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Abstract

Neutron stars are one of the possible final stages in the life of massive stars and
their existence was confirmed through the discovery of the first pulsar in 1967. Pulsars are
rapidly rotating neutron stars with large magnetic fields and they emit highly periodic signals
that allow us to observe them.

Conditions in the interior of neutron stars are extreme and so far no complete
theory exists that can describe matter in these conditions. If an equation of state was to be
found for the description of matter in such states, neutron stars would be physicists'
laboratories for the study of matter in these extreme conditions. Also pulsars are a very
good probe of the interstellar medium. These are some of the reasons pulsars were and are
studied thoroughly.

Magnetars are also neutron stars that have extremely strong magnetic fields ~10"
G, which are several orders of magnitude greater than the magnetic field of a typical pulsar.
They were proposed to explain Soft Gamma Repeaters (SGRs) and Anomalous X-ray Pulsars
(AXPs) and observations have shown that magnetars are probably a particular stage in the
lifespan of neutron stars.

Using appropriate algorithms as well as coding a part of the “jhspuls” program in
“matlab”, single pulses from the magnetar AXP J1809-194 and the pulsars PSR 1133+16 and
PSR 0329+54 have been statistically investigated. The results were then compared.



NepiAnwn

OL 0oTéPEG veTpoviwy elval pLo amod TI¢ mBaVEC TEALKEC KATAOTAOELG TWV AOTEPWV
HeYAANG palag kot n umapén toug emPBefatwbnke amo tnv avakaAluvPn tou mpwtou pulsar
T0 1967. Ta pulsar sival Tax€wg MePLOTPEPOUEVOL AOTEPEG VETPOVIWV TTOU SLaBETouv Loxupa
poyvntka nedla, n mapouoia Twv onoiwy yivetal atedntn Adyw Twv EALPETIKA TEPLOSIKWV
ONUATWV TIOU EKTTEUTIOUV.

OL OUVONKEG IOV EMKPATOUV OTO ECWTEPLKO TWV OOTEPWY VETPOVIWV lval akpaieg
KOl LEXPL onpepa Bev UTIAPXEL HLa TIANpNG Bewpla TTou va TtepLypAdEL TN cUUTEPLPOPA TNG
UANG o€ QUTEG TIC KaTaoTAaoelS. H mibavr] eUpeon LOC KATAOTATIKNG e€lowaong mou Ba
TEPLYPAdEL TNV UAN O€ QUTEG TG KATAOTAOELG, O KATOOTIOEL TOUG QLOTEPES VETPOVIWY WG TA
TAE0V KaTAAANAQ PHE€Ta YL TNV LEAETN TNG UANG O aKPALEC KAl N ETUTEVELUEG OO TOV
avOpwro ouvOnkeg. Emiong anoteAolv TIOAU onUOvTLKA Epyaleia oTtnv LeAETn TOU
METCOOTPLKOU XWpou. Autol gilval kdrmotlol arnod toug Adyoug ou Ta pulsar €gouv Kat
ouveyilouv va peletwvral §te€odika.

Ta magnetar gival eniong aoTtEPeC VETpOViwy oL omoloL €xouv MOAU LoXUpPQ
HayVNTIKA TeSia ~10™ G, apKeTEC TAEELC LeyEBOUC TILO LoXUPAG amd Ta pulsar, Kat
npotadnkav yla va e€nynoouv ta Soft Gamma Repeaters (SGRs) kat ta Anomalous X-ray
Pulsars (AXPs). Alddopec mapatnprioelg £xouv Seifel 0Tl lowg Ta magnetar amoteAolv Eva
otadlo otn {wn Twv pulsar.

Me xprion nén umapxovtwv KATGAANAWVY aAyoplBuwv aAAG KoL TIPOYPAUUATIOUOU
£VOG TUAMOTOC TOU Tpoypaupatog “jhspuls” os meptBdAlov “matlab” éylve otatiotikn
avaiuon dedopévwy Tou magnetar AXP J1810-197 kal twv pulsars PSR 1133+16 kot PSR
0329+54 Kal PETEMELTO N CUYKPLON TWV QATOTEAECUATWV.
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1. Discovery

The discovery of pulsars was made by Jocelyn Bell, a PhD student, and her thesis
advisor Antony Hewish in 1967 at Cambridge university. It was discovered by chance, since
Hewish and Bell weren't looking for pulsars, but they were studying at the frequency of 85.5
MHz the scintillation that radio waves from distant sources (quasars) show as they pass
through the solar wind. Bell noticed on her recordings that a certain signal reappeared every
23 h and 56 minutes, in other words once a sidereal day. At the beginning they made also
the assumption that the signal came from an extraterrestrial civilization but when they
found another perfectly periodic signal from another part of the sky they knew that it had to
be something else. The conclusion was that these periodic signals came from a new category
of stars called pulsars (pulsating stars) but soon it became clear that pulsars were rapidly
rotating neutron stars. The existence of neutron stars was proposed in 1934 - after the
discovery of the neutron by Chadwick in 1932 - by Walter Baade and Fritz Zwicky in an

attempt to explain the explosion of a supernova.
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2. Structure of the Neutron Star

Neutron stars are the collapsed cores of type Il supernovae remnants and they
exhibit the highest stable densities and pressures known in the universe. They squeeze 0,5 -
2,5 Solar masses into a city-size volume (typical density of 10" gr/cm?) with a radius of 9 - 14
km and are very strongly magnetized (B = 10" - 10™ G). The nature of the matter under
these conditions, where the four fundamental forces of Nature are simultaneously
important, is still an unsolved problem.

A neutron star consists of its atmosphere, the crust (inner and outer) and core
region (inner and outer). The atmosphere contains mainly *°Fe nuclei. The outer crust
consists mainly of ions and electrons whereas the inner crust of electrons, neutrons and
various types of nuclei. As we get to the core of the neutron star, our knowledge is limited:
the outer core consists of a proton and neutron Fermi plasma as for the inner core little do
we know, but many assumptions are being made. Some of the assumptions are that the
inner core consists of

i. neutrons,

ii. strange quark matter,
iii. neutrons and high energy pions and kaons,
iv. hyper dense degenerate matter of quarks.

The equation of state P = P(p) which describes the matter at the interior of neutron
stars is known only with some certainty for low densities which we find in the outer crust of
the star whereas for high densities in the core of the star uncertainty reigns. Today several
equations of state exist, all of them different versions of high energy theoretical physics.
Every equation grants a different relation between mass and radius for the neutron stars,
but because we know with accuracy that the mass of pulsar J1614-2230 is 1.97 Solar masses,
any equation of state that grants a maximum mass less than 1.97 Solar masses have already
been rejected.

The majority of neutron stars that have been observed belong to the category of pulsars.
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3. Pulsars

Pulsars are rapidly rotating neutron stars which have strong magnetic fields and
emit a beam of electromagnetic radiation. This radiation can only be observed on earth if
the beam of emission is pointing towards it. If we consider how someone sees the beam of a
lighthouse, we can understand why the emission of a pulsar has a pulsed appearance. But

how is a pulsar able to emit such an electromagnetic radiation?

3.1 Classes of Pulsars
According to the source of the power of the electromagnetic radiation that
the pulsars emit, astronomers divide them into categories:
i accretion powered pulsars: pulsars that are found in binary systems and whose
pulses are generated by the accretion flow striking the neutron star. (NASA)
ii. rotation powered pulsars: pulsars - in general isolated radio pulsars - with strong
magnetic fields that cause accelerated charged particles to radiate. (NASA)
iii. nuclear-powered millisecond pulsars: millisecond pulsars whose X-ray pulses are
generated by burst oscillations lasting only a few seconds during type | X-ray bursts.

(NASA)

iv. magnetars: the decay of an extremely strong magnetic field provides the
electromagnetic power.

From what has been stated above, pulsars can be found isolated and in binary
systems. Most of the pulsars found till this day were discovered through their radio
emission. Some of them go beyond radio; they also emit pulses of visible light, X-rays,
gamma-rays. In 2008 Fermi made a very different discovery: they found a purely gamma-ray
pulsar which lies within a supernova remnant known as CTA 1 in the constellation Cepheus

(Discovered: A New Kind Of Pulsar, 2008).
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3.2 Pulsar Magnetosphere
Because of the stars' extremely high density, its gravitational fields at the surface are
enormously strong; consequently if the star had an atmosphere its height would be very

low, ~1cm. That is why it can be assumed that the star is in vacuum.

3.2.1 The orthogonal rotator model
When the rotating dipole magnetic field forms an angle 8 with the rotational axis,

electromagnetic radiation is emitted with a rate of:
. 1 2p6 (2T 4 .2
E=—-——B“R°|—") sin“f
6¢c P

If we assume that the emission of electromagnetic energy is generated completely from the
loss of rotational kinetic energy, then

. . 1 2621'[4_2 .
E =Eyn =>—@B R (?> sin“ 8 = 120

. . . 2
where | is the moment of inertia and 2 = Fﬂ , thus

Viec3

~ 2mR3sin6

Angle 6 is considered to be 90° in this model and that is why it is called orthogonal.

The complex pulse shapes and their polarization properties make this mechanism an
unlikely source of the coherent radio emission.

-
\

The orthogonal rotator model
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But since pulsars are highly magnetized, their rotation generates electric fields in the
surrounding space. Goldreich and Julian (1969) suggested that the space surrounding the
star could not be vacuum, but must contain charge. That space is called the magnetosphere
of the pulsar and because the observed radio pulses originate somewhere in the space
surrounding the star, the understanding of the properties of this region (magnetosphere) is

very important.

3.2.2 Goldreich - Julian model

In this model the rotation axis is parallel to the magnetic field axis and thus the
magnetic field is static. Goldreich and Julian argued that the conductivity of the material of
the neutron star is very high and can be assumed infinite. Also the inertia of the electric
charges has a negligible effect on their kinetic state, therefore

B+ [(@x7) xB] = 0

where E and B are the electric and magnetic fields respectively and Q is the vector angular
velocity of the star. Due to the relationship above, it is valid that

E-B=0

which means that the conductivity is nonzero only along the magnetic field lines. The
solution of Laplace's equation taken into consideration appropriate boundary conditions at
the surface of the star, which gives the electrostatic potential

BOR®
D= (3cos?6—1) (r =R)
6¢cr3

where 0 is the polar angle from the rotation axis. The electric field that corresponds to this
potential is

— AR
(E- B)TZR = —TBZ cos3 0

For B~10" G the magnitude of electric field that is parallel to the magnetic field on the
surface of the star is

E~%B~6 x 101°P~1 (V cm™1), P in seconds.

Electrons and ions that are found in fields of such magnitude are given an acceleration that
is far greater in magnitude than the acceleration of gravity and therefore the normal factors
determining the scale height are completely dominated by electromagnetic effects. The
magnetosphere is co-rotating with the star as a solid body, yet the co-rotation cannot persist
beyond the surface where the tangential velocity equals the velocity of light. This surface is
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called the light cylinder and the cylinders' radius is R, = % On the light cylinder and beyond
him, the magnetosphere and the neutron star do not co-rotate. On the magnetosphere we
can find open and closed field lines: open field lines begin from a small polar region and
permeate the light cylinder (r > R,) whereas closed field lines do not permeate the light
cylinder (r < R.) (see illustration below). Since sinzg is constant for dipole field lines, the

radius of the region which contains the open field lines (polar cap region) is
R,~ Rsin 6, ~(R*R,)"/2

The only way charged particles can escape the neutron star is if they are moving along open
. . . . d . .
field lines and because near the rotation axis d—f > 0 (which means that the potential

increases as the distance r from the center of the star increases), electrons will move along
these open field lines away from the stellar surface to form an increasing external potential.
At some critical field line the two potentials are equal so that at the annular region (the
region between the critical field line and the last open field line) the potential will be
positive and so positively charged ions will flow from that region of the star surface to the
magnetosphere. The critical field lines' position is determined by the condition that there be
no net charge flow from the star:

1
d>=0,c05290=§

which determines the regions of positive (8 < 8;y) and negative (6 > 6,) charges. The
magnetosphere is divided into regions of positive and negative charges.
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The Goldreich and Julian model overcame the vacuum assumption but had
simplifications such as the flow of charge of one sign through space containing charge of the
opposite sign, an event that is very unlikely to occur in real pulsars.

Many scientists have worked on the Goldreich-Julian model in order to improve it
and make it more realistic e.g. Mestel (1971) ,Cohen and Toton (1971) showed that the
Goldreich-Julian model remained valid for a perpendicular rotator.

4. General Characteristics of Pulsars
At this time about 1800 pulsars have been observed and each one of them is
designated by a "PSR" prefix followed by its right ascension (a) and declination (&). For
example PSR 0531+21 stands for a pulsar with coordinates a = 5"31Mand & =+21°.
All the pulsars share a number of basic characteristics of which the most important
are:
e emission of broadband radio noise in the form of a periodic sequence of pulses
(Manchester & Taylor, 1977) . Most pulsars have periods between 0.25 s and 2 s and
they are so well-defined they would make exceptionally accurate clocks.

e periods of all pulsars increase gradually as the pulses slow down, the rate of increase
being given by the period derivative P = % .Typically P = 107 and T = g ~ 107
years, where T the characteristic time of the pulsar (the time it would take the
pulses to cease if P were constant) (Carroll & Ostlie, 2006).

e astable integrated profile that characterizes each pulsar.

If the observations of a pulsar are being made at a higher resolution (instrumental
time constant ~ 1ms), more complex structures of the pulses become visible: often an
individual pulse consists of two or more subpulses. Subpulses vary in the aspect of longitude
or phase within the integrated profile. An even higher resolution (~10 us) might reveal that
some pulsars within subpulses show microstructure.

There are pulsars having a single component (peak) in their profile and there are

others that have several components, sometimes partially overlapping.
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4.1 Characteristics of integrated profiles

An integrated profile is the superposition of some hundreds of successive pulses. In
general the shape of a pulsars integrated profile may be slightly frequency depended, but
the ground character of the shape is stable. So, as mentioned above, the integrated profile
of a pulsar is his trade mark.

A pulsars integrated profile may exhibit differences, such as:

e mode changing: the mean profile of a pulsar abruptly changes between two or more
guasi stable states.

e pulse nulling: a phenomenon in which the pulse energy suddenly drops to zero or
near zero and then just suddenly returns to its normal state (Backer, 1970).

e drifting subpulses: the emission of a pulsar is observed in an interval lasting ~1/30 of
a period (pulse window). If the width of the window remains stable, the subpulses
may drift across it.

e polarization: the radiation that pulsars emit is highly polarized. Individual pulses may
present 100% elliptical polarization, even full linear or circular polarization can be
seen. The polarization of the integrated profile is lower (Spyrou, 2008) . High
polarization indicates the presence of a strong magnetic field.

Manchester and Taylor classify the pulsars into two broad groupings, according to
whether they have "single" or "double" profiles. Type S (simple) pulsars have single
profiles, usually short periods and weak polarization whereas Type C (complex) pulsars
have double profiles, usually long periods (> 1s) and strong linear polarization. If pulsars
exhibit drifting subpulses they are called Type D and if more detail is needed Type SD or

CD indicating a simple or complex profile.
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4.2 Characteristics of individual pulses

Because the integrated profile for a given pulsar is stable, one might be expecting
that its individual pulses won't vary greatly. But the fact is that individual pulses of a pulsar
vary greatly and chaotically - from one period to the next - in shape, intensity and
polarization. Therefore the components of an integrated profile are formed when subpulses
are stronger and/or occur more frequently at a given longitude.

There are different types of intensity fluctuation. Pulse nulling is one of them and it
is very characteristic. Pulsar nulling can occur for a few up to hundreds of pulses. (Ritchings,
1976) states that an estimate was made of the fraction of time spent by each of 32 observed

pulsars in the nulled state, and it is found that pulse nulling is a characteristic of pulsar old
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age: it is suggested that pulse nulls correspond to the time intervals between bursts and that
the bursts occur less frequently as a pulsar grows older. The pulsar will effectively die when
the separation of the bursts becomes much larger than their duration.

Drifting subpulses is another characteristic of individual pulses. In their case we can
define a new period P, which is the time needed so that the pulse profile repeats itself
exactly and it is far greater that the neutron stars axial rotation period P. Except for P,,
another period P; can be defined which designates the distance between the subpulses and
during P; the energy distribution of the pulse repeats itself.

When high resolution is applied to pulsars with short periods, subpulses show
significant variations in intensity on time scales of ~10-100us . These variations are called
micropulses and their time scales are smaller than those characterizing subpulses. The
relationship of micropulses to subpulses is very similar to the one between subpulses and

integrated profiles.

