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Hayunoe coodmenue EQU-2I2(4)=77

I.H.XAYATPHH, 0. I’ IAXHA3APHH

OF HHKJW3MBHO PEAKIME e'e” — VX
C YYBTOM HOJAPUBAUMOHHHX COCTOAHMN OBPA3YWMEIUCH
BEKTOPHOI'0 MESOHA

PaccMOTpeH MHKIO3uBHHA mpomece e e” -V X ¢ yuerom
NONAPN3ALMOHHNX COCTOAHMN BEKTODHOT'O Me30HA. [10CTpPOEH TEH30P,
onmucuBakumii BepumHy nepexoga x*— VX , KOTOpH## B 06ueM
Cclyyae COJASPEUT BOCEMb CTPYKTYDHW@ QYHKUM{. B cHuMpanabHOM Ipej-
CTABAGHWM BHUMCHEHH BNEMEHTH MATDU.H NJOTHOCTH 06pasyvlierocsd
BEKTOPHOI'0 ME30HA, KOTOpDHME BHPAXANTCA YEepes yKa3aHHHE CTDPYK—
TypHHE QYHKUMMA ¥ BEKTODH MONAPU3ALMM AHHUTUJIMDYWLHX YaCTHI.
lloxasaHo, YTO HA OCHOBE M3YYEHMA YIIOBOIO DacHpeieNeHMs Ipo-
AYKTOB paclajZa BeKTODHOI'0 Me30HA Ha ncennocxanﬂpﬂﬁe/Qacrunu
(p—27 , W—35 , Y—= 2K ) U JenToH-aHTHIENTOHHYID
napy (¢, ¢y '— 2* € ) uoxHO ONpefeIMTH BTM CTPYKTYDHHE (YHK-

174,
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ON THE INCLUSIVE REACTION € €--VX WITH REGARD
FOR POLARIZATION STATES OF GENERATED VECTOR

MESON ;

The inclusive process e*e~-»yx with regard for polariza-
tion states of vector meson is considered. The tensor descri-
bing the trarsition vertex b’*- VX , that comprises eight
structure functions in general case, is comstructed. In the
helicity representationthe elements of the density matrix of
the generated vector meson are expressed through the mentioned
structure functions and polarization vectors of the annihilating
particles. It is shown, that studying the angular distribution
of products of vector meson decay into pseudoscalar particles
( p*25, w=3%, Y=~ 2K ) and a lepton-antilepton pair(y,y=>Ll)
it is possible to determ;né these structure functions.
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. 1,0t is well known, that in the case, when we are not interested in the
detected hadron polarization, the inclusive process ete™—» VX is des-
cribed by two structue functions, and the cross-section of such a process

I

For concrete hadrons the difference is in the structure functions them-

has the universal form, independent of the spin of h (see,e.g.,

selves. It's obvious, that taking into account the polarization of detected

particle in the final state leads to the increase in the number of structure
~ functions, describing the corresponding inclusive process, and to the medi-

fication of the cross-section, which appearence will depend upon the spin

of h. For stable hadrons the polarization measuring in the final state in-

tolves considerable experimental difficulties. In the case, vhen the unstable -

hadron is the detected particle, the situation differs. It's well known
that the study of the decay products angular distribution of the latter
permits one to find cirtain combinations of density matrix elements of this
particle that in their turn are connected with its polarization states.

The aim of our present work is to consider that case of the inclusive

process

P
-\
o

et + 67 = V+X
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when the summation isn‘’t performed over vector meson polarizations, and to
clear up the question, of what characteristics of process(1) the study of the
angular distribution of decay products of the vector particie may give infor-
mation. For these purposes we'll use the main decay modes of the well known
vector mesons ( P—r M, w35, ?..QK, %q;’—-»[?- ). For
decays into pseudoscalar particles, as it'1l be shown below, the angular
distribution 1s determined only bby the vector meson alignment. And it is
only the angular distribution of the longitudinally polarized leptons in the
case of V— E’Z' decay that the vecton polarization vector contributes
to.

