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The two-photon ¢ollisions nerformed in cnllidina e+e' hears »re As
helpful for studying hadronic states with the pnsitive charee parity f£=4+1)
and total moment J # 1 as one-photon channel of ete” annihilation €or
studying vector mesons with quantum numbers JPC = f——

In the recent vears, at PETRA and SPEAP storare rinne thev have heen

studying intensively the orocess [‘! -"]
gte” —ete T at T

It was revealed that the rrocess was due mainly tn the reaction
X3 — PP IS

Both at PETRA [1] and SPEAR [2] , a considerable increase of the crnss sert.
jon of this process not far from the thresheld of P°p° -pair production

was found. In a number of theoretical works [6-6] the mentioned increase

1s connected with the formation of resonance decavina into p°p° .
On the basis of the analysis of angular correlations in final state
of the process (2) in the invariant mass reafon 1.2 < M g < 2.0 GeV
in Ref.[3] 2 noticeable contribution of states with 3P =0 and 27 into
@ E”“f"ﬂﬂ_“_ Suduvecxud ‘WHCTUTYT,  [983r.

the reaction X&’ —*—P'P" is excluded. The Aata show that at
M,m-( 1.7 GeV the JO"PO contribution has nredominantlv the nuantum




numbers = 0*, whereas the share of f—state 1s small. At masses
Mlﬂl'> 1.7 GeV the 2+-state contribution becomes dominating.

On the assumption that the increase of the cross section of process (2)
near the threshold of the P‘Zp"—oair production is due te the recently dis-
covered in the radiative decay \P-*—air]rl £ (1640} -resonance [7] s
the following relatfon is given in Ref.[:l] for the width F(B"'gg) and

B(O—p%"):
r{@—~yy) B(8—p°p°)<12xev. ™

While study:lng the decay tP*Jﬂ‘hﬁ_ﬁfﬂ* at SPEAR [8] . they
found wut an essential contribution of the channe? LP“"J,P°,P° into this
decay in the invariant mass region Mpp < 2.0 GeY. For the parameters of
the possible resonance fn the _P°_p° system they gave the following va-

Tues:

M{ B ) =1.65¢0.05Gey, [ {8 ) =0.20:n10 Ge¥. {4)

The authors of [9] reported at the Paris conference on the observation
by th\;. TASS0 group at PETRA of the narrow structure at 2.1 GeV in the react-
ion (2) on the background of a smoothly falling tail of the main peak near
the threshold of the  P°P°- patr production. Interpretine this structure
as resonance and fitting the experimenta) points by the nonrelativistic
formula of Breit-Wigner, the authors of the mentioned wﬁrk obtained for the

parameters of *he resonance {call it 8' (2100))} the following values:
M (8’ =2.10010.020 Ge¥, [ ( ') = 0.030+0.034 GeV (5)

The width of the decay of this resonarce into two x ~quanta is determ-
ined by the value

F8=—yy ) = [1.25:0.5 (stat)20.5 (syst.}] 7 (20 + 1) kev (6)

where J 15 the sopin of resonance.
It is of interest to examine the possihility of studying the discussed
8 and 8’ resonances in the other processes, too, particularly in the

photoproduction
xp—6(6')p. m

As far as the available at present data on these resonances are rather
poor, we shall restrict ourselves to the Rorn amplitude with the p” -me -
son exchange when studying the process (7} at Tow energies, “e realize
fully that such a consideration will allow us to have only a notion atout
the order of the expected cross sections and the character of annular Ais-
tributions.

pc _ M
Suppose O (8') resonance has the quantum numbers N) = .

+ - -
1n the general case, the vertex of the transition 0 =1 1, vhere parity

is conserved, is described by two independent combinations

T=€u(q,)€0(G,) (Q',SHD * rjf_é 9292y C]aw),

where q“ and q/a are 4-momenta of vector mesons, 91 and 92 are

(RY

dimensional coupling constants, M s O -resonance mass (what is
said is to be applied to 8' —respnance either). At such-a cheice of the

vertex function the ‘8“'“_p°_P° decay width is defined by the exnressinn

r(6~p)= st - o gt (25 g (G ga 1.

The additional renuirement of the gradient invarfance leads to that the

radiative decay of £ -resonance is descrihed by a sindle structure which
we take as
= e [ Suv=GuKs) (1)
T=W geﬁ p(K)E(g}L(KG)Op~ GuK . (11)
5
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dere the decay width is

ie_ ma a (1]‘
o A _ 2BPX -
r(0—=py)= “2ar M(1~ e
Finally, the 9*“’ transition vertex has the form

1 {12}

T=ﬁ'?e;geﬂ(Ki)ev(Kz)[(Ker)sm ~Kapn Kad;
and the correspording width is
(1%

an

F(8—+yy)= e

The coupling constants and , as distinct from 91 and

Fopy Gopn

3’.‘:‘ , are dimensionless.
In order to calculate the cross section of the process (7) on the basis
of the Born diagram with  p° -meson cxchanqe, we need besides (10} also

the vertex P.PDP which we shall take in a standard form

Gy, 6v- 35 (- fr) 6 Ju(poeats),

where H and pe are 4-momenta of the proton in inftial and final
states, J(=P1 “Ps m s the proton mass, the constants Gy and
G, are well known: Gy = 2.858, Gy = 10.5726.
Thus, for the differential cross section of the process (7) we arrive

at the expression

gf '&EﬁL (m3- t)a{ e (£ ma)(Gv*Gr)*

E( ME-t

2t 35)(1+ o) e (Hme) - 1](62 - 62)}, o

where S is total energy square ¥n c.m.s., t =—fz<0 is transferred
momentum square. Via this formula we can estimate the 6-and 8 -reso-
nances photoproduction cross sections, if the coupling constant geﬂf is
known for them,

