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THE analysis of the experimental data on photo­
production of 1r0 mesons on protons in the near­
threshold energy region [1] has revealed a number 
of disagreements with conclusions derived on the 
basis of one-dimensional dispersion relations. [2] 
The difficulties discussed in [1] in dealing with 
the photo production process on the basis of dis­
persion relations (a study of this question will be 
published separately) are, however, to some ex­
tent removed by the uncertainties arising from 
the imprecise estimates of the dispersion inte­
grals. In the analysis of photoproduction in the 
region of angles fJ = 0°, in which the largest dis­
crepancies appeared previously, [1] we have dis­
covered an interesting effect which shows the sen­
sitivity of the differential 1r0-photoproduction cross 
section to slight changes in the dispersion inte­
grals. 

Consider the photoproduction. cross section at 
zero degrees: 

:~I O=o· = f I Fl (q2, 9 = 0°)- F2 (q2, 9 = 0°) 12 I (1) 

where q and k are the momenta of the meson and 
photon in the barycentric frame, and F1 and F2 
are invariant photoproduction amplitudes. [2] It 
follows from the analysis of the existing experi­
mental data that ( w = ...J 1 + q2 ; we set throughout 
fi=J.L=C=1) 

(F1- F2) 0=0• =[Ykw (- 0,3 + 0.7q) + i-2.41--} (a1 -a3) 

x(I- 3~:)yqq:J -10-2 , (2) 

from which it is obvious that at q3 ~ 0.18 one has 
Re ( F 1 - F 2) fJ=Oo = 0 so that the cross section is 
determined entirely by the small imaginary part 
of the amplitude, related to the rescattering of 
charged mesons (aT is the S-wave scattering 
length of mesons on nucleons in the state of iso­
topic spin Yz T, a1 - a 3 = 0.245, [a] and q+ is the 

momentum of the 1r+ meson). It can be seen from 
the figure that the cross section for photoproduc­
tion at zero degrees, calculated from Eqs. (1) and 
(2), goes through a sharp minimum in the appro­
priate energy region of the photons. This charac­
teristic behavior of the cross section is, accord­
ing to the estimates of Ustinova, [4] not substan­
tially changed by the singularities connected with 
the threshold of the reaction 'Y+ + p- n + 1r+. 
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A similar behavior of the cross section follows 
from rigorous dispersion relations. [2] The calcu­
lation of the dispersion integral in this case was 
performed on the basis of the same assumptions 
as in [1], with however a careful analysis of the 
high -energy fall of the p ( o/z, % ) resonance and 
without an expansion in powers of cos e. The cal­
culations gave q~ = 0.12 in good agreement with 
the experimental indications. 

From what has been said and from Eq. (2) it 
follows that a) the location of the minimum in the 
cross section depends critically on the size of the 
dispersion integral and, consequently, on possible 
contributions from the high-energy region and 
from the 1r1r interaction; b) the magnitude of the 
cross section at the minimum determines the 
difference of the S-wave scattering lengths of 
pions a 1 - a3, measured in this region of q2 only 
indirectly. 

To illustrate the first conclusion let us see 
what would be the effect on the photoproduction of 
a 1r1r interaction (see, e.g., [5J). If the parameter 
characterizing the contribution of the 1r1r interac­
tion takes on the values A/e = 2 or -2, then 
Re(F1-F2)e=oo vanishes at q3 ~ 0.05 and ~0.30 
respectively, making the agreement between cal­
culations and experiment worse. A similar effect 
is obtained if the dispersion integral is changed 
by 20-30%. 

The presence of the indicated effect should 
make itself strongly felt in the ratio 
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[(dCTdd/dO )/(da/dO )]e=0o, where dCTdd/dO is the 
cross section for the process y + d- d + 1r0• In 
the impulse approximation we have for this ratio 

(3) 

where V and S stand for the isovector and iso­
scalar parts of the photoproduction amplitude, and 
I2 ~ 1 is the deuteron formfactor. In the region 
q ~ q0, where IV+ S I is small, dCTdd/dO depends 
critically on the value of S, and a study of this 
ratio may provide information on both S-wave 
photoproduction of 1r0 mesons on neutrons and 
on the 1r1r interaction, since the latter is connected 
to the two-pion intermediate state which contrib­
utes only to S. In this way the study of the indi­
cated singularity may give rise to valuable infor­
mation about the parameters of pion physics at 
low energies. 
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A great deal of attention has recently been di­
rected to the study of the electron structure of 
metals by ultrasonic means. In the case in which 
Kl » 1 (K is the wave vector of the sound, l is 
the mean free path length of the electrons) oscil­
lations in the absorption coefficient a were ob­
served in a comparatively weak magnetic field 
perpendicular to the vector /C. These oscillations 
are due to the coincidence of the cyclotron radius 
of the electron orbit with an integral number of 
sound wavelengths. [1•2] The theory of this phe­
nomenon has been considered by V. L. Gurevich[3J 
and Kaner, [4] who gave the connection between 
the absorption coefficient and the energy spectrum 
of the conduction electrons. The quantum oscilla­
tions of the absorption coefficient in the perpen­
dicular field were observed experimentally in 
bismuth and zinc. [5, 6] Gurevich, Skobov, and 
Firsov, [7] predicted the existence of a new quan-
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tum effect-gigantic oscillations of the absorption 
coefficient. The predicted oscillations arise in a 
non-perpendicular field (in particular, in a lon­
gitudinal one) if the following conditions are sat­
isfied: 

xl = Y'C,JkT 

( t is the chemical potential and 0 the cyclotron 
frequency of the electrons). Both conditions are 
satisfied at helium temperatures. The frequency 
of the ultrasound is 100-200 Me/sec and higher 
for sufficiently pure metals with only slightly 
occupied electron bands. 

With the aim of observing this phenomenon, we 
set up experiments in a longitudinal magnetic field 
(H II /C) of intensity up to 35 koe. Single crystals 
of zinc prepared by zone refining were used. The 
purity of the samples is characterized by a resid­
ual resistance R4.dR300 = 3 x 10-5• 

The dependence of a - a0 on the reciprocal of 
the magnetic field is shown in Fig. 1 (a and a 0 

are the absorption coefficients in the field and in 
the absence of a field, respectively). The wave 
vector /C and the vector H were directed along 
the [10l0] axis of the crystal; the frequency of 
the ultrasound was 220 Me/sec. The absorption 
coefficient increases markedly with increase in 
the magnetic field intensity, and in a field H"" 10 
koe oscillations appear, the amplitude of which 
increases rapidly. The period of the oscillations 
in the inverse field is ~H-1 = ( 0.204 ± .005) x 10-5 


