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Jackiw state and higher-order squeezing of the electromagnetic field
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Hong and Mandel have recently suggested a scheme which allows generalization of “squeezing”
to higher-order (even) moments of the electromagnetic field. The new criterion for squeezing is that
the expectation value of the moment be less than that for the coherent state. In this paper it is expli-
citly shown that both electric-field quadrature components are squeezed to fourth order in a “Jackiw
state,” thus proving that the coherent state does not minimize the fourth-order uncertainty product.
The implications of this result for Hong and Mandel’s proposal are briefly considered.

Recently Hong and Mandel have published interesting
work! on higher-order squeezing of the electromagnetic
field. Their criterion for obtaining squeezing of the quad-

rature components of the electric field E 1,1’3:' » to (even) or-
der N is

(AE)NY < ((AE)YYeon (i=10r2), )

i.e.,, the Nth-order fluctuation in the given state is less
than that which obtains in a coherent statg. The basis for
this generalization appears quite sound: it is known that
for the coherent state, ((AE)?).on=((AE,)?).o, and that
the uncertainty product {(AE)?).n{(AE;)?) o has its
minimum value.? However, for N > 2 it is not clear that
these conditions hold. In fact, in this paper it will be ex-
plicitly demonstrated that for N =4 a state exists such

that the product ((AE|)*)((AE,)*) takes a value less
than that for a coherent state.
Consider a single-mode field in a Jackiw state’

|¥))=0(|a)+eexp(— |a]?/2)]|0)), ()

where w is a normalization factor, € a positive small pa-
rameter, and |a| is large. After a straightforward calcu-
lation one finds to order ¢, keeping terms of order |a |4,

Ry=(W, [(AE)*| W) /(W | ¥))
=3|g | [1+3eexp(— |a|?)|a|*cos(4A)]
=R, =(W, [ (AE,)*| W, ) /W, | ¥,) . 3)

Here  3|g|* is  the  expectation  value
((AE)*)con=((AE})*)esn in a coherent state, and

A=k-r—¢+6 where k is the wave vector of the field, r
the position vector, and ¢ and 6 are phase angles for the
electric field and coherent state | a ), respectively.

It is observed that for the choice of phases, for example,
such that A=m/4 both R, and R, take values less than
that which obtains in a coherent state, i.e., both quadra-
ture components exhibit “fourth-order squeezing.” Actu-
ally, rather than showing squeezing this is an exhibition of
the fact that the coherent state does not minimize the
product of fourth-order fluctuations, which is the result
promised above.

Finally, it should be remarked that whether this calcu-
lation presents a difficulty for the Hong and Mandel cri-
terion (1) appears to be a matter of opinion. On the one
hand, the criterion is of the nature of a definition of
higher-order squeezing, and thus cannot be argued with
on these strict terms. On the other hand, however, the
criterion is being introduced in a well-established field,
with an extensive literature, and should dovetail with pre-
vious work. The interest in ordinary, second-order
squeezing comes from, among other things, a desire to
(legitimately) “beat” the uncertainty principle, in obtain-
ing reduced fluctuations in one quadrature component of
the field, at the expense of increased fluctuations of the
other component, such that the product of the two mo-
ments equals the minimum set by the uncertainty princi-
ple. The finding above that both fourth-order moments
are squeezed in a Jackiw state indicates that the limits set
by the uncertainty principle are not reached with the
coherent state in fourth order. The search for the fourth-
order minimum uncertainty state will be the subject of a
future paper.*
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