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Temporal contrast degration due to spectral phase
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We theoretically study the temporal contrast degradation by the spectral phase distortion in chirped
pulse amplification (CPA) lasers. As an example, we analyze the impact of the surface qualities of the
optical elements such as mirrors and grating in the stretcher and compressor on the temporal contrast.
The temporal contrast declines fast in the case of a rapidly varying random surface error of the optical
elements. When the values of PV, RMS and GRMS of the surface error curve are reduced, the temporal
contrast is becoming better and better. And the temporal contrast can be improved after the surface error
curve is to be spatial filtering. Those results are helpful for the choice of the surface parameters of the
optical elements in the stretcher and compressor.
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In the chirped pulse amplification (CPA) laser system[1],
the temporal contrast between the main pulse and pre-
pulses is an important factor[2]. The peak laser intensity
up to 1022 W/cm2 is now achievable and is expected to
boost to 1024 W/cm2 in the near future[3]. However, in
the application of a high-intensity laser to solid-target
experiments, the 1010-W/cm2 prepulse is strong enough
to generate unwanted plasmas before the main pulse ar-
rives on the target and modify the target conditions[2].
So it is important to develop higher temporal contrast in
CPA laser system.

There are many temporal contrast-limiting factors[4−7],
such as amplified spontaneous emission (ASE), spectral
chipping, residual high-order dispersion, spectral phase
distortion, etc. In this letter, we focus on the temporal
contrast degradation by the spectral phase distortion in
CPA lasers. As an example, we analyze the impact of
the surface qualities of the optical elements such as mir-
rors and grating in the stretcher and compressor on the
temporal contrast.

In a stretcher or compressor, the surface qualities of
the optical elements such as mirrors and grating are very
important for the spectral phase noise. Because the laser
beam in the stretcher and compressor is spectrally re-
solved. Therefore, the roughness of the surface in the
stretcher and compressor is directly converted to the
spectral phase noise, which reduces the temporal coher-
ence of the main pulse and generates a noisy structure
on its sides[8].

The pulse contrast is associated with the temporal dis-
tribution of the normalized laser intensity. The final out-
put pulse contrast can be given by
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where ω1 = 2πc/λ1, ω2 = 2πc/λ2, λ1 and λ2 are the
maximum and the minimum values of λ determined by
the laser system, c is the speed of light in vacuum, and
Aoutput(ω) is the pulse spectral function out of the com-
pressor.

In general, the expression of φ(ω) can be written as

φ(ω) = φRD(ω) + φSQ(ω), (2)

where

φRD(ω) =φ0(ω) + φ(1)(ω0)(ω − ω0)

+
1

2
φ(2)(ω0)(ω − ω0)

2 + · · · , (3)

is residual dispersion of the laser system;

φSQ(ω) =
2πL(x)

λ
, (4)

is the phase distortion caused by surface qualities of
the optical elements in the stretcher and compressor, in
which L(x) is surface error curves of the optical elements
and x is the horizontal space.

To demonstrate the temporal contrast degration due
to spectral phase distortion in CPA laser, we take the
parameters used in the SG II laser system[9] as ex-
amples. The chirped ratio is CR = 3.2 ns/6.5 nm,
making use of multi-layer dielectric gratings with N
= 1740 mm−1. The widths of the gratings are Wa

= 940 mm and Wb = 1220 mm. The incident an-
gle is γ = 70◦. The central wavelength is λ0 =1053
nm, while the minimum and the maximum values are
λ1 =1043.5 nm and λ2 = 1 062.5 nm. For simplicity,
we neglect the influence of the residual high order dis-
persion, i.e., φRD(ω) = 0. Moreover, the pulse spectral
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Fig. 1. (Color online) (a)–(d) Different surface error curves
of the optical elements in the stretcher and compressor. (e)
The temporal distribution of the normalized laser intensity
corresponding to the surface error curves in (a)–(d).

function out of the compressor is assumed to be expressed
with the fundamental Gaussian function. Then the out-
put pulse spectral function can be written as

Aoutput(ω) = exp[−τ2(ω − ω0)
2/(8 ln 2)], (5)

where ω0 = 2πc/λ0 and τ = 0.5 ps is the pulse width
(full-width at half-maximum (FWHM)).

To qualitatively analyze the temporal contrast degra-
tion by surface error curves of the optical elements in the
stretcher and compressor, the surface error curves of the
optical elements are assumed to be a arbitrary random
function. For simulations, different surface error curves
of the optical elements are generated by function “ran-
dom” in the matlab software. And the different frequen-
cies of the surface error curves are achieved by different
interpolations in generated random surface error curves.

Figures 1(a)–(d) plot different surface errors curves of
the optical elements in the stretcher and compressor, and
the corresponding temporal contrasts are shown in Fig.
1(e). The peak-to-valley (PV) is assumed to be λ/3.
As shown in Fig. 1(e), with the same value of PV, the
temporal contrast declines fast in the case of a rapidly
varying random error. And the temporal contrast hardly
changes when the random error curve changes slowly.

In order to further quantitatively analyze the temporal
contrast degration by surface error curves of the optical
elements in the stretcher and compressor, the surface er-
ror curves of the optical elements are assumed to be a
Gaussian gradient distribution. For simulations, a ran-
dom Gaussian phase screen is used for generating a Gaus-
sian gradient distribution[10].

Then the surface error curves of the optical elements

in the stretcher and compressor are

L(x) =
λ

m
· random[−1 : 1] ∗ exp

[

−

(

x
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)2
]

, (6)

where λ = 633 nm, m is the parameter of controlling
PV, random[−1 : 1] is a random function for generating
a random number between –1 to 1, Sg is the surface error
scale, and ∗ is represented convolution.

Figures 2(a)–(d) plot different surface error curves of
the optical elements generated by random phase screen
in the stretcher and compressor. In Fig. 2(a)–(d), the
surface error curves are achieved by using following pa-
rameters: (a) m = 5, Sg = 6 cm; (b) m = 50, Sg = 6
cm; (c) m = 300, Sg = 6 cm; (d) m = 300, Sg = 100 cm.
Through calculation, the PV, RMS and GRMS of each
surface error curves can be obtained. And the specific
value can be found in Fig. 2. The corresponding tem-
poral contrast is shown in Fig. 2(e). As shown in Fig.
2(e), the temporal contrast declines fast when the values
of PV, RMS and GRMS are large (Fig. 2(a)). But when
the values of PV, RMS, and GRMS are reduced (Fig.
2(b)–(d)), the temporal contrast is becoming better and
better.

In the further analysis, the surface error curves gener-
ated by Eq. (6) are by spatial filtering. Figures 3(a)–
(d) plot surface errors curves of the optical elements are
achieved by different spatial filtering in the stretcher and
compressor, in which Fig. 3(a) is not spatial filtering,

Fig. 2. (Color online) (a)–(b) Different surface error curves
of the optical elements generated by random phase screen
in the stretcher and compressor. (e) The temporal distri-
bution of the normalized laser intensity corresponding to
the surface error curves in (a)–(d), and the black curve
is the value in ideal condition. (a) PV=3λ, RMS=0.65λ,
GRMS=2λ cm−1, (b) PV=λ/3, RMS=λ/15, GRMS=λ/4
cm−1, (c) PV=λ/20, RMS=λ/93, GRMS=λ/30 cm−1, and
(d) PV=λ/127, RMS=λ/520, GRMS=λ/200 cm−1.
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Fig. 3. (Color online) (a)–(d) Different surface error curves
of the optical elements generated by spatial filtering in the
stretcher and compressor; (e) temporal distribution of the
normalized laser intensity corresponding to the surface er-
ror curves in (a)–(d), and the black curve is the value
in ideal condition. (a) PV=λ/3, RMS=λ/15, GRMS=λ/4
cm−1, (b) PV=λ/3, RMS=λ/15, GRMS=λ/4 cm−1, (c)
PV=λ/3, RMS=λ/15, GRMS=λ/8 cm−1, and (d) PV=λ/3,
RMS=λ/15, GRMS=λ/12 cm−1.

Figs. 3(b), (c) and (d) are separately achieved by 0–10-
µm, 0–120-µm, 0–33 mm scalelengths spatial filtering.
And the original surface error curves of Fig. 3(a) is
achieved by using following parameter m = 50, Sg =
6 cm. The corresponding temporal contrast is shown in
Fig. 3(e). As shown in Fig. 3(e), when the surface er-
ror curves is by 0–10 µm scalelengths spatial filtering (as
shown in Fig. 3(b)), the temporal contrast is the same
value as without spatial filtering (as shown in Fig. 3(a)).
And the temporal contrast is improved after 0–120 µm
scalelengths spatial filtering (As shown in Fig. 3(c)).
Further simulation indicates that, when the surface error
curves is by 0–33 mm scalelengths spatial filtering (as
shown in Fig. 3(d)), the temporal contrast is almost the
same value as ideal condition (as shown in Fig. 3(e) black
curve).

In conclusion, the temporal contrast degradation by

the spectral phase distortion is studied in CPA lasers.
We analyze the impact of the surface qualities of the op-
tical elements such as mirrors and grating in the stretcher
and compressor on the temporal contrast. Because the
roughness of the surface is directly converted to the spec-
tral phase distortion, which reduces the temporal coher-
ence of the main pulse and generates a noisy structure
on its sides. Simulation indicates that the temporal con-
trast declines fast in the case of a rapidly varying ran-
dom surface error. And when the values of PV, RMS,
and GRMS of the surface error curve are reduced, the
temporal contrast is becoming better and better. Fur-
ther simulation indicates that, the temporal contrast can
be improved when the surface error curves after spatial
filtering. Those results are helpful for the choice of the
surface parameters of the optical elements in the stretcher
and compressor.
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