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Bilimsel Hedef  



Doğada, yapı / işlevsellik çoğunlukla olasılıksal 
etkiler altında doğrusal olmayan geribesleme 

mekanizmalarından doğuyor.



Nonlinearity Engineering: 
Bu dinamiklerden faydalanarak,  

minimal müdahale ile  
kendiliğinden organize sistemleri yönlendirmek



Interplay of: 

Çatallanmalar (bifurcations) 

Geribesleme döngüleri 

Salınımlar (fluctuations)



Çatallanmalar (bifurcations) 

Geribesleme döngüleri 

Salınımlar (fluctuations)

Çatallanmalar, salınımlar & sönümlenme zaman simetrisini kırıyor.



Çatallanmalar (bifurcations) 

Geribesleme döngüleri 

Salınımlar (fluctuations)

Pozitif geribesleme salınımları yüksetliyor. 
Negatif geribesleme kararlılaştırıyor.



Çatallanmalar (bifurcations) 

Geribesleme döngüleri 

Salınımlar (fluctuations)

Gürültü kontrol için kullanılabilir.



Örnek sistemler
Zayıf stokastik etkiler, güçlü doğrusal olmayan etkiler 

• Nonlinearity management in mode-locked lasers 

• Creating rich, 2D patterns on various surfaces 

• Nonlinear non-local feedback for creating 3D structures inside Si 

• Controlling dissipative systems via structured noise  

• Ablation-cooled laser material removal 

Güçlü stokastik etkiler, zayıf doğrusal olmayan etkiler 

• Static self-assembly of a nanomaterial 

Güçlü stokastik etkiler ve güçlü doğrusal olmayan etkiler 

• Dynamical self-assembly of colloidal nanoparticles



Dengeden uzak bir sistem olarak kip-kilitlemeli lazerler



Nonlinear feedback leads to temporal localization.

Kip kilitlemeli lazerler ile femtosaniye atımlar elde ediyoruz
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Olasılıksal salınımlardan lazer atımının doğumu



Nonlinearity Management

Nonlinearity management: a route to high-energy
soliton fiber lasers
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We propose the use of self-defocusing nonlinearities to control nonlinear phase shifts in soliton fiber lasers.
By analogy to dispersion management, we refer to this scheme as nonlinearity management. First we de-
scribe a map that can be regarded as a combination of nonlinearity management and dispersion management.
The map is designed to support solitons in two segments of alternating sign of nonlinearity and dispersion.
Analytical and numerical calculations demonstrate that this map can be essentially free of spectral-sideband
generation. Suppressing the spectral sidebands should make possible pulse energies 100 times greater than
those of existing soliton fiber lasers. We also discuss the less than ideal case of direct reduction of average
nonlinearity by use of self-defocusing nonlinearity segments without optimizing dispersion. The second
scheme has the advantage of easier implementation. Practical implementations with existing materials are
discussed. © 2002 Optical Society of America

OCIS codes: 320.7090, 320.5540, 060.5530.

1. INTRODUCTION
Fiber lasers have emerged as attractive alternatives to
solid-state lasers for generation of femtosecond pulses at
near-infrared wavelengths. Fiber lasers possess consid-
erable advantages compared with solid state lasers, most
notably, simplicity of operation. Their high stability com-
pared with solid state lasers, combined with their com-
pact size, offers the possibility of widespread application.
The drawbacks of fiber lasers are their insufficient envi-
ronmental stability for use outside the research labora-
tory and their lack of high pulse energies directly from an
oscillator. The obstacles to generation of higher-energy
and shorter pulses can be traced back to accumulation of
excessive nonlinear phase shift. Previous approaches to
this problem were based on indirect reduction of effective
nonlinearity. We consider direct management of nonlin-
earity in fiber lasers, which can be realistically considered
with the demonstration that nonlinear phase shifts of ei-
ther sign can be generated with femtosecond pulses.1,2

Similar approaches in telecommunications were theoreti-
cally considered previously.3,4

Figure 1 is a schematic drawing of a soliton laser. Am-
plitude modulation (AM) produced by a real or an artifi-
cial saturable absorber (SA) is necessary for the initial
formation of a solitonlike pulse and to stabilize the pulse
against perturbations. We refer to an artificial SA if
there is no real absorption; nonlinear transmittance is ob-
tained through a nonlinear phase shift. An example of
an artificial SA is nonlinear polarization evolution.5

Gain fiber with self-focusing nonlinearity and anomalous
dispersion can support solitons. Several gain materials
are available for use at near-infrared frequencies; the
most common are Er-, Yb-, and Nd-doped fibers. Among
these, only Er-doped fiber benefits from the availability of
anomalous dispersion in ordinary fiber.

The best reported results with Er fiber soliton lasers
are several-hundred femtosecond pulses with energies of

tens of picojoules. The most important obstacle to gen-
eration of shorter or higher-energy pulses or both is the
perturbation that arises from variations of pulse energy
over the cavity period that are due to loss (including out-
put coupling) and gain. This perturbation manifests it-
self in the formation of discrete sidebands in the spectrum
and is known as spectral sideband generation (SSG). A
first-order treatment shows that the offset of the frequen-
cies of the sidebands from the center of the spectrum is
given by !"n # !1/$p(8nzs /zc " 1)1/2, where n is the or-
der of the sideband.6,7 Here zc is the cavity length,
zs # %/2($p

2/&!) is the soliton period, &! is the group ve-
locity dispersion (GVD), and $p is the pulse width. It is
experimentally found that zc /zs must be limited to $3 to
prevent instability.8 Thus SSG places a lower limit to
pulse width. In the soliton regime, Ep$p # 2(&!/') (Ep
is the pulse energy and ' is the Kerr nonlinearity), so this
limitation becomes an upper boundary to pulse energy for
a given fiber nonlinearity.

To achieve higher pulse energies or shorter pulses, two
possibilities emerge: the use of a shorter cavity and re-
duction of the Kerr nonlinearity. There are limitations to
a shorter cavity, one of which is imposed by the minimum
length of fiber necessary for adequate gain. Additionally,
a laser with a shorter cavity is more likely to be plagued
by Q switching. Reduction of nonlinearity is therefore
the preferable alternative for most situations. For
femtosecond-pulse fiber lasers, nonlinearity reduction has
been addressed most effectively by the stretched-pulse
laser.9 The stretched-pulse laser essentially implements
dispersion management, which has been successful in op-
tical communications.10 As a result, SSG is
suppressed.11 Pulse stretching has resulted in the gen-
eration of 100-fs pulses of #2.7-nJ energy.12 In this ap-
proach, the effects of nonlinearity are reduced indirectly,
through the effects of dispersion.

There are limitations to the stretched-pulse approach.
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Wave-breaking-free laser
August 1, 2003 / Vol. 28, No. 15 / OPTICS LETTERS 1365

Generation of 50-fs, 5-nJ pulses at 1.03 mm from a
wave-breaking-free fiber laser
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We report the generation of 6-nJ chirped pulses from a mode-locked Yb fiber laser at 1.03 mm. A linear
anomalous-dispersion segment suppresses wave-breaking effects of solitonlike pulse shaping at high energies.
The dechirped pulse duration is 50 fs, and the energy is 5 nJ. This laser produces twice the pulse energy
and average power, and approximately five times the peak power, of the previous best mode-locked fiber laser.
It is to our knowledge the first fiber laser that directly offers performance similar to that of solid-state lasers
such as Ti:sapphire. © 2003 Optical Society of America

OCIS codes: 060.7140, 060.4370, 140.3510, 320.7090, 320.7140.