2. Now let's pass to the description of process (1), pictured in the~

diagram (see figure). Let's represent the differential cross-section of the
process in the form
2
o dp
= 2
d6 =55 L o T ¥ (2)
vihere S=-(Kk+ K2)2 - s the total c.m.s.* energy square; 4-momenta of

particles are shown in the diagram.
The lepton tensor, describing the poss‘lb‘l\e polarization of the elec-

trons and positrons in the storage ringsgls

,zv "5 ‘SP[“-‘a’Js)(m ‘K')J (1-idyy ) (m+ik)y,] (3)

*) In this wm:k the metric a/,,l;,, =az- Q,9, , ar=(h',aa,) is
used.
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where Q, and- Q; are 4-vectors of electron and positron polarization.

The tensor 7}.\: characterizing the transition K*- VX 1is defined

T,u=(2w)32;_<r.p;F,%U,.w),loﬁ'(r,p;eIL(0)10>5(q-p-P,), (4)

#

where T is the polarization index of vector meson, and the summation is
carried out over all the possible states in the beap of non-observed
hadrons. I+ must be constructed out of independent 4-momenta ? and P
must comprise the part independent of polarization and depend 1inearly on
vector particle 4-vector polarization a.!, and tensor D“P , that
characterize its alignment.

r]
Taking into account the conditions [’]

Ppa’fzo’ B(Dafz @D«?:o, D"f=D ) .Ddd=0
and setting requirements of P and T invariance, and also hermitian

condition following from the difinition (4), for the most general gauge-

invariant form of T;N tensor we get the expression

To=d T+ m BR L mooys (99, * %9 RT)*
+D¢F[71n_3 7«?p(6;"7; +-th3 E«ETG) * 6;‘“ iﬂf T; +
+':'—’qu(’-?‘5;}+ Eé;p) 7;] : )

.Here

£ = 7 . (9P
J/'fv d;w "%Z‘_, szfia-?‘?,z:




m, is the vector meson mass, and 7;,_,,,1; are demensioniess

real structure functions, dependent on two independent invariants: S-—-q
2 .
~ g 9=(?/J) or Mx =5+20+ m?,

So in the general case of arbitrarily polarized initial particles the

process(1) with regard for polarization states of the vector meson is charac-

terized by eight structure functions.In case of unpolarized or transversely

polarized leptons it's only symmetrical in /A and Y indexes part

, comprising six structures, that make contribution ( the

of tensor 1}9
af don't make contri-

two structures, comprising the polarization vector

bution).

b«*-—» VX in (4) as

Writing the current of the transition

<Tp;R[L@l0>=¢ m(PKP P{I ©fo> (8)
we'll also determine the tensor
4p : ] .
th ='2n) 2 <R [T2@f0Y (i R [T 00y 8(3-p-R),
that we'll need later.
The tenscr t;g ' should be constructe »>f 4-momenta ? and Pp.

.ndexes, and based on condi-

p . P ad T in-

tion Pe“(P) 0 shouldn't comprise P an 1§

v.r~ant form of this tensor, satisfing the hermit:

It should be gauge-invariant in /1 and v
s foTtowing
£ = &, (8unt, ﬁ,;’tz) 2 mf(f Bpt,)*
* (b ci,,ts Fule)t (B, /’a” 1)t @
Jﬂ &cw;mazg)a

As it was to be expected, it also contained eight independent structures
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with real factors, dependent on two invariants.

o
The tensurs 7};» and tf are connected by the condition

(9)
Tw- 81,

where ‘ﬂﬁ is the covariant density matrix for spin 1 particles ( see,
e.g.,H ), that in our metric looks as
pp (10)
By €670 = 3™k + 3 Cupps el 2 M
Using the condition (9), one can establish the following relation

between the structure functions forming (5) and ( 8):
o2
L=t am (e St 0 1),
2 5 Vv
Loty o 5-5)t + 3t 1)+ § 2t 1), o
179 cvry -
h=- ( sTt) a5 (= S)(t &),
Y
* st s)

