particlee-afe obtained from a pion-nucleon or nuéleon—A-'
nucleon collision of appropriate energy, .no anti;K,particles can be
initially.producedu The néu£ral K partiélés'that are produced Qi%l,
' éécording to the pafitybdoublet schemes, be an. incocherent miitﬁre'of..
. equal parts of @'s and‘ 1{'5.?‘ The © component may be analyzed in .

" terms of the charge-symmetry elgenfunctions

6. = 1 (0479)
1l ﬁ .
62 - —--}-—.—(g—g) 9
112
to give
o = L (el+19) )

: o 6 | L .
As predicted by Pals and Gell-Mann, and, in part, verified by Lande et al,7

one of these components, say 91 , rapidly decays leaving

{_, 8, ie—ée - s>

together with the incoherent T contribution. When this beam stfikes

‘nuclear matter the ©9's and T's can undergo charge-exchange scattering;
. we K¥h s“'"“d“‘"’ -
the 6'3 cannot because of conservation of eharge. In'general

" there will be both the parity—flip scatterings, 8—>7 and T—>86,
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and also the no-parity-flip scatterings, 6 --) 8 ar_zd 'x — Y .
Accox'ding to the parit;r—;loublet scheines t_,he cross sections for the two
varieties of parity-flip scattering are .equal to each other, and the
cross sections for the two varieties of no-parity-flip scattering are
. likewise equal to each othér. Thia'i_s a éonsequence of the symmetry of
strong‘intexfactibns with _i'éspect to _parity conjugati’on. On the qt_hei' :
hand, the parity-flip cross section should bev completely different fro‘m‘
tj.hé no-parity-flip, cross section becaﬁse in ﬁhe 'fixLSt case the orbital
‘angular momentum must change by an odd numbef of units whereas in ..the
" second case the oxfbitdl ang\ila.r quﬁentum changes by an even number of
units. |

) Repiegenging the parity-flip charge-éxéhgnge differential cross
'sec’tién by G—pf(.e) and the nq-par;ty-flip _’cha.rge-exch.ange'dif_'ferential
cross section by Q‘4(9), and recalling that the incident %° and
6° beams are incoherent, one finds the effective differential cross.

sect'io;i for production of 7;+'s and 9+,s to be, respectively, :

a -20""(8) + ,rae lz q-;g.(g)'

07,24(9) v

(2)

@ = (%] T@+ | o] @@
where 'é. % and  ag are the a'-tnplitwd(eé_ of"'t.}"xe' incident o° ;nd 8° beams.
If a,& is normalized to‘unity then Egs. (l)'; and (2) combine to gifre_

0 = O+ k(o) | | | )
@ = B OO+ pe(®) |
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It ie'tecitly assumed that the - T’°-partiele,_unlike the e° -pertieie,.
has ne:shott-liVed component; no shorﬁ—lived ”‘ro'e have been reported;
| From these formulas it is seen that the :‘re.tie of - ‘t‘f's ' to. : -6+'e in
: the scattered beam will differ from unity exceet at angles for which
G"'r(e) is equal to o (6) Ordina.ry bea.ms of xt pa.rticles--bea.ms'
in which the initially produced X particles are charged--have equal
'_numbers.of ft 's and- 9"8, accerding_to.phe parityudoublet schemes.
~ This ieva consequence of‘the invariaece of the strong erodectioe
interacfion with respect to parity conjugation. Thue at angles for
“ which .cf(e) ‘is different from ‘pf(e), ehe-ratio of 'KjTFISA te
ZW’,B will be different from what is normally obtained For.ahgles'
at which the parityaflip cross section vanishes the KBTY_.tog-Kzik
ratio will be four times normal. If the single pa:eicleltheory is the |
| cerreﬁt theory, then the KBTf to K, ratio invthe scattered-eeam:A
would, of course, be independent of angle‘end equal'to its noimei value.
| The efficacy of this’ experiment depends upon the exietence of

angles at which ¢—(8) and cr‘ (6) differ aignificantly This
difference will depend upon the specific form of the interections that
produce the scattering. It is shown in the following section that if
the strong reactions are invariant under time reversal as well as paritv'

-conjugation and spatlal reflection-~the latter two are already basic
"Iassumptions in the parity-doublet schemes--and if the K-ons are spin-
izero particles, then the elastic, goh—charge—exchange) paritj—flip .

scattering must vanish either in the forward direction or in the backward
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direction. If the strong iﬁteractions are also-invariant‘under-rotatioha
in isotopic-spin space, a8 is generally asaumed, then the above result is
valid also for the charge—exchange scattering. The ratio of e,'s to
V‘U*Ws would, under these conditions, be 14 eiiﬁer in the forward'
elastically—scattered beam or in .the backward elastically-scattered ‘beamn.

