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ANOTHER POSSIBILITY OF CONSERVED-VECTOR-CURRENT
HYPOTHESIS VERIFICATION

A.Z.Dubnickova, S.Dubnicka, M.P.Rekalo*

Based on the conserved-vector-current (CVC) hypothesis and a four-p-
resonance unitary and analytic VMD model of the pion electromagnetic form
factor, the behaviour of a total cross section and energy distribution of the final
state pions of ¥ee~ -+ 7~ 7° process are predicted theoretically for the first time.
An experimental confirmation of the latter could provide another reliable
method of CVC-hypothesis verification for all energies above the two-pion

threshold.
The .investigation has been performed at the Laboratory of Theoretical

Physics, JINR.

I pyras BO3MOXHOCTb IPOBEPKH MMNOTE3b COXPaHEHMs
BEKTOPHOIO TOKa

A.3.llyHunuxkosa, C.Jly6unuka, M.I1.Pexano

Ha ocrose runoreast coxpanenus sektoproro Toka (CBT) u YHUTAPHOI U
ananuTuueckor BMII-mozienm ¢ ueTipsMs p-pedoHancammu ans onucanms
BNEKTPOMarunTHOTO GopmdbakTopa NMMOHA BNEPBBIC TEOPETHUCCKH npeacka-
3bIBACTCS MOBEAEHNE MOJIHONO CEYEHUS M SHEPIETHHECKOE PACNPEACIEHUE N1~
OHOB B KOHEYHOM COCTOSHMH W NIPOLECCE ¥e€ > T 7. DKCNEPUMEHTANIbHAS
f1pOBEPKA NIPEACKAIAHHOIO NPEACTABASET APYTON MeToa nposepku CBT-runo-
TE3bl ANS BCEX IHEPFUIt BbILlE IBYXITMOHHOTO NOPOra.

Pa6ota sbinosncka B JlaGoparopuu Teoperuueckoii ranku OUSIU.

In the V-A theory of weak interactions [1 ] the hadronic charged weak
current J/‘W is a compound of vector V” and axial-vector Aﬂ currents. In the

second half of the fifties the conserved-vector-current (CVC) hypothesis
aﬂ V# =0 ¢))
was postulated {2,3 ] in order to explain an approximate numerical equalit

of the muon decay constant G* and the neutron decay vector constant .
Later on the CVC-hypothesis manifested to be very powerful. Here we

*Kharkov Institute of Physics and Technology, Kharkov, Ukraine

18



notice only the relation between a matrix element (nol Vﬂ ix*) and a matrix
element (x* IJ/‘E 1x*) of the electromagnetic (e.m.) current JME following
directly from (1), which finally leads to the relation

EX(s)=vZ Fo'7\(s) )

between the weak pion form factor (ff) Fﬂw(s) of a virtual W™ -boson

transition (W™)" - 2”7 and the pure isovector e.m. pion form factor
F"E =1(s) of a virtual photon y* - =+ n ™ transition, where vZ is a Clebsch-

Gordan coefficient of the SU (2) isotopic group. The relation (2) has shown
to be very useful. There are neither data on FIW(s) nor an accomplished

theory, nor a phenomenology giving a reliable behaviour of the weak pion ff.
On the other hand, the behaviour of the e.m. pion ff is understood from the
experimental (for a compilation see [4]) and phenomenological points of
view [5,6 ] quite well. So, the relation (2) already in an earlz sta%e allowed
{2,3] to predict a probability of the pion beta-decay n° - x e+ve. Its

experimental confirmation [7] is now presented as one of the brilliant
demonstrations of a general validity of the CVC-hypothesis in the weak
interaction theory. However, there is a release of a negligible amount of
energy in the pion beta-decay and in fact one is authorized to speak about a
CVC-hypothesis verification only in surroundings of s = 0.

To validate experimentally the CVC-hypothesis outside this restricted
region, we propose here to investigate the weak Fee_ > process. Its

threshold energy is E‘(IO)zZm;/mez76.7 GeV and so, it is already

attainable experimentally on existing accelerators.
The differential cross-section of the weak Fee_ - - x0 reaction in the

c.m. system is given by the expression

do 1 I %k

== £ IM1?, 3
dQ @D, D) ks b & &

where s = 4m12[ is the c.m. energy squared, &£ = ((s — 4’"72;)/ 4)1/ 2 is the

length of a 3-dimensional momentum of produced pions, p = (s/ 4)1/ 2is the
length of a 3-dimensional neutrino-momentum and s; and s, are spins of the

antineutrino and electron, respectively. The matrix element M in the lowest
order of a perturbation expansion can be calculated from the Feynman
diagram presented in Fig.la, that for s << mi,— is reduced to a contact

diagram presented in Fig.1b.
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Fig.1. The lowest order perturbation expansion Feynman diagram
giving a dominant contribution to the weak Fee_ =X K process

It takes the form

M= T, (8 + 796 ky — k) FYGs), @

where G = 1.1663-107° GeV 2 is the weak interaction Fermi constant. The
expression (4) leads to
do __G?
dQ "~ 1282

sB2 1 F ¥ ()12 sin’%, )

where = (1 — 4”‘:2:/ s)l/ 2 is the velocity of produced pions and @ is the
scattering angle in the c.m. system. To predict a behavior of a‘o‘(Evlab), first
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Fig.2. The predicted by (6) behaviour of the total cross-
section of the Fee" » " a process at the laboratory system

we multiply (5) by dQQ = sin 6 d6 dp, then integrate over angles 8 and ¢ and
finally substitute the expression (2) (gencrally valid for —» < s < + )
and the relation s = mf, + 2mc Ev'ab. As a result, one gets

2
lab, _ G 2 laby g3 |  E,J=1, - 1aby 2
Ul()t(E)'a ) = 74—][ (me + 2meEv )ﬂn |FJ! (Eva )I (6)

from which, by using four-p-resonance unitary and analytic VMD model
{6 ] of the pion e.m. ff, the behaviour of aml(EV‘ab) in the laboratory system

as shown in Fig.2 is predicted. .
Besides the am‘(Ev'ab) it is interesting also to predict an energy distribu-

tion of the pions created in the weak 17049~ > a° process to be given by
da/dEJ:ab. The latter is obtained from (5), first by integration over the ¢

angle and then by substitution of the relations

m, lab lab
dcos@ = —————dE™®: s=2m E?°;
kC.m. Cc.m. T e v

1Y
M. ML laby2
(EZES" —m BT

(kc.m.)Z (pc.m.)Z

)]

sin’6 =1 - dE®,
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Fig.3. The predicted behaviour of the energy distribution
of pions as given by (8)

where
/ m, ’m
Efzm E‘f ~ 2 E”Iab and ™ =~ ‘/ lab E(O))
Consequently, one gets the expression
2 (plab _ (0) lab _ - laby2
do _mG* [E, E . (E)® — 2E2%) pEA=1 g laby 2
lab 8x lab lab, - lab 0 n v
dE.?t Ev Ev (EV - Ef’ ))

8)
from which the energy distribution of the final state pions of the reaction
Vee— »>7"n° at four different energies corresponding just to p(770),

p (1450, p"" (1700), p'''(2150) resonances is calculated. The results are
graphically presented in Fig.3.
The experimental approval of our predictions for alm(EJ“b) and

do/ dE]:ab could validate the CVC-hypothesis for all investigated energies
above the two-pion threshold.
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