S

— =

ey e ——

S

::.%

MHCTUTYT AJEPHOWM ®HU3WKKM CO AH CCCP

I.B.Khriplovich, O.L.Zhizhimov

DOES P-ODD ENERGY DIFFERENCE BETWEEN
HELICOIDAL SPIN STRUCTURES EXIST?

PREPRINT 85-15

Le——— T
T AR P T R S T e e AL
i L i oo

HOBOCHUEBEHPCK



- }—n-ﬂ_’j“___.,. =

DOES P-0ODD ENERGY DIFFERENCE BETWEEN
HELICOIDAL SPIN STRUCTURES EXIST?

I.B.Khriplovich, O.L.Zhizhimov

Ingtitute of Nuclear Physics,
630090, Novosibirsk, U S S R

Abstract

Parity nonconserving energy difference between crystals
with right- and left-hand helicoidal spin structureas is shown
to exist, contrary to the arguments of Ref. [4}. A simple ea-
timate for the magnitude of the effect is given.



In Refs. [1,2] we have shown that when parity is viola-
ted, a static P-odd potential of the type

H(ﬁg) = (ZX-Z)PVJ[(’?/) (1)

arigses between atoms or ions. Here JZ is the angular momen-
tum of an atom or ion located at the point ﬁi , and the_func—
tion f decreases like a power of the distance Ry = I Rfl =
= ['R. =R - For ions in metals the effect was shown to
arise mainly due to the weak interaction between the conduc-
tion electrons and the nuclei. An explicit-expressiun was ob-
tained for this potential in the indirect exchange model (he-
re oscillations may be imposed on the power-like decrease of -
the potential). In such a way P-odd energy difference between
crystals with right- and left-hand helicoidal spin structures
arises., Its order of magnitude reaches ~100 Hz per ion in
rare-earth metals. As it was emphasized in Ref. [2], this es-
timate allows one to be optimistic about the possibility to
observe experimentally the discussed effect. The corresponding
experiments are going on already [3]. ;

But some time ago we have come across a recent paper [4]
where P-odd effects in metals are also considered. In particu-
lar, 'the influence of pariiy nonconservation on the phenomena
caused by the indirect exchange are discussed. The authors of
Ref. [4] contend that the energy difference between right-
and left-hand spin structures in rare-earths, predicted by us,
does not arise at all in first order in P-odd electron-nucle-
us interaction*).

This assertion seems at once to be gomewhat surprising
by the fcllowing reason. A crystal with a helicoidal spin
structure is a kind of & giant chiral molecule. And the exis-
tence of the P-odd energy difference between optical isomers

o Moreover, it is said in Ref. [4] that this difference
arigses in second order in P-odd interaction. It is quite cle-
ar however that a pseudoscalar correction to energy cannot in
principle be quadratic in a pseudoscalar perturbation.



is now firmly established theoretically. (By the way, there
was a time when this fact was alsc questioned repeatedly al-

‘though in a folklore form only).

In the present note we wish to consider the corresponding
arguments of Ref. [4] and to show that they do not disprove
our conclusion about the existence of the effect.

We start from some sufficiently generﬁl considerations.
In the absence of the weak interaction, the energy of a crys-
tal with & helicoidal spin structure is described by an even
periodic function F,(«)of the angle o through which the
gpina of ions are rotated on going from one basal plane to ano-
ther. This function has minima of equal depth at o = 2o, ’
end of course at the engles differing from ¥ ofs by 2#» . Due
10 parity nonconservation, a term in the energy of a crystal
arises described by an odd periodic function £,(&/. Such a
correction naturally makes the depths of the minima at % ol
different. |

The situation when at Fr(®) # O this difference be-
tween equilibrium energies of crystals with right- and left-
-hend spin helices does not arise, is an exceptional one and
demands some speciasl relation between the functions £ (¢ and

Fe () o The assertion of Ref. [4] that the effect is absent,
is grounded just on the fine-tuning between the functions, on
the relation

G
Fie) = 7i=Y (2

between them; here 4 <1 is a small dimensionless parameter.
Then the total energy of a crystal equals

F(d) = R()+ FE) = Fldty) (3)

Bo that the wesk interaction only shifts the locations of the
energy minims, but does not change their depth.

However, this fine-tuning is in fact no law of nature, but
only a result of the approximation made in Ref. [4] for the
calculation of F;{d}. The approximatior consists essentially in
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the weak interaction of an electron with nuclei

W(E = E.EZ{(E,&}&(E—EF 5(5-@@5}] (4)

Z 4m

being "smeared out" over the entire crystal:

w(z) i (6p). (5)

Here G is the Fermi weak interaction constant; Q is the "weak"
charge of the nucleus connected with the parameter q from

Ref. [2] by the relation Q = 2Z¢ ; r ,/5 y & and M are,
correspondingly, the coordinate, momentum, spin and mass of
electron; Eﬂ is the coordinate of the lattice site ; Vo is the
volume per ion in the crystal. To make the things simpler we
do not take into account here an enhancement factor arising
due to the difference between the conduction electron density
at the nucleus and its average density over the crystal.

The discussed contribution to P-odd crystal energy arises
in third order perturbation theory: in first order in W and in
gecond order in the exchange interaction between conduction
electrons and electrons of the unfilled ion shells

V(3] =~ LNZ (e5)8CG-R). (o

Here ; is the spin of an ion located at the point K, ; J is
the exchange integral. The resulting expression for £ («/ is
reduced to a triple sum over lattice sites. In our paper [2]
it was shown (see formulae (34)-(40) of Ref. [2]) that the
contribution to the sum found in the approximation (5) does
not exceed some per cent of the true value and is of the oppo-
gite sign.

Therefore, the approximation (5) used in Ref. [4] is com-
pletely inadequate for the calculation of the P-odd correction
Fr (£/ to the energy of a crystal with helicoidal spin
structure.

The main contribution to the discussed triple sum is gi-



ven by the terms of another kind, those where a "weak" gite
coincides with one of "exchange" sites. This contribution is
not only dominating numerically, it leads to quite different
dependence of the P-odd energy f, on the angle o« , so that
no fine-tuning is left. The energies of right- and left-hand
spin structures are indeed different, It is egpecially obvious
for the terms of the most interesting type (see formulae (257

(30)-(33) of Ref. [2]) where the effective interaction (1) be-
‘ween ions depends on the distance as follows

U(R;) ~ (2x])R;/ R}, &

Such a long-range interaction leads to the contribution to the

crystal energy with quite nontrivial dependence on the angle
ol :

ol ol
E(d}w'ﬁa“'gﬁn =T ool cqr, (8)

(In our paper [2] the explicit form of this function is pre-
sented for the case [d]| €1 only: F,(d) ~ o/ || .
But in the numerical result given in Ref, [2] the dependence
on o is completely taken into account). With such a function

F;(#) one cannot have any doubt that the energies of right-

and left-hand spin helices are different. One can check
easily that other terms arising from the coincidence of "weak"
and "exchenge" gites in the aforementioned triple sum (see
formulae (4), (26)-(29) of Ref. [2])) also give nonvenishing
coniribution to the discussed energy difference. Therefore,
although we indeed have overlooked that one of the contributi-
ons to F,(4) does not split the values of energy minima, our
conclusion about the existence of the P-odd energy difference
between right- and left-hand 8pin siructures remains valid,
HbrEO?er, due to the smallness of the overlooked contribution
our result does not change in practice quantitatively.

Since the fact of the existence of the energy difference
between crystals with right- and left-hand spin helices is es-
tablished, it is easy to give a quite simple estimate of its
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magnitude. Note for it that the Néel temperature zzr{i.e.,_
the temperature of the phase transition paramagnetic-antiferro-
magnetic) is equal by an order of magnitude to the energy of
the indirect exchange arising in second order in the interac-
tion (6). In comparison with Z;Ethe discussed energy differen-

ce contains evidently an additional ‘small factor - the magni-

 tude of the weak interaction on atomic scale

G mA Q2P
; ~ B = * (9)

Here of = Eln 1/137; Z is the charge of a nucleus; K is the
relativiatic correction factor which reaches the value 4.5 at

Z = 70. The product Z°A in the expression (9) just
describes the difference between the wave function of a conduc-
tion electron at a nucleus and its average value over the crys-
tal. Taking /v ~ 100 K, we find that the energy difference
we are interested in, constitutes by an order of magnitude

?7;, -"v fﬂa‘? HZ (10)

in agreement with more detailed estimates made in [2] .

~And at last, on the sign of the effect. In Ref. [2] there
is a remark that in the free-electron approximation the left-
-hand spin structure is favored in energy over the right-hand
one. Having formulated clearly in Ref. [2] the assumption un-
der which this remark is velid, we readily agree with the as-
sertion made in Ref. [4] the meaning of which may be reduced to
the following: in reality the sign of the effect may be opposi-
te.

In conclusion of this note we wish to say that its purpose

"is not only to clear up a theoretical question, but also to

atiract once more the attention of experimentalists to the in-
teresting and important problem of the search for effects of
parity nonconservation in magnetically ordered crystels.
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