Short-pulse fiber lasers can have widespread appli-
cations as practical alternatives to bulk solid-state
lasers, offering compact size, better stability, and
freedom from misalignment. However, fiber lasers
have generated pulses with energies significantly
lower than those of solid-state lasers because of the
inherent f iber nonlinearity.

The dynamics of femtosecond pulse formation
is dominated by an interplay between anomalous
group-velocity dispersion (GVD) and positive Kerr
nonlinearity of the f iber.1 Fiber lasers can be
constructed entirely from anomalous-GVD fiber to
operate in the soliton regime or with segments to pro-
vide normal GVD and anomalous GVD to operate in
the stretched-pulse regime.2 At 1 mm, standard fiber
has normal dispersion only. Thus Nd- and Yb-doped
fiber lasers at 1 mm have been constructed with
prisms or diffraction gratings to provide the necessary
anomalous GVD. Recently an Yb fiber laser that
employs a photonic crystal fiber for dispersion control
generated 100-fs and 1-nJ pulses.3 Highly nonlinear
photonic crystal fiber can be expected to present
a formidable barrier to achieving higher energies.
Stretched-pulse Er-doped fiber lasers have generated
!100-fs, 2.7-nJ pulses, which we believe are the high-
est pulse energy and peak power from a femtosecond
fiber laser.4 Significant energy resides in the wings
of the pulse, which extend to !1 ps. Generation of
50-fs and 1-nJ pulses from a Nd fiber laser has been
reported5; these pulses have approximately the same
peak power as the 2.7-nJ laser. An Yb fiber laser
generated 50-fs and 0.7-nJ pulses.6 The highest
average power generated directly from a femtosecond
fiber laser is !100 mW.4,6

The stretched-pulse technique successfully reduces,
but does not eliminate, the effects of nonlinearity
through dispersion management. Direct manage-
ment of nonlinearity has been proposed for substantial
increases in pulse energy7 but has not been demon-
strated experimentally. Nonlinearity can limit pulse
energy through either of two mechanisms: (i) Excess
energy can result in wave breaking through the com-
bined effects of dispersion and nonlinearity. (ii) The
artificial saturable absorber (SA) can be overdriven at

high peak powers, which will lead to multiple pulsing.
The former limitation is the more fundamental of the
two, which motivates us to explore it.

Here we recognize the importance of minimizing
Kerr nonlinearity in the anomalous-GVD segment of
a stretched-pulse laser designated for maximum pulse
energy. We first consider the differences between
the extreme cases of nonlinear and completely linear
segments of anomalous GVD. The availability of
highly doped Yb fiber permits partial decoupling of
gain filtering from nonlinear pulse shaping. Ex-
tensive numerical simulations demonstrate that the
limitation on pulse energy through wave breaking can
be suppressed with a linear anomalous-GVD segment
and a short gain fiber. We exploit this approach to
demonstrate a f iber laser that maximizes the pulse
energy and the peak power.

Although it is well known that solitonlike effects
in anomalous-GVD fiber need to be minimized for
best pulse quality,8 these effects have not been fully
explored experimentally, nor have their implications
for pulse shaping been investigated. We focus on
a cavity design similar to that of Ref. 6 to permit
direct comparison with experiment. The oscillator
is modeled to comprise three sections: a section of
single-mode fiber (SMF), followed by a short gain
section, and a final section with anomalous GVD.
Diffraction gratings or a hypothetical f iber (with a
mode area equal to that of the SMF) provides anoma-
lous GVD for the linear and the nonlinear cases,
respectively. For increased computational speed the
SA is modeled with a transfer function of the form
u"z, t# ! u"z, t# $"1 2 j# 1 j sin2%pju"z, t#j2&2Isat'(1&2,
where u"z, t# is the f ield envelope, j is the modulation
depth, and Isat is the saturation intensity. Several
transfer functions were tried, and the exact form was
not found to be important for pulse energies that avoid
overdriving the SA. Pulse propagation is described
by an extended nonlinear Schrödinger equation that
accounts for the effects of GVD, Kerr nonlinearity, and
gain for Yb-doped fiber. Gain in the Yb-doped fiber
is modeled as saturating with total energy and has
a parabolic frequency dependence with a bandwidth
of 40 nm.
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1366 OPTICS LETTERS / Vol. 28, No. 15 / August 1, 2003

The qualitative features of stretched-pulse opera-
tion are determined primarily by the total GVD !bnet"
and to a lesser extent by the lengths of the normal-
and anomalous-GVD sections. If the gain fiber is
suff iciently short, most of the nonlinear shaping occurs
in the SMF, decoupled from the bandwidth filtering in
the gain f iber. Numerically simulated cavities with
linear and nonlinear segments of anomalous GVD pro-
duce stable pulses with similar energies for bnet & 0.
However, for increasing bnet . 0 (normal disper-
sion) the maximum pulse energy increases much
faster when the anomalous-dispersion segment is
linear. Qualitatively, if the anomalous-GVD section
of the laser has negligible Kerr nonlinearity, the pulse
evolves to a shape that maintains a monotonic chirp
even in the presence of strong nonlinearity.9 A higher
pulse energy generates increased bandwidth, which
in turn leads to larger pulse stretching. Increased
stretching reduces the peak power, so nonlinear
and dispersive effects balance. For instance, at
bnet ! 0.012 ps2, wave breaking can be avoided at
a pulse energy that is #25 times higher than that
of a laser with a nonlinear anomalous-GVD section.
We emphasize here that the predicted increases in
energy may not be achieved experimentally because
of competing effects such as overdriving the artif icial
SA. If an interferometric SA such as nonlinear polar-
ization evolution10 (NPE) is used, there is a trade-off
between avoiding overdriving the NPE and ease of
self-starting.

Following this approach, we built an Yb fiber laser
(Fig. 1). A unidirectional ring geometry was chosen
for self-starting operation.11 The pump light is de-
livered by a wavelength-division multiplexing (WDM)
coupler. The Yb fiber is only 23 cm long because of its
high doping concentration (23,600 parts in 106). The
980-nm pump diode delivers 550 mW of power into a
SMF. Mode-locked operation is initiated and stabi-
lized by NPE, and the output is taken from the NPE re-
jection port.12 Following the free-space section, there
is a segment of SMF (cutoff wavelength, 920 nm).
One can vary bnet of the cavity by adjusting the grating
spacing. The laser produces positively chirped pulses,
which are dechirped with a grating pair external to the
cavity. We verified single-pulse operation by monitor-
ing the pulse train with a fast detector !#0.5-ns reso-
lution) and long-range (200 ps) autocorrelation.