Longibsde (=)

This illustration shows several nulls in light gray and a transition to a weak mode interval lasting several thousand
pulses, starting at pulse number 300.
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PSR B0826—-34 at 318 MHz using the GMRT
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Illustration of how individual pulses, who normally consist of one or more subpulses, form the components of the

pulsars integrated profile.
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5. Emission Mechanisms

the

The main characteristic of pulsars is that they emit electromagnetic radiation, hence
name. So it is very important to understand the emission mechanisms of pulsars in order

to understand the true nature of these objects. Till this day though not only no emission

mechanism has been proposed that can fully explain our observations but some propose

that different pulsars can possibly have different emission mechanisms.

A valid emission mechanism should interpret the following basic observational

characteristics:

the generation of a beam of radiation that is orientation wise fixed with respect to
the rotating star, and has a width ~ 10° in the longitude direction that is constant to
an outside observer.

the polarization of pulses

the shape and intensity of pulses exhibit fluctuations mainly in radio frequencies

the production of observed luminosities and brightness temperatures of different
regions of the spectrum (e.g. radio, optical)

the pulses are double with many interpulses.

Observations at radio frequencies show brightness temperatures higher than 10*° K.
Taking into account that for incoherent emission there is the fundamental
thermodynamic limitation that the brightness temperature T,<e/k (e —>particle energy,
k— Boltzmann's constant), particle energies of 10°° eV or more would be required in
order to observe T,~10* K. But such particle energies are far greater than any known
mechanism can produce and if these particles existed they would radiate in high
frequencies, thus it is almost certain that only a highly coherent emission mechanism
with many particles radiating in phase can produce such radio pulse intensities. On the
other hand optical and X-ray observations show brightness temperatures T,<10™ K
which are many orders of magnitude lower than the T, at radio frequencies. In this case
an incoherent emission mechanism accounts for such T, since the particle energies
required are ~10’ eV and such energies are similar to those expected in pulsar
magnetospheres. A piece of evidence that reinforces the incoherence of optical pulses is
the observed lack of intensity fluctuations in them. Since the plasma is probably
turbulent, the absence of intensity fluctuations suggests that optical pulses originate
from a region that is large relative to the scale of the turbulence. Though radio and
optical emission processes are different, the time of their peaks coincide and that is a
fact that gives us good reason to suspect a close relationship between these different
emission processes.

20



5.1 Coherent radio emission

When particles radiate in phase, the emission is referred as coherent. There are
three general forms of coherent mechanisms:

a. The presence of particle bunches of dimensions less than a wavelength,
separated by distances greater than a wavelength is required. In this case
fields are added rather than intensities so that if N is the number of particles
per bunch, the resulting intensity is 1,=N° I,;. The wavelength being the
wavelength of the coherent radiation.

b. Maser amplification is required, i.e. stimulated emission of radiation. In the
case of maser radiation, the specific intensity of the source is

I, = 1(1 — e"d), where | is the size of the source and j, k
K

are the coefficients of spontaneous emission and absorption respectively. If
k<0 and kl<-1, then |, increases exponentially with the size of the source.

c. A reactive instability corresponds to an intrinsically growing wave in which
growth occurs due to phase bunching. (Melrose, Oct.15,1992)

From these general forms a maser type emission is intrinsically the most
plausible for any coherent emission from an astrophysical source.

But emission processes in plasmas are also categorized according to the way the
waves escape the plasma to infinity: some wave modes are unable to escape the
plasma due to encounters with stop bands which reflect them or regions that
absorb them. So the emission processes are classified as follows:

a. Direct emission: the waves' mode allows it to escape the astrophysical
plasma e.g. curvature, cyclotron and linear acceleration emissions.

b. Indirect emission: the waves' mode hinders its escape and thus it has to be
transformed into a mode that can escape.

Where a pulsars' emission originates is also debatable. According to the
emission mechanisms proposed, the emission can originate from: outside the
light cylinder, the closed field-line region and the open field-line region.

5.1.1 The Hollow Cone model

It is @ model proposed by Radhakrishnan & Cooke in 1969 and it is a polar
cap model which means that the emission (usually curvature radiation)
originates near the polar regions of the pulsar. The main assumption being made
is that the cone is centered on the magnetic field axis which is pointing at
latitude p according to a reference frame designated by the rotational axis of
the neutron star. In this polar cap model electrons move along the open field
lines and radiate because of the field lines' curvature. The average pulse profile
is determined by the average intensity distribution along the cut of the line of
sight through part of the hollow cone. (Sieber, 1996)
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As shown in the above figure a decrease in secondary plasma density occurs in
the central regions of the open magnetic field lines. Making the assumption that
the radio emission is connected with the outflowing plasma density we can
easily conclude that the radio emission decreases as we go to the center of the
directivity pattern and so we should expect a single profile in pulsars where the
line of sight is far from the center of the directivity pattern and a double in those
whose line of sight is near the center. (Beskin, 2010)
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5.1.2 Pair Creation Cascades

It is a model that was proposed by Sturrock in 1970 and refined by Ruderman &
Sutherland in 1975. In this model the magnetic dipole axis is not aligned with the spin axis
and the pulsar is rotating in a vacuum. Electrons are accelerated by the electric field to high
energies causing them to emit hard gamma rays due to their curvature radiation in following
the dipolar magnetic field lines (Michel, 1991). The charged particles (e+e-) are produced by
vy + B > e+ + e—in the polar caps and so the open field lines sustain a wind made of particles
of both signs.

4 Synchrophotons
Curved_ 4D Secondary
magnetic field ¢+ e—-pair

Neutron star

Pair Creation Cascade model.

6. Pulsars' radio emission interaction with the interstellar medium

6.1 Interstellar dispersion

The interstellar medium is considered as an isotropic and homogenous plasma
whose electrons cause the dispersion of the electromagnetic waves emit by pulsars. The
presence of electrons in the plasma has an effect on the propagation velocity of different
wavelengths which results in a different arrival time for these wavelengths even if the
difference between the propagation velocities is minimum: this effect is known as dispersion
of the electromagnetic waves. Dispersion is greater for low frequency waves and thus if a

23



wave consists of several wavelengths, waves of high frequency arrive at the observer before

waves of low frequency do.

)
T}

fan] [t

L

-+

[Tn] O

=+ i

-+ ol

&

3 N
— o
I I
T L=
= E
3\ =
= =
T M =
= =
= o
© R
= ==

=

1

~f

o

w L

oy

.d_

[

| o>

~

| L | L | L | L | L |

0 0.2 0.4 0.6 0.8 1
Fulse phase (pericds}

Dispersed pulses of the Vela Pulsar: arrival time depends on frequency.

The time t the waves need to travel a distance d is given by:

tl = E )
where ug is the group velocity of radio waves and it depends on the wavelength A. It is
evident that the time of propagation is different in vacuum since there electromagnetic
waves travel with the speed of light t,=d/c. Thus the wave will have a delay in propagation in

the interstellar medium comparing to vacuum:
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2
e DM
t - tz - tl =~ anecf_zl

where e is the electron charge, m, the electron mass, f the wave frequency and

d

DM =fnedl =n.d
0

where n, is the electron density of the interstellar medium and DM is called the dispersion
measure and it represents the number of free electrons contained in a cylinder of the
medium with a one unit base area and height d. If we know the electron density of the
interstellar medium we can compute the dispersion measure and thus the distance of the

pulsar using the above relations.

6.2 Faraday rotation

The interstellar medium is magnetized due to the presence of free electrons. So
when the polarized radio waves of a pulsar propagate through the medium, the By
component of the magnetic field which is parallel to the line of propagation of radio waves
causes the polarization plane to rotate, a process which is called Faraday Rotation.

B,

Faraday Rotation

For a linearly polarized radiation, the Faraday rotation angle is

@ = 1*(RM),
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A being the radiations' wavelength and RM the rotation measure

RM—L

2mmec*

fodnBCOSHdl,

where 0 is the angle between the line of sight and the vector B , d the distance and dI the
elementary distance travelled by the radiation. The rotation measure RM is positive when
the magnetic field is directed towards the observer and negative on opposite circumstances.
When the measure of dispersion and rotation are known, we can compute the average value
of the interstellar magnetic field along the line of sight

d
Jo neBcos8dl 1.232 RM

< BcosO >=
[in, dl bM

Pulsars are a useful tool in the study of the interstellar magnetic field because we
know the distances of pulsars and therefore we can calculate the interstellar magnetic field
of several areas of the galaxy using pulsars of different distances.

7. Magnetars

Magnetars are neutron stars that have a very strong magnetic field ~10™ T which is
several orders of magnitude greater than the magnetic field of a typical pulsar and they also
have relatively slow rotation periods . They were proposed to explain Soft Gamma
Repeaters (SGRs) -which are objects that emit bursts of hard x-rays and soft gamma-rays -
and Anomalous X-ray Pulsars (AXPs).

Some general properties of Magnetars are:

strong soft and hard x-ray emission

short x/gamma-ray flares and long outbursts
periods of ~0.3-12 s

magnetic fields ~10" - 10" Gauss

period derivatives of ~10M- 10" s/s

® o o T o

Magnetars are essentially a class of pulsars and the main characteristic that
distinguishes them from ordinary pulsars is that they are powered by their own magnetic
energy. But what led scientists in the search of a different energy source?

Rotation as source of energy: pulsars that are powered by the loss of rotational energy.
These pulsars are mainly observed in radio frequencies but their energy output in this band
is only a very small fraction of E,,;.The efficiency is much higher in x-ray and gamma-ray
energies. But AXPs/SGRs have P larger than radio pulsars do and that entails them to values
of E,,:~10>* - 10** erg/s which are too small to power their luminosities.

Accretion as source of energy: x-ray pulsars are members of binary systems in which the x-
ray emission is powered by the release of gravitational potential energy as matter is
accreted from a massive star companion. AXPs were thought to be also powered by a binary
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companion, but the lack of optical/NIR (near infrared) luminous counterparts expected if
these pulsars were in high-mass binaries pointed to a different theory. Low-mass binaries
were also ruled out due to the lack of orbital Doppler shifts for binary motion. Now optical
and NIR counterparts have been solidly either identified or proposed and many objections
have been risen. The main objection to an accretion powered model of AXPs is that it cannot
account for the bursts and flares in AXPs/SGRs.

Residual Heat as source of energy: When neutron stars are born they have very high internal
temperatures of ~10"'K and the main cooling mechanism for the upcoming 10° - 10° years is
neutrino emission from the star's isothermal core. Such thermal x-ray emission can be
generated by isolated neutron stars, but they have to be close enough and with little
interstellar absorption of the x-rays in order to be observed. But two observational
properties of AXPs/SGRs cannot be interpreted solely with the residual heat as source: (i)
'the production of a variety of strongly variable and energetic events, ranging from short
bursts to giant flares, and (ii) the presence of hard tails in the spectra of the persistent
emission' (Mereghetti, 2012).

Magnetic energy as power source seemed to be the last resort: a NS with a magnetic
field of B=10" G has enough energy to power a luminosity of ~10* erg/s for ~ 10> years
which is a probable age for AXPs/SGRs since they are often associated with supernova
remnants or young massive star clusters. Also SGRs' s giant flares properties reinforces the
existence of strong magnetic fields as do short bursts in both AXPs/SGRs.
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8. Analysis

8.1 Data and analysis method

The objective of this thesis was the analysis and comparison of single pulses of a
magnetar and two pulsars. The data that were analyzed were taken 100-m telescope at
Effelsberg and they are shown in the Tables below.

Magnetar Data

Date Scan #Single Observation c Quality
Pulses frequency
(GHz)
10.07.06 5954 323 8.35 0,0026 10
5955 324 8.35 0,0022 11
5956 644 8.35 0,0009 12
17.07.06 7202 324 8.35 0,0012 11
7203 324 8.35 0,0015 10
7204 322 8.35 0,0014 11
7205 324 8.35 0,001 10
7206 323 8.35 0,0019 9
7207 323 8.35 0,0029
7209 323 8.35 0,0009 12
22.07.06 8093 322 8.35 0,0009 9
8095 319 8.35 0,002 5
26.07.06 8512 324 4.85 0,0008 5
8510 324 8.35 0,0006 9
28.07.06 8700 323 8.35 0,0024 6
8701 324 8.35 0,0007 7
05.08.06 9671 282 2.64 0,002 10
9672 308 2.64 0,0026 10
9673 319 2.64 0,0021 9
Pulsar Data
Pulsar Scan | #Single Observation o Quality
Pulses frequency
(GHz)
psr1133+16 | 2691 378 8.35 0,0007 12
378 8.35
375 8.35
psr 0329+54 | 2709 373 8.35 0,001 12
373 8.35
373 8.35

| used the "jhspuls" program in its matlab "version" in order to do the data analysis.
The matlab "jhspuls" program consists of several subroutines and each one of them carries
out a different part of the analysis process.
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The analysis process always begins with the command set_defaults that sets
parameters which are necessary for the next steps of the process. Afterwards we need to
call the data file that we want to analyze and with the subroutine get_data we load the file's
data.
>> set_defaults

G2=

1.5000

>> filename="pul5956.dat
filename =

pul5956.dat

>> get_data

idl =

PSR 1809-194 8.3505 GHz Scan 5956 mjd 53927.4814

>>

A significant part of my work on my thesis was the coding of a script called quality
which exists in the program's prototype that is coded in fortran, but not in its matlab
version. The task of the subroutine quality is to classify the single pulses into 12 classes
according to their quality, where quality is defined as the ratio of the pulse's intensity to the
standard deviation of the baseline. The quality classification can be done either based on the
energy of the pulse, or based on the maximum of the pulse. Standard deviation will be from
now on referred to as sigma.

So after the course of action described above | call the subroutine quality. This
subroutine carries out the following: it adds up channels 1 and 2 which contain the single
pulses data and plots the integrated profile. From the figure we can manually select the
beginning and the end of the calibration signal which is needed for further calculations.
Subsequently we select again from the figure manually two "windows" on either sides of the
pulse, in order to calculate the sigma of every single pulse. Lastly we select manually the
beginning and the end of the pulse we want to analyze. In the analysis that | did, | first
selected the whole pulse and then it's components.

After everything described above the single pulses can be finally classified according

to their quality in classes that are defined by the user. | used different classes for the two
pulse energy and pulse maximum

different classifications ( ) that | kept the same for all data

gma sigma
analyzed.

>> pul_quality

Please select beginning & end of calibration signal
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Please select sigma boundaries

Please magnify the plot

Please enter the number of components (peaks only): 2
ATTENTION: Select first begining and end of the whole pulse.
Please enter the rx_type wavelength of the signal

Please call subroutine convertsigk>> rx36mm

K>> convertsig

ans =

<Tsys1>=32.0 error 1.8 K <Tsys2>=31.4 error 1.8 K

0.7624

meanS =

0.0071

ds =

6.6001e-004

K>> return
K>> return

Do you want to set new glimitsE ? [y/n] n
Do you want to set new glimitsM ? [y/n] n

Quality ends with the pop up of a number of figures (plots) that is equal to the
number of components of the pulsar. Every figure contains 12 plots and each of them

belongs to one of the 12 quality classes. Every plot shows the sum of the single pulses that
belong to the same quality class as the plot.
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8.1.1 Main characteristics of AXP 1809-194, PSR B0329+54 and PSR B1133+16

As already mentioned, the data that were analyzed come from the magnetar

AXP J1809-194 and the pulsars PSR B0329+54 and PSR B1133+16. The main characteristics of

these NS as well as an integrated profile, are shown below.

Name RA Dec. Period P DM Age
P(s) | (10%ss™) | (cm>pc) | (10°yr)
AXP J1809-194 180653.4 | -194427.8 5.54 11500 178
PSR B0329+54 032911 +54 24 37 0.7145 2.05 26.7 5.5
PSR B1133+16 113327 +16 07 35 1.1879 3.73 4.8 5.0
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The single pulses of each scan were analyzed and classified according to their quality

with respect to both energy and maximum of the pulse. The results for each scan were then

summarized in a Table. That Table contains for each component of the pulse the number of

single pulses in each quality class. The Tables are shown below.

AXP 1809-194, Scan 5954max

Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 0 0 2 0
1-3 0 1 163 2 293 168
3-8 39 49 75 60 12 36
8-13 41 71 21 86 5 12
13-20 54 60 8 76 5 25
20-27 39 42 4 43 2 15
27-35 32 25 1 31 0 14
35-45 13 12 3 11 0 4
45-60 23 10 1 10 2 15
60-80 23 11 8 3 0 16
80-95 9 5 4 1 0 4
>95 50 37 35 0 2 14
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AXP 1809-194, Scan 5954 energy

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 301 255 257 172 316 235
1-1.5 13 25 9 104 2 23
1.5-3 8 14 10 46 3 32
3-5 1 6 7 1 2 20
5-7 0 8 6 0 0 12
7-9 0 10 5 0 0 1
9-11 0 2 2 0 0 0
11-13 0 2 1 0 0 0
13-16 0 0 2 0 0 0
16-19 0 0 3 0 0 0
19-25 0 1 5 0 0 0
>25 0 0 16 0 0 0
AXP 1809-194, Scan 5955 max
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 1 0 1 1
1-3 0 0 147 0 309 175
3-8 22 26 79 35 7 26
8-13 44 56 18 68 1 15
13-20 45 60 8 80 1 25
20-27 46 57 8 61 2 9
27-35 26 29 7 29 0 11
35-45 29 26 4 28 - 10
45-60 24 19 5 18 - 9
60-80 16 7 4 5 0 12
80-95 9 3 3 0 0 7
>95 63 41 40 0 - 24
AXP 1809-194, Scan 5955 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 292 228 247 141 320 235
1-1.5 7 43 12 99 0 11
1.5-3 21 16 16 79 3 34
3-5 4 8 5 5 0 26
5-7 0 3 7 0 1 12
7-9 0 7 0 0 0 5
9-11 0 6 0 0 0 1
11-13 |0 6 2 0 0 0
13-16 |0 3 5 0 0 0
16-19 |0 3 2 0 0 0
19-25 |0 1 3 0 0 0
>25 0 0 25 0 0 0
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AXP 1809-194, Scan 5956 max

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 0 0 4 0
1-3 1 1 234 4 606 343
3-8 28 50 178 77 21 99
8-13 74 103 58 130 4 33
13-20 123 142 36 175 2 24
20-27 76 90 12 107 2 15
27-35 70 69 6 77 1 15
35-45 46 35 2 35 1 20
45-60 52 42 12 33 2 18
60-80 31 11 6 5 0 24
80-95 15 6 6 0 0 14
>95 128 95 94 1 1 39
AXP 1809-194, Scan 5956 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 587 409 468 256 636 497
1-1.5 17 113 37 203 2 24
1.5-3 39 45 22 181 3 56
3-5 1 23 15 4 2 36
5-7 0 12 14 0 1 18
7-9 0 15 10 0 0 8
9-11 0 16 6 0 0 5
11-13 0 6 9 0 0 0
13-16 0 5 6 0 0 0
16-19 0 0 3 0 0 0
19-25 0 0 13 0 0 0
>25 0 0 41 0 0 0
AXP 1809-194, Scan 7202 max
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 1 0 11 0
1-3 0 1 99 1 293 145
3-8 29 48 120 71 7 46
8-13 64 105 47 114 3 10
13-20 70 92 37 81 2 16
20-27 36 35 9 31 2 13
27-35 16 14 2 12 0 8
35-45 26 14 4 8 2 14
45-60 21 10 4 4 2 14
60-80 16 2 0 2 0 14
80-95 8 1 1 0 0 8
>95 38 2 0 0 2 36
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AXP 1809-194, Scan 7204 max

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 5 0 7 0
1-3 0 0 83 1 286 114
3-8 20 25 108 35 16 51
8-13 46 78 61 89 4 15
13-20 61 84 35 86 2 16
20-27 39 60 15 48 3 7
27-35 24 35 10 30 1 8
35-45 31 19 0 18 1 20
45-60 18 14 2 11 1 13
60-80 17 4 1 3 1 15
80-95 9 1 1 0 0 8
>95 57 2 1 1 0 55
AXP 1809-194, Scan 7204 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 312 271 263 178 315 217
1-1.5 8 37 39 98 4 18
1.5-3 2 14 16 44 3 43
3-5 0 0 3 2 0 29
5-7 0 0 1 0 0 9
7-9 0 0 0 0 0 3
9-11 0 0 0 0 0 0
11-13 |0 0 0 0 0 1
13-16 |0 0 0 0 0 2
16-19 |0 0 0 0 0 0
19-25 |0 0 0 0 0 0
>25 0 0 0 0 0 0
AXP 1809-194, Scan 7205 max
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 6 0 11 0
1-3 1 1 130 1 292 131
3-8 63 88 104 115 13 73
8-13 86 108 50 100 3 28
13-20 61 77 21 72 1 11
20-27 18 18 4 14 2 8
27-35 |20 15 3 13 0 8
3545 |12 7 1 5 1 9
45-60 | 13 5 2 2 1 9
60-80 | 16 3 1 2 0 14
80-95 |6 0 0 0 0 6
>95 28 2 2 0 0 27
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AXP 1809-194, Scan 7205 energy

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 320 295 266 246 317 247
1-1.5 2 20 29 62 5 24
1.5-3 2 9 23 16 2 26
3-5 0 0 3 0 0 19
5-7 0 0 2 0 0 3
7-9 0 0 1 0 0 4
9-11 0 0 0 0 0 0
11-13 0 0 0 0 0 1
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
AXP 1809-194, Scan 7206 max
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 0 0 5 0
1-3 0 0 98 1 297 92
3-8 21 39 137 50 9 84
8-13 56 98 50 99 2 14
13-20 58 73 22 75 2 17
20-27 44 57 10 53 0 8
27-35 33 26 2 26 1 15
35-45 19 16 2 12 2 7
45-60 11 6 0 5 1 9
60-80 19 6 2 2 2 17
80-95 9 0 0 0 0 9
>95 53 2 0 0 2 51
AXP 1809-194, Scan 7206 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 323 288 287 178 315 211
1-1.5 0 32 22 93 2 22
1.5-3 0 3 13 52 5 39
3-5 0 0 1 0 1 27
5-7 0 0 0 0 0 13
7-9 0 0 0 0 0 8
9-11 0 0 0 0 0 3
11-13 0 0 0 0 0 0
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
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AXP 1809-194, Scan 7207 max

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 1 0 2 0
1-3 0 0 125 1 293 221
3-8 34 47 123 58 5 35
8-13 86 99 40 105 6 14
13-20 |81 81 20 85 6 11
20-27 | 40 42 10 35 0 7
27-35 25 24 1 22 2 6
3545 | 20 14 2 9 2 8
45-60 | 15 11 1 5 5 4
60-80 |11 2 0 1 1 9
80-95 |5 1 0 0 1 4
>95 6 2 0 2 0 4
AXP 1809-194, Scan 7207 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 323 265 288 151 309 280
1-1.5 0 44 18 104 3 15
1.5-3 0 14 15 67 9 20
3-5 0 0 2 1 2 7
5-7 0 0 0 0 0 1
7-9 0 0 0 0 0 0
9-11 0 0 0 0 0 0
11-13 0 0 0 0 0 0
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
AXP 1809-194, Scan 7209 max
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 0 0 1 0
1-3 0 0 131 0 258 206
3-8 30 37 122 50 34 20
8-13 80 101 51 111 7 18
13-20 75 92 12 81 9 12
20-27 31 41 3 39 6 4
27-35 27 23 1 22 2 9
35-45 17 15 2 11 2 4
45-60 12 6 0 6 0 7
60-80 14 3 0 2 1 11
80-95 9 2 1 0 1 7
>95 28 3 0 1 2 25
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AXP 1809-194, Scan 7209 energy

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 322 272 292 125 309 262
1-1.5 1 45 23 132 7 5
1.5-3 0 5 7 63 3 24
3-5 0 0 0 2 2 22
5-7 0 1 0 0 2 8
7-9 0 0 1 1 0 2
9-11 0 0 0 0 0 0
11-13 0 0 0 0 0 0
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
AXP 1809-194, Scan 8093 max
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 0 4 7 5
1-3 4 4 5 273 273 256
3-8 54 60 67 36 10 36
8-13 79 83 88 6 3 8
13-20 94 96 95 3 11 2
20-27 43 42 44 0 4 3
27-35 21 17 15 0 2 5
35-45 11 11 6 0 5 0
45-60 6 4 2 0 2 2
60-80 4 3 0 0 3 1
80-95 3 1 0 0 1 2
>95 3 1 0 0 1 2
AXP 1809-194, Scan 8093 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 322 317 304 320 305 308
1-1.5 0 5 14 2 5 6
1.5-3 0 0 4 0 9 3
3-5 0 0 0 0 2 3
5-7 0 0 0 0 1 2
7-9 0 0 0 0 0 0
9-11 0 0 0 0 0 0
11-13 0 0 0 0 0 0
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
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AXP 1809-194, Scan 8095 max

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 0 1 1 0
1-3 4 6 9 260 277 167
3-8 51 70 81 45 7 60
8-13 88 109 114 9 9 24
13-20 73 69 60 3 12 20
20-27 42 40 39 - 3 9
27-35 23 15 12 0 4 11
35-45 11 4 3 0 1 7
45-60 10 2 - 0 1 8
60-80 8 0 0 0 0 8
80-95 0 0 0 0 0 0
>95 9 4 0 0 4 5
AXP 1809-194, Scan 8095 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 319 315 294 315 308 283
1-1.5 0 3 24 4 5 17
1.5-3 0 1 1 0 2 11
3-5 0 0 0 0 3 8
5-7 0 0 0 0 1 0
7-9 0 0 0 0 0 0
9-11 0 0 0 0 0 0
11-13 0 0 0 0 0 0
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
AXP 1809-194, Scan 8512 max
Quality Whole Main Interpulse
(o) pulse Pulse
0-1 0 0 0
1-3 - - 77
3-8 76 124 116
8-13 78 86 38
13-20 46 45 21
20-27 31 26 14
27-35 24 16 11
35-45 12 13 3
45-60 23 10 13
60-80 13 1 12
80-95 3 - 2
>95 17 0 17
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AXP 1809-194, Scan 8512 energy

Quality Whole Main Interpulse
(o) pulse Pulse
0-1 323 315 263
1-1.5 1 8 22
1.5-3 0 1 23
3-5 0 0 12
5-7 0 0 4
7-9 0 0 0
9-11 0 0 0
11-13 0 0 0
13-16 0 0 0
16-19 0 0 0
19-25 0 0 0
>25 0 0 0

AXP 1809-194, Scan 8510 max

Quality Whole Main Interpulse
(o) pulse Pulse
0-1 0 0 33
1-3 38 57 174
3-8 158 189 49
8-13 47 48 11
13-20 25 17 13
20-27 15 9 7
27-35 15 2 13
35-45 9 2 7
45-60 7 0 7
60-80 4 0 4
80-95 4 0 4
>95 2 0 2

AXP 1809-194, Scan 8510 energy

Quality Whole Main Interpulse
(o) pulse Pulse
0-1 324 324 310
1-1.5 0 0 6
1.5-3 0 0 7
3-5 0 0 1
5-7 0 0 0
7-9 0 0 0
9-11 0 0 0
11-13 0 0 0
13-16 0 0 0
16-19 0 0 0
19-25 0 0 0
>25 0 0 0
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AXP 1809-194, Scan 8700 max

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 0 0 1 0
1-3 0 2 12 54 192 57
3-8 42 94 155 170 67 73
8-13 97 130 107 65 31 62
13-20 83 64 44 23 14 51
20-27 38 16 3 6 8 31
27-35 34 8 1 2 5 28
35-45 13 5 0 1 4 9
45-60 14 3 1 2 0 11
60-80 2 1 0 0 1 1
80-95 0 0 0 0 0 0
>95 0 0 0 0 0 0
AXP 1809-194, Scan 8700 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 322 320 303 298 312 284
1-1.5 0 1 18 17 7 26
1.5-3 1 2 2 8 4 13
3-5 0 0 0 0 0 0
5-7 0 0 0 0 0 0
7-9 0 0 0 0 0 0
9-11 0 0 0 0 0 0
11-13 0 0 0 0 0 0
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
AXP 1809-194, Scan 8701max
Quality Whole Main Interpulse
(o) pulse Pulse
0-1 0 0 0
1-3 0 0 111
3-8 26 47 71
8-13 86 113 47
13-20 95 89 38
20-27 51 36 26
27-35 31 19 15
35-45 9 5 4
45-60 12 7 5
60-80 8 6 3
80-95 3 - 2
>95 3 - -
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AXP 1809-194, Scan 8701energy

Quality Whole Main Interpulse
(o) pulse Pulse
0-1 323 302 281
1-1.5 1 19 26
1.5-3 0 3 12
3-5 0 0 3
5-7 0 0 2
7-9 0 0 0
9-11 0 0 0
11-13 0 0 0
13-16 0 0 0
16-19 0 0 0
19-25 0 0 0
>25 0 0 0
AXP 1809-194, Scan 9671 max
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 0 14 0 0
1-3 0 33 138 250 83 2
3-8 20 178 132 16 140 27
8-13 30 47 10 1 38 28
13-20 61 16 2 1 13 57
20-27 50 4 0 0 4 49
27-35 45 2 0 0 2 44
35-45 35 0 0 0 0 35
45-60 25 2 0 0 2 24
60-80 10 0 0 0 0 10
80-95 2 0 0 0 0 2
>95 4 0 0 0 0 4
AXP 1809-194, Scan 9671 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 281 282 282 281 281 195
1-1.5 1 0 0 1 1 42
1.5-3 0 0 0 0 0 43
3-5 0 0 0 0 0 2
5-7 0 0 0 0 0 0
7-9 0 0 0 0 0 0
9-11 0 0 0 0 0 0
11-13 0 0 0 0 0 0
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
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AXP 1809-194, Scan 9672 max

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 0 7 0 0
1-3 0 18 112 269 59 1
3-8 21 182 185 32 149 37
8-13 44 74 11 0 66 35
13-20 58 22 0 0 22 55
20-27 56 6 0 0 6 55
27-35 45 3 0 0 3 43
35-45 40 3 0 0 3 38
45-60 25 0 0 0 0 25
60-80 10 0 0 0 0 10
80-95 5 0 0 0 0 5
>95 4 0 0 0 0 4
AXP 1809-194, Scan 9672 energy
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 308 307 306 306 296 198
1-1.5 0 1 2 2 11 74
1.5-3 0 0 0 0 1 36
3-5 0 0 0 0 0 0
5-7 0 0 0 0 0 0
7-9 0 0 0 0 0 0
9-11 0 0 0 0 0 0
11-13 0 0 0 0 0 0
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
AXP 1809-194, Scan 9673 max
Quality Whole Main 1" 2™ 3 Interpulse
(o) pulse Pulse Component | Component | Component
0-1 0 0 1 24 0 0
1-3 0 22 89 275 81 10
3-8 22 187 201 20 151 30
8-13 38 66 22 0 49 32
13-20 66 37 5 0 32 56
20-27 59 7 1 0 6 57
27-35 48 0 0 0 0 48
35-45 32 0 0 0 0 32
45-60 36 0 0 0 0 36
60-80 13 0 0 0 0 13
80-95 2 0 0 0 0 2
>95 3 0 0 0 0 3
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AXP 1809-194, Scan 9673 energy

Quality | Whole Main 1t 2™ 3" Interpulse
(o) pulse Pulse Component | Component | Component
0-1 316 318 316 312 315 196
1-1.5 3 1 3 7 4 75
1.5-3 0 0 0 0 0 46
3-5 0 0 0 0 0 2
5-7 0 0 0 0 0 0
7-9 0 0 0 0 0 0
9-11 0 0 0 0 0 0
11-13 0 0 0 0 0 0
13-16 0 0 0 0 0 0
16-19 0 0 0 0 0 0
19-25 0 0 0 0 0 0
>25 0 0 0 0 0 0
PSR 1133 +16, Scan 2691a max
Quality Whole 1st 2nd
(o) pulse component | component
0-1 0 - 12
1-3 130 157 278
3-8 124 104 75
8-13 41 36 8
13-20 26 24 4
20-27 12 11 -
27-35 9 9 0
35-45 11 11 0
45-60 8 8 0
60-80 4 4 0
80-95 4 4 0
>95 - - 0
PSR 1133 +16, Scan 2691a energy
Quality Whole 1st 2nd
(o) pulse component | component
0-1 267 231 338
1-1.5 39 43 28
1.5-3 43 50 9
3-5 15 24 3
5-7 4 12 0
7-9 6 2 0
9-11 1 6 0
11-13 1 0 0
13-16 1 4 0
16-19 0 2 0
19-25 1 2 0
>25 0 2 0
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PSR 1133 +16, Scan 2691b max

Quality Whole 1st 2nd
(o) pulse | component | component
0-1 0 4 11
1-3 114 151 247
3-8 139 115 94

8-13 38 27 16
13-20 32 29 6

20-27 14 11 3

27-35 11 11 0

35-45 8 8 1

45-60 2 2 0

60-80 7 7 0

80-95 0 0 0

>95 13 13 0
PSR 1133 +16, Scan 2691b energy

Quality Whole 1st 2nd
(o) pulse | component | component
0-1 276 248 302

1-1.5 36 42 48
1.5-3 40 39 21
3-5 15 22 6
5-7 4 10 0
7-9 2 5 1
9-11 0 3 0

11-13 0 2 0

13-16 1 2 0

16-19 3 0 0

19-25 1 0 0

>25 0 5 0
PSR 1133 +16, Scan 2691c max
Quality Whole 1st 2nd
(o) pulse component | component
0-1 3 15 23
1-3 137 173 249
3-8 124 85 86

8-13 43 37 12

13-20 26 23 3

20-27 11 12 0

27-35 10 10 -

35-45 4 3 -

45-60 4 4 0

60-80 6 6 0

80-95 - - 0

>95 - - 0
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PSR 1133 +16, Scan 2691c energy

Quality Whole 1st 2nd
(o) pulse component | component
0-1 243 223 298
1-1.5 52 43 48
1.5-3 57 54 23
3-5 10 28 4
5-7 4 11 1
7-9 4 3 1
9-11 2 3 0
11-13 1 1 0
13-16 1 4 0
16-19 0 2 0
19-25 1 1 0
>25 0 2 0
PSR 0329+54, Scan 2709a max
Quality Whole 1st 2nd 3rd
(o) pulse component | component | component
0-1 0 5 0 0
1-3 30 313 57 219
3-8 150 52 139 123
8-13 76 = 68 18
13-20 59 0 55 9
20-27 23 0 20 3
27-35 20 0 19 1
35-45 - 0 - 0
45-60 - 0 - 0
60-80 - 0 0
80-95 0 0 0 0
>95 - 0 - 0
PSR 0329+54, Scan 2709a energy
Quality Whole 1st 2nd 3rd
(o) pulse component | component | component
0-1 169 342 74 308
1-1.5 76 16 50 33
1.5-3 108 13 107 23
3-5 18 2 82 9
5-7 1 0 35 0
7-9 1 0 16 0
9-11 0 0 4 0
11-13 0 0 3 0
13-16 0 0 0 0
16-19 0 0 1 0
19-25 0 0 1 0
>25 0 0 0 0
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PSR 0329+54, Scan 2709b max

Quality Whole 1st 2nd 3rd
(o) pulse component | component | component
0-1 0 12 0 -
1-3 44 307 70 249
3-8 159 51 146 97

8-13 59 - 51 17
13-20 46 0 43 -
20-27 30 0 - -
27-35 19 0 - 0
35-45 - 0 - 0
45-60 - 0 - 0
60-80 - 0 - -
80-95 - 0 0 -
>95 0 0 0 0

PSR 0329+54, Scan 2709b energy

Quality Whole 1st 2nd 3rd
(o) pulse component | component | component
0-1 198 337 82 300

1-1.5 72 26 61 32
1.5-3 83 9 121 32
3-5 17 1 52 6
5-7 2 0 34 0
7-9 1 0 13 2
9-11 0 0 6 0
11-13 0 0 1 1
13-16 0 0 3 0
16-19 0 0 0 0
19-25 0 0 0 0
>25 0 0 0 0
PSR 0329+54, Scan 2709¢c max

Quality Whole 1st 2nd 3rd
(o) pulse component | component | component
0-1 0 - 0 -
1-3 42 311 83 236
3-8 151 56 122 103

8-13 68 - 61 22
13-20 49 0 47 -
20-27 27 0 26 -
27-35 10 0 10 0
35-45 17 0 16 -
45-60 - 0 - -
60-80 - 0 - 0
80-95 - 0 - 0
>95 0 0 0 0
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PSR 0329+54, Scan 2709c energy

Quality Whole 1st 2nd 3rd
(o) pulse component | component | component
0-1 165 337 107 291

1-1.5 80 24 47 36
1.5-3 99 11 99 36
3-5 25 1 69 7
5-7 3 0 28 1
7-9 1 0 12 2
9-11 0 0 8 0
11-13 0 0 1 0
13-16 0 0 1 0
16-19 0 0 1 0
19-25 0 0 0 0
>25 0 0 0 0

8.3 Data processing and comparison

A

We processed the best (highest quality classification) scans of the magnetar and the

pulsars in the aspect of pulse nulling. We found for every scan the percentage of single

pulses that are null. The results are shown in the Tables below.

AXP 1809-194: Single pulses nulling.

Scan | Frequency # Whole | Main 1st 2nd 3rd Interp.
(GHz) Single | Pulse | Pulse | Comp. | Comp. | Comp.
Pulses

5954 8.35 323 0% 0.3% | 50.5% | 0.6% 91% 52%

5955 8.35 324 0% 0% 45.7% 0% 95.7% | 54.3%
5956 8.35 644 | 0.15% | 0.15% | 36.3% | 0.62% | 94.7% | 53.3%
7202 8.35 324 0% 03% | 309% | 03% | 93.8% | 44.75%
7203 8.35 324 0% 0% 24.7% | 0.3% 91% 52.8%
7204 8.35 322 0% 0% 27.3% | 0.3% 91% 35.4%
7205 8.35 324 03% | 0.3% 42% 0.3% | 93.5% | 40.4%
7209 8.35 323 0% 0% | 40.56% | 0% 80.2% | 63.8%
9671 2.64 282 0% 11.7% | 48.9% | 93.6% | 29.4% | 0.7%

9672 2.64 308 0% 5.8% | 36.4% | 89.6% | 19.16% | 0.33%
9673 2.64 319 0% 6.9% | 28.2% | 93.7% | 25.4% | 3.13%
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PSR 1133+16, PSR 0329+54: Single pulses nulling.

Scan | Frequency # Whole 1st 2nd 3rd

(GHz) Single | Pulse | Comp. | Comp. | Comp.
Pulses

2691 8.35 378 34.4% | 41.5% | 76.7% -
8.35 378 30.2% 41% | 68.3% -
8.35 375 37.3% | 50.1% | 72.5% -

2709 8.35 373 8% 85.3% | 15.3% | 58.7%
8.35 373 11.8% | 85.5% | 18.8% | 67%
8.35 373 | 11.26% | 84.5% | 22.3% | 64.3%

Comparing the results concerning the nulling between magnetar and pulsars we can easily
see that the nulling percentage of the pulsars is greater than the magnetars' is. Another
information we obtain from the results is that there is a significant difference in the nulling

of component 2, component 3 and the interpulse as we change frequencies from the
8.35 GHz to 2.6 GHz.

We calculated the interstellar broadening of the single pulses for the magnetar
AXP J1809-194 and the two pulsars PSR B0329+54 and PSR B1133+16:

a) AXPJ1809-194:

at the frequency of 8.35 GHz the bandwidth of the observations was 1Ghz so
At = 8.3 x 10% x 178 x 835073 x 1000 — At = 2.54 msec

at the frequency of 2.6 GHz the bandwidth of the observations was 0.1GHz so
At = 8.3 x 103 x 178 x 264073 x 100 —» At = 8.03 msec

a) PSR B0329+54:
at the frequency of 8.35 GHz the bandwidth of the observations was 1Ghz so
At = 8.3 X 103 x 26.7 x 835073 x 1000 — At = 0.38 msec

b) PSR B1133+16:
at the frequency of 8.35 GHz the bandwidth of the observations was 1Ghz so
At = 8.3 X 103 X 4.8 X 835073 x 1000 —» At = 0.068 msec

The resolution that was used to obtain the data we used in this paper was 5.3 msec. That
means that it is enough for the 8.35 GHz observations that yielded the data for all three NS,
but not for the 2.64 GHz observations of the magnetar since the dispersion broadening is
greater than the resolution at this frequency.
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In the graphs below the correlation between different components of the magnetar
and pulsars in the aspect of the change of energy is shown. In each graph the
mean of pulse energy

sigma
f pulse energy

of each quality class of one component is plotted with respect to the

mean o of the respective quality class of another component.

Figures of AXP J1809-194:
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For the magnetar and pulsars the correlation between components of the pulse in
the aspect of the number of single pulses that are in each quality class is shown in the
figures below. For the magnetar we used some scans to show how the single pulses are
distributed in the quality classes (with respect to both energy and maximum) concerning the
main pulse and the interpulse. For the two pulsars we did the same by comparing 1st and
2nd component of the PSR 1133+16 and 2nd to 3rd component of the PSR 0329+54. The
figures are shown below:
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Figures of AXP J1809-194:
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Figures of PSR B1133+16:
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Figures of PSR B0329+54:
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From the figures we can clearly see that for the two pulsars the components that appear to
be dominant in the integrated profile have more single pulses in high quality classes than the
weaker components do, whereas the number of single pulses for the weaker component is
greater than those of the dominant in the low quality classes. But for the magnetar the
pattern is not the same: the main pulse is dominant but the interpulse and main pulse have
about the same number of single pulses in the highest quality classes and even sometimes
the interpulse has more. Particularly for the classification with respect to energy, the main
pulse and interpulse show the same behaviour.

8.4 Conclusions

e As already stated the percentage of single pulse nulling for the AXP J1809-194 is
significantly lower than that of PSR B0329+54 and PSR B1133+16. That leads us to
determine that the magnetar is a young object, younger than PSR B0329+54 and PSR
B1133+16: it is in an early stage and thus has enough energy for continuous
generation of radio emission. The single pulse nulling results are summarized in the

Table below.
Pulsar Freq. Whole 1st 2nd 3rd Interpul. Age
(GHz) Pulse Comp. Comp. Comp. (10° yr)
AXP 8.35 0.06% 37.3% 0.3% 91.4% 49.6%
J1809-194
AXP 2.64 0% 37.8% 92.3% | 24.65% 1.4%
J1809-194
PSR 8.35 34% 44.2% 72.5% - - 5.5
B1133+16
PSR 8.35 10.35% | 85.1% 18.8% 63.3% - 5.0
B0329+54

70



e From the magnetars' integrated profile we can see that the distance between the
main pulse and the interpulse is larger than half a period (it is approximately 75% of
the period) which means that:

i.  theydo not originate from the two different anti-diametrically located polar
cap regions. Thus the magnetars' magnetic field axis is probably closely
aligned with the rotation axis and the line of sight intersects the emission
cone somewhere near the magnetic axis, so the main pulse and the
interpulse originate from two different regions of the same magnetic pole.
This, of course, is an assumption since polarization measurements are
needed in order to verify this conclusion, or

ii. they both originate from somewhere close to the light cylinder. The
emission regions have a distance of about 75% of a period.

e Comparing the figures that show the correlation between the energy of the
individual components of the integrated profile of the magnetar, we came to the
conclusion that the energy of the single pulses remains roughly stable. This
conclusion is corroborated by the investigation of the percentage of nulling of the
individual components. Again the energy of the single pulses seems to be stable in
all components, although the number of single pulses varies in each component.

e We calculated the characteristic age, T = %, of the magnetar AXP J1809-194:

P 5.54
T=—— -

2P 1.15x10~11
calculated assuming a dipolar magnetic field, indicates that the magnetar AXP J1809-

194 is very young. This conclusion does not justify its very long period of rotation
(5.4 s). Could it be that the magnetic field of this magnetar is not dipolar and
therefore the calculated characteristic age does not apply to the magnetar

AXP J1809-194?

-1 =24x10"sec » t = 7600 yrs . This age, which is
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Appendix A

A.1 Representative single pulses plots are for each of the three AXP J1809-194, PSR
B0329+54and PSR B1133+16 are presented here.
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EFFELSBERG 100m RADIOTELESCOPE

PSR 0329+54 Scan: 2709 11/12/ 2009 Resolution: 697
Channel: 1 +2 Blocks:( 1 -200 ) Baseline: 100 150 900 1000
INT: 1 Plotscale: .00300 Window:( 400 -750 ) Running Mean:

34 69 104 139 174 209 MSE(
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Appendix B

B.1 Quality plots: distribution of single pulses in each quality class
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8500 8540
8550
8520 820
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1
8900
8900
a0l N1 060 0.8 0.8 N4 0105
8800
0.6 0.6
8700
8700
0.4 0.4
8600
8600
h l 02 02
8500
! 0 8500
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
»
»
bin
4
scan 8095 Quality level 1 Quality level 2 Quality level 3 Quality level 4
interpulse 1 8510 T T T T
85101 167 03 N24 o3
08 8520
' N 60 08 8505
08 8505 8515
8500
04 8510
8500
02 8505 8495
0 800 8490
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
8560
8560
8520 N11 035
N7 45
8600 N9 627 8550 w0 o
gsiop "2 o% 8540
8550 8530 8520
8500
8520 8500
8490 8500 8510 8480
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
8600 1
8700
NS 060 8600 N5 o105
8580 N8 080 08 8650
0.6
8560 8550 8600
04
‘L‘ 8550
8540
L 02
8500 e 8500 ; i,
b
8520
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
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bin

85

vsfliasg;jlse Quality level 1 Quality level 2 X 10 Quality level 3 X 104 Quality level 4
1 3.266
39 o8 3.266F N41 13
08 08
3.264
06 06 3.264
0.4 0.4
3262 3.262
0.2 0.2
3.26
0 0 3.26
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
3.285
321 3275 3.28
54 0% N3 o2 32y 13 o
32 035
3.268 3.275 3275
3.266 s 327
3.21 :
sz 3265 3265
3262 3.265 .
200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 o 200 400 600 800 1000
x10 Quality level 9 x10' Quality level 10 x10° Qualiy level 11 x10' Quality level 12
32 32 - — 345
3285 N23 560 N23 0 80 N9 095 y N 50 105
328 332 g
3.28
a3 33
3.275
3.21
327 3.28 33
3.265 3.26 3.25
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
y bin
r scan 5954 Quality level 1 x10° Quality lew Quality level 3 x10° Quality level 4
main pulse 1 27 T T
sassf . N4g 08 32158 NT1 a3
08 3.26 3.266
327
0.6
3.255
3.264
" 3% 3.265
02 3.262 :
: 3.245
0 3.26
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
3.28 3.28
N60 02 328 33 N1 045
N42 027 5 035
3.275
3.275 3.275 3.29
327 327 328
327
3.265
3265 s
3.26 3.265
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000
x10 Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
33 331 AU g pr 35
N37 0105
N1l 080 05
3.9 N10 060 33 33 8
329 34
328 33
328 3.35
3.21
327 3.28 33
3.26 325
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
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scan 5954

Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
i ! 3.212F N 163 o3 32n 28
N75 08 :
08 a7 a7 N2 o1
3275
08 3.268 3.268
327
04 3266 3.266
02 2264 3264 3265
0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10' Quality level 8
332 33FNT 57 336
331 N3 045
3314 N8 020 33pNL 03
329 334
33 332
332
3.28
329 33
33
328 32 328
3.28
327 326
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
3.45 332 336 35
N4 095
N8 080 N35 0105
34k N1 60 334 345
33
332 34
335
33 335
328
83| ) 328 33
d |
325 3.26 3.26 325
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
1
scgn 5954 " 4 " 4
nd component . Quality level 1 x 10 ] Qufxl\ty Ievel ‘ ; Qu?lny level 3 . 10 Quality level 4
327 3.28 )
; N60 o8 N8 013
08 N2 03 3075
3275
0.6 3.265
.27
s 327
04 3.265
326 3.265
02 3.26
0 3.26
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
x10' Quality level 5 x10° Quality level 6 x10' Quality level 7 x10° Quality level 8
332 331 3.34 3.36
N76 o2 N4 o N3 o3 N1 045
33 33 334
33
329 332
33
3.28 33
328
{ 327 3B A 328 “ i
3.26 326 3.26 3.26
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 9 x10° Quality level 10 x10' Quality level 11 Quality level 12
33 3.36 35 1
N3 980 1 0%
320k N10 060 334 345 0.8
332 34 0.6
328
33 3.35 0.4
82 3.28 33 0.2
M
3.26 3.26 3.25 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»

bin

86



A
033': dsizz:nponem x10° Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
334 T T T T 334 329
V/f counts 32 s o3 N2 o
2 o1 33 NS on
33 3.285 328
3.28 33
33 3.27
3215 328
327
82 ' 3.26 MA‘WWMMMWMJL’-M 826
3.265
3.24 325
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality lewel 6 Quality level 7 Quality level 8
34 1 1
N5 02 33 iy
0.8 0.8
335 33
0.6 0.6
32 04 04
33
328 02 02
25 Jh I | 0
o 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 VO 200 400 600 800 1000
x10° Quality level 9 Quality level 10 Quality level 11 x 10" Quality level 12
334 1 1
34
N 060
0.8 0.8 N 0105
332 235
0.6 0.6
33
04 04 33
38 0.2 0.2 325 Hhob
3.26 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
|-
»
bin
*
scan 5954 Quality level 1 x10° Quality level 2 Quality level 3 x10° Quality level 4
s 1 3.29 3.45
SN T
N 168 03
08 33 aal N2 o3
3.28
V/f counts 06 329
335
04 3.28
3.27
02 327 83
L H‘.mI..mmmwmmmmmlm‘m i e
0 3.26 3.26 325
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality lewel 5 x10° Quality level 6 x10" Quality lewel 7 x10° Quality level 8
3.36 34 332Nt 035 329 m o8
33 NS 0% NS o 328
335 33
332 321
33 326
33 3.28
328 3.25
3.26 325 3.26 324
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality lewel 9 x10° Quality level 10 x10' Quality level 11 x10° Quality level 12
33 33 3.36 34
N15 060 N4 0% N14 0105
3% N16 080 334 33
329
332
3.28 33
33
328
.27 .2
3 328 328
321 3.26 3.26 3.26
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin

87
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bin

88

scan 5955
whole pulse Quality level 1 Quality level 2 x10" Quality level 3 x10" Quality level 4
3.35
0.8 08
3.348
0.6 0.6
04 04 3346
0.2 0.2 3.304
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10" Quality level 8
335
3.352F N45 020 3.36 3355
33 335 N46 027 3345) N2 035 & o4
335
334
335
3.348 3.345
3335
34!
3346 3345 334
333
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
3.355 " 3.38 35
¢ 337
N9 095
N 16 080
335 337 245l NE3 5105
3.345 83 3.36
34
334 335 3.35
335
3335 334 334
333 3.33 33
200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 0 200 400 600 800 1000
»
»
" bin
scan 5955 ) B 3 . )
main pulse Quality level 1 Quality level 2 X 10 Quality level 3 X 10 Quality level 4
1 1
3.36 s
08 08 '
N o8 N 56 o1
3.355
0.6 0.6
333
04 04 335
02 02 2345 333
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x 10" Quality level 8
3367 NGO 02 336 835
33} N5 ot HIND 0% % ods
3.355 335
3.355 335
3.345 : 3345
3.345
335
334
334 33
3.33%
3335
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
335 338 35 355
N7 080
1 080 Sl M o105
3.345 a3 3454 N3 0% '
3.36 345
334 3.4
335 34
23 - 3% | 335 4 N
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
»
»
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89

scan 5955 . .
1st component x10' Quality level 1 x10° Quality level 2 x10' Quality level 3 x10' Quality level 4
i 3348 336
N 147 03 335 1 s
33151 N1 of ‘ o
3.346 a3s5r N18 013
331 3.344 3.345
3.305 335
3342
33
- 3.3 3.345
3.295
3338 334
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 5 x10° Quality level 6 x10' Quality level 7 x10' Quality level 8
3% 33, w7 34 34
238 N8 020 N7 035
: 337 338 338 N4 045
3.37
336 33 33
3.36
3% 3% s a3
334 332
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 9 x10° Quality level 10 x10° Quality level 11 x10 Quality level 12
338 NZ 780 35 355
N 40 0105
sz N® ot 33 a5} N3 0% 35
345
334 336 34
34
3.34
332 335
JL " 3.35§| 4
332
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
|-
»
s bin
scazrrw]ge:osm onent Quality level 1 Quality level 2 x10° Quality level 3 x10° Quality level 4
P 1 338 337
08 08 N35 a8 N 68 a3
: : 337 336
06 06 336
3.35
04 0.4 335
02 02 334 ‘ 3 " ‘ m
0 0 333
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10 Quality level 5 x10° Quality lewel 6 x10° Quality level 7 x10° Quality level 8
34 34
3378 NGt o 85
N80 a20 N2 - N28 045
338 336 33 345
335 336 34
3.36
* 33 33 335)[1A, A
334
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
X 10‘ Quality level 9 x10° Quality level 10 Quality level 11 Quality level 12
iy 4 1 1
=1 N18 060
NS 080 08 08
38
345 0.6 0.6
34 36 0.4 0.4
235 34fl | 02 02
0 0
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
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scan 5955

4

bin

90

x10° Quality level 1 x10 Quality level 2 x10° Quality level 3 x10° Quality level 4
3rd comp 37 342
34 337
g 1 a1 1 13
33 azslf 3 o3 36k N7 o8 24
33 335 35 338
337
334 34 3.36
3.36 PO A,
33 3.34
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 Quality level 7 Quality level 8
30 s ! !
g 1 020 N o2
0.8 0.8
34 3.36
0.6 0.6
335
338 04 04
33 3% 02 02
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 02 04 06 08 1
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
08 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
0 0 0 0
0 02 04 06 08 1 0 200 400 600 800 1000 0 200 400 600 800 1000 0 02 04 06 08 1
»
»
bin
*
ScantSQSSI x10' Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
interpulse 34 337 34 35
N 175 03 N 26 08 N1 "
4
3a0h N o1 33 3.38 3.45
34 - 33 34
238 e 334 33
332 33
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 5 x10' Quality level 6 x10° Quality level 7 x10° Quality level 8
35 37 3.355 342
N25 020 N11 035
N9 027 3%
3.45 36 341 N10 a45
3.345
34 35 338
334
. .4 .
335 3 333 3.36
U
33 33 333 334
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x 10" Quality level 9 x 10" Quality level 10 x 10" Quality level 11 x 10" Quality level 12
345 35 35 0
N9 060 N12 080 N7 a9 421 N 24 0105
345 345 34
34
34 34 338
3.35 3.36
335 335
334
33 33 33
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
»
»
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A
scan 2709 Quality level 1 Quality level 2 Quality level 3 Quality level 4
whole pulse 1 . A , . . A - . 2090 . ) . .
3265 N 68 13
08 3280
06 3060 N15L o8
2710
04 3255
02 3260
3250
0 3250
200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
3300 3340
3320f o7 07 3350
0 N 49 20 30 N10 035 N17 045
3300
3300 3300
3260
3280 280
3250
3240 3260 260 | "
bl il R L U Lt b
3240
200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
0 0 0 0
02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1 0 200 400 600 800 1000
|-
»
bin
*
an 2109 Quality level 1 Quality level 2 Quality level 3 Quality level 4
1st component - . .
3280
B 3280 NS5 a8 3340
N 311 03
3320 3270
270 3320
3300 3260
3300
280 3260 3250
3260 3250 3240 3280
200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800
Quality level 5 Quality level 6 Quality level 7 Quality level 8
1 1 1 1
0.8 08 0.8 08
0.6 06 0.6 0.6
04 0.4 04 0.4
0.2 0.2 0.2 0.2
0 0 0 0
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 0.8 0.8 0.8
0.6 06 0.6 0.6
0.4 04 0.4 0.4
0.2 0.2 0.2 0.2
0 0 0 0
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
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scan 2709

92

uality level 1 uality level 2 uality level 3 uality level 4
2nd component ¢ Qually Qually . < . y A . 2200 . Q - 4 - .
3270
08 N83 03
0.6 3265
0.4
3260
02
0
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
3300 3340 3350
3320
N - N26 o2 sl N10 035 N16 045
3280
3300 3300 3300
3260
280 3280
3250
3240 3260 T "
3260 R R i b
3240
200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
08 0.8 0.8 0.8
0.6 0.6 0.6 0.6
04 0.4 04 04
0.2 0.2 0.2 0.2
0 0 0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 08 1 0 02 04 0.6 0.8 1 0 200 400 600 800 1000
|-
»
bin
*
san aTes Qualty lewel 1 Qualy level 2 Quali leve 3 Quality leve 4
1 3280 3290 3300
N 236 03 N22 13
N 103 a8
08 3210 3280 3280
0.6 3270
3260 3260
04 3260
"y " A .t
i Y fhiubi
02 3250 250 3240
0 3240 3240 3220
02 0.4 0.6 0.8 1 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
1 1 1 1
08 08 0.8 0.8
0.6 0.6 0.6 0.6
04 04 04 0.4
0.2 02 02 0.2
0 0 0 0
02 0.4 0.6 08 1 0 02 0.4 0.6 08 1 0 200 400 600 800 1000 0 0.2 04 0.6 0.8 1
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
08 08 0.8 0.8
0.6 0.6 0.6 0.6
04 04 04 0.4
0.2 02 02 0.2
0 0 0 0
02 0.4 0.6 0.8 1 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
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4

93

bin

scan 9673 Quality level 1 Quality level 2 X 10 Quality level 3 x10' Quality level 4
whole pulse 1 1
1462 1.458
08 08 N22 08 N38 013
1461
1.456
0.6 0.6
146
0.4 0.4 1.454
1.459
02 0.2
1458 1452
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000
x10* Quality level 5 x10° Quality level 6 x10' Quality level 7 x10" Quality level 8
147
1.465
L4\ g 02 N 59 02 LTS N ag 03 N32 045
1.465
1.462 147
146
146 146
1.465 1455
1458 1.455
1456 146 145
200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
x10' Quality level 9 x10° Quality level 10 x10' Quality level 11 x10' Quality level 12
15 16
149
N13 080 155 N3 0105
149 N2 095
148} N36 060 185
148 15
147 15
147
" Ay
146 146 145 o 145 [
Y ooy
145 14
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
»
»
bin
4
scan 9673 Quality level 1 X 10 Quality level 2 x10' Quality level 3 x10' Quality level 4
main pulse 1 147
1.485
08 N22 03 1.465[ N 66 a3
g 148 N 187 a8
: 1.465
0.6 1.46
1.475
0.4
147 146 1.455
0.2
1.465 145
0 1.455
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 Quality level 7 Quality level 8
147 15 1 1
N7 021
N37 020
1465 0.8 0.8
148
0.6 0.6
1.46
0.4 0.4
1.46
1.455 02 02
145 144 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
02 02 02 0.2
0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
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A
boan 9673 x10° Quality level 1 X 10 Quality level 2 x10° Quality level 3 x 10" Quality level 4
Istcomponent 154 148
N1 ot 147 N2 13
152 N89 03 1465 N 201 o8
1.465 147
15
1.46
148 146 146
146 1455 1485
145
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
X 10 Quality level 5 x10° Quality level 6 Quality level 7 Quality level 8
151 155 1 1
N1 27
N5 020
15 0.8 08
15
0.6 0.6
149
0.4 0.4
145
14 0.2 0.2
147 14 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 08 08 0.8
0.6 0.6 0.6 0.6
04 0.4 0.4 04
0.2 0.2 0.2 02
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
*
scarl 9673 x10° Quality level 1 x10° Quality level 2 x10° Quality level 3 Quality level 4
2§d component 147 1
1.48 N2 o1 N20 08
14651 N275 03 0.8
1475 1.465
0.6
147 1.46
146
0.4
1.465 1.455
0.2
146 1485 145
0
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
1 1 1 1
0.8 08 08 08
0.6 0.6 0.6 0.6
0.4 04 04 04
0.2 02 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 08 0.8 08
0.6 0.6 0.6 0.6
0.4 04 04 04
0.2 0.2 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
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scan9673

Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
3rd 147 1.465
148
08 Net o3 145} N151 o8 146} N49 13
06 1.475
1.46 1.455
0.4 147
02 1.455 145
1.465
0 145 1445
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality lewel 6 Quality level 7 Quality level 8
1 1
¥y 152
1465 N32 020
NG - 0.8 0.8
146 15 ¢
0.6 0.6
1.455 148 04 04
145 146 0.2 0.2
- N
Y f il T
0 0
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 04 04
0.2 0.2 0.2 0.2
0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
*
scan 9673 Quality level 1 x10" Quality level 2 x10' Quality level 3 x10° Quality level 4
interpulse 1 1.46
1.466 1.464
N30 08
N32 13
o8 1464f N10 03 1463 1458
0.6 1462 1.462 1.456
1.461
0.4 146 1454
02 16 1452
1.458 1459
0 145
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
X 10 Quality level 5 x10° Quality level 6 x10' Quality level 7 x10° Quality level 8
1.465 147
1465 N7 o2 LATSF Nag 0% N32 045
NS5 o2 1456
1.46 147
146 1.46
1.465
A
1.455 145
1.455
146 145
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10" Quality level 9 x10° Quality level 10 x10" Quality level 11 x10° Quality level 12
1.49 15 16
Lol N2 080 1555 N3 0105
148} N36 060 ’ 1550 N2 0%
148 15
147 15
147
146 146 145 Wy 145 (
A PR Y
145
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
I -
»

bin
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bin
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scan 9672
Quality level 1 Quality level 2 x10° Quality level 3 x10° Quality level 4
whole pulse 1 1 - - - - 1.554 - r < <
08 0.8 1546
0.6 0.6 1544
04 0.4 154
02 0.2
154
0 . . . . 0 . . . . . . . . 1546 . . . .
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 X 10 Quality level 7 x10° Quality level 8
1535 1535 1525 155
NS5 ot N5 0% N 0%
1531 N58 a20 152
153 154
1525 1515
1525 153
152 151
1515 152 1.505 152
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
157 16 1.65 17
N25 060
N5 g9
1% 1sgp V10 o8 1650 N4 o105
16
155
156 16
154
155 J
18 Lo . L% M e
152 152 15 15
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
4
scan 9672 Quality level 1 x 10" Quality level 2 x10" Quality level 3 X 10 Quality level 4
main pulse 1 1545 1545
153
N 18 a3
0.8 N74 g 13
1525 154 N182 o8 154
0.6
152 1,535 1535
0.4
1515
02 153 153
151
0 1525
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
155 156 162
155F N6 a21 N3 045
N3 35 16
154
154+ N22 020 154
152 158
153 153
15 156
15 1.52
’ 148 154
151
151 152
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
0.2 0.2 0.2 02
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»



V/f counts

V/f counts

4

4

bin

97

scan 9672 Quality level 1 x10° Quality level 2 X 10 Quality level 3 X 10 Quality level 4
1stcomponent 1 154 154
N112 03
08 LS4 N 16 08 i "
153 153 o
0.6
1535
153
0.4 152
0.2 1525 153 151
0
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
Quality level 5 Quality level 6 Quality level 7 Quality level 8
1 1 1 1
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 04 0.4 0.4
0.2 0.2 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
*
scan 9672 x10° Quality level 1 x10° Qualiy level 2 x10" Quality level 3 Quality level 4
2nd component 154 1545 1
156 N32 08
N7 o1 N 269 03 15 08
154 1535 '
0.6
1
1.52 5% 0.4
153
15 158 02
1525 0
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
1 1 1 1
08 08 0.8 0.8
0.6 0.6 0.6 0.6
04 04 0.4 0.4
02 02 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
08 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
02 02 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»



A
scan 9672 Quality lewel 1 x10° Quality level 2 x10' Quality level 3 x10' Quality level 4
3rd component 1 1545 1545
V/f counts NS 03 1
08 154 Lsal 189 o8 N 66 013
0.6 1535 154
1535
0.4 153 1535
153
0.2 1525 153
0 152 1525
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10" Quality lewel 5 x10° Quality level 6 x10' Quality level 7 x10* Quality lewel 8
155 1.62
: 155 N6 027 1% NS 045
16
N3 035
154+ N22 020 154 154
152 158
153 153 !
1.56
1% 15
152 154
151 14
152
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 0.8 08 0.8
0.6 0.6 0.6 0.6
0.4 04 0.4 0.4
0.2 0.2 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
1
scan 9672 Quality level 1 x 10" Quality level 2 x 10" Quality level 3 x 10" Quality level 4
interpulse 1 1,548 < < T <
16 N3 8
1.554
08 N1 03
V/f counts 15 1546 N3 013
g 1552
0.6
1544
155
04 158
1548
02 157 1542
0 15 1.546
0 200 400 600 800 1000 200 400 600 800 1000 o 200 400 600 800 1000 0 200 400 600 800
x 10" Quality level 5 x 10" Quality level 6 x 10" Quality level 7 x 10" Quality level 8
1535 155
1525
L1531 Nss 020 N43 035 N38 045
N 55 a2l
153 152 154
1525
1515
1525 153
1.52 151
152 152
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10' Quality level 9 x10° Quality level 10 x10' Quality leel 11 x10° Quality level 12
157 16 1.65 17
N25 060
N5 a9
1% 1sg) N1 o8 1650 N4 0 105
16
155
156 16
154
155
15 T ol : . 1% @ b
s Mty
152 152 15 15
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin

98



V/f counts

V/f counts

4

99

scan 9671 Quality level 1 Quality level 2 X 10 Quality level 3 X 10 Quality level 4
whole pulse 1 1 1.302
13 N30 o13
0.8 0.8 N20 o8
133 13
0.6 0.6
04 0.4 1.328
1.298
02 02 1326
0 0 1.296
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
1.335 1.325 132
1312
020 N5 0% N3 ol
132
N 50 o2
131 133 1315
1315
1.325 131
1.308 131
1306 132 1305 1305
1315 13 13
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 X 10 Quality level 12
138 14
13 131 N4 0105
N 2!
g o8 N1 080
1.2 136 N2 g9
% 1.35 128
L2 134
1.26
1.285 13
132 I
abt] Yo
128 u Fribihyd | e 124 A . |
el st Ry
13 125
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
4
scan 9671 Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
main pulse 1 13 - 1335 T
N33 a3 ] N1T8 08
0.8
1315 i3
08 1305 ’
131
0.4
1325
0.2 1.305 13
0
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
x10 Quality level 5 x10° Quality level 6 x10° Quality level 7 Quality level 8
132 1
134 1371 \4 027 22 0%
13% N 16 020 1.365 08
13
136
133 06
1.355 04
1325
135 128
0.2
182 135
1.26 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x 10" Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1
136 2 060
0.8 0.8 0.8
134 0.6 0.6 0.6
132 0.4 0.4 0.4
13 0.2 02 02
s . . . . 0 . . : : 0 : . . : 0 : : . .
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin



V/f counts

V/f counts

bin

100

an 9671 Quality level 1 x10° Quality level 2 x10° Quality level 3 x10" Quality level 4
1st component 1 1345
1325 L3 19 o8
0.8 N 138 g3 1aal N0 013
0.6 132 13
1335
04
1295 .
02 1315 133
0 1325
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
X 10“ Quality level 5 Quality level 6 Quality level 7 Quality lewel 8
132 1 1 1
N2 a20
131 0.8 0.8 0.8
0.6 0.6 0.6
13
0.4 0.4 0.4
120 0.2 0.2 02
128 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality lewvel 10 Quality level 11 Quality level 12
1 1 1 1
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
04 04 04 04
0.2 0.2 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
*
scan %71 ¢ Quality level 1 ¢ Quality level 2 ¢ Quality level 3 ¢ Quality level 4
2nd component X 10 x10 x 10 12 x10
1315 13p N1 a13
N 250 03
128
131 126
124
1.305
P 122 AL il
0 200 400 600 800 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 5 Quality level 6 Quality level 7 Quality level 8
1 1 1
125 Ny 020 08 08 08
125 0.6 0.6 0.6
124 0.4 04 04
0.2 0.2 0.2
123
0 0 0
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
02 0.2 02 02
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
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V/f counts

101

scan 9671 Quality level 1 x10° Quality level 2 x10' Quality level 3 x10" Quality level 4
3rd component 1 13 134
o 13 N38 013
NE3 03 N 140 08 1935
1315
0.6
1.295 133
04
131
1325
02 129
0 1.305 132
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 Quality level 8
136 L pr 132 % 1
1350 N13 020 1.365 0.8
13
1.36 06
134 1.355
04
™ 'u o llire | f 135 128
} 0.2
1345
132 1.26 0
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
X 104 Quality level 9 Quality lewel 10 Quality level 11 Quality level 12
1 1 1
L36F N2 60
0.8 0.8 0.8
15 06 06 08
132 0.4 0.4 0.4
13 0.2 0.2 02
0 0 0
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
" bin
scan 9671 Quality level 1 x10° Quality level 2 x10° Quality level 3 x 10" Quality level 4
interpulse 1 1.298 - - - T
1345 1.33 )
N27 08
08 134 N2 03 1329 1206k N3 013
0.6 1335 1328 -
04 1327 i
’ 133
02 1326 1.292
1325 135
0 129
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
1314 133 132
&7 o0 N49 027 13[4, . N5 045
1312 1315
1325 132
131 1315 131
132
1308 13 1305
1.305
1.306 1315 13
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
13 138 14
13r N4 7105
- N24 060 N10 ¢80
i 1.36 N2 95
135 128
129
134
1.285 126
13
132
128 piiu Yt h k o 124
" i i G |
M kL]
1275 13 125
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
»
»
bin



V/f counts

V/f counts

102

scan 8700 Quality level 1 Quality level 2 Quality level 3 Quality level 4
il
whole pulse 1 1 125\ 1o o8 9720
08 08 9715} N97 o 13
9720
0.6 0.6 9710
04 04 9715 9705
9700
0.2 0.2 9710
9695
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800
Quality level 5 Quality lewel 6 Quality lewel 7 Quality lewel 8
9790 9780
9730 N38 027 9800
N13 4!
- N3 0% o
9720 N83 a20 9760 9780
9770
9710 9740 760
9760
9740
9700 9750 9720
9720
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1
10100
9900 N2 g 80
0.8 0.8
050 N14 060 10000
9900 0.6 0.6
9800 9800 04 04
0.2 0.2
9750 9700 i Iy
0 0
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
4
scan 8700 Quality level 1 Quality level 2 Quality lewel 3 Quality level 4
main pulse 1 9950 9690 T B B B 9730 B B T B
08 9900 N2 03 N 94 o8
9680
0.6 9850
9670
0.4 9800
0.2 9750 9660
0 9700 9650
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
9790 9700 10050
N4 o0 9860 N8 0%
9680 10000 NS ol
9780 oaa0l N16 02
9660 9950
9770 9820
9640 9900
9760 %800
9620 9850
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 9 x10° Quality level 10 Quality level 11 Quality level 12
103 ! !
) 1.04
N3 060 N1 80
1025 103 o 08 08
102 102 06 06
1.01
1015 04 04
1
100 0.2 0.2
0.99
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin



V/f counts

V/f counts

bin

103

A
scan 8700 )
1st component Quality level 1 Quality level 2 Quality level 3 Quality level 4
9700 - 9705 e
N 155 08
08 9700
9680
06 9695
9660
04 9690
02 9640 985
0
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
1
9830 N4 R 9900F Ny 03
0.8
9820 N3 021 9800
9950 06
9810
9700
0.4
9800 9900
9600 0.2
9790
0
0 200 400 600 800 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 9 Quality level 10 Quality level 11 Quality level 12
104 1 1 1
N1 060
08 0.8 0.8
1.03
0.6 0.6 0.6
1.02
0.4 04 0.4
101 02 02 02
0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
*
scan 8700 ) . "
2nd component Quality lewel 1 Quality lewel 2 Quality level 3 Quality level 4
9710 9780" N 65 on3
N 17
08 sk o8 o175
06 9700 9770
0.4 9695 9765
9760
02 9690
9685 9755
0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 X 10 Quality level 8
9840 9880
w0 N6 027 9800 N2 03 1.03 N1 o 45
gl N3 020
1.02
9840 9750
9800
9820 101
9780 9800 9700 1
9760 9780
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x 10" Quality level 9 Quality level 10 Quality level 11 Quality level 12
1.035 1 1 1
N2 060
1.03 0.8 0.8 0.8
1.025 0.6 0.6 0.6
1.02 0.4 0.4 0.4
1015 L 0.2 0.2 02
101 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»



A
Jscan 8700
Quality level 1 Quality lewel 2 Quality lewel 3 Quality level 4
3rd component. 4414 9690 9800
N1 a1 9750
V/f counts . o5
10000 9680 9780 N3L 013
9740l N192 03
9900 9670 9760
9730
9800 9660 9740
9720
9700 9650 9720
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 5 Quality lewel 6 Quality lewel 7 Quality level 8
9750 10050
9780
N14 020 9900 N4 045
9760 N8 a2l 10000
o700} N 035
9950
9740 9850
9900
9720 9650
9800
9700 9850
9600 9800
200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 x10° Quality level 10 Quality level 11 Quality level 12
1 1 1
1.04
08 N1 080 08 08
1.03
06 102 06 06
0.4 101 04 0.4
0.2 ! 0.2 0.2
0.99
0 . . . . X . . . . 0 . . . . 0 . . . .
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
*
scan 8700 Quality level 1 Quality level 2 Quality level 3 Quality level 4
interpulse 1 9740 < < r T T
N57 03
V/f counts o740
08 9735 NT3 o8
9735
06 9730 97130
0.4 9725 9725
02 120 20
9715
0 9715
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
9690 9840 o840
N28 03 9750
9680 N51 20
9820+ N31 a2l N9 045
9820 9700
9670
9800
9660 9800 9650
9780 " I
9650 9780 9600
9640
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
9800f N 11 60 ! !
10200} M % 08 08
9750 10000 0.6 06
9800 0.4 0.4
9700
9600 0.2 02
| I
9400 0 0
200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000

bin

104

v



V/f counts

V/f counts

scan 8512

105

Quality level 1 Quality level 2 Quality level 3 Quality level 4
whole pulse ¢ 1 2543 2546 - 0 - 5
N76 o8
08 08 2542
0.6 0.6
2541
0.4 0.4
0.2 0.2 =40
0 0 2539 2541
0 200 400 600 800 1000 0 0.2 04 06 08 1 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality lewel 8
2535 2542 2544 2545
N 46 020 N12 045
N31 27 N24 035
2534 2540 2542 2540
2538 2540
2533 2535
2536 2538
2532 2534 2536 2530
2531 2532 2534 2525
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
2560 F—N-23 o660 2580 2610 2600
N13 080 N3 a9
2600 N17 0105
2555 2570 2580
2590
2550 2560 2560
2580
2545 2550 2570 \ 2540 il
] | 1 |
2540 2540 2560 ———= L 2520
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
4
scan8512 Quality level 1 Quality level 2 Quality level 3 Quality level 4
mainpulse 1 1 2544 2548
N 124 a8 N8 3
[
08 08 2542 2546
0.6 0.6
2540 2544
04 04
02 02 2538 2542
0 0 2536 2540
0 200 400 600 800 1000 0 02 0.4 0.6 0.8 1 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
2545 2560 2565 2570
s 2 N 26 a2
4 N 16 035
2555 2560 2560 N13 45
2540
2550 2555
2550
2545 2550
2535
2540 2545 =0
2530 2535 2540 2530
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
2575 1 1
N 10 060 2700F N1 g 80
2570 0.8 0.8
2565 0.6 0.6
2650
2560 0.4 0.4
2555 2600 | 0.2 02
2550 T i) T L) T T 0 0
0 200 400 600 800 1000 0 200 400 600 800 0 02 04 0.6 0.8 1 0 200 400 600 800 1000
»
»
bin



A
scan 8512 Quality level 1 Quality level 2 Quality level 3 Quality level 4
interpulse 1 2547 © T © © 2544
25411 N 116 08
V/f counts 08 N o3
2542
06 2540
2540
0.4 2539
02 2538
2538
0 2536
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
2555 2535 2560
25441 N 21 020 i o N1 ¢35 N3 045
2530 2550
2502 2550
2525 2540
240 2545
2520 2530
2538
2540 2515 2520
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
2570 2580 2620 2600
N12 080
N13 060 N2 0% N1 0105
2560 2570 2600 2580
2550 2560 2580 2560
2540 2550 2560 2540 " e
\ I
2530 2540 2540 — — 2520
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
4
scan 8510 Qualiy level 1 ‘ Qualty level - Qualty lewel 3 ‘ Qualiy level 4
whole pulse | X 10 X1 ot Qulylee!
117 1114
0s N3 o3 N 158 o8 108 a7 013
V/f counts Lo
06 11135 10785
1.169
0.4
1.1685 1113 1.079
0.2
, 1168 10785
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
1.088
e Lo N 15 035 1,086 Ne o4
N25 a20 1.001 .
1.0905 N15 27 1042
1.09 1.084
109 1041
10895 1,082
1089 1.089 104
1.08
1.039
1.0885 1088 Lo
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 ] 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10* Quality level 11 x10° Quality level 12
1155 113
11 11
N7 060 N4 0%
112} N4 080 1.095 N2 15
4
115 109 1.08
111
1.085 106
1145 1 108
i L 104 b
ey " . " 1075 L TP
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800

bin

106

v



V/f counts

V/f counts

scan 8510

107

Quality level 1 x10° Quality level 2 x10° Quality level 3 x10' Quality level 4
main pulse 1 - -
0 LISTS: g7 03 L1055 169 o8 102
1157 N48 a3
0.6 1105 1.091
1.1565
04 11065 109
1.156
0.2
11555 1104 1089
0
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
x10° Quality level 5 x10° Quality level 6 Quality level 7 x10" Quality level 8
1.08 103
Los6 10000 N2 045
N17 020
1079t Ne o N2 0% 1ms
1045 9950
1.078] 1044 1.02
9900
1.077 1043 1.015
9850
1.042
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1
08 0.8 0.8 0.8
06 0.6 0.6 0.6
0.4 0.4 0.4 0.4
02 02 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
1
scan 8510 x10° Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
interpulse g T T T g g g g g T T g
1228 N33 a1 1.072
1.1025
12275 N49 o8
1.0715
1102 174 03
1227
1.071
1.2265 1.1015
1.0705
1.226 1100
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000
x10° Quality level 5 x 10" Quality level 6 x 10" Quality level 7 x10° Quality level 8
1146 11
' L0%2 N7 45
N7 027 [
1104 1145 1051} N13 035
1144 s 1105
1102} N13 a20 .
1143 1,049
11
11 1.142 1,048
1141 1,047
1.098 1005
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 o 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x 10" Quality level 11 x10° Quality level 12
1155 113 11 11
N7 060 N4 095
112} N4 080 108 N2 0105
115 1.09
111 1.06
1145 1.08
11 1.04 wi
Ahd ——
Wty il
114 1.09 107 1.02
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
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scan 8093 Quality level 1 Quality level 2 Quality level 3 Quality level 4
whole pulse 1 8550 g g g T
0 N4 8540 85651 N79 013
8545 N 54 a8
0.6
8540 8535 8560
0.4
02 8535 653 8555
0 8530
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
Quality level 5 Quality level 6 Quality level 7 Quality level 8
8560 8560
N4 020 8701 N2 035 e ol
8555 8550 N43 o2l
8560 8560
8550 8540 8550
8540
8545 8530 8540
8520
8530
8540 8520
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
Quality level 9 Quality level 10 Quality lewel 11 Quality lewel 12
8650 8750 8700
N6 60 J
o N4 080 8800F N3 0 10!
8700 sesol M3 0%
8600
8700
8650 8600
8550 8550 8600
8600 m |
i ) 8500 [y " 8500 !
8500 8550
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
»
»
bin
4
scan 8093 Quality level 1 Quality lewel 2 Quality lewel 3 Quality level 4
main pulse 1 - A . . - - .
8550
N4 03 8540
08 N 60 08
8545
0.6
. 40 853
04
02 8535 ‘ 8530
0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000
Quality level 5 Quality lewel 6 Quality level 7 Quality level 8
8560 8580 8580
N11 045
8560 Na2 627 N17 35
85551 N 96 020 8560
8550 8560
8550 8540
8540 8540
8545 8520
8530
8540 8520 8500
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
8650 9200
9400 N1 0 105-
N4 060 0T Ns o8 9000 N1 95
[
8600 8750 o200
8800 9000
8700
8550 8800
8650 8600 ”
8600 \
8500 8600 8400
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800
»
»
bin
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fcan 8093 Quality level 1 Quality level 2 Quality lewel 3 Quality level 4
1st component 1
8565
8540 N 88 013
08 NE7 o8
06 8560
8535
0.4
8555
0.2 8530
0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
Quality level 5 Quality level 6 Quality level 7 Quality level 8
8560 e570 8620
N15 035
7
85551 g5 62 N44 02 a0l N6 045
8550 8560
8550 8580
8540 8550
8560
8545 8540
8530 dhieiyh i 8510
8540 8530
8520 8520
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
8700 1 1 1
N2 060
8650 0.8 08 0.8
0.6 0.6 0.6
8600
0.4 04 04
8550 0.2 0.2 0.2
8500 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
*
gan 8093 Quality level 1 Quality level 2 Quality lewel 3 Quality level 4
2nd component 8560 i,
4540 8620 1
80} o \ams , N3 o8 NG o1
8555 o w5 8600
8650 8550 8530 8580
8525 8560
8545
8520
8600 8540
8540 815
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
8600 L 1 1
N3 020 08 08 08
850 06 06 06
04 0.4 0.4
8500
02 0.2 0.2
0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1 1
0.8 08 0.8 0.8
0.6 0.6 0.6 0.6
0.4 04 0.4 0.4
0.2 02 0.2 0.2
0 0 0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»



A
scan 8093 Quality level 1 Quality level 2 Quality level 3 Quality level 4
3rd : : : : 8600 : : : : 8620
85501 273 3 N3 of3
V/f counts N1 o8 8600
8590
8545 8580
8580
8560
8540
810 8540
8560 8520
0 200 400 600 800 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
8620 8750 8650
8570 N1l 620 N4 27
8600 groot N2 03
8560 asool MO 045
8580 8650
8550 8560 8600
8550
8540 8540 8550 | (e
¥ s
8520 8500 8500
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
9200 9500
8700} N2 60 83001 N3 080 N1 o105
N1 95
8650 8750 9000 g
8600 8700 8800 9000
8550 8650 8600 |
[
8500 8600 \
8400 8500
200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
4
scan 8093 Quality level 1 Quality level 2 Quality level 3 Quality level 4
i 8660 8560 T g g g 8560 g g T T 8540 T T T g
V/f counts
N 256 3
86401 N5 ol 4555 [
8620
8550
8600
8580 85 . "
o v A e
8560 8540
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 5 Quality level 6 Quality level 7 Quality level 8
8560 8600 1
8600 N3 a2
N2 020 8540 a580k N5 035 0.8
8520 0.6
8550 8560
8500 04
8540
8500 8480 02
8460 8520 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 Quality level 11 Quality level 12
so0f © 9000 8300 8900
a N2 0105
gooo} N1 o8 N2 0%
8700 8300
8800 8800
8700
8700 8700 8600
8600 8600
8600 8500 Al s ‘ . 8500 !
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»

bin
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A
scan 7209 Quality level 1 Quality level 2 X 10 Quality lewel 3 X 10 Quality level 4
whole pulse 1 1 3.642 v ’
N80 o8
08 08 3.641
3.64
0.6 0.6
3.639
0.4 0.4
3.638
02 02 3637
0
0 200 400 600 800 1000 uO 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
X 10 Quality level 5 x10° Quality level 6 x10° Quality level 7 x10" Quality level 8
354F Ny5 020 3.545
355 3525 Np7
3538 N3L 027
354
3536 3545
3535
3534 354
3532 3515 353
3535
0 200 400 600 800 1000 0 200 400 600 800 1000 200 800 1000 200 800 1000
x10° Quality level 9 x10 Quality level 10 x10° Quality level 11 x10' Quality level 12
R T 060 B
358 N9 095
N14 080 3.56 3.65F N28 0 105;
353 357
356 354 36
352
355 352 355
354
351 35 35
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000
|-
»
bin
4
scan 7209 Quality level 1 Quality level 2 10¢ Quality level 3 x10" Quality level 4
main pulse 1 1
3, 635 357
N3 N 101
0.8 0.8
0.6 0.6 3.565
04 04
3.625 356
0.2 0.2
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000
x10" Quality level 5 X 10 Quality level 6 x10' Quality level 7 10 Quality level 8
3.555 358 352
N 92 g20
355 357 N41 a2 3515 3535
3.545 3.56
351
3.54 3.55
3535 354 3.505 3525
353 353 3.5
0 200 400 600 800 1000 200 400 600 800 1000 1000 1000
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
356 364 365 375
N2 095 N3 0105
3s5; N6 060 N3 080
as4 862 16 a7
353 36 365
352 355
3.58 M J 86
351 A
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800
|-
»
bin



