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OCRA-p OCRA-F
Beams pi 8
Frequency | 27-33GHz | 26-36GHz
Tsys (on sky) 40 50
Noise 7 mjy s%° 7 mjy s%°
Resolution .2 arcmin

(3.2 arcmin beamthrow)

Comparable resolution to AMI at twice the frequency
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30 GHz observations of sources in the Very Small Array fields
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ABSTRACT
Small angular scale (high £) stadies of cosmic microwave background (CMB) anisotropies

require accurase knowledge of the statistical propertics of extragalactic sources at cm-mm
wavelengths. We have used a 30 GHz dual-beam receiver (One Centimetre Receiver Armay
prototype) oa the Torufi 32-m telescope 1o measure the flux densities of 121 sources in Very
Small Armay fields selected at 15 GHz with the Ryle Telescope. We have detected 57 sources

above a limting fux deasity of S mJy, of which 31 sources have a flux density greater than

10 mJy, which is our effective completeness limit. From these measurements we derive a

surface density of sources above 10 mly at 30 GHz of 2.2 £ 0.4 deg Ihis is consistent

with the surface density obtained by Masoa et al. who observed a large sample of sources

selected at a much Jower froquency (1.4 GHz). We have also investigated the dependence of

Spectral index between 1.4 and 4.8 GHz

the spectral index distribution on flux deasity by companing our results with those for sources

above | Jy selected from the Wilkinson Microwave Anisotropy Probe 22 GHz cstalogue. We - N

gualitatively comsistent with the predictions of de Zotts ¢t al. We find no evidence for an 1.5 0.5 0
unexpected population of sources above our completeness limit of 10 mJy whose spectra rise Spectral index between 15 and 30 GHz
sowards high frequencies, which would affect our ability to interpret camrent high-resolution

CMB observations at 30 GHz and above

conclude that the proporticn of steep spectrum sources increases with decreasing flux density,

N 48 30 . - = Y
Key words: cosmology: observations — radio contispuny geseral — cosmic background l‘lgure 7. al 4 versus al‘. for all sources in this Samp]c with a 30 GHz flux

radiation. density greater than 10 mly, and known flux densities at all four frequencies.
The diagrams in the comers schematically illustrate the spectral behaviour
of the sources in each quadrant.

. Righ-resoluticn surveys of the radio sky are restricted 10 Jower fre
1 INTRODUCTION ’ rinipimdie. . - .
quencies, & for crample in the NRAD (Naticnal Radio Astros
Extragalactic dio sources are a senous comtaminant in ob Observatory) VLA (Very Lampe Armay) Sky Survey (NVSS: Conder
scrvations of prmordial cosmic mocrowave backgroend (CMB) ctal. 1995) at | 4 GHz and the Geeen Bank 4 55 Gz survoy (GB&;

misotropies on small aagular scales (high /

cg Toffolas ot al Gregory ot al, 1996). Model-dependent prodictons of the contami
2005). In order 10 estimate the CMB temperature power spectrum sating sources ot the frequencies of CMB experiments may be made
with high accuracy, detalled information about the foreground pop e.g. Toffolatti et al. 199%; de Zomi et al. 2005), but Shese can be
ulation s requred. CMB experiments can be designed 1o work sarcliable. Source populations can exhibit a wide nage of spectral
& any of & range of fregueacies froe 0 w ~300 GHz, sace indices 50 that severe seloction effects may anse when extrapola
the spoctrum peaks at ~ 160 GHz. Extragalactic radio sosrces are ing %0 high frequencics froms the limmed set of surveys on which
problemate over most of this mege, with differest sowrce pope these pradictions are based. Thus, for maviesum reliability in thedr
laticas, from active galaxies 10 star-forming palavies, dominating cosmological imerpeetation, it is csseatial that CMB obscrvations
the contamination in different wavehands. However, isformation are complemented by deep aad carefully selectod high-froguency
on these contammating populations s limited, since large-scale radio SOuUrCo surveys

he CMB power spectram has boen measered over a wide rage
of angular scales, from the carly low . sesolution (77 per beam) work
of the Commic Backgrownd Explover (Smoct et al. 1992), through
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One Centimetre Receiver Array-prototype observations of the CRATES
sources at 30 GHz

