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Abstract

Popp and Yan [F. A. Popp, Y. Yan, Phys. Lett. A 293 (2002) 93] proposed a model for delayed luminescence based on a
single time-dependent coherent state. We show that the general solution of their model corresponds to a luminescence
that is a linear function of time. Therefore, their model is not compatible with experimental delayed luminescence.
Moreover, the functions that they use to describe the oscillatory behaviour of delayed luminescence are not solutions
of the coupling equations to be solved.
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1. Introduction

Delayed luminescence is the phenomenon in
which light-irradiated plants reemit photons during
a long period of time, up to several minutes after
the end of irradiation [1]. Delayed luminescence
exhibits intriguing characteristics, such as hyper-
bolic (instead of exponential) decay and sometimes
oscillations known as afterglow [1].
Two kinds of interpretation of delayed lumines-

cence can be found in the literature (see Refs.[1–5]
for recent references). The first one, which is usually
not quantitative, uses the details of the photosyn-
thetic process, in particular the dynamics of Pho-
tosystem II reaction centers. The second one, pro-
posed by Popp and Yan [6], is based on the idea that
a coherent state of the radiation field is present in
living cells. The model seems to reproduce the hy-
perbolic decay of delayed luminescence as well as its
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oscillations.
In this comment, we extend the Popp and Yan

model by diagonalizing the most general home-
ostatic time-dependent Hamiltonian compatible
with single-mode coherent states. We show that
this model cannot agree with experiment. In other
words, the apparent agreement of the model with
the hyperbolic decay of delayed luminescence is due
to a calculation error in ref. [6].
Popp and Yan also consider hyperbolic decay to

be the solution of a classical equation that oscillates
with a constant frequency [7]. We show that a more
general solution exists with a different asymptotic
decay and that the hyperbolic solution is unstable.
Moreover, we show that the oscillatory behaviour
of delayed luminescence is not described by their
model.
Finally, we stress the consequences of our findings

for the modelling of delayed luminescence.
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2. Hyperbolic relaxation

The most general time-dependent Hamiltonian
H(t) which is solved by a single-mode (time-
independent) coherent state |v〉 is [8]

H(t) = ω(t)a†(t)a(t) + f∗(t)a(t) + f(t)a†(t) + β(t),

where a(t) is the annihilation operator (in the
Heisenberg picture), ω and β are real functions of
time and f a complex function of time. As a co-
herent state, |v〉 satisfies a(t)|v〉 = α(t)|v〉 for some
complex function α. The general form of α(t) is
given by Mehta and Sudarshan [8] and reproduced
(with two misprints) by Popp and Yan:

α(t) = e−iψ(t)
(

α(0)− i

t
∫

0

f(t′)eiψ(t
′)dt′

)

, (1)

where ψ(t) =
∫ t

0 ω(t
′)dt′.

The mean number of photons as a function of time
is given by n(t) = 〈v|a+(t)a(t)|v〉 = |α(t)|2. Thus,

n(t) =
∣

∣

∣
α(0)− i

t
∫

0

f(t′)eiψ(t
′)dt′

∣

∣

∣

2

. (2)

By assuming “homeostasis” and the fact that “α
should not be influenced by external classical energy
sources” (we do not comment here on the validity
of these assumptions), Popp and Yan obtain a con-
dition on f described by the equation: ḟ + iωf = 0,
with general solution f(t) = f(0)e−iψ(t).
By introducing this value of f(t) into eq. (2), we

obtain

n(t) = |α(0)− if(0)t|2. (3)

Therefore, n(t) is a quadratic function of t, indepen-
dent of ω(t).
The relation between the intensity of light I(t)

and n(t) is not given explicitly in Ref. [6], but the
caption of Fig. 3 shows that the authors use the
relation I(t) ∝ ṅ(t). It follows from eq. (3) that I(t)
is a linear function of time. This does not agree with
any measurement of delayed luminescence.
Therefore, the experimental hyperbolic relaxation

is not accounted for by the coherent-state model of
the paper.
The error in the paper by Popp and Yan is readily

identified. The homeostasis hypothesis implies also
the second equation ωṅ+ ω̇n+ β̇ = 0. Popp and Yan
then choose ωh(t) = λ/(1 + λt) and β̇ to be time

independent and they get a hyperbolic decay (up
to an additive constant). The problem is that the
second equation is in fact an equation for β (with
obvious solution β(t) = β(0)+ω(0)n(0)−ω(t)n(t)),
because n is already determined and ω is given. Note
also that we worked with a general ω and not with
the hyperbolic ωh used by Popp and Yan.
It might be interesting to discuss the origin of this

particular ωh.

