Decay of 2S-states of the hydrogen atom in a magnetic field
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The 2S-2P transitions induced in hydrogen atoms located in a magnetic field by collisions
with ions are considered. The cross section of this process and the decay probability of
the 2S state due to motion of the atoms in the magnetic field are calculated. It is shown
that both the cross section and the probability for four values of the magnetic field
strength corresponding to intersections of the hydrogen-atom terms with principal
quantum number n = 2 have sharp peaks. This phenomenon can be used to obtain

polarized beams of hydrogen atoms in the 2S state.

INTRODUCTION

As we know, the metastable 28 state of the hydrogen
atom has an extraordinarily long (on the atomic scale)
lifetime relative to transition to the 1s state (~% sec).
If, therefore some external factor makes the 25 — 2P
transition possible (the 2P state goes over to the 1S
state in a time of 107° sec), then the breakdown of the
28 state takes place from just this process. Such a
process might be, for example, collision of the hydro-
gen atom with an ion (the cross section of such a pro-
cess is especially large). The cross sections of these
transitions were calculated in the work of Dubovik,
Satarov and the author.[') It was shown that if the colli-
sion takes place in the presence of a magnetic field, then
the cross section changes. It has sharp peaks for four
values of the magnetic field strength, at which intersec-
tions of one of the 2P terms with one of the 2S terms
take place. In the presence of a magnetic field, it is
also necessary to take into account the fact that there
is also a Lorentz electric field present in the motion of
the atom in its coordinate system. This field changes
the state of the atom so that it now has a small admix-
ture of the 2P state. Therefore, it is capable of going
over to the 1s state by emitting a single photon. The
probabilities of such a transition also have peaks at the
same values of the magnetic field strength. The aim of
the present paper is to study of all these phenomena.

1. TRANSITION CROSS SECTIONS FOR
COLLISIONS OF A HYDROGEN ATOM WITH
AN ION

1. We place the coordinate origin at the center of the
atom. The equation for the electron wave function has
the form

%(z)\v(r,z)=i%‘y(r,z).

Here and in what follows, e =m =H =1,
H(t) =+ V&),
Koo =—1oA—r+ ', V(&) =|r—R()|™,
R and r are the radius vectors of the passing particle
and the electron, respectively, and 5’ is the operator

of the spin-orbital interaction, the Lamb shift, and the
interaction of the atom with the magnetic field.

Expanding \7(t) in powers of 1/R, we keep only those
terms which correspond to the dipole approximation:
dR (1) 1.1
IOR 1.1)
We shall assume the trajectory of the passing parti-
cle to be a straight line (i.e., the momentum transfer in

V)=
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the collision is small at impact parameters that make
an important contribution to the cross section both due
to interaction of the atom with this particle and also due
to the action of the magnetic field on it. We introduce
the two coordinate systems xyz and x'y'z’. Their
origins are the same. In the second system of coordi-
nates, the z’ axis is directed along the velocity of the
incident particle, the x’ axis also lies in the scattering
plane, and the y axis is perpendicular to it. In the first
coordinate system, the z axis is directed along the mag-
netic field and the y axis is the line of intersection of
the planes x,y and x', y'.

We calculate the probability W(v, p, ¢, ¢) of transi-
tion of the atom to the 2p state. Here v is the velocity
of the incident particle, p the impact parameter, ¢ the
angle between the y and y’ axes, and ¢4 the angle be-
tween the z and z’ axes. Then the cross section of this
transition will obviously be equal to

o(v, 0)=_[ j' W(v;p; ; 8)dopdp.

[

(1.2)

We shall calculate the following cross sections:
0,(v) = a(v, 0)

(the flux of the incident particles is parallel to the
direction of the magnetic field),

o, (v) =0(v,n/2)
(the flux is perpendicular to this direction) and

1
am(u)=—2—°j o(v,8)dcos®

(the averaged cross section for isotropic distribution of
the velocity vectors of the incident particles).

