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Abstract. In the framework of our program of the Northern Hemisphere pulsar survey
we have found anomalously strong pulses from the pulsar B1133+16 (J1136-+1551). The
observations were carried out at a frequency of 111 MHz using the Large Phased Array
(LPA) radio telescope and digital pulsar processor. The peak flux density of the strongest
observed individual pulse was 86 times as strong as the dynamic averaged (mean) profile,
and a typical anomalous pulse has a duration of approximately 0.2 of the duration of the
mean profile for the observational session. The flux density of individual pulses has a complex
distribution function, different for the 1st and 2nd main components of the pulse and can
be fitted with a combination of log-normal and power-law distributions. Thus, we can argue
that the pulsar B1133+4-16 generates pulses having main features of the Giant Pulses (GP).

Keywords: pulsar, Giant Pulse, individual pulse, neutron stars, PSR B1133+16, PSR
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Introduction

The pulsar B1133+4-16 (J1136+1551) is the second period (normal) isolated radio pulsar.
It has a quite complex average profile with two well separated main components and a
faint sub-component between them. The pulsar demonstrates weak intensity fluctuations of
individual components at 147 and 400 MHz (Taylor & Huguenin, 1971). Fluctuations of the
peak flux density of an individual pulse have been studied also at 408 and 2695 MHz. It was
shown that the pulse intensity histogram at 2695 MHz for B1133+-16 is characterized by
the maximum probability at zero intensity and its maximum is about 6 in units of dynamic
(obtained for the current observational session) mean profile (Hesse & Wielebinski, 1974).
A similar shape of the distribution for the pulse energy histogram was obtained at 408 MHz
(Ritchings, 1976) (See Figure 1).

Observations of PSR B1133+16 in the decameter wavelength range (18-30 MHz) have
demonstrated strong sub-pulses with peak intensity 20 times greater than the peak intensity
of the mean profile (Ulyanov et al., 2004). The authors called such sub-pulses Anomalously
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Intense Pulses (AIPs). This is very similar to the GP phenomenon. For example, GPs for
PSR B0950-+08 were defined by (Signal & Vats,2012) as pulses with peak flux densities
10 times as large as the peak flux density of an average pulse. The information about the
generation of AIPs from PSR B1133+16 at decameter waves has given us an impetus to
investigate its features at meter wavelength (at a frequency of 111 MHz).

Observations and Processing

The observations were carried out at the Pushchino Radio Astronomy Observatory with
the Large Phased Array (LPA) radio telescope in one linear polarization of the 1st antenna
beam in 2013-2014. The effective area in the zenith direction was estimated as 20000 44000
square meters. The main frequency of the observations was 111 MHz with a bandwidth of
2.3 MHz. The digital pulsar processor was used in the 460x5 kHz mode with post-detector
DM removal. There were processed 11091 individual pulses. We calculated peak flux density
distributions separately for both main components of the pulsar in units of the dynamic
mean profile and o0 (in signal-to-noise ratio).

Results and Conclusions

PSR B1133+16 is an active radio pulsar with a multicomponent profile having two strong and
one faint intermediate components and changing mods (two main mods). We have observed
strong pulses in all modes of the pulsar and at the phase of both strong main components.
We detected about 1 pulse with an intensity >30 of the dynamic mean profile for 833 pulsar
periods. Examples of the observed AIPs are shown in Figures 2-5 (for the first and second
strong components of the mean profile). A histogram of the pulse distribution vs intensity
of a dynamic average profile is shown in Figures 6 and 7. The distribution of the peak flux
density (in signal to noise ratio units) in the Log-Log scale is shown in Figures 8-9. As we
can see, the best-fit solution gives us a distribution of the strong pulses as a combination
of two log-normal distributions at the longitude of the first component; two log-normal and
power-law distribution at the longitude of the second component of the pulsar. It is worth
noting that the widths of the strongest individual pulses are about 20% of the width of the
corresponding component or less, which is typical of GPs.

