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A task of temporal stretching of pulses in an optical pulse stretcher of CPA-laser systems is considered. The output

pulse profiles are obtained and the stretching factors are calculated on the foundation of the solution of the wave

equation for a passage through an optical stretcher of the ultrashort pulses with the different profiles. The calculations

for the optical stretcher of Offner triplet type had made.

PACS: 42.25.Bs;42.25.Md;42.60.By;42.60.Fe;42.60.Mi

1. INTRODUCTION

An optical stretcher of pulses that stretches pulses
of a driving oscillator from the tens of femtoseconds
to as rule the hundreds of picoseconds [1] is an im-
portant structural part of the CPA-laser systems.
The stretching of the femtosecond pulses performs in
CPA-laser systems due to the phase modulation. A
long-wavelength component of the pulse passes a path
short-er than short- wavelength one due to this mod-
ulation and thus an output pulse duration increases.
This effect was achieved in the first stretchers, con-
sisting of two antiparallel diffraction gratings with a
telescopic system between them, introducing an ad-
ditional dispersion in the entire optical system [2-4].
Therefore the CPA-laser systems with the stretchers,
using only reflective optics, were created [5-9]. These
stretchers include the Offner triplet [10], which in cre-
ating of the CPA-laser systems was often preferable.
The calculation method presented below is applica-
ble not only to the Offner triplet, but also for other
stretcher schemes. The consideration at an example
of the above type stretcher made to allow com-parison
of the obtaining results with published data [9].

Fig.1. An optical scheme of the Offner triplet

An optical scheme of the Offner triplet includes the
minimum elements (Fig.1): a diffraction grating 1, a
concave mirror M1, a convex mirror M2, a reflector
M3 and a return mirror R.

An important task in a determining of the max-
imum value for the stretching factor of the driving
oscillator pulse is to establish the connection between
the stretcher parameters and the temporal profile of
this pulse. How-ever, this problem has not considered
in a literature.

2. ANALITICAL RESULTS

The aim of this work is to create of a mathemati-
cal model for the passage of the pulse through the
stretcher that is suitable for the engineering calcula-
tions of the pulse stretching factors with the different
time profiles. An influence of the third and fourth
orders dispersion in the stretching of the pulse not
previously considered in a literature takes into ac-
count in this case. The wave equation for complex
electric field amplitude A(z, t) of the pulse passing
through the stretcher with taking into account of this
influence is in the form [11]:
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where K = 27/ — a wave vector, A — a wave length,
Ky = g%ﬁ a dispersion of a group velocity of the

wave packet,
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w — a frequency of a radiation. Here and hereafter
the digital codes ”2” and higher ones corresponds to
the order dispersion. The values of the wave vector
and its derivatives had taken at the average frequency
of the wave packet.

The solution of the equation (1) gives the oppor-
tunity to compare the influence on the pulse width
and shape of the second, third and fourth orders
dispersion. First, we consider the influence on the
stretching factor of only second order of the disper-
sion. The solution of the equation (1) in such a repre-
sentation founded by the Fourier integral transforms

*Corresponding author E-mail address: pai4d0@kipt.kharkov.ua

132

ISSN 1562-6016. PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY, 2015, N3(97).

Series: Nuclear Physics Investigations (64), p.132-135.



method [12] is on the form:

A(t, 2) = / Ao(t1)G(t — tl, Z)dtl, (2)
where Ag(t1) = A(0, t1) — the electric field amplitude
at the input to the stretcher, G(t — t1, z) — influence
function:

exp |:’L(2t];2t;):|

V2oriKaz

We assume, that at the input of the stretcher the
pulse electric field amplitude has a Gaussian tempo-
ral profile:
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where Agg — the maximum amplitude of the elec-
tric field, the index ”G” means ”Gaussian”, 1o — a
pulse duration determined at a level J = 1[A4q|?,
that determines the specific form of the expression
(4).
When the pulse passes through the stretcher, a
spatial coordinate z equals its effective length L. The
second order dispersion is on the form:

0
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where K3 is given by expression [13]:
)\3
K> 0 (6)
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where )y — the average wavelength of the wave
packet, 6y —the diffraction angle at a wavelength g,
d — a constant of the grating, ¢ — a velocity of a light
in a vacuo.
The expression for the effective length of the
Offner triplet obtained on the basis of the theory of
the optical systems [14] and is on the form:
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where R — a radius of the concave mirror, r — a ra-
dius of the convex mirror, S — distance between the
center of the concave mirror and the middle of the
diffraction grating.