2. For further calculations, we need the states of the
hydrogen atom with n = 2 in a magnetic field. We write
down these expressions (for the derivation, see the book
by Bethe and Salpeter,!? p. 333, and alsol")):

|0, 0, Y5>, |1, 1, £/,
ai|1, 1, =5 + by |1, 0, +/2),
b1, H, —=2> — a1, 0, +172,
a-|1, 0, =*/,> + b_|1, —1, +¥/,
b_|1,0, —/2> —a_|1, —1, +/D.

(1.3)

Here |, m, s, is the state of the hydrogen atom with
orbital quantum number /, magnetic quantum number
m, and spin projection Sz on the direction of the mag-
netic field.

The first two of these states are 2S,/:, the second,
2Py 2, with the projection of the total electron angular
momentum in the direction of the magnetic field Jy
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(45-24,)/3

£t

Terms of a hydrogen atom with n = 2 in a magnetic field.

=+Y,; the remaining four states have the projections of
the angular momentum J, = £Y,, and the angular mo-
mentum itself is defined only as H— 0 (H is the mag-
netic field strength). The coefficients a+ and by are
equal to

.1 Y, , 1 Ex's\
o (-3E0) semg (0 2ER) w
51=V1i-23—§+§’,
&= poH/ (A + A;) = H/ 8700 [G]. (1.5)

Here p, is the Bohr magneton, A, the Lamb shift, and
A, the separation of the levels 2S,/. and 2Pg/; in the
absence of a magnetic field. The energies of these states
are equal to (they are measured from the 2S,/, level in
the absence of a magnetic field)

€o, x' = iAz(i + G)E; &y, 4% = Az“ ES 2(1 + 6)%];

et =" A1 — 8+ (1+8) (E£E ], (1.6)
e =2 A1 — 8+ (1+8) (g £E)],
where
6=A1/Az. (1,7)

Here ¢ 3, is the energy of the state with orbital num-
ber ! and projection of the total electron angular mo-
mentum in the direction of the magnetic field J;. The
terms with a plus sign before the radicand are repre-

sented by e‘l”i 12’ and those with a minus sign by
6(12 ):tl/Z‘ The path of the terms as a function of the mag-

nefic field strength is shown in the drawing.

3. If we do not take into account the removal of the
level degeneracy, it can be shown that the cross section
diverges logarithmically. If

p<Lp=v/A, (t.8)

where A is the largest of the separations (e(i)

- €0,Jz ); we do not have to take the removal of the
level degeneracy into account. Given satisfaction of the
condition

A >d/p* (p>p.=Vd/A), (1.9)

where A’ is the smallest of these separations, pertur-
bation theory is valid.
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The idea of calculation of the transition cross sec-
tion consists in the calculation of the probabilities
Wi(v;p; ¢; ¢)and Wz(v; p; ¢; ¢) under the assump-
tions (1.8) and (1.9), with subsequent matching of the
obtained solutions in the region of impact parameters
po, where these two conditions overlap:

P2 K Po < py.

Here Eq. (1.2) takes the form
o(v, 8) = ai(v, B, po) + 02(v, B, po);

Po2m "

01 (0,0, 00)= | [W.(v.0,0,0)dop dp;
. 00

o 2n

02 (v, 0, po) = j j Wa(v, p, ,9)do p dp,
P O

where W,(v, p, ¢, ¢) is the transition probability with-
out account of level splitting, calculated on the basis of
the exact solution of the Schrodinger equation; Wx(v, p,
¢, #) is the transition probability calculated from per-
turbation theory with account of level splitting. We
further introduce the notation

1 n
Ciiso= —2—;“ 0:(v, 9, po)d cos O,

where i =1, 2.

The existence of an overlapping region requires the
satisfaction of the inequalities

v>YA/m (1.10)

(in the usual units). This inequality will be considered
more exactly in what follows.

The probability W,(v, p, ¢, ¢) does not depend on
the level splitting by the magnetic field. Therefore, it is
obtained in the same way as it was calculated int!, The
corresponding cross sections are

200°V?

18n
Gy (v, Po) = 041 (v, po) = 0y iso(V, o) = 7‘[ 21n

X (2 — 2)Ci () — (2 + 1) Ci (21) — In 27 — 2~c-] .

where
Ci(z)= —j

x

cost
dt
t

y

C* = 0,577 is Euler’s constant.