The length of the SMF and bnet were varied sys-
tematically to optimize pulse energy and peak power.
The SMF was initially chosen to be 3.5 m long
(50-MHz repetition rate). The pulse energy could be
increased while bnet was reduced from an initial value
of 20.020 ps2. At bnet ! 0.001 6 0.002 ps2 the pulse
energy reached 4.5 nJ, limited by the pump power.
The dechirped pulse duration was 70 fs.

To determine the maximum pulse energy we low-
ered the repetition rate to 40 MHz by increasing
the length of the SMF by 1 m. For the same bnet,
pulse energy could not exceed 4.1 nJ. Therefore
bnet was increased. The maximum pulse energy
of #6 nJ (235-mW average power) was obtained at
bnet ! 0.004 6 0.002 ps2. The corresponding power
spectra from the NPE port and a beam ref lected

from the first grating are shown in Fig. 2. The
pulse energy exiting the Yb fiber was determined
to be #7.5 nJ, and the energy of the pulse coupled
into the SMF was estimated as #0.3 nJ. With this
information, accurate numerical simulations could be
achieved with experimentally determined parameters.
The spectrum produced by the numerical simulations
agrees with the experimental spectrum (Fig. 2, inset).
The wings of the spectrum decay faster than those
of a Gaussian pulse, which describes the pulse shape
for a typical stretched-pulse laser with a nonlinear
anomalous-GVD section.13

The interferometric autocorrelation of the dechirped
pulses is presented in Fig. 3, along with the autocor-
relation of the simulated pulses. The inferred pulse
duration is 50 fs. Comparison of the intensity auto-
correlations before and after dechirping reveals a com-
pression factor of 30 (Fig. 3, inset). The dechirped
pulse energy is 5 nJ, owing to loss at the grating com-
pressor. Overall, the pulse energy and the average
power obtained directly from the laser are improved
by factors of 2.0 and 2.3, respectively, compared with
those shown in Ref. 4. The peak power is #80 kW, #5
times greater than that of previous top-performance

Fig. 1. Experimental setup: HWP, half-wave plate;
QWPs, quarter-wave plates; PBS, polarizing beam
splitter.

Fig. 2. Spectra of the pulse from the NPE rejection port
(solid curve) and of the pulses from a ref lection off a
diffraction grating (dashed curve). Inset, experimental
(solid curve) and calculated (dashed curve) spectra and a
Gaussian fit (dotted curve) plotted on a logarithmic scale.
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Self-Similar Evolution of Parabolic Pulses in a Laser
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Self-similar propagation of ultrashort, parabolic pulses in a laser resonator is observed theoretically
and experimentally. This constitutes a new type of pulse shaping in mode-locked lasers: in contrast to
the well-known static (solitonlike) and breathing (dispersion-managed soliton) pulse evolutions,
asymptotic solutions to the nonlinear wave equation that governs pulse propagation in most of the
laser cavity are observed. Stable self-similar pulses exist with energies much greater than can be
tolerated in solitonlike pulse shaping, and this has implications for practical lasers.

DOI: 10.1103/PhysRevLett.92.213902 PACS numbers: 42.65.Tg, 42.55.Wd, 42.65.Re, 42.65.Sf

Self-similarity is a recurring theme in the descrip-
tion of many natural phenomena. The emergence of self-
similarity in complicated, nonlinear systems can be
particularly informative about the internal dynamics:
self-similarity arises after the influences of initial con-
ditions have faded away, but the system is still far from
its ultimate state [1]. Furthermore, the presence of self-
similarity implies an inherent spatial and/or temporal
order that can be exploited in the mathematical treatment
of the governing equations. For example, reduction-of-
symmetry techniques effectively reduce the dimension-
ality of the system [2], which facilitates analysis. In the
field of nonlinear optics, a limited number of self-similar
(SS) phenomena have been reported. As examples, SS
behavior in stimulated Raman scattering [3] and the
formation of Cantor-set fractals in materials that support
spatial solitons [4] were investigated. The most pertinent
prior work is the theoretical demonstration of SS propa-
gation of short pulses of parabolic intensity profile in
optical fibers with normal group-velocity dispersion
(GVD) and strong nonlinearity [5]. Recently, this concept
has been extended to an optical fiber amplifier. By use of
the technique of symmetry reduction, parabolic pulses
were shown to propagate self-similarly in the amplifier,
and the predicted evolution was verified experimentally
[6–8]. Considering that the solutions of the nonlinear
Schrödinger equation that governs pulse propagation in
a fiber are well known, it is remarkable that the SS
solutions were discovered only recently.

In addition to the scientific interest in SS pulse
propagation, there is practical motivation: the energy of
ultrashort optical pulses is generally limited by wave
breaking, which is a consequence of excessive nonlinear-
ity. The limitation is particularly stringent in short-pulse
fiber devices, where small modes produce high intensities
and therefore large nonlinear phase shifts. In contrast to
solitons, SS pulses (or ‘‘similaritons’’ [9]) can tolerate
strong nonlinearity without wave breaking. The presence
of normal GVD tends to ‘‘linearize’’ the phase accumu-
lated by the pulse, which increases the spectral bandwidth

but does not destabilize the pulse [5]. Owing to their
compact size and excellent stability, fiber lasers are ap-
pealing alternatives to bulk solid-state lasers. If the pulse
energy available from fiber lasers can be increased to that
of solid-state lasers, fiber lasers could find widespread
application, so the possibility of achieving SS propagation
in a laser is very attactive.

However, experimental studies of SS optical phenom-
ena are generally restricted to the observation of evolution
over a limited number of characteristic propagation
lengths, due to practical limitations. Furthermore, we
are not aware of any experimental observations of asymp-
totic SS evolution in an optical system with feedback,
such as a laser. Asymptotic solutions of a wave equation
would appear to be incompatible with the periodic bound-
ary condition of a laser resonator.

Here we report numerical predictions of the existence
of stable pulses that, indeed, propagate self-similarly in a
laser cavity, along with clear experimental evidence of SS
pulses in a fiber laser. This regime of operation constitutes
a new type of pulse shaping in a mode-locked laser,
qualitatively distinct from the well-known soliton [10]
and dispersion-managed soliton [11] regimes. The main
features of SS pulses in a laser are presented, and the
implications for practical devices are discussed briefly.

Pulse formation in a femtosecond laser is typically
dominated by the interplay between dispersion and non-
linearity [12]. An effective saturable absorber (SA) is
required for initiation of pulsed operation from intra-
cavity noise and subsequent stabilization of the pulse.
Hence, the laser constitutes a dissipative system, and its
basic features can be understood within the formalism of
a complex Ginzburg-Landau equation or related formu-
lations [13].

