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Fig. 1 Experimental setup for white-light continuum generation
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Fig. 2 Transmission curve of short pass filter
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Fig. 3 Experimental setup for transient absorption
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Fig. 4 Zemax simulation of focal spot of 800 nm laser beam focused by achromatic lens and ordinary spherical lens.

(a) Achromatic lens with a focal length of 40 mm; (b) spherical lens with a focal length of 40 mm
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Table 1 Comparison of focal spot characteristics produced by different kinds of lenses

Type of lens Focal length /mm RMS radius /pm GEO radius /pm
Achromatic lens 40 0.467 0.746
Spherical lens 40 1.279 2.148
:|: N N
3 én%'iﬂw/t\; Lo}

5 JIr 7R Ry S B 0 A5 A R AN RS Bk b e R
RFPHOLE T 40 mm BRI S 5 R A B 50 AR
FEAR I R 2 FOEETR I . O T AR MR HEOE I
FEL R R B9 728 A, oF T 3 BT A7 8 3% 25 1 O %08 #8 2
TTIH— b3, MIE 5 7T LA Y, Bl 5 A5 ik o
RE 8 30 55 L O 1v) 5 120 07 1) 9, HOG T B B AT B
B4 7E 625 nm B IT 640G 35 0 R B W REAR . L Ab,
YA KPR B KT 210 o] J5 OGN IR O
R E A, X AR A
JE LR 1 3R AR RN A A B TR R AR AR A T —
(P, AT AR FER
If ()

It
A Do Cz o) I 78 A oK T, by I (L Ik o 5
B £ o Rk e K ¢ SIS TE] ;= O B R A JB R
A4 1 R IR B 5 om S v 1 DAY BR AT 21 507 P 5 19 d
T EGa b R 5ER  TRMEE., X (2FT
A ISR — T 7R B k0 AR e R 3 5 5 R A SRS
BRIV AR AL 9 RO, T2 T 5 0 (L K e s R T A8 E

Aw (z,t) =—al, +oIv "), (2)

0.8

0.6

0.4 F

Normalized intensity

0.2 F

0.,‘»,.~'

400 450 500 550 600 650 700 750
Wavelength /nm

5 AREEDy 40 mm Y 3RS 5 A 00 I 22 1106
B A ST I e B B9 72 A
Fig. 5 White-light continuum spectrum produced by a
spherical lens with a focal length of 40 mm
varying with incident pulse energy
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Fig. 6 Comparison chart of white-light continuum
spectra produced by achromatic lens and

spherical lens with a focal length of 40 mm
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Fig. 7 Comparison of white-light continuum spectra produced by achromatic lenses and spherical lenses with different

focal lengths. (a) Achromatic lenses; (b) spherical lenses
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Fig. 8 Comparison of white-light continuum spectral noise
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Fig. 9 Transient absorption curve of rhodamine B with delay time of 1 ps. (a) Achromatic lens with a focal length of

40 mm; (b) spherical lens with a focal length of 40 mm; (c) achromatic lens with a focal length of 100 mm;

(d) spherical lens with a focal length of 100 mm
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Abstract

Objective White-light continuum has the advantages of wide spectral range, strong stability, and simple generation
method. It is widely used in optical instruments and spectrum investigations, including optical parametric amplifiers,
optical pulse compression, dynamic analysis of laser-induced structural transitions, and time-resolved spectral
studies. The identification of a suitable method to generate white-light continuum with wide spectral range has
always been a major issue. At present, to achieve different intensity and wavelength ranges, the white-light
continuum is usually generated by changing the pulse width and intensity of the incident laser, adjusting the type of
medium, and changing the crystal orientation.

The lens used to focus the incident laser is a crucial aspect of the white-light continuum generation equipment;
however, there are few advances and studies on it.

In this study, we suggest a method for modifying the focal length and type of lens to generate a white-light
continuum spectrum suitable for the band involved in the transient absorption experimental sample. Based on the
research results, a new approach and method for the construction of white-light continuum system and transient
absorption system can be identified.

