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1/f noise?
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Non-overlapping pulse model



Model generating non-overlapping pulses

𝜏 - escape (detrapping, generation) time, 𝜃 - capture (trapping, recombination) time.
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Power spectral density

In general, for non-overlapping pulses:

S (f ) = lim
T→∞

〈
2
T

�����∑︁
k
e−2𝜋iftkFk (f )

�����2
〉
.

For rectangular pulses, and given that 𝜏i and 𝜃i are independent:

Fk (f ) =
ia
2𝜋f

(
e−2𝜋if 𝜃k − 1

)
, S (f ) = a2𝜈̄

𝜋2f 2
Re

[
(1 − 𝜒𝜃 (f )) (1 − 𝜒𝜏 (f ))

1 − 𝜒𝜃 (f ) 𝜒𝜏 (f )

]
.
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Lorentzian spectral density

Homogeneous material:

𝜃i ∼ Exp (𝛾𝜃) .

Identical traps:

𝜏i ∼ Exp (𝛾𝜏) .

Spectral density:

S(f ) = 4a2𝜈̄
(𝛾𝜏 + 𝛾𝜃)2 + 4𝜋2f 2

.
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Obtaining 1/f noise

With heavy-tailed distributions

𝜏i ∼ Pareto (𝛼, Tmin, Tmax) ,

𝜃i ∼ Pareto (𝛼, Tmin, Tmax) ,
we obtain

S(f ) ∝ 1
f 𝛼

, for 0 < 𝛼 < 1,

S(f ) ∝ 1
f 2−𝛼

, for 1 < 𝛼 < 2.
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Heterogeneous detrapping process. . .

If trapping centers are unique:

𝛾i ∼ U (𝛾min, 𝛾max) ,

𝜏i ∼ Exp (𝛾i) ,
then the detrapping time distribution:

p(𝜏) ∝
∫ 𝛾max

𝛾min

𝛾i exp (−𝛾i𝜏) d 𝛾i ∝
1
𝜏2
.
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. . . in homogeneous materials leads to 1/f noise

Homogeneous material:

𝜃i ∼ Exp (𝛾𝜃) .

For long pulses, 𝛾𝜃 ≪ 𝛾max:

S(f ) ≈ a2𝜈̄
𝛾max

· 1
f
.
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Overlapping pulse model



Model generating overlapping pulses

𝜏 - free-flight (interaction)
time, 𝜃 - relaxation time.
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Model generating overlapping pulses

𝜏 - free-flight (interaction)
time, 𝜃 - relaxation time.
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Power spectral density

For rectangular non-overlapping pulses (previously) we have obtained

S (f ) = a2𝜈̄
𝜋2f 2

Re
[
(1 − 𝜒𝜃 (f )) (1 − 𝜒𝜏 (f ))

1 − 𝜒𝜃 (f ) 𝜒𝜏 (f )

]
.

For rectangular overlapping pulses we obtain:

S (f ) = a2𝜈̄
𝜋2f 2

Re
[
1 − 𝜒𝜃 (f )
1 − 𝜒𝜏 (f )

· {1 − 𝜒−𝜃 (f ) 𝜒𝜏 (f )}
]
.
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Lorentzian spectral density

Homogeneous material:

𝜏i ∼ Exp (𝛾𝜏) .

Identical excitation centers:

𝜃i ∼ Exp (𝛾𝜃) .

Power spectral density:

S(f ) = 4a2𝜈̄
𝛾2
𝜃
+ 4𝜋2f 2

.
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Obtaining 1/f noise

Homogeneous material:

𝜏i ∼ Exp (𝛾𝜏) .

Unique excitation centers:

𝛾i ∼ U (𝛾min, 𝛾max) ,

𝜃i ∼ Exp (𝛾i) .
Power spectral density:

S(f ) ≈ a2𝜈̄
𝛾max

· 1
f
. 1/f noise is obtained for long and short pulses

(here 𝛾𝜏 = 1).
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This talk was based on
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https://arxiv.org/abs/2306.07009
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