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ABSTRACT

We present first results from a LOFAR census of non-recycléddaps. The census includes almost all such pulsars kno@4 (1
sources) at declinations Dec 8° and Galactic latitudesh > 3°, regardless of their expected flux densities and scagfeiines.
Each pulsar was observed f8r20 minutes in the contiguous frequency range of 110-188 NAdl#-Stokes data were recorded. We
present the dispersion measures, flux densities, and a@ibtotal intensity profiles for the 158 pulsars detectettiénsample. The
median uncertainty in census dispersion measur@sx(10-2 pccnT?) is ten times smaller, on average, than in the ATNF pulsar
catalogue. We combined census flux densities with thoseeititdrature and fitted the resulting broadband spectra siitgle or
broken power-law functions. For 48 census pulsars suchréitbeing published for the first time. Typically, the choi@ieen single
and broken power-laws, as well as the location of the spdateak, were highly influenced by the spectral coverage @&tailable
flux density measurements. In particular, the inclusion esurements below 100 MHz appears essential for investigite low-
frequency turnover in the spectra for most of the censusapil§or several pulsars, we compared the spectral indioesdifferent
works and found the typical spread of values to be within D.5-suggesting a prevailing underestimation of speatdg@x errors in
the literature. The census observations yielded some ecteghindividual source results, as we describe in the phpstly, we will
provide this unique sample of wide-band, low-frequencyseudrofiles via the European Pulsar Network Database.

Key words. telescopes — ISM: general — pulsars: general — pulsarsidhdil (B2036-53, J15032111, J17481000)

1. Introduction guencies at the edge of the ionospheric transparency window
(10MHz, [Hassall et al. 2012) up to the very high-energy pho-
Since their discovery almost 50 years ago (Hewish &t al. ), 9681S (1- 5TeVI_MAG_I_C_C_0_lLab_QLaILo_n_eJ;_IaL_2016) Itis curtign

ccepted that radiation processes at the various wavekeofjt
electromagnetic spectrum are governed by severahdisti
gmission mechanisms, with emission coming frotfiedient re-

the pulsations from pulsars — rapidly rotating, highly ma
netised neutron stars — have been successfully detected
the entire electromagnetic spectrum, from the low radie fr
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Table 1. Criteria used to select the sources for the LOFAR censusmfeaoycled pulsars.

Parameter Criteria Reasoning
Declination (Dec) Dec> 8° Maximise the telescope sensitivity (which degrades withtheangle, ZA, as
~ cog ZA).
Galactic latitude (Gb) |Gh > 3° Avoid hig%er sky background temperatures in the Galactogl
Surface magnetic fieldBg.f) | Bsut > 101°G | LOFAR observations of recycled pulsars were part of a sépapeoject
i . 2016).
Position error ra, €pec) era < 130’ or | In order to avoid non-detections or biased flux density messants due tq
€pec < 1307 mispointings, the source position error was required toelss than the full-

width at half-maximum of LOFAR’s HBA full-core tied-arrayelam, pointed
towards zenith, at the shortest wavelength observed’(188n Haarlem et al

Association field pulsar Exclu)ding globular cluster pulsars aimed at simplifyingei budget calcula
tion (“one pulsar per pointing”) for the initial version oénsus proposal an
persisted by accident. Thus, four otherwise suitable psiisaM15 and M53
are missing from the census sample.

[oN

gions within the pulsar magnetosphere or from the star&ear LOFAR has already been used for exploring low-frequency
-Smith 2012). ulsar emission, e.g. wide-band average rofilﬁ[ﬁﬂ eta

The radio component of pulsar spectra is undoubtedly geré816), polarlsatlon.propertp.dm 015),ayepro-
ated by coherent processes in the relativistic plasma opthe files and flux densities of millisecond pulsa

decades of study, the exact mechanisms of the pulsar rade e ), _nulling _and mode switching in PSR BO&ZH

sion still remain unclear. Solving this problem would notyon (Sobey et al.[ 2015), as well _as mode_switching in PSR
contribute to our knowledge of plasma physics under these 80943+10 (Hermsen et al. 2013; Bilous etlal. 2014).
treme conditions, but also improve the understanding cfgusl
as astrophysical objects and as probes of the intersteidium
(ISMm).

The lowest radio frequencies (below 200 MHz) can provi
valuable information for tackling this problem, becausthase

very low frequencies pulsar emission undergoes severai-intprof"e Or X P ;
: . I/_g_\ = pected scattering time. Census observatisustesl
esting transformations, e.g. spectral turnover (Sieb&@31Or | ful-Stokes datasets spanning the frequency ranges of LO

rapid profile evolution! (Phillips & Wolszczan 192). Howeve paR's high-band antennas (HBA, 110—188 MHz) and, for a sub-
observ_mg b.‘EIOW 200MHz is C_ha”ef?g"_‘g because théuse g o pulsars, the low-band antennas (LBA, 30—90MHz). The
Galactic radio continuum emission, with its strong frequetie-  ,rmation recorded can be used for investigating the sioris
pendence (e.g._Lawson eflal. 1087), S|gn|f|cantl)_/ conted roperties of about 150 pulsars, with the possibility ofomier-

t_he system temperaiure at these Iower_ frequenmes. At the Sﬂgge and single-pulse analyses. Based on census data, pfee-pro
time, the deletenoum%sﬁects of rOHF-Iat'O” in the ISM becomgjeg of the ISM can also be explored using dispersion measure

ever more powerfu Ot _11)' sometim_es ma.kingDMs), scattering times, and rotation measures (RMs).
difficult to disentangle intrinsic pulsar signal propertiesriref-

fects imparted by the ISM. Nevertheless, various prop@ife  Thjs paper presents the first results of the high-band part of
low-frequency pulsar radio emission have been previously kne census project (analysis of the LBA data is deferred bs su
vestigated with the help of a humber of telescopes around g&]uem work). Sedt] 2 describes the sample selectiomge
globel. setup and the initial data processing for the HBA data. Irt.&ec
The last decade was marked by rapid development wé discuss the source detectability versus scattering éinte
both hardware and computing capabilities, which made wideM, and discuss the DM variation rates obtained by comparing
band pulsar observing at low frequencies possible. A meensus DMs to the values from the literature. The flux calibra
jor receiver upgrade has been done on UT ettidn procedure is explained in Sefl. 4. In S&dt. 5 we combine
) and there are three new telescopes operating betbe HBA flux density measurements with previously published
200 MHz: LOFAR (LOw-Frequency ARray, the Netherlandssalues and analyse the broadband pulsar spectra. A sumsnary i
van Haarlem et al. 201.3), MWA (Murchinson Widefield Arraygiven in SectB.
Australia; Ti [.2013) and LWA (Long Wavelength Ar-
ray, USA; [.2012). The results of the census measurements (flux densities, DMs
and total intensity pulse profiles) will be soon made avédab
through the European Pulsar Network (EPN) Database foaPuls

LIn particular, average pulse profiles and flux density m@sutprofneﬁ, as well as via a dedicated LOFAR web-pﬁxge
ments have been obtained with the DKR-1000 and LPA telescope

of Pushchino Radio Observatoty (Izvekova ét al. 1981; Madofet al.
[2000), Ukrainian T-shaped Radio telescope (UTR-2, Brukleta
[1978), Arecibo telescope (Rankin et al._1970), Gauribidafvarray

(Deshpande & Radhakrishman 19892), Cambridge 3.6 hectamy ar
(Shrauner et al. 1908), and the Westerbork Synthesis Radésdope 2 http://www.epta.eu.org/epndb

(Karuppusamy et &l. 2011). 3 http://www.astron.nl/psrcensus/
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The first LOFAR pulsar census of non-recycled pulsars is a
logical extension of these studies. Within the census ptojee
CQ‘gtve performed single-epoch observations of a large saofiple

urces in certain regions of the sky, without any prelimina
selections based on estimated peak flux density of the averag
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Fig. 1. Left: Distribution of all known pulsars from the ATNF pulsar catgiie (grey dots) and the LOFAR census pulsars (red circtef)esky

in equatorial coordinates. The cuts in declination and Galdatitude made for the LOFAR census sample are showneslires (Dec> 8°
and|Gh > 3, respectively). For the full list of selection criteria sEble[1.Right: Distribution of all known pulsars (grey dots) and the LOFAR
census pulsars (red circles) on the period—period deresa®i- P, diagram. Pulsars with an unknovare shown aP= 10-?* s s* in the diagram.

2. Observations and data reduction pipeline (Stappers etlal. 2011), which uses the PSRCHIVE sof
ware package (Hotan etlal. 2004; van Stratenlet al.|2010). The
data were dedispersed and folded with ephemerides eitbrar fr
We selected the sample of known radio pulsars from versish 1the pulsar catalogue or the timing observations with theellov
of the ATNF Pulsar CatalogBgManchester et al. 2005; hereor Green Bank telescopes. For the Crab pulsar, we used the
after “pulsar catalogue”) that met the criteria summarisega- Jodrell Bank Crab monthly ephemdi 12015). For
ble[d. For some of the pulsars that did not satisfy the pasitio folding the data, we chose the number of phase bins to be equal
accuracy we were able to find ephemerides with better pasitido the power of two that matched the original time resolution
based on timing observations with the Lovell telescope at J9Ost closely (but not exceeding 1024). Sometimes, in omler t
drell Bank and the 100-m Robert C. Byrd Green Bank Telescopiecrease the signal-to-noise/k§ ratio, the number of bins was
Such pulsars were included in the census sample. reduced by a factor of two, four or eight. For all pulsars, the
In total, 194 pulsars were observed. Fidlre 1 shows the-disgMearing in one channel due to incoherent dedispersionesas |

bution of census sources on the sky and on the standard periin one profile bin at the centre of the band and less than 2.5
period derivative P — P) diagram. bins for the lowest frequency channel. Folding producedii-m

sub-integrations and the archives were averaged in freyuen
400 channels. In this paper we focus only on total intensitad

2.1. Sample selection

2.2. Observations

Observations were conducted in February—May 2014 using 18 Rr; excision

HBAs of the LOFAR core stations in the frequency range of

110-188 MHz (project code LC1_003). Complex-voltage date 77 hours of census observations sampled radio sigoats fr

from the stations were coherently summed. The total obsgrvivarious on-sky directions during both day and night. Thikesa

band was splitinto 400 sub-bands, 195 kHz each. Each sub-beitese data suitable for exploring RFI (radio frequencyrfiate

was additionally split into 32256 channels and full-Stokes samence: any kind of unwanted signals of non-astrophysicalmyi

ples were recorded in PSRFITS forniat (Hotan &t al. 2004y wignvironment on the site of the LOFAR core stations.

time resolution of 163.841310.72s, depending on the num- A selective analysis of small random subsets of data, per-

ber of channels in one sub-band. Larger number of channels Wamed with therfifind program from the PRESTDsoft-

chosen for pulsars with higher DMs in order to mitigate thesin yare packagOl), showed that the majority of RFI

channel dispersive smearing. For a more detailed desmmipfi a5 shorter than one minute in duration Amcharrower in fre-

LOFAR and its pulsar observing modes, we refer a readerdgency than a 195-kHz sub-band (see Alsviya et all 2013).

van Haarlem et all (2013) ahd Stappers et al. (2011). The real-time excision of RFI, however, was not possiblehen t
_Each pulsar was observed during one session for either 1¢@®time- and frequency-resolution data due to limited garh

spin periods, or at least 20min. The PSRFITS data were syhy power, and thus was performed on folded archives with 1-

sequently stored in the LOFAR Long-Term ArctfivéObser- min sub-integrations and 195-kHz sub-bands. To clean tke da
vations were pre-processed with the standard LOFAR pulsar

4 http://www.atnf.csiro.au/people/pulsar/psrcat/ 6 http://www.jb.man.ac.uk/pulsar/crab.html
5 http://lofar.target.rug.nl/ 7 http://www.cv.nrao.edu/~sransom/presto/

Article number, page 3 ¢f39


http://lofar.target.rug.nl/
http://www.jb.man.ac.uk/pulsar/crab.html
http://www.cv.nrao.edu/~sransom/presto/

A&A proofs:manuscript no. Census_HBA_v_2.0_arxiv

Feb 1st March 1st April 1st May 1st 2014
0 24 x x x
315° 45c  45° 20 1 |
¥ 16 - ! sunset | !
30 (\fé\ | A
& 5 12 - | |
15° 4% > | HE
= 8 1 | Sunrise | |
270° - 90° |
-~ = 4 i i
= - 0
——  _= 0.9
\\
= 0.8 o
— e ©
225° 135° 07 3
0.6 g
Qo
180° 0.5 ©
Azimuth 0.4 E’
03 §
© N 02 8
l, 01"
01 02 03 04 0.0
Fraction of zapped data 110 120 130 140 150 160 170 180

Frequency (MHz)

Fig. 2. Left: Fraction of zero-weighted data calculated according to[lEgs a function of zenith angle and azimuth of a source. Eagtest
corresponds to a single session. Pulsars were observes toldsansit and the North celestial pole at the LOFAR core @agnith angle of
approximately 48°. Low-altitude observations are not seagly more corrupted by RFI and the interference doesamedrom any preferable
azimuth, though the statistics here are limitByht, top: RFI fraction as a function of Universal Time (UT) and dateld@o coding is the same
as on the left subplot. The RFI situation changes rapidlynfome observation to another, likely due to the beamed nafulerrestrial signals.
Right, bottom: Fraction of zero-weighted data versus observing frequenegch of 400 sub-bands.

we used theclean.py tool from the CoastGuard packagé from the values predicted by the ephemerides. We performed
(Lazarus et dl. 2016). initial adjustment ofP and DM with the PSRCHIVE program

In general, the observations were not severdlgaied by pdmp, which maximises integrated/!$ of the frequency- and
RFI. The median fraction of data, zero-weighted due to REk wtime- integrated average profile over the set of trial valoes

only 5%. This was calculated using: P and DM. The output plots fronpdmp (namely, maps of in-
tegrated B\ values versus trial parameters together with time-
NRri ) integrated spectra and frequency-integrated waterfatspivere

visually inspected for a pulsar-like signal. Out of 194 aengul-
sars, 158 were detected in such a manner, all with integ&iéd
where N is the number of the zero-weighted [sub-integratiogreater than 8. For detected pulsarémp DMs were used to
sub-band] cells, anddy-intand Nsup-pancare the total numbers of make a template profile and subsequently imprBvand DM
sub-integrations and sub-bands for each observationvéedl- estimates with theempo? timing softwar (IﬂoL_b_bb_alIG)
serving sessions had more than 20% of the data zero-weigh{gt empo1 emulation mode. In most cases the new valueB of
with the maximum RFI fraction equal to 46%. The fraction ofound bytempo2 were very similar to the initial periods. The dif-
zero-weighted data may vary dramatically between two abnsgerence between the new and initial value$p§P, was in most
utive sessions. Most census observations were conductedjducases smaller than 5 times the new period ergrreported by
the daytime, however we did not notice any improvement in th@mpo2 from the least-squares fit). For three moderately bright
RFI situation during the night. RFI did not appear to comerfropy|sars, with integrated/S between 14 and 56P ranged from
any specific altitude or azimuth (Fig. 2). seven to 26-. For the bright (integrated/S of about 500) binary

Figure[2 (bottom right) shows also the fraction of zerquulsar PSR B065864 6P was as large as 298
weighted data versus observing frequency. Individualynsih-

bands in this frequency range are likely to Ifeeated by air- ) )
traffic control systems, the Dutch emergency paging systemDispersion measures

€2000, s_atellite signals and digital aud_io broadcastiog tfie Owing to the relatively low observing frequencies and thgda
specific list of frequencies, see Table Liffiiga etall 2013).  fractional bandwidth, for most of the detected pulsarségxéor
a few faint ones with broad profiles) we were able to measure

2.4. Detection and ephemerides update DMs much more precisely than previous measurements in the

. ~ pulsar catalogue: our median DM error (provideddeyipo?2) is
For most of our pulsars the epoch of observation lay outside ©0.0015 pc cm®, whereas for the same pulsars the median DM
validity range of the aveylable ephemerides. Thus, We_ebqnbcuncertaimy in the pulsar catalogue is 0.025 pc ifsee Ta-
the observed pulsar period, and DM to be somewhatfierent p|e[B] for both measured and catalogue DMs). The median rela

8 https: //github.com/plazar/coast_guard 9 lhttps://bitbucket.org/psrsoft/tempo2

=
Nsub-int X Nsub-band
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The pulsar appeared to show little scattering in the upplr ha

15 1 Detected - of the HBA band and to have,., = 0.4s at 129 MHz. More-
10 - over, the pulsar has been previously detected with the LPA
5 (=23 Not detecteq - telescope (Pushchino, Russia) at frequencies close to HXOM
5 ——r—= = Wmﬂj’? (Malov & Malofeevi201D). In NE2001 a region of intense scat-
102 E F  tering has been explicitly modelled in the direction tovaRER
107 = = B2036+53. This decision was based on higher-frequency scat-
10" 4 = tering measurements for this pulsar, although the autheirs n
10° 3 . . E ther quote them directly, nor point to the profile data. The av
10t 2 *s,° £ cerage profile at 1408 MHz from_Gould & Lyine (1998), avail-
& 102 3 “‘va - ¢ £ able via the EPN, seems to show a small scattering tail, with
g 100 3 o ) F Tscar@pproximately in agreement with NE2001. However, both
= 10° E x t the SN and the time resolution of the 1408 MHz profile are
5 7 £ not high. Being extrapolated down to 700 MHz with the Kol-
10_6 3 ¢ F  mogorov index,rsca from NE2001 would have caused an or-
107 = £ der of magnitude larger profile broadening than was obsdyyed
107 4 . (1998) and Han etlal. (2009). It is, thereforespo
10® 3 T T = sible that modelling the region of intense scattering tasdhis
10 100 pulsar is not necessary. For comparison, the scatteriregftiom
DM (pelcm® ) the[Taylor & Cordes| (1993) Galactic electron density model i

equalto 40 ms at 129 MHz (scaled from 1 GHz with Kolmogorov
index). This model does not include the region of intensé-sca
tering towards PSR B20363 and the predicted scattering time
is much closer to the measured value.