A
scan 7209 Quality level 1 10 Quality lewel 2 10° Quality lewel 3 10° Quality lewel 4
1st component 3572 X X
3.555
N131 a3 3575
V/f counts 08 NS 013
3565 357} N122 o8 3%
0.6
3565 3.545
04 3.56
356 354
0.2
3555 3535
0 3.555
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
354 365
N12 o2 382 N1 0% 362
2 045
352 36r N3 027 36 36
358
35 355 358
.M 356 356
348 35
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800
Quality level 9 Quality level 10 x10° Quality level 11 Quality level 12
1 1 375 1
1 g%
0.8 0.8 37 0.8
0.6 0.6 3.65 0.6
0.4 0.4 36 0.4
0.2 0.2 355 0.2
0 0 35 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
s bin
shan7200 Quality level 1 Quality level 2 x10° Quality level 3 x10° Quality level 4
/ 2nd component 1 1 3625 357 N 1
4
V/f counts
. . N 50 a8
08 08 3.565
3.62
0.6 0.6
3.56
0.4 0.4
3.615
02 02 3.555
0 0 3.61 3.55
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
357 352 353
355 N3 o2 N2 o3 NiL 045
et s 356 2515 3525
3% 355 3.52
351
3.545 354 3515
3.505
354 353 351
352 35 3.505
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 Quality level 11 x10° Quality level 12
3.56 - 1 38
ne o8 .y o 08 N o105
358 37
354
0.6
356 36
0.4
352 354
02 35
352
35 0 gqtelelt
"o 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
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scan 7209 ¢ uality level 1 ¢ uality level 2 ¢ uality level 3 ! uality level 4
3rd component x10 Qually 3556 0 Qualty x10 Quality at 10 Quality
V/f t 350 N o1 N 258 03 3 8
counts 24 3,554 3575
365 N7 a3
348 3552 357
347 355 3.565 .
3.46 3.56 )
3548
3.45 3555
3.546 355
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10' Quality level 8
36
3575 N2 035
3841 no 02 364} N2 045
N a2l 358
362 357
356 3.62
16 3565
354 36
358 3.56
35 358
356 3555 !
3.56
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800
Quality level 9 x10° Quality level 10 x10° Quality level 11 x10' Quality level 12
1
385 N1 a8 31 N1 % 38 N2 o106
0.8
37 385
06 ¥
: 3.65 38
0.4 375
36 375
02 370 o " 355 37
ik,

0 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
4
scan 7209 Quality level 1 x10° Quality level 2 x10° Quality level 3 x10' Quality level 4
pul 1 357 g g g T 3,575 353
V/f counts 5 \a0s vs 18 013
’ 3.568 353
357F NgO a8
06
3566 3525
0.4
3565
. 52
02 3564 35
0 3562 356 3515
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10" Quality level 7 x10' Quality level 8
355 36
351 N9 0%
347
N1 o N o 3545 asol N4 o4
3505 3465
354 358
3.46
35 3535 357
3.455
3405 353 356
345
3525 355
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 9 x10° Quality level 10 x10' Quality level 11 x10' Quality level 12
37
357
N7 060 85 0 25
N1L o N2 1
35 357 NT 0% aesf VB o105
356
355 355 %
355
354
354 25 355
353 15 -
35
0 200 400 600 800 200 400 600 800 1000 0 200 40 600 800 0 200 400 600 800 1000
|-
»
bin
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scan 7207 Quality level 1 Quality level 2 x10° Quality level 3 x10° Quality level 4
whole pulse 1 1 - g - g 3.198 - - T <
o o 3186 13
g N 34 a8 3.19
06 06 3184
3.194
0.4 04 3.182
02 02 3192
318
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10' Quality level 5 x10° Quality level 6 x 10" Quality level 7 x10° Quality level 8
3206 3202 257 s 0% "
NBL 620 ” N40 a2l <[ N20 045
3.204 -
321
3202 3198 3195
32 3.19% 3205
2198 219 319
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
322 322
N11 080 3.26 33
3215
sz NP 060 L 0% N6 0105
321 :
321 %
- 3205 an
3.205 82 32
32 l
3195 1 f
32
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
|-
»
" bin
7207 N "
scanr;lain pulse Quality level 1 Quality level 2 x10° Quality level 3 x10° Quality level 4
1 32
.1 g
818 N47 08
08 08 a1 3108} N9 o1
06 06 1w 316
04 04 318 3.194
02 02 2178 3192
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10' Quality level 6 x10° Quality level 7 x10° Quality level 8
saef o o 3205 32 Ny 0% 32 N1 045
3.204 N2 a2l
3215 321
3.202 82
321 32
32
3195 a1
3198 8.205 :
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
w2 335f NI 0% 33 , .
NjL 60 N o
’ 33
3215 N 080 33 33
321 325 325
325
3205 32
3.2
L n 22
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 ’ 200 400 600 800 1000
|-
»
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9 i’;fg;]punem 10 Quality levl 1 10 Qualy el 2 (10 _ Culyleeis . (1 Qualiy level 4
32 32 N123 o8 . N0 o13
N1 [l
3.204
319 3198
318 3.202
3.196
37 82
316 3104 3.198
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10' Quality lewel 5 x10° Quality level 6 x10' Quality level 7 x10" Quality lewel 8
322
32058 N10 027 3.24 N2 045
N2 020
s 32 3221 N1 03 33
321
3.19 32 325
8205 319 318
32
32 3.185 3.16
3195 315
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
X 10‘ Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1
33
! o0 08 08 08
0.6 06 0.6
325
04 0.4 0.4
32 0.2 02 02
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
1
scan 7207 Quality level 1 x10° Quality level £ X 10 Quality level 3 x10° Quality level 4
2nd 1 33 3198 T
N1 03 3.188 N {05 a1
08 N 58 08
3186 3.19%
3.25
0.6
3184 3194
0.4
¥ e 3192
0.2
318
0 3.15 319
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10' Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
321
3.206 3215
N85 o 32251 \ 635 g N 045
3.204 N85 027
3.205 322 321
3.202
3215 3205
32 32
321 32
3.198
3.205 3.19%
3195
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
x10' Quality level 9 x10° Quality level 10 Quality level 11 x 10" Quality level 12
34 1 335
324r N 060 N 080 N2 0105
3.35 08
33
323 06
33
0.4
322 325
3.25 02
321
32 0 32
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
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bin

scan 7207 x 10" Quality level 1 x10° Quality level 2 x 10" Quality level 3 x 10" Quality level 4
3rd component 3,19 32 T T T T 322 3.25 NG 3
N2 a1 5 o8 o
321 32
318
323
32
317 sz
319
321
3.16 318
0 200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
x 10" Quality level 5 Quality level 6 x 10" Quality level 7 x 10" Quality level 8
1 324
324 2F, 035 N2 o4
2 08 323
323 N6 o 321
06 322
32
322 0.4 321
a2 02 319 32
0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x 10" Quality level 9 x10° Quality level 10 x10" Quality level 11 Quality level 12
33F N1 7% !
323 3351 N1 980
N5 060 0.8
33 33
322 06
325
301 325 0.4
32
W 32 0.2
L A ,
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
»
»
bin
1
scan 7207 Quality level 1 x10° Quality level 2 x10' Quality level 3 x10' Quality level 4
interpulse 1 3.204 T - 0 - 3.195
N 21 03 31861 N a8
0.8
N4 g 13
3.202 3184 3.19
0.6
32 3182 3.185
0.4
318
3198 318
0.2
3178
3.196 3175
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10' Quality level 7 x10' Quality level 8
3.205 N1L 020 3.205 326 321
N8 045
N 027
32 sz N® 0% 32
32
3195 322 319
3.19%
319 32 3.18
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
x10 Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
335
323
3.26 328
Ne o8 N4 0105
22 33
3 326 N4 9%
324 N4 060
s 324 325
322
32
322 J 32
32 3.9 32 L p “L
. . . . . . . . . . . . 315 " : Y s
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»



A
scan 7205 Quality level 1 N Quality level 2 N Quality level 3 ¢ Quality level 4
Lwhole pulse . X10 x10 a1z
3134 Np3 a8
V/f counts 0 T 013
3133 -
0.6
3132 3.134
0.4
3131
02 3132
313
0 313
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality lewel 5 x10° Quality level 6 x10t Quality level 7 x10" Quality lewel 8
3.142 3145 315
3.138 N2 "
NpL 02 N20 03 0
314 N8 027 313 3.145
314
3.138 3.14
3.134
3.136 3.135
3135 3132
3.134 313
313
3132 313 3.125
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality lewel 9 x10° Quality level 10 x10' Quality level 11 x10' Quality level 12
3.155 318
316 1 Ne 095 3221 N28 0105
315 N13 060 317 22
315 N 16 080 :
3.145 - 316
318
314 314 815
314 316
3.135
a3 313 314
313
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
»
»
bin
4
scan 7205 uality level 1 N uality level 2 ¥ uality level 3 ¥ uality level 4
main pulse L Quality x10 Quality x10 Quality - 10 Quality
314 3.145
V/f counts 08 1 o3 3145 N108 o3
N 88 08
0.6 314
3135 314
04
3135
3135
0.2 313
313
0 313
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
3145 3185 32
315
N7 oz | 35 NI o Nis o% | sl o
314 815
§ 3145
314 3.16
314
3135 3135
3135 s
313
313 312
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 Quality level 11 x10° Quality level 12
.2 1 34
2 0105
317 o -
6 N5 060
: 06 33
315 325
0.4
314 32
02 assp |,
313 . \
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000

bin
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sgan 7205 x10° Quality level 1 x10° Quality level 2 x10' Quality level 3 x10° Quality level 4
1st component 3145 - - - -
82 35 N 104 o8 316
N6 [l N 50 13
N130 a3 314
318 3.14 315
3135
316 3135 314
314 313 313
0 200 400 600 800 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800
x10' Quality lewel 5 x10° Quality level 6 x10' Quality level 7 x10° Quality lewel 8
317 Na b 316
315 3.25
21 020 s 3 0%
- 3.15
315 1 045
315 314 32
s 3.14 313
315
313 313 310
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10' Quality lewel 9 x10° Quality level 10 Quality level 11 x10° Quality level 12
32 T T 1 34
33 g
2 0105
3181 N2 060 1 08 08 335
325
06 33
316
32 o 32
32
314
“ 315 0.2
. ! mn n 315
3125 e 0
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
|-
»
bin
*
Iscan 7205 Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
2nd
! 3145 N 100 013
08
06 3.14
04
3.135
02
0 \ u
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10' Quality level 6 X 10 Quality level 7 x10 Quality level 8
315 3.16 3.155 32
NT2 020 3.1s5r N14 o2 345+ N13 035 N5 045
3.145 32
315 23145
: 318
314 3.145
3.14 s 3.16
3135
313 3.135 314
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10° Quality level 9 x 10" Quality level 10 Quality level 11 Quality level 12
322 ! !
32 N2 080
N2 060 % 08 08
32 :
0.6 0.6
318 s18
0.4 04
316 3.16
02 02
.14
sup gl ) s
- 0 0
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
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x10' Quality lewel 1 x10° Quality level 2 x10' Quality lewel 3 x10° Quality level 4
3rd component - - T T
315 314 Nom 3 3.155
N13 a8 316
N1 ot 3138 315 N3 013
3145
3.136 3,145 3.15
3134 314
314 su
3132
313 313
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800
x10' Quality level 5 x10° Quality level 6 Quality lewel 7 x10° Quality level 8
T T 1 325
335 316
N1 020 N2 27 0.8
33
315 0 32+ N1 45
325
0.4
" 314 s
02 m [
335, ol 313
0 31
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
X 104 Quality level 9 Quality level 10 Quality level 11 Quality level 12
1 1 1
33
0.8 0.8 0.8
N1 060
3% 06 06 06
32 0.4 04 0.4
h 02 02 02
SN A
i . . . . 0 . . . . 0 . . . . 0 . . . .
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
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bin
*
scan 7205 Quality level 1 x10° Quality level 2 x10" Quality level 3 X 10 Quality level 4
interpulse 1 314
3136 N3l 03 s1sr NT3 o8
08 213 szl ot
3135 :
06 3134 313 313
04 3133 3138 a1
3132
3132
02 3132
, 3131 3131
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
x10" Quality level 5 x10" Quality level 6 x10° Quality level 7 X 10 Quality level 8
als 3155 als 215
1 a20 a5l N8 - N8 035
3145 3145 315 N9 045
3145 ’
314 314 314 314
3135 313 313 -
313
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10" Quality level 9 x10" Quality level 10 x10' Quality level 11 10 Quality level 12
3.16 317 318
Ne o8 NG 0% 325
3.155 N14 o 80 317
816 N2 o105
315 316
315 32
3.145 315
314
314 314
315
3.135 3 313
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
|-
»
bin
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scan 7206 Quality level 1 Quality level 2 w10 Quality level 3 x 10" Quality level 4
whole pulse 1 1 r < < < < < T <
3146
3142
0.8 0.8 NB6 13
0.6 0.6 314
0.4 0.4
3138
0.2 0.2
3136
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10' Quality level 5 x10° Quality level 6 x10' Quality level 7 x10° Quality level 8
3146
N8 02 315 3.155 3155
3144 N 027 NP o 315 N9 o4
3.145 815
3142 3145
3145
314
314 314
314
3135
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10' Quality level 9 x10° Quality level 10 x10' Quality level 11 x10° Quality level 12
3.18 37 32 32
N11 60
317 216l N19 080 AL 0% 32} N53 0105
3.16 318
315 3.16
315 3.16
314
314 s 314
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
»
»
bin
*
scan 7206 Quality level 1 Quality level 2 x10° Quality level 3 x10° Quality level 4
main pulse 1 1 316 3.155
N% o8 NGB 13
08 0.8 3.155 315
06 0.6 315
3145
04 04 3.145
02 02 3.14 su
0 0 3.135 3135
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x 10" Quality level 6 X 10 Quality level 7 x10° Quality level 8
316 318 3.155 3155
NT3 2 N 26 035 g N 16 045
o
3155 317 N5 o
315 315
315 3.16
3.145 3145
3145 3.15
34 314 e 3.14
3135 313 3.135
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 9 x 10" Quality level 10 Quality level 11 x10° Quality level 12
1
322
NG 060 iz 33
82 32} N6 a8 08
3250 N2 0105
0.6
318 318
0.4 32
316 316
0.2
34 314 1 \ 3155 |
0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
»
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scan 7206

4

bin
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Quality level 1 x10° Quality level 2 10 Quality level 3 x10' Quality level 4
Istcomponent 1 316 3.16
3 N50 13
o
08 as5r N9B 03 N1t o8 315
315
0.6 315 315
3145
04 3.145 3145
02 314 314 314
0 3135 3135
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 5 x10° Quality level 6 x10' Quality level 7 x10' Quality level 8
317 3361 10 02 32 30
N22 020
3155 2 035 sl V2 045
3.16 318 :
315 318
315 3.16
3.145 316
. 314
314 314 314
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
Quality level 9 X 10" Quality level 10 Quality level 11 Quality level 12
1 1 1
325
08 N2 080 08 0.8
0.6 0.6 0.6
32
04 04 04
02 315 02 0.2
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
*
an 7206 Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
2nd 1
318 N1 3 3,155 3.155
08 N50 a8 N99 o13
317 315 3.15
0.6
04 316 3145 3145
02 315 314 314
0
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800
x10° Quality level 5 x10° Quality level 6 x10" Quality level 7 x10° Quality level 8
316 318 316 S16F N1 45
3155} N o0 sk v o2 31551 N26 035 3155
315 316 315 315
145 315 3145 3145
34 314 314 314
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 Quality level 11 Quality level 12
1 1
322
3.25 N 80
0.8 08
N5 060 32
0.6 0.6
32 318
0.4 04
3.16
315 02 02
314
0 0
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
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an 7206