4. The transition proability Wz(v, p, ¢, ¢) is deter-
mined from perturbation theory with account of level
splitting. After simple calculations, by integrating over
the angles ¢ and ¢ and over the impact parameter p,
we get

2n 2v 1
—1
v (*{poAz F,.(H))

Here 7 = e°*, the index k takes on the ‘‘values’’ Il, L,
and ‘‘iso,’’ and Fk is determined by the formula

Oar =

In Fy(H) = au[ (1+ P) (ln 83, + b-2In |65 |+ a-1n |65 |)
+(1—2) (0187, + a2 In 8 + b, Inl6 1 1) ]
+ B[ (14+2) (b2 In 655 + 2,2 In| 6557 |)

(1) -(2)

+(1-2) (a-*In 625, + b2l |62, )], (1.11)
The initial spin polarization of the hydrogen atoms in
the 2S state along the direction of the magnetic field is
denoted by #, and

+(i) 1 i)
6“ = —

A (&4,5: — &0, 4u),
2

i=1,2.
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The coefficients o and Bk are equal to

o =4, 0y =8, Giso= s,
Bu= 0, BL= l/h piso= /s,
The desired quantities

6:(v) = o (v, o) + o (v, po)

are equal to (in the usual units)

A \? mv*
= — Y (lp———
(@) 72”(mu) (nAzF.(H) 1'53)‘

where m is the mass of the electron and v the velocity
of the particle. The answer, is, as it should be, inde-
pendent of po.

(1.12)

5. We write out the values of 53(1), using the formu-
las (1.6): z

Son=1=(1+9)E,

+(1,2)

Oy ="a[1-8+(1+8)(—E£E,)],

82" =18+ (1+6) (E+E)], (1.13)

ot =1/[1—6+(1+8)(3E£E,)],
8P =1/,[1—6+(1+6)(—3E+8.)].

The plus sign in front of = corresponds to i =1, the
minus to i = 2. Here £ is determined by Eq. (1.5), and
5 by (1.7).

The values of a2 and b2 are determined by Egs.
(1.4). It follows from the condition of the positiveness
of the cross section gg(v) that

In(mv*/ AFr(H)) >1,53.

From this the meaning of the inequality (1.10) is seen
more precisely:

v> [AF(H) / m]™ (1.10°)

6. We now obtain expressions for the cross sections
ok(v) for small and large magnetic fields. We shall
keep three terms each in the power series expansions
in £ and 1/£. For small fields (goH < A, + A;) we
have

R \? mv*
—12n () (0™ 53— coe e+ Car). (1.
0.(0) =72 () (In oo~ 153 Cu’ 28 oE). (1.14)
For high fields (poH > A, + A3), we get
AN mot Cu” , Ca”
o) =72n () (n gy =189 -2+ 5) - (1.15)

Here
Foy(H) = (1+08)8;
Fo (H) =["3(1+8)(2-98)%]"%
Fuiso(H) = ['/5(1+6)*(2 - 8)&*]",

and the coefficients C{ and Ciy are expressed in
terms of 6.

The zero-order terms in (1.14) are identical with the
results oft*! which was to have been expected. It is in-
teresting that the linear terms of all the expressions
depend linearly on the initial polarization of the hydro-
gen atoms, vanishing together with them, while the
quadratic terms generally do not depend on the polari-
zation. For small magnetic fields, moreover, this is
obvious. Actually, the contributions to the term linear
in the field from states with oppositely oriented spins
mutually cancel one another, while the sum of the
squares of the coefficients for these states'is equal to
unity.
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For small magnetic fields, the condition (1.10)
yields (LoH < A, + 4;)

v > (AA?/ m?)% =191 - 10° cm/sec,
For high magnetic fields (uoH > A, + A;)
v> (ol /m)" > 3-10° cm/sec for o,(v);
v> [(2A: — Ay poH / 3m*]" > 2,5-10° cm/sec for o, (v).
v [(24. — Ay) (1eH)? /3m*]Ys > 3-10° cm/sec for o, (v).
Using the known values A, =1057.77 MHz, A,
=10968.6 MHz, whence 5 = 0.0964 (see, for example,

the work of Gatto[”), we find the values of Ciok and C{f{
for all three cross sections. They are tabulated below:

C: Cu® (P Cin™ Cou™
o (b): 5915 425 0330 0.145
oy (v): 4.62 27.7 0,353 —(11.44+1.09[ng)
Ol (V) 500 324 0346  — (558 + 0.4151n%)

2.BEHAVIOR OF THE CROSS SECTIONS NEAR
THE INTERSECTION POINTS OF THE TERMS

1. Seven points of intersection of terms of the level
with n = 2 are seen in the figure. However, three of
them are not of interest to us, since dipole electric
transitions between the terms intersecting at these
points are lacking, Therefore the energy differences of
these terms do not enter into any of the functions Fy(H).
Terms between which there are such transitions inter-
sect at the four points marked on the drawing by num-
bers. The energy differences of these terms enter into
the quantities Fi(H), and the latter vanish at these
points, while the cross sections have logarithmic poles.

It is easy to obtain the result that these intersections
occur at the following values of the magnetic field
strength:

H, ="/,[56 — 4+ (16 + 326 + 256°)"]A,/ po =572 G,

36 A
Hy=—_22_
=55 ™ 1184 G,

Hy="/12[4— 56 + (16 + 326 + 256%) *]A. / po = 5165 G,
Hi=A:/ po=17835 G.
The quantity 6%, vanishes at point 1, the quantity
6%)2 at point 2, 62{/4 at point 3, and 64/% at point 4.

2. It is easy to obtain the asymptotic form of the
cross sections near the singular points from Egs. (1.11)
—(1.13). However, we shall at first rewrite them some-
what differently. Taking into account that in the refer-
ence system connected with the hydrogen atom, the
kinetic energy of the incident particle & = Mv%/2,
where M is its mass, we get (assuming that the incident
particle is a hydrogen ion):

A4 &
*&)=g (ln AFx(H)

where A =1.58 % 107" eV-cm?

It is evident that the functions Fg(H) have the follow-
ing form near singular points:

Fu(H) = c|AH|®, AH = H — Hy

- 8.57) ,

(Hey is the critical value of the magnetic field
strength), and therefore the asymptotic form of the
cross sections will be

(&) =(A/&)[In& +a—bln|AH|].

Here a and b are constants which depend on what cross
section is considered and near what point, and also on
the initial polarization & of the hydrogen atom (the
constant a also depends on the units in which the energy
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Table 1

o & LIRG)] 9jsol®)
H,G
a b a b a b
H,=>572 [342—1,279 [0,174(1—2) [3.10—0,619 0,087(1—%) [3.21—0,83# |0,116(1—P)
Hp—1184[2.95—0.272 0 297—0.985# |0.1(i—) [2.76—0,712 [0.0665(1—)
Hs=>5165(3.324+0.812 [0,159(1+P) [2.7854-0.315# [0.08(14+P) |2,944-0.55# [0.166(1+F)
H,=1835[4.12—2.242 | 025 (1—2) [2.91—1.272 0.125(1—2) [3,22—1,592 |(1—2)/6

of the incident particle & and the magnetic field strength
H are measured). The values of a and b for all the
singular points and the three cross sections considered
by us are given in Table I (the values of a are given for
& expressed in electron volts and H in gauss).

Attention is called to two circumstances in this
table. First, the coefficient b is proportionalto 1 - 7
near the singular points 1, 2, 4, and to 1 + # near
point 3. This circumstance is explained by the fact that
at singular points 1, 2, 4 one of the 2P terms intersects
the 2S term which corresponds to the state with spin
projection on the z axis equal to sy = —75 while at
point 3 the correspondence is with +/;. Second, at each
singular point, all the cross sections become infinite
except the cross section ¢ (&) at singular point 2. The
reason for this is as follows. At singular points 1, 3,
4, the intersecting terms have different projections of
the total electron angular momentum onto the z axis,
and those at point 2 have like projections. Therefore,
as is easily seen from (1.1) and (1.3), transitions be-
tween terms which intersect at singular points 1, 3, 4
are brought about by an electric field perpendicular to
the magnetic field, and those between terms intersecting
at point 2 by a parallel electric field. But at the time of
closest approach of the ion and hydrogen atom for the
cross section ¢ (&) this field is perpendicular to the
magnetic field, and for the cross sections ¢ (&) and
oiso( &) it can be directed differently.

