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Tole note presents some simple consequences of (or checks for)
invariance conoiderations os applisd to interactions of antibsryoms.
A, P conservation in strong intersctions. Consider the reactions
P + p - n particles, If the resction occurs et rest for n > &

or in £light for n 2> 3, thore are enough independent momentum vaqtors
to form, in any coordinate system, a monvenishing quantity ?1-(3}'2 x 5’5).
The condition of symeetry in the up-fown distritution of P, relative to
the (pﬁ, 3:'3) plane 1§ then & conseguence of P congervation, unless other
inheremt symetries require this distridution to be symmetrical anyway.
Taus, consider the remction in flight

P +p=14+2 4+ R, (1)

viare 1 apd 2 are gome specific particles and where the “rest® R may

be any assembly of particles. We always work in the (P, p)=C.m. oystenm
and consider exclusively umpolarised boams snd targzts. The dinitial state
15 in geneyal not an eigenstate of P. DBut it is an eigenstate of PR,
where R a o 180° rotstion arouwnd eny sxis perpeniiculer to (7, p) end
which ve ray take perpendfoulsr to (P, 1), Lot #(1, By) 95 2, By 0, 9)

2 , .
This work done under the guspices of the U.2. Atomic Energy Commission.
't permanent eddress: Institute for Advenced Study, Princeton, Dow Jersey.
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denote the probability of finding particle 1(2) with an energy 351(32)
at an angle el(ee) relative to the direction of p , where § 15 the
apimuth of 2 relative to the (p, 1) plame, Then PR lmplies

’a‘(l, El’ 91; 2; EQQ 92, ﬁ) L W(l, Elg Gl; 2, Eap 02, ‘ﬁ)o
(2)

As sn example of other symmetries which would imply Bg. (2), ve note that
1f 1 and 2 are both x', Eq. (2) 16 velid s a consequence of Bose
statistics. If one consideve the triple (P, n , x_ ), however, there seems
%0 be no other Imown symmetry than PR which lesds to Bq. (2).

B.__C invarience of strong intersctions. Consider sgain Reaction (1) end
also

v +p -1 + 8 ¢« K . {3)

{The products in Reaction (3) may or mey not be identical with those of
Reaction (1).] The initial ztate '&S (Ba(),l is the total spin) 1s
in gonarnl mot an eigenstede of €, EHowever; we have

ey, = (-1 , (%)

vhich mskes CR useful for an umpolarised beam and terget, as hore the
ercas section for any resction does not involve any ainglet-trinist
interforence so thet, for no initial polariszation, CR invarlance may be
appiied to the final states. Let the pmbabilzm&eé referring to Bq. (2)
be demoted by ¥, Then CR implles

w(1, Ey» 843 2y By 9, g) = fvi('i, Byy % ~ 8y 3, Bppy 0 = By 0t » 2) .
(s)
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In the case of pure pion annihilation tha symbole ¥ amd ¥ refer to
the same reaction. In other inatences, such as P +p-+p +A + K,
P+p-p+K+K_ , they refer to different reactions.

¥e may also apply CFP to the final states, as

ey = (1, (6)

and obtain

W(lg ng gls 25 Eﬁ, 32’ ﬁ) = g(-i’ 1"31, € » 613 §’ E“?' X - 32, ® + ﬁ) *
(7

Equations (2), (5), end (7) are derived chammel by chennel. They mey |
therefore aled be applied O sums ovey cimmmels eo that there ars no
conplications becsuse of incumplete knowviedge of the neulral particles
produced.

Whenever P eonservation is established, one may chock € by using
s reletion that, in itself, follows either from (R or from CP, such as

Wi, B, 8) = Wi, 2 2-8) ., {8)

From thie relation it follows that the ., distribution in any channel is
symmetyic avound 90°,

Becsuse amimem play a virtual rele in lov.onorgy suclesr
phenonena, the high degree to vhich P conservation fs known to hold in
the latter domein hes implications alsc for these antiparticles. In
this sense, relations like Egs. (2), (5), and (7) ney be considered as a
useful complement to the lowwenergy information. Their applicablility to
very-highwenergy phenamens (regordlese of the complexity of the events)
makes it possible €@ verify the validity of these doneervation laows ot
freguencics that are perbaps not as sensitively esplored in the lov-energy



UCRL-88%0
wl

nuclear effects.
for two-body reactions 1iks

P +p 4R + A, (9)

Bge. (5) and (7) are trivial. Hovever, hare CP also hae o useful
application. IP we demote by ¢lA, 8) and QlA, 8) respectively the
polarisations of A and A , if any, vhere © is the angle between the
partiele in quastion and the p &lrection, then CF implies

R, 8) o HZ, na8) . (10)

