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EynHeB B,M,, EcppeMoB A,B., fnH36ypr H,¢, 
E2-6283 

¢oropoMneHHe ITHOHOB H KaOHOB C roqKH 3peHaSI KBaHrOBOH 
Me30!lHHaMHKll 

ITpennoMeHa HOBaSI Monenb cporopoMneHHSI 77- a K -Me3oHoa, KoropaSI 
enailb1M o6pa3oM orrHcbrnaer rroBeneHIIe nacpcpepeHuaanhHbIX ceqeHaii o6eax 
peaKu11ii np11· Manb1x nepenaqax 11Mnynhca. 3ra Monenb cocro11r H3 .. aneMeH
rapHoro" ITIIOHa C ronnepOBCKIIM qacnoM M =O II napbi KOHCITHpHpyIOIIll!X rpa
eKrop11ii c M =1 11 SIBnHercSI pe3ynhraroM cyMM11poBaH11SI acaMnror11K cpeiiHMa
HOBCKIIX naarpaMM B y 5 - reopa11. 

IIpenpHHT 06beAHH€HHoro HHCTHTyTa JIAepHbIX HCCJI€AOB8HHH. 

_ay6Ha, 1972 

Budnev v.11., Efremov l\,V,, Ginzburg I. F. E2-6283 

The Model of Pion and Kaon Photoproduction 
Suggested by Quantum Mesodynamics 

A new model for the charged 77- and K -photoproduction 
is proposed which describes near forward differential crosE 
section of both reactions on equal foots. This model in
cludes the elementary pion with Toller number M = o and 
the pair of conspiring trajectories with If = I • It is a 
result of summation of asyrnptotics of the Feynman diagrarnrnE 
in the y 5 

- theory . 
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The peculiar structure of the differential cross-section of the 
reactions with the exchange of thepseudoscalar meson quantum num
bers in the-region of small momentum transfer is one of the reasons 
for which these reactions are of great intrest. To explain these pe
culiarities a variety of phenomenological models was proposed 11-s/_ 

· The situation is especially distinct in the cross-section da 1: for the 
photoproduction of charged pseudoscalar mesons by the photon pola
rized in para I lel with the reaction plane, while the photoproduction 
cross:...section da i perpendicularly polarized photons is well de
scribed by the usual Regge scheme with the TT -conspirator or ( TT P )
Regge cut. 

We consider this problem in the mesodyn~mics with L -aog ,fy5,/J<b+ 
+ h cp4 using the previously developed method of extracting the asymp
totics of each diagram within an accuracy 7/ S and a subsequent sum
mation of them. As a result, we obtain a rather interesting picture of 
the pion and kaon ~xchange which we illustrate by the example of 
charged pion and kaon photoproduction (Fig. I). 
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Let us begin with the pion photoproduction. In the structure of 
the ampiitude with the Toller number M=O -there are no Regge 
trajectories and the main contribution comes from the exchange of 
"elementary" pion. This contribution is 

2 e 9 < t J (I I v -t 
t - m 2 

TT 

ii y 5 u I (I) 

where g ( t) is a pion formfactor of the nucleon normalized by 
g2(m2) / 4rr =- 14.8 . · 

"In addition there appear two automatically conspiring trajectq
~- ries rr and rr c with a" (OJ =arr/OJ= a ,,(OJ in the structure with M = 1 x, • 

The corresponding contribution is (Fig. I) 

2eg,(t) 

Sy:T 
ii(p') (k~ ~);' [ fllys a (t)f (a )(-s-)a"(t) 

2· TT + TT S 
0 

a (t J 
- f I a C ( t ) ( ( a C) ( ...!_ ) c , ( 1 + f ( t) r' ) ] u( p ) , 

+- + so • 

(2) 

1 £ITT a where l ( ai = _!!_ _ ___.;.+...;;.._ __ _ 

+ _2 sinrrar(l+a) 
However we cannot calculate 

the functions a (t) , q ( t J, q,( t >and f( t) enterning (I) and (2). 

Thus we shol I suppose that · a" is the usual pion trajectory with 

-=- a" (0) ..:0,02 and the interaction of the "c -trajectory with 
the nucleons is similar to that of the rr -trajectory, i.e. f (t) = o. 
We shal I also suppose that the formfactor of the elementary pion 
is the same as the formfactorofthepiontrajectory, i.e.q,(t)=q(t). 

Due to a"(t) - O ,for small t wecandisregardthedepend
ence (2) on S (for S .. 100 GeV 2 ( S/ 5 0)q.,<0 J-0.91), so that our · 
choice of the parameters f(?r pion photoproduction at smal I t gi-

x/ We note, that there are no poles at a" .. 0 and ac• 0 because 
of the proportionality of the corresponding residues to a" and a~ . 
Thus· there is no trouble with the experimental evidence against me 
parity partner of the P.ion. . . 

In addition to the moving poles there also appear standing 
branchpoints but their contribution is negligible. 
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ves the same result as the electric Born model / 4 / which is 'in good 
agreement with experiment in this region. The contribution of the· 
elementary pion (I) to the cross-'-section vanishes at t. O contrary 
to the contributions of the conspiring trajectories (2) which are fini
te. The interference of the two contributions results in a sharp pick 
for I ti 'S. m ! . The contributions of other trajectories in du II ra
pidly vanish with increasing S and moreover they are zero at , .. o . 
Thus du11 could be calculated from (I) and(2)(Fig.2). In the cross
section du:;_ the p -trajectory contribution is essential. But for tr0 
it is zero so that for I ti .,;_, m~ could be well described by these-
cond term of (2) which guarantees 

duL (0) = dull (0) (3) 
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. For the charged kaon photoproductionyp ➔ K+A, yp .. K+ 2° the 
contributions similar to (I), (2) appear with aK, mK instead of arr, m 17 

and with equality (3). But· an analogous choice of the constants re
sults in a quite different behaviour of the cross-section because of 
the nonzero value of a iOJ and the mass difference of the baryons. 
Since aK(0J,..-0. 2 the contribution of the conspiring trajectories for 
high energies is noticeably suppressed ·and instead of the pick for 
small it I we find here .a dip in agreement with experiment / 1

/ 

Nevertheless, very. near t - O a smal I ascent must be observed 
(Fig. 2). Simple calculation with the help of (I) and (2) gives for the 
cross-section · 

52~ 
J·, 

e2g~(t} [ _ m2Ko9 t 

4TT (m2-tJ2 
K 

t 
+I -77 1

2 1 
K 

(4) 

rra .(t}(l+eiTTa~ 
71 = 

K 4sinTTa r(l+a} 

·5 S aK . 
(-}aK_0,41(1-0,32i}(-

5
-J = 71R - '1l1' (5) 

S0 o 

where oBm 2K=<m!-m!J; OA=0.12; oi=0.25. 
.. Neglecting.the t -dependence of g·K and a K which holds for 

It I s._0. 7 GeV 2 it is easy to find the position of the minimum in 

d°l\ I dt· and the relative depth of it 

I t \ = m 2 71 R - o / 2 . .!.:]~ 
min K ' 

1 -71R -o/2 dall (0} 

o( .,,R - 11;-o/4J+ 11 ,O-BJ 

• <1-oJ h 12 . (6) 

It is easy to see from (6) and (5) that the position and the depth 
of the minimum depend on the energy. With the growth of energy it 
is displaced to the region of positive unphysical t and then disap
pears. For y p ➔ K+I O it becomes practically invisible already at 

£ ~ 20 GeV but for y p ➔ KA itmustbeobservedupto a few hund-

. reds of GeV. These properties are illustrated by Table I. 
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In the region 5-15 GeV r, 11 • 0. 5 and T/ K - 0.3 . These num
bers are in good agreement with the empirical parameters of pa
per I 21 A TT 1 - 11 TT - 0.5; >i. K• 1 - r, K .... 0.7. 

Among the other 11 - and K -photoproduction models only the 
quasi optical model with Regge cuts /s/ describes the experiment with
out additional parameters. It gives practically the same result in the 
experimentally known region of small It I·. Like our model, it gives 
a small peak for K-photoproduction near t - O but the position of 
the ·minimum and its relative depth are independent of energy. This 
fact i·s connected with the practically identical behaviour of the K -
trajectory and (KP) -cut playing the same role as the elementary 
pion (I) and the conspiring trajecfories (2) of our model which have 
different energy dependence. Thus experiments of a not so distant 
future al low to distinguish between these two models. This would 
answer the important question as to whether the pseudoscalar me
sons are elementary particles or -not. 

Notice in conclusion, that the experimental study of the charge 
exchange processes p n ➔ n p and p ,,-➔ n ;r shows for the selected 
pion exchange contribution a zero slope of the pion trajectory. Our 
model gives a natural explanation of this fact since the contribution 
(1) with a , ,• 0 is predominant for large energy. From our point 
of view, a similar behaviour is expected in the reactions pJJ ➔ Al'( I 

Pi> ➔ ~ ~ and IP ➔ p I . . 
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