Methods In this experiment, first, a set of white-light continuum generation devices is built with a sapphire crystal
as the medium.

Under different incident pulse energies, the white-light continuum spectrum generated by a femtosecond laser
focused on sapphire crystal through a 40 mm spherical lens is measured.

The relationship between white-light continuum spectral intensity and spectral range as well as incident pulse
energy is thoroughly investigated. Then, under the conditions of an achromatic lens and a spherical lens with a focal
length of 40 mm, the most stable white-light continuum spectra are compared and studied. Then, the white-light
continuum spectra produced by the achromatic lens and spherical lens with focal lengths of 40 and 100 mm,
respectively, are compared and analyzed and the stability of four white-light continuum spectra is compared. Finally,
a series of experimental transient absorption devices are constructed.

In the transient absorption experiment of Rhodamine B sample, the white-light continuum generated under the
aforementioned four conditions is used as the probe pulse.

Results and Discussion The white-light continuum spectrum widens to the blue edge with the increasing incident
pulse energy; furthermore, the spectral width increases.

With the increasing incident pulse energy, the spectral intensity near 625 nm wavelength steadily declines. The
range of the spectrum will no longer fluctuate and the blue shift will disappear once the incident pulse energy reaches
a particular value. The fundamental explanation for this change, according to our analysis, is that the Kerr self-
focusing effect and plasma defocusing effect maintain a particular balance (Fig. 5). We find that the achromatic lens
has a novel blue shift compared with the spherical lens in generating white light spectrum; however, the overall
intensity of the white light generated by the achromatic lens is weaker than that generated by the spherical lens
(Fig. 6). It is because the focal spot radius of the achromatic lens is smaller than that of the spherical lens, the
photon density of the spot at the focal point is larger, and the energy is more concentrated, resulting in the blue shift
of the spectrum (Table 1).

Furthermore, the achromatic lens’ focal length little affects the spectral range of the generated white light,
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whereas the spherical lens’ focus length has a considerable effect (Fig. 7). Furthermore, we discover that the
achromatic lens with a focal length of 40 mm and the white light spectrum generated by the spherical lens are both
relatively steady, with a small overall jitter of the spectrum (Fig. 8). Finally, for Rhodamine B, which has a weak
excited state absorption signal in transient absorption spectroscopy, the experimental results corresponding to 40 and
100 mm achromatic lens are better (Fig. 9).

Conclusions In this study, a white light generation device based on four different lenses is constructed according to
the principle of white-light continuum generation and the different focusing characteristics of the achromatic lens and
spherical lens at the focal position are discussed. Through theoretical simulation and experimental demonstration, it
is concluded that: 1) a more blue-shifted white-light continuum can be achieved using an achromatic lens. When the
beam is focused, the achromatic lens can considerably reduce the influence of dispersion, resulting in a smaller focal
point radius and uniform photon distribution. When focusing on the sapphire crystal, the photon density at the focal
spot is higher than that in the spherical lens at the same energy and the blue shift is visible. 2) Using a short focal
lens will afford a blue shift and better spectral stability of the white-light continuum. For the same lens, different
focal length affords different focal spot radii and depths at the focus position. When acting on sapphire crystal, the
white-light continuum generated by a short focal lens has an obvious blue shift because the short focal lens can afford
highly focused energy and uniform photons compared to a long focal lens. Because the short focal lens operating range
is shorter and the monofilament channel created in the sapphire crystal is more stable, the white-light continuum has
superior stability. The transient absorption of Rhodamine B was studied using four different types of white-light
continuum-generating equipment. The blue-shifted white-light continuum is found to be more useful for measuring
Rhodamine B’s stimulated absorption signal. Therefore, in a transient absorption experiment, a short-focal
achromatic lens can be used to assess Rhodamine B sample.

Key words nonlinear optics; femtosecond laser; white-light continuum; transient absorption
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