4

4

4

4
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X 10 Quality level 1 X 10 Quality level 2 X 10 Quality level 3 X 10 Quality level 4
3rd component T
32 N5 o1
318
3.16
314
200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
x10* Quality level 5 Quality level 6 x10° Quality level 7 x10° Quality level 8
33 i ! 85
N1 035 322F N2 645
a3k N2 o2 08 ”
06 32
325
0 33 318
32
316
32
315 02
314
200 400 600 800 1000 UO 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800
x10' Quality level 9 x10° Quality level 10 Quality level 11 x10' Quality level 12
T T 1
33
S Ny 060 325
N2 080 08
33 325 N2 0105
32 08
325 ’ 32
0.4
32
315 1 | 02 315
LI il
200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
1
scan 7206 Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
interpulse 1 315 315 3.155
N 14 a3
0. NP2
8 o3 315
3145 31451 N84 o8
0.6
3145
0.4
314 314
02 314
0 3.135 3135 3135
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x 10" Quality level 8
3.155 315 316
3.155
N8 27
315 N7 20 3145 3155 N5 035 215 N7 045
3.145 314 315 3145
314
314 3135 3145
3135
3135 313 314
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
x10" Quality level 9 x10° Quality level 10 x10' Quality level 11 x10' Quality level 12
) 317 32 32
N17 080 N9 095 32 N5L 105,
3181 N9 60 316 318
318
316 315 3.16
3.16
314 314 su 314
200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
»
»
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scan 7204 ) N N
whole pulse Quality level 1 Quality level 2 x10' Quality level 3 x10' Quality level 4
1 318 3184
N 20
0.8 0.8 318 N 46 a3
0.6 0.6
318
04 04
0.2 0.2 s.178
0 0 3.176
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10' Quality level 7 x10° Quality level 8
3190 NpL a2 31957 yos 0% 3195 yat 045
3.195 NB9 627
3.188
319 319
3.186 319
3184
3185 e s
3182 )
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10' Quality level 11 x10" Quality level 12
a1 " ' ' ' ' 3.26F N57 0 105
N 18 60 3.23 32 N9 0%
e N17 080 s
32 322 3.24
3.22
3.195 321 322
319 2 a2 32
3.185 ‘l r-‘UM
319 318
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
|-
»
" bin
Scanrw];f\o:ulse Quality level 1 Quality level 2 x10° Quality level 3 x10' Quality level 4
1 1 - : : -
32
N25 a8 3195
08 08 3195 NTE on
06 06 319 319
3185
04 04 3185
318
02 02
3.175 318
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000
x 10 Quality level 5 x10" Quality level 6 x10" Quality level 7 x10' Quality level 8
sz . TS 027 3B\ PES 3 .
N84 [ » 3205 N19 [
32 32 32
321
3195
32
319 319 a19
819 WM\ 3185
"
318 318
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
10 Quality level 9 x10' Quality level 10 x10* Quality level 11 x10' Quality level 12
3.26 3.35 N v 34 T T T T 33
N14 060 1 6% N2 0105
s 33 335
32 325
325 83
82 325 .
32 i
318 32
3.16 315
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin



A
sdan 7204 x10° Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
1st component 3.205 32 32
N 108 08
33 N6l a3
V/f counts N ot
/ 32 N8 03 3195 3195
3195
825 319 319
3.19
3.185 3.185
2 ) 3185
318 318
0 200 400 600 800 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x 10" Quality level 6 x10° Quality level 7 Quality level 8
322 AT 5 33 1
N35 020 ' ° N0 ®
0
321 8205 33 08
32 06
32 3185 325
04
3.19
319 32 02
3.185
3.18 315 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
33 38
34 34
N2 960 1 095 1 0105
3t N1 80 2% 33
325 33
33
34 325
32 325
L 3.2 prdek 32
32 315 okl
3.15 3
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
s bin
scan 7204 Quality level 1 x10° Quality level 2 x10° Quality level 3 x10" Quality level 4
2nd component 1 3195 32
3.16 1 K] N o8
: N89 ¢ 13
V/f counts 08 a9 3195
06 3.155 319
3.185
0.4 315 3.185
0.2 818 318
3145
0 3.175 3.175
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 5 x10' Quality level 6 x10° Quality level 7 x10' Quality level 8
3.24 3.22
a2l N4 o2 e 03 821 N18 045
3.205 N 86 020 321 3.205
322
32 32
32
3195 3195
32
319 319 319
3.185 3.185
318 318
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x 10" Quality level 9 x 10" Quality level 10 Quality level 11 x 10" Quality level 12
1 35
3.26
N11 060
3.26 N 80 08 sl M 0105
324 '
324 0.6
33
32 322 o
Al e
82 32 | 02 32
318 thi 0 31
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
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scan 7204 x10' Quality level 1 x10° Quality level 2 x10' Quality level 3 x10° Quality level 4
3rd component 326 3.26 328
’ 321 Nass 03
N7 o1 N16 08 sl N4 13
3.24 :
324 3195
3.24
322
322
319 32
32 ;“ 3185 82 32 ,Ut
omir M ¥
318 318
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 5 x10° Qualty level 6 x10' Quality level 7 x10" Quality level 8
' 84 335 '
36 - 324 N1 045
N2 020 N3 027
3.35
35 33} N1 03 322
33
34 32
325 325
33 318
o) I 32 32
3, ) L e JJ e | 3.16
315
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
x10' Quality level 9 x10° Quality level 10 Quality level 11 Quality level 12
1 1
335 34
N 080 0.8 08
a3l N1 060 3%
0.6 0.6
33
355 04 04
J 3.25
32kl 2ol 02 02
0
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
\ bin
scan 7204 Quality level 1 x10' Quality level 2 x10" Quality level 3 x10° Quality level 4
1 3192 319
Nl s g N{5 a13
g 319
08 319 51 08
06 3188 3.185
3.185
04 3.186
318
0.2 3.184 318
0 3182
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
x10' Quality level 5 x10' Quality level 6 x 10" Quality level 7 x10° Quality level 8
322
3195 82 7 027 3.205
321} N8 035 N2D 45
310} N6 62 3195 32
32 3195
3185 819
19 319
3.185
318 3185
318
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10° Quality level 9 x 10" Quality level 10 x 10" Quality level 11 x10° Quality level 12
3.28
32 33 33
N15 080 326p N5 0105
aanp NB3 & 32 N8 %
324
325
32 321
322
319 2
’ 32 32
318 3.19
318
0 200 400 600 800 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
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bin
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scan 7203 Quality level 1 Quality level 2 x10° Quality level 3 x10° Quality level 4
whole pulse 1 1 3.338
3318 N85 8 NT7L 13
o 4
08 08 3.336
3316
0.6 0.6
3334
04 0.4 3314
2
02 02 3302 83
0 0 333
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
x10" Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
3.345
334 N6 02 33% -
o2 NR2 045
33 2 035
3332
332 3.325
333 3335
338 3315 333 33
3.326
3325
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800
x10' Quality level 9 x10° Quality level 10 x 10" Quality level 11 X 10 Quality level 12
334 338 342N o105
34
N 060 NG 0% 34
33% 33
N7 080 3.38
333 338
334 235
3.325 3.36 :
332 334
3% 3 I k
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
|-
»
bin
4
scan 7203 Quality level 1 Quality level 2 x10° Quality level 3 x10° Quality level 4
main pulse 1 1 332%5 g g T g 3.36
N 53 a8
N 86 013
0.8 0.8 335
3.32
0.6 0.6
3.34
04 04
3315
0.2 0.2 8%
0 0 331 3.32
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10° Quality level 8
34 NEs 020 838
333 3.33
N 49 o2 N2z 0% N1 o4
3338 3325
3.325 3.36
333 332
33 3.315
3334 33
331
3.332 3.315
N 3.305
i 332
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10° Quality level 9 x10° Quality level 10 x 10" Quality level 11 x10° Quality level 12
336 T T T T 35
N8 060 35 \ u . o5 35
o
3.45
335 345 a5 N4 0105
34 3
3.34 ) 34
335
335 335
333 | 33
33 " 33
bbbt d 325
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
|-
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o . Quality level 1 x10° Quality level 2 x10° Quality level 3 x10° Quality level 4
| A 1
334
0 335 Ngo 03 333 \10g o8 N55 013
’ 3.345
06 334 a3 3.3
04 333 3325
333
02 333
332
3.325
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 Quality level 8
3.355 - u 334 335 1
0
3.35 333 N 16 a2 6 03 0.8
334
3.345 332 0.6
334 331 83 0.4
3335 33 3% 02
333 0
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Quality level 9 Quality level 10 x10° Quality level 11 x10° Quality level 12
1 1 35 355
2 0105
08 08 ass| It 0% 35
06 06 34 345
04 04 335 24
02 02 33 st |
0 0 325
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
*
scan 7203 Quality level 1 x10' Quality level 2 x10° Quality level 3 x10° Quality level 4
2nd component 1 T v v T
3335
NTL o8 335} N104 013
0.8
3.33
0.6 s
0 235 333
333
0.2 332
0 3.325
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 200 400 600 800 1000
x10' Quality level 5 x10" Quality level 6 x10° Quality lewel 7 x10° Quality leel 8
3 33 42 L
N14 045
N13 035
NT5 020 33350 N37 a2l 34 3325
3335
a5 338 3.32
23 3315
333 3325 ) a3
334
33 3.305
3.325 332
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 9 x10° Quality level 10 Quality level 11 Quality level 12
336 N8 960 35 r 1 1
N 080 08 08
335 345
0.6 0.6
34
3.34
04 04
335
333 l 0.2 0.2
33 "
0 0
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
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Jcan 7203 x10' Quality level 1 x10° Quality level 2 x10' Quality lewel 3 x10' Quality level 4
3rd component 3,36 3.365
334
N o1 3% N 13
335 ) o8 336
333 N2%4 03 335
334 s 3.355
333 3335
333 335
3325 3%
32 3325 3345
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
x10' Quality level 5 x10° Quality level 6 x10° Quality lewel 7 x10" Quality level 8
3.45 35
3% S8y 45
341 N4 027 3.45 N o ’
3.3 34 34
33 1 3/ ‘ 335
325 33
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
Quality level 9 Quality level 10 Quality level 11 X 10 Quality level 12
1 1 1 3
08 08 08 36t N2 0105
0.6 0.6 0.6 35
04 04 0.4 34
0.2 0.2 0.2 33
0 0 0 32
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
r bin
scan 7203 x10' Quality level 1 x10° Quality level 2 x10' Quality lewel 3 x10' Quality level 4
interpulse 3328 332
344
3326F N170 03
33BF o o8 N15 013
3420 N o1 3315
3324
34 332 333
331
338 332
3325
3318 3.305
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10° Quality level 7 x10' Quality level 8
336
3.355F N 27 5 337
331 N5 035 N 10 045
N1 020
33% 33 236 336
3% 3345 23 33
3345 3 EK!) 33
0 200 400 600 800 200 400 600 800 1000 0 200 400 600 800 200 400 600 800 1000
x10° Quality level 9 x10° Quality level 10 x10° Quality level 11 x10" Quality level 12
345
33 N6 080 34
. " N32 0105
NO 060 aggh V9 0%
333 338 34
3.36
332
3.36 334 335
331 332
334 33
0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000
|-
»
bin
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scan 7202 Quality level 1 Quality level 2 x10" Quality level 3 x10' Quality level 4
whole pulse 1 1 T r < T
3.716
08 0.8 T4
2714 N p4 13
0.6 0.6
3735
0.4 0.4 3712
0.2 0.2 37 373
0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 5 x10° Quality level 6 x10' Quality level 7 x10' Quality level 8
37
3.665
3.685 N 86 027 3.66
N 7O 020 366+ N16 ¢35 N6 045
3.695 3655
3.68 3.655
3.69 3.65 3.65
3,675
3645 3645
3.685
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10' Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
3735 37 3.76 38
N2t 060 N16 o8
373 3741 N8 095
3.69
375 N38 0105
3.725 372
3.68
372 37
37
3715 861 3.68
371 3.66 3.66
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
»
»
bin
1
scan 7202 | Quality level 1 x10' Quality level 2 x10' Quality level 3 x10' Quality level 4
mainpulse 1 3.98 a7
N1 03 N48 o8 372
N 105 013
08 3.9
08 373 3715
3.94
0.4
37 371
02 3.92
0 39
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
x10' Quality level 5 x10' Quality level 6 x10° Quality level 7 x10' Quality level 8
3675 37
372 367 N 14 045
) o2 N oz N1 03 269
3.67
3715 366
: 368
3.665 371
3.65 3.67
366 3.705
364 866
37 ’
3.655 3.65
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
x10° Quality level 9 x10' Quality level 10 x10" Quality level 11 x10° Quality level 12
a8 38 8e
N 10 060 371 N1 9% N2 6105
N2 080
375 365 3
3.75
36 37
37
37 3.55 36
365 " L
350, il
35
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
»
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4
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x10' Quality level 1 X 10 Quality level 2 X 10 Quality level 3 X 10 Quality level 4
1st component 2% 3.69 3.715
371 N 120 08 N 47 o 13
3.95 " o s
3705} N99 03 3.685
3.705
394
87 368
303 37
3.695
3.675 3.695
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 1000 0 400 600 800 1000
x10° Quality level 5 x10° Quality level 6 x10' Quality level 7 x10° Quality level 8
37 3.56 3.68
38 N9 027
4 045
N 37 020 3795 3541 N2 035 3.66
3.69
379 352 364
s68 3785
35 3.62
378
3.67
348 3.6
3775
3.66 3.46 3.58
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 9 Quality level 10 x10' Quality level 11 Quality level 12
1 1
41 37
N4 060 ! 0%
08 0.8
4 3.65
0.6 0.6
36
39 04 0.4
355
38 02 0.2
355
0 0
0 200 400 600 800 0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
|-
»
bin
*
an 7202 Quality level 1 x10 Quality level 2 x10° Quality level 3 x10" Quality level 4
2nd 1 3.98
N1 03 3715
0 375 71 o8 N 114 013
3% 3n
0.6 3745
394 3.705
04 an o
02 392
373 3.695
39
VO 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
x10° Quality level 5 x10 Quality level 6 x10° Quality level 7 x10' Quality level 8
3.675
367 N3t ot 87 N1 o a7 N 045
3671 N8L 020 3665
3.69 3.705
3.665 3.66
37
3.66 3.655 3.68
3.695
3.655 865 367
3.645 3.69
3.65
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10° Quality level 9 x10' Quality level 10 Quality level 11 Quality level 12
1 1
aTs[ N4 060 58
N2 080 08 0.8
.7
8 37 06 06
3.65 04 0.4
37
26 ““ 02 0.2
0
0 200 400 600 800 0 200 400 600 800 UO 200 400 600 800 1000 0 200 400 600 800 1000
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x10' Quality level 1 x10 Quality level 2 x10' Quality level 3 x10° Quality level 4
3rd component 37 38 4F N3 o
N11 1 N o3 3.95
0 .
87 3.695 3.75 M o
. 39
3.765
3.85
376 3.69 37 38
fihan,
375
3.755 ol
3.685 3.65
0 200 400 600 800 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800
x 10" Quality level 5 x 10" Quality level 6 Quality level 7 x 10" Quality level 8
3.68 1 3.85
N2 020 3N 027 o ML 045
367 37
0.6 375
3.66 3.69
04 37
3.68
865 02 3.65 Jl
3.67
3.64 0 36
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
x10' Quality level 9 Qualiy level 10 Quality level 11 x10' Quality level 12
3.65 1 1 39
N2 0105
0.8 0.8
N2 060 28
36
0.6 0.6
37
0.4 0.4
355
h 0.2 02 36 I
bl :
35 0 35
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
X bin
scan 7202 Quality level 1 x10° Quality level 2 x10" Quality level 3 x10" Quality level 4
interpulse 1 3.695
N 145 03
08 3.704 3715F N6 8 NiD o
3.69
06 3.702
37 3.685
04 87
3.698 3.68
02 3708
0 3,69
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 1000
x10' Quality level 5 x10° Quality level 6 x10° Quality level 7 x10* Quality level 8
3.65 3.615
37 N8 035
3.67
N16 020 N13 o -
3.69%5 3.645
N14 045
369 3605 3.66
3.64
3.685 36 365
3.68 3.635 2505
3,675 364
3.63 3.59
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
x10' Quality level 9 x10° Quality level 10 x10° Quality level 11 x10° Quality level 12
379 371 38
3.76
N14 060 a7l N1 80 Ng 0% N3 0105
378
375
3,69 3.74
377
3.68
3.72 37
376 367 A M
" ) 37 |
e il iy
375 3.66 3.65
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
»
»
bin
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