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The suppression of star formation by powerful active galactic nuclei

The old, red stars which constitute the bulges of galaxies, and the massive black holes at their centres, are the relics of a period in cosmic history when galaxies formed stars at remarkable rates and active galactic nuclei (AGN) shone brightly from accretion onto black holes. It is widely suspected, but unproven, that the tight correlation in mass of the black hole and stellar components 1 results from the AGN quenching the surrounding star formation as it approaches its peak luminosity 2;3;4 . X-rays trace emission from AGN unambiguously [START_REF] Brandt | Deep Extragalactic X-Ray Surveys[END_REF] , while powerful star-forming galaxies are usually dust-obscured and are brightest at infrared-submillimetre wavelengths [START_REF] Sanders | Luminous Infrared Galaxies[END_REF] . Here we report observations in the submillimetre and X-ray which show that rapid star formation was common in the host galaxies of AGN when the Universe was 2-6 Gyrs old, but that the most vigorous star formation is not observed around black holes above an X-ray luminosity of 10 44 erg s -1 . This suppression of star formation in the host galaxies of powerful AGN is a key prediction of models in which the AGN drives a powerful outflow 7;8;9 , expelling the interstellar medium of its host galaxy and transforming the galaxy's properties in a brief period of cosmic time.

Measuring star formation in galaxies containing powerful active galactic nuclei has long been a problem, because the radiation from the AGN outshines that from star formation in almost all wavebands. Of all parts of the electromagnetic spectrum, the far-infrared to millimetre waveband offers the best opportunity to measure star formation in galaxies hosting AGN because, in contrast to strongly star-forming galaxies, AGN emit comparatively little radiation at these wavelengths [START_REF] Hatziminaoglou | HerMES: Far infrared properties of known AGN in the HerMES fields[END_REF] . The combination of deep X-ray and submillimetre observations therefore offers the best prospects for studying the association of star formation and accretion during the 1 < z < 3 epoch when star formation and black hole growth in massive galaxies were at their most vigorous.

The X-ray catalogue of the Chandra Deep Field North (hereafter CDF-N) derives from a series of observations made with the Chandra X-ray observatory with a total of 2Ms exposure time [START_REF] Alexander | The Chandra Deep Field North Survey. XIII. 2 Ms Point-Source Catalogs[END_REF] . We restrict the sample to those sources detected in the most penetrating 2-8 keV band to minimize the influence of obscuration on our results, and we further limit the sample to those sources (64%) for which spectroscopic redshifts are available in the literature 12;13 . 2-8 keV luminosities were calculated assuming that AGN X-ray spectra are power laws of the form 14 S ν ∝ ν -0.9 ; the luminosities are not corrected for absorption intrinsic to the AGN or their host galaxies. In order to restrict the X-ray sample to AGN we have discarded any sources with 2-8 keV luminosity L X < 10 42 erg s -1 . SPIRE 15 observations of the CDF-N were carried out in October 2009 as part of the HerMES programme [START_REF] Oliver | HerMES: SPIRE galaxy number counts at 250, 350, and 500 µm[END_REF] . Maps and source catalogues at 250, 350 and 500 µm were constructed [START_REF] Smith | HerMES: point source catalogues from deep Herschel-SPIRE observations[END_REF] . At the depth of the SPIRE maps, the dominant source of uncertainty in the maps is confusion noise due to the high sky density of sources. For cross-matching with the Chandra source catalogue [START_REF] Alexander | The Chandra Deep Field North Survey. XIII. 2 Ms Point-Source Catalogs[END_REF] we chose the 250 µm catalogue, which has the most precise positions, and we used only sources with 250 µm flux densities > 18 mJy, which corresponds to a 1. The expected level of spurious associations between X-ray and 250 µm sources was calculated from the sky density of 250 µm sources in 10 to 30 arcsecond-radius annular regions around the X-ray source positions, and is reported in Table 1.

The distribution of CDF-N AGN in the redshift -luminosity plane is shown in Figure 1, and shows a striking trend of 250 µm detectability with X-ray luminosity: of the 24 AGN detected at 250 µm, none of them have L X > 10 44 erg s -1 . The redshift range between 1 and 3 is of most interest, because it corresponds to the epoch in which powerful AGN accreted most of their black hole mass and present-day massive galaxies formed most of their stars.

Within this redshift range, Fig. 1 shows that 11 out of 44 AGN (25 +8 -7 %) with 10 43 erg s -1 < L X < 10 44 erg s -1 are detected at 250 µm, while none of the 21 objects with L X > 10 44 erg s -1 are detected. The difference in detection rates has a significance of > 99% according to a single-tail Fisher's exact test. We have considered the effects that incompleteness in the spectroscopic redshifts, or absorption of the X-ray flux by gas and dust, might have on our results. We find that the systematic non-detection of the powerful AGN is robust against both effects, although X-ray absorption does appear to be a common property of the 250 µm-detected AGN. We have also verified the low 250 µm detection rate of AGN with L X > 10 44 erg s -1 using the Extended Chandra Deep Field South field, finding that of 49 such sources with 1 < z < 3, only 1 is detected at 250 µm.

