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The current of foreign particles interacting with a Bose system at absolute zero is calculated in the 
case when the main dissipation mechanism is decay into two non-parallel excitations. It is shown that 
at small field strengths the current possesses a singularity of the lln E l-1 type and can either increase 
or decrease with increasing field strength. 

I N£11 there was considered the question of the motion 
of extraneous particles (ions) in a superfluid liquid 
under the influence of an electric field at zero tempera
ture and at low particle density. It was assumed there 
that the main mechanism of dissipation is the decay of 
the ion excitation, when the threshold momentum Pc is 
reached, into an ion excitation and a phonon1 > with 
parallel momenta, one of the three possible types of 
decay indicated by Pitaevskil' £21 • The dependence of the 
critical current of the particles on the field was ob
tained as a result of an investigation of the exact (in the 
limit of low particle density) equation for the Green's 
function of the ion in a weak field. 

In this paper we solve a similar problem for the de
cay into excitations that are emitted at an angle to each 
other. In this case, according to£21 , the momentum of 
the ion excitation after the decay, Pm• corresponds to 
the minimum of the spectrum of the ionic excitations, 
and momentum qm of the emitted phonon corresponds to 
the minimum of the phonon spectrum (i.e., a roton). The 
angle 9o between Pm and Pc is determined from the con
dition Pm + qm = Pc. 

Near the end point, the spectrum of the ionic excita
tions is of the form 

e(p) = dPc) -a cxp{a I (p- Pc)}, a, a> 0. (1) 

There are grounds for assuming that this form of de
cay can be realized for ions in He IT at a pressure above 
12 atm. Indeed, Rayfield£31 has shown that the critical 
current of the ions of P > 12 atm is close in value to the 
current given by the Landau criterion: ew(qm)/qm· The 
roton momentum qm and its energy w(qm) were meas
ured directly in experiments on neutron scattering. 
Apparently, at P = 12 atm a transition takes place from 
a decay into parallel excitations to a decay into non
parallel excitations. 

In Sees. 1 and 2 of this paper we solve the exact 
equation for the Green's function of the ion in a weak 
field. We use here the procedure developed in£11 • In 
Sec. 3 we calculate the current and generalize the re
sults obtained in this paper and in£11 , and also advance 
considerations that make it possible, without solving the 
exact equation, to obtain the qualitative dependence of 

1>We used the term "phonon" for any excitation of the Bose 
system, i.e., a phonon, a roton, or a vortex ring. 

the current on the field and on the pressure. These con
siderations can be used in those cases when it is diffi
cult to carry out exact calculations, for example in de
termining the pressure dependence of the current, if a 
transition from one type of decay to another takes place 
as a result of the change of the pressure. 

1. INVESTIGATION OF SINGLE-PARTICLE GREEN'S 
FUNCTION IN A WEAK FIELD 

In the low-density limit, the ion current can be cal
culated with the aid of the Green's function 

(1.1) 

where the averaging is carried out over the stationary 
state of the system, containing one ion and located in a 
weak electric field. The two-particle Green's function 
G• satisfies a certain linear equation (see£41 ), which 
contains the single-particle Green's function G(x, x1

). 

The function G is determined from the Dyson equa
tion, the differential form of which is (see£11 ) 

. i1G(p,t1 -t) . I I 

z----~-e0 (p-f-E(t -t))G(p,t -t) 
,, 

=~ d·r'::(p-f-E(·r'-1), l'-'t1)G(p,T'--t)-f-~(t'-t), (1.2) 

' 
where G(p, t' - t) is the Fourier transform of G(x, x 1 ) 

with respect to the spatial coordinates, and pis the 
momentum of the line end, corresponding to the instant 
t. 

We are interested in the behavior of G at t1 - t » 1. 
When t' - t ~ 1, the function G differs from the value 
it has in the absence of a field by an amoune> E « 1 and 
therefore introduces in the current a correction that is 
linear in the field and can be neglected compared with 
the correction resulting from the presence of the decay 
point. 

