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It is shown that weak neutral 6e currents lead to circular
polarization of the photons in the single-quantun transitiorr
251 + 15,  in  the hydrogen aton,  wi th a value -0 '25x10-r  Go, /G,
where Gg/G is the ratio of the interaction constants of the neutral
and charged curr€nts. The polarization of the gair,ma quanta
in the analogous transition in the nu-nesic hydrogen aton is
5 x 1 0 - 2  G 0 / G .

Recent reports of observation r.rf neutral weak i,v currents in neutrino experirnents have
aroused great interest in the nroblem of neutral currents as a whole. We show in the Dresent
paDer that weak neutTal 6e and iu currents lead to relatively large parity-nonconservation
effects in certain atomic and nesic-atorn transitions. An experimental studv of these transitions
makes it possible to determine the interaction constant of. these currents with the nucleons or,
in the absence of such currents, to establish the upper l init of their existence.

To estirnate the rnagnitudes of the effects produced by neutral currents, we consider -
contact ep i-nteraction of the V - A,type with a coupling constant G0 = "G, where G is the Ferni
constant, and the nunerical factor r characterizes the strength of the interaction of the neutral
an<i charged currents. The anplitude of such an interaction is given by
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This amplltude corresponds to a P-odd ep-interaction potential

v ( r ) =  
* G =  

o 1 6 ,  a ( r ) l * , (2 )
?r /2^

where m is the electron r.rr, fr = -iF.i3-5ts no:nentum, and 3 =t/2 is the electron spin. In the
derivation of (3), the proton was assunred to'be infinitely heavy, and averaging was carried out
over its spin, so that the effects connected with the hyperfine structure of the levels are not
considered. The presence of the potential (2) leads to a maixing of levels with opposite parity.
This rnixing is particularly appreciable when levels of opposite parity are close in energy. In
the hydrogen atoil l , for exarnple, such Level.s are 251y2 and 2P112, which are separated by the Lanb
shi f t  Ere -  E. to = 7.8asm/6r2.  In . the presence of  the in teract ion (2) ,  thq wave funct ions of
these s i i tes € i te  the form v(2S172) + LFy(2P11) and Y(2Pt t )  + iFv(?51/) ,  where the value of
the adnixture F is deternined by'the fonnrla
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Using (_2), we obtain

and consequent ly  

F = -  0,02gr  Gm2 a-r  = -  r ,z .  l0- r  rx  .  (s)

Level mixing leads in electromagnetic transitions to circular polarization of the eBitted photons,

E r s  -  E r p

<  Z P r r z l V l 2 5 t / 2 > = -  d  
t a r x G a l m t ,

1 4 1



E t

owing to the interference of amplitudes of transitions with different parity. This polarization
is large if the amplitudes of the rnain and adnixture trans.it ions are comparable in magnitude,
i .e . ,  when the rnain t ransi t ion is  suppressed' fb i  sorne ieason.  ,From th is  point  ot  v iew,  in terest
attaches to the I. l1 transition 25112- LSt/z transition, theoadmixture transition for which is
the El  t ransi t i -on 2P112'> 1Sr/2. ( lyman set ies,  I  = 1215.68 A) .  The s ingle-photcn Ml  t ransi t i

L I  '

ser ies,  L = 1215.68 A) .  The s ingle-photcn Ml  t ransi t ionthe El  t ransi t i -on 2Pt lz  *  LSt /2.  ( Iyman set ies,  I  = 1215.68 A) .  The s ingle-photcn Ml  t ransi
2St/z * 1S172 is forbidden in'tf i 'e nonrelativistic l irnit because of the orthogonality of the2St/  ?.*  1517-2 is .  forb idden in t

t^
coordinate 

'functions 
of the 25 and 15 state, and is allowed only on account of the relativistic

corrections to the electron wave functions. The anplitude of this transition is therefore of
order of smallness o3 in conparison with the El transition, and not of order er as usual [2].
More accurately speaking, the arnplitude of the transition fron the state V(ZSt/) + tFV(2P112)
to the state Y(1S172) takes the form

