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abatract

Faraday effect in the transitions 45;{2' ;!2 and 43;{2-

uan5f2 in bismuth is computed taking inte account hyperfine
splitting of the lines.




1. INTRCDUCTION

Recently M1 transitions in bismuth attract attention since
they are convenient for the search for hypothetical parity
violating weak interaction of electrons with nucleons. This
interaction would lead to optical activity of bismuth vapor/1=
-3/. The experiments are now going on with two M1 transitions
from the ground state "B o= Ds/o/%,5/ end 4850~ Doyl 617/ -
Evidently, the optical activity caused by residual external
magnetic field is & gserious obstacle for these experiments.

But from another point of view, the investigation of the Faraday
effect in the controlled magnetic field may beceme a useful tool
of lines identification in the presence of band spectrum of
nolecular bismuth vepor. It is especially important for the
gecond of the transitions discussed. In copnection with these
circumstances we have carried out the detailed calculation of '
the Faraday effect for these transitions. Ivs results are '
presented in this work. :

Due to a large value of the spin of nucleus E:‘LEO9 (I=9/2)
both transitions have sufficiently complicated hyperfine
structure (hfs). It is shown at the figures 1 and 2. The height
of the line is proportional to its strength. These results are
in agreement with the experimental data/8/. The Faraday effect
was calculated by us not only for separate hf lines, but also
for the conditions of the experiment/4,5/ where the width of the
gource line does not allow o resolve the hfs.

5, GENERAL FORMUIAS FOR THE FARADAY EFFECT

The rotation angle at the length l:cf the polarization
plane of a linearly polarized electromagnetic wave propagating
along a masnatic‘field g in a medium with a refraction index 1
V= éw e 2'&".({”1-— H—)

is
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(b = ¢ =1). Here (0 s frequency of light and n_ are the

values of refractlan index for the photons of rlgh and left
hﬂllcltiﬁs,v1”_ z{ Eﬁ i9}. Under this definition the angle of
rotation is vosgitive if polarization Plane rotates alockwise
for an observer looking into the sourcae,

Let J be the angular momentum of electronic shell in the
ground state. Quantities that refer to the excited state we
shall dencte by prime. Under our conditions The ccmponents cf
the ground state hfs are equally populated, therefore the

density of atoms with a total angular momentum F is-

: 2F1f1
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where N is the total density of atoms. If the frequency w is
close to the frequency (), of the traansition between levels yJF

-and y'J'F! (yrefera to other quaﬁtum number of a level), then
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Here I = 9/2 is the nucleus spin, M ;;bﬂﬂﬁj+*"§*) is the
operator of M1 transition {j ;,1-:-1;]2% %{is Eohr magneton; TEq

is the spherical tensor of tha second rank connected with the
gquadrupole momentum operator Dup= 3afs ,ﬂﬁrq by the equality
T20033¢ _

In the last, resonance Iactor brackets denote averaging
over Doppler frequency shift caused by thermal motion. Note
that the collisiornal broadening can be perhaps neglected under
reasonable conditions (pressure ~10 mm). As a function of the
deture 4 = (- W,this factor can be presented in the following

way . _
1 [ 900 + (0] .

whare ﬂf—:"j/jﬁb; 4y = W N2KT/m is the Doppler width; g(u) and
I(u) are resl functions (see, e.g., /9/). Graphs of the functions
g(u} and dg(u)/0u that are necessary to us below are presented
at the figures 35,4. Thus '
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Fote that g(u) is an odd function.

The Faraday effect arises mainly due to two mechanisms.
OUne of them ie the mixing by magnetic field of different compo-
nents of his cf levels. This mixing changes in (5) the matrix
elements only, therefore the dependence on the detune is given .
by the Tactor g(u). Another mechanism is the Zesman spl;ttlng
of levels; here in the first order in a magnetic field E

7 {g,’ dn.f.-
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where JE = TFM -5 EMY =T M [SH|TEMD, fi= s (Ty+5,)-
This part of the Faraday effect is proportional to dg(u)/du and

is an even function of detune, in distinction from the first
one. In the case of weak fields these two effects can be consi-
dered independently. Note that the odd Faraday effect has the
same characteristic dependence on the detune A, as the angle of .
retation caused by parity.vialatiun.