Fig. 3. Detected pulsars (light blue dots) and non-detected oriask(b
dots) versus DM and the scattering time at 150 MHz divided doghe
pulsar’s period. Scattering time at 1 GHz was taken from thegy cat-
alogue (if available) or from the NE2001 model and scalecb@NIHz
}{vith Kolmogorov index of-4.4. See the text for the discussion of out-5 1 pM variations
iers.
Because of the relative motion of the puj$&M with respect to

n Earth-based observer, the DM along any given line of sight

tive difference between census DMs and the ones from the pu "'1‘58) will gradually change with time. Systematic monitwi

- 0,
catalogue wa®DM|/DM = 0.18%. However, for a few pulsarsof DMs reveals that, in general, DK¥J(series consist of slowly

the relative DM correction was 0.1, and, in the most extreme arying (i.e. approximately linear) components supergogih

case of PSR J1502111, the pulsar was detected at a DM 3'§tochastic or periodic variations.(Keit L 20

t|m(\ef/elorv]\geurat?r? :ttgte C?J?Yé%:flgfpgmlsrzgg:ﬂg;ésnete E&ign@)‘ The interpretation of these variations can cast lagh
P the turbulence in the ionised electron clouds in the ingdlest

Doppler shift of the observed radio frequency, caused byhEsar plasma (2 I . 1995), though the interpretatiay m

Gorrected for, would catse an apparent sinusoidal annual TS COMPIeX than usually assu 2016).
’ PP Due to the high precision achievable for each single DM

variation with a relative amplitude géDM/DM| < |vorb/Cl = o 4
: . L measurement, low-frequency DM monitoring can be partityla
0 ' _ : DVl TS LS
0.01%, wherevon, is the Earth's orbital velocity. DM measure useful for investigating small, short-term DM variatiolgithin

g1ers1(t:sa '([:tZ?i r?lsosgg t;g%egigzupsf;gf %VOlut'ons(T)mBﬁ'tc:ﬁed nthe census project, however, the DM along any particular LOS
y 9, Skcf 3.1), OOQIN 25 measured only once. Nevertheless, some crude estiomates

for P“?f".e evolut_lon is beyond the Scope of this Work_. the DM variation rates can be obtained by comparing census
It is instructive to plot the detectiofreon-detections ver- DMs with previously published values
sus DM and the expected scattering time over the pulsar P€-We calculated the rate of DM variation for the census pul-

riod (Fig.[3). The scattering times.s; Was scaled to 150 MHz : : .

from the values at 1 GHz (obtained from the pulsar catalo ue(sfg;:ugéucgmparmg their DMs to those obtained from the pulsar

NE2001 Galactic free electron density modig . Cordes & ﬁazm '

2002) with Kolmogorov inddX] of —4.4. As was expected, non- DM cat— DMeen

detected pulsars lay mostly at higher DM anghy/P. Still, LO- IADM/At| = ’ DM DM 36525”

FAR HBAs are capable of detecting non-recycled pulsars up to (DMepochi: - DMepochen/

at least DM= 180 pc cm® (PSR B193@-13). Two non-detected yhere the epochs of DM measurements were expressed in MJD.

pulsars, PSR J2042524 and PSR J218P315, have small The errorbars were set by the error of DM determination:

DMs of < 30 pc cnt®. They are faint sources and have not been

detected at lower frequencies (Camilo & Nice 1995; Han ket al. \/ﬁ

2009 L ewandowski et #1. 2004; Zakharenko et al. 2013). _ DMeat * DMoen
One of the pulsars, PSR B20883, was detected despite the *°M/A =

discouraging predictions of the NE2001 model. This pulsar,

cated at Galactic coordinates 6190:37, Gb= 7°31 with a DM and the pulsars without records of DM uncertainties or DM

of about 160 pc cr?, has a predicteds.a(150 MHz) = 4865s. epochs in the pulsar catalofdevere excluded from the sam-

ple. This resulted in a sample of 146 pulsars, with DMs betwee

)

, 3
|DMepocha — DMepoched /36525 )

10 Note that the scattering time is only a rough estimate, asaitise
changes by a factor of eight between the edges of HBA bandrasg ' For the Crab pulsar we used the oldest entry from the Jodrell
a spectral index of4.4). Also, the spectral index itself can deviate fronBank monthly ephemerides, namely DM56.834 + 0.005 pc cm?® at

the Kolmogorov value (Lewandowski etlal. 2015). DMepoch= 45015.
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Fig. 4. DM variation rates versus census DMs. On both panels the naseevnward triangles indicate DM values increagiegreasing with
time. Unfilled triangles mark pulsars without significant Disriation rate (i. e. withADM /At| smaller than its uncertainty). For such pulsars the
lower parts of the errorbars are not showsft: DM variation rates, obtained by comparing census DM measeinés to the pulsar catalogue
values. Lighter (green) marks show pulsars which haveivelgtiarge DM errors ¢ 0.1 pc cnt®), in either the census measurements or the pulsar
catalogue. The dotted and dashed lines show unweighted eigthted linear fit to the data in log-log space, respectiwetgluding the outlier

in the top left corner. The relation al._(2004tydine) is overplotted together with one order-of-maguétiscatter reported by the
authors (grey shade). The outlier at DM 3 pc cnt3, PSR J15082111 is discussed in SeEl_ BRight: Rate of DM variations calculated by
comparing census measurements to the recent low-frequéaseyvations of Pilia et hl. (2016, larger grey markérg)vat et al. (2015, dark blue
markers) and Zakharenko ef al. (2013, light orange markBes) text for discussion.

3 and 180 pc cr?, and 5-30 years between the catalogue aiypically by about 0.002 pc cniyr—t, but for some pulsars the
census measurement epochs. change could be as large as 0.01 pcym .
o _Investigating the dependence of DM variation rate on DM
We have compared our results to a similar study ian provide basic information for simple models of inteltate
Hobbs et al.[(2004b), who measured the rate of DM variatiopgasma fluctuations. Backer ef al. (1993), based on a sarfiple o
for about 100 pulsars with DMs between 3 and 600pctm 13 pulsars with DMs between 2 and 200 pc-émrhave found

Their analysis was based on 6-34 years of timing data, taliﬁﬁt|ADM/At| ~ VDM, which motivated the authors to propose
mostly at 400-1600MHz. Figuré} (left) showtADM/At| ver- 5 \yedge model of electron column density gradients in the. ISM

sus DM for census observations together with the approﬂmﬁo_b_b_s_e_td_umb) found a similar dependence:

spread of ADM/At| values from_Hobbs et al. (2004b). Most o

our pulsars have rates of DM variation similar to the onesfroApm /At ~ 0.0002x DM257:2%9 e enr3vrt. 4
[Hobbs et al.[(2004b). However, there are some deviatioss: {h /A peem> P y @)
nearby PSR J1562111 exhibits unusually largaDM/At = g Backer et 21/ (1993) afd Hobbs et &l (2004b) note a large

0.8pc cnr®yr* (see Secf312) and there is an excess of larg@fder of magnitude) scatter of data points around the fresée

DM variations for pulsars with DM> 10pc cnr™. Itis inter-  ion At least partially, this scatter may be due to the disjoa
esting to note that pulsars with larger DM variation rateeehajy oy isar transverse velocities, sinddM/At| depends also on
relatively large reported DM errorgpy > 0.1pc cnt>, mostly e transverse velocity of a pulsar.

for the pulsar catalogue DMs. Although DM uncertaintiess&fe — £or the census dfy the unweighted fit of the following
plicitly included in the error bars in Fifjl 4, it is possiblet some function:
of the DM measurements have unaccounted systematic errors,

with a probability of such error underestimation being &rfpr | |JADM/At|pccmsyr1 = 1g A+ BIg DM ¢ cms, (5)
pulsars with larger quoteeby (e.g. because of low/N of the
profile). resulted in a relation which was closelto Hobbs étlal. (2004b)

y with B = 0.7+0.2 andA ~ 0.0002 (IgA = —3.6+0.4). Assigning
In addition, we must note that census DM measuremegigchjADM/At| a weight inversely proportional to the measure-
were obtained under the simplifying assumption of the abiserment uncertainty yielded a fit wits = —0.1 + 0.1 andA ~ 0.03
of profile evolution within the HBA band. Itis currently umelr (jgA = —1.5 + 0.2), however the usefulness of this approach
how different profile evolution models wouldfact the mea- s jimited since the contribution from the transverse vities
sured DM values. As a very approximate estimate, allowigg thnd possible measurement bias due to profile evolution are no
fiducial point to drift by 0.01 in spin phase (10% of the typicaaken into account. Excluding the insignificant (value deral

width of an average pulse) across the HBA band would leadan the erroADM /At| or the ones witkpy > 0.1 pc cnt? did
a median DM change of 0.03 pc cfp 20 times larger than the

median DM precision. This would alter the obsery&#BM/At| 2 Excluding the outlier PSR J1502111.

Article number, page 6 ¢f39



A. V. Bilous et al.: A LOFAR census of non-recycled pulsars

not dfect the fitting results substantially, except for when PSBM values, arising from dierent sampling of the ISM, due to
J1503-2111 was included. frequency-dependentscattering (Cordes et al.'2016). \Weavi
Overall, it is hard to make any definitive conclusion abodiér such analysis to a subsequent work.
the relation betweefA\DM/At| and DM based on census data.
Future improvements may result from extending the sample
larger DMSs, including more pulsars with DM 10 pc cntd, é% PSR J1503+2111
making DM{) measurements with the same profile model, betteSR J15032111 exhibited an unusually large DM variation
quantification of DM gradients (e.g. separating piecewiisedr rate of about-0.8pc cnt3yr1. It has DMy = 1175 +
segments and removing contributions of stochastic or girio0.06 pc cn® (Champion et al. 2005a) and DM = 3.260 +
variations), and accounting for the contribution from segrse 0.004 pc cm®, with measurements taken 11 yr apart. In our ob-
velocities. servations, folded with DI}, the pulsar is clearly visible across
Besides the pulsar catalogue, we compared the census DMs entire HBA band and its profile exhibits a characteristic
to recently published DM measurements taken within the |lagtadratic sweep with a net delay between the edges of the band
five years at frequencies less than or equal to HBA frequencézjual to 0.6 of spin phase. Thus, we are confident that at the
Pili .L2016] Stovall et al. 2015; Zakharenko et al. 301 epoch of census observation the DM of PSR J48003 1 was
. [20166) observed 100 pulsars with the LOFAR HBA&ubstantially dferent from DM
antennas approximately two years before the census observaPSR J15032111 was discovered only a decade ago and is
tions presented here. At this time of data acquisition, gugr relatively poorly studied. The DM value in the pulsar cagale
half of the current HBA band and fewer core stations werelavatomes from the discovery paper.of Champion et al. (2005&. Th
able in tied-array mode, resulting in lower (by a factor oéaf authors obtained initial ephemerides (including DM) basad
SN in the average profiles and larger errors in DM determd30-MHz timing data taken with the Arecibo telescope. They
nation. The other two works report DMs measured at frequesubsequently refined the DM using observations at four #agu
cies below 100 MHz, Zakharenko ei al. (2013) observed neartigs between 320 and 430 MHz, while keeping other ephemeris
(DM < 30pc cnt®) pulsars in the frequency range of 16.5parameters fixed. If the real DM value was close to 3 pcat
33 MHz using the UTR-2 telescope. Observations were takére time of observations, then the time delay from the higtees
during three sessions in 2010-2011. The authors do not spbe-lowest frequencies in their setup would be arouf80 ms
ify the exact epoch of DM measurements, so the inferred ui® 04 of spin phase), much larger than the reported resitined
certainty of DMepoch is included in errors gaADM/At| in  of-arrival rms of 0.9 ms. However, such DM error could pass un
Fig.[4. Stovall et dl.[(2015) report the results of broadb@td- noticed while folding observations within one band/(ns de-
80 MHz) pulsar observations with the LWA telescope. Their DNay, about 10% of pulse width reported). The pulsar was sub-
measurements were taken close in time to the census onesstiguently observed by Han et 09), in a frequency band
maximum dfset between the DM epochs was abeliyr. Some spanning from 726 to 822 MHz. At these frequencies the pro-
of the census pulsars were observed in more than one of thisesmearing due to incorrect DM would be only 0.004 of spin
three works, thus they have multigleEDM/At| plotted in Fig[#4 phase, much smaller than the profile width (0.03 of spin phase
(right). The calculated DM variation rates for such pulsamsid  presented in their work. Zakharenko et al. (2013) failedetedt
differ from each other by one-two orders of magnitude. PSR J15032111 at 16—33 MHz, searching for a pulsar signal
In general, DMs from at least two aforementioned wlikswith a set of trial DM values within 10% of DM If the DM
also suggest the excess of larger DM variation rates as cashthe epoch af Zakharenko et al. (2013) observations wae clo
paring to Hobbs et &l (2004b). This trend is the most obwie 3.26 pc cm?, the delay due to the DMiEset at their frequen-
ous for the shortest timespanDM/At| based on DMs from cies would be equal to 30 phase wraps, completely smearéng th
\Stovall et al.|(2015). The fact that DM variation rates argéa profile.
on smaller timescales can be explained by the larger relativ To summarise, it is possible that the DM of this pulsar was
fluence of shorter-term stochastic variations. However bias incorrectly estimated in Champion et al. (2005a) and wenben
in JADM/At| introduced by DM @sets due to the ffierences in ticed since then. However, only future observations ofpoisar
modelling the frequency-dependent profile evolution arat-sccan show whether the DM along this LOS exhibits an anoma-
tering will also be relatively larger because of the shotitee lously large variation rate.
span in the denominator of Ed. 2.
Making DM measurements in the presence of profile ev%- Flux densit librati
lution and scattering is a complex task (Hassall efal._2012; ~'ux G€nsity calioration
Pennucci et al. 2014; Liu etldl. 2014). Nevertheless, ths pr4.1. Overview and error estimate
vides valuable information about both the ISM (electrontean . . . )
and turbulence parameters) and pulsar magnetospherésasud he flux density scale for a given [sub-lnte_lg%?_n, subejaall
modelling the location of a fiducial phase point and the evol¥as calibrated with the radiometer equati icke 1946):
tion of components around it; elg. Hassall et al. 2012).t8cat

ing has a steep dependence on frequency, and profile evoisitio Teys
usually more rapid at lower frequencies. Thus, combininy CcESmean= ———
G /npA ftopspt

X (S/N), (6)
sus observations with lower frequencies (or even with highe

frequency data for pulsars with large scattering times)seawe

as a good data sample for broadband profile modelling, bisgereTsys = Ta + Tsyy is the total system temperature (antenna
free DM measurements, and scattering time estimates.lfinablus sky background)G is the telescope gaimy is the num-

it would be interesting to investigate frequency dependesfc ber of polarisations summed (2 for census datd)is sub-band
width, tops is the length of sub-integratiomy,, is the number

13 Except fof Pilia et gl [(2016), but the DMs there have largeeniain-  Of spin phase bins, ang®/N) is the mean signal-to-noise ratio
ties. of the pulse profile in a given [sub-integration, sub-barl].c

Article number, page 7 ¢f39



A&A proofs:manuscript no. Census_HBA_v_2.0_arxiv

B1133+16 11 . B1929+10
\.\
10° F §\ 4 F -
'\\
5 fedetd |\ %
1S ==
% .I\ \ /_, (;\
° A [ — Lo \
5 \ \ / i M
[ \\ \"-\ ” \
\ N \ A
\
102 L L L L 1 L L L L L L L 1 L
100 200 100 200
Frequency (MHz) Frequency (MHz)

Fig. 5. Flux density measurements from individual timing sessi@sas coloured connected dots) for two out of the ten pulsars €mefiux
density uncertainty estimates. Separate grey dots are dnsity values from the literature, with the errors estirdatecording to the procedure
described in Seck_5.2. The black line indicagsg, the parabola fit for literature flux density points within-l000 MHz. The shaded region
marks 68% uncertainty oBj;.