,,\l
,.\
O

Let's also find the relation between these values and the structure
functions W; and W, , determining the cross section of the process{1)

in the case, when the summation over the vector particle polarization is made

<2p dp
d6‘=—§rRTpuE‘

R =(1+E“‘F‘.‘“)h/ 2m2 j 7 5)51”26 2('1 }"):’n ]—‘2’ (12}




where M s the unit vector along the vector meson momentum Ff in c.m.s.,
"fq and ?2 are the polarization vectors of electron and positron <dn their

own rest frame, and their resolution into the transversal and longitudinal
components is relative to the electron momentum.
Performing the summation over the vector particle polarizations in (2},

ve find (13)
W,=3T,, W,=3T, '

that, according to {(11), permits one to devide the W, and \NQ into the

composite parts, tnat can be measured by means of the angular distrjbhtions
of the vecton decay products.

3. Let's determine the polarization density matrix of the vector meson
in the helicity representation

), (nt

- MLf Muf
P'\VAIY Z'M v)‘ »

)
wh. e Pqu is the amplitude of the process (1) of the generation of thg

vector meson with the helicity Ay .The summation over all the possible stateg

(14)

in X beam is implied in the numerator, as well as the summation over the

vecton polarization in denominator.

o
It's easy to see, that is expressed through tensor éﬁc and

My
looks like
(15)
'PAvAv '\V’\:I/ R
- __ (Av (Xy)
Rl\v)\v L "t € (P, (16)



where Gﬁ'\")(lb') is the helicity state of the vector particle, and the
quantity

_ 1 o A
R= ;v Ran = 2 L',wt e(&}a"' Tn%)

v

determines the process (1) crocss-sectionin the case of unpolarized vectons

and has the form (12).
We calculate the density matrix elements F N according to formulae (15)
VAY

and (16} in c.m.s., where lepton tensor has only spatial components and is

determined by the expression [4]

' - b N el (17)
L1x=(1+E?z)(d:x'm”;t)-(?ﬂ‘fzf72171,¢)+"(71+72)ei.xl”§,

'U' is a unit vector along the ele. . on momentum.

For the corresponding elements or :ensity matrix (15) we get

R filtie: ooty st + A+t )(f+co526)](1+ F5)-

“[Z—z't (ts 6)]$‘" o cos(¥,+ ',92)'5i + ’(t - t)cose(‘;"ﬁ-‘y")}

ﬁozﬁ{(t '_—t )(1+ ‘f" T‘![t t"' 2(t5*t6)‘ 18)
2f3(t+t ]smze[h At _coS(kﬂ AR 72]}

R Br= 52 sin { [ 2 (t,+ t,) - ‘/SP(t +t)]x
[esB(1+ 3,"};"-ws(?,+?,)7. T, ) tisin(er )5y ]t

P2 f " il
i[%(t5- t‘)+[,s7{g"( t,- ta)](.{a + T, )},
P-iz E: = t{ﬁ(t5+ ts){smze(f*zuyzu) *‘[(1* cos20)ws(\f1+ AN
-2icost Sin(‘ﬂ+ ‘fz)] ,514-}_2;}’
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ahere € s the angle tetween ¥ and A , and , and y, are the
angles made by :}:‘* and :?’,: with the reaction plane (17,?1") measured in the
plane, normal to ’l_f.

Though the matrix elements (18) are calculated in c.m.s., it's easy to
show using [] » that they determine the angular distribution of the decay
products of the vector meson in its own rest frame, with 2 axis along the
vecton momentum P in c.m.s. of reaction {1) {helicity system).

At first, let's consider the vector meson decay intc the pseudoscalar
particles. Denote t¥ @' and Y the polar and azinuth angles( the latter is
weasured from the plane of reaction ( "L?,ﬁ) ") of the unit vector F s
characterizing the flight direction of one of the decay particles in the case {
of two particle decay ( P - ?ﬁ, P - 2K ), and the direction of the
normal to the decay plane in the case of three particle decay ( W= 3%

The norralized angular distribution for mentioned decays looks like[‘s]

1 ETIN - L
VIER)= B3 2, R ) 0 R g (Rep

: y g+ ad u 5. =
'Rzﬁm)smzeccs&y +Vz(jm ” :ymfw)s 1295:1!17

- R.eﬂ 15:4 ":<2tf + jm[.) Sun 95;/22?]