We shall solve Eq. (1.2) in the quasiclassical ap
proximation, i.e., we shall seek the solution for Gin the 
form 

t'-t 

G(p,t'-t)=A(p,t'-t)oxp{-i J e1(p-f-ET)rh}, (1.3) 
0 

2>In the dimensional estimates we use the system of units h = 
e(pc) = Pc = I, the unit field intensity being the combination e(pc) 
Pc/he. 
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where A is a slowly varying function. 
In this approximation we obtain for €1(p) the equation 

(seel1J) 

(1.4) 

where ~ F(p, w) is the Fourier transform of the function 
~ (p, t) with respect to t. 

The quantity E1(p) coincides with the ion spectrum 
E(p) everywhere with the exception of the vicinity of the 
point Pc• where the explicit dependence of~F(P, w) on 
the field becomes appreciable and causes a small addi
tion to t::(p) to appear in E1(p); the imaginary part of this 
addition determines the damping of the ionic excitation. 

For A we obtain the following expression 

A (p, t'- t)= -i8(t'- t) (1- 8~p/8e);'•' (1- 8~F/8e);'h (1.5) 

where p' = p + E(t'- t) is the momentum of the start of 
the line, and ~F)p = ~F(P, E(p)). 

When p' - Pc• 1he derivative of A with respect to 
time becomes infinite like E exp{a/(Pc- p')} (seel2 J ). 

We shall show, however, that the essential region for 
the determination of the current is the region of the mo
menta satisfying the condition 

e(pc) - e(p) ';!!> g1.. (1.6) 
It can be shown that within the limits of this region 

A changes little during times that are characteristic for 
the integral in (1.2), and therefore the quasiclassical 
approximation is valid for the determination of the cur
rent. 

To investigate ~F(p, w) near Pc• we consider first 
one loop, with which, as shown by Pitaevskitl2 J, the 
singularity resulting from the presence of a decay 
threshold is connected. We designate the expression for 
this loop by~ 1F(p, w): 

S.. - d3q 
~lp(p,w)=g2 dt ·1·---3 A(p-lj,t) 

0 • (2n) 
(1. 7) 

' 
X l'xp{ --i J [e(p-q + E1)-j- w(q)- c~]dt}. 

• 0 

We have retained here the pole part of G, i.e., the part 
of G which does not vanish at large t' - t. 

The singularity of the loop is connected with the fact 
that the effective region of integration with respect to t 
becomes Of the order Of (E(pc)- wf1 at W - E(pc), 
IP- ql ""Pm• and q -qmas a result of the fact that 
under these conditions the arguments of the exponentials 
cancel each other (we are interested in the region of 
frequencies satisfying the inequality (1.6), and therefore 
p and p + ET differ from each other by an amount 
- E1/a). 

For the integration with respect to q, we introduce 
cylindrical coordinates with an axis directed along p, 
and with an azimuthal angle cp (see Fig. 1). We introduce 
also the vectors qm(cp) satisfying the conditions 
IP- qm(cp) I= Pm• and lqm('P)I = qm, near which we ex
pand the argument of the exponential. We have 

w(q)-1-e(p-q-J-E•)=e(pc) -j-llf (q-qm(lf),<Jm(ip)) 2_ 

qm2 

+ L (Kr -- q-!- 'h•('fl), Pm(lf!) ) 2 

Pm2 ' 

L = _!__ iJ2e (p )} 0. 
., 8p2 > 
"" J)1n 

(1.8) 

FIG. 1 

We take the pre-exponential functions outside the 
integral sign and integrate the remaining part with 
respect to q1dq1dq 11 • As a result we obtain for the 
singular part of~ 1F(p, w) the following expression: 

2 {j)' I 2~ 
:E1p (p, w) =- .!._ ( 1 _ ___::_!.)- J rlcr Pmqm 

4n 8e Pm 0 2:t p)'JlfL 

. s""dt { . LE2cos2x} 
X -exp -!(e(Pc)-- w)t- i/3---- (1.9) 

0 t 12 ' 

where x is the angle between Pm(cp) and E and is deter
mined from the formula 

cos X= cos 0 cos Oc +sin 0 sin 00 cos If. (1.10) 

The integrand has an integrable singularity at t = 0, 
resulting from the fact that we have neglected the non
pole "part of the Green's function in (1. 7). However, as 
already noted earlier, small times can result in only a 
current correction that is linear in the field, and there
fore it can be assumed that integrals with respect to t 
in (1.9) is suitably regularized. Calculating this integral 
under the condition E(pc)- w » E213 , we obtain 

, g2 p,,.q,. ( iJ};i)-1 { 
~lp(P,~>)~~----==--= 1--- ln(e(Pc)-w) 

4rr pyJilL 8e P,. 

(1.11) 

+ i V n f;zq[~4_j:_(Pc)- w)'J.]-''~xp[-- 4 (e(pc)- w)''• ]} . 
G •0 3 L''•Eicosxl il L'"EI('osxl 

We have neglected here small real terms compared 
with the logarithm. 

The singular part of ~F is obtained, in accordance 
withl2 J, from the singular part of~ 1F by replacing g 
with the renormalized vertex r(p, w) 
= P/(1 + Q~ 1F(p, w)), where P and Q are real functions. 
Therefore the total self-energy part of ~F can be repre
sented in the form 

(1.12) 

We substitute this equation in expression (1.4) for 
€1(p) and solve it by regarding Im ~ 1F as a perturbation 

( 81;1 )-1 lli(P)=e(p)-ilm~IF(P,e(p)) __ F • 
' iJe • 

(1.13) 

We have thus obtained the damping, due to the elec
tric field, of the ionic excitations near the threshold 
momentum. As seen from (1.11) and (1.13), the main 
contribution to the damping is made by diagrams des
cribing a decay process in which the projection of the 
ion momentum on the field direction after the decay, 
Pm Ieos x I, has the maximum of all possible values at a 
specified initial ion momentum. Consequently, it can be 
stated that after the decay the ion acquires a momentum 
lying in the plane made up by the field vector and the 
initial momentum Pc· This, as we shall see in the study 
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of the two-particle Green's function G+, leads to a 
unique distribution of the ions in momentum space. 

The maximum of the function Ieos xI (see (1.10)) 
can be realized at cp = 0 if I!Jo- !J I< 7T/2, in which case 
Ieos X 1m I= cos I!Jo- !J I, and also at cp = 1T, if I!Jo + !J I 
> 7T/2, in which case Ieos X 2m I = Ieos (!Jo + !J) 1. 

We integrate with respect to cp in (1.11) and substi
tute (1.13) in (1.3). After integration with respect to T 

in (1.3) we obtain for G the expression 

<D( l') t•-t 
C(p, t'- I)=A (p, I'- 1) __ I -cxp {-is e(P + E<)dT}, (1.14) 

<D (p) o 

where 
<Tl (p) = exp {- E'l• In-2E ~Cf'h (8) r, -'he-r•}, 

rk=~~JPc)-e(p))'lo (1.15) 
3 L 1hE I COS Xml< I 1 

The summation in ct>(p) is over the maxima of Ieos xI, 
the sum containing either one or two terms. 

The function ct>(p) changes from 1 to 0 in a region 
having a dimension ~ lln E r2 near the point 

3 a 
Po= Pc + 2In (E' linE I) (1.16) 

Outside this region, ct> = 1 at p < Po and ct> = 0 at 
p > Po· Thus, <t>(p') cuts off G at p' ~ Po· Condition 
(1.16) is still satisfied in this case. Consequently, ex
pression (1.14) for G is valid for all values of the argu
ments, with the exception of a case of no importance for 
the determination of the current, namely, when simul
taneously ~(pc)- E(p) < E213 and E(Pc)- ~(p') < E213 . 

We note that expression (1.14) has been calculated 
with a relative error ~ lln E l-1. 

2. INVESTIGATION OF TWO-PARTICLE GREEN'S 
FUNCTION 

The exact expression for G+ is 
t' 1'a1 t •• 

G+(p, t'- t)=- s d't'{ s dTz1 s a.d d'tz· 
-co -oo -oo -«> 

S d3q, d3q2 
X ----C(p-f-E(<{·-t), t'-·r1')G•(p-f-E('t'1 -t}, t-<1) 

(2n )' (2rr) 3 

X G+(p + q, + '!2 + E(•2- t), -r/- <z) · 
xv(P-f-'It-f-qz+E(tz-t), •/-l'z; !Jt,l{z; T{-•z'. Tz-<t), 

(2.1) 

where y is an irreducible four-point diagram (seel4 J ). 

To investigate this equation, there has been devel
oped inl1 J a special procedure, according to which one 
first determines the pole part of G• at p ..._ Pm, i.e., when 
the term describing the arrival of the ions in the state p 
due to the decay is small. The pole part of G+, hence
forth designated Gil_(p, t' - t), is then represented in the 
form of a product 

G,·l (p, t'- t) ,= G,.(p')C,' (p)n(P.t). (2.2) 

where Gn(p') is a solution of (1.2) that depends only on 
I • p , 1.e., 

P.' 
G ( ') "'( ') (t ii~p)-'" { Je(x,p.L) } n p = w p - -- , exp - i -·-, -- dx 

{}£ p 6 l; 
(2.3) 

where p~ II E and pj_l E. n(p 1) is the distribution func
tion with respect to p 1 and is determined after substi
tuting GiJ. in (2 .1), the latter being the balance equation 

f 

FIG. 2 

for the influx and outflow of ions in the given state p; 
n(p 1) is different in different regions obtained by cutting 
up the momentum space by means of the surfaces 
IPI = Pm, IPI = Pc• and IP1I = Pm (Fig. 2). 

When p > Pc there are no ionic excitations, and 
therefore ~(p 1) = 0. In addition, after the decay the ion 
acquires a momentum p = Pm• and then moves in the 
direction of the field, so that it cannot enter the region 
~h. i.e., n3 (p 1) = 0. It remains to consider the functions 
n1(P 1) and n2(p 1), defined in regions fh and n2 respec
tively. 

From an analysis of the right-hand side of (2.1) we 
can determine which of the diagrams that enter in y 
contribute to Gil. Contributions to Gii. are made only by 
those diagrams which contain stationary points of the 
oscillating exponentials. In the remaining diagrams the 
integrations with respect to time are limited to a band 
of the order of unity near the upper limit, and therefore 
we do not obtain the pole part of G+ from them. 

Stationary points can result from the pole parts of 
G, G+, and y when the decay conditions are satisfied. As 
a result, the only diagrams that matter for y are those 
containing not more than one phonon line joining the 
upper and lower branches of the diagram (see Fig. 1 l4 J ). 

In the opposite case, stationary points are produced 
when the conditions are satisfied for the decay with 
emis,sion of two or more phonons; this, however, can 
occur only when p > Pc• where Gil vanishes. 

Thus, that part of y which contributes to Gil has the 
following form: 

y(p·f-rJ; t'- t) =' -l''(p -f-q, e(p -f-'I))exp({iw (q) (t' ·- t)}. (2.4) 

We substitute y from (2.4), G from (1.14), and Gil_ 
from (2.2) and (2.3) in the right side of (2.1). We denote 
the obtained expression by Gi(p, t' - t). When p "'"Pm 
and It'- tl ~ 1, the function Gi goes over from Gfi. 
From this we obtain for n(p 1) the following equations: 

co 'CO d3 
I.Lz(P.t)= L'hLrh' J (Z:)3/(2nt(P.L + 'l.L). (2.5) 

We introduce 1T = p + E(T- t). The integral kernels 
have the same analytic form 

}( (r., T, 't', q) ,~ _ g2 ( 1 ... _C!_):£_ \)·l ( CI:S,!'_)-l 
\ iJe Pm iJe ntq 

r -·-- [ 
X C~Jll·-i. ~. e (r. + q -;- E11)- f. (~e + ElJ)- w (q) J dtj} <D• (r. + q), 

and differ only in that for the kernel K1 the value of 1T 

must be taken on the boundary S12 between the regions 
n1 and n2, while for K2 it must be taken on the boundary 
s23• 
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We introduce in the integrals (2.5) new variables for 
each of the kernels: cp, 111' + qj- Pc• 7T~- 7Tx, 
7Tx- Pmx(cp), (q- ~(cp), and qm(CfJ)), where cp is the 
angle between the (11'q) and (11'E) planes. The character
istic regions of integration of the kernels over these 
variables are respectively ~ lln E 1-\ Jln E l-2, E 11S, and 
E113. We assume therefore that the characteristic reg
ion of variation of n1(p 1) is comparable with the largest 
of these regions, and then n1(p 1) can be taken outside 
the sign of integration with respect to all the variables, 
with the exception of cp: 

2n 

n.1 (p.,sin :x:)= J ~[K1 (q>, :x:H- K2(q>, :x:) ]n•(Pc sin 6), 
0 2n 

where x is the angle between,. and E, e is the angle 
between,.+ qm(cp) and E, with 

cos 0 =cos X cos Oo +sin xsin Bo cos q>, (2. 7) 

K1(cp, x) and ~(cp, x) are the results of the integration 
of the kernels with respect to all the variables with the 
exception of cp. 

To find the form of the functions n(p 1) we use the 
statement made in the analysis of (1.13), namely that 
the ion remains in the plane passing through E and Pc 
after the emission. This statement makes it possible 
to construct the momentum distribution function of the 
ionic excitations in!the zeroth approximation in the field. 
To this end we consider two distribution functions that 
are actually symmetrical with respect to the field 
direction, fo1(p) and fo(p) (see Fig. 3), each of which has 
the form of a cylindrical surface constructed on the vec
tors Pc - Pm• which are parallel to the field. The radius 
of each of the cylinders is chosen such that after the 
decay the ion remains on the wall of the cylinder, i.e., 

PI<""" Pm sin )(oh =Pel sin (Xol< -- Bo) I, (2.8) 

where k takes on the values 1 and 2. 
Let us check these distribution functions for stability. 

Let the ion be located at a distance 15 « 1 from the 
cylinder wall, and then after the decay the ion will be 
located at a distance 

, 1-(-1)h(pm/Pc)cos Oo 
t.=ll . . 

1-(-1)h(Pc/Pm)cos8o 

The distribution function is stable when 15' < 15, and 
therefore fOl(p) is stable when eo< 7T/2 and fo2(p) is 
stable when eo > 7T/2. Consequently, the significant 
contributions in Eq. (2.6) is made by a small vicinity 
of the point p 1 = p 1 when e 0 < 7T /2, the vicinity of the 
point p .l = P2 at when eo > 7T/2, and the vicinity of p 1 = P2 
at eo= 7T/2. 

P. Pc 

f,(p) P. r.. !p! P, 

FIG. 3 

We introduce the variable z = (p 1 - p) lln E 1/b, where 

b=a JcoS)(ohlcos(Y.o~<-llo) >O 
Pc sinxoh ' p=ph, 

and u(z) = n(p1), with k = 1 when eo< 7T/2 and k = 2 when 
eo > 7T/2. 

Expanding the kernels near the point p, we obtain for 
n(p .l) the following equations: 

00 a e-v 
!!J(z)=-=J--=:.111 (-uz + y)dy (2.9) 

"l'n o fY ' 
where 

Pc cos (:X:oh- llo) 1 a=- > 
Pm I COS )(oh I ' 

2 . 
~=- SIII)(oh > Q 

3 cos2xoh ' 

and K(cp, x) are calculated with a relative error 
~ lln Er1. 