For LOFAR, both antenna temperature and gain have a strafgulsars we selected ten bright non-recycled pulsars nelt:
dependence on frequency, with the latter also varying v ttively well-known spectra available from the literaffffeThese
elevation and azimuth of the source observed. In this work \pealsars were observed for 5-20 min affelient elevations and
used the latest version of the LOFAR pulsar flux calibraticezimuths in December 2013—-November 2014, approximately in
software, described in_Kondratiev et 16). This safev the same time span as the census observations. The distnibut
uses the Hamaker beam model (Ham 006yandrpol™ of LOS directions approximately coincides with that for them-
package by Tobia Carozzi to calculate Jones matrices ofrthe sus pulsars. In particular, both timing and census sourege w
tenna response for a given HBA station, frequency and slkegdir observed only at relatively high elevations (EL), ELl40°.
tion. The antenna gain is further scaled with the actual remab We processed selected timing observations and measured the
stations used in a given observation. The HBA antenna teampegulsar flux densities in the same manner as for census sources
ture, Ta, is approximated as a frequency-dependent polynomiatamination of the flux density values obtained revealedttwo
derived from the measurements|of Wijnholds & van Cappelléour times larger fluctuations than would have been expenyed
(2011). The background sky temperatuFgy, is calculated us- scintillation alone, with a flux density rms on the order 0?60
ing 408-MHz maps of Haslam etlal. (1982), scaled to HBA frder the band- and session-integrated flux densities. Thisléast
quencies as~>% (Lawson et all 1987). The meanNsof the partly due to the imperfect model of telescope gain, since we
pulse profile is calculated by averaging the normalisedadigmecord a dependence of the measured flux density on the source
over the pulse period, with the normalisation performechgsielevation. The number of flux density measurements, howsver
the mean and standard deviation of the data in the manually &® small to construct a robust additional gain correctidmus,
lected dt-pulse window (the region in pulse phase without visiwe leave it for future work.
ble emission). Zero-weighted sub-bands/andub-integrations Figure[® shows measured spectra with respect to literature
are ignored and do not contribute to the overall flux density ¢ points for two pulsars from the timing sample. In order td-est
culation. For a more detailed review of the calibration téghe mate the error of a single flux density measurement (and check
we refer the reader to Kondratiev et al. (2016). for any systematic fisets between LOFAR and literature flux
The nominal error on the flux density estimation imlensities), we constructed a “reference” flux density ciBye
[Kondratiev et &l [(2016)snom, is set by the standard deviation oby fitting a parabola to the literature flux density valuesdg-|
the data in the f5-pulse window. The real uncertainty of a singl@rithmic space (within the range 20000 MHz). The fit was
flux density measurement is much larger, being augmentedpgrformed using a Markov chain Monte-Carlo (MCMC) algo-
many factors, including (but not limited to) the intrinsianiabil-  rithnf® and the region between 16th and 84th percentiles of
ity of the source, scintillation in the ISM, imperfect knadige Sit values (obtained from posterior distributions of the fitted
of the system parameters, and some other possifdets that parabola parameters) is shown with a grey shade. This for-
are unaccounted for, e.g. uncalibrated phase delays irteati mal uncertainty inSj; should be treated as an approximation
by the ionosphere or the presence of strong sources in the sigf the actual uncertainty, since the fitted curve can shift by
lobes. an amount larger than the grey-shaded area if new flux den-

To provide a more realistic uncertainty, we took advantdge;g
regular LOFAR pulsar timing observations. Within this pactj, Blgggzggl Fé?nggrzBf 80»271452;(1)823;2661géé?;&égbzglzé?;?ﬁ?a
a number of both millisecond and normal pulsars were observe,»17. 47 pPsrs B082&26 and B123%25 undérgo mode switches
with HBA core stations on a monthly basis. From this sampig; their flux densities did not show larger variance in corigaa to
the other eight sources.
14 https://github.com/2baOrNot2ba/mscorpol 16 https://github.com/pymc-devs/pymc
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Table 2. Percentiles 08 / Sneasdistribution for ten bright pulsars with HBA timing obsetians.

4 sub-bands 2 sub-bands band-integrated
120MHz 139MHz 159MHz 178 MHZz 130MHz 168 MHz 149 MHz
median 0.8 1.0 1.0 1.2 0.9 11 1.0
16th percentile 0.5 0.6 0.6 0.6 0.6 0.6 0.6
84th percentile 15 1.6 1.7 2.2 15 1.9 1.6

Notes. Sy is obtained from a fit through literature flux density valuas &easis the HBA flux density. The 16th and 84th percentiles wereluse
for estimating the uncertainty of a single flux density measient (see text for details).

sity measurements are ﬁj%dwe then analysed the distri-4.2. Application to census pulsars
bution of Sji;/Smeas Valuekd, where the flux density obtained . . .
from timing observationSmeas is in the denominator. For band-The flux de_nS|ty cghbratlo_n was performed on f?]lded’ 195kH
integrated flux densities, the median valueS@f/ SmeasWas 1.0 wide, 1-min sub-integrations. In addition to the syncloatr
and 06 < Sit/Smeas< 1.6 with 68% probability. backgrpund from Ha_slam et aI: (1982), we have checked for
.any bright sources in the primary beam. In all cases the

Thus, for the sample_ of ten timing pulsars the combined I8 the Moon. and the planets were far away47) from
fluence of all uncertainties, other thaghon ] causedSmeasto pl,JIsar positi(;n. A review of the 3C and 3CR catalogues

spread aroun8; with a magnitude of the spread equal to abo & 4B 19 ; i
0.5Smeas Assuming the uncertainties to be similar for all cer%Edm‘dlu% 62) did not reveal any nearby ex

. iended sources, exceptin the case of the Crab pulsar (3@hd4)
sus pulsars, we adopted a total error on the single flux qen?&SR J02056449 (3C58). For the Crab pulsar, the contribution

measurements = /(0.5S)? + €3, This assumption is rea-from the nebula was estimated with the relatyg ~ 955027
sonable, since we expect two major contributors to the flux deBietenholz et al. 1997; Cordes eflal. 2004). Similar fluxsign
sity uncertainty, namely, our imperfect knowledge of théngavalues were quoted in the 3C catalogue. At 75 MHz, the sokd an
and interstellar scintillation, to influence both timingacensus 9le occupied by the nebula (radius dfBietenholz et &l. 1997)
observations to a similar extent. This is justified becahsalts- is larger than the full-width at the half-maximum of the LORA
tribution of source elevations and expected modulatioicesi HBA beam (2, for the 2-km baseline, according to the table B.2
due to scintillation (see Appendix A for the latter) were #in  inivan Haarlem et al. 201.3), thus only approximately one guar
for both timing and census sources. of the nebula is contributing to the system temperature PR

We also examined the error distribution for flux densitied0205-6449, the supernova remnant does not significantly add
measured in halves and quarters of the HBA band. We disc&-n€ System temperature (5-10%, depending on the obgervin
ered that, in general, the slopes of the timing spectra agmisis- '€dUeNcy), so its contribution was neglected. _
tent with the literature, with lower-frequen8y,easbeing consis- For all pulsars, except for the Crab, we were able to find
tently overestimated and higher-frequetSzeasunderestimated an di-pulse region in each sub-bgsdb-integration, although in
(see TablER). some cases theffepulse region was small (about 10% of pulse

Two alternative models of antenna gain were also test@1aS€)- Sometimes the band- and time-integrated averafjle pr
The first model was based on full electromagnetic simulatioﬁ)(h'b'.teOI _fa|nt pulsed emission n the selectéfslpmllge region,
of an ideal 24-tile HBA sub-station including edggeets and resulting in somewhat underestimated flux densities. Hewev

grating lobes[(Arts et al. 2013). The second model used a Sip.;?_cause of the large number of channels and sub-integsation
ple ~ sin“3%(EL) scaling of the theoretical frequency-dependetft °4" observing setup (400 and20, respectively), we expect

value of the antennafiective areal(Noutsos etlal. 2015). Fo is underestimation to be well within the quoted errors.the
both models the telescope gain at zenith was similar to t ab pulsar, the standard deviation of the noise was cidmlila

Hamaker-Carozzi model, but they predict two to three tim er subtractlng a polynomial fit to_the profile. .

larger gains for the lowest census elevations of 40°. Thiannhe The band-lntggr_ated flux densny_values, together with the
. . e B -

that pulsar flux densities could be two to three times smtien 2dOPted uncertaintiess are quoted in Tablg Bl1. For non

those calculated using the Hamaker-Carozzi model,whicﬂteméjeteaed pulsars_wga giveeshom as an upper "”?"- We note
them less consistent witBy; values. that such upper limits must be taken with caution, since non-

F L briaht oul | timated th lingi detections can occur for reasons unrelated to the intrpdiar
or Several bright pulsars we aiso estimated e prefijing, . qansity (for example, scattering or unknown error inginé

140-MHz flux densities using images from the Multlfrequenc%/ar position)

Snapshot Sky Survey (G. Heald, private communication; ksee a '

Hea :_:I et al 5). The same technique was applied to compare

the imaging flux density value§ysss andSji;. We found that 5. Spectra

16th—84th percentiles @ysssagree withS;; within 40%, sim-

ilarly to the flux densities from the timing campaign. 5.1. Introduction

The mean (averaged over period) flux densgy of a pul-

sar observed at a frequeneyis one of the main observables
18 |nstead of using a single value 8f; for a given frequency bin, we of p_ulsar erﬂ'ss'oln' FIUX. d‘?”S'W mr(]aas_urements provide clon-
used a distribution of values calculated from the posteisgtribution of Straln.ts on the pulsar emission mec a”'bm—CMﬁmﬂL&M"? ov
the parabola fit parameters. In such a way we interpretedttertainty |l9—8@ @ﬂemm\{{—l%df)-_ They are crucial for deriv-
in Sii. ing the pulsar luminosity function (which is further used to
19 The average profiles of timing pulsars had lak§N), and thus study the birth rate and initial spin period distribution thie
€snom < Smeas Galactic population of radio pulsars, e.g._Lorimer et al93:9
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Faucher-Giguere & Kaspi 2006), and for planning the optimal a broken PL with two breaks (3PL):
frequency coverage of future pulsar surveys.

At present, even the most well-studied pulsar radio spec- a0 19(v/vo) + 1g So, v <o
tra consist of flux density measurements obtained from ebsgys ., — ), Ig(v/¥2) + @10 1g(/2/v0) +1g S0, VO < v < Wi
vations performed under disparate conditions and wifecint y hi (0 aS hi
observing setups. The situation is further complicatednieri ani19(v/vy) + amialg(viy/vo) +19 So. v > vy
stellar scintillation and intrinsic pulsar variability i€®el ;

). As aresult, flux densities measure

the same frequency by ftkrent authors may disagree by up t
an order of magnitude.

(11)

gor all PL models, the reference frequemgyvas taken to be the
geometric average of the minimum and maximum frequenciesin

Despite these diculties, it has been established that in H‘e spectrum, rounded to hundreds (.)f MHz.
wide frequency range of approximately 0.1-10 GHz, pulsar ra. If the number of spectral data points was small (two to four,

- _ ; . _.with measurements within 10% in frequency treated as aesing|
?eltlnatsigﬁf:tra are usually well-described by a simple powar Igg{gvroup), we fixedrgs at the known level, defined by the reported

errorsioigs = ol = 0.5[1g(S + eg) — 19(S - €g)]. For census
S, = So (v/v0)*, (7)  measurements the errors were taken from Table 2 and added in

quadrature t@snond. The errors on the literature flux densities

\;vgde;e iss;o tﬁetggefciltjr);ldiﬁgzliy ,ﬁ :E: (ra%fge;ing;a tggq?rzrc;ﬁ):an %/y{ere assigned following the essence of the procedure theskcri
1YSieber (19781

T e st Winen the numberofcata pots was larger (rmore than six
(Malofeey1993). or high-frequency flattening around 30 G r, sometimes, five groups), we mt_roduced an additionaldfit p
! 6 . meter, the unknown err@ﬂ‘”‘S‘". This error represents any ad-

(Kramer et al! 1996). Some pulsars show evidence of a spec- _ g
tral break even in the centimetre wavelength rahge (Maraii etditional flux density uncertainty, not reflected @g“s, for exam-
[2000) and there is a subclass of pulsars with distinct splectple intrinsic variability, or any kind of unaccounted prgagion
turnover around 16Hm11). or instrumental error. The total flux density uncertaintyaofy

Based on the extensive number of published flux densityeasurement was then taken as the known and unknown errors
measurements (see Talile IB.1 for the full list of referenceaylded in quadrature. We fit a singi%”g‘“ per source, although,
we constructed radio spectra for 182 census pulsars (Eifis. Gstrictly speaking, unknown errors may béfdient for each sep-
[CI7). Among those spectra, 24 consisted of the literatoir®® arate measurement.
only, since th_e corresponding pglsars were not detectedrin ¢ In the presence of a ﬁtte%ngn all three PL models will pro-
sus observations. Twelve remaining pulsars were not dtedjide a good fit to the data, since any systematic deviation be-
in the census observations and had no previously publisbed fyeen the model and the data points will be absorbedw.

density values. Thus, in order to discriminate between models, we examined t
posterior distribution ob-llg‘gn. We took 1PL as a null hypothesis
5.2. Fitting method and rejected it in favour of 2PL or 3PL if the latter gave stati

. . . . ically smallerouns™ the diferen n the mean val f
It is customary to fit pulsar spectra with a single or broketnCa y smalleraygs - the diference between the mean values o

power-law (PL), although this approach may be only an aHle posterior distributions of-llg"s‘” was larger than the standard

proximation to the true pulsar spectrum_(Maron etlal. 2000dgeviations of those distributions added in quadrature.

