possible pairs: 1) the 3.3913-p line of the He-Ne laser coincides with the 2947.906 em™t abo

sorption line of CHh within 0,003 cm-l, at an absorption coefficient k = 0.17 cm_}Torr and
ch 1= 5 MHz/Torr [5); 2) the 3.5070-u line of the He-Xe laser coincides with the 2850.608

CO molecule, accurate to 0.007 cm-l, with k = 0.1 em */Torr [6].

=~ 5 x 10h Hz

cm — absorption line of the i,

At a gas pressure 1072 Torr it is possible to obtain a deep "dip" with width LU

by using a field of intensity 1072 W/cme.
In a number of cases the absorbing molecules can be those of the active medium in the
absence of excitation, for in this case the condition that the gain and absorption frequen-

cies coincide are automatically satisfied.

The foregoing examples of absorbing molecules are far from optimal, for in their case
b - -
A21 = gec l. The most suitable atoms or molecules have A2l = 103 - 105 sec l. At these va-

lues of A21 it is possible to use very low absorbing-gas pressures (Nlo_h Torr), which
guarantees high stability of the position wy of the absorption line, At such low pressures,
the mean free path amounts to several times ten centimeters, and consequently, by passing
the beam many times through the absorbing gas and maintaining strict parallelism of the beam

it is possible to obtain, by having the molecules cross several rays in succession, a narrow

"dip" of width o, = lO3 Hz. In addition, with A21 lO3 = lO5 sec-l, an appreciable decrease

takes place in the power needed for the production of the "dip."

5. Perfectly realistic values are a width Awb = lO5
-2 for the stabilization of the resonator frequency @ and of the gain line a, -

Hz for the absorption "dip" and an
accuracy 10

With py = 0.1 - 0.3 and Aw o ? ke ¢ lO8 Hz we can expect in this case a stability of the

-11

generation frequency w,relatlve to w, , on the order of 10 . The absolute stability of the

b
generation frequency will therefore be determined by the stability of the absorption-line
frequency w . At low gas pressures (ZLO-'3 - 10_h Torr) the stability of the center of the

absorption line will be determined by the interaction of the molecules with the cell walls,
and can apparently be no worse than 10 ll
The author is deeply grateful to N. G. Basov for a discussion and support of this work.
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¥The results for the case of strong saturation, as well as the stability conditions,
will be treated in a detailed paper.
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In the study of p-meson production in 7N collisions one usually starts from the one-pion

exchange model [1], assuming the contribution of the peripheral diagram (Fig. 2a) to the
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amplitude of the process to be the predominating one, owing to the closeness of the pion pole
to the physical region of the momentum transfer. 1In this paper we consider the same process
assuming, following Sakurai [2], that the p meson is connected with the conserved isovector

vector current:
(O = m?) p%(x) = (5(x); 8,0y (x) =0 (1)

The matrix element of the 7N - pN reaction can be written in the form:
ow<ka; P2|P|3 qﬂ>ln-
-1/2 ¢ Itk .
--itan 22k T2 M E, <o lifelb,; (2)

qp)indxn

where £ is the p-meson polarization vector. It follows from (1) and (2) that the isotopic-cur-

rent conservation condition for the matrix element is
a
(P2 =Pt ~a)p our< p2li, (o )p,; aB>, =D, (3)

We shall consider for concreteness the production of a p+ meson, all the results being

. . valid for the production of po and p mesons.
J(q) L2'lx) A1) Ple,)

..._...._.rvv\rvvvv B ] S — A detailed exposition of the results will be
published in [3].

x’ n
It is easy to verify that condition (3)

is not fulfilled for a peripheral diagram (Fig.
a Play) 2(p) 5 P la). In order to satisfy condition (3), we

(o)

Fig. 1 consider a diagram with "radiation of a »p
meson by a nucleon (Fig. 1b). In calculating

these diagrams, we use the effective Lagrangian

a
Lyy = oNy3roNw @4 £ ly" —Np® 4 0% £B3 o7 @FY | (1)
2

Contributions of the type of "strong magnetic" term are disregarded. The differential cross
section of the reaction 7N > pN + nnN, summed over the spin states of the final nucleon and

averaged over the spin states of the initial one, is given by

2 35
] 2
d3 g2 f (== - 42)
- 2 . . x (5)
dodtdQ 4r 47 ol{S-M2pD2-42M2{(m?2 ~k2)2+ mT?)
T2 + U24+2UT
x ’
4q

where M is the nucleon mass,  the pion mass, t = (pl - p2)2, s = (pl + q)2, m the p-meson m
mass, Wl = (kl + k2)2 = k2, k, and k, are the momenta of the final pions, 72 the contribution
from diagram la, U2 the contribution from diagram 1b, 2UT the interference term, I' the width

of the p meson, and & the solid ange of the final pion in the c.m.s. of the two produced pions.
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We have investigated (5) for 0 < t j_lOuz and for practically arbitrary s.

It turns out that if we integrate (5) with respect to @, then the dependence of
dao/dwzdt on t is close to that obtained when only one-pion exchange is taken into account.

It can be stated that this near-equality becomes stronger with increasing s, for not too small
|t] (t < -u®). Although the contribution from the disgram 1b is sometimes not small compared
with the contribution from diegram la, UZ and 2UT cancel each other (UZ = (1/kw)[u2dq, TZ =
(1/4m)fT24@ , 2UT = (1/4%n)f2UTdQ). When s + = and t + O (p-meson production forward), the
picture changes radically, the contribution from diagrsm ls vanishes, and the principal role
is played by the "radiation" of the p meson by the nucleon. This means that no definite con-
clusion can be drewn at present concerning the peripheral nature of the 7N + pN reaction by
investigating experimentally the dependence of dzo/dwadt on t.

If we choose the z axis in the c.m.s. of the produced pions in the direction of the
momentum of the incoming pion, then the dependence on the azimuthal angle ¢ is equivalent to
the dependence on the Yang-Treiman angle. However, if we are intersted only in the distribu-
tion over the Yang-Treiman angle, and integrate with respect to the angle & between the momenta
of the incoming pion and the pion at the end of the reaction, then the dependence on the Yang-
Treiman angle vanishes in practice.

Allowance for the "radiation" of the p meson / Sn. D=7 GeV/e

by the nucleon mekes it possible to explain the ex- 2t

perimentally observed peak in the p-meson region at

|c056| < 0.3 [5,6] without involving a resonance ¥
in the wn-scattering S-wave. Figures 2a and 2b show 7
the following plots: TZ - dashed curve, 20T + UZ + TZ

— — — ) / J 5 04yt
- curve I, UZ - II, 2UT - III, 20T + U2 - IV, 2 : ; .

(1/27)f(U2 + 2uUT + T2)<14>|6=90o = (1/24) fu?as| _—

§=90°
-V (qlab = incident-pion momentum in the lab.). -7 ””‘_,_.
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