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!IOftlS OB ~ ~* 

A. P&Ut 

~- Jl$41at1cm. .I.ab01$to17 
Utl1~1-- ot caJ.!tOl'D!a 
Berkeley,~-

~ 19, 1959 

tie note preee:uts eame eimpltt ~cee ot (or a1:aeoka tor) 

~ eoDtJtdentt.oua .. appUe4 to iatere.ot1ona ot anti~. 

!.:• P !9!!!!I!t&~. H !1!'!§ t~.·. OOnaiMr tile react1oas 

i + p .... a particles. J:t tbe ~ OCCUI'8 at net tor • ~ 4 

or in fl.tsht tor n ~ '' 'tbctft fiJ'e eJ20Ui5b SJdepezadent ~'Wm •oto.na .. (.... .... ) to tom, 1n 8QY coor4imlw a~, a ~ qwmttty p1• P2 x P:5 • 
... 

The COiliUttoa ot ~ 1D the -~ cU.&'tJtlb\lt.ion ot p1 :rel.at1w to 

the (p21 P-,) plane s.s then a ocmaequence ot J ccmaervatioa, unless otbGr 

~ ~1ee require this diat.ri.butioft to be ~-l ~· 

~, et.mriU. tbe ree.attoa 1n t'.Uatlt 

i + J ~ l + 2 • R I (1) 

vhere 1 and 2 are 10111e •c:ttie p.lll'tlcleD ami. Where the "rest" R maQ' 

be fiZlt aseamb}¥ ot partlolea. We alwup wrk SA tbe (i, p)-tt.m. system 

and. ccmewar exolualw.ly uapolu'11114 bealle aD4 ~· '.ft1e int:Ual state 

1a 111 ~ not 81'1 eJ.geDsta-te of P. But 1t ta an eigeDatate ot n, 
Wbere B tea 32Jo0 rotattoA U'01m4 fi\1\Y uis ~eular to (i, p) &D4 

Vhtcb w 'l!{l!q taU perpen4f.cNJar to (i, 1). tet w(l, u1, e1; 2.., Sa, e2, ~) 
I jz • .... I 

'1'b1s worlt &:me Ulder t.be fi'WJP.tcea fJd ~ u.s. Atomle SDeF83' Commission. 

·t ~ 644n)aat :tutt~ tor A<l:vaaeed Study, Princeton, Dew Jenwy. 



denote the probability ot t1ndins p8,l"'ttcle 1(2) With an ener11 ~(E2) 
at an ensle e1 ( e2

) relat1 ve to the d!rection of i , where 11 is the 

utmutb of 2 relative to the (p, 1) pl.&M,. ~ PR impl:t.es 

W(l, B1, e1; 21 E2, t 21 p) • W(l1 E1, t 1; 2, E2, &2, ~). 

(2) 

A& an eampl.G of other aymmetries Vbtcb wul4 tmp]T Eq. (2), we 11Gte thAt 

it l e.n4 2 are both sr+, Jq. (2) 1e veJ.14 ao a con~ ot Bose 

statisti:CG. If one consid.ere the triple (i, «..,., tt).t ~r, there seems 

to be no other kz:tmm ~than PR which leads to F.q. (a). 

It C 1~ ot •'t!?Si 111teractions. Consider again Deaetion ( 1) u4 

alsO 

i + p ~ i + I + fi • 

[trbe p%'011uc'U 1D Re&ct:ton (3) my or pq not be 1dent.1cal nth those of 

ReactiOn ( 1) .) 1'he mitial state *s (s • 0, l is the total spin) 1s 

1n ~not u e~te of c. However, we have 

(~) 

Ubicb mattos en usefUl tor an unpol.ari.r.ed. beam end tarset1 as tae1-. the 

erou seetion tor any reactiOn ao&a not t.nwlve any a~triple't 

intertenm-ce so that, tor no tnitial polarization, c:a tnwr1ance may be 

appl1elt to tbe tinal states. let t:be probab1l1Uee referrtns to Bq. (2) 

W(l, m1, e1; 2, ~~ e2, ~) "' i(i, E1, " ... e1; 2, E2, • ... e2, • ... ,) • 

(5) 



In the caae ot pure pion armlhilati.Cm tblt eymbola f tlU1d w refer to 

the same ~. lA otber 1Ra~1 such u i + p --+ i + A + x., 
i + p ,... p + I + x , theY' retv to 41fteJ:'ent ~ • .... 

