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Radio source studies
• Strong sample (293 sources):

Lowe et al. (2007), A&A, 474, 673, arXiv:0707.3368
“30 GHz flux density measurements of the Caltech-Jodrell flat-
spectrum sources with OCRA-p”

• Intermediate sample (605 sources at north Ecliptic pole):
Peel et al. (2011), MNRAS, 410, 2690, arXiv:1007.5242
“One Centimetre Receiver Array-prototype observations of the 
CRATES sources at 30 GHz”

• Weak sample (121 sources; 57 > 5mJy - AMI 15GHz selection):
Gawronski et al. (2010), MNRAS, 406, 1853, arXiv:0909.1189
“30 GHz observations of sources in the Very Small Array fields”



Radio source studies
• No unexpected source population found at 30GHz

• 30GHz 10mJy source density 2.2 ± 0.4 deg-2

• Fewer flat spectrum sources at low 30GHz flux density
(more steep spectrum)

• Number of GPS sources identified
    42 in CJF sample
    38 + 29 possibles in CRATES sample

• Variable sources (J1849+6705, J1852+4855, J2006+6424 increased 
more than a factor of 2; J0954+7435 down by factor of 7)

• Clear Eddington bias in WMAP source catalogue

• Strong Gamma ray-Radio correlation (best to date?)



Radio source studies
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Planetary nebulæ
• Pazderska et al. (2009), A&A, 498, 463, arXiv:0902.3945

“Survey of planetary nebulae at 30 GHz with OCRA-p”

• 442 PNes observed; 93 detected at 30GHz

• No evidence for anomalous microwave emission (AME)
Only free-free emission needed to fit spectra to 30GHz
(Subsample of 41 sources with sufficient ancillary data)

466 B. M. Pazderska et al.: Survey of planetary nebulae at 30 GHz with OCRA-p

Table 2. continued.

PNG Name RA (J2000) Dec (J2000) S 30 GHz (mJy) ∆S 30 GHz (mJy)
(1) (2) (3) (4) (5) (6)
097.5 + 03.1∗ A 77 21 32 10.238 +55 52 42.67 409.3 9.8
100.0 − 08.7 Me 2–2 22 31 43.686 +47 48 03.96 32.1 5.6
100.6 − 05.4 IC 5217 22 23 55.725 +50 58 00.43 38.4 5.7
104.1 + 01.0 Bl 2–1 22 20 16.638 +58 14 16.59 45 4.6
106.5 − 17.6 NGC 7662 23 25 53.6 +42 32 06 435 13
107.8 + 02.3 NGC 7354 22 40 19.940 +61 17 08.10 439 13
110.1 + 01.9 PM 1–339 22 58 54.857 +61 57 57.77 31.4 4.1
111.8 − 02.8 Hb 12 23 26 14.814 +58 10 54.65 398.7 9.4
120.0 + 09.8∗ NGC 40 00 13 01.015 +72 31 19.09 331.8 8.3
123.6 + 34.5 IC 3568 12 33 06.871 +82 33 48.95 58.3 5.4
130.2 + 01.3 IC 1747 01 57 35.896 +63 19 19.36 67.4 3.6
130.9 − 10.5* NGC 650–51 01 42 19.948 +51 34 31.15 62.9 3.8
138.8 + 02.8 IC 289 03 10 19.273 +61 19 00.91 98.8 4.0
144.5 + 06.5∗ NGC 1501 04 06 59.190 +60 55 14.34 136.2 3.8
147.4 − 02.3 M 1–4 03 41 43.428 +52 17 00.28 59.4 5.5
148.4 + 57.0∗ NGC 3587 11 14 47.734 +55 01 08.50 23.1 3.6
161.2 − 14.8 IC 2003 03 56 21.984 +33 52 30.59 40 6.3
165.5 − 15.2∗ NGC 1514 04 09 16.984 +30 46 33.47 59.6 3.2
166.1 + 10.4 IC 2149 05 56 23.908 +46 06 17.32 117.2 3.5
166.4 − 06.5 CRL 618 04 42 53.64 +36 06 53.4 731 20
173.7 + 02.7 PP 40 05 40 53.333 +35 42 22.29 173 4.9
184.0 − 02.1 M 1–5 05 46 50.000 +24 22 02.32 49.3 2.8
189.1 + 19.8∗ NGC 2371-72 07 25 34.720 +29 29 25.63 25 3.9
194.2 + 02.5 J 900 06 25 57.275 +17 47 27.19 86.1 4.8
196.6 − 10.9 NGC 2022 05 42 06.229 +09 05 10.75 70.1 3.8
197.8 + 17.3 NGC 2392 07 29 10.767 +20 54 42.49 186.6 5.8
206.4 − 40.5 NGC 1535 04 14 15.762 –12 44 22.03 125.4 9.8
211.2 − 03.5 M 1–6 06 35 45.126 –00 05 37.36 95 7.6
215.2 − 24.2 IC 418 05 27 28.204 –12 41 50.26 1581 50
221.3 − 12.3 IC 2165 06 21 42.775 –12 59 13.96 173.6 7.9
231.8 + 04.1∆ NGC 2438 07 41 51.426 –14 43 54.88 89 10
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Fig. 1. Histogram of the distribution of measured planetary nebulae flux
densities at 30 GHz.