Lohmer et all 2008). Still, this parametrisation is usefuldases ~ For the sparsely-sampled spectra, where-{{§" was fitted,

with a limited number of measurements and allows direct comve adopted 1PL as the single model. In a few cases, when the

parison to previous work. data showed a hint of a spectral break, we fitted 2PL with break
The fit was performed in I§—Ig v space. We used a Bayesiarfrequency fixed at the frequency of the largest flux densitg-me

approach, making a statistical model of the data and usingsaurement. For such pulsars we give both 1PL and 2PL values of

MCMC fitting algorithm to find the posterior distributionsibfe the fitted parameters.

fitted parameters. In general, we modelled eacB &p a nor- Some flux density measurements were excluded from the fit.

mally distributed random variable with the mearSlg defined Since most of the flux density measurements were performed

by the PL dependence and a standard deviatigg reflecting for the pulsed emission, we did not take into account theigent

any kind of flux density measurement uncertainty: uum flux density values for the Crab pulsar at 10-80 MHz from
| Y (1970). For PSR B113316 we excluded the measure-
gS ~ Normal(lgSpL, oigs). (8) ments from_Stovall et l[ (2015), since they were an order-of

A normal distribution was chosen for the sake of simplicityla 20"\t e umber of literature flux density measurements waslsmna
for the lack of a better knowledge of the real uncertaintyrdis it the pulsar had a low /! in the census observation, then we included
bution. only one, band-integrated census flux density measureméme spec-

Depending on the number of flux density measurements angn. For brighter pulsars with better-known spectra, wedusensus
their frequency coverage, 8 was approximated either as dlux densities measured in halves or quarters of the band.

single PL (hereafter “1PL"): 21 Namely, flux density measurements based on mang)(sessions,

spread over more than a year, with errors given as the sthuldara-

Ig SipL = alg(v/vo) + g So, (9) tion, were considered reliable and we quoted the originakeeported
. by the authors. For the flux density measurements based ormlEesm

a broken PL with one break (2PL): number of sessions, or spread over a smaller time span, veatian

error of 30%, unless the quoted error was larger. In casextiBasities
Ig SopL = a@io 19(v/vo) + 19 So, V< Vbr (10) based on one session or with an uncertain observing setupdoged
2PL ani lg(v/ver) + aip 19(vpr/vo) +19So, v > vor, an error of 50% unless the quoted errors were larger.
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magnitude larger than numerous previous measurements in th

same frequency range. Judging from the visual examinafion o m  measured indices
well-measured spectra, sometimes the upper limit on flusiden with uncertainty
ties could be an order-of-magnitude smaller than actuasomea Malofeev et al. (2000)
ments in the same frequency range. Thus, we considered both
census and literature flux density upper limits to be appnate =
at best and did not attempt to fit for the lower limits on spactr =
index. EEEE
EEEENR

5.3. Results mummR

[ N | EEEER
Out of the 194 census pulsars, 165 had at least two flux density EEEEEEEEEE
measurements (census or literature), making them suifable A SO0oooooooooE0
a spectral fit. The majority of pulsars, 124 sources, werd-wel _'5 ‘ _'4 ‘ _'3 ‘ _'2 ‘ _'1 ‘ (') ‘ '1 ‘ ;

described with the 1PL model (TaBle B.2), although the ahoic
of the model was greatly influenced by the small number of
data points available. Four 1PL pulsars (namely PSRs J12B8
J174%12758,B1916-20, and J21382242) show signs of spec-Fig. 6. Distribution of spectral indices for 48 pulsars withoutyiceisly
tral break, but the number of flux density measurements was foublished spectral fits. Each of the 48 dark squares marksntan
small to fit for a break frequency. For these pulsars we peovidf the posterior distribution of the spectral index The lighter his-
the values of the 2PL parameters with a break frequency fikedggram was constructed using the whole posterior distobuif o for
e requency of maxmum flux densiy (TalER 3). The remaif] PSS, 36 s efects i bncerianty 1 e st e
Ing 41 sources showed preference for a broken powe_r-lawaNltff?s non-recycled pulsars in the similar frequency rangé4400 MHz)
single break (36 pulsars, Taljle B.3), or two breaks (fivegsls from[Malofeev et al.[(2000)

Table[B.4). Pulsars best described with a 2PL or 3PL model usu ' '

ally have a larger number of flux density measurements.

Spectral index

profile that is unstable on the time scale of our observingisas
(Wright et all 1986). This can explain an order-of-magnétdi-
ference between the flux densities obtained from the censas m

5.4.1. Flux variability surements and the ones reported by Karuppusamy ét al.l (2011)
which were performed in exactly the same frequency range.

5.4. Discussion

It is interesting to examine the distribution @fg“s‘” among the

pulsars for which this parameter was fitted. The 46 of these o
sources were best described by the 1PL model. About 60%°ct-2- New spectral indices

them showed moderate flux density scatter wifis” < 0.15, |, tota), 48 pulsars from the census sample did not have previ
indicating roughly +30% variation in flux density measure-gusly published spectral fits. The spectra of these pulyais t
ments at a single frequency. Six 1PL pulsars b#t" > 0.3, cally consisted of a smalk(5) number of points, usually lim-
with flux density varying by a factor of two to six. Amongited to the frequency range 100 — 4800 MHz. Among these 48
those, four pulsars (PSRs B00587, B045G3-55, B1753-52, pulsars, only PSR J2132242 showed signs of a spectral break,
and J230#2225) had separate outliers in their spectra, hirttowever the paucity of available measurements should be kep
ing at a deviation from the 1PL model, or simply indicating & mind.
large unaccounted error in a single flux density measurement The distribution of new spectral indices (Fig. 6) is compara
PSRs B064880 and J17481000 had a large spread of fluxble in shape to the spectral index distribution construfriea a
density measurements across the entire spectrum. Intgylgst larger sample of 175 non-recycled pulsars in a similar fesqy
PSR B064380 was shown to have burst-like emission in one g@ange (between 102.5 and 408 MHz)/by Malofeev et al. (2000).
its profile components (Malofeev etial. 1998). The otheramls Both in[Malofeev et dl.[(2000) and in our work the mean value
PSR J17461000, was proposed as a candidate for a gigaheré#-the spectral indexy = —1.4, is flatter than the mean spectral
peaked spectrum pulsar m al. (2011), although the andex measured at frequencies above 400 MHz (e.g. —1.8
thors note contradicting flux density measurements at 1.2.Glh [Maron et all 2000). This can be interpreted as a sign of low-
These contradicting_points were excluded from the spectfedquency flattening or turnover (Malofeev etlal. 2000). How
analysis conducted by Dembska €t al. (2014).and Rajwadé eegkr, as has been noted[by Bates bf al. (2013), the shapes of ob
m%), who approximated the spectrum of PSR J1#4000 served spectral index distributions may be greaffgaed by
with a parabola or fitted the PL with a free-free absorptiomlelo the selection ects connected to the frequency-dependent sen-
directly. Our measurements show that the flux density of PSRivity of pulsar surveys. Thus, a comparison of spectndei
J1746-1000 does not decrease at HBA frequencies, exceefitributions obtained in the fierent frequency ranges should be
ing the extrapolation of the fits by Dembska et al. (2014) artbne with caution unless the distributions are based ordimes
IRajwade et &l! (2016) by a factor of 10-20. We suggest this pghmple of sources.
sar does not have a gigahertz-peaked spectrum, but a ré&jular
with potentially large flux density variability.

For both 2PL and 3PL pulsars, the median valuellg‘g” was
0.1. Two 2PL pulsars, PSR B09430 and PSR B11150, had For both 2PL and 3PL pulsars the fitted break frequencies of-

or&" > 0.3. The former is a well-known mode-switching pulten had asymmetric posterior distributions, with the shafpe
sar (Suleymanova & Izvekova 1984) and the latter has a 20-distribution substantially influenced by the gaps in thefrency

5.4.3. Spectral breaks
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Fig. 7. Spectral indices below and above the spectral break for B2 py; g. 8. Comparison between spectral indices flom Maron kfal. (000
sars with relatively well-measured spectra (see text faits. Pulsars .4 this work. Black circles indicate 35 pulsars with spedtest de-
with a single spectral break are marked with circles. Fosgmsl with ¢ ibaq with a single PL Hy Maron etlal. (frequency range @f Kitiz—
two spectral breaks, the lower-frequency one is marked thigrdown- 1.§5GHz) and a single PL in our work (frequency range of typi-
ward triangles and the higher-frequency one with the upwréadgles. cally 100 MHz—5 GHz). The spectral indices in our work tendo®
The colour indicates the frequency of the break and the dititte cor- |\t g4t indicating a possible low-frequency turnover euaiere
responds to no change in the spectral index. The questidaintiicates ¢ 16 100 MHz. For comparison, spectral indices for 25qsl with
PSR B230330, for which the value of the high-frequency spectral ingjq 1y identified low-frequency turnovers below the fregay range of

dex was greatly influenced by a single flux density measureniate [(2000) are shown with orange circles
that for v, > 500 MHz the change in spectral index is relatively mo&m- ' ) g '

erate, whereas for,, < 300 MHz the spectral index below the break

takes (sometimes large) positive values. This corresptmtise previ- . . . .

ously known “high-frequency cutés and “low-frequency turnover” in 500 MHz), the change in slope |s“ r_elatlvely moderate,, with

pulsar spectra. ap — ani ~ 1 or 2 (the so-called “high-frequency cuff9.
For the breaks at lower frequencies,( s 300MHz), the
change is more dramatic, with low-frequeneayclose to or

coverage ofS, measurements. Sometimes the shape of a sp¥ger than nought, the so-called *low-frequency turndeer
trum at lower frequencies was clearljected by scattering (e_g_PossmIe statistical relationships between the turnover f
for the Crab pulsar, PSRs J198050, B1946-35, and some q_uentl:ﬂ cut-of fr((ajq_uency anld puLsar( period had been Fl’re'
others). Large scatteringa~ P) smears the pulse profile, ef-VIously Investigated in several works elg._Malofeev & Malo
fectively reducing the amount of observed pulsed emisdinis 1980; Llzvekovaetal. 1981), and a number of theoreti-
results in flatter negative, or even large positive values.of ~ &l explanations Wa54 proposed_(Malofeev & MlhIM980,

: Lo : 1 1984;| Malov & Malofeevi 1991; Petrova
For the negative spectral indices, that frequencies above@; Kontorovich & Flanchlk 2013).

the break is generally steeper than at frequencies below .
break, with the exception of PSRs B05&11, B0114-58, and Because of the typically large spread of the same-frequency
measurements, the reliable identification of the break fre-

B2303+30, for which th tra flatten at higher f jeSy Measu \
O WhICH the spectra tatten at nigher Irequencie uencies is feasible only for the well-known spectra, coseplo

It must be noted that for the latter two sources the flattefl¥ ; _ )
ing is based on a single flux density measurement and mBFé“U'F'P'e’ densely spaced flux density measurementsirsita
wide frequency range. The census data alone appears to be

data are needed to confirm the observed behaviour. In casé'dt WIC . . e
the Crab pulsar, the flux density measurements at 5 and SGPI%L?C'e”t for making a substantial contribution to the spec-
: al

(Moffett & Hankind 1996) suggest that spectral index may fldf: reak identification. The HBA band appears to be sitliate
ten somewhere between 2 and 5 GHz. Such flattening coincig@$e to or within the frequency range where a spectral eno
with a dramatic profile transformation happening in the sanfie/IKely 0 happen for the majority of non-recycled pulsgas

frequency range_(Hankins ef Al. 2015) and is also suggegtedd?St in the census sample), and, apart from a few dozens of
spectral index measurements for the individual profile compt€ Previously well-studied sources, the literature speaficen-

nents(Mdfett & Hanking 1999). >

. P Several pulsars outside the census sample are known to peweas
Figure[T shows the spectral indices below and above i ; .
: X hing over at higher frequencies ofl GHz [Kijak et al[20111). Such

break frequency for the 32 census pulsars with a relativ ng ov 9 i z ). Su

; X;h turnover frequency is tentatively explained by thdrinee-free
well-known spectra withvmin < 200MHZz andvmax > 4 GHz,  apsorption in a pulsar surroundings.

consisting of at least 10 flux density measurements. The d&tahe works of Pushchino group (e.[g. Malov & Maloféev 1981)-con
confirm a previously noticed tendendy (Sieber 1973): in mastier “maximum frequency”, which coincides with turnovezduency
cases, if the break happens at rather higher frequengjes ( if @, > 0.
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Fig. 9. Comparison of spectral indices from this work (grey-shaderangles) to the ones reported|by Sieber (1973), Lorimal ¢1995),
[Maron et al. [(2000), Malofeev etlal. (2000), Zakharenko 2(2013), and_Stovall et al. (2015) (coloured points wittoetvars). The horizontal
extent of grey rectangles and horizontal error bars ondlitee values represent the frequency range over which tlexiwas measured. The
vertical extenterror bar marks the reported uncertainty and Zakharenko et al. 2013 no errors were given). Bipdits in
this work include data points from all these works togethéhwther published values and our own measurements. Tisansuare grouped by
the spectral index plotting limits and ordered by right asten within each group.

sus pulsars were scarcely sampled or did not extend below Theere is a statistical preference for a spectral index to dte fl
HBA band (i.e. below 100 MHz). The studies of low-frequencter in our broader frequency range (Fig. 8), which could-indi
turnover would considerably benefit from the future flux dgns cate a turnover happening somewhere close to 10@IHs
measurements at frequencies100 MHz, which could be ob- a comparison, we plot the spectral indices for 21 pulsark wit
tained with the currently operating LWA, UTR-2, LOFAR LBA,clearly identified low-frequency turnover happening beline
and the future standalone NenuFAR LOFAR Super Station fikquency range of Maron etlal. (2000). Such pulsars gdgeral
Nancay 2). exhibit better spectral index agreement.

The census data still provide an indirect indication of the
low-frequency turnover in some relatively poorly samplpdcs
tra. This evidence comes from the comparison of the speantral
dices for pulsars best fitted with 1PL in the Wormt al
(2000) and in our work. The census sample contains 35 sueh pul
sars, with the indices mostly based on the data from 100 MHz—scattering could, in principle, cause the observed flaitef the
5GHz. The corresponding indices from Maron €tlal. (2000) agv-frequency part of the spectrum. However, only two out35f
based on flux measurements between 400 MHz an® GHz. sources had visibly scattered profiles in the HBA frequeange.
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5.4.4. Comparison to the indices from the literature positions. Each pulsar was observed contiguously for 20amin

F fh | | tral index ésti at least 1000 spin periods.
or Some ot the Census pulsars several spectral index Ma e have detected 158 pulsars, collecting one of the largest

have already been made by various authors. Our spectra-ge ) A ;
ally include the flux densities reported in those works, tbge Qgﬁqples of low-frequency wide-band data. These obsenzatio

i the ofh blished flux densit d {)rovided a wealth of information for the ongoing investigatof
wi € other publisned Tlux densilies and our own Measuify low-frequency properties of pulsar radio emissionuiding
ments. Thus, it is interesting to compare our spectral galic ¢ time-averaged and single-pulse full-Stokes analyesise
the ones avalla_lble from the literature. Such a comparison Ga ..« rements of the ISM parameters (such as DM, RM, and
Serve as an estimate of how much the_ spe_ctral index valuds c attering) along many lines of sight are being obtainededs w
change Wlt_h addltlon.of new data points in the same frequency In this work we present the DMs, flux densities and flux-
rang/\t/aeo:]\;v\g ggﬁ]ari‘lse'grlr?;tze;(rﬁgalf?gngon\gzgsgj'emen s fr calibrated profiles for 158 detected pulsars. The averauféqs,
several works Wi'E)h single (E)r broken PL fits, namely frorg and flux density measurements will be made publicly avail-

= . ' ble via the EPN Database of Pulsar Profiles and on a dedicated
ISjb_d[ ]' I [r |(197I3)I I_(LZQi(Ilrg rA re::lg(r%_tgsge% ?rlﬁg(ogggsat‘qr_OFAR web-padél. The LBA (30-90MHz) extension of the

: : )- P ensus has also been observed and its results will be peelsent

ments for frequencies below 100 MHz frdm_Zakharenko &t subsequent works
(2013) and Stovall et al. (20115) were added as well. The colle . ' , ,
tion of spectral indices versus the respective frequenagea Owing to the large fractional bandwidth, we were able to

X : . measure DMs with typically ten times better precision than i
fs%rc}\t]vi ?#E%%W'th at least three such literature measemésiis the pulsar catalogue (with the median error of census DMalequ

Two features can be gleaned from this plot. Firstly, even:ﬁ 15x 10-%pc ch3_). For our DM measurements we assumed

all authors approximate the spectrum with a sinéle PL iﬁ tae f o1 absence of profile evolution across the HBA band. Thee'yalu
. : .~ .of DM could change by an amount that is an order of magnitude

quency range available to them, sometimes the spectradeusad|larger than the measurement error unddfedent profile evo-
In more narrow frequer}cy suk_)-ranges mafedifrom each other ution assumptions. We computed the rate of secular DM varia
and from the spectral index in a broader frequency range Thbns by comparing census and catalogue DMs. The spread of th
spread can reach a magnitudedaf of about 0.5 or even 1.5 rates was similar to that found b;uobb_sﬁtlal._(Z(DMb), hawev
(e.9. for PSRs B005&47, B1929-21, and others). This can beWe also find an excess of larger DM variation rates for thegoals
with larger reported DM errors, possibly indicating thatreo
DM errors were unaccounted for. We also compared our DMs
to similar recent measurementsvat 100 MHz and found gen-
gially more preference for the larger DM variation ratesiclvh
may be due to the relative influence of shorter-timescatshste-
IC variation in the ISM, but also may be caused Ifiigets in DM
[htroduced by profile evolution and scattering.