(6) 

(7) 

~ alco be appUed to 8\JmfJ ewer chrm'ftela so that tbere an DO 

c:omplloatioaa because or ~ Jmovletce of t.be neutral prwottcles 

Whenever P conservation is eatab118he41 one rra::~ oheck C by ustus 

a nlation u.at, 1D 1teelf'1 tol.l.owl either trom CR or hom CP, sucb u 

(8) 

From Wa :rel.at101'11t tollow tbat tbe •o U.tzolbution ill a,y eb&Jmel ia 

~e &.l'OUII1 90°. 
Becauee an'timleleol'lS pllq a '*IU'tual role 1D ~&'I woler&r 

pbeuamem, the biSh ae~ t.o Vblch P consenaUon 1a 1movn to bold :1n 

the latter 4om&in baa tmpllcatiou also for thee antlparlicles. In 

th1e eeuo1 relat1cm& lJ.ke lt~S• (2}, (,) .. 8Dd (7) 11107 be COI)Gi&!n"e4 as a 

usetw. eomplenent to tbe l.ov-energy f.atormati.a. 'their applleab1Uty to 

ft%7-hi~ pbeuamem (regordlea ot tbe complexitl' ~ the ever.rt.s) 

makeG it possible to verifY tbe 'VBJJ.dit.Y ot theeo «meena.t1on law at 

trequenctes tb&t are perhaps not as sona1 t1 wly e.uglored in the l.mf-energy 



(9) 

Eqe. (') eD1 (1} 8Jl'e tl'ivtal. Bovewr, heft CP alM has a uef'ul 

applt.,.t:toA. It ve 4eDote by itA, e) tm4 qtt, e) Nepecttw~ tbe 

polan~atiols of A anti I 1 u 8»'3'1 where e 1s tbe aD8le ~ tbe 

particle in Q.Ueatiol'l Wll1 tbe i tiNO'U<m., t.beal at tmgUes 

i(A, e) • q(I, • .. e) • (10) 

(Gt course P U;>liea moN ~ 'that tbe q 'V'eC'tors are ~l.cul.ar 

to the ~em pl.a'Ge.) S~tion (6) ia here also 'Val.14 1n the t1nal. state, 

80 ~t tbe ~D~1al ClOSS se~ o£ Eq. (9) 1e tba 1Nm Of a tl"tp~p.l.et 

azd a ·~' titterenual croae ahti<m. ~ it ta ftadi.l¥ 

8boW.u tba:t Eq,. ( 10) also tlpJllieG ~· S.t i(A1 I) :retvs to BeaetiOJl ( 1) 

aD4 't(!., e) to (3)1 ~ ae a co~ of CP. T.bus lq. (10) bol4s 

tor (l', ~) u ~to (A1 ! 0
) production; the partial Cl"'S& notions 

ot these reactions abcNl4 be ee.ch others m1JTOr &.rOUIQ4 90°. 
q, •.. ~ a~ {CS) and !!!!!fJ! ~pd~ 'CI). Ant~ 

amaShila~ via ot:rons ~ pt'O'rt4e 1D priJ:letple various metma 

to verif';y cs ana. ex. In ~ice, large nuraben ot a.nt1~ events 

are nee4e4 for tlds. 1 

to bave an anrdh1lat1on croaa section u large as ,..., ~ mb to baw an 

ettect r-J 1%. 



'fbia 1a tbe ~ relat1on 'thct Cl ~s.' A JlllCh lt.)N 1ntel'eeti116 

sttuati$1 obta1u U' the A'•a ue amd.hS.latect in a.uterlwu. !be reason 

is tbat the (A, 4) GJ&tem to selt-~ ~c. (It Bbares thia 

~ vtth (A, 4), but it bas eoutareble ~ advanta&e·) 

'l'h'ws len V(It+) em4 V(K
0

) be the probabilJ.Ues, reapeottwl.7, of 

pro4\lein,s e. K.,.(l
0

) iD (A, d) amd.bilatton.. !'!len CS tells u 2 

(12) 

n:~ee ot the ctm\Plexit,' ot the vari.OUf& cmnihilation aodea poa&1ble.
4 

'1'llU8 (i, 4) ~1cns ft8i1 be of' particul.U" 1ntel"est at VfrJ h1$b 

C!tllel"ilea• :til e441t1on, we bave; if'2.'0m ei 

2 '1"be reln~ (ll) to (17) nf.or to rela.ti-m rates and an valld tor 

all tmttrgies and all anglt'3s. 

' In this rJQte, we dG not corud.der inequalities following from CI. 
4 

0t course Eq_. (12) ma.v also be e.pplled to an 1nd1v1dual chl\nnel 6\l'ld ita 

cllarae symmet:rto one, such u (n, zc:0, st...,) versu.s (p, K..,, ".) 1 etc. 
5• Here the pu:re t ~ 1 atat.e ot tbe K-nucleon system 1s irlYolve4. In 

(!, 4 ... p, K
0

) = (!, d-+ n, K+) w deal With the eorreapmUng pUre 

I • 0 state. 



'!'be amatbilatton 1n fl16ht of ~ 1D 4 a1ao tcstG cs. can. wt(lt) the 

psoobab1Ut1 of product.ng a K 1n ~ .. 4 naotioDa. 1':11cm ve bave 

• a(i1 4 .... A', ~ , n) • 
0 

(14) 

(15) 

(16) 

(17) 

D. i\ .·~ ~ !' ~itul!!: 1-t b&l been tJOte4 by ORv.tto6 
that CPT

!~ by itselt Etoea not tnwly the ~ltty ot ~ partial lifetimes 

or b.'fperon ~ intO a stven ebannel eel ot a.nt~n 4eca:~ into t.be 

conespondll;)g eh&rge-~te cbamlel. ta ~ tl:lere aft t.hree 

indepeademt ~eient ~tor t'(ft) web qwmt1t:tea to be equel, 

MJ~attlY (a) abMDCe ot ttnal-state 1nteractteM,. ('b) c ~, em4 

{c) 'It ~e. tn the cue ot the A ; the.re is a tourth tnclependent 

8\ltttd.ent ~~ ~~the M. = i nle.T '1'llUG t1Vl 'ftlll41ty or the 

latter rull!t w;ul4 obviate the pc>nslbillty of testtng T 1~ b7 meua. 

ct a partial lifet.tme ~eon. '1!his ts 1n pnnctple mt the eaae wber.t 

-one ~· the up-4own aa~1es o.:ch G11A a:cb ot the aea,.ys 

A -+ 1i + sr ard A .... i + « • Iri tact, it one UB'lM'fB the 
- + "J!! • I .. ~ 

"• 
7 

S. Okubo;; Peys. lev. JeZ, 984 ( 1958). 

Zle~ic etteata &l"e ~ bue. 



(18) 

Were .. ll end &1 ~ the Pl/'i. &t\4 Sl/R «•nucleon pbe.M shiftS in 

tM I = i G.tt&te * Here A tJe.s the toll~ properties: !f C ilm.u1.anQe 

h0.14s1 we haw A= 01 so p m 1; if T ~ bolda, we haw 

A • tt/2, so p = •1. From the ~~e of aeh \1ft know ~a t.bat 

li:t.l ~ •/4. We also BM tbat p # ·1 it &u • &1 is -~ relative 

to l:!t.. Aa ~bts nesJ,ect is ~t1ed to a 8004 ~ton, 1t tol.l.mm 

that a~ aevs.au.on from ll • •l ts the~ that eaa be a.utic1pated.9 

I a il'l4ebted to JD1i1.D.1 pbys:tetsts at the tawronee Radt.ation 

Laboratory tor at!JilulAtinS 41sewss10M. 

8 a. aa,to, PbNs· Rev. 106, uos (1,7); ttr. also s. Weinberg, Pbya. 

Rev. .lMf. 182 ( 1958). 