Summing over M and M present the sum in (5) in the follow~

ing symbolical form: _ !
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The origin of the terms in this expression can be understood
from the nntaticns. oKy
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‘Note that in external magnetic field the interference between M1

and E2 amplitudes in the pefraction index does not vanish gene-
rally speaking. : s
Write down explicitly the terms in the formula (7). Denote

for brevity m.=JdYI[M HJ“’J”? and L= cf_TJHEH{})I%? The quantities

ME and TE that determine the absorption are
z 2 g d
ME= m°84 e, (8)
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where
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The terms dependent on the pagnetic field and responsible for
the Faraday effect look as follows

; Zz
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Iid these formulas g and g' are the g-factors of the ground stete
&, the excited cne correspondin : 3 | |
diatances betw L i EP,F:‘ anth:F.ﬂ ik
at LeE een the corresponding componernts of hfs {ﬂE? Bt
= 4% 442 F [FP4g = 3(341) = I(I#1)] )whe one
, : re A and B are th
¢l bi splitting. J i
some gua ruleg are useful for the control of the results
Denote by ¥ and ?&"JJ k i :
i Y & 7 the rotation angles caused by the even
and odd Faraday effecte in the transition JF = J'P' and defirs




ev el
the coefficients Rpp, anﬁ.R}F, in sueh a way that
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Then, firstly, the following evident sum rule takes place
: odd "
2. R (18)
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Indeed, since the odd effect is caused by the mixing of diffe-
rent components of hfs, at the summation over his it vanishes.
Secondly, it is clear from simple physical congiderations
that if the detune is much larger than hf splitting, the
Paraday effect does not depend on hfs. Therefore, the equality
takes place

_Z(LV;;"’MJ“F \]V:;-Lf“‘}) — -\fl_/E'"l-"['I_:[,J} (15)
FF

Under the condition mentioned u can be presented as u = Uodd Upp
Uppt &Llo where uo is the distance to the centre of hfis and
uppr 18 the location of a separate hf line. Hence, with good
accuracy
Y e MRS oid Qg ny 3
Li')_ﬁ'dr{ {'51) - Rrp’gﬁﬁ*) - RFI’-‘f ;—g;— Eler’ (16)
-F rEld
The first term here vanishes, according to (14), after the sum-
mation over F and F} and the second one depends on u in the
same way as the even effect. From (15) and (16) the sum rule

follows - 2 ,
E r v e ey, B
Z (EF‘F" ok + RFF) i R [1:0) (fj?}
FE Az
The sum rule (17) can be deduced directly also, using known
properties of 6j-symbols.

3, WIMERICAL RESULTS

Using the formulas (4),(5),(9)-(13), one can obtain the
magnibude of the Faraday effect for the transitions of interest
between the components of hi's (see the %tables 3,4). The values
of parameters of these transitions are given in the tables g o
Tor dafiniteness, the temperature of vapor is taken to be 1200°C.
The pertial pressure of atomic bismuth constitutes at this tem-
perature 23 mm, according ta/10/ .

The parameter ¥ (the fourth column of the table 2) is the
relative magnitude of the guadrupole contribution

e SIUT T2
el T (A MUT (18)

The reduced matrix elements in this formula are calculated, @.8.»
in /9/.

We have calculated also the Faraday effect in the first
transition in the case when the width of the source line does
not allow to resolve the hfs (see /4,5/). For the conditions
given in the work/5/ ( temperature of vapor WEE?ZG, the length
of the path 1 m, the linewidth of the source 1 A), the computed
value of the Faraday effect in maximum constitutes ﬂ.E-ﬂﬂ'q
radian/gauss in a good agreement with the experiment/5/. The
calculated value of the maximal absorption 30% is somewhat
1ower than the experimental one 45%, We assumed the form of the
source line to be gaussian.