then modelled a dense region which fills a solid angle ξΩ char-
acterised by optical depth τν, and a less dense region filling up
(1−ξ)Ω described by optical depth ετν. With such an assumption
one can model the spectra of all PNe, including the small frac-
tion of the population which are homogeneous and symmetric.

The observed flux density is then expressed as

S ν =
2ν2kTe

c2

((
1 − e−τν

)
ξΩ +

(
1 − e−ετν

)
(1 − ξ)Ω) , (1)

where the optical thickness depends on the frequency ν roughly
as (see Pottasch 1984)

τν = τ0(ν/ν0)−2.1. (2)
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Fig. 2. Histogram of the distribution of planetary nebulae distances. The
plot presents distances to all planetary nebulae examined in the survey
and the ones detected by OCRA-p are highlighted.

τ0 and ν0 (=5 GHz) are the reference optical thickness and fre-
quency. Optical depth at 5 GHz is found by solving the first ex-
pression with known flux density at this frequency.

The best fit values found by Siódmiak & Tylenda (2001)
from their population as a whole were ξ = 0.27 and ε = 0.19.
The model assumes that entire nebula has the same electron tem-
perature, Te. The values of Te were calculated based on measure-
ments of HeIIλ4686Å taken from Tylenda et al. (1994) and the
method described by Kaler (1986). With this knowledge we can
count modelled flux density at 30 GHz.
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Fig. 4. Modeled versus observed flux density at 30 GHz. The solid line
indicates these flux densities being equal, while the dashed line repre-
sents the best straight-line fit to relationship between log S 30 GHz (mod)
and log S 30 GHz (obs).
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Fig. 5. Observed to modelled flux density ratio at 30 GHz versus
electron temperature.

Several data sets are required to apply the model described
above. HeIIλ4686Å line intensities were taken from Tylenda
et al. (1994), 5 GHz radio flux densities from Acker et al. (1994),
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Fig. 6. Observed to modelled flux density ratio at 30 GHz versus bright-
ness temperature.

1.4 GHz flux densities from Condon & Kaplan (1998) and
adopted angular diameters from Siódmiak & Tylenda (2001).
5 GHz and 30 GHz flux density data are from single-dish mea-
surements. This is important because, as noticed by Zijlstra et al.
(1989), observed flux densities from a single dish are systemati-
cally higher than from an interferometer, which is insensitive to
the extended, ionised halo emission. The data required for the
model are available for 41 objects out of the 93 for which we
have reliable 30 GHz flux densities and for these sources the
emission model can be tested. If source was extended in com-
parison to OCRA-p beam, the adopted angular diameters were
used to correct measured flux densities. We assumed that PN are
spherical sources with the given diameter and with constant sur-
face brightness. This was a case of only 3 sources: NGC2438,
NGC7008, NGC6781. Table 2 contains corrected values.

