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Comment on “Optical coherence: A convenient fiction”
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It is argued here that in a large class of lasers there exist mechanisms by which large coherent fields could
be generated, and hence there seems to be no compelling reason to regard optical coherence as a “fiction.”
Some brief comments on the use of a “pointer basis” to resolve statistical mixtures are also presented.
[S1050-294@8)01511-X]

PACS numbe(s): 42.50.Ct, 42.50.Lc, 03.65.Bz, 11.34.

In a recent, thought-provoking article, Mhoer [1] has sive force; only, in that case, the nonvanishing dipole mo-
argued that the usual methods for generating optical figids ment will have components oscillating at many different
particular, lasepsshould not really lead to optical coher- atomic transition frequencies, including optical frequencies.
ences, that is, to fields that have a precise amplitude an@hese will, in turn, generate microscopepherentfields at
phase. He bases his reasoning on the lack of electronic, mathose frequencies.
made oscillators at optical frequencies: without an external Of course, in a realistic model of a laser the excitation
coherent field to drive the atoms at the optical frequency, h@rocess would be much more complicated, including fast de-
argues, no atomic coherencé@snvanishing atomic dipole cay to the lasing levels from the levels initially populated by
moment$ could be generated, and therefore the field radiatethe electron impact. This fast relaxation is typically nonradi-
by the atoms would also have vanishing cohererites a  ative, i.e., it also involves collision&.g., among the atoms
vanishing expectation value for the amplitude operajor themselveg so the general logic carries through, the point

The purpose of this Comment is to suggest that, in factbeing that collisiong€angenerate atomic coherendey. It is
the way the radiating systems are excited in many lasers—-rot even necessary to have an impulsive fdice, a colli-
e.g., in a gas laser, by electronic collisions—provides asion time shorter than an optical perjosh order to get a
mechanism that may generate microscopic coherences. Tlpeecise phase, although in general, of course, the shorter the
basic classical analogy is that hitting an atom, say, with aollisions the more likely they will be to generate coherences
fast-moving electron should be similar to hitting a bell: justin all frequency scales.
as the bell will vibrate and generate a sound wave with a If we assume that most of the spontaneous emission
precise phase, so would the electronic charge distribution afomes from these microscopic dipoles, with well-defifede
the atom oscillate with a nonvanishing amplitude and radiatdeit random phases, we can show formally how a nonvan-
a field with a precise phase. ishing, macroscopic value fdn) could develop. Let the at-

To see that the analogy carries through when the radiatingms be excited at a rate the coupling coefficient of each
system is described quantum mechanically, consider, fodipole to the cavity field modéone-photon Rabi frequengy
simplicity, a harmonic oscillator struck at the timgby an  be g, and the atomic decay rate he At the end of a time
impulsive force: t>y, the amplitude of the cavity field due to spontaneous

emission(starting from vacuumwould be of the order of
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The Heisenberg equations of motion are readily solved, with Yi=o

the result that, starting from the ground state,
where the phaseg are random, so that, over an ensemble of

Fo . possible realizations, the average valuel(@f)|? would be
(x(t)= mo sifo(t—to)], 2 rt(g/y)2. This, of course, is the same order of magnitude as
the average number of photons spontaneously emitted during
i.e., we do have a microscopic cohererfnenvanishing di- that time into the cavity modg3], which means that, in an
pole moment Clearly, even though the math is more com-individual realization of Eq(3), the microscopic field gen-
plicated, the same physics will apply in the case of an atongrated by spontaneous emission would have an amplitude of
(or more precisely, an atomic electjostruck by an impul-  the order of magnitude ofn, and an overall random phase.
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If tis of the order of magnitude of the cavity decay rate,limit, and that which way one chooses to resolve a particular
the threshold condition is that the number of photons spondensity operator—i.e., which states one chooses to ascribe to
taneously emitted into the cavity mode in the titris of the  individual realizations of the ensemble—may ultimately be
order of one. So, in a very rough model, we may assume thaitle more than a matter of convenience. This growing real-
we start the amplification process with a microscopic coherization [5], along with the(often overlookedl fact that it is
ent field of about 1 photon amplitude. In the linear regime.,simply impossible to determine by a single measurement, no
where the reaction of the fields back on the atomic mediumnatter how complex, carried out on an individual instance of
is still negligible, the amplification of the cavity field is 5 system, what the state of that sample instance actually was
described by the master equation prior to the measurement, leads one to wonder whether there
p=—a(aa’p+paal—2a'pa)— k(atap+pata—_2apa’), may _be any way in which _the_ common presumption_ that an