For two of the detected pulsars the ISM properti¢gedirom

explained by a systematic error in individual flux densityame
surements that bias the spectral index estimate, if the punfb
data points is small or the frequency range is narrow.
Secondly, diferent authors do not always agree on the loc
tion of the spectral breaks (e.g. for PSRs B0438, B2026-51,
and others). Sometimes the narrowband spectral index sh
clear gradual evolution with frequency across the radiodba
(e.g. for PSRs B113R316 and B123%25). To a certain degree,
fjhis gradual evolution canhbehinfluencrt]ad b%/ tr;)e sckatter of ﬂ'\J/v)iwat was expected. PSR J15@311 was detected at a DM
ensity measurements, which “smooths” the breaks. Howev: 3
one can also question whether a collection of PLs is a good r [137§ gg E(r:ng m];ﬁ |rr1nC(i)nr§rast |t02tQth5§)u5vaerscuaégt)sgtutﬁa\ﬁlhueecg;-

resentation of broadband spectral shape in general. .
More complex models of broadband pulsar spectra (usu?(ggue value may be incorrect. Another pulsar, PSR B2836

including a PL and absorption components) have been prdpo peared to havg a scattering time three orders of magnitude
by several authors (e.5. Siebier 1973 Malofeev & Mdlov 19 aller than predicted by_the NE200_1 model. _

for the low-frequency turnover, and | | i L 2015 PSR J17481000, previously considered to have ag|gahert;-
Raiwad [ 2016 for the gigéhertz-peaked spectra). Henve pgaked spectrum, was detecte_d at the LOFAR HBA frequgnqles
in general, prbgress has been impeded by the lack o'f accedd 20 times larger flux density than predicted by the fits in
emission theories and the poor sampling of the available-spg . lsar h ! 4) allhd_Raw_AlLa.d_e_dtla.IE_(Zomthe argue tTlat
tra. The empirical parabola fitin log-logS space was proposed IS puisar has a hormai power-iaw spectrum with an unugua

by [Kuzmin & Losovsky (2001) and subsequently used for aba_rge amount of flux density variability. N
roximating the gigahertz-peaked spectra ( We have constructed spectra for census pulsars by combining
@) Recently, a simple three-parameter functional fewm our measurements with those from the literature. Spectra we

- . fitted with a single or a broken PL (with one or two breaks).
pulsar spectra was suggested by L hmer et al. (2008). Tis fJ' . X
is based on a flicker noise model, which assumes the obser%ﬁ of 165 spectra (some spectra consisted only of the litera

pulsar emission to be a collection of separate nanosecxmid—stluzrz V?/O'rnt% WT%E tge pilrj1lsarsi\r/]velrePnLot ?titemidﬂ']n thechnsTs)
shots. However, the flicker noise model predicts flattenirth® ere besthitted using a singie L., although those weee als

spectrum at lower frequencies ¢ 0), not the turnoverd > 0), ;s/\p/)ectlra \.N'tn] t(;\e sma!{lesltf_?ufmbzé of 1;qu dtehnsil'gl me?ﬁuresnent
and thus requires more development. e also include spectral fits for 48 pulsars that do not havea p

viously published value. The distribution of spectral ces for
these pulsars agrees with that found in a similar frequesmtye
6. Summary bylMalofeev et al.[(2000) and is generallelatteré_—lA% than
the distribution at higher frequencies = —-1.8, l.
We have observed 194 non-recycled northern pulsars with #@00).
LOFAR high-band antennas in the frequency range of 110- The census data alone appear to be fibsient for making
188 MHz. This is a complete (as of September 2013) censusgofonsiderable contribution to low-frequency turnovedis,
known non-recycled radio pulsars at Dec8° and|Gh > 3°,
excluding globular cluster pulsars and those with poorfnéel 25 http://www.astron.nl/psrcensus/
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since the HBA frequency range is located close to or withitamilo, F., Nice, D. J., & Taylor, J. H. 1996b, ApJ, 461, 812

the frequency range where spectral turnover is likely topeap

for the majority of non-recycled pulsars (at least for tha-ce

Camilo, F., Stairs, I. H., Lorimer, D. R., et al. 2002, ApJ1541
Champion, D. J., Lorimer, D. R., McLaughlin, M. A,, et al. 220 MNRAS,
363, 929

sus Sample)- Since the Iower—frequency data (beIOW 100 M"@)ampion, D. J., McLaughlin, M. A., & Lorimer, D. R. 2005b, NRAS, 364,
are normally absent or scarce, for many sources the turnoveroii

can be observed only as a slight flattening of the spectrumcates. W. A., Kerr, M., Shannon, R. M., et al. 2015, ApJ, 8083 1

the low-frequency edge. Studies of the low-frequency tueno

Cordes, J. M., Bhat, N. D. R., Hankins, T. H., McLaughlin, M., & Kern, J.
2004, ApJ, 612, 375

will considerably benefit from future flux measurements Belocorges, 3. M. & Lazio, T. J. W. 2002, arXiv:astro/pp07156

100 MHz.

Cordes, J. M., Shannon, R. M., & Stinebring, D. R. 2016, AQY, &6

For a sub-sample of pulsars with relatively well-measuréymashek, M., Taylor, J. H., & Hulse, R. A. 1978, ApJ, 225, L31

spectra, we have compared the obtained broadband spmtragz

dices to the ones reported in the literature. It appearsstirae-
times spectral indices in more narrow sub-ranges migrdion-

vies, J. G., Lyne, A. G., & Seiradakis, J. H. 1977, MNRAS),1635

mbska, M., Kijak, J., Jessner, A., et al. 2014, MNRAS, #1855

Deshpande, A. A. & Radhakrishnan, V. 1992, Journal of Adtysfcs and As-
tronomy, 13, 151

siderably §a of ~ 0.5 1.5) from each other and from the specbewey, R. J., Taylor, J. H., Weisberg, J. M., & Stokes, G. FB3,9ApJ, 294,

tral index in a broader frequency range. This can be expidiye

errors that are unaccounted for in individual flux densityame

Dicke, R. H. 1946, Rev Sci Instrum, 17, 268
Downs, G. S. 1979, ApJS, 40, 365

surements, which bias the spectral index estimate if theb@ambowns, G. S., Reichley, P. E., & Morris, G. A. 1973, ApJ, 18148
of data points is small or the frequency range is narrow. Alsgdge, D. O., Shakeshaft, J. R., McAdam, W. B., Baldwin, J.&Archer, S.

different authors do not always agree on the location of the spg

1959, MmMRAS, 68, 37
Ucher-Giguere, C.-A. & Kaspi, V. M. 2006, ApJ, 643, 332

tral breaks and sometimes the narrowband spectral indexssh@omalont, E. B., Goss, W. M., Lyne, A. G., Manchester, R. NJ@&ttanont, K.

clear gradual evolution with frequency across the radiab@a

1992, MNRAS, 258, 497

some degree this gradual evolution can be influenced by #te s&ould, D. M. & Lyne, A. G. 1998, MNRAS, 301, 235

ter of flux density measurements. However, this may also be@ﬂ‘

indication that a collection of PLs is not a good represéoraif
the broadband spectral shape of pulsar radio emission.
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Appendix A: Scintillation

Inhomogeneities in the ISM introduce phase modulations to
the propagating pulsar radio emission and cause the olaserve
flux density to fluctuate both in time and radio frequency. To
estimate the influence of scintillation on census flux densi-
ties, we used predictions of a simple thin-screen Kolmogoro
model, summarised in_Lorimer & Kramer (2005). The scintil-
lation bandwidth was determined af = 1.16/(277sca) X
(150 MHZz/1 GHz)\*4, where 1.4 is scattering time at 1 GHz
from the NE2001 model[(Cordes & Lar 02). For PSR
B2036+53 we changed the obviously incorrect NE2001 pre-
diction, 7sca(150 MHz) = 486s, to a more reasonable
Tscaf 150 MHZ) ~ 200 ms, estimated from the census data at the
lower edge of HBA band (note that Table B.1 lists NE2001 value
of rscatfor this pulsar, for consistency with other sources).

For all census pulsars the scintillation bandwidthwas of
the order of 0.1 kHz1 MHz, indicating that the strong scintilla-

tion regime dominatesy( f/Af > 1). To calculate the diractive
scintillation (DISS) time scales, we used distances anastra
verse velocities from the pulsar catalogue. The velocitiese
taken to be 200 km™$ if no direct measurements were avail-
able. DISS time scales ranged from a few seconds to a few min-
utes. Thus, for all pulsars band- and session-integratediéio-

sity measurements were averaged over many scintles bdik in t
time and frequency domain, and thus were not expected to be
influenced by DISS: the modulation indew,ss (rms of the flux
density divided by its mean value) was0.001. The refractive
scintillation (RISS), however, was much more prominenthwi
typical mgiss ~ 0.1. The expected values of total modulation
index are given in TableBl.1.

Appendix B: Tables

Table[B1 contains observation summary. The columns indi-
cate: pulsar name; spin period; observing epoch; observati
length; peak BN of the average profile; DM from the pulsar cat-
alogue; measured census DM; expected NE2001 scatterieg tim
at 150 MHz divided by pulsar period; expected modulation in-
dex due to scintillation in the ISM; mean flux density withiret
HBA band (upper limit for the non-detected pulsars), andithe
erature references to previous flux density measuremehes. T
values in brackets indicate the errors on the last one or igvo s
nificant digits.

Tableg B.PEB M contain fitted parameters for the pulsarts wit
the spectra modelled with a single PL, a PL with one break and
a PL with two breaks, respectively. The columns include quuls
name; spectral frequency span; number of data points in-spec
trum, Np; the reference frequencys; flux density at the refer-
ence frequencys; spectral indexq (or indices in case of bro-
ken PLs), and fitted flux density scattefa”‘s‘” (if applicable, see

Sect[5.P). Tablds B.3 aid B.4 also include break frequeggy,
together with its 68% uncertainty range.
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Table B.1. Observation summary, DM and flux density measurements.

PSR Period| Observing Obs. | Peak| DMy DMcen Expec-| Exp. |Mean HBA | Literature flux reference
P epoch | time | SN | (pccntd) (pc cnT?) ted | mod. flux
(s) (MJD) | (min) Tscat/ P | INdEX (mJy)

JO006-1834 | 0.694 | 56703.58| 20 6| 12.0(6) 11.41(55) 4e-05| 0.20 6.5+ 3.3 [8,52,71

B0O011+47 | 1.241| 56773.46| 21 36| 30.85(7) 30.405 (13) 2e-04| 0.13 35+ 18 |17, 20, 24, 41, 45, 49, 61

J0033-57 0.315| 56773.48| 20 ... | 76 2e-02| 0.08 <20 |...

BO03A456 | 1.118| 56753.42| 20 38| 92.595(9) | 92.5146(25) | 1e-02| 0.07 33+ 17 |18,28,41,52,61

B0045+33 | 1.217| 56703.61| 21 98| 39.94 (4) 39.922 (15) 5e-04 | 0.11 13+ 6 18, 41, 49, 52, 61, 68

B0O052+51 | 2.115| 56776.32| 36 35| 44.125(15)| 44.0127(24) | 4e-04| 0.11 9.4+ 4.7 |18, 20,41, 49,52

B0O053+47 | 0.472| 56703.59| 20 19| 18.09 (4) 18.1354(13) | 2e-04| 0.16 7.5+ 3.8 |18,28,41,52,68,71

B0105+65 | 1.284| 56784.40| 22 88| 30.46 (5) 30.5482(14) | 3e-04| 0.12 41+ 20 |14,24,41,45,52,53,61

B0105+68 | 1.071| 56703.62| 20 29| 61.092(16)| 61.0617(36) | 2e-03| 0.09 8.9+ 4.5 |18,41,52,61,68

J0106-4855 | 0.083| 56780.46| 20 ... | 70.9(2) 3e-02| 0.09 <1.6 |55

B0114+58 | 0.101| 56780.47| 20 88| 49.423(4) | 49.42068 (59)| 2e-02| 0.10 79+ 39 |20,38,41,52, 64

B0136+57 | 0.272| 56753.45| 20 394 | 73.779(6) | 73.81141(76)| 4e-02| 0.07 | 250+ 130 (17,24, 41, 49, 52, 60, 61

JO13% 1654 | 0.415| 56703.64| 20 18| 26.6(4) 26.0838(24) | 6e-04| 0.13 6.2+ 3.1 |40,71

J0152-0948 | 2.747 | 56784.43| 46 12| 21.87(2) 22.881(12) 7e-05| 0.14 1.7+1.1 |6,71

B0153+39 | 1.812| 56773.50| 31 20| 60.0(6) 59.833(11) 9e-04| 0.10 8.5+ 4.3 |18,20,41, 52,68

J0205-6449 | 0.066 | 56784.39| 20 ... [140.7 (3) 9e-01| 0.05 <22 |11

J0212-5222 | 0.376| 56773.52| 20 23| 38 38.23555 (45)| 2e-03| 0.11 12+ 6 2

B0226+70 | 1.467| 56703.68| 25 21| 46.64(3) 46.6794 (16) | 7e-04| 0.10 5.3+ 2.7 |18,41,45,49,52,61, 68

B0301+19 | 1.388| 56703.69| 24 146| 15.737(9) | 15.65677 (35)| 9e-05| 0.15 42+ 21 |19, 23, 24, 28, 41, 45, 49, 5
51,52, 60, 61, 63, 71

B0320+39 | 3.032| 56703.72| 51 625| 26.01(3) 26.18975(93)| 1le-04| 0.12 92+ 46 |17,19, 24, 28, 30, 41, 45, 4
61, 63,71

J0324+r5239 | 0.337| 56780.49| 20 9119 115.4636 (29) | 1le-01| 0.06 59+3.0 |2

J0329-1654 | 0.893| 56703.74| 20 6| 42.1(2) 40.821 (36) 8e-04| 0.11 2.3+1.3 |40

B0331+45 | 0.269| 56747.65| 20 143| 47.153(3) | 47.14571(29)| 4e-03| 0.10 34+ 17 |18,41,45,52,61

B0402+61 | 0.595| 56747.67| 20 48 | 65.303(7) | 65.4053(34) | 6e-03| 0.08 29+ 15 17,41, 49,52,53,61

B0410+69 | 0.391| 56773.55| 20 77| 27.465(4) | 27.44598(38)| 8e-04| 0.13 28+ 14 18,20, 28,41,52,61,71

J0413-58 0.687| 56773.54| 20 ... | 57 3e-03| 0.09 <19 |...

JO41%35 0.654| 56773.56| 20 31| 51(10) 48.5336(12) | 2e-03| 0.10 9.0+4.5 |9,52

J0419-44 1.241| 56772.59| 21 ..l 71 4e-03| 0.08 <19 |...