The question as to which of these two directions is incompatible ‘
with parity-flip elastic scattering‘depends, for its answer, upon the
specific form of the parity-exchange opérétor 'Cp. Tﬁé form‘of Cp is
related, in turn, to the possible forms of the strong interactions, since
these interactions are.agsumed invariant under Cp. If,vthe 7w -K
interaction proposed by Schwinger indeed exists as a strong‘réactibn theh,
as will be éhown in the following section, it is the forward direction
in which there can be no pafity—flip scatﬁering.' To obtain £his.resu1£
it is not required that the 7' - K interaction be a large effect in
the‘scattering of K pérticles, but merely that iﬁ be one of the strong
interactions, and hence invariant under parity conjugation.

To obtain more information about the expected ratio of o (8)
to Grbf(e);.we must make additional assumptions concerning the reagtions.

If the reaction can be described in terms of vS #nd P waves then the

forms of the two cross sections ares
-2 2 [2 ‘2 v %
o (8 = k lb+li + )b_l + \b_B - 2Re by b3

%) .
2 Re b 1 p+l + 4LRed 1 3 .}' cos 8

{ _3 4- 6 Re Q+1 b_;G } cos? © } | _— (&)
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and o ' , o :
G—pf(e) :_'k'[ lb! - 2l t cose}. ‘_ - (5)
Here k is the center-of-mass wave number It has been assumed that the"
k particle is a spin-gzero particle, that t.he scatt.ering t.arget is a single
nucleon, or in any case a spin—é particle; and that under parity ‘
conjugation the field operators for the v gnd 9 _partiqlest.rans_fdm'
acc‘ovrd'ing to ¢7:H¢e . The Ybs's are defined as
1 0
é(bi. =)

~ where the biT's are defined in terms of the isotépic‘ spin T pha_éé.

shifts by
T o o
T -~ 2ad,, o A, |
b = .._.:E__ {coaz' ET'e tl + sinz'éT ‘e ‘_:’l - l}
, , ‘ T .
T T ¢ 21 2i
bT - sin € cos € {e 8“‘ - o 5."
7
T 215_3
b-3 - e ) - 1 .

If the dominant mechanism for the scattering process were "t.he 4e.xchange of

a ‘Tf meson between the K particle and the nucleon, then, in Bom )
approximation, 8+l = -S-l 3 a1 =T 3 _ 503 - 0
and &7 7//&.8 The cross sections then reduce to the formé o
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& (8)

Sl sl o]
AL )

. : o 1.
To fourth order in the single unknown, say 84q. ,

cybf(e)

: P b A
G(® = k-2, 32 15 "3'3 (1 4 cos' 8)

41

' a2 <12 U
q—-f(e) = k 8 ‘ S \ - 224 \8 v\ (1 -~ cos )
e N o 3141 v T
At laboratory energies of 100 Mev the value of K2 is about 9 mb for
scattering from a free nucleon. The expected'differential cress section
: : , NR
is a fraction of a millibarn which would mean l l gﬁé.lﬁ
This would give a predominance of parity—flip scattering, which would be -
stroneg backward peaked

An analysis of the scattering of 'K*- particles by'nucieone seeme'
to indicate that the mechanism described above is not the primary effect

in that case.8 The isotropy that is apparently obsarved9 suggest an

S-wave scattering. Pure S-wave scattering would imply ET = 0 and

e*lT - e+3T =,O‘. The scattering would then be purely no-ﬁarity—flip

scattering, and the ratio of sz.'s to 'KzTr'se“would be four tlﬁes

normal a% all angles. | |
'The_actualvvalue of the K3%7. te Kz&f‘ ratio is seen to depend

.eritically upon the specific form of the interaction. An experinwntal

RN

determlnation of this ‘ratio would accordingly, provide ﬁséful 'T;Jf
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information concerning the interactions of the K particle. With the

aid of Eq. (2) a measurement of the K to KZTT ratio provides in

_ 3T ,
‘effect & means of determining separately the differential cross sections

', for the parity-flip and no-parity-flip cross sections.

{
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SECTIOR II

In this section the K particle will be assumed to have zero

-'-spin and the reatrictions placed upon the parity—flip, noncharge~exchange

. 10
' scattering by the requirements -of invariance under time reversal, space

..reflaction, and parity conjugationfare discussed. The results may be
immediateiy‘eitended to chafgc;cxchange processes if charge independence
is assumed | | |

_' Because the B and 'E have oppoeite parities the scattering-
matrix elementll for parity—flxp scattering must be a pseudoscalar This

'pseudoscalar mst be formed from the incident and final (relative)
"momentum}vectorclz together with the spin-space operators. If the target

'Vhas'no iﬁtérnaiicoordinates, there can be no parity—flin scattering since
j'a pseudoscalar cannot be formed from two polar vectors. In the case of
a spin-é target, the most general form of the scattering—matrix elementA

' would be
-.(}5_}.-,9 IM{ T X = a(k'+ K)o+ blk' - k)-T

,where a and b are ecalar functions of k and k

_Under a combined space—time inversion and parity conjugation

E the;ccgttering-matrix element undergoes the transformation
(k' e‘[‘M[ TR —x et (ke [x] ¥ k') .
'The‘phase'factors‘ x* and y come from the parity conjugation2 of the

K-particle operators:

| Py —xf | (parity conjugation)
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The _C‘ , and C-l are matrices related to the space-time inversion of

':ﬁdéleOn and hyperon fields:lo

Lf](x) —>C ‘_‘{J(x) _ (space-time inversion),
S N : |
o cTeC - -G

" As showh 4by Paﬁii 10 the phase factors that. can multiply complex fields

in the definit.ion of space-time inversion may be removed by a redefinition
| of the coupling const.ants, .which are then restricted by reality conditions.
‘Under space-time inversions the momentum vectors have a double sign change
‘which can_qels out. The requirement of invariance under space-time

inversion and parity )conjugatién is therefore

' | Aa(k + k) c‘+ b(k - )9-: : x* y [a(£+£:)-.(_¢)+ b(}f_»‘}fj)‘(‘i)] .

From this condition it. is seen that thers can be parity-fhp

acattering only if x v = il In the case x5 y = +1 only the

(k} - k) term can contritmte to the scattering-matrix element and there

is no forward parity-flip elastic sca’ctering, ir = y = -1 there is no

'backward paritwalip elastic scattering This result is easily extended

to the case of targets with arbitrary spins. _
If the J¥ - K. interaction ¢ 4 ¢ + ¢ i1 ¢ is invariant
under parity conjugation then x* y = y x =1 and it is only the |
(.li' -,’l&) term which contributes. | The same interaction with an opposite
relativle sign for the two terms is not invariant under space-time
j.nve_rsiona.lo Thus if thére is a ¥ - K ‘interaction of the general

form proposed by Schwinger which sgtisfies ‘the above-stated invariance
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_ requirements, it is the forward direction in which the Kyp o Ky
ratio would be four times normal.
'An_essential part éf the discussion above 1is the assumed invariance

. 10
with respect to time reversal It has been shown by Pauli that invariance

- Aunder time reversal 1s ‘a consequence "of invariance under space inversion

"'fand charge_conjugation if the-well—known connection between spin and

‘statistics is assumed and if the theory is "local" and invariant under

. proper Lorentz transformations. Because invariance under space inversion

 'j3'i§fimplic1t in the parity doublet schemes, and invariance under charge
 \§§§3§ga§ioh is assuﬁed in the analysis of the 8° decay,Athe assumption

of inﬁariance.under time refleétion is already contained in the current

‘£héptiés;‘ﬁnle98.very radical changes -aré permitted.

' | fheAAssumption of invariancevunderArotations in isotopic spin
‘:v;séaCA.(chargeﬁindependende) is iess'secure. if thé K if' to KX f;r ratio
in,the beanm scattered at any angle differs from its value in the ordinary

"Kj‘ 4 ,7:§e single—particle thaoty is thereby invalidated, then a 9
N to. ’C ~ ratio which is different from 1:4 in both the forward and backward

elastically scattéred beam would probably indicate either that the spin

. of the K particle is not gzero, that the scattering interaction is not

charge independent, or that the 1r° must have a short-lived compohent.

©  This would be a result of considerable importance.
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The term "scatﬂbering-matrix ‘element” will be taken to mean the

" matrix element between initial and final planelwave states. The

- _spih dependence will be left in matrix form. The scatteri_ng-matrix

12.

,.elemfent_ is thus a matrix in spin space. It is the matrix denoted

as M by Wolfenstein and Ashkin (Reference 13).
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A further possibility has been pointed out by Dr. Hyron Good. If

: 0 0 . .
the 2‘1}_ and 2‘2 particles have, in spite of their presumed long

lifetimes, an appreciable mass difference, the initial T° would

0

-oscillate between the 79 state and the =° state. If the mass

‘difference were large, then the ?.'0 ‘beam would be effectively a

St

' 0
mixture of half . and half ‘c’o and the 411 ratio discussed above

would become a 2:1 ratio. A smaller maas_ di.fference would produce a

. - + +
: os_cillat.qxfy dependence of the K3 ‘ﬂ' to Kz‘”' ratio upon the distance

)

traveled by the K 's, Also, if the distance traveled by the x°

" beam _is great enough to allow a significant number of 2''s or 92'8

to decay, then the results obtained in this paper would be modified

~'in an obvious way.