We can conclude that AIPs of PSR B1133+16 observed at 111 MHz at least partially
satisfy the main criteria of GPs: peak flux densities are sometimes 30 times or stronger than
the average pulse, pulses were detected at the phase of the mean profile, they are significantly
narrower than the corresponding components of the mean profile (~20% at 1/2 intensity).
The pulses have a complex peak flux density distribution, different for the first and the second
components, including (for the second component) a power-law distribution of the strongest
pulses with a power index of —2.3940.08. The pulsar belongs to a sub-class of pulsars with a
low magnetic field on the light cylinder generating GPs at low radio frequencies: J0034—0721,
J0659+1414, J0953-+0755, J1115+5030, B1237+25, and J1752-+2359 (see Kazantsev & Po-
tapov, 2015). Its AIPs have properties of GPs typical of this sub-class.
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Figure 1: Left panel: pulse intensity histogram at 2695 MHz for B1133+16 in units of the mean
profile (Hesse& Wielebinski, 1974). Right: pulse energy histogram (shaded columns) in units of the
mean pulse energy (Ritchings, 1976).
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Figure 2: The strongest pulse of PSR B1133+16 observed in the session of March 25, 2014. The

averaged pulse is multiplied by 39. First component, second (anomalous) mode.
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Figure 3: Strong pulses of PSR B1133+16 observed in the session of March 25, 2014. The distribution
over the phase of the average profile.

Astron. Tsirkulyar No. 1628

October 2015



35000 A

30000 ~

25000 A

20000 4

15000

Intensity, a.u.

10000 +

5000

0

-5000

70

T T T T T T T T T T T T T T T T T T T 1
0 720 740 760 780 800 820 B840 860 880 900
Number of point, dt = 1.2288 ms

Figure 4: The strongest pulse of PSR B1133+16 observed in the session of March 14, 2014. The
averaged pulse is multiplied by 86. Second component, first mode.
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Figure 5: Strong pulses of PSR B1133+16 observed in the session of March 14, 2014. The distribution
over the phase of the average profile.
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Figure 6: Histogram of the intensity of individual pulses on the longitude of the first (left-hand)
component, in units of an average (per session) pulse. The right-hand side of histogram is cut off.
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Figure 7: Histogram of the intensity of individual pulses on the longitude of the second (right-hand)
component, in units of an average (per session) pulse. The right-hand side of histogram is cut off.
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Figure 8: Distribution of the peak flux density of individual pulses on the longitude of the first
(left-hand) component in the Log-Log scale (in SNR - signal to noise ratio — units). Fitted by the
sum of two log-normal distributions
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Figure 9: Distribution of the peak flux density of individual pulses over the longitude of the second
(right-hand) component(in SNR — signal to noise ratio — units) of the second pulse component
in the Log-Log scale (in SNR - signal to noise ratio units). Fitted by the sum of two log-normal
distributions and power-law distribution with an exponent of —2.39 + 0.08
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OTKpbITHE aHOMAJIBHO MOIIHBIX (FTUTAHTCKHUX) UMITYJIHCOB
nyiabcapa B1133+16 (J1136+1551) ua uacrore 111 MT'n,

A.H. Kazananes!?, B.A. IToranos'
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Pe3rome. B pamkax nporpammbl 0030pa IyJIbCApOB CeBepHO mojycdepbl HaMu ObLIn
obHApyZKeHbl AHOMAJIBHO CHJIbHBIE UMITY/IbCHI Tryabcapa B1133+16 (J1136-+1551). Habuo-
JleHns MPOBOMIIHCH Ha dacTore 111 MI'm ¢ mcmombp3oBanne Bosbmoi Cranmpyromeil An-
renrbl (BCA) u nudpoBoro myabcapHoro mporeccopa. [TnkoBast MIOTHOCTH MOTOKA HAKOO-
Jiee CHJIBHOIO U3 3aperucTPUPOBAHHBIX UMITY/IbCOB ObLIa B 86 pa3 MHTEHCHUBHEE TUHAMUIHO-
ro cpegHero npoduis, a MUpUHA TAIHIHOTO aHOMAJIBHOIO MMIIYJIbCA COCTAaBUIA OKOJIO (.2
OT MMPHUHBI CpeHero npoduss 3a ceanc. [[10THOCTh MOTOKA WHAMBUYAJTBHBIX UMITY/JIHCOB
UMEET CJIOZKHOE Pacipeje/ieHne, KOTOPOe MOYKeT OBbITh OMHCAHO C MOMOIIHI0 KOMOWHAIUH JIO-
THOPMAJIbHOTO W CTEIEHHOTO pacipe/ieeHus. Takium 00pa3oM, Mbl MOYKEM YTBEPKIATh, 9TO
nysabcap B1133-+16 renepupyer uUMILy/IbChI, 00J1a/al0ine OCHOBHBIMU CBOMcTBaMu ['mrant-
ckux Vmnyascos (I'N).

KiroueBbie cjioBa: Imy/bcapbl, TUTAHTCKHE HMIIYJIbCHI, WHIUBUIYaIbHbIE HMIIYJIHCHI,
neiirponnsie 3Be3/161, PSR B1133+416, PSR J1136-+1551
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