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ON COLLIDING BREAKS

V. A, KIJOZE

The methods of determining the intrinsiec parities of
particles in reactions € € -—= A,+ Q, are discussed. The
methods are based on invariance with respect to rotations
and reflections and on conservation of helicity of ultrarelas-

tivietlc electrons.
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1, One of the main probleme in high enargy physics in the
experiment to determine intrinsic parities (e.g. /1-37). A oig-
nificant progress has recently been mede in experiments on col-
1iding electron-positron beams, In this connection it is interest-
ing to oonzider the methods of determining the intrinsic parity

in the reactions of the form

et e’ —— a,+a, ' 1)

A case of polarized initial particles is worth considering
since radiation on prolonged moticn in‘ the storage ring magnetic
'¥ 14 may produce a transversal polarization of the electron
‘counter-field) and the positron (2long-field) [4,5]. Only gene-
~al requiremsnte of invarisnce with respect to rotations-and ref-
lections, and conservation of helicity of ultrarelativistic elec—
irons are to be used [6-8]'.

Let E,_ﬁbe the energy and the momentum of the initial elee-
iron (E B mq_) : E]" the momentum of the particle a,

n cms, %"HJ !fm the pelarization vectars of electron
.nd positron; . ‘j,‘_-}IL the spin and intrinsic parity of tlie par-
icle Q'L + The direction of the momentum T5 is chosen as the
xis 7 . The axis X is directed along the normal to the react-
on plene { the plane formed by the vectore B and ?i ).

We will confined ourselvaes to considering the cases where
he summation is pertrormed over the polarisations of the final
articles or where the final particles have certain spin project-—
ons on the direction of the normal to the reaction plane., The ex-

ression for the reaction differential cros-sections (1)d& (accu-

ste to the terme -~ Me/p ) on arbitrary polarization of the
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initial particles will be writtenm in the form

G=a(8\1+3 7 1eb(8) (5 W - g @ ) @
where
a(6) =4?l<av’ FIst(=),(+)P>]" &
Bl < o) )P 5 1P
" In (3) the value -:q”f[ [( ), +)P>(<q, )‘{51 )P>)

is the matrix.element of process (1) with a proper normaliza-
tion for the case where both initial particles are polarized
‘along the axis 2 (counter the axis Z )

When deriving (2) and (3) the conservation of helicity of
ultrarelativistio electrons and invariance with respect to refm
lection in the reaction plane are used,

2. Let us consider process (1) in a one-photon channel for
the case J, =3 T =0
12 J,=7,=0
channel in the case only where the value [=], ],

It should be noted that,

s process (1) takes place 1n the one-photon

is posi-

tive; the respective exprassion for the process crogssection

is found in ref.[9]. The methods of determining the parity for

the case, where in th-e final state there are n particles with

a O spln whose momenta are in the reaction plane are found in

[8] . In virtue of the one-photon nature of approximation the

spin projection of the particle G,on the direction of its memen-

tum can assume the values M = * 4,0 only. According to the

results of refa, [9-14] the relationships
a(8)=2G,-G, sin® &

. a
&(6‘ :-(:‘ra s fv
may he obtained for the differentisl cross-section summed up
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are the functions of form—factors of the final

over the particle (,, polarizations. In (hlcos Q= and

G, , G,
particlea.l)
Using (3,4), the one-photon nature of the channel and the

invariance with respect to reflection of the axes Ef and Z

we obtain
=-."-l[1+'2]F‘ Fg
E=*<¢, fLoISI‘(ﬂ,(-),‘r%F (M0, 0<F)
Rou i 3AIS| (), P>* M=y, 8=F)  ©

=T{-4V

H

At Vo

1=-1,
G‘I=G¢=F?-J i

and the expression tor the differential cross—section 1s of the

form

&=F[{1+cos 9)(1»,2;‘” (*J)_ ae(c,cha)_t;mczw)] (8)

The checkeup of the fulfilment ot relationship (8), when exami-
ning the differential cross-section of the reaction, may be used

as &8 method of determining the sign of the valuerL .

3. Let the perticle (1, be a photon, and },=O . In this case
M+0Q,FR=0
of the value Ia

and (B8) takes place regardless the sign

. For determining the value I, the tinal
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Making use of (2,3) and the invariance with respect to reflec~
tlons in the reaction plane, the expression 1or the parameterg',
determining the degree of linear polarization of the final pho-
ton, is obtained

88 =R(6)[1+5,"5?)- 1,0, (58 - £ Tl

8 = S, (1 +C;m Cam ) b IE R(G )(QW c‘li) —sz Cam) (9)
where 6° is the reaction cross-section with nonpolaritzed particl-
es, & is the cross-section with polarized initial particles.The
value E’(@)is determined by the dynamics qf the process and is
readlily round from (3). By means of formulas (%) one easiliy ob-
tains various relationshipe between the values observed, enabi-
ing one to determine 1, . I'hus, for a particuler case of collid-
ing beams with transversal antiparallel potarizations of initiesl

particles the value Ia can bes tounx, 88y, from the re.ationship

E‘f" - E_" & = ]:2 lff*)]lfrzﬁl (10)
wheré G+ 6" gl (E") is the degree or limear polarigation

of final photon for the case G, =* ’E“) ‘ ,
;{z) =3 lfwl
S e [E0], wps = EW) )

are the reaction crose-pections with the

(for the case

61 : ]
same polarizations of initial particles,
.4 _1
4, Let us consider the case [J - +, J.= =
It will be shown that the expressions for the polari-
zation vector projections of the particlas Q mnd Q, on the

direction of ths normal (P: P ) are of the torm

2) In the one-phton channal

I,R(8) /o, = sin” @/(f,.cg_;‘@)

"

P1'2€= A/Le (@)(1 PCJWC;H)-IM“ (8,)(t!(.) C’HL_ t;'f Cé(e’) 4
& =6, (1+5, g ) -Tr(e) (5" - TV, ). )
Here I-‘-I'Ia,‘ IJ,‘e(QA]JK.(S)

by the dynamics of the process and are readily obtained from(3).

are determined
The sense of the values 6, & is the same as in item 3.
By means of (11) one esslly cbtains various relationships

between the valuea observed, enabling one to determine I,For the
cage of cross antiparalle]l polarizations of initial particles,
a8 in item 3, the valume I can be found, say, from the relation-
ship

(P& - (PG - I/E:-“’ Z::m 12)

(P28, + (P*).S, / / / !

If !(‘;‘l'}’ - l?(a;! - 1 then

\ 2z
(F).= T{P), (13)
it
'\P)u =-1 (Plju
If Q, is an antiparticle with respect to O, , then in this
case invirtue of the CP invariance of the

theory .

| R
P =P (1%)
are a muon pair, then in virtue of con-

whera /‘

N, (@/ =N (6);

Ir a, , a,
servation of helicity "‘/»',e (@) ~ )‘/E
is the muon mass.

The intrinsic parity of particles in process (1) can also
be found from the behaviour of the process cross-section at
the threshold {12.]

The author is thankful toProf. V,B. Berestetsky and to Prof.

V.A. Sidorov for helpful discussion,
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