A  = A s  +  i F A p = r  
*  u F  t o , a c l l l f r . l I  e i n ]  +  d F R c x l r ,  ( 6 )

where ur = E2S - E1g = (3/8)o2m is the photon frequency, op = (om)-t is the Bohr radius, B it
the photon polatization radius, p, v, and M are the projections of the angular nomenta of the
ini.t ial and final states and bf the photon, respectively,

R  =  A r /A ,  = t f  w r / -w ,

The tota l  probabi l i ty  of  the Ml  t ransi t ion 25112'*  ISt /z  is  g iven by
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and the probabi l i ty  of  the El  t ransi t ion 2Py12* LSt /z  [2]  is

217
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l r r  
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therefore

R = - L -  = l , o 6 . l o z . .
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The circular polarization of the photong ln.th;is transition is

(7 )
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Measurement of this relatively large polarization would nake it possible to d6terrnine r, i.e.,
the neutral current interaction constant. The nain diff iculty of this experiment l ies in the
fact that the 2Si 12 state goes over into lsr/2 rnainly not via a single-quantun transition, but
v ia a two-quanturn t ransi t ion [2]  wi th probabi l i ty  w tu.7 sec- t .

Analogous experinents wi.th deuteriurn or trit ium atoms are of great interest. The presence
of a neutron in the rnrcleus has practically no effect on the frequencies and probabil it ies of
the electronagnetic transitions, but alter significantly the value of F, which is determined by
the sum of the ep- and ei-interaction constants. A comparison of the polarization in hydrogen
and in deuteriun or trit ium would rnake it possible to establish the isotopic structure of the
nerrtral currents. It should be noted, however, that the usual weak interactions can bring about
effects of the type considered above even in the absence of neutral currents. Indeed, they lead
to an axial part of the hadron electromagnetic current, in the forrn

I  f  
*C i (q2  r t r -  rY7 t r )  y ru  .  ( 9 )

Interaction of this current with the electronagnetic current of the electron leads to an effbctive
ep potential of the tWe (2), where K tu o, Observation of neutral currents in these experinents
is  therefore possib le i f  r  :  o .

t42



What is quite pronising is the perfornance of similar expeiinents with u-nesic atoms, where
parity nonconservation effects turn out to be rnuch larger than in ordinary atorns. If we disre-
gard, as before, the nuCleon recoil (neglecting.corrections of order rn,,/ lq) and the finite nuc-
leon dinensions, then the fornulas presented above hold true for u-nesic fiydrogen, provided we
replace in then the elect1pl.qass by the lnuon nass mu. An exception is the energy difference
between the 2S112and 2P112 s'tates, since the hydrogeir U-mesic atorn the rnain contribution is nade
to this differehce Uy'ttr 'e vacuun polarization. If we use the theoretical value EZS - EZp = -Q.2

eV, then we obtai.n for the adnixture the value

F  u ^ t 2 , 3 .  
l 0 - e  x n  .  ( 1 0 )

The ratio of the probabil it ies of the different electronagnetic transitions and the associated
enhancernent of the effects does not depend on the lepton nass and renains the sane in the hyd-
rogen u-nesic atom as in the ordinary atom. Therefore the circular polarization of the y quanta
in the ZSt /z  *  15172 t ransi t ion (E,  t  Z.LL keV) turns out  to  be

P n zRF 
tL 

^' 4,9 '10-2 xn . ( 1 1 )

In  conclus ion,  the author  wishes to thank V.  N.  Gr ibov,  G.  S.  Dani lov,  N.  P.  Popov,  L.  L.
Frankfurt, and V. M. Shekhter for discussing-the questions touched i.rpon in the article.

Note. After cornpleting this paper, the author learned that sinilar questions were con-
s ide red -Tn  a  pape r  by  Ya .  B .  ZeL tdov i ch  (Zh .  Eksp .  Teo r .  F i z .36 ,964 ,1959  [Sov .  Phys . - JETP
9, 681, 1959). In addition, research by C. Bouchiat on the sane topic is mentioned in a review
by C. H. Llewellyn-Smith (CERN Preprint TH 17f0). The author thanks L. B. Okunr for supplying
this information.
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