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Concerning the Lifetime of the Two Forms
of the 70 Meson.

A. V. ROMANKEVICH
Moscow State University
(Submitted to JETP editor February 12, 1956)
J. Exptl, Theoret. Phys. (U.S.S.R.) 32, 615 (March, 1957)

ACCORDING to the theory of Fermi and Jangl, it
is assumed that 7 mesons are formed by nucle-
ons in contact interaction (potential well of width
#/Mc~ 10714 and depth 25x10° ev. According to
this theory there exist two forms of #° mesons; 7°
(P +P) and 7% (N +N); where P denotes proton, N
neutron, P antiproton, N antineutron. In this note
are presented results of calculations of the lifetime
for the two form of the #° meson.

Computations were made by the general method of
the invariant perturbation theory for a pseudoscalar
meson with pseudoscalar coupling in the approxima-
tion (1/M)2 <« 1, where p denotes the mass of the
meson and M the mass of the nucleon, under the as-
sumption that the expansion in the power of g2/hc
is valid. It was considered that the disintegration
of the two forms of 7% mesons occurs according to
two mutually exclusive Feynman diagrams (Figs.

la and b),
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where % is the 4-momentum of the meson, ¢, [ are 4-
momentum quanta, p is the 4-momentum of the virtual
nucleon, Yi=-iBa;(i=1,2,3),y4 =8, ys =y1,¥2,
Y3, ¥4 y2 =1, Ff = ¢ = 1, the upper portion which
includes the charged meson, computed in Refs. 2
and 3.

The life time obtained was:
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where the first term in the square parenthesis cor-
responds to the 7° (P +P) meson, the second term to

the 7% (N +N) meson. Within the limits of the method
used, the life times of the two #° mesons, are gen-
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erally speaking, different.
By the same method and using the same approxi-
mations the conversion probability of one 7° meson

into the other was evaluated by the simpler diagram

(Fig. 2)
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where ¢q denotes the 4-momentum of the end meson.
The logarithmic deviation was removed by subtrac-
tion. For the life time in this process we obtained
the value:

17 = (N8192m) (g2/he)® (2/he)? (w/M)* (m])® ek,

where m denotes the mass of the electron, N=(u,
—y)/m the mass difference of the mesons.
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On the Derivation of the Low Equation
in the Theory of Meson Scattering

A. M. BRODSKII
Moscow State University
(Submitted to JETP editor November 27, 1956)
J. Exptl. Theoret. Phys. (U.S.S.R.) 32, 616-617
(March, 1957)

HERE is shown in this note a new method of

deriving Low’s equations, the analysis of which
is very important in discussions pertaining to the
theory of scattering of mesons by nucleons. It is
shown that they may be written in a form, where the
concrete type of interaction enters in a simple way
through a nonhomogeneous term.* In the analysis of

*It should be noted that a series of causality conditions
and renormalization, assumed in the derivation of the dis-
persion relations, are thereby imposed on the interaction
and also the condition of sufficiently rapid decay of cer-
tain expressions under the integral in Refs. 3, 4.
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the scattering of #-mesons by nucleons, let us in-
troduce the amplitude (T-matrix) of scattering con-
nected with the corresponding matrix element of the
S-matrix in the following manner.

(p's’, k'j| S| po, ki) = 8,5, 8;; 8 (p' —p) 8 (k—K)
— (2mi) [(2m)? 2k 2ko] 128 (p' + k' —p — )

X (p's’, k'j| T | po, ki). (1)
Here p, k(p *, k') denote the momenta at —w (40) of

the incident (scattered) nucleon and meson, satisfy-
ing the relations

p+k=p-+k, yp=vyp =—m?

k2= k't = — 2, (2
where m and p are experimental masses; all other
magnitudes are considered also renormalized.

From the definition of the scattering amplitude and
the unitarity condition of the S-matrix it follows di-
rectly that
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(T—T# =1[(p'e", K} | T| po, ki) — (p'0", K| | T* | po, k)]
= —2ni )\ {dp, (u|T | p'e", ki) (n]T | po, i)
! X 3(py—p—H), (3)

where it is necessary to take p + k = pl+ klon the
right side of the equation; () is the complete
specification of the state as an example of which
we choose the system of eigenfunctions of the en-
ergy vector ~the momentum P at infinity with eigen-
values p2=pZ. Note that for coherent forward scat-
tering the left side of equation (3) is the imaginary
part of the scattering amplitude, and on the right
side represents the complete scattering cross sec-
tion with an accuracy up to a coefficient proportion-
al to the flow of the incident particles. Thus, in this
case, (3) is equivalent to the well-known “optical”
theorem.®

Let us further make use of the scatter amplitude
written in a general form which follows®?® from the
investigation of the property of invariance and sym-
metry of the given amplitude*