J0435-27 0.326| 56773.58| 20 20| 53(5) 53.18193(24)| 4e-03| 0.10 7.0+ 3.5 |52,58

B0450+55 | 0.341| 56772.61| 20 275| 14.495(7) | 14.59002(15)| 3e-04| 0.15 91+ 46 |41,49,52, 53,61, 63, 65, 7]

B0458+46 | 0.639| 56779.56| 20 9| 42.187(8) | 41.834(20) 2e-03| 0.10 17+8 17,24, 41, 49,52, 61

B0523+11 | 0.354| 56703.77| 20 32| 79.345(3) | 79.418(13) le-02| 0.08 34+ 17 |19, 24,41, 45,50, 52, 53, 6]

B0525+21 | 3.746| 56747.71| 63 746| 50.937 (17)| 50.8695(13) | 3e-04 | 0.10 | 230+ 120 |5, 12, 23, 24, 41, 45, 47, 4
51,52, 61, 63, 66

B0531+21 | 0.033| 56703.78| 20 120| 56.791(1) | 56.77118(24)| 2e-01| 0.08 | 7500+ 3800/ 1, 28, 41, 43, 45, 48, 51, 5
53,57, 61

B0540+23 | 0.246| 56779.57| 20 39| 77.7115(17) 77.7026 (10) | 5e-02 | 0.07 36+ 18 |14, 19, 23, 24, 30, 34, 41, 4
49,51, 52, 53, 56, 61

B0609+37 | 0.298| 56772.66| 20 50| 27.135(4) | 27.15495(34)| 1e-03| 0.12 21+10 |28,41,49,52,61,64,71

J0611+30 1.412| 56772.64| 24 78| 73(5) 45.2551 (16) | 8e-04| 0.10 45+23 |9

B0626+24 | 0.477| 56747.76| 20 160| 84.195(4) | 84.1762(50) | 3e-02| 0.07 73+36 |17,19, 28, 41, 49, 52, 53, 61

B0643+80 | 1.214| 56747.78| 21 97 | 33.332(17)| 33.31882(71)| 4e-04| 0.12 19+9 28,41, 45,52, 61

JO646-0905 | 0.904 | 56779.67| 20 149.0(7) 7e-02| 0.05 <3.1 |3

J06470913 | 1.235| 56779.59| 21 ... |154.7(12) 5e-02 | 0.05 <3.3 |3

B0655+64 | 0.196| 56772.68| 20 112| 8.771(5) 8.77387 (27)| 9e-05| 0.22 51+ 25 (17,41, 44,61,63,65,71

B0656+14 | 0.385| 56747.75| 20 15| 13.977(13)| 14.0762(24) | 3e-04| 0.15 11+5 |24, 41, 49, 50, 52, 61, 69, 7]

JO7110931 | 1.214| 56779.74| 21 6| 45.0(1) 46.238(13) | 8e-04| 0.11 | 3.1+1.8 |42

BO751+32 | 1.442| 56772.72| 25 104 | 39.949(8) | 39.9863(14) | 5e-04| 0.11 17+9 17,24, 28, 41,52, 61

B0809+74 | 1.292| 56747.80| 22 661| 5.733(1) 5.75066 (48)| 9e-06 | 0.23 | 300+ 150 |5, 15, 23, 24, 28, 30, 32, 3
41, 45, 47, 49, 51, 52, 53, §
65,71

J0815-0939 | 0.645| 56781.71| 20 7| 52.667(9) | 52.6589(79) | 2e-03| 0.10 6.8+3.5 |6

B0823+26 | 0.531| 56747.82| 20 | 1589| 19.454(4) | 19.47633(18)| 2e-04 | 0.15 | 520+ 260 |5, 12, 16, 23, 24, 30, 34, 3
40, 41, 45, 47, 49, 51, 52, 5
61, 63, 65, 70, 71

B0841+80 | 1.602| 56747.83| 27 23| 34.66(17) | 34.8121(31) | 3e-04| 0.12 5.9+ 3.0 |18,20,52,61,68

B091763 1.568| 56747.89| 27 164 | 13.158(18)| 13.15423(18)| 4e-05| 0.17 22+ 11 |18,20,41,52,68,71

B0940+16 | 1.087| 56687.10| 20 21| 20.32(5) 20.3402(18) | 1le-04| 0.14 26+ 13 |19, 24, 40, 41, 50, 61, 69, 71

B0943+10 | 1.098| 56779.82| 20 882 | 15.4(5) 15.31845(90)| 7e-05| 0.16 | 440+ 220 |15, 24, 41, 45, 51, 52, 53, 5§
61, 65, 71

J094322 0.533| 56747.86| 20 33| 25.1(6) 27.2676 (16) | 5e-04 | 0.13 6.3+3.2 |52,67

J094#27 0.851| 56747.88| 20 24| 29(3) 28.886 (26) 4e-04| 0.13 10+5 58, 71
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PSR Period| Observing Obs. | Peak| DMy DMcen Expec-| Exp. |Mean HBA | Literature flux references
P epoch | time | SN | (pccntd) (pc cnT?) ted | mod. flux
(s) (MJD) (min) Tsca/ P | INdex (mJy)

B1112+50 | 1.656| 56747.93 500| 9.195(8) 9.18634 (26)| 3e-05| 0.17 50+ 25 |23, 24, 33, 41, 45, 47, 49, H1,
52,53, 61, 63,71

B1133+16 | 1.188| 56687.11| 20 |2220| 4.8451(1)| 4.84066(34)| 3e-05| 0.19 | 940+ 470 |5, 12, 15, 16, 23, 24, 30, 3P,
31, 33, 34, 35, 38, 41, 45, 47,
49, 50, 51, 52, 53, 61, 63, 65,
66, 70, 71

B1237+25 | 1.382| 56689.15| 24 854 | 9.242(6) 9.25159(53)| 2e-05| 0.20 | 170+ 90 |5, 12, 19, 23, 24, 30, 32, 41,
45, 47, 49, 51, 52, 53, 61, 63,
65, 66, 71

J1238-21 1.119| 56687.14| 20 133| 17.5(12) 17.9706 (31) | 1le-04| 0.15 27+ 13 |52,58,71

J1246-22 | 0.474| 56747.99| 20 21| 17.9(2) 17.7978(18) | 3e-04| 0.15 | 4.2+2.1 |52,67,71

J1313-0931 | 0.849| 56779.92| 20 152| 12.0(2) 12.040623 (43) 7e-05| 0.17 48+ 24 (42,71

B1322+83 | 0.670| 56687.19| 20 90 | 13.312(18)| 13.31624(76)| 6e-05| 0.18 28+ 14 |20, 28, 41, 45,52, 53, 68, 7]

J1503-2111 | 3.314| 56687.22| 56 43| 11.75(6) 3.2603 (41) | 4e-08| 0.62 46+24 |6,20,71

B1508+55 | 0.740| 56687.26] 20 |3384| 19.61(2) 19.6189(13) | 6e-04 | 0.12 | 770+ 390 |23, 24, 30, 32, 35, 41, 45, 47,
49, 51, 52, 60, 61, 63, 65, 71

B1530+27 | 1.125| 56703.26| 20 72| 14.698(18)| 14.691(16) 2e-05| 0.20 33+ 17 |17, 40, 41, 44, 45, 49, 52, 41,

B1541+09 | 0.748| 56780.02| 20 544 | 35.24(3) 34.9758 (16) | 3e-03| 0.09 | 770+ 380 % 24, 28, 41, 45, 47, 49, 50,
51,52, 53, 60, 61, 63, 65

J1549-2113 | 1.262| 56703.27| 22 31| 24.8(2) 24.0553(36) | 2e-04| 0.13 7.2+ 3.7 |20,40,52,71

J1612-2008 | 0.427 | 56687.25| 20 15| 19.544 (1) | 19.5082(32) | 4e-04| 0.14 7.0+ 3.6 |4

J1627%1419 | 0.491| 56687.29| 20 64| 33.8(6) 32.16696 (84)| 1e-03| 0.12 78+ 39 |20,39,52

B1633+24 | 0.491| 56748.14| 20 135 24.32 (4) 24.2671(44) | 6e-04| 0.13 79+ 40 |41,52,53,61,68,69,71

J1645-1012 | 0.411| 56687.33| 20 87| 36.3(6) 36.17129(19)| 2e-03| 0.11 69+ 35 |39,52

J1649-2533 | 1.015| 56748.12| 20 25| 35.5(9) 34.4622(78) | 6e-04| 0.11 12+ 6 20, 39, 52

J1652-2651 | 0.916| 56748.11| 20 33| 40.8(2) 40.80244 (17)| 1e-03| 0.11 20+ 10 |20, 39, 40, 52, 62

J172G-2150 | 1.616| 56748.15| 27 16| 41.1(4) 40.719 (35) 5e-04 | 0.11 45+ 2.3 |20,39,52

B173713 | 0.803| 56687.30| 20 161 | 48.673(4) | 48.66823(43)| 5e-04| 0.12 81+ 40 28,41, 49,50,52,53, 60, 6]

J174G6-1000 | 0.154| 56687.37| 20 6| 23.85(5) 23.897 (25) le-03| 0.14 9.4+4.8 |13,29,46,71

J174%2758 | 1.361| 56773.14| 23 93| 29.3(6) 29.14487 (11)| 2e-04| 0.13 30+ 15 |20,39,52,71

J1746-2245 | 3.465| 56784.14| 58 25| 52(2) 49.8543(57) | 3e-04| 0.10 45+2.3 |6,20

J1746-2540 | 1.058| 56784.17| 20 13| 51.5(2) 51.2044 (33) | 1e-03| 0.10 3.7+ 2.0 |20,39

J1752-2359 | 0.409| 56783.18| 20 20| 36.0(9) 36.19635 (60)| 1e-03| 0.12 5.3+ 2.8 |39,52

B1753+52 | 2.391| 56785.18| 40 17| 35.35(1) 35.0096 (64) | 2e-04| 0.12 2.4+ 1.3 |18,20,28,41,52

J1758-3030 | 0.947| 56784.19| 20 157| 34.9(2) 35.0674 (14) | 4e-04| 0.12 56+ 28 |9,20,52,62

J1806-1023 | 0.484 | 56687.38| 20 ... | 52.03(7) e 2e-03| 0.10 <32 |...

B1811+40 | 0.931| 56780.05| 20 103 | 41.487(18)| 41.55656 (22)| 7e-04| 0.11 50+ 25 |13, 17, 24, 28, 41, 44, 53, 6]

J1813-1822 | 0.336| 56748.17| 20 60.8(5) e 5e-03| 0.10 <25 |39

J1814-1130 | 0.751| 56687.40[ 20 ... | 65(2) . 3e-03| 0.09 <3.3 |54

J1819-1305 | 1.060| 56687.31| 20 13| 64.9(4) 64.808 (13) 2e-03| 0.09 13+7 20, 54

J182%1715| 1.367 | 56703.30f 23 25| 60.47 (7) 60.2844 (25) | 1e-03| 0.10 11+5 6, 20, 58

J1822-1120 | 1.787| 56687.35| 30 95.2(6) . 3e-03| 0.08 <3.1 |40

J1828-1359 | 0.742| 56703.33| 20 ... | 56(2) e 2e-03| 0.10 <3.2 |20,54

J1834-10 1.173| 56748.18| 20 5| 62(12) 78.479(24) 3e-03| 0.09 5.2+2.9 |9,52

J183% 1221 | 1.964 | 56687.48| 33 ... |100.6 (4) e 3e-03| 0.08 <36 |...

J1838-1650 | 1.902| 56801.09| 32 84| 33.9(2) 32.95162 (99)| 1le-04| 0.13 26+ 13 |20,40

B1839+09 | 0.381| 56783.19| 20 110| 49.107(8) | 49.1579(43) | 2e-03| 0.11 | 130+ 70 28,41, 44, 49,50, 53, 61

B1839+56 | 1.653| 56789.09| 28 532 | 26.698 (11) | 26.77163(17)| 3e-04| 0.12 76+ 38 |24, 35, 41, 45, 49, 52, 53, 41,
63, 65, 71

J1842-1332 | 0.472| 56703.36| 20 ... 1102.5(7) . le-02| 0.08 <34 |...

B1842+14 0.375| 56703.31| 20 145| 41.51 (4) 41.48555(61)| 1e-03| 0.11 110+ 50 |24, 41, 45, 49, 50, 53, 59, 61,

J1843-2024 | 3.407 | 56785.21| 57 ... | 85.3(2) . le-03| 0.08 <2.0 23

J1848-0826 | 0.329| 56780.06| 20 3| 90.77(7) 90.677 (80) 2e-02 | 0.08 6.5+4.2 |8,21

B1848+12 | 1.205| 56687.43| 21 53| 70.615(16)| 70.6333(17) | 2e-03| 0.09 37+19 |21,28,41,52,64

B1848+13 | 0.346| 56703.34| 20 10| 60.147(8) | 60.1396 (66) | 4e-03| 0.10 5.7+ 3.1 |21,41, 49,52, 64

J1849-2423 | 0.276| 56788.06| 20 9| 62.239(5) | 62.2677(16) | 5e-03| 0.10 8.1+4.1 |6,20

B1852+10 | 0.573| 56687.42| 20 207.2(3) e 6e-02 | 0.06 <5.4 |21,64

J1853-0853 | 3.915| 56784.22| 66 ... |214(5) e 2e-02| 0.05 <4.3 |37

J1859-1526 | 0.934| 56773.18| 20 8| 97.45(2) 97.45(1) 5e-03 | 0.08 6.7+ 3.7 |8,20

J190G-30 0.602| 56776.26| 20 14| 65(13) 71.8352(22) | 3e-03| 0.09 59+3.0 |9

J190%1306 | 1.831| 56788.14| 31 12| 75.03(8) 75.0988 (60) | 1e-03| 0.09 6.5+ 3.5 |8

J1903-2225 | 0.651| 56788.08| 20 ... 1109.2(3) e 9e-03| 0.08 <2.8 18,20

B1905+39 | 1.236| 56789.13| 21 119 30.96 (3) 30.966 (14) 3e-04| 0.13 46+ 23 |17, 24,28, 41,49, 61

J1906-1854 | 1.019| 56773.19| 20 17 |156.72 (4) |156.7676(30) | 1le-02 | 0.07 18+9 8, 20
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PSR Period| Observing Obs. | Peak| DMy DMcen Expec-| Exp. |Mean HBA | Literature flux reference
P epoch | time | SN | (pccntd) (pc cnT?) ted | mod. flux
(s) (MJD) (min) Tsca/ P | INdex (mJy)

J1908-2351 | 0.378| 56779.26 41101.5(7) 101.695 (15) le-02| 0.08 2.3+1.5 |39

J1909-1859 | 0.542| 56748.20| 20 13| 64.477(7) | 64.517(26) 3e-03| 0.10 6.0+ 3.1 |8,20

B1910+20 | 2.233| 56788.11| 38 17| 88.34(3) 88.5961(62) | 2e-03| 0.08 3.5+ 1.9 |14,41, 44,56, 59, 61

J19111758 | 0.460| 56781.25| 20 9| 48.971(13)| 48.98(16) le-03| 0.12 8.0+4.2 |8,20

J1912-2525 | 0.622| 56788.23| 20 42| 37.836(8) | 37.8474(16) | 3e-04| 0.14 18+9 8, 20

J1913-3732 | 0.851| 56801.13| 20 15| 69 72.3263(41) | 2e-03| 0.09 7.1+3.6 |2

B1915+22 | 0.426| 56801.11| 20 141134.93(12) |134.7495(34) | 2e-02| 0.07 12+ 6 64

B1918+26 | 0.786| 56748.21| 20 95| 27.62(9) 27.70882 (82)| 1e-04| 0.16 21+ 10 |18, 20, 40, 41, 49, 52, 68, 7]

B1919+21 | 1.337| 56788.21| 23 |2054| 12.4370(1)| 12.44399 (63)| 3e-05| 0.18 | 1300+ 700 |14, 15, 19, 23, 24, 32, 35, 4
45, 47, 49, 51, 52, 59, 61, §
65, 71

J19270911 | 0.290| 56788.16| 20 ... |202.7 (4) le-01| 0.06 <5.2 |37

B1929+10 | 0.227| 56781.21| 20 314 | 3.18(4) 3.18321(16)| 3e-05| 0.25 | 540+ 270 |5, 12, 14, 16, 20, 21, 24, 2
30, 34, 38, 40, 41, 45, 47, 4
50, 51, 52, 53, 59, 61, 66, 71

B1930+13 | 0.928| 56781.26| 20 51177.9(2) 177.01 (15) 3e-02| 0.06 49+ 3.0 |20,21, 22, 36,53, 68

J193%2950 | 1.657 | 56776.27| 28 6(113.8(2) 113.99(11) 4e-03| 0.08 12+ 6 25

J19411026 | 0.905| 56687.45| 20 138.91(2) le-02| 0.07 <3.2 18,20

J1941+1341 | 0.559| 56687.50| 20 147.9(3) 2e-02| 0.07 <3.6 |37

B1942+17 1.997| 56788.18| 34 ... |175(2) . le-02 | 0.06 <2.5 |20, 22, 24, 36, 53, 61, 68

B1944+17 | 0.441| 56801.14| 20 29| 16.22(16) | 16.1356(73) | 4e-04| 0.14 41+ 20 |14, 24, 41, 47, 49, 50, 53, 5
60, 61, 71

B1946+35 | 0.717| 56748.23| 20 28 (129.075(3) |129.36748(78)| 6e-02| 0.06 | 170+ 90 |14, 19, 41, 45, 47, 49, 52, 5
59,61

J1947#0915 | 1.481| 56779.27| 25 ... | 944 3e-03| 0.08 <3.8 |...