In Fig. 4 we compare the observed and modelled 30 GHz
flux densities. The model generally agrees well with the mea-
sured values. The dependence of the logarithm of the observed
to modelled flux densities at 30 GHz on electron temperature
and brightness temperature (derived from flux density at 5 GHz
– S 5 GHz and PNe diameter – Θ using Tb = 73.87 · S 5 GHz/Θ2)
is presented in Figs. 5 and 6. As can be seen, the differences



SZ observations
• Lancaster et al. (2007), MNRAS, 378, 673, arXiv:0705.3336

“Preliminary Sunyaev-Zel'dovich observations of galaxy clusters 
with OCRA-p”

• Observations of
4 clusters:
CL0016, MS0541
MS1054, A2218

• All detected at
4-6σ level in
10.5-13.5 hours

Sunyaev–Zel’dovich observations with OCRA-p 679
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Figure 2. Cumulative histograms illustrating the raw data obtained through observing the TARGET and TRAIL fields for each cluster. Note the negative
shift in the TARGET curve relative to the TRAIL curve, indicating clear SZ detections. In each case, the distributions are clearly separated by a standard
Kolmogorov–Smirnov test.

Table 5. Comparison of OCRA results for the four clusters with temperature decrements quoted in the literature.

! T(µ K)
Cl 0016+16 MS 0451.6−0305 MS 1054.4−0321 A2218 References

−1647+302
−302 −1558+309

−309 −1722+283
−283 −1159+288

−288 OCRA

−1785+792
−1616 −1550+284

−284 −2113+650
−612 – Benson et al. (2004)

−1431+133
−133 −1201+184

−184 – −680+190
−190 Tsuboi et al. (2004)

−1242+105
−105 −1431+98

−93 – −731+125
−150 Reese et al. (2002)

– – – −760+150
−150 Jones et al. (2005)

arcminute scales which correspond to 3500 ! " ! 10 000. At such
high multipoles, for a concordance cosmology and including the
effects of lensing, we expect the amplitude of the temperature power
spectrum to be of the order of a fewµK. This would be well below the
OCRA noise in surveys of scale ∼100 deg2 with planned sensitivity
of ∼100 µK.
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SZ observations
• Lancaster et al. (2011), MNRAS (submitted)

“Sunyaev Zel’dovich observations of a statistically complete 
sample of galaxy clusters with OCRA-p”

• 18 most X-ray luminous clusters
 at z>0.2 (ROSAT)
13 detected at >3σ

• SZ-X-ray scaling relations in
good agreement with
self-similar models

• Sample will be extended to
33 clusters in future paper.

9

Table 4. β–model parameters for the cluster sample. The best fitting model is shown for each cluster, where the parameter p indicates
the fraction of each component as described by Equation 4. Quoted errors are ±1σ (68% confidence interval). In cases where a double–β

model provided the best fit, we choose the larger of the core radii to be rc1 The resulting correction factors applied to the SZ data are
given in Table 5.