Substituting (3), (4) and (5) in (2) with followed
squaring a number gives an expression for the inten-
sity profile of the output stretcher pulse:
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where Vpg — stretching factor of the pulse with a
Gaussian intensity distribution:
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As it is clear from a literature the driving oscillator
of the pulses with Gaussian temporal intensity pro-
file and the profile proportional to the square of the
hyperbolic secant are in practice most often in the

CPA-laser systems. The electric field amplitude of
this pulse is on the form:

As(t) = Aossech1'763t ,
T0S

(10)

where Aps - a peak amplitude of the electric field,
Tos — the pulse duration on the level %|Aos|2- Index
”S” means a belonging to the function ”sech”.

The solution of the equation(l) taking into ac-
count only the second order dispersion for the pulses
with an amplitude of electric field(10) at the stretcher
input is on the form:
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The squaring a number (11) gives the expression for
the intensity profile of the stretcher output:
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The stretching factor in this case is defined: Vpg =
Oy, /Pos, where Doy - is determined by measuring at
the level of half Ja,(t, ®2).

A consistent taking into account of the influence
of the second and third orders dispersion and then the
second, third and fourth orders dispersion for output
pulse with the input Gaussian profile (4) gives a so-
lution of the wave equation (1) on the form:
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Here @ is the phase shift acquired in the stretcher.
It is on the form[15]:

by = 7% cos O (cos by + cosvy),
c

(15)
where wy — average frequency of the wave packet, g
— an angle of a diffraction at the frequency wg, v —
an angle of incidence of the pulse to the diffraction
grating. ®; = g—i — a first derivative with respect to
frequency of the phase. It is on the form [15]:

Py = —%[1 + cos(y — 6o)], (16)

dy = ‘337(5 and &4 = g%’ — the third and fourth or-
ders dispersion, respectively. According to [13] the
expressions for them are on the forms:
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The calculations ®¢ ®; o &3 &4 performed for the
Offner triplet with specific operating parameters:
R = 1024dmm, r = 512mm, S = T74dmm, A\ =
800nm, 6y = 20,14°, d = 1/1200mm ( for the for-
mulas (5-7)), taken from [8]. The calculations of the
integrals (13) and (14) performed numerically.

The solutions of the equation (1) for the input
pulse having a temporal profile of the input field (10)
pre-pared similarly. The field amplitude of this pulse
with taking into account the second and third orders
is on the form:
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And the field amplitude of the same pulse with
taking into account the second, third and fourth or-
ders is on the form:
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3. NUMERICAL RESULTS

Fig.2 shows the profiles of the pulses at the stretch-
er output with taking into account the second order
dispersion for the input Gaussian pulse (8) and the
input pulses with a hyperbolic secant profile (12).
Expression (12) has been calculated numerically.
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Fig.2. The profiles of the pulses at the stretcher
output

The results of calculations of Gaussian pulses pro-
files at the stretcher output with taking into account
the third (13) and fourth (14) orders dispersion have
coincided with the output Gaussian pulse profiles (8)
calculated with taking into account only the second
order dispersion with the accuracy 0.6%. A similar
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coincidence of the pulse profiles calculations with
taking into account the third (19) and fourth (20)
orders dispersion received in the comparison theirs
with the pulse profile (12) with taking into account
only the second order dispersion for the case of the
hyperbolic secant. Duration of the input pulses in
the calculations taken 1o = 195 = 30 fs. As can be
seen from Fig.2 the duration of the stretched input
Gaussian pulse on the half intensity level is 273 ps,
and of the stretched input pulse with the profile of the
hyperbolic secant is 195 ps. According to the formula
(9) and Fig.2 the stretching factor was Vj = 9118.
This value is 9.7% lower than the experimental one,
obtained under the same parameters of stretcher [9].
This discrepancy may be cause of the fact that the
calculations do not take into account the phase shift
caused by the spatial structure of the beam [16]. The
value of the stretching factor for the input pulse with
the profile of the hyperbolic secant is equal to 6500.