30 GHz flux density measurements of the Caltech-Jodrell
flat-spectrum sources with OCRA-p*
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ABSTRACT
Recdived 7 June 2087 / Accegaed 23 Juky 2000 Knowledge of the population of radio sources in the range ~2-200 GHz s important for
understandang their effects on measurements of the cosmic microwave background power
spectrum. We report measurements of the 30.GHz flux densities of 605 radio sources from
the Combined Radio All-sky Targeted Exght-GHz Survey (CRATES), winich have been made
with the One Centimetre Recaiver Array-prototype (OCRA-p) oa the Torufi 32-m telescope
The flux densities of sources that were also observed by Wilkinson Microwave Andsorropy
Probe (WMAPF) and previous OCRA surveys are in broad agreement with those reponed here,
however a number of sources display intrinsac variability. We find a good correlation between
the 30 GHz and Fermi gamma-ray flux densities for common sources. We examine the radio

ABSTRACT

Amt. To meassre the 30-Gix flex dessitios of the 293 sources i the Caltech-Jodrell Bank fat-spectrum (CJF) sample. The meassre
ments ave pam of an ongoiag programme 10 measure the spectral enerpy dstributions of fla spectrum radio sousces and 0 coerelae
thom wih $e milliarcsecond strucsares from VLBI and other measared assophysical proportios.

Mook, The 30-GHz &ata were obtained with a twin-beam dferencing radSometer sysiem mousd o the Torud X2-m selescope
The system has s asgular resolation of 1.2

Resuts. Together with radio spectral data obtained from the Ikerature, the N0-GHz data have esabled ws 0 idemtifly 41 of the
CIF sousrces as Goga-hertz Peaked Spectrum (GFS) sources, Sevestoen percest of S sources bave risag spectra (o > () between $
and 30 GHe

spectra of all observed sources and report a number of gigabertz-peaked and mveried spectrum

. SOS2IC 4 =i Llaseon o cortnsuns o 1 1

Key words. mtrocomical data bawes: miscellaseoas - radko contnsus: palaties sources, These measarements will be useful for comparison 10 those from the Low Frequency
Instrument of the Planck satelBte, which will make some of its most sensitive observations in
the region covered here

1. Introduction VLBI surveys: @¢ PR survey (Peasson & Readhead 1988), the
first Caltech-Jodrell (CJ) survey (CJ1: Polatidis et al. 1995) and
the second Caltech-Jodrell servey (CJ2: Taylor et al, 1994), The SEALISUKS — cosmology: observations
selection creenia were

Key words: astropomdcal data bases: miscellancous galaxies: active galaxies
Ihe emission from most flat-spectrum radio sources, from
&0 frequencies through gamma-rays, is thought to anse in rela-
tivistic jets and be beamed syachrotron self-Compton emission
Often described as blazar emsission it is characterized by two
peaks in the spectral energy distribation (SED), cae synchrotron
and coe inverse Compoon. From object 1o object the peak fre-

CMB experiments such as Mlanck. Thus &t prosent one must rely
on measuring the hugh-fregueacy peoperties of sowrces selected

1 INTRODUCTION

quency cam occur anywhere between 10°” Hz to 10" Hz. There
are claims that where the peaks occur depends systematcally on
a0 luminosity (Fossati et al, 1998, Ghisellini et al, 2002). The
correlation is in the sense that the synchrotron peak frequency
increases as the luminosity decreases. This is potentially as iso-
portant result but has been questioned by several authors (e.g
Antén & Browne 2005). A magor problem is, however, the lack
of good guality SEDs on well-defined samples of objects and for
this reason we have embarked ca a prograssme 10 try 10 recufy
this deficicacy. Flax density measuroments o contimeter wave-
lengths and shoner are the most imporant in order 10 defiae the
position of the synchrotron peak. Hore we roport measurements
with a new recerver, OCRA-p ca the Torun 32 s Telescope s a
wavelengthof 1 ¢m

The CJF sample is carrently the best studied sample of
flat-spec radio sources. The CJF sample (Taylor et al
1996) consists of 293 sources selected from three previcus

* Table 2 is abo available in clectromic form &t e CDS via

e Mp 0 cdsarc.u-strashg.fr (13 128.5) o via
cdsweb.u-strasbg. fr/cgl-din/gcar?)/l
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In addition w the structural information obtained i the CJ
VLBI surveys, extensive follow-up observations have been made
with the VLBA (Britzen et al, in prep) o study the statistics
of seperfumisal motions; redshift information is available for
»90% of the sample. Farthermore, all 293 sources have been
observed in soft X-rays, cither as part of the ROSAT All-Sky
Survey or @ ROSAT poimed observations (Britzea et al. 2002)
The CJF sample is therefore a natural starting point for a pro-
gramme mimed o understanding e relatoeships between the
broad-band SEDs and the spatial strecture, kinematics and X-ray
properties of compact radio sources. Several different types of
objects are found in ssmples selected, like CIF, from radio sur-
veys made o relatively Jow (few GHz) frequencies. While the
sample i dominated by highly-relativistic “core-jet™ sources o
also contains the precursors of large-scale double sources (the

Sished by LLP Scences and avalabie af Mo Vwww sanda ong o htipuidacolonp’10. 105 1/0004-606 1 200 7B034

Emission from blazars dominates the high- latitede sky at high radio
frequencies and also at gamma-ray frequencies. Blazars are a major
foregrouad contaminant of observations of the cosmic microwave
backgrouad (CMB), particularly o high sultipoles. In onder 1o sub
tract effects of sech objects feoms CMB observations, it is secessary
10 know the flux densities of individual bright sources as well as the
statistical properties of the overall source popelation. Knowledge of
the brightest individual sources comes directly from the CMB sur
veys themselves, Wilkinson Microwave Asisotropy Probe (WMAP)
has detected sources down to ~0.5 Jy at 22-93 GHz (Gold et a
2010) and the more sensitive Low Freguency Instrument (LF])
the Planck satelline will desect sources with flux dessities of a few
hendred mJy at 33, &4 and 70 GHz. However, a2 knowledge of the
statistical peoperties of significantly weaker sources is desarable

Al the peeseat time, there are no podat source surveys with the
sppeopriate combinations of flux demity limit and frequeacics %

understand the contaminating effect $hat these sources have on

‘Lol morss ¥ mikopoel net

from lower frequency surveys in order to infer the high-froquency
population statistics. We have a programme aimed at characteriz
ing the Mgh-frogueacy dio source population = 1ot intensity
(Lowe et al. 2007; Gawrofuki et al. 2010) and polarization (Banye
et al. 2010, Jackson et al. 2010). The present paper is the latest in
this series, being imtermediate in fux density betweoen S stromg
(>350 s)y a1 4. 8S GHz) Cahech-Jodrell Bank flat-spectram (CJF)
sample (Lowe ot al. 2007) and the weaker Very Small Array (VSA)
sources (Gawrodsk ot al. 2010

Ihe Combmed Radio Allsky Targesed Eighe GMz Survey
(CRATES; Healey et ad. 2007) is a sample of ~11 000 stroag fla
specrum sources with measured flux deasities o 8.4 GHz. CRATES
is currencly the most complete large-area, fat-spectrum polat source
sample ot flux densities of hundreds of mly. Ik samples 2 flux den
sity ranpe starting over an order of magsinude lower than the WMAP
source sample (Gold et al. 2010). Thus CRATES sources represent
excellent targets %o follow up at higher froquencies

Ihe CRATES sample was onginally selected 1o stody blazars

radio-doud active galactic muclel im which the relativiatic et
axis points close o the observer’s line of sight. This angle of

SUI0 The Authon, Jourmal compilaton © 2000 RAS
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Preliminary Sunyaev-Zel’dovich observations of galaxy clusters
with OCRA-p

Sunyaev Zel’dovich observations of a statistically complete
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ABSTRACT 5. H. WD Fageice Latorel
We present 30-GHz Sunyaev-Zel'dovich (SZ) observations of a sample of four
with a prototype of the One Centimetre Receiver Armay (OCRA-p) which
the Torun 32-m welescope. The clusters (Cl 0016416, MS D451.6-0305, MS I
Abell 2218) are popular SZ targets and serve as commuissioning observation
detected with clear significance (4-62) and values for the central temperatury
in good agreement with measurements reporied in the literacure. We believe
effects are successfully supperessed by our observing strategy. The relatively s
tmes required 10 obtain these results demoastrate the power of OCRA-p and il
future SZ studies.

ABSTRACT

t 30 GHz Sunyaev Z
1 OCRA-p

Key words: galaxies: clusters: individual: C10016+16 lusters wit

MS 0451.6-0305
dividual: A2218

galaxies: clust
galaxies: clusters: individual: MS 1054.4-0321 - galaxi

cosmuc microwave background - cosmology: cbservations

and the structures of cluser atmodpheres (see 1
2aw 1999 and Carluross, Holder & Reese 2002

wirk in B¢ fickd of SZ studies 10 date has bees

I INTRODUCTION

The Sunysev-Zel'dovich (SZ) effect is & spectral Eatortion of the
conmic microwave background (CMB) caused by B invense C

won scatiering of CMB photoas off the hot plasma §

non-ideal imtrumests, numerom purpose-beilk SZ nplicati
currerntly under construction (e.g. AMIBA, Lo,
2000, AMI, Kneissl et al. 2001; SZA, Loh & ’ Key words: o
Kosowsky 2003; SPT, Rehl et al. 2004) all wah jes: clusters: individua AlBR35, ZWCLI1553, A6G89
A2390, AZ2219, RXJ2129.6+0005, A226]1, ATSI]

kground

RXJ1532.9+

nicrownve bas

WCL314¢

wmology: observations ocOsInic

of galavies. At low radio freguencies the SZ effect

as & fractional decrement in the CMB of the ceder of 10

ot froguencics greater thas ~220 Gz an sscrement is cbwerved

Since e first SZ detections in the 1970s (Birkcashaw, Gull &
Neethover 1978) mrach progress has been made. Extessive ister
ferometric stodies have beea undernaken, from the first SZ images

coes et al. 1993), w0 the wse of clusier samples 10 perform cosmo
ogical studies (e.g. Grego et al 2001; Reese et al. 2002; Samnders
et al. 2003; Jones et al. 2005; Bonamente et al. 2006). Radiomesers
(e.g- Myersetal. 1997) snd bolometers (e.g. Benson et al. 2004) have
also been wad 0 good effect. More recently, pespose-duilt CMB in
straments have peoved their worth in SZ studies (Udomprasert et a
2004; Lancaster et al. 2008), akhough contamisation from primoe
dial anisotropies can severely Limit the achicvable signal-20-noise
auo.

Measurements of Bie thermal and kinematic SZ effects are stad

od for the waigue iaformation that they can peovide oa cosmology

*E-mail: katy lancaster @ Sristol ac uk

T The Authors. Joursal oo
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of performing blind seeveys. Such work will exple
il independence of the SZ effect o peaduce cans

essentially =

ai-lirmated, snd thus less affected by
plague selecuon via optical or X-may methods. S
counts will be used 10 farther constrain the cosmol
stody chuster evolation from formason until the pe
scopes whiuch have the capability 10 peaduce high
will additionally peovide the opportenity 10 betier
PRy s

e One Centimetre Receiver Amay (OCRA
2000) is a planned 100-clement continuum receive
excelleat serveying and imaging capabilities, and
for performiag blind surveys in ceder %0 study )
lations and SZ clusters. The prototype for OCR
two-clement receiver mounied o e 312.m telesd
Centre for Astrophysics of e Nicolas Copen|
Poland. Even at this prelimunary stage, while
concept is being tested, high-seasitivity SZ m

RXJOM39.0+0715, ZWCLT160, AT73 methods: observationa

1 INTRODUCTION

AB97, AITE3, AGS, A5
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Survey of planetary nebulae at 30 GHz with OCRA-p

B. M. Pazderska', M. P. Gawronski’, R. Feiler', M. Birkinshaw’, L. W. A. Browne®, R. Davis®, A. J. Kus',
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ABSTRACT

Ams Wer

pedelac s Caldoation . that ¢ for hugh f
or 500 M 4 1]
Mook, The N0-GHz data obtained with a twa-beam

N telesoope. Sources w cansed both in nght ascensios

T OF BOE 5P

omission madel and comp
Rescts. The primary resslt §
& spocesal ¢
at N

1. Introduction

I'he planctary nebula (PN) phase in the evolution of Jow mass
stars Rasts oaldy sbout 10 years. It begins coce the cert
reaches an eSective temperaty 20000 K and ionises the shell
ial developed duniag asymy t branch (AGB
¥ this phase s defined by termisation of
xr burmning in a thin outer shell of the star and then rapid
Gspersal of the ncbula. At radio wavelengths, planctary nebuls
emit continuum radiation in a free-free process and are amx
the brightest Galactic radio sources. Their radio Sax de
do oot saffer e high levels of extinction present in the optical
rogime. Since most planctary nebulae occupy the Galactic plane
where extinction is high, radio detections and radio flux density
mea S Are impostam
anctary schulac are mostly Compact s S wse they
are distast or intrinsically small. Their relatively stroag and sta-
e radio emission & s them good candhdates as calibratica
"
Mazy radio continuum observations of planetary nebulae
7 GHz (se¢ Condon & Kaplan
2 .

Acker et 2 4 A Awok 1%

havebeenmade at 1.4, Sand 14

v&2), There is still oal 2 data # frequeacics o
0 GHz and most of th at wained with in
erfcrometers soch 2 b
pe Guhes. To exiend the spectral range and 1 make ot
density measurements, we have used the new One Centimetr
Radio Amay prosctype (OCRA-p) receiver to obsorve planctary
balae at 30 GHz. This recesver is mounted on Torud™s 32-n
escope and is described in Sect. 2. OCRA-p receiver is
gined in detadl by Lowe (2005). The survey for planctary aed
wlac was 0ne of the St successful obscrvations made sing this
system (together with m cents of Sat-spectrum sources by
Lowe et al. (2007), sad observations of the Susayacy Zel"dovich

effect by Lancaster ¢ )). The purpose was to make a list

Thursday, 29 September 11

He. The purpose of e varvey §
x 41 PN
2 role is
g rachiometer, OCRA-p, wiy
1. We es .

Sosrces with
3 penet

Y P
b

r > 4
of high 1

surveys and to test the emission mechanisms in order o evalu

requency calibeators, which cans be used 10 support sky
aie whether or ot spinsing dust plays an important = PN
spectra

Our now survey of planetary nebulae brought detections of

-

442, for whach the selection cre

93 sources at 30 GHz out «
ria are described in Sect. 3, The o 3 echniques and data
reduction process are descnibed in Sect. 5. The results are de
scribed in Sect. 4, The comparison of flux densities with the free-
free emnassiom model proposed by Siddmiak & Tylenda (2001) i
cacrbed @ Sect, S Secton 6 coatains the final conclusions
he measured 30-GHz flux demsaties of all detected PNe
given in Table 2

1
[

2. OCRA-p

OCRA-p is 2 2-clement prototype for OCRA (Brow
2000 s 100 it aray receiver. The OCRA-p
was constructed a University of Manchester and was funded
by a EU Faraday FPO gram together with e Royal Society
4 It has been mounted on the Torud 32-m
telescope owned by the Centre for Astronoeny, Nicolaus
pernicus University, Torud in Poland
The Basic OCRA design was based on the prototype demon
strator for e Planck Low Frogeency Instrument (Mandoles
et al. 2000) and is similar 10 the X-baad receivers mountad on
the WMAP spacecraft (Jarosik of al. 2003), The nominal system
specification is peesented in Table 1. OCRA-p has two closely
aced foeds in the secondary focus of the 32m telescope and
thus there is ver milar atmospd emission in cach beam
The basic obser xie with thes
ing continuously : e two hores and between two states
of & 277~ Hz phase switch (0 and 1807), located in cnc arm of

the receiver. The swiiching frequency is much greater than the

(ther

Radio detection of V407 Cyg at 30GHz with OCRA-p on
the Torun telescope

TAL

25 Mar 2000 J709 UT

g
wWichae! e I
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® Following up WMAP and Planck sources
Radio catalogue selected at 30-100GHz

® Monitoring strongest Fermi sources (part of F-
GAMMA)

® S/ observations of high-redshift clusters

® Observing variable sources as opportunities arise

Thursday, 29 September 11
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® OCRA has similar resolution to AMI at twice
the frequency

® Particularly suited to follow-up observations
® Measure spectra at wider range of frequencies

® Can also map out regions - particularly useful
for AME studies

Thursday, 29 September 11