3. Origin of hyperbolic relaxation

Popp and Li obtained the hyperbolic solution ωh
as follows [7]. They start from the differential equa-
tion ẍ(t) + 2µ(t)ẋ(t) + ω2

0x(t) = 0 and they use the
classical method to remove the term in ẋ by writing
x(t) = exp

(

−
∫ t

0
µ(τ)dτ

)

y(t). The equation for y is
ÿ+(ω2

0−µ
2− µ̇)y = 0. They argue that the oscillat-

ing part y(t) should have a constant frequency. For
this, they solve µ2+ µ̇ = 0 and get µ(t) = λ/(1+λt)
and

x(t) = y(t)/(1 + λt) = ωh(t)
y(t)

λ
.

However, even if we accept the requirement that the
oscillating part has a constant frequency, then the
equation that we have to solve is µ2+µ̇ = ω2, so that
y oscillates with frequency

√

ω2
0 − ω2. The equation

for µ has the solution µ(t) = ω tanh(ωt + µ0) and
x(t) = y(t) coshµ0/ cosh(µ0 + ωt). Of course, we
can also consider µ2 + µ̇ = −ω2, for which µ(t) =
−ω tan(ωt+µ0) and x(t) = y(t) cosµ0/ cos(µ0+ωt).
The important point is that, in both cases, the de-
cay is not hyperbolic and the limit of these solutions
for ω → 0 is µ(t) = 0. In other words, the hyperbolic
solution is unstable and the slightest perturbation
transforms it into a solution with a completely dif-
ferent asymptotic behaviour.

4. Oscillations

Popp and Yan claim that the oscillatory behavior
of delayed luminescence can be explained by a cou-
pling of two coherent states |α1〉 and |α2〉 described
by differential equation (18’), where the primed
equation numbers correspond to the equation num-
bers of ref. [6]. We shall see that this interpretation
meets a rather serious inconsistency. In their cal-
culation, they use eq. (18’) to derive eq. (21’) and
solve eq. (21’) with α1 and α2 defined by eq. (22’).
However, these α1 and α2 are not solutions of the
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starting eq. (18’). In other words, their “solutions”
do not solve the coupling equation. Their error
comes from the fact that a solution of eq. (21’) is
generally not a solution of eq. (18’). Indeed, take
any differentiable real function y1(t) and define
y2 = y + y1, with

y(t) = κln(1 + λ1t)− κln(1 + λ2t) + φ.

Then, α1(t) = |a1|e
−iy1(t) and α2(t) = |a2|e

−iy2(t)

define a solution of eq. (21’) which is (generally) not
a solution of eq. (18’).

5. Conclusion

We showed that the coherent state model pro-
posed by Popp and Yan does not agree with de-
layed luminescence experiments, even if we general-
ize their approach: the math is simply wrong.
By fitting the reaction rates of the standard pho-

tosynthetic model, it was possible to quantitatively
reproduce the short-time decay of plant lumines-
cence (see [9] and references therein). However, no
calculation of that kind was reported in the liter-
ature for long-time delayed luminescence, probably
because of the apparent success of the model pro-
posed by Popp and Yan. We hope that the present
paper will clear the way for such studies.
To conclude with a positive remark, we want to

stress that, even if the oversimplified model of a sin-
gle coherent state must be dismissed, growing evi-
dence shows that quantum coherence plays a role in
photosynthesis [10,11]. Its influence on delayed lu-
minescence remains to be investigated.
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