Using (18), Tlet's write out the density matrix elements ( the combina-

tions of elements) that can be found by means of comparison of the distribu-

tion {19) with the experiment:

16,007 7 {{te 2;2t25‘"29*4(t r 1)1 as)] (1 55 -

=T
n
| Je——"

) ‘%{ZFE - (t5+ te)] 50 ces (Y, + ﬂ).a;?;

7
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gf%{(t t )(1 IS OE E— [ta* 'S‘nl;‘;;t,* ﬁi‘i(ts*te)-

2\/5 °fz- f)]sm C‘[ 1":-," n-c.c<(if'1 i )? 7 ]} {20)

m? \

t [B 5 P? ]
Rep - Rep =~ guap | m(ts+ 1) s (t,+ 1)) sin 26 »

x[ 1+ 55 cos (4,4 %)7,‘7:],

Imp = “Jmpw 2«2R[ (ty* t)-% (tv ty)]sinBsin(9)E'E,

Ref’ t5 t.) [smze(h 5, 7,:') +(1+ces?0) cos(yp, + %)7"‘}';],

'Hmﬁ-‘:- ?f}—?(t'; * té) COSG Sun (‘F1+ \Pz) 71*72*

The measuring of the cross-section (12) at the given angle & permits
one to find R » and the study of the cross-section dependence on ] gives

one the possibility to separateW, and Wz , that, according to (13) and
"11), are exspressed as

_ 32
Wi=3t+ Zrty + (4,418,
(21)

- cp2 0
W= 3ty S v+ (450 1,)- 22t 1)

As it follows from (20), some of the structure function combinations

entering (18), viz. ts' te and f;* fg , don't enter the matrix ele-

ment combinations, that can be found by the study of the decay anqular

distribution of vector meson into the pseudcscalar particles. From the

other side, one can see from (11} and {5) that the mentioned combinations

o




of the structure functions determine the contribution of the vecton polari-
zation vector, therefore ane can say, that the polarization vector of the
vector particle doesn't contribute to the considered decay.It agrees with
the statement [7] , that the study of the angular distribution of vector
meson decay into the pseudoscalar particles permits us to find only the
vector meson alignment.

iy, t5+t6 and t1+ ty

in the expressions(zo)aﬁd (21), that should be defined. Even in the case of

There are six independent quantities t,,...,

unpolarized initial particles the equations (20) and (21) allow to determine

these structure functions already at any fixed 0 angle,and if one takes

into account the possibility of studying the matrix elements depend;ﬁce on 8,
then we'll get some additiosal relations, that can be ysed for check up. In
the cas2, when lepton polarisation vectors have the transversal components,
one‘can also study the dependence of matrix elements (20) on the azimuth

angles tp' and lf)z .
In the interesting case of antiparallel transversely polarized-primaries

it's necessary to put '5;': ~}’2"=0 ad =y, = P+ in (20).

If the annihilating particles have only the longitudinal polarfzation, then
the non-vanishing combinations (20) contain the factor 1+};" 2" s expressing
the helicity conservation of relativistic leptons. As it follows from (19)

and (20) the polarization of primaries essentially affects the angular
distribution of the vector meson decay products.So in the case of unpolarized
or just longitudinally polarized particles the terms conta'lning' ymﬁo and

".'jmﬂ_’ don't enter the distribution (19) at all.

Finishing this section we note,that the ratios

zmﬁo"' 3mﬁw= . sin($+ ) 71*72‘
R‘ﬁo- Re?-ao cosG[1+}"" ,‘,"-cos(«?ﬁ \f?)r‘?;] > (22)

:12=



Ymp.., _ -2 088 sin (4, + ) 7,13,
Re ., swiB(1v g7 (1+ orB) os(fe 1) T, 72

don't comprise the unknown parameters and are determined by the scattering
angle 8 and the polarization of the primaries. This means that at the
ifixed iepton polarization and at the given angle 6@ the mentioned ratio
hustn't depend on the energy of reaction VS and the detected vecton energy

[3

4.Now, let's consider the decay of vector meson into the lepton pair.
Note, that for (P and t{' resonances the decaysinto the electron- positron
and muonic pair compose the noticable part and are used for identification
of these resonances. .