3. PROBABILITY OF THE DECAY OF THE 2S
STATE ASSOCIATED WITH MOTION OF THE
ATOMS

1. When an atom moves in a magnetic field, an elec-
tric field appears in the coordinate frame bound to it,
with the intensity E = H X u/c (u is the velocity of the
atom). Under the action of this field, the 2S state de-
cays (seel? , p. 451). The decay probablhty per unit
time is equal to (for an electric field of arbitrary
origin)

. 2 8 e8 .
v=(3) 5

E \? .
3 mhzca('Tz) [zf"(H)coSZ*{+fJ_(H)sin‘»1] (3_1)

(c is the velocity of light, e the charge on the electron).

Here Y denotes the angle between the directions of the
electric and magnetic fields, and f(H) and f)(H) are

the functions
—(1)

h(H) = (1+P) [(by /815 ) 4 (a, /6507 1+ (1=P) [ (a-/823) )+ (b-/8247) 71,

+) +@) (3.2)

fL ) =1+ P) [(1/65,)* +(b-/6% ) +(a-/61,7)*]

—-(1)

+( =P [(767,)2 +(a /60 )2+ (b, /65)). (3.27)

2. It is easy to obtain the asymptotic form of the de-
cay probability per unit time near the singular points
from Egs. (3.1), (3.2), and (3.2"). We have:

5 . by . b, -
W =BE [(al,+W)COS v+ (aL+W) sin*y | .

Just as in Sec. 2, AH = H - Her, where Hgy is the
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critical value of the magnetic field strength near which
the decay probability is observed. The quantities a L
and by 1 depend on the singular point near which theé
probab111ty is considered and on the initial polarization
# of the hydrogen atom. The coefficient B is equal to

B =14.41-10° (CGSE intensity units)? sec™.

The values of aj, by, a; and by for all the critical
points are given below:

H, g H, =572 Hy= 1184 H; = 5165 H, = 17835
a: 5.57—4.65 0.264-0.202 0, 75—0 559 0,58—0,34%
by, g% 2.545- 108 (1—2) 0
a: 1,2154-0,982 5.41—4,469 1 03+0 947 0,37+0.24%
by, g% 1.65-105(1—2) 0 1.27-106(14+2) - 5.81-106(1—P)

Just as for the cross sections, the divergent term is
proportional to 1 — & near singular points 1, 2, 4 and
to 1 +2 near point 3. For parallel electric and mag-
netic fields, the divergence is observed at singular point

2, while for perpendicular fields it occurs at points 1, 3, 4.

3. At the point of intersection of the terms (which,
naturally, would take place only in the absence of an
electric field), it is no longer possible to consider the
action of the electric field as a small perturbation. For
determination of the path of the terms near this point
and the states corresponding to them it is necessary to
solve the secular equation (seel*], p. 332) It is easy to
see that for a critical value of the magnetic field, the
states of the atom corresponding to the terms of inter-
est to us have the form

(P25 = Pap) / V2,

where Y95 and Pgp are the wave functions of the states
corresponding to these terms at some distance from the
critical point. Therefore the decay probabilities of the
28 state at the critical points do not become infinite, but
become equal to

W = BE*(q,cos*y + a, sin*y) + (1 £ P)C.

It is necessary to put a plus sign before # at critical
point 3, and a minus sign at the points 1, 2, 4. The co-
efficient

C:p  2° me* -1

(Cap is the rate of decay of the 2P state of the hydro-
gen atom).

