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It is shown that the cryptoferromagnetic state which arises in a mean-field treatment of magnetic superconductors can-
not form due to strong fluctuations. The Bragg-like neutron reflection is due to these fluctuations rather than a helical tex-

ture.

Field configurations with non-vanishing momentum
qq ¥ 0 occur, at the mean-field level, in several physi-
cal systems; examples are cholesteric liquid crystals
[1], pion condensates [2], and magnetic supercon-
ductors [3] *!. Fluctuations, however, drastically
change the picture. In the first example, the phase
transition is strongly shifted to lower temperatures and
occurs only thanks to a cubic term in the free energy

which changes the order from second to first [5] . More-

over, the transition does not proceed directly from
the disordered to the chiral state but there is an inter-
mediate blue phase in which the texture forms a lat-
tice [5].

In pion condensates, where such a first-order mecha-
nism is absent, the phase transition is apparently pre-
vented completely [6].

It is the purpose of this note to show that in the
magnetic superconductors the situation is similar to
pion condensation: No long-range order can develop,
all susceptibilities remain finite, and there are no
Goldstone bosons. All phenomena attributed to the
qq # 0 state [7] are really due to fluctuations and
“pretransitional” in character.

Consider the free-energy density of the magnetic
superconductor [8] which we write in natural units as

W=1IA12 +1[A1% + (i3 —2e4)A|2 1)
+ryME+18MY + R (M2 + (VX A - M.

*#1 The helical texture in superfluid 3He is not a good ex-
ample since it forms only in a given external superflow,
see ref, [4].

The partition function is given by

z= [ DADA* DM DA
YT .
Xexp[—fd3x/ dl‘(%A2 +f)}, )
0

where we have included only static fluctuations except
for the magnetic potential 4 where the time depen-
dence is relevant [3] (¢ = imaginary time, T = tem-
perature). Since A appears quadratically, it is integrat-
ed out and the exponent becomes

F[A, M] =% [ & [ra? +14% + @AY

+(ryy + M2 +16M* + £ (3 M)?

_LVXM)G(YXM)+Ltrlog G, 3)
where
yr
Gl-]-(x,x’)=f A Gy(x, t;x",t")
0
1/r
= [ dt ;e 0, 4,61 )
0

is the correlagion function of the field 4; whose mass
term ¢ depends on A (x) as
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Hx)=2eA(), )

thereby accounting for the Meissner effect. Before in-
tegration we have chosen a gauge such that A becomes
real. The trace of the logarithm collects the “black
body” energy of the massive photons. It can be ne-
glected except in the immediate vicinity of 7 = 0 where
= 0. Notice that if it is expanded in powers of A, it
generates a cubic term. This changes the supercon-

ductive phase transition from second to first order [9],

but since there is a factor e3 the effect is so weak that
it has never been seen [3].

The important feature of eq. (3) is the new bend-
ing energy for the magnetization. Assuming, for a
moment, a constant order parameter A, we may in-
vert

-1 _ 2 2
Gt =Gy —ag;/u*)@* + 1)
separate longitudinal and transverse components of
M, write the quadratic piece as

(T +1+ Efzqu )Ml%

+ [yt 1+ 8307 + )P + D) M2, (6)
and realize that for
YEEu<1 @)

the coefficient of the transverse part has a minimum
at

ag =k*(1 ~ )7 . 8)
Close to it, the bending energy can be expanded as

[7s + alg — q0)*1 M2, ©)
where

Te=my+ 1+ (12 =701/T, - 1)

a=7(4-17). (10)

The temperature T at which 7, = 0 marks the point
below which a hehcal magnetlc configuration M, =
"M exp(iqyz) may form a stable ground state at the
mean-field level.

We shall now show that this solution is an illusion.
Fluctuations prevent the field from settling down.

In order to study this problem we may neglect M,
and the fluctuations in the gap parameter A since they
remain hard close to 7, = 0. Only the fluctuations of
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M, are of a severe nature. In the critical regime, they
are controlled by the free energy

2y, = 15+ ala —q0)*1 M? + 603

+ irrelevant terms . (1)

From here on the conclusion follows precisely in the
same way as in ref. [6] . It will suffice to repeat only
the physics behind the formal argument: The bare
correlation function

M3 = f

has glgantlc directional fluctuations of the wave vector
g over a whole spherical shell and this leads to a diver-
gence

M2~ 1N (12)

for 7, > 0. If this is inserted into Dyson’s equation the
renormahzed 74" satisfies

To~ T+ const. N/ T, (13)

such that the transition can never take place. The ex-
pectation of (M, ) always remains zero.

The non-perturbative fluctuation effects are most
easily accounted for by using higher effective actions
as employed recently by the author [10].

The non-existence of the phase transition does not
ruin many of the observational characteristics of the
mean-field phase (see ref. [6]). The large fluctuations
for g ~ g can reflect neutrons very similarly to a
stationary helical texture but the line width is in-
creased and shows a typical “pretransitional” beha-
viour except that the renormalized 7" keeps decreas-
ing as 7~ 2 for 7o~ —,ie. Ag ~ (’r"m/tx)l/2 -1/

We Ts)

The idea to this note was conceived during an inter-
esting lecture of Professor J. Keller on the problems
of magnetic superconductors which I happened to at-
tend just after finishing the related problem in pion
condensates [6]. I am grateful to him for sending me
his review with P. Fulde and for several critical discus-
sions.

[r +alg —qg)*]1 7!
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