Soliton fiber lasers are limited to low pulse energies
(100 pJ or less) [10]. At higher energies, nonlinear effects
cause wave breaking [14], which leads to multiple pulsing
(more than one pulse circulates in the cavity). The pulse
can tolerate only a small nonlinear phase shift (!NL !
!) before such instabilities occur. Stretched-pulse fiber
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Soliton–similariton fibre laser
Bulent Oktem1, Coşkun Ülgüdür2 and F. Ömer Ilday2*

Rapid progress in passively mode-locked fibre lasers1–6 is cur-
rently driven by the recent discovery of new mode-locking
mechanisms, namely, the self-similarly evolving pulse (similar-
iton)7 and the all-normal-dispersion (dissipative soliton)
regimes8,9. These are fundamentally different from the pre-
viously known soliton10 and dispersion-managed soliton
(stretched-pulse)11 regimes. Here, we report a fibre laser in
which the mode-locked pulse evolves as a similariton in the
gain segment and transforms into a regular soliton in the rest
of the cavity. To our knowledge, this is the first observation
of similaritons in the presence of gain, that is, amplifier similar-
itons, within a laser cavity. The existence of solutions in a dis-
sipative nonlinear cavity comprising a periodic combination of
two distinct nonlinear waves is novel and likely to be applicable
to various other nonlinear systems. For very large filter band-
widths, our laser approaches the working regime of dispersion-
managed soliton lasers; for very small anomalous-dispersion
segment lengths it approaches dissipative soliton lasers.

Passively mode-locked fibre lasers are being used in a diverse
range of applications, including optical frequency metrology12,13,
material processing14 and terahertz generation15. Historically,
major advances in laser performance have followed the discovery
of new mode-locking regimes1–6,16, so there is always a strong motiv-
ation to search for new regimes.

The physics of mode-locked fibre lasers comprises a complex
interaction of gain, dispersion and nonlinear effects17. Such lasers
are a convenient experimental platform for the study of nonlinear
waves subject to periodic boundary conditions and dissipative
effects. These characteristics profoundly alter the behaviour of non-
linear waves, so this area of research is interesting in its own right.
In addition to the vast literature on optical solitons18, optical similar-
itons have recently emerged as a new class of nonlinear waves19. Other
researchers20–23 have demonstrated their existence in fibre amplifiers.
These results have extended earlier predictions of parabolic pulse
propagation in passive fibres by Anderson and colleagues24 and
experiments on amplification at normal dispersion25. Similaritons
were first observed in a laser cavity by Ilday and colleagues7. These
similaritons existed in segments of the cavity without any gain and
loss to avoid the large spectral broadening that is characteristic of
amplifier similaritons. Formation of a self-consistent solution in a
laser cavity requires the compensation of spectral broadening,
which has proved to be non-trivial5. Despite numerical predictions
of their existence dating back almost a decade26, amplifier similaritons
had yet to be observed in a laser cavity.

Here, we present our experimental and theoretical work demon-
strating an entirely new mode-locking regime, in which the pulse
propagates self-similarly in the gain fibre with normal dispersion,
and following spectral filtering, gradually evolves into a soliton in
the rest of the cavity, where the dispersion is anomalous. All
mode-locked lasers to date have had a single type of nonlinear
wave propagating within the cavity; however, in our laser, distinctly
different similariton and soliton pulses co-exist, demonstrating that

transitions between these are possible. Remarkably, this construct is
extremely robust against perturbations. Although the pulse experi-
ences nonlinear effects strong enough to cause unprecedented,
order-of-magnitude variations of the spectral bandwidth, the laser
shows excellent short- and long-term stability.

A schematic model for the laser is illustrated in Fig. 1a.
Numerical simulations of the model laser, based on a modified non-
linear Schrödinger equation, are used to analyse its operation.
Parameters are chosen to match the experimental values. (Further
details can be found in the Methods.) The solution obtained for a
filter bandwidth of 15 nm and net group velocity dispersion
(GVD) of bnet

(2) ¼ 0.0136 ps2 illustrates the principle characteristics
of the laser operation. The evolution is illustrated by plots of the
pulse duration and spectral bandwidth as functions of position in
the cavity (Fig. 1a). The gain fibre has normal GVD, where the inci-
dent pulse evolves into an amplifier similariton. A bandpass filter
then filters the spectrum. Following the filter, the pulse enters a
long segment of single-mode fibre (SMF) with anomalous GVD,
and it evolves into a soliton in the long SMF segment. Because
the pulse energy can easily exceed that of a fundamental soliton
by up to a factor of 2, it undergoes soliton compression before its
temporal and spectral widths stabilize. Similaritons have parabolic
temporal profiles with linear chirp, and their temporal as well as
spectral widths grow exponentially. In contrast, the first-order
soliton pulse has a hyperbolic secant temporal profile and maintains
a constant shape both in time and frequency, balancing nonlinear
effects with dispersion. The transition from similariton to soliton
is initiated by the bandpass filter, which filters both in the time
and frequency domains due to the large chirp present. When the
soliton re-enters the gain medium, it is shaped back into a similar-
iton, which is an attractor state for any input pulse shape22. A closer
look confirms that a parabolic temporal profile with linear frequency
chirp is obtained at the end of the gain fibre and a chirp-free hyper-
bolic secant profile is obtained at the end of the SMF (Fig. 2).

Guided by the simulation results, we constructed an erbium-
doped fibre laser (Fig. 3). Characterization results for the laser oper-
ating with a 12-nm-wide filter and bnet

(2) ¼ 0.0136 ps2 are shown in
Fig. 4. We measured full-width at half-maximum (FWHM) values
of 12, 64 and 85 nm for the optical spectra from the 1%, 5% and
polarization rejection ports, respectively (Fig. 4a,b). The corre-
sponding spectral broadening ratio was 7.1. Figure 4a,b shows a
good match between the simulations and the experiments. Pulse
shapes were inferred from autocorrelation and spectrum measure-
ments using the PICASO algorithm27,28. The pulse shapes agree
well with numerical simulations and match a parabolic (hyperbolic
secant) temporal profile for the similariton (soliton-like) pulses
shortly after the end of the gain fibre (near the end of the SMF
section; Fig. 4c,d). The laser generates !750-fs-long chirped
pulses from the nonlinear polarization evolution (NPE) port, which
are compressed to 110 fs with a 1.2-m-long (20.03 ps2 of dis-
persion) SMF fibre outside the laser cavity. A zero-phase Fourier-
transform calculation yields a theoretical lower limit of 75 fs, as

1Graduate Program of Materials Science and Nanotechnology, Bilkent University, 06800, Ankara, Turkey, 2Department of Physics, Bilkent University, 06800,
Ankara, Turkey. *e-mail: ilday@bilkent.edu.tr
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Black lines experiment, red lines simulation, blues lines analytic.
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Nonlinear Laser Lithography 

yüzeylerde (2B) kendiliğinden organize yapılar 



Nonlinear Laser Lithography (NLL)
1: Pulse scatters from surface, leading to localized field enhancement. 

2: Surface material is ablated at field-enhanced points, reacting with O2 to form an oxide. 