Cluster β1 rc1 β2 rc2 p

(arcsec) (arcsec)

A1835 0.675+0.001
−0.001 35.6+0.6

−0.6 1.059+0.010
−0.010 13.2+0.1

−0.1 0.10

ZWCL1953 0.972+0.147
−0.122 171.6+22.3

−21.9 0.972+0.147
−0.122 43.3+5.7

−5.1 0.04

ZWCL3146 0.700+0.008
−0.007 23.6+0.9

−0.8 0.652+0.032
−0.023 4.8+0.3

−0.2 0.14

RXJ1532.9+3021 0.650+0.011
−0.010 12.0+3.6

−1.7 0.650+0.011
−0.010 6.3+1.6

−1.8 0.40

A2390 0.831+0.010
−0.009 92.9+1.6

−1.6 0.831+0.010
−0.009 18.5+0.3

−0.3 0.10

A2219 0.725+0.015
−0.013 85.6+6.2

−5.0 0.725+0.015
−0.013 42.0+5.4

−5.6 0.58

RXJ2129.6+0005 0.609+0.011
−0.011 24.4+2.9

−2.5 0.609+0.011
−0.011 5.0+0.8

−0.7 0.12

A2261 0.598+0.003
−0.003 30.7+1.4

−1.4 0.598+0.003
−0.003 11.8+0.8

−0.8 0.33

A781 0.706+0.041
−0.035 79.5+7.5

−6.6 - - -

A697 0.648+0.008
−0.008 48.7+1.5

−1.5 - - -

A1763 0.586+0.007
−0.006 48.0+1.6

−1.6 - - -

A68 0.742+0.003
−0.002 54.5+3.5

−3.3 - - -

A520 0.831+0.003
−0.003 117.5+0.6

−0.6 - - -

A267 0.633+0.011
−0.011 34.4+1.5

−1.4 - - -

RXJ0439.0+0715 0.735+0.022
−0.020 52.6+4.3

−3.9 0.735+0.022
−0.020 13.0+1.6

−1.5 0.23

ZWCL7160 0.850+0.112
−0.077 22.2+4.3

−3.4 0.580+0.005
−0.006 7.2+0.3

−0.4 0.09

A773 0.769+0.041
−0.035 129.6+14.3

−14.4 0.769+0.041
−0.035 48.2+2.7

−2.6 0.11

Figure 1. Lower panel: histogram of the source-corrected flux densities for the target cluster fields (black solid lines) and the flux
densities for the reference trail fields (red dashed lines with cross-hatching). Upper panel: the corresponding cumulative distributions for
the clusters (black diamonds) and the trail fields (red circles). Note that the trail field flux densities are consistent with zero, suggesting
that our switching scheme removes atmospheric and ground-based contamination effectively. The cluster and trail field flux density
distributions clearly differ.

c© RAS, MNRAS 000, 1–14



SZ observations11
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Figure 2. Scaling relations between the central Comptonisation as derived from OCRA data and various X-ray parameters. We fit
to the ‘robust’ and ‘low significance’ data (red circles and black squares respectively), but omit the clusters with potential residual
source contamination (blue crosses); the best–fit result is shown as the solid red line. The dotted black line depicts the expectation from
self–similar evolution.
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Transient sources
• Eyers et al. (2009), MNRAS, 395, 1533

“Double radio peak and non-thermal collimated ejecta in RS 
Ophiuchi following the 2006 outburst”
Incorporating OCRA-p monitoring of RS Oph.

• ATels 2511 & 2905: “OCRA monitoring of V407 Cyg at 30GHz”

• Observed V407 Cyg from Apr-Oct 2010
Peak at 50mJy in mid Jun

• V407 Cyg was interesting as it also flared in gamma-ray (Fermi)

• Others ongoing; e.g. B2 0619+33 (gamma-ray flare from blazar)



Transient sources

V407 Cyg at 30GHz

April 2010 October 2010



Transient sources

Sept 2010 Jan 2011

B2 0619+33 at 30GHz



Ongoing
• Surveys of WMAP and Planck ERCSC sources

• Fermi source monitoring

• KNoWS follow-up / confirmation observations

• Survey of Extragalactic Nuclear Spectral Energies (SENSE)

• Transient source follow-up

• Additional SZ observations

• OCRA-F commissioning (taking rather longer than expected...)

• Blind point source and SZ surveys

• Mapping of extended surveys



Fun with foam...