(Of course P implies more stringently that the g vectors are perpendiicular

to the production plans.) EBquoation (6) 4is here also valid in the firsl state,

so that the 4ifforential cross section of Eq. (9) ie the sum of o triplet-triplet
and & singlet-uinglet differential cross secticn. Purthermore it is resdily
shown that Eq. (10) also spplies generally 1f glA, @) refers to Reaetion (1)

and A, @) to (3), sgein as e consequence of CP. Thus Eq. (10) holds

for (X, £,) es compered to (4, ﬁg) production; the partial cross sections

of these reactions should be each cthers mirror ercumd 90°.

anndhilations vie strong interactions provide in prineiple various meansg
20 verify €S and CI. In practice, large mmbers of antihyperon events
mmm-mu.’*

1 ‘
protons, one would need

Thus for A profuction in hydrogen by leSev ant
tc have an annihilation crose section as large sz ~ 90 mb to have an

effact NB.?%.




UCRL-8830
5o

or (%, p) anninilation, we have® from CI

(KD » "”Kg: ﬂ,’_) = Q(K: P‘-“'K*t ﬂo) ’ (1)

This 1o the only relation thot CI imposes.” A much more interesting
situstion obtains 1f the A's are annihilated in deuterium, The reason
is tust the (A, &) eystem 40 self-charge symetric. (It sheres this

e advantage.)
Thaus let W(K,) end w(xé) be the probabilities, respectively, of
producing & K(K) tn (%, d) ennthilation. Then CS tells us®

property with (A, 4), Wt i% bas considerable phase-sps

wx,) - W) , (12)

regardiese of the complexity of the various annihllation modes masible."

s (R, 4) imternetions may be of particular interest at very high
encrgles. In addition, we ham§ from CI

(F,8n,K,x) = §(FednK,nx) . (13)

2 mme relations (11) to (17) refer to relative rates and ave valld for

a1l ensrgles and al) angles.

In this note, we do not consider inegualities following from CX.

Of course Eq. {12) may alse be applied to an individus) chanuel and 4ts

chargs symmetrie one, such as (n, Ky %,) versus {5; K, % ), ste.

3* Hove the pure I = 1 state of the Kenucleon system 1s involved. In
(R, ¢ »p, k)= (X @ -n, K) wve deal vith the corresponding pure

Iwamw‘,
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Tre amihiletion in flight of ﬁt in & also tests €3, Call W, (K) the
probability of producing & X in Ez-d reactions. Then we have

W(K,) = VAK) . (14)

Pinslly; production reactions in 4 yield o fow CI relationg, namsly:

(Br 6%, A, pn) = 2(p, 8 -k, 4, 1, "m) (15)
(7, & “"E.,,t A B) = 2(p, 4 ‘“’E@: A, n) (16)
(3 4 -7%, £, p) = 2(p, 4 =7, Ly n) . (27)

D._ A docay end T dmvariange, It bas been noted by Cirune®

invarianee by itself does not Lmply the egquelity of the partinl lifetimes
of hyparon decay into 8 given chiannel end of antihyperon deesy into the
corresponding charge-conjugate chamnsl., Yn gmsral there are three
indepondent sufficient grounds for two such guantities to be equel,
namely (8) absence of final-stote interections, (b) € inverience, and
{e) T invarisnce. In the case of the A , there is = fourth independent
groamd, namely the AL = % mle.7 Thus the validity of the

that CPP-

sufficiens
latter e would owviate the ponsibility of testing T invoxrisnce by means

of a partiz) lifetire corparison. This 43 in principle not the cmae when

cne compares the up-lown coymmetries o and E:'eh of the decays
A wp +x_and A - p + %, In fact, i one ssewsms the

B,
$. Gkubo, Phys. Rev. 109, 984 {1958).

T Electrampgnetic effecty are fgnored here.
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Fule to be valid, one has

am(ay‘ - ﬁ} - &) ' (18)
em(an -9, + 4)

vhere 6y, end B, ave the P, .
the T = % ctate. Here A4 bes the following properties: If ¢ ipvariance
holds, wve have A= 0, 80 p= 1; if T invariance holds, we bave

H = g/, 50 pe= <l. From the magoitude of &mmmﬁm&ﬂeﬁm
|&6] 2 w/%. We elso pee that p= -1 if B,, -« 5, 1s neglected relative
%o A. As this neglect is Justified to & good approximstiom, it follows
that a 20§ deviation from @ = 1 15 the most that can be anticipoted.’

ani 31/2 t-pucison phase shifts in

I em indebted 40 meny physicists at the lLawrence Raddadion
Iaboratory for stimilating discussions.

& R. Gatto, Phye. Rav. % 1103 {195?)5 ﬁ‘" also 8. wemm, Phys.
Rev. 110, 782 (1958).

? putting b=a/2 « e, poze(d+0, 2o2ge) .