We shall start with 8’ {2100} -resonance. At the value J =0 from
(6) we have

It 6’**3'3' ) = 1.25 kev. (15)

On the basis of the vector dominance model we find out
2 .
m 1
[(6—p%)=2 (P/E)(f"ﬂnz)jf(e —yy) = 445keV, (16)

which corresponds to the value Ja = 26 1073,

2
3 opy
Now we can estimate the cross section of the reaction (7) whose thresh-

old for O -resomance is K thresh. = 4.45 6e¥ ( 5 = 9.23 Gev?).

thresh.
The differentfal cross section of this process as a function of the oroduct-
fon angle ¥ inc.ms. (3 fs the angle between momenta of y -quantum
and B -resonance) at some values of photon energy in the range

4.5 - 10 GeV in Tab s atven fn Fig.1. The distribution over anqle LV
being practically isotropic near the reaction threshold, becomes more and
more unisotropic as tHe energy increases. Fig.? shows the {intearated aver t
cross section as a function of J -aquantum enerqy. The cross sectien in-
creases from 0.34 pb at K= 4.56eV up to 8.6 pb at K= 10 Gev,
however the cross section growth becomes stower 25 pnerav increases.

If we try to bind the vertices BPGE and G‘P"\p" using the vactor

dominance model, we shall get the followinn relation *etween the widths

2 2 \- 3
F(6—pp*)= s (22) (1- )" [1- 4t



2 2 .
[8(1- 7)1+ S IT (6 —5%). on

]
For 8" -resonance by this formula we ohtain the estimate

, (18)
[ (@-p°p°) = 15.2 Mev.

Let us turn now to B (1650)-resonance, The absence nf necessary data
on this resonance (fnequality (3) contains insufficient information) does
not allow to find constant 9HPK and get analogous quantitative estimates
for the photoproductfon cross section. Ustng expression (12) one may predict
the shape of angular distributions as well as the dependence of the total
cross section on ¥ -quantum energy which are shown respectively in
Ffq5.3 and 4 1n the energy range 3.2 - 1N GeV {one may consider the values
of dS/d‘t and 6  along the ordinate axis befng given in the relative
unfts *). Note that the photoproduction threshald of € (1650)-resonance is

K-thresh. *316e¥ (3 thresh. ~ 6.7 Gev?)'

Consider now the case when 8 6' )-resonance has quantum numbers

3P€ - 2% The vertex of 2" — 171" transftion with parity preserved,

15 described in the general case by five independent combinations

* The values fndicated on the ordinate axis ({n untts of H IJIGe\f2 in
Fig.3 and po dn Fig.4) correspond to the value of coupling const:
antl 9’9N which {s obtained on the basis of the vector domimance
model {formula (17)) and the upper Yimit of fnequality (3) at the

values (a).

T=€1(9.)€(9,)Eup(P) 7 (3,50 7792924 G) G Gy
+9 (6t Sy * SppBia) * #94 (6haGip* OrpGua) G *
+—P—:?95 (8"‘*7‘1P+ SDPC}M)%HJ, {19}
where €,4(p) 1s polarization tensor describing the particle with spin
J=2.

For the decay 6*_p°_p° , in virtue of particle identity in final

state the number of independent combinations is four:

T= EH(%) € ("}2) €4p (P) {F}é (9’16}“91' ":Tz - ‘M*%")‘}m C;f_p"' 2, (JH“‘8°P+
{2

+0ppbia) * Ffr-e %u [ (EueGro 65« ‘ier)f},ﬁ* (5ﬂp9fb'5vﬁ9aﬂ)9-faj} .

In order to get the vertex of 9""‘_P°A’ transition, 1t is necessary

to impose on (19) the requirement of gradient invarfance:

T=Ep(K)€a(g)€4p(P) {ﬁ"i 41 [Spoka ks~ F(Spaka+ Bpp Ka) Ko ]t
1 4
M [% KaKp = 2 (K§)(Epa p* Spp k)] Ko +

1 .
* 5129 (65 (9 Ko =(%4)Byup) + 35 (g "-L‘("'-'})SNJ]};
T @)
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f.e. the vertex we are interested in is described by three independent UEE Uﬁ;
structures. k=5 ur K= :
- — -
It s obvious that in the absence of sufficlent experimental data the [[]}?: 02 /-\
presence of three unknown coupling constants allows to obtafn in this case 0 ﬂFK 7
x =4
neither gquantitative nor qualitative predictions for the cross section of 1 'y\ il /\
0 .
8¢ 8’ )-resonance photoproduction, 0z 0
0 | L 1 1 i 1 | l 1 1 ] 1 1
D 30 6 90 0 f50 86y 0 N G0 N ™M 50 80Y
The avthor is highly indebted to S.G. Matinyan for his interest in
the work and useful discussions.
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FIGURE CAPTIONS

Differential cross sectien of the process XP -'-pe'(zmn)
as a functfon of the production angle ¢ Inc.ms, at

some values K (in GeY )} of Y -quantum eneray in lab.

!
Integral cross section of the process a’P""PG (2100)

as a function of § -quantum emergy in Yab.

. The shape of the dependence of dffferential cross section

of the process afp"'-PG {1650) on the production angle
& inc.m.s. at some values {{ (in Ge¥ ) of J -quantum
energy in lab (the values on the ordinate axis are given

in the relative unfts; see the text).

The shape of the dependence of {ntegral cross section of
the process yp > p8 (1650) on the ¥ -quantim
energy in lab (the values on the ordinate axis are aiven

in the relative units; see the text).
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