B1949+14 | 0.275| 56703.44| 20 13| 31.46(9) 31.5051(47) | 5e-04| 0.15 6.4+ 3.3 |20,64

J195%1123 | 5.094 | 56703.40[ 85 71 31.29(9) 26.8(33) 2e-05| 0.16 8.2+4.1 |8,20,40

J1953-1149 | 0.852| 56687.46| 20 ... [140.03(3) le-02| 0.07 <2.9 18,40

B1953+50 | 0.519| 56789.06| 20 155| 31.974(3) | 31.98266 (13)| 3e-04| 0.14 48+ 24 |17,24,41, 44,49,52, 61

J1956-0838 | 0.304 | 56781.27| 20 6| 68.2(13) 67.087 (24) 6e-03| 0.09 9.2+4.8 |...

J1959-3620 | 0.406 | 56789.18| 20 ... 1273 2e-01| 0.05 <35 |2

B2000+40 | 0.905| 56776.29| 20 81131.334(12)|131.486 (41) 9e-03| 0.07 29+ 15 |28,41,52,61,64

J2002-1637 | 0.276| 56773.22| 20 4] 94.39(8) 94.581 (48) le-02| 0.08 1.8+ 1.2 (8,40

J20070809 | 0.326| 56779.29| 20 10| 53.9(10) 53.394 (37) 3e-03| 0.10 32+16 |...

J20070910 | 0.459| 56784.25| 20 36| 48.6(2) 48.72934 (67)| 2e-03| 0.11 26+13 |6

J2008-2513 | 0.589 | 56753.34| 20 10| 60.554(9) | 60.5555(36) | 1e-03| 0.11 3.8+2.1 |8,20,52

J2015-2524 | 2.303| 56788.25| 39 ... | 13(3) 8e-06 | 0.21 <2.0 |8,71

B2016+28 | 0.558| 56781.23| 20 | 1255| 14.172(4) | 14.1839(13) | 3e-04| 0.14 | 810+ 410 |5, 12, 14, 23, 24, 28, 30, 4
47, 49, 51, 52, 53, 59, 60, §
63, 65, 71

J2017%2043 | 0.537| 56772.32| 20 32| 61.5(2) 60.4906 (99) | 2e-03| 0.10 14+7 20, 54

B2020+28 | 0.343| 56748.24| 20 252 | 24.64(3) 24.63109 (18)| 2e-04| 0.16 | 150+ 70 |5, 14, 23, 24, 30, 34, 38, 4
47, 49, 51, 52, 53, 59, 60, 6
63, 66, 70, 71

B2021+51 | 0.529| 56789.31| 20 126 | 22.648(6) | 22.54968 (56)| 1le-04| 0.17 59+ 30 |5, 12, 14, 16, 24, 27, 30, 3
38, 41, 47, 49, 51, 52, 53, §
66, 70, 71

B2022+50 | 0.373| 56789.08| 20 75| 33.021(3) | 32.98817 (37)| 4e-04| 0.14 36+ 18 18,20, 38, 41, 49, 52, 61

J2024+48 1.262| 56789.11| 22 ... | 99 3e-03| 0.08 <27 |...

B2025+21 | 0.398| 56773.24| 20 4| 96.8(4) 97.0915(48) | 1e-02| 0.08 1.8+ 1.2 (22,36, 44,52, 53, 56, 68

J202#4557 | 1.100| 56789.20| 20 ... 1229.594 (11)] ... 5e-02 | 0.05 <3.1 |25

B2028+22 | 0.631| 56779.30| 20 13| 71.83(3) 71.8627 (67) | 3e-03| 0.09 7.4+ 3.8 |22,24,44,45,52, 56, 59, 6§

J2036-55 0.579| 56789.30| 20 ... | 60 2e-03| 0.10 <21 |...

B2034+19 | 2.074| 56773.27| 35 91| 36(3) 36.891647 (48) 1e-04 | 0.13 20+ 10 |64

J2036-2835 | 1.359| 56801.17| 23 23| 99 84.2174 (64) | 2e-03| 0.09 9.6+4.8 |2

B2036+53 | 1.425| 56789.33| 24 81160.1(3) 160.196 (12) |3e+02| 0.05 7.7+3.9 |18,20,41,52

J2046-1657 | 0.866 | 56753.36| 20 18| 50.7 (2) 50.6919(14) | 9e-04| 0.11 9.4+ 4.8 |40

J2043-2740 | 0.096 | 56784.28| 20 233| 21.0(2) 21.02064 (15)| 6e-04 | 0.17 | 140+ 70 |45,52,58

B2044+15 | 1.138| 56773.25| 20 72| 39.844(11)| 39.81796 (49)| 2e-03| 0.09 33+ 16 |24,28,41, 45, 49,50

J2045-0912 | 0.396 | 56784.27| 20 10| 31.776(4) | 31.432(14) 6e-04 | 0.13 9.6+4.9 |6

B2045+56 | 0.477| 56789.16| 20 54(101.81(3) |101.790291 (77) 1e-02| 0.08 25+ 13 18,20, 41,52,61, 68

J204#5029 | 0.446| 56789.28| 20 ... 1107.676(5) | ... 2e-02| 0.08 <29 |25

J2048-2255 | 0.284 | 56786.28| 20 12| 68.8(1) 70.6847 (22) | 7e-03| 0.09 3.3+1.8 |54

B2053+21 | 0.815| 56773.34| 20 100 | 36.361(13)| 36.34963(29)| 3e-04| 0.13 29+ 15 |41, 45,49, 64

B2053+36 | 0.222| 56788.30| 20 10| 97.314(19)| 97.4155(56) | 2e-01| 0.06 29+ 15 |41, 49,52, 53,61
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PSR Period| Observing Obs. | Peak| DMy DMcen Expec-| Exp. |Mean HBA | Literature flux reference
P epoch | time | SN | (pccntd) (pc cnT?) ted | mod. flux
(s) (MJD) (min) Tsca/ P | INdex (mJy)

J2102-38 1.190| 56789.22 ... | 85 . 2e-03| 0.09 <23 |...

B2110+27 | 1.203| 56784.29| 21 425| 25.113(4) | 25.11106(18)| 1e-04| 0.15 | 100+50 |28, 41, 45, 52, 61, 63, 65, 69,

J21112106 | 3.954| 56773.31| 66 15| 59.74(14) | 59.2964 (35) | 3e-04| 0.10 3.1+1.6 4711

J211140 4.061| 56789.25| 68 ... 120 ... 2e-03| 0.07 <1.1 |...

B2113+14 | 0.440| 56703.48| 20 21| 56.149(7) | 56.2044 (61) | 4e-03| 0.09 9.4+ 4.7 |41, 44, 45, 50, 53, 61, 69

B2122+13 | 0.694| 56703.47| 20 14| 30.12(1) 30.2473 (13) | 4e-04| 0.13 4.0+ 2.1 |18,45,52, 61, 68

J2139-2242 | 1.084| 56753.38| 20 64| 44.1(4) 44.15971 (75)| 6e-04| 0.11 46+ 23 |20,52,62

B2148+63 | 0.380| 56786.34| 20 541128 (1) 129.7229 (55) | 4e-02| 0.07 64+ 32 |14, 24, 28, 41, 44, 47, 49, 52,
53, 61

J2151+2315| 0.594 | 56773.37| 20 ... | 23.6(2) ... 2e-04| 0.16 <2.1 120,39,71

B2154+40 | 1.525| 56687.54| 26 321| 70.857(11)| 71.1239(22) | 3e-03| 0.08 | 190+ 100 |23, 24, 28, 30, 41, 47, 49, 52,
53, 60, 61

J2155-2813 | 1.609| 56784.31| 27 31| 77.4(2) 77.1309 (43) | 1e-03| 0.09 9.6+ 4.8 |20, 39

J2156-2618 | 0.498| 56773.38| 20 7| 48.8(8) 48.4433(39) | 2e-03| 0.11 2.9+ 1.6 |8,20,40,52

J2203-50 0.745| 56788.31| 20 ... | 79 ... 4e-03| 0.09 <19 |...

J2205-1444 | 0.938| 56703.50| 20 10| 36.717 (14)| 36.746(62) 6e-04| 0.12 46+2.4 |8,20,52

J2206-6151 | 0.323| 56783.21| 20 ... |167 . le-01| 0.06 <24 |2

B2210+29 | 1.005| 56784.33| 20 36| 74.5(3) 745213 (15) | 2e-01| 0.04 17+9 18, 41,52, 61

J2215-1538 | 0.374| 56703.55| 20 16| 29.26 (6) 29.2404 (12) | 8e-04| 0.13 6.8+ 3.5 |8,20,52

B22174+47 | 0.538| 56687.56| 20 |3281| 43.519(12)| 43.4862(60) | 8e-04| 0.12 | 820+ 410 |12, 14, 19, 23, 24, 35, 41, 47,
51, 52, 60, 61, 63, 65, 68

J2222-2923 | 0.281| 56773.40[ 20 12| 49.38(6) 49.4128 (11) | 3e-03| 0.10 43+22 |10

B2224+65 | 0.683| 56784.36| 20 232| 36.079(9) | 36.44362(51)| 1e-03| 0.11 | 160+ 80 |14, 23, 24, 30, 41, 45, 47, 49,
53, 61, 65

B2227+61 | 0.443| 56783.23| 20 521124.614 (17)|124.6388 (31) | 9e-02 | 0.06 90+ 45 |41,52,53,61

J2234-2114 | 1.359| 56703.56| 23 19| 35.08(9) 35.31(24) 3e-04| 0.12 13+7 8, 20, 40, 52

B2241+69 | 1.665| 56784.34| 28 67| 40.74(18) | 40.86039(73)| 4e-04| 0.11 26+ 13 |18,41,52,61

J2243-1518 | 0.597 | 56703.52| 20 5| 39.828(5) | 42.13(47) le-03| 0.11 25+1.4 |7

J22531516 | 0.792| 56703.53| 20 39| 29.182(9) | 29.2045(17) | 4e-04| 0.13 6.0+ 3.0 [8,20,52,71

B2303+30 | 1.576| 56773.41| 27 215| 49.544 (16)| 49.5845(12) | 3e-03| 0.08 70+ 35 |23, 24, 28, 40, 41, 47, 53, 59,
61, 63

B2303+46 | 1.066| 56773.43| 20 37| 62.06 (3) 62.0676 (36) | 1e-03| 0.10 16+ 8 18, 20, 26, 41, 52

B2306+55 | 0.475| 56785.24| 20 81| 46.538(8) | 46.53905(37)| 2e-03| 0.11 99+ 50 |14,19, 24, 41, 49, 53, 61

J230%2225 | 0.536| 56773.35| 20 5| 7.08(3) 7.024(10) 9e-06 | 0.28 0.9+0.7 |8,20,52,71

B2310+42 | 0.349| 56687.59| 20 318| 17.2758(13) 17.27693(33)| 1e-04| 0.19 | 130+ 70 |17, 19, 24, 28, 41, 45, 49, 52,
53,61, 71

B2315+21 | 1.445| 56687.52| 25 257| 20.906(7) | 20.86959 (31)| 4e-05| 0.17 73+ 37 |17, 24, 28, 40, 41, 49, 52, 53,
61,71

J2319-6411| 0.216| 56783.24| 20 246 6e-01| 0.05 <23 |2

References. [1] Bridle (1970); [2] LB_al:Le_t_dI [(2013); [3 Bu[gay etlal._(23); [4] [Boyles et dl. [(2013); [5]_Bartel etlal._(1978); [6]

[Champion et &l.[(2005a); [7].Champion et al. (2005b);[8] @a@ Nicel (1995); [9][Camilo et al.[(1996a); [10] Camilo et L996b); [11]

[Camilo et al.[(2002); [12]_D_owh$_(19|79), [ tla014); [14] Davies et al 7); [1 ((1992); [16]

Downs et al.[(1973); [17] Damashek et Al. (1978); [18] Deweai1985); [19] Fomalont ef A, (1992); [40] Han et L. (89421]Hobbs et al

(2004%); [22] Hulse & Taylor[(1975);

(2007); [27) Kramer et al| (1997); [28] Kijak etlal. (1998pd] Kijak et al. (2011); [30] Kuzmin et &l (1986);

4);
[32] [Kuz'min et al. (1978); [33] Karuppusamy et al. (201134] [Kramer et al. [(1996); [SHJ_La.n_e_eﬂaL_(Zﬂ)M) [36] Lorines al. (2002);

[37][Lorimer et al. [(2006); [38] Lohmer et lal. (2008); [39]

[42] lLommen et al. [(2000); [43]_Manchester (1971); [

[lQQB) [45]LMa.I_o.f_e_évL(19_99) [4

1..(2004); [40] Lorimer etlal. (2005); [41] imer et al. [(1995);
6J_MgLaughLLn_eJi

al.o@); [47]

[Morris et al.

4] Malkey
(1981); [48] Mfett & Hankins (1999); [49] Maron et al. (2000

\_(19B0);

[52] IMalofeev et al. (200

SJ_ManghasleL&Iay
(1981); [57] Rankin et al[ (1970); [5B] Ray ef al. (1D96); [SBee et al.[(1986);

[(2000); [5

[62][Sayer et 81/ (1997); [63] Stovall etlal. (2015); [

); [50] Manchessét al. [(1978); [51] Malofeev & Malo
lor (198154] lNasLa.LLO_et_dl [(2003); [SHLBIeisgh_ejl d.l._(zblz) [#®Ankin & Benson
60] Stinebring & Conddn (1990); [61]i8dakis et al.[(1995);

| Keeg et al.|(1986); [65]

3);

[6

[Thorsett et al.[(199 al. (2000); [
Notes. ® For PSR B203653, NE2001 predicts(150 MHz) ~

pulsar, the expected modulation index was based on centaisstamate of the scattering time. See Jdct. 3 for disaussio
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| Shrauner ef al. (1998); [66] Sieber &MbinsKi (1987); [67]
69] Viakand et 21 (1983); [70] Wielebinski ef 4l. (1993); [71] Aakenko et 4l (2013).

486 s, whereas census observations sugdés0 MHz) ~ 0.2s. For this
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Table B.2. Fit results for pulsars with a single PL spectrum.

PSR Frequency | # of Ref. | Ref. Spectral | Fitted PSR Frequency | #of Ref. | Ref. Spectral | Fitted
span points, | freq., | flux, index, flux span points, | freq., | flux, index, flux
(MHz) Np Vo So a scatter, (MHz) Np Vo So a scatter,
(MHz) | (mJy) °'|ugn§n (MHz) | (mJy) a-ILé”'S‘”
J0006-1834 {149 — 430 2 300 0.6 | -33+09 ... ||B1848+12 [102 —1606 400 58 | -19+0.2 | 0.09
B0011+47 |102 —4850 17 700 7.8 | -1.0+0.1 | 0.10 (|B1848+13 |102 —4850 700 28 | -15+02 | 0.17
B0O03756 |102 —4850 10 700 22| -17+01 | 0.11 {|B1852+10 |430 - 1400 800| 3.0| -20+08
B0045+33 102 — 1400 8 400 24 | -24+0.2 | 0.15 ||J1859%1526 (149 - 774 300 23| -16+06
B0052+51 102 — 4850 11 700 23| -10+0.2 | 0.09 [|J1906-30 |149-430 300 21| -15+09
B0053+47 20 — 4850 8 300 43| -12+0.2 | 0.45 ||J19011306 |149 —430 300 1.4 | -22+09
B0105+65 |102 — 1420 11 400 9.0 | -14+0.2 | 0.16 [|J1903-2225 |430-774 600 | 0.9 05+14
B0105+68 |102 — 1408 6 400 | 3.3 | -15+0.3 | 0.10 ||J1906-1854 |149 — 774 300 7.7 | -12+04
B0136+57 |102 -10550| 18 1000| 6.9 | -1.6+0.1 | 0.20 |/J1908-2351 {149 —430 300 1.3 | -09+0.8
JO1371654 {149 — 430 2 300 23| -14+07 ... ||J1909-1859 (149 — 774 300| 4.0 | -08+05
J0152-0948 {149 — 430 2 300 1.1 | -06+0.7 ... ||B1910+20¢ |149 —1408 500 | 4.1 | -14+01
B0153+39 |149-774 5 300| 45| -14+05 ... ||J1912+1758 {149 - 774 300 2.4 | -18+05
J0205-6449 |820 — 1375 2 1100 0.1 | -21+18 ... |[91912r2525 (149 - 774 300| 43| -19+05
J0212-5222 |149 — 1360 2 500 28 | -12+04 ... |[J1913-3732 {149 — 1360 500 1.4 | -13+03
B0226+70 |102 —1420 9 400 23| -15+0.2 | 0.10 ||B1915+22 |149-430 300 49| -1.3+08 ...
J0324-5239 | 149 — 1360 2 500 | 0.9 | -16+03 ... ||B1918+26 [102 —1700 0 400 6.3 | -1.3+0.2 | 0.09
J0329-1654 {149 — 430 2 300 0.9 | -13+09 ... ||B1930+13 [149 —1400 500 15| -1.0+04
B0331+45 |[102 -1420 11 400 6.8 | -1.4+0.2 | 0.09 [|J1937%2950 (129 — 1380 400 23| -24+02
B0402+61 |102 — 4850 10 700 6.9 | -1.2+0.1 | 0.08 ||J19411026 (430 —-774 600 1.1 | -14+14
B0410+69 |102 — 1408 9 400 | 4.9 | -18+02 | 0.11 ||B1942+17 |400 - 1400 700 1.1 | -03+05
JO417A35 |102-430 3 200 7.7 | -24+0.6 ... ||B1949+14 (149-774 300 39| -10+04
J0435-27 {102 -430 3 200| 89| -23+04 J195K-1123 {149 - 774 300 24 | -15+05

2 700 | 11.0 |-1.30+0.10| 0.06
300 0.7 | -14+10
300 40| -27+0.7
300 6.1 | -1.2+04
300 41| -15+05 .
4 1800 | 1.4 |-1.10+0.08| 0.08
200 58| -1.9+0.2

B0450+55 25-14600| 20 600 | 17.0 | -1.2+0.2 | 0.46 ||[B1953+50 |102 —4850
B0609+37 |102 — 4850 12 700 | 3.4 | -15+0.2 | 0.28 ||J2002-1637 |149 —430
JO61130 [149-430 2 300 46| -32+06 ... |[J20070910 [149 —430
B0626+24 |102 — 4850 13 700 | 11.0 | -1.5+0.2 | 0.10 |[J2008-2513 |102 - 774
B0643+80 |102 —4850 12 700 | 2.6 | -15+02 | 0.41 ||[J201A2043 |149 -774
B0655+64 50 — 1408 13 300 | 16.0 | -22+0.2 | 0.23 ||B2022-50 |102 — 32000
B0656+14 61 — 4850 15 500 | 7.3 | -11+01 | 0.16 ||B2025+21 |102-430

JO7110931 | 149 — 1400 500| 0.8 | -25+03 ... ||J20274557 | 328 — 2300 900 19 | -16+02 .
BO751+32 |102 — 4850 700 2.8 | -15+02 | 0.09 ||B2028+22 80— 1412 300 84| -12+03 | 0.17
J0815-0939 (149 — 430 300 45| -06+0.7 B2034+19 |149 -390 200 | 10.0 | -25+09

400| 1.7 | -16+03 | 0.15 [|J2036-2835 | 149 — 1360
400 | 4.4 | -15+02 | 0.06 ||B2036+53 |102 — 1408

B0841+80 |102 — 1400
B0917463 |102 — 1408

500 1.0 | -19+03 .
400 28 | -1.7+03 | 0.12

J0943-22 102 -430 200 | 84 | -08+06 ... |[J20406-1657 |149 — 430 300 15| -26+0.7 .
JO947%27  |149-430 300 22| -22+08 ... |[J2043-2740 (102 — 1660 400 | 32.0 | -1.3+04 | 0.19
J1238-21 25-430 100 | 23.0 | -0.8+0.3 ... ||B2044+15 |102-10700 7 1000| 23| -16+01 | 0.07
J1246-22 {102 —-430 200 | 12.0 0.8+ 0.6 ... |[J2045-0912 |149 — 430 300 49| -10+06 .
J1313-0931 | 149 — 1400 500 23 | -26+03 ... ||B2045+56 [102 —1408 400 | 3.4 | -18+0.2 | 0.06
J1503-2111 {149 - 774 300 20| -12+05 ... ||J20475029 | 328 — 2300 900 | 0.7 | -1.3+03
J1549-2113 (102 - 774 300 3.0| -18+04 ... |[J2048-2255 |149 — 430 300 22| -06+08 .
J1612-2008 | 149 — 820 300 29 | -12+03 ... ||B2053+21 [102 —4850 700 49| -11+02 | 0.05
J16271419 |102 - 774 300 | 13.0 | -16+03 ... |[J2111+2106 {149 — 820 300 20| -06=+03 .
J1645-1012 {102 — 430 200 | 22.0 | -3.0+05 ... ||B2113+14 |102—-4750 4 700 29| -17+01 | 0.11
J1649-2533 (102 - 774 300 11.0| -11+03 ... ||B2122+13 102 —4750 700 14| -15+03 | 0.23
J1652-2651 (102 — 800 300 | 16.0 | -1.0+0.4 | 0.23 [|J2139-2242 |102 — 800 300 | 29.0 | -02+0.2
J1726-2150 (149 - 774 300 27| -09+06 ... |[J215%2315 |430 - 774 600 | 0.7 | -25+11
J17406-1000 | 149 — 8350 1100| 2.7 | -0.7+0.3 | 0.36 ||J2155-2813 (149 - 774 300| 3.6 | -14+04
J1741-2758 | 25-774 100 | 20.0 | -11+0.2 ... ||J2156+2618 {149 - 774 300 22| -10+05
J1746-2245 (149 - 774 300 21| -08+04 ... ||J2205+1444 {102 - 774 300 40| -21+03 .
J1746-2540 (149 - 774 300 19| -06+05 ... ||B2210+29 |102-1408 400 58| -14+02 | 0.13
J1752-2359 (102 — 430 200 85| -1.3+04 J2215-1538 (102 - 774 300 9.7 | -02+03

400 | 72.0 |-1.98+009| 0.26
300| 20| -11+08 | ...
900 | 5.0 |-1.66+008| 0.08

700| 1.9 | -11+03 | 0.34 ||B2217+47 | 35-4900
300 | 13.0 | -16+03 | 0.11 |J22222923 | 149 — 430

B1753+52 |102 - 4850
J1758-3030 {102 — 800

w

CGQOBRWOUIONNWARORERDE WNONENONWONRERPUONNNNOWORWANWRPAWONDENENNWOWWNWNWNNNWN OO

WWERPWWNRWOOWWWOO OWOPRARWANPWWWEANWOOON OW

J1819-1305 (149 - 774 300 78| -07+05 ... ||B2224+65 81 -10700 2

J18211715 (149 - 774 300 53| -05+05 ... ||B222A461 |102—-1408 400 | 11.0 | -1.8+03 | 0.24
J1828-1359 {430 - 774 600 | 09| -09+14 ... ||J22342114 {102 - 774 300 6.7 | -1.3+03 .
J1834-10 |102-430 200 6.8 | -22+0.7 ... ||B2241+69 |102 —1408 400| 3.0 | -20+03 | 0.10
J1838-1650 (149 — 774 300 72| -16+05 ... |[J2243-1518 |149 — 430 300 03| -26+0.7
B1842+14 50 — 4850 8 500 | 14.0 |-1.95+0.10| 0.05 ||J2253-1516 |102 - 774 300 73| -1.0+03 .
J1848-0826 | 149 — 1400 500 11| -20+04 ... ||B2303+46 [102 —1060 300| 46| -12+02 | 0.11
J1849-2423 (149 - 774 300 3.7| -0.7+05 ... ||J230%2225 | 25-774 100 | 43| -01+08 | 0.78

Notes. ® These pulsars have also broken PL fit, with break frequeney it the frequency of the largest measured flux density. Se[B.3 for the values
of fitted parameters.
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Table B.3. Fit results for pulsars where the spectrum was modelled avittoken PL.

PSR Frequency | # of Ref. Ref. Spectral Break Uncertainty Spectral Fitted
span points, | freq., flux, index, freq., range for index, flux
(MHz) Np Vo So o Vor Yor hi scatter,
(MHz) | (mJy) (MHz) (MHz) alugnsk"
B0114+58 |102 — 32000 9 1800 05 | -22+03 | 1087 894 — 1407 -0.7+0.3 0.18
B0301+19 | 61 —4850 34 500 240 | -0.6+0.3 514 407 - 821 -19+03 0.10
B0320+39 25 —-4850 23 300 39.0 19+13 92 64 — 129 -22+02 0.12
B0458+46 |102 — 4850 10 700 8.7 | -0.6+0.3 754 618 — 1084 -19+05 0.06
B0523+11 61 — 4750 20 500 140 | -1.1+04 435 232 - 658 -21+02 0.05
B0525+21 | 38-14800| 44 700 33.0 | -0.8+0.2 709 524 —1100 -20+02 0.14
B0540+23 |102 — 32000 30 1800 82 | -0.3+0.2 845 678 —1212 -15+01 0.12
B0809+74 13 — 14800 65 400 110.0 0.9+0.3 66 58 -72 -166+0.05| 0.15
B0940+16 | 25-1408 12 200 35.0 28+15 69 61-76 -15+0.3 0.27
B0943+10 | 20-1400 31 200 73.0 07+12 82 53 — 147 -26+04 0.33
B1112+50 20 — 4900 35 300 40.0 1.3+0.8 133 94 -175 -22+02 0.38
J1238-21 25-430 4 100 64.0 0.9+05 102 . -24+05 e
B1322+83 25 -1408 11 200 67.0 0.8+ 0.7 225 179 — 300 -25+06 0.20
B1508+55 | 20-10750 51 500 53.0 27+06 80 72-90 -2.03+0.08| 0.12
B1530+27 | 25-4850 20 300 19.0 0.6+0.3 145 129 - 156 -16+01 0.05
B1541+09 39 — 10550 46 600 28.0 0.8+04 143 127 - 154 -217+0.09| 0.10
B1633+24 25 —1400 10 200 47.0 0.6+ 0.5 166 133-181 -23+03 0.05
B173713 |102 —4850 15 700 12.0 | -09+0.3 507 336 -1119 -1.8+0.3 0.05
J174%2758 25-774 6 100 61.0 0.6+ 0.5 129 o -20+03 S
B1811+40 (102 - 2600 11 500 13.0 | -11+04 763 500 — 1268 -25+07 0.07
B1839+09 |102 — 4850 11 700 71 | -03+11 213 169 — 259 -20+01 0.06
B1839+56 | 20 —4850 24 300 32.0 48+ 15 40 35-42 -16+01 0.26
B1905+39 |102 — 4850 10 700 8.2 06+12 273 192 - 391 -21+02 0.06
B1910+20 |149 - 1408 7 500 4.8 05+06 430 . -1.8+0.2 .
B1919+21 16 — 4850 84 300 230.0 05+0.2 133 118 - 143 -26+01 0.20
B1929+10 20 — 43000 88 900 100.0 0.9+0.2 268 246 — 304 -173+0.06| 0.18
B1944+17 | 25-4850 20 400 62.0 | -0.0+0.2 531 420-785 -1.7+03 0.09
B1946+35 |102 — 10550 27 1000 19.0 35+18 229 193 - 261 -25+01 0.09
B2000+40 (102 — 4850 11 700 21.0 | -0.3+0.7 566 403 - 1163 -23+05 0.18
B2016+28 25-10700 49 500 150.0 0.4+0.3 313 287 — 354 -2.29+0.08| 0.13
B2020+28 | 59-32000| 42 1400 17.0 1.0+£0.7 256 194 — 306 -1.64+0.08| 0.19
B2021+51 |102 —-43000| 53 2100 25.0 03+0.1 873 786 — 967 -1.61+0.05| 0.05
B2053+36 |102 — 4850 9 700 10.0 | -05+05 404 254 - 594 -19+03 0.09
B2110+27 25— 4850 23 400 18.0 | -05+0.8 165 114 - 318 -22+02 0.06
J2139-2242|102 — 800 6 300 39.0 14+13 168 . -06+0.3 e
B2148+63 |102 — 4850 15 700 12.0 14+16 237 170 -278 -20+02 0.08
B2154+40 |102 — 4850 19 700 89.0 | -0.6+0.2 866 716 -1113 -27+04 0.10
B2306+55 |102 — 4850 12 700 7.5 08+14 201 168 — 237 -20+02 0.06
B2310+42 25-10700 30 500 110.0 0.3+0.5 538 327 -971 -21+03 0.22
B2315+21 25— 4850 14 400 17.0 05+04 186 157 — 223 -22+02 0.07
Table B.4. Fit results for pulsars where the spectrum was modelled Hy&ith two breaks.
PSR |Frequency #of | Ref. Ref. Spectral Lower |Uncertainty Spectral Higher | Uncertainty Spectral Fitted
span points,| freq., | flux, index, break rangfe for index break ran%e for index, flux
(MHz) Np Yo So a0 freq., Vir mid freq., Vr ani scatter,
(MHz)| (mdy) Vo (MHz) v (MHz) crlugng“
(MH2) (MH2)
B0531+21| 73 —8400 48 800 | 73.0| 11+15 132 |116-141|-3.09+0.09| 3506 |2626-4822 -05+12 0.04
B0823+26| 20 -32000| 63 800 | 320| 20+05 55 47-62 |-1.32+007| 6643 |3291-9214 -26+0.6 0.05
B1133+16| 17 —32000| 122 700 | 120.0 05+0.2 125 [106-145| -1.2+0.2 1184 981 - 1609| -2.23+0.09 0.10
B123725| 20 -24620| 75 700 54.0 38+12 45 40 -52 -08+01 734 582 — 869 -21+01 0.12
B2303+30| 50 — 4850 18 500 13.0 | -04+04 311 |274-392| -27+0.6 876 642 —-1221| -1.3+05 0.07

Appendix C: Spectra
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Fig. C.1. Spectra of the 24 pulsars which were not detected in the semisservations and have at least one previously reportedléngity
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Fig. C.2. For each pair of plotd,eft: Spectra of radio emission for pulsars detected in the ceiualler black error bars mark literature flux
densities, the larger coloured dots indicate the censusumements at various frequencies (with the horizontaklears indicating the frequency
span of a given census measurement). See text for both cemdliterature flux density errors and upper limit discussio the case of a multiple-
PL fit, the uncertainty on break frequency is marked with &bénablack line Right: Flux-calibrated average profiles for census observationly (
the manually selected on-pulse region is shown). MultiptEiles per band are shown with a constant fldfset between separate sub-bands.
The choice of the number of sub-bands was influenced by the $®bratio of the average profile, the presence of profile evolutiithin the
observing band and the number of previously published fluside values.
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Fig. C.3. See FiguréCl2.
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Fig. C.4. See Figur&Cl2. For the Crab pulsar (PSR BGSA!, bottom left), the continuum flux density values at 10-8@Mrom|[Bridlé [197D)
were not included in the fit.
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Fig. C.7. See Figur&CJ2.
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Fig. C.9. See Figur&CJ2.
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