4. CONCLUSIONS

The following conclusions from the obtained solutions
of the wave equation for the passage of the pulses
with the input Gaussian profile and the input profile
of the hyperbolic secant through the stretcher tak-
ing into account the second , third and fourth orders
dispersion have been made:

1. The negligible influence on the results of the
calculations of the profiles pulses passing through the
stretcher of the third and fourth orders dispersion al-
lows to simplify the calculation of the stretching fac-
tor. The calculation of the stretching factor may be
performed with taking into account only the second
order dispersion.

2. The discrepancy between the value calculation
of the stretching factor for the Gaussian shape pulse
and the value of the stretching factor experimentally
deter-mined in the range of 10% is acceptable and
demonstrates the possible applicability of the pre-
sented methods of the calculations for the practical
purposes.

3. To achieve the largest stretching factor for the
same duration of the input pulses with the different
pro-files preferable to use a pulse with the Gaussian
profile, as in this case, the stretching factor in 1.4
times larger than that of the pulse with the profile of
hyperbolic secant.

4. The maximum stretching factor of the output
pulse with the Gaussian profile at the input stretcher
is determined analytically and may be obtained by
reducing its input duration and the increasing of the
second order dispersion of the stretcher. The max-
imum stretch-ing factor of the pulse with temporal
profile of the hyperbolic secant can be defined nu-
merically by selection of the specific initial data.
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PACYHET KO9PUIINMEHTA PACHIMPEHN A AJIS1 OIITUYECKOTO
PACIIINPUTEJIA UMIIYJIBCOB

B. II. Jlewenxo, A. H. IlTosposzun, C. KO. Kapeaun

PaccMmorpena 3aaua 0 BpeMeHHOM PACHIUPEHHH UMITYJIBCOB B ONTHYECKOM pacuiuputesie uMnyabcos CPA-
JazepHoil cucrembl. Ha 0CHOBE pelierust BOJIHOBOIO YPABHEHUsI JIJTsl TIPOXOXKICHUST CBEPXKOPOTKUX UMITYJIb-
COB Pa3IMIHOTrO MPOMUIS YePE3 ONTHYECKUI PACITUPATETH NMITYJIECOB MOJTYyIEHBI NX BBIXOJHBIE PO UM 1
paccanTanbl KO3 GuIMeHTE pacApenns. PacdeTsl BBITOMHEHBI A1l ONITHYECKOTO PACITMPUTENSA THIIA TPH-
mwiera Odduepa.

PO3PAXVYHOK KOE®@INICHTA PO3IINPEHHS OJI51 OIITUYHOTI'O
PO3IINPIOBAYA IMIIVJIBCIB

B. II. Jlewenxo, A. I Ilosposin, C. IO. Kapeain
PosrnsinyTo 3a1a1y mpo uacoBe pO3IUPEHHST IMITYJIhCIB B ONTUIHOMY po3mmupiosadi immynbeis CPA-1azepHol
cuctemu. Ha OCHOBI pillleHHsT XBUTHOBOTO PIBHAHHSA JIJIST TPOXOXKEHHS HAAKOPOTKUX BXITHUX IMIYJILCIB Pi3-

HOTO pOodiIr0 OTpuUMaHO 1X BuxigHi mpodini Ta po3paxoBaHO KoedImieHT pO3IMMupenHs. Po3paxyHKu BHKO-
HAHO JIJIsl ONITHYHOrO po3impoBada tumy Tpumiery Odduepa.
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