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It is shown that relaxation modulation of optically oriented atoms in a transverse magnetic field 
leads to resonance variation of the macroscopic magnetic moment, provided that the modulation 
frequency is identical with the Larmor frequency or its subharmonics. 

The resonance effects which arise in optical orienta
tion of atoms in a transverse magnetic field, due to 
modulation of the intensity of the pumping light [lJ and 
the value of the transverse field [2J, have been recently 
studied in detail, both theoretically and experimentally. 
Similar effects have also been discovered for optically 
oriented atoms in an effective magnetic field.[",41. A 
common feature of these researches has been the mod
ulation of the nonisotropic action on the spin system. In 
the present work, we consider the effect of modulation 
of an isotropic factor-the collisional relaxation--under 
conditions of transverse pumping, and also under con
ditions of ordinary magnetic resonance. 

We assume that the optically oriented atoms possess 
an angular momentum J = Y2 in the ground state. Orien
tation of the atoms in the ground state is brought about 
by absorption of circularly polarized light, which propa
gates along the z axis. We shall assume that the longi
tudinal re laxation time T 1 is equal to the transverse 
relaxation time T 2 : Tl = Tz = T (the case of isotropic 
relaxation), and that the relaxation rate is modulated 
according to the law 

(1 ) 

We first consider the case of transverse pumping: 
the constant magnetic field Ho is directed perpendicular 
to the beam of light along the x axis. In this case, the 
Bloch equations for the macroscopic magnetic moment 
M of atoms in the ground state have the form 

dMx dAt" dM, __ 
------;]t ~ -gAlx, -Tr ,~ (,)jll,-gM,,, ------;]t = -gM,-w"i1Iu l- rpM". 

In Eqs. (2), Wo = rHo is the Larmor frequency2... rp 
= IITp (Tp is the pumping time), g = r + r p , Mo 

(2 ) 

= const is the maximum possible value of the projection 
of the moment M on the z axis. At t » II g, the solu
tion of Eqs. (2) with account of (1) has the form 

(3 ) 

B( ) = ~ (_)h (.) (. )exP[i( .. n-k) (Qt+J1/2) 1 
(do L..J t I" Y. Iii X _ , 

h.-,,~_~ r+ I'p-f-i (wo-kQ) 
(4 ) 

x=~~Q. ~) 

Here In( K) and Ik( K) are Bessel functions of imaginary 
argument. 

It follows from Eqs. (3) and (4) that the magnetic 
moment rotates in the yz plane and changes in resonant 
fashion when the modulation frequency n equals the 
Larmor frequency "-'0 or its subharmonics wo/k. The 
resonant change of Mz and My can be observed experi
mentally as usual from the change in the absorption of 
the light propagating along the z axis (the pumping 
beam) or along the y axis (the auxiliary beam). It fol
lows from (4) that the resonance sig'nals that are gen-
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erated here will not be saturated. The absence of satu
ration is a common property of parametric reso
nances [1-41 and is due to the fact that the motion of the 
magnetic moment takes place in a plane perpendicular 
to the magnetic field, and is therefore not accompanied 
by a change in the energy of the spin system in the 
magnetic field. 

We now consider the effect of modulation of the re
laxation under the conditions of ordinary magnetic 
resonance: a constant magnetic field Ho is directed 
along the light beam along the z axis, the projections 
of the magnetic field HI (which rotates with the fre
quency w) on the x and y axes are respectively equal 
to HI cos wt and -HI sin wt. We limit our discussion 
to consideration of the case of zero' detuning: .c. w = w 
- Wo = O. In this case, the Bloch equations in a set of 
coordinates that rotate with angular velocity w about 
the z axis are identical with Eqs. (2) upon replacement 
of Wo by WI = yH I (w 1 is the nutation frequency). Conse
quently, the expressions for the moment projections in 
the rotating coordinate system will be the same as 
those obtained above (with the substitution Wo - WI). 

Changing to laboratory coordinates,.<, we ~obtain e;'SPres
sions for the moment components Mx, My and Mz in 
the case of modulation of the relaxation under conditions 
of magnetic resonance: 

. J7., =M,,«,),)sin w"t, j7.-,~-M,,«,), )eos (,)"t, J[,=M, «",).- (6) 

The quantities in (6) are given by the relations (3), 
(4) and (5). It follows from Eqs. (6), (3) and (4) that the 
modulation relaxation under conditions of magnetic 
resonance (for zero detuning) leads to the appearance 
of parametric resonances at the nutation frequency and 
its subharmonics. 

Thus, both in the case of trans verse pumping and 
under conditions of magnetic resonance, the relaxation 
modulation leads to the appearance of parametric reso
nances. The nature of this phenomenon is the same in 
the two cases considered since the second case reduces 
to the first. In fact, under conditions of magnetic reso
nance, transverse pumping actually takes place: the 
role of the transverse field is played here by the effec
tive magnetic field, which is identical with the field HI 
in the case w = Wo, and is therefore perpendicular to 
the beam of the pumping light. 

We now discuss the possibility of excitation and ob
servation of parametric relaxation resonances. For the 
existence of relaxation modulation, we can make use of 
the fact that the relaxation rate depends on the concen
tration and velocity of the atoms of the buffer gas, 
which is usually employed in experiments on optical 
pumping, and in certain cases on the strength of the 
electric discharge (for example, in the case of He 4 and 
He'). To modulate the concentration and velocity of the 
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atoms of the buffer gas, we can use acoustic oscilla
tions. It is easy to modulate the strength of the dis
charge by changing the electric potential which main
tains the discharge; a significant modulation depth is 
achieved in this case. Thus, on the basis of the data 
ofl5], we obtain jl = 0.1 for He 4 in the 2 3 S, state. 

The expected value of the optical signals of relaxa
tion resonance can be compared with the value SH of 
the optical Hanle signal, observed in the case of trans
verse pumping: SH = AMz (jl = 0, Wo = 0). We find from 
Eqs. (3) and (4) that SH = AMorp/f' + rp). We now 
estimate the amplitude Spl (n) of the signal of the first 
relaxation resonance (k = 0), observed from the absorp
tion of the pumping light at the frequency n (I n - k I 
= 1). For the case n = 51' (for good resolution of the 
neighboring resonances, it is necessary to take n » r) 
and jl = 0.1, with the use of Eqs. (3) and (4), we obtain 
Spl(n) = AMz(n = wo) = 1O-2SH . Consequently, observa
tion of the relaxation resonance signal (at jl = 0.1) is 
possible if the Hanle signal is observed with a signal-

174 Sov. Phys.-JETP, Vol. 39, No_ 5, November 1974 

to-noise ratio of more than 100, which is frequently the 
case in experiments on optical orientation. 
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