4. We now turn to the motion of the atom in a mag-
netic field. The decay probability of the 2S state per
unit time is

L2\ ¢ [Hy'[u\*
W= () s (5) () sintarom,

where a is the angle between the velocity of the atom
and the magnetic field. All the remaining formulas of
this section are rewritten for this decay mechanism
with the replacement of E by Hc 'u sin @ and with ac-
count of the fact that ¥ = 7/2, since E L H,

Assuming that the hydrogen atoms are in a state of
thermal equilibrium and that their velocities have a
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Maxwellian distribution, we obtain the averaged decay
probability per unit time:

2" e* kT (H ) 2 .
= e My \a,) O

Wi

Here k is Boltzmann’s constant, T the temperature and
MH the mass of the hydrogen atom. All the remaining
formulas are obtained by the replacement of E? by
2H?kT/c?My, with account of the fact that ¥ = 7/2.
Naturally, the decay probability per unit time associ-
ated with motion of the atom has singularities at singu-
lar points 1, 3, 4 but not at point 2.

5. In order to observe the effect of the transition
2S — 2P due to collisions, it is necessary that the 2S
state not break down too rapidly from motion of the
hydrogen atoms in the magnetic field. The rate of such
a breakdown will be equal to

Wu = 3.18-10~"TH*f, (H)
(here T is in °K and H in gauss).
At low magnetic fields (H <« 600 G) this rate is
Wy = 4.65-10~° TH* < 20T.
For high magnetic fields (H > 9000 G)
Wy = 78T,

We find the decay rate of the 2S state of the hydrogen
atom due to its motion in the magnetic field near the
singular points:

Wu=KT/ (AH).

The coefficient K depends on the singular point at
which the decay probability is considered, and is equal
to (in the units G*deg™'sec™): K, = 1.81 X 10%(1 - 2);
there is no singularity at singular point 2; K3 = 1.14

X 10%1 + #); K, = 1.22 X 10%(1 ~ ),

6. We now find the probability of an atom making the
transition 2S — 2P due to collision with an ion. If the
ion belongs to a beam which passes through a gas con-
taining hydrogen atoms in the state 2S, then this proba-
bility will be equal to
h\*MI

) —a’"(ln AL H)
where the index k denotes Il or L, depending on the
orientation of the beam relative to the magnetic field, I
is the particle current density in the beam, E the energy
of each of them, and M their mass.

Wy cou= 36 ( - 8.37) ,

m

If ions are present in the gas and in thermal equili-
brium with it, then this probability is also easily calcu-
lated (see!®, p. 140). It is

. h? kT
WAcoll= i N &
-« 18( — ) nn (aMu/kT) (mAZ T
where n is the nun:ber density of atoms in the gas, the
1-th part of which is ionized and My is the mass of the
hydrogen atom.

—9.77),

7. The number of decays of the 2S state of the hydro-
gen atoms per unit time due to their collisions with the
ions should exceed the number of such decays associ-
ated with the motion of the hydrogen atoms in the mag-
netic field. This leads to the conditions

8 2 2
Tn = KuSTH' (H)> KT B, (H) Fu(H) (3.3)
(for the beam of ions) and
T o N
nn lnm>Kz;T/Hf_L(H)>>K22H2f.L(H)F1so (H) (3'4)
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Table II
H,G v a’ ]
Hy = 572 1.145- 10 (1—2) 7,65+4-0.83# 3.88-10%(1—2)
H3==5165 7.21-10"7(14+-2) 7.82—0,55# 2,44-10°(14-2)"
H,y==7835 7,72-10%(1—2P) 7.544-1,592 2,615-101 (1—2)

(for a gas at thermal equilibrium and containing hydro-
gen atoms in the 2S state and hydrogen ions). The coef-
ficients Kijr a and B are given by

K, =2000 cm 2sec™ eV''deg' G ™%, K. =300cm ™2
«sec'deg G 2, Ku = 6-10~"- cm™*deg /2 G™? | Ki =
=50 cm G2
a=0196ev, p =9170deg.