3: Oxide piles on, blocking access of O2 to newly activated surface material.
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Ilday, et al., Nature Photon. (2011)



Ilday, et al., Nature Photon. (2011)

A scanning electron microscope (SEM) image of a section of the
same structure is shown in Fig. 4b. A mesh structure of titanium
dots surrounded by a mesh of TiO2 is obtained by scanning
with a linearly polarized beam, followed by a second pass with
908-rotated polarization (Fig. 4c). Using circularly polarized light,
a regular array of nanocircles is obtained (Fig. 4d, Supplementary
Movie S4). An important advantage of this method is the capability
to create these structures on non-planar surfaces due to the insensi-
tivity of the process to variations in laser intensity. This is in clear

contrast to conventional lithography techniques. As a demon-
stration, we scanned the beam over a titanium-coated optical fibre
(125 mm diameter), creating structures despite the very strong
surface curvature (Fig. 4e). Synchronously rotating the polarization
during a circular scan results in optical resonator-like patterns
(Fig. 4f), which could be interesting given the high index of TiO2.
The structures can be imprinted on a substrate such as silicon,
where the titanium film is used only as a transfer material
(Fig. 4g). If desired, titanium can be selectively etched away after-
wards. Although we focused on titanium in this work, our approach
should be applicable to other materials. Indeed, Fig. 4h shows tung-
sten oxide structures fabricated on a tungsten surface.

To conclude, we report a simple, low-cost and high-speed
method based on exploiting naturally occurring feedback mechan-
isms for the creation of metal–oxide nanostructures with femtose-
cond pulses. We have demonstrated periodic nanostructures
covering areas measuring square millimetres with !1 nm long-
range uniformity on bulk and thin metal films on flexible substrates,
as well as on the surface of an optical fibre, proving that non-planar
surfaces can be processed. These special features, primarily the
ability to process curved surfaces, are nominally not achievable
with conventional techniques. In addition, our technique exhibits
a substantial degree of robustness against defects and perturbations.
This constitutes another demonstration that unique technological
capabilities can emerge naturally by exploitation of nonlinear
photonic systems7. Although we optimized the process for the oxi-
dation of titanium and tungsten under a regular atmosphere, many
metals, semiconductors and dielectrics have been shown to support
LIPSS formation15–19. In principle, any of these materials can be sub-
jected to a variety of chemical reactions under a suitable atmosphere
to fabricate nanostructures from a virtually inexhaustible list of
material compositions. The fabricated nanostructures can find
applications in plasmonics21, plasmonic nanolithography22,
photon detection23, nanophotonics24, memristors25 and metallic
nanostructures26 for nanoelectronics, control of cell behaviour
through patterned surfaces27 and in low-cost fabrication of highly
ordered TiO2 structures, which have been shown to significantly
increase the efficiency of dye-sensitized solar cells28.

Methods
Laser set-up. The laser source was a home-built Yb-doped fibre laser, operating at a
central wavelength of 1,060 nm and generating pulses with up to 1 mJ energy at
1 MHz, which can be compressed to 100 fs (ref. 20). The powers incident on the
samples ranged from 100 mW to 1 W. The pulse-to-pulse power stability was on the
order of 0.05% (measured from 3 Hz to 250 kHz).

Integrated laser microscope set-up. The pulses from the laser were coupled into a
modified inverted microscope (Nikon Eclipse Ti) using a dichroic mirror with high
reflectivity for 1 mm and high transmission of visible light. The focused spot size was
set to !12 mm (full-width at half-maximum intensity) in most experiments. Beam
positioning was achieved by moving the sample on a dual-axis step-motor stage
(Thorlabs, MAX203) with a repeatability of !1 mm. The samples were illuminated
with a halogen source, and imaging was carried out with a ×100 oil-immersion
objective. The images were recorded with an electron-multiplying charge-coupled
device camera (Andor, Luca).

Theoretical model. The semi-phenomenological three-step model was based on an
integro-difference equation with decoupled timescales. The laser beam was modelled
as a Gaussian beam centred at a point (x0, y0) on the surface. When the nth pulse
of the pulse train was incident, it scattered from the surface protrusions and
depressions, described by the local height of titanium, hn(x, y). The total laser
intensity was calculated for every point (x, y) on the surface by integrating the
contributions from the surrounding surface elements. Ablation occurs on a
picosecond timescale, much faster than thermal diffusion, which would otherwise
smear out the nanoscale localization of the absorbed laser energy. At points where
the laser intensity exceeded the ablation threshold, titanium was ablated from its top
surface down to the point where the intensity dropped below the ablation threshold.
The amount of O2 available was calculated based on the thickness of the TiO2 layer
at that point. Ablated titanium and O2 react readily on a timescale much slower than
the ablation process, but faster than the arrival of the next pulse (1 ms). The amount
of TiO2 formed was determined by the amount of ablated titanium and O2,
whichever was smaller. The surface profile was then updated as hnþ1(x, y). The entire
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Figure 4 | Examples of fabricated nanostructures. a, Photograph of
nanostructures covering an area of 1 mm × 3 mm (colouration is due to
diffraction of room light). b, SEM image of a portion of the same structure.
c, SEM image of mesh structure obtained by two scans of the beam with
orthogonal polarizations. d, Nanocircles (diameter, 370 nm) obtained with
circularly polarized light. e, Nanostructures fabricated on the side of a
titanium-coated optical fibre, demonstrating the capability to fabricate on
non-planar surfaces. f, Circular pattern of nanostructures obtained by
rotation of the polarization direction. g, Cross-sectional SEM image of
structures created on a thin film of titanium on a silicon substrate,
showing imprinting of the nanostructures to the underlying substrate.
h, Nanostructures obtained on a tungsten film over a glass substrate.
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A scanning electron microscope (SEM) image of a section of the
same structure is shown in Fig. 4b. A mesh structure of titanium
dots surrounded by a mesh of TiO2 is obtained by scanning
with a linearly polarized beam, followed by a second pass with
908-rotated polarization (Fig. 4c). Using circularly polarized light,
a regular array of nanocircles is obtained (Fig. 4d, Supplementary
Movie S4). An important advantage of this method is the capability
to create these structures on non-planar surfaces due to the insensi-
tivity of the process to variations in laser intensity. This is in clear

contrast to conventional lithography techniques. As a demon-
stration, we scanned the beam over a titanium-coated optical fibre
(125 mm diameter), creating structures despite the very strong
surface curvature (Fig. 4e). Synchronously rotating the polarization
during a circular scan results in optical resonator-like patterns
(Fig. 4f), which could be interesting given the high index of TiO2.
The structures can be imprinted on a substrate such as silicon,
where the titanium film is used only as a transfer material
(Fig. 4g). If desired, titanium can be selectively etched away after-
wards. Although we focused on titanium in this work, our approach
should be applicable to other materials. Indeed, Fig. 4h shows tung-
sten oxide structures fabricated on a tungsten surface.

To conclude, we report a simple, low-cost and high-speed
method based on exploiting naturally occurring feedback mechan-
isms for the creation of metal–oxide nanostructures with femtose-
cond pulses. We have demonstrated periodic nanostructures
covering areas measuring square millimetres with !1 nm long-
range uniformity on bulk and thin metal films on flexible substrates,
as well as on the surface of an optical fibre, proving that non-planar
surfaces can be processed. These special features, primarily the
ability to process curved surfaces, are nominally not achievable
with conventional techniques. In addition, our technique exhibits
a substantial degree of robustness against defects and perturbations.
This constitutes another demonstration that unique technological
capabilities can emerge naturally by exploitation of nonlinear
photonic systems7. Although we optimized the process for the oxi-
dation of titanium and tungsten under a regular atmosphere, many
metals, semiconductors and dielectrics have been shown to support
LIPSS formation15–19. In principle, any of these materials can be sub-
jected to a variety of chemical reactions under a suitable atmosphere
to fabricate nanostructures from a virtually inexhaustible list of
material compositions. The fabricated nanostructures can find
applications in plasmonics21, plasmonic nanolithography22,
photon detection23, nanophotonics24, memristors25 and metallic
nanostructures26 for nanoelectronics, control of cell behaviour
through patterned surfaces27 and in low-cost fabrication of highly
ordered TiO2 structures, which have been shown to significantly
increase the efficiency of dye-sensitized solar cells28.