(4) individual system actually is isomequantum state prior to

being observed may be made at all meaningful.

where « is the linear gain coefficient, and the cavity loss There are two ways, | think, in which this notion of an
rate. This equation implies that there are macroscopic priori wave function may be justified, and neither is free
coherences in the atomic medium as a whole; this is nofrom difficulties. One is the preparation approach—roughly
inconsistent with the earlier argument for the existence ofvhat | have tried to sketch here—basically, to try and figure
microscopic coherences, it simply means that the phases out what a “typical” wave function may be like for a par-
the atomic dipoles vary randomly from one atom to the nextticular system, given an initial state of which we may feel
Whereas Eq(4), therefore, does not, by itself, generate afairly certain(e.g., the vacuum statand a preparation pro-
macroscopic coherence, it can and will amplify coherently acess that may contain random elemeftts be simulated,
coherent microscopic field such as E8): one gets easily perhaps, by a stochastic wave-function mejhdthe practi-
from Eq. (4) that(a(t))=e(®* “%a(0)). By the time satu- cal difficulty here is that a detailed simulation may be very
ration sets in, therefore, one will have a macroscopic-sizeomplicated and the payoff, as suggested above, may end up
coherent field amplitudg/a(t)), with a random phase. being really of only academic interest. There is also a funda-
(Along these lines, note that experiments have sh¢hin mental difficulty, which is the same encountered in quantum
how an input coherent field of, on the average, one photon ameasurement theory—namely, how to deal with the quantum
less is enough to set the phase of the macroscopic field genature of the apparatus involved in the state prepar@fin
erated by an amplifier to a fair degree, as measured by the The other approach is the “pointer basis” idea, which is
visibility of a fringe pattern. mentioned also in Mioner’s article. Applied to this case, the

Clearly, this model has shortcomings: It would be muchprescription would be something like, find what the longest-
more instructive to retain the microscopic picture through-lived states of the system are and adopt tHemsomething
out, perhaps in a quantum trajectory simulation that wouldclose enough for the resolution of the density operator.
include all three stages—spontaneous emission, amplifie@hile | believe this idea has merit, and | have attempted to
spontaneous emission, and saturation—of the developmense it to look at the question of the field generated by a laser
of the laser field. But it does, | believe, establish the exis4in [7], | do not expect this point of view to be readily em-
tence of a mechanism whereby a macroscopic optical cohebraced by even a majority of the physics community.
ence may be generated in a large class of lasers. | wouldldimer, for instance, clearly disagrees with one of the basic
therefore take issue with the notion that optical coherence itenets—namely, that the overlap between two states, as mea-
as rare as Miner suggestsalthough | have to agree that, sured by their inner product, may be used as a good measure
rather remarkably, it may not be easy to establish this rigoref how similar or different they are. Without such a measure,
ously from first principles however, one cannot decide on the question of a state’s life-

This should not detract from the interest of what | believetime. MAmer suggests that “measures of identity and/or dif-
is the main point of Mbmer’s paper: namely, the fact, beau- ference other than the inner product are called for,” but he
tifully illustrated by his quantum trajectory simulation, that does not suggest a specific criterion, nor do | believe that any
many differenta priori wave functions for a system may criterion he might suggest would be accepted any more
actually yield very similar predictions in the macroscopic readily by the community at large.
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to deal with the possibility of entanglement between the elec- of a typical optical transition. It can be argued that this would
trons and the atom&@s well as with other issues, such as the not generally be the case in a high-voltage discharge tube, but
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ticular, would destroy the atomic coherence if the energy of would have to face.
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