Let the unit vector F(g, ¢’)  determine the direction of fiight

of electron ( lx'-meson) in the helicity system. Then for the angular distri-

bution of the decay products in the vector meson rest frame we get an expres-

sjon

dN _,2m, 4m? v
dcose’dup'-d 2{: f m? W(@,‘F), (23)

\/\/( ‘g )=T:' Fv y (Av)(o) e(Av) (0)

MAy

where M is the lepton mass, fv is the coupling constant, characteri-

:zing bﬁ-x* transition, and L‘ik is the lepton tensor, describing the

decay products.
We'll also take onto account the longitudinal polarization of decayed

leptons, because, as it's known, the further decay of J+ -mesons is the

analizer of their polarization. Accordingly we can write down the lepton

-13-



tensor as

L= (6 rn)(1 5"+ 42

LK
" "_(?1"-1- ;M) eu(e ré .

1] e ('0‘
and §2 determine the degree of and longitudinal poia-

Y‘r‘(1 Eu (24)°

where §:l

rization. To include in the consideration the vectbr mesons, that might have
decayed into the pair of heavy leptons, we preserve in (24) the terms,
comprising lepton mass. Substituting (24) into (23), we get the expression

for angular distribution
W(8'y") =-{ f“ £.) [{1+ wos’d)( 1+§"§“) + s.n26 - § gz“)] +
T
-5( 'Hmf) + ?fmf)w ) sin (p') s;n29'+(ReF cos2¢'"- ymﬁ_'s;n&p’) s;nze]x
[1+ - &__f({ E‘IE")] [ 11-1-11 wsel+ (ﬁ( Reﬁ: Refﬁ)) ws‘\f)'-
d ymﬁa- ymfw) »n ;)o’) S al] (g"*, gz")} (23)

In particular case, when ve are not interested in the polarization of the

decay leptons, we get from (25)
WABY)=3(p,p, )(1+ o'+ b i@ 2p (si's o0
1-1 00
[( 7l ReJ- R.ef) )ws\p'-T%('ymH: ymﬁw)s;mf)sanQGW

"'(Reﬂ-’cos?y ?jm s‘nZ.f/ s.n29]’4—

-14-




Substituting (26) into (23) and integrating over the angles with regard

. . *(‘
for condition SPP=1 ,we come to the well-known expression for V"Z

- 2 2 m2
r(v_.e+g .)=_:._°£._mv(1+ 2—,;1"3-)\/1“% . (27)

12/431

decay width

So, if one doesn .ve the “ongitudinal polarization of the final
leptons, then, though the V"’ZY- decay angular distribution (26) differs
from (19), it permits one to find the same combinations of fivkz , that
characterize the decay to pseudoscalar particles, and V"f+f.decay is also

determined by the aligmment of the vector meson.
If the longitudinal polarization of the decay leptons is measured in

the experiment, then, as it follows from (25), the angular distribution
contains new combinations of density matrix elements, that will permit one
to determine ts"t; and f,- fa . The latter, as it was shown earlier,

stipulate the contribution of the polarization vector of the vecton to the

angular distribution of decay products.
These new combinations of density matrix elements is most easy to fin

by means of studying the angular dependence of the difference of distri-

' N i
butions {25), corresponding to the helicities §1 = ; =t

WEE) W89 =(p - P )t [VE(Rep v Rep Yousy'-
i | -v2( Tfmﬁo- ymﬁw) szmp’]smG'. o

For the combinations in question we get from (18)

~15-



ﬁ; EM= ';‘?‘(ts’ ts)cose(zn_' ?2”),
Reﬂ,,* Refw-‘-'v—%ﬁ {f,%v(ts' t:)+ %(t,- ts)]sznﬂ(};"-r '{2"), (29)
ym - = O
EO ymfm

+ -

As it follows from written above, using the V-'f ldecay one canseparczte
all the structure functions, determining the transition vertex B‘ZPVX, if in
the production reaction (1) the anrihilating electron or positron has the

Jongitudinal component of polarization and if one also measures the longitu-

dinal polarization of one of the final leptons.
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