Methods
Laser set-up. The laser source was a home-built Yb-doped fibre laser, operating at a
central wavelength of 1,060 nm and generating pulses with up to 1 mJ energy at
1 MHz, which can be compressed to 100 fs (ref. 20). The powers incident on the
samples ranged from 100 mW to 1 W. The pulse-to-pulse power stability was on the
order of 0.05% (measured from 3 Hz to 250 kHz).

Integrated laser microscope set-up. The pulses from the laser were coupled into a
modified inverted microscope (Nikon Eclipse Ti) using a dichroic mirror with high
reflectivity for 1 mm and high transmission of visible light. The focused spot size was
set to !12 mm (full-width at half-maximum intensity) in most experiments. Beam
positioning was achieved by moving the sample on a dual-axis step-motor stage
(Thorlabs, MAX203) with a repeatability of !1 mm. The samples were illuminated
with a halogen source, and imaging was carried out with a ×100 oil-immersion
objective. The images were recorded with an electron-multiplying charge-coupled
device camera (Andor, Luca).

Theoretical model. The semi-phenomenological three-step model was based on an
integro-difference equation with decoupled timescales. The laser beam was modelled
as a Gaussian beam centred at a point (x0, y0) on the surface. When the nth pulse
of the pulse train was incident, it scattered from the surface protrusions and
depressions, described by the local height of titanium, hn(x, y). The total laser
intensity was calculated for every point (x, y) on the surface by integrating the
contributions from the surrounding surface elements. Ablation occurs on a
picosecond timescale, much faster than thermal diffusion, which would otherwise
smear out the nanoscale localization of the absorbed laser energy. At points where
the laser intensity exceeded the ablation threshold, titanium was ablated from its top
surface down to the point where the intensity dropped below the ablation threshold.
The amount of O2 available was calculated based on the thickness of the TiO2 layer
at that point. Ablated titanium and O2 react readily on a timescale much slower than
the ablation process, but faster than the arrival of the next pulse (1 ms). The amount
of TiO2 formed was determined by the amount of ablated titanium and O2,
whichever was smaller. The surface profile was then updated as hnþ1(x, y). The entire
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Figure 4 | Examples of fabricated nanostructures. a, Photograph of
nanostructures covering an area of 1 mm × 3 mm (colouration is due to
diffraction of room light). b, SEM image of a portion of the same structure.
c, SEM image of mesh structure obtained by two scans of the beam with
orthogonal polarizations. d, Nanocircles (diameter, 370 nm) obtained with
circularly polarized light. e, Nanostructures fabricated on the side of a
titanium-coated optical fibre, demonstrating the capability to fabricate on
non-planar surfaces. f, Circular pattern of nanostructures obtained by
rotation of the polarization direction. g, Cross-sectional SEM image of
structures created on a thin film of titanium on a silicon substrate,
showing imprinting of the nanostructures to the underlying substrate.
h, Nanostructures obtained on a tungsten film over a glass substrate.
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Çeşitli nanoyapılar (8 saniyede 1 cm2 alan) 
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Nonlinear Laser Lithography:  

Silisyum içinde 3B kendiliğinden organize yapılar 



Si içinde 3B yapı oluşumu
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Gömülü hologramlar



3B şekillendirme



Kendiliğinden kurulan bir nanomalzeme 
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3B stokastik yapının kuramsal tasarımı 
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3B yapının deneysel karakterizasyonu

Ilday, et al., Nano Letters (2016)



Kendiliğinden-kurulan  

canlı-gibi-özellikler gösteren  

nanoyapılar



Lazer soğurumu ile Marangoni akışı 
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Nonlinear absorption of pulses creates Marangoni flow



Ablasyon-soğutmalı lazer ile malzeme kesimi 



Yıkımlama soğutmalı lazer malzeme kesimi

Ilday, et al., Nature’da yayınlanacak (2016)

Spekülatif soru: proton terapisine uygulanabilir mi?



Kip-kilitleme/dengeden-uzak-sistemler teorisi 



Genel teori yok.



Neden yok?



dispersion

spectral filtering

Kerr nonlinearity

Raman scattering

gain

loss

Çeşitli kuvvetler etkin; tüm analitik teoriler bunları birbirine ekliyor 



Ancak, süperpozisyon çalışmıyor.  

Bütünü parçaların toplamı olarak yazamıyoruz.



Öte yandan, operatörleri çarpabiliriz (ucu uca ekleyebliriz)!



soliton

doğrusal ilerleme

similariton (self-similar)

 doğrusal olmayan zamanda sıkıştırma

doğrusal olmayan spektral sıkıştırma

 yitirgen soliton

Temel operatörleri belirledik 



Termodinamiğe analoji yapıyoruz…

Carnot Cycle Otto Cycle Diesel Cycle

• Consists of basic processes: adiabatic, isothermal, isobaric, isochroic 

• Each cycle is a closed loop.



Bu sayede lazerlerin dinamiklerini kurgulabiliyoruz

 19 

Figure 1 
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Lazer teknolojisi



Frekansı Cs atom saatine kilitli lazer sistemi 

Ç. Şenel, et al., in preparation
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Kilitli freaks
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Yüksek güçlü lazerler: 100 W, 5 ps, 100 MHz
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P. Elahi, et al., Opt. Lett., 37, 3042 (2012)



Küme atımlı lazerler: 10 µJ, 150-250 fs 



Küme atımlı lazer mimarisi

100 or 500 MHz 
Oscillator

100 or 500 MHz



Rastgele atım treni sentezlenmesi (FPGA + AOM)

S. Yavaş, et al., Biomed. Opt. Express 3, 605 (2012).



Hızlandırıcı Uygulamaları



İlgili olabilecek kapasiteler
• Fotoenjektörler için fiber lazerler 

• Gürültü karakterizasyonu: genlik ve faz  

• Stabilization ve geribesleme için elektronik 

• Lazer-RF kilitleme 

• Lazer-lazer kilitleme 

• Optik tabanlı zamanlama ve frekans referans dağıtımı 

• Lazer-malzeme işleme (tuzluk delmek) 

• Yüzey yapılandırma



Hızlandırıcı senkronizasyonu

  Yeni kuşak hızlandırıcılarda (EuroXFEL@DESY, ELETTRA@Trieste, 

CLIC@CERN, …) alt birimler arasında femtosaniyeler (10-15 s) 

mertebesinde hassasiyetle olaylar senkronizasyonunu gerektiriyor. 