(p's’, K'j| T | po, ki)
=—u(p's’) {(-1 +Int) D) (R (rm)M e, (B2 (0 — p))|u (p, 0),

A;=10
Int==k ~ —k, i+ j; p +k =p+k 4)
Here pA, A, (p + k)% (p — p1)?) denote certain functions which can be represented, as analysis of the
Feynman diagrams® and consideration of the causality condition will show, in the form:
1 \9 8 ()‘1)\2)
B2, (p— p')?)=
Pame (P B)% (p—p')?) PFR+ mi—i
@ (o]
M2 2
+ g de dMg (:)uh( 1’ M2) (5)
9 o . — ne _ P — . b
(mLuy? iy [p+ R)? + Mi—ie] [(p —p')? 4 M2 — ig]

where (A, A,) is a constant depending on the meth-
od of renormalization of the charge; dependence of
8(AN A)) on /4, is determined by the form of interac-
tion and can be readily established by comparing
P)\1 A, with the first term of the perturbation theory
expan sion. Further analysis will be conducted in
the laboratory system of coordinates [p = (m,0)].

(T —T*) = —2iu (p’s") {(1+ Int)
Ai=10

M M P

A;=10

= — 3y (p'c’) [

(p + k) =p'+ k™ It follows from the comparison of
(3) and (7) that in the laboratory system of compu-
tation,

(2p)?

The following inequalities which follow from (2)

are valid for the subsequent portion of the analysis;
(p— k)P + M2 = — (m + )2 + 2m (ky + ) + M2 >0,
(p+ R)? + m* = —2mhky — p2 <0,
(p—p")?+ Mj = —2m (m — pg) + M3> 0. (6)
Considering (4-6) and making use of (2), the differ-
ence (T — T +) [Eq. (3)] can be written in form**

D )Myt Im [Pa, ((P1-R2, (p——p’)2)]} u(ps,

@y, (— (p+4)%, M§)
p—p P+ M

dMg] u(p, ) @)

* The symbols of Ref. 6 are generally used herein.
** For the derivation of (6) it is necessary to remember
that, according to the accepted symbols, u = u*y,,

(’yu’yu)+ :%7’#
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Now, separating in (3) the obvious dependence on
Py *+k,s and examining separately the terms of the
expression of (7) within the square parentheses,

= —u(p's’) I('1 + Int)
\ A

Eq. (4) can from the present viewpoint, be finally
rewritten in a form equivalent to the first of Low’s
infinite system of equations:

+ (1 1m0 N {dp,

(p's’, &j| T | po, ki)
2wy 300
;=10 ‘ T = “(p o )
(n|T|p's’ k'j) (n|T| po, ki)
(milipe 30, —p—1),
1 Pon ~— Po— ko — 1

where prime at the summation symbol indicates that
the summation is carried out over all n, except the
case p2n=—m? and the momenta satisfy conditions
(2). Thereby also, the physical state of the nucleon
is considered as the lowest stable state and the dif-
ference between the proton and neuteron masses is
neglected. We note that this reasoning could have
been simplified by the introduction of Gilbert’s
concept of the transformation operator, since the
hermitian and the skew hermitian operators T+ T+
and T—T" are, in view of the causality principle,
mutual forms in the sense of Hilbert’s transforma-
tion, with an accuracy up to the addition of terms
which differ by a permutation of the integrations.

In conclusion the author expresses his deep grat-
itude to Prof. D. D. Ivanenko, whose remark with
reference to Low’s equation and dispersion relations,
made at the Moscow Conference on High Energy in
May 1956, served as the starting point for this work.
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The Hall Effect in Bismuth Under Pressures
up to 30,000 Kg/cm?2

A. I. LIKHTER AND L. F. VERESHCHAGIN
Laboratory for the Physics of Ultra-High Pressures,
Academy of Sciences, USSR
(Submitted to JETP editor November 27, 1956)
J. Exptl, Theoret. Phys. (U.S.S.R.) 32, 618
(March, 1957)

IN the course of our work on the investigation

of the Hall effect in bismuth!, we built an appa-
ratus for measurements at pressures up to 30,000
kg/cm2. A pressure up to 30,000 kg/cm2 is created
inside a microlite matrix, which is surrounded on all
sides by a lead casing and receives support on al-
most all sides in a steel conical mounting. The mi-
crolite matrix was prepared for us in the Glass Lab-
oratory the Mendeleev Moscow Chemico-Technical
Institute.* The means for transmitting the pressure
is silver chloride, which transmits hydrostatic pres-
sure sufficiently well for a pressure chamber of di-

*We consider it our pleasant duty to express our thanks
to Prof. I. I. Kitaigorodskii and scientific technician Ts.
M. Gurevich for the great labor furnished by them in work-
ing out the technology and preparing these matrices.