We have calculated also for a broad source line the ratio
of the rotation angle‘**in the maximum of the dispersion curve
tc the degree of circular polarization P due %o parity violation.
At the same conditions/5/

. [:V-__—;- ‘i'f}'P

We are sincerely grateful to L.M.Barkov and M.S.Zolotoryov
for valuable discussions.
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R B S sl A

: i * rad/gam rad/gs - m
L5 3 0.054 0.0029 - 0,056 0,016
2|l 6| &4 0.094 0.0024 - 0.034 0.014
st 3 0,109 0.322. - 0.789 0.933
1 %% 3 0.150 0.262 - 0.696 - 1,043
5|5 & 0.168 0.427 - 0.250 1.963
6|l al & 0.223 0,004 0,084 0,003
2|le| 5 0.249 0.329 0.058 1.300
8| 3| & 0.264 0.322 0.202 1. 341
9| 5| 5 0.322 0.166 - 0.709 0.343
10 | 4| 5 0.377 0.427 0.616 1.590

M| 3] 5 0.418 0.0029 0.095 0.017 .
12 | & 16 O.448 - 0.761 - 0.577 0.471
13 | 5| 6 0.522 0.329 0.604 0.391
0 Y6 0.577 0.0024 - 0,059 0.011

Table 1

Relative strengths of lines and the Faraday effect '

ir the transition ﬂE

1

532-3D§f2'




FIP' | A-6477, & | p,+ '8, S ciis b
¢ f rad/gs.-mr | rai/gs-m
O o 0.227 0.996 0.327 10,991
g leln 0.267 0.122 - 0,497 0.454
5 1 B & O.474 0,347 0. 824 4 4684
4 | 51 6 0.514 0.507 - 052141 2,228
5|4 6 0,544 0.115 - 0.753 C.534
616 5 0,684 0.095 0,438 G.937
7 | 5| 5 0.725 0.376 0.753 2,241
8 |4l 5 0.755 0.295 o+ D08 0.84C
o - R 0.777 0,054 - 0.589 0.32°1
10 | 6] & 0.859 0,016 G.119 0,064
1151 a 0.899 0.175 0,821 0.959
12 #4818 0.930 0,315 0.144 0.075
13 | 3| & 0.952 0.164 - 1,123 1.254
14 (5] 3 1.038 0.048 0.405 0.169
15 | 4| 3 1.068 0.207 0:730 | =000
16 | 3| 3 1.091 0.266 - 1,058 0.753
17 | 4| 2 1.172 0.075 0.685 0.226
8| 3| 2 1.194 0.298 - 0,301 0.968
Table 2

Relative strengths of lines and the Faraday effect .

Z A T
in +the t?ans;tion EﬁfE"EDBXQ

g - facters and

e
|
£ A, em ' B-105, ™
I s
S4/0 V. 7257 - 0.0149 - 3.533
L R | &
ED5K2 1.200 0.0835 1.042 :
Table 3

constants of nf splitting of the laveis

b, ow™!  [LIHNIY TN o
Als ey
L -
*8as0 = D3ps |1.3191072 | — 1,923 | - 1.200| o012
dhe, ! -2 :
8572 = Dyyy | 1.74:1072 | _ 0.584 1.976 | = 0.75

Table 4




PaGora mocTymana - 14 orTaAdpa 1976r.

OrsercTBeRHER 3a Bumycr - C.T'.IIONCB
[omm@cano K Oe4arE ' 15.XI-1976r. MH 03027
Yea. 1,0 meg.a., 0,8 y49eTHO-H31.J.

Tgpag 150 sx3. DeCIAATHO

3agas b 123.

' OrmedaTaHc Ha pOTANDEHTE Wi® CO AH CCCP