Femtosaniye Hassasiyette Senkronizasyon 

• Yeni ışık kaynakları ve hızlandırıların femtosaniyelik senkronizasyona ihtiyacı var. 

• Gerekli hassasiyet RF tekniklerinin kapasitesinin ötesinde.

DESY

CLIC



Hızlandırıcıların optik senkronizasyonu
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Olay ufku ötesinde senkronizasyonun korunumu
• Laser frequency combs locked to a precise quantum transition, can be absolutely stable  
• Position one at each major point, distribute sync signal locally as before.  
• Use long links to keep each clock locked to each other  (slow corrections) 
• Distribution of frequencies with 10-14 precision has been demonstrated.



DESY, Almanya için elektron demeti karakterizasyon lazeri
DESY, Almanya 



FERMI, İtalya için senkronizasyon lazeri
FERMI Hızlandırıcı, Trieste, Italya 





Endüstriyelleştirme Faaliyetleri 

(FiberLAST A.Ş.) 



Femtosaniye lazerlerin endüstriyelleştirilmesi

 

AP-GR-01 Güncelleme Tarihi 15/8/2011 
 

üzerine silikon tabanlı bir jel ile polarizasyonu etkilemeyecek ve fiberlere baskı oluşturmayacak 

şekilde sabitlenmiştir. Serbest uzay kısımlarının tutucuları için mümkün olan en stabil mekanik 

komponentler kullanılmıştır.  

 

Sistemin tamamının kutulanması önceki kısımlarda bahsedilen bütün bileşenlerin kararlı 

çalışmasını engellemeyecek, dışarıda olabildiğince az kablo bırakacak, ana lazer demeti dışında 

başka lazer demetini dışarıya kaçırmayacak ve ikincil demetleri de güvenli bir şekilde 

sönümleyecek şekilde ve kutu iç sıcaklığının olabildiğince eşit dağılımlı olmasını sağlayacak ve 

ısınan bileşenleri dağıtacak şekilde yapılmıştır. Sistemin içinde gerekli tüm güç kaynakları 

minimum sayıda kablo kanalı üzerinden götürülmeye çalışılmış ve sistem minimum sayıda 

düğme ile açılacak şekilde tasarlanmıştır. Kutunun üzerinde son kullanıcı için gösterge LED’ler 

bulunmaktadır. Bu dönem çalışmasında tamamlanan kutulama çalışması Şekil-5’te 

gösterilmiştir. 

 
 Şekil-5 Tamamlanan Lazer kutulama çalışması 

 

Lazer kontrol biriminden kısaca bahsedecek olursak, lazerin atım sıklığı kontrolü 

programlanabilir elektronik serisi (FPGA) ve Akusto Optik Modulator (AOM) ile sağlanmaktadır. 

Bunların haricinde optik sinyalin elektronik kontrolünün sağlanabilmesi için optik sinyali 

elektronik sinyale dönüştüren fotodiyotlar kullanılmaktadır.  FPGA tabanlı elektronik kontrol 

şeması aşağıdaki Şekil 6’da verilmektedir.  

www.fiberlast.com.tr	

2015’ten	bugüne	gelişmeler	
•  Diğer		

–  Gülam	lazeri	SHG	yapıldı	
–  Gülam	lazeri	paketlendi,	GÜNAM’a	taşındı	
–  Boğaziçi	lazeri	teslim	edildi	(supercontinuum)	
–  Bilkent	ERC	lazeri	paketlendi	

UFOLAB için

ODTÜ GÜLAM için

ev yapımı 
2D motorize  
konumlama

ArGe prototipi



Femtosaniye lazerlerin endüstriyelleştirilmesi

Toronto Üniversitesi için



www.fiberlast.com.tr	

2015’ten	bugüne	gelişmeler	
•  Diğer		

–  Kanada	lazeri	paketlendi	

www.fiberlast.com.tr	

2015’ten	bugüne	gelişmeler	
•  Diğer		

–  Kanada	lazeri	paketlendi	

Toronto Üniversitesi 

kontrol 

Femtosaniye lazerlerin endüstriyelleştirilmesi

Özgün tasarım ve yerel üretim kontrol elektroniği



Nanosaniye ve CW çeşitli endüstriyel lazerler

www.fiberlast.com.tr	

Devam	eden	faaliyetler	
•  High-end	kabin	tasarımı	

Kullanımda ~200 endüstriyel ürün



Eğitim Faaliyetleri 



• PHYS 211: Mekanik dalgalar, optik ve termodinamik 

• PHYS 212: Modern fizik  

PHYS 211-212 derslerinin projeleri

Vakum odacığı 

Tesla sargısı

Teleskop

Jüpiter

Jüpiter’in ayları

Manyetik uçuş



Bulut odacığı (cloud chamber) - Bükem Belen
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Equipment 

1) Glass aquarium tank at the size of 25cm x 35cm x 16cm 

2) Metal plate at the size 35cm x 17 cm, thickness 1mm 

3) Dry ice 

4) Pure isopropyl alcohol 

5) Black cardboard, same size of the metal plate 

6) 4 pieces of felt 

7) Black electrical tape 

8) Duct tape 

9) Styrofoam pieces 

10) Silicone Sealant 

11) Safety gloves to handle the dry ice 

12) High intensity light source 

 

 

        
 

 

Dry ice and isopropyl alcohol were the hardest to find. I was able to get the isopropanol from the 

Advanced Research Laboratory’s chemical supplies in my university, after talking with my 

assistants. Dry ice was a bit trickier to find because it is harder to handle. It must be used within 

about 48 hours after it is obtained because it is hard to find a place to contain it. I bought the rest 

of the equipment from hardware and stationary stores around the city. In total all of these cost 

me about 60 TL. After gathering everything I needed. I began the construction of the chamber.  
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Making of the Cloud Chamber 

 

I first folded the felt pieces in 3 to make them thicker and stapled them so they wouldn’t open. I 

glued all pieces to the bottom sides of the tank using silicone sealant so that they would be 

covering the entire bottom sides as a felt lining. I used silicone sealant so that the alcohol 

wouldn’t take off the glue. 

 

     
 

I then built the base for the chamber by cutting and gluing the Styrofoam pieces and this will be 

providing a platform for the upside-down tank to stand on and for the dry ice to be safely held 

in. 

 

    
 

I finally cut the black cardboard to be the same size of the metal plate and then I covered one 

side of it with black electrical tape. This side will be facing in towards the chamber while the 

other side will be in contact with the metal plate. The reason for the black tape is only to make it 

easier for the particles to be seen. The chamber was set at this point and all I needed was the 

alcohol to get it running.  
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Bulut odacığı (cloud chamber) - Bükem Belen7 
 

     
 

 

My First Observation 
 
I opened up the chamber and poured about 150 ml isopropanol on to the felt lining. That amount 

seemed enough because the felt shouldn’t be soaking wet. I then sealed the opening with the 

metal plate and taped the metal to the tank with duct tape so that there wouldn’t be an opening. I 

placed the chamber on to the dry ice and made sure the ice was in contact with the plate. I then 

waited 15 minutes for the base of the chamber to cool and get to the right temperature. 

 

 

      
 

 

Within these 15 minutes I was clearly able to see the mist of alcohol vapor which was falling 

like thin rain droplets from the warmer part of the chamber, the top, to the much colder part, the 

base and forming the cloudlike mist. However after waiting for about 30 minutes, I wasn’t able 

to observe any particles at all and after one point the alcohol started to leak out of the bottom so 

I had to open up the tank which caused stopping the experiment. 
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100 ml izopropanol alkol ve 1 kg kuru buz 



Kozmik parçacık dedektörü 



Gayger sayacı - Emir Olgun 

 This picture shows the 
Geiger Muller Tube SBM-20. 

 

   After the tube is found, the second phase was to make it operational. I found a circuit 
design to operate the Geiger tube. The SBM-20 required at least 400V AC to operate and 
every voltage drop inside the tube was important data about radiation the circuit I found 
could provide the voltage and it could turn every voltage drop inside the tube to sound and 
light by a buzzer and a led, I ordered the circuit and soldered its parts. 

 

Construction 

 

The construction of the Geiger counter was mostly soldering. For a person who had never 
done soldering like me the task took more than a week. There were lots of short circuits, 
broken solders. After the soldering the circuit was working but I could not be sure that the 
counter really works or it just ticks randomly. I was walking around with the counter all day 
and in the laboratory that we used for the PHYS 211, when we were working for our another 
phys class project my Geiger counter started to detect something and I followed the ticks and 
I found Sr-90, a beta ray source and I tested the project with this element. 

Later I used my Arduino to build a display that shows the count per minute for the Geiger 
counter and the radiation level as uSV/h. to convert CPM to uSV/h, specific formula for 
SBM-20 is CPM*0.0057=uSV/h. 

SMB-20  
(Sovyet yapımı)

 

Radiation Data 

 

I measured the radiation levels in different places and the results were interesting. The 
radiation levels in where I live Çayyolu are between 0.18-0.32 uSV/h. The levels in bilkent 
SA building are between 0.28-0.38 uSV/h. The SB building levels are between 0.33-0.46 
uSV/h. The levels in Kızılay are between 0.08-0.12 uSV/h. The average radiation level for 
the world is 0.34 uSV/h according to a Wikipedia page. The levels in SB building is higher 
than that and Kızlay levels are much lover that this average. My idea about the levels in 
Kızılay is there is lots of concrete buildings and they block some of the background radiation. 

In the demonstration, I used Sr-90 to test my project. Sr-90 emits beta rays. Another sample 
was Cadmium. Cadmium emits gamma rays but the sample that I used was too old and the 
half-life of the sample was 464 days. I assume it was in the lab for many years so the 
measurement of the sample was almost zero. 

 

 

 

 

Arduino tabanlı ev yapımı devre



Sintillatör - A. B. Çatlı – S. S. Kahraman – Z. Ahsan  

ev yapımı  
sayaç devresi 

  System.out.printf("Cosmic ray rate through both panels: %g +/- %g 
/min\n", 1.04 * frac * 1 * w, 1.04 * dfrac * 1 * w); 
   
  if ((d > 2 * w) && (d > 2 * 1)) { 
   System.out.printf("Simple estimate (s/d^2 formula): %g 
/min\n", 0.66 * (w * l) * (w * l) / (d * d)); 
  } 
  else { 
   System.out.printf("Simple estimate not reliable\n"); 
  } 
 } 
  
  
} 
 

10 APPENDIX B: COUNTING CIRCUIT 

 
Figure 4 Circuit schematic 

 

5.2 DATA ACQUISITION 
 

ΔN(#) Δt(min) y(m) N=ΔN/Δt(1/min) ln(N) 
27 90 1020 0.3 -1.203972804 

14 60 900 0.233333333 -1.455287233 

16 60 800 0.266666667 -1.32175584 

7 30 850 0.233333333 -1.455287233 

 

From the graph we can see that the slope is 𝑚 = 0.0007 𝑚−1. Let x be the distance the muon travels 

before hitting the atmosphere. 

 𝑥 = 𝑣𝑡 = 𝑣𝛾𝜏 = 1428 𝑚 (5.4) 
 𝑡 =

𝑥
𝑐 = 4.76 𝜇𝑠 (5.5) 

 

We also know that: 

 𝛾 =
1

√1 − 𝑣2

𝑐2

 
(5.6) 

Which gives us: 

 𝑣𝜏

√1 − 𝑣2

𝑐2

= 𝑥 
(5.7) 

Solving for v gives 

y = 0.0007x - 2.0179
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deneyden hesaplanan 𝛾 ~ 2.4 (gerçek ~9) 



Parçacık - Anti-Parçacık Üretimi Gözlemleme Deneyi - S. F. Öztürk

düzenek

! 7!

Magnets: In order to observe the deflection of particles, strong magnets are required. 
For that purpose, NdFeB magnets were used whose features can be seen as: 

Geometry:   Side 1: 40 mm, Side 2: 20 mm, Side 3: 10 mm 
Tolerance in size:  +/- 0,1 mm 
Material:   NdFeB (Neodymium Iron Boron) 
Strength approx.:  25 kg approx. 245 N 
Weight:   60,8 g 
Residual magnetism: 1.29-1.32 T (©https://www.supermagnete.de/eng/)  

 

 

 

 

 

 

 

Apparatus & Setup: For demonstration of cloud 
chamber, a vapor source- methanol, ethanol- a 
container, an absorbent material, dry ice used 
to supersaturate the vapor and a light source to 
illuminate the contrails are required. Also for the 
magnetic system, strong NdFeB magnets and a setup 
to attach the magnets are needed. Lastly, a source of 
radioactivity is required in order to provide threshold 
energy. A simple radioactive source can be found in 
smoke detectors (Americium-241) or in propane gas 
lamps (the fabric gas mantles often contain thorium 
dioxide). Also, the radioactive material may be 
supplied from Bilkent Physics’ laboratories. 

 

 Fig 6. Demonstration of 
the project setup 

! 14!

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

PAIR PRODUCTION SIMULATION 

 
In order to understand the trajectory visually and to get involved in simulations, a 
MatLab simulation was created. The code is as shown below. 
 
Code: 

 
% script that simulates a moving particle with some initial 
velocity in a magnetic field B 
 
v = [3 4 1];   %initial velocity 
B = [0 0 -5];    %magnitude of B 
m = 5;          % mass 
q = [1 -1];      % charge on particle 
r0 = [0 0 0];    % initial position of particle 
t = 0; 
%find velocity parallel to B and perpendicular to B 
v_para = (dot(v,B)/norm(B))*(B/norm(B)); 
v_per = v-v_para; 
% find the circles centre 
r = m.*(norm(v_per))./(q.*norm(B)); 
theta = atan(v_per(2)/v_per(1))+pi/2; 
xc=r0(1)+r.*cos(theta); 
yc=r0(2)+r.*sin(theta); 
w= norm(v_per)./r; 
figure 

Fig. 8. Trajectory of the ‘Grad B Drift’   

Matlab simulasyonu



Fon kaynaklarına teşekkürler: 

ERC, TÜBITAK, SSM