Changing over to Fourier components u1F(w), we ob
tain 

(2.10) 

With the aid of this functional equation we can find 
the asymptotic form of u1(z) at large values of z: 

const J e··••, z ---~ + oo 
Ut{z) ~= ,r-( r---- (2.11) 

y 'I z I c'''l' uj(1 +a), z -->- oo 

The asymptotic form of u1(z) shows that n1(p 1) is 
concentrated near p with a distribution width ~ lln E 1-\ 
thus justifying the assumptions made in the derivation 
of (2.9). 

When 9o < 7T/2 we have u2 - 0 and we obtain a distri
bution function f0 (p) with a cylinder-wall width lln E l-1; 
when eo > 7T/2 we have u2- u1 and we obtain a distribu
tion function f02 (p) with the same cylinder-wall width. 

We shall need in what follows the derivative of 
u1F(w) at w = 0; it is obtained by expanding (2.10) near 
zero: 

UJF'(O)= HtF(O) 2 (1 + u) · (2.12) 

We now construct the complete solution of (2.1). Ac
cording to(l], G• is obtained by an iteration method, 
starting with G• = G!. We then obtain for G• the follow
ing equation in symbolic form: 

00 

G+=G•++ 2:(-GG'y)o•(G•+-Gn+). (2.13) ..... 
Here the operators G, G+, and y are taken at E = 0, 

since the pole part of the difference G!- Gli vanishes, 
and consequently there occur no points where the ex
ponentials are stationary. It is therefore possible to 
change over in (2.13) to Fourier components with 
respect to (t'- t), i.e., to assume that this equation is 
written in terms of Fourier components. 

Using expression (2.2), we obtain for Gn(p, w) accur
ate to lln E J-1 inclusive, the expression 

Gn +(p, w) = 2nll{ro- Eo(P) - ~.F(P, ro) IE=o)/(p), (2.14) 
where 

(2.15) 

is the distribution function of the quasiparticles (Po is 
taken from (1.16)). 

We can now use the formulas ofr41 to calculate the 
current. 
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3. CALCULATION OF THE CURRENT 

According tol4 J , the current and the particle density 
are given by 

J Be d3p 
I=e -/(p) --, 

8p (2n) 3 
(3 .1) 

To calculate these quantities, we first consider the 
co 

expression J n1(P 1 )cp(p 1)dp 1 , where cp(p 1) is any one of 
0 

the functions obtained by integration with respect to dpx 
in (3 .1). 

Recognizing that n1(p 1 ) is concentrated near p 
(P = P1 when iio < 1rl2 and p = P2 when iio > 1TI2), we 
expand cp(p 1) in terms of the small quantities p 1 - p, 
retaining the first two terms of the expansion. Then 

~J. { bp ' nJ(p.L) 'Jl(P.L) dp.L = bu1 F(O) pn E J--1 <p (p) + <f'' (p) ;--- Jln E J·- 1 L 
0 · 2(1+a) _I 

(3.2) 
We have used here Eq. (2.12). 

The factor in front of the curly bracket is common to 
I and niV, and therefore cancels out when the current 
per particle is determined. Thus, in spite of the fact 
that n1(p 1) has been determined with a relative error 
~ lln E r\ it is possible to obtain the current particle 
with accuracy to the term ~ lln E l-1 inclusive. This is 
explained by the fact that n1(P 1) enters in the calcula
tion of the correction to the current only in the ratio 
u:F(O)Iu1F(O), which is multiplied by the small quantity 
lln E l-1. 

Using (3.2), (2.15), (2.9), and (1.16), we obtain the 
final result for the current per particle: 

j = e--- e(Jh)- ~.!''~~--{ 1-- ;_ llnEI--1 

p,- p,;ox + 2p,,x;(Oo) ~ 

( p,.,, Pcx- Pmx -- 2Pcxs(O,,) Pox a ]} 
X -p;, + Pmx Pcx- P,." + 2P,;;;;~(Oo)- Pc Pcx- Pmx + 2Pmxs(Oo)- ' 

where (3.3) 

Pmx = 'YPm2 - P2, Pcx = 1'/);~ jl2, 

2 Pm2P/ sin2 Oo 
p = -Pm2 + p.' + 2pm_P_c ;-J c-os-,· 0:-o-;-l 

and a characterizes the behavior of the spectrum near 
the end point (see (1)). 