We obtain the conditions for satisfying the inequali-
ties (3.3)—(3.4) near the singular points. It is easy to
see that the inequality (3.3) is satisfied under the condi-
tion

I(n& +a—bln |AH|) > yT& / (AH)?,
and the inequality (3.4) for the condition
nq(InT —a’'— bIn|AH|) > 8T/ (AH)™

(T is measured in °K, AH in G, & in eV). The values
of a and b are given in Table I. The values of a’, ¥
and § are shown in Table II.

8. When the magnetic field strength takes on one of
the critical values, the transition cross sections become
infinite only in the case in which the corresponding
terms really intersect. However, as is clear from what
has been said above, such an intersection does not take
place as a consequence of the motion of the atoms in the
magnetic field. Therefore, the cross sections have
definite finite values at the critical values of the mag-
netic field strength. But their calculation is not of inter-
est since the transition cross sections of 2S — 2P
(and with them the number of collision transitions per
unit time) increase near the critical values of the mag-
netic field strength as —In|AH|, while the probability
of breakdown of the 2S state due to motion of the atoms
(and, accordingly, the number of decay atoms) increases
as (AH)?1i.e., much more rapidly. Therefore, the
second effect is much more important than the first
near the critical point and at it.

9. This does not apply for the critical point H»
= 1184 G. The intersection of the terms at this point
does not disappear due to motion of the atoms (the
transition between these terms is brought about by an
electric field parallel to the magnetic field, which does
not arise through motion of the atoms). Therefore, the
cross sections ¢1(&) and ojgo(&) (and with them the
corresponding number of transitions per unit time) are
cut off only by the finite width of the level 2P. This
width is equal to T = 2°me'%/3%1i%?® and hence the cross
sections are

0, (&; H,)= %(lné’ +2.62 - 0.632);
A
giso(&; H,)= g(lné’ +2.53 — 0.489).
(here the energy & is measured in eV).

4. POSSIBILITY OF OBTAINING POLARIZED
HYDROGEN ATOMS

If the magnetic field strength is close to one of the
critical values or is equal to it, then, as is seen from
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the foregoing, the probability of decay of the 2S state

of the hydrogen atom, due to both collisions with ions
and its motion in the magnetic field, depends very
strongly on the polarization 7. At the singular points

1, 2, and 4, it is large for # = -1 and small for 7 = +1;
at the singular point 3, the situation is just the opposite.
Therefore, the phenomena considered can be used for
the polarization of hydrogen atoms. If a gas containing
hydrogen atoms in the 2S state is irradiated by a beam
of ions (or a certain number of ions is simply introduced
into it) at an appropriate value of the magnetic field
strength, then the states of the 2S hydrogen atoms with
one of the two projections of the electron spin onto the
direction of the magnetic field will ‘burn out’’ far more
rapidly than those with the other projection. As a result,
the gas is polarized. The ions can also be dispensed
with. Breakdown of the 2S state of the hydrogen atoms
with one of the two projections of the spin onto the direc-
tion of the magnetic field can also take place due to an
external electric field or due to motion of the hydrogen
atoms in the magnetic field.

One can also obtain polarized beams of hydrogen
atoms in the 2S state., For this purpose, we need to pass
the beam through a cloud of ions or to have it collide
with a beam of ions at an appropriate value of the mag-
netic field. Once again, the ions can be done without.
For this, we need to use an external electric field or to
direct the beam at an angle to the direction of the mag-
netic field such that, in the coordinates moving with the
beam, a Lorentzian electric field is produced and
breaks down the 2S state of the hydrogen atoms with the
projections of the electron spin onto the direction of the
magnetic field that are not of use to us.

The method of obtaining polarized beams of hydrogen
atoms proposed in this paper naturally extends the
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ideas of Zavoiskil [6], who first proposed the use of the
Lamb shift for this purpose. In the Zavoiskii method,

a longitudinal magnetic field of intensity equal to the
first critical value is superposed on a beam of unpolar-
ized hydrogen atoms in the 2S state, along with a trans-
verse electric field,

In conclusion, I want to express my deep gratitude to
Professors V. M. Galitskii and O. B. Firsov for atten-
tion to the work and useful discussions.
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