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ABSTRACT

There exists strong evidence supporting the co-evolution of central supermassive black holes and their

host galaxies; however it is still under debate how such a relation comes about and whether it is relevant

for all or only a subset of galaxies. An important mechanism connecting AGN to their host galaxies is

AGN feedback, potentially heating up or even expelling gas from galaxies. AGN feedback may hence

be responsible for the eventual quenching of star formation and halting of galaxy growth. A rich multi-

wavelength dataset ranging from the X-ray regime (Chandra), to far-IR (Herschel), and radio (WSRT ) is

available for the North Ecliptic Pole field, most notably surveyed by the AKARI infrared space telescope,

covering a total area on the sky of 5.4 sq. degrees. We investigate the star formation properties and

possible signatures of radio feedback mechanisms in the host galaxies of 237 radio sources below redshift z

= 2 and at a radio 1.4 GHz flux density limit of 0.1 mJy. Using broadband SED modelling, the nuclear and

host galaxy components of these sources are studied simultaneously as a function of their radio luminosity.

Here we present results concerning the AGN content of the radio sources in this field, while also offering

evidence showcasing a link between AGN activity and host galaxy star formation. In particular, we show

results supporting a maintenance type of feedback from powerful radio-jets.

Key words: galaxies: active - galaxies: jets - galaxies: star formation - galaxies: statistics - galaxies:

evolution

1. AGN AS REGULATORS OF COSMIC GROWTH

It has long been believed that active galactic nuclei

(AGN) play a key role in regulating the growth of their

http://pkas.kas.org

host galaxies, especially at the massive end of the galaxy

mass function (e.g., Croton et al. 2006, Sijacki et al.

2007). In particular, it has been argued that this growth

regulation is manifested in two distinct flavours, also
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Figure 1. Average sSFR versus redshift in bins of radio lu-

minosity at 1.4 GHz of the AKARI radio-AGN. The solid

and dashed lines show the main sequence of star-forming

galaxies and its 3σ margin, as defined by Elbaz et al. (2011).

The shaded gray locus shows the same relation as defined by

Rodighiero et al. (2010a). For comparison we also plot the

average values of sSFR for the X-ray selected AGN sample

of Mullaney et al. (2012) in different X-ray luminosity bins.

Figure adapted from Karouzos et al. (2014).

called feedback modes: quasar- and radio-mode (e.g.,

Kormendy & Ho 2013). Radio-mode feedback is associ-

ated with the collimated, relativistic outflows observed

in radio-AGN, which can deposit mechanical energy in

the ISM of their host galaxies and as a result ionize

it, incite outflows in other phases of the ISM, and po-

tentially suppress or even quench ongoing star forma-

tion (e.g., McNamara et al. 2005, Nesvadba et al. 2011).

Here we present results concerning the effect of radio-

jets on star formation (SF) within their host galaxies,

using data in the North Ecliptic Pole (NEP) field and a

rich multi-wavelength dataset.

2. NEP field and the spectral energy distributions of radio-

AGN

The AKARI telescope has performed a Deep and a

Wide survey of the NEP field (covering a total of 5.4

deg2). These two surveys are complemented by an array

of multi-wavelength ancillary data (see NEP overviews

in this proceedings). Here we use the radio data at 1.4

GHz from White et al. (2010) to select a sample of ra-

dio sources at a flux limit of 0.1 mJy, which are also

detected at 2.4 or 3.1 µm from AKARI.
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Figure 2. Average sSFRs versus radio luminosity for a nar-

row range of M∗ and redshift, for sources classified as AGN.

Lines as in Fig. 1, at the mean redshift of these sources

(∼ 0.6). Next to each star, the average value of the AGN-

component luminosity within that radio-luminosity bin is

given. Adapted from Karouzos et al. (2014).

For these sources, we build their broadband spectral en-

ergy distributions (SED), which we then model using

a range of galaxy and AGN templates. In particular,

the superior coverage of the infrared (IR) wavelength

regime from the AKARI-IRC and the Herschel-SPIRE

observations allows us to decompose the IR SEDs into

AGN and SF components1. We compare these two SED

components and also study them in relation to the jet

radio luminosity, to see whether powerful jets have any

effect on their host galaxy star formation.

3. RADIO-AGN AND THE “MAIN SEQUENCE” OF

STAR FORMATION

From the modelling of the radio-AGN SEDs, we derive

the infrared luminosity due to SF and we can hence con-

strain their SF rates (SFRs). Together with the stellar

mass derived from the rest-frame near-IR SED, we cal-

culate the SFR per unit mass, or specific SFR (sSFR),

for each of the radio-AGN. The sSFR reflects the SF

efficiency of a galaxy. In Fig. 1, we put radio-detected

AGN on the “Main Sequence” of SF (e.g., Elbaz et al.

2011), by dividing them into bins of radio luminosity.

For radio-luminosities above ∼ 1040 erg s−1 (green to

red colours), the sSFR of radio-AGN appears to decrease

with increasing radio luminosity (from 10 Gyr−1 at

L1.4GHz ∼ 1040 erg s−1 to 0.1 Gyr−1 at L1.4GHz ∼ 1042

erg s−1). Nevertheless, even for the highest radio lu-

minosities probed by our sample, these powerful radio-

1 For details about the SED construction, modelling, and the

templates used, see Karouzos et al., 2014.
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AGN still lie on the “Main Sequence” of SF, implying

that their SF is not totally quenched by the radio jet.

An implicit factor influencing Fig. 1 is the known cor-

relation between stellar mass and radio luminosity (e.g.,

Best et al. 2005). To explore this further, we select

a sub-sample of radio-AGN covering a narrow range of

stellar masses and redshifts. In Fig. 2, we plot the sSFR

of this sub-sample as a function of their radio luminos-

ity. We observe the same behaviour as before: AGN

with radio-luminosities above ∼ 1040 erg s−1 show a de-

crease in their sSFRs (from 2 Gyr−1 at L1.4GHz ∼ 1040

erg s−1 to 0.2 Gyr−1 at L1.4GHz ∼ 1041 erg s−1). The

most radio-luminous AGN, however, still remain on the

“Main Sequence”.

4. RADIO-JETS AS REGULATORS OF SF

We have shown that increasing jet power leads to a de-

crease of sSFR for our sample of optical/infrared identi-

fied AGN. However, while in relative terms we observe

a decrease of sSFR, in absolute terms these powerful

radio-AGN at a redshift of ∼ 1 are forming stars at a

similar rate/efficiency as their non-active counterparts.

We thus conclude that radio-jets regulate rather than

quench star formation in their host galaxies.
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