When ii 0 > 1TI2, Eq. (3.3) changes into 

, ffi(qrn) {' , 3 Jl ., 1_1 [PcxU , Pmx1} J=e- --- • 1 - nJJ ---c----- 1 . 
qm 2 pcqm f]m. 

(3.4) 

In this case the current always increases with the field 
and satisfies the Landau criterion when E - 0. 

When Bo < 1TI2 we have 

Pmx ]} 
Pcx + Pm: , 

(3 .5) 

The current can either increase or decrease with in
creasing field, depending on the value of a. When E - 0 
the current is larger than that given by the Landau 
criterion. 

In the region fio ~ 1rl2 the current depends essentially 
on ii 0 • If it is assumed that Bo varies linearly with 
pressure, then the rate of change of the current with 

changing pressure is anomalously large in this region: 

iJj I iJP ~ JinEI. 

The results obtained here for the current differ from 
the results oflll for the case of decay into parallel ex
citations in having a stronger dependence on the field 
(lln E l-1 in place of E 113). This difference can be ex
plained qualitatively in the following manner. 

We represent the current in the form of a sum 
i=io-1-a{E). 

The term j o is determined by the anisotropy of the dis
tribution function in the zeroth approximation in the 
field, since the field produces a preferred direction in 
momentum space. It is easy to obtain the distribution 
function by considering the equilibrium establishment 
process. 

The term a{E) is determined by the behavior of the 
spectrum near the end point. It is a result of this fact 
that quantum effects cause the ion to decay not when Pc 
is reached, but when a certain momentum p(E) smaller 
than Pc is reached. The distribution function is then 
smeared out by an amount Pc- p(E), hence a(E) ~ Pc 
- p(E). 

Let us estimate this difference. The state of the sys
tem with one ion at a momentum p is separated from 
the state with an ion and a phonon with the same total 
momentum by an energy gap ~(p)- t:{p), where ~(p) 
=min [t:(p- q) + w(q)]. 

In tJhe presence of a field, such a state of the system 
is not stationary the lifetime of this state is 
T ~ (p - p)IE, and the associated energy uncertainty 
is ~ Ef(Pc- p). As soon as the energy uncertainty ex
ceeds the value of the gap, the ion decays. Consequently, 
p(E) is determined from the equation 

E I (p,- p) ;:-:; i!(p)- e(p). (3.6) 

In the case of decay into parallel excitations ~(p) 
- t:{p) ~ (Pc - p)2 (seel21 ), and consequently a(E) ~ Pc 
- p(E) ~ E1/3. In the case of decay of non-parallel exci-
tations we have 'E.(p)- t:{p) ~ exp [al(p- Pc)] and a(E) 
~ lln Er1. 

With this reasoning we can determine the dependence 
of the current on the pressure, if a transition from de
cay to non-parallel excitations to a decay into parallel 
excitations is possible. The dependence of j 0 on P is of 
no interest, since jo changes continuously, whereas a(E) 
changes from lln E l-1 to E 113 . To calculate a(E) we use 
the dependence of the spectrum on the pressure as given 
inlsJ. We then find that a change in the form of a(E) 
from lln E l-1 to E 113 occurs in the region of decay into 
parallel excitations between Po + 2P1 I lln (E ln2 E) I and 
Po + 6P1 I lln E I in accordance with the formula 

a(E) ~ E''l• exp (P1 I (P- Po)), (3.7) 

where Po is the pressure at which the transition takes 
place and P1 is a certain constant. Near Po 
+ 2P1Iln (E ln2 E) r 1 the rate of change of the current 
with pressure is anomalously large: 

iJj 8a 
iJP ~ iJl' ~ JlnE' I· 

In conclusion, the author is grateful to S. v. 
Iordanskii' for suggesting the problem and directing the 
work. 
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