Infrared spectral energy distributions for the 250 µm-detected AGN were constructed by combining the SPIRE photometry with Spitzer 3.6 -160 µm photometry. X-ray and infrared properties of the 11 250 µm-detected AGN with 1 < z < 3 and L X in the range 10 43 -10 44 erg s -1 are given in Table 2. In most cases the AGN contributes less than 10% to the infrared luminosity. The best-fit infrared luminosities lie between 4 × 10 erg s -1 < L X < 10 44 erg s -1 . The first column gives the ID number of the source in the X-ray catalogue [START_REF] Alexander | The Chandra Deep Field North Survey. XIII. 2 Ms Point-Source Catalogs[END_REF] . The second column gives the redshift, and the third column gives the logarithm of the 2-8 keV X-ray luminosity. The fourth column gives the log of the column density of absorbing gas (units of hydrogen atoms per cm 2 ) implied by the ratio of 2-8 keV to 0.5-2 keV X-rays; a dash indicates no evidence for photoelectric absorption in X-rays, and an asterix is used where the lower limit to the column density is unconstrained. The fifth column gives the correction to log L X to account for the absorption. The sixth column gives the 8-1000 µm IR luminosity. The seventh column gives the maximum likely contribution of an AGN to the infrared luminosity, and the eighth column gives the range of star formation rate implied by the infrared luminosity, where the upper and lower limits correspond to zero AGN contribution and the maximum AGN contribution to the IR luminosity, respectively. Photometry for the spectral energy distributions was extracted from Spitzer and SPIRE images using the X-ray and 24 µm catalogue positions as priors [START_REF] Roseboom | The Herschel Multi-Tiered Extragalactic Survey: source extraction and crossidentifications in confusion-dominated SPIRE images[END_REF] . Total 8-1000 µm infrared luminosities were then determined by fitting templates [START_REF] Siebenmorgen | Dust in starburst nuclei and ULIRGs. SED models for observers[END_REF] to the spectral energy distributions [START_REF] Symeonidis | The link between SCUBA and Spitzer: cold galaxies at z ≤ 1[END_REF] . Upper limits to the AGN contribution to the infrared luminosities were obtained by normalising an AGN template in the mid infrared [START_REF] Seymour | HerMES: SPIRE emission from radio-selected active galactic nuclei[END_REF] .

ID Redshift Log L X (erg s -1 ) Log N H (cm -2 ) N H corr Log L IR (L ⊙ ) AGN (%) SFR (M ⊙ yr -1 ) 35 
10 13 L ⊙ , implying star formation rates between 50 and 1750 M ⊙ per year [START_REF] Kennicutt | The global Schmidt law in star-forming Galaxies[END_REF] .

We performed a stacking analysis for the 1 < z < 3 AGN to probe below the confusion limit of the SPIRE images. We split the sample into five bins of L X from 10 43 to 10 45 erg s -1 and determined the average star formation rates of AGN in each bin. The results are shown in Figure 2. In the redshift range 1 < z < 3, the mean star formation rate in AGN with L X of 10 43 -10 44 erg s -1 is 214±25 M ⊙ per year, compared to a mean star formation rate for AGN with L X > 10 44 erg s -1 of 65±18 M ⊙ per year. These averages are independent of the SPIRE 250 µm detection limit because they are obtained from a stack of all sources within a given range of L X , whether detected at 250 µm or not.

At redshifts of 1-3, the X-ray luminosity of 10 44 erg s -1 , which divides the regions of 250 µm detection and non-detection in Fig. 1, corresponds approximately to the knee in the luminosity function of AGN [START_REF] Ebrero | The XMM-Newton serendipitous survey. VI. The X-ray luminosity function[END_REF] . The steep shape of the luminosity function at L X > 10 44 erg s -1 implies that this part of the luminosity function is dominated by objects which are at the peak of their accretion rates. Our observations therefore imply that the most prodigious episodes of star formation are common in the host galaxies of 1 < z < 3 AGN, but avoid powerful AGN in which accretion is at its peak.

Figure 2: Star formation rates derived from averaged far-IR luminosities of 1 < z < 3 AGN. We converted the 250, 350 and 500 µm flux densities for each source into an equivalent 8-1000µm luminosity by fitting a grey-body curve, with a temperature of 30 K in the rest-frame of the source, an emissivity index of β = 1.6, and a powerlaw extension to the Wien side 29 and multiplying by 4πD 2 L where D L is the luminosity distance. Fluctuations in the map sometimes scatter the fluxes of undetected sources to negative values, which translate to negative luminosities when multiplied by 4πD 2 L . Such negative solutions for individual AGN were allowed so as not to produce an artificial positive bias in the averages. The luminosities were averaged in 5 bins in L X , which were chosen to include a similar number of AGN in each bin. The average luminosities were then converted to star formation rates [START_REF] Kennicutt | The global Schmidt law in star-forming Galaxies[END_REF] . AGN which are individually detected at 250 µm are included in the averages shown in bold black, but have been excluded from the averages which are shown in grey, to show the contribution that these sources make to the average star formation rates. The grey points have been offset horizontally from the bold black points for clarity. Error bars correspond to 68% confidence and were determined by bootstrap resampling, with a 7% systematic error added in quadrature to account for the calibration error on SPIRE photometry. This systematic non-coincidence of the peak periods of star formation and accretion implies a palpable interaction between the two processes, and provides a powerful discriminator for the form of AGN feedback which is responsible for terminating star formation in the host galaxy. Two families of feedback models have been proposed, widely referred to as 'quasar mode' and 'radio mode' [START_REF] Croton | The many lives of active galactic nuclei: cooling flows, black holes and the luminosities and colours of galaxies[END_REF] . In quasar-mode feedback, a luminous AGN generates a powerful wind which terminates star formation by driving the interstellar medium from the surrounding host galaxy. In radio-mode feedback, star formation is suppressed because collimated jets of relativistic particles emitted by a radiatively-inefficient AGN prevent gas in the surrounding hot halo from cooling, thereby starving the galaxy of cool gas from which to form stars.

Radio-mode feedback is commonly invoked in semi-analytical models to limit galaxy masses and luminosities 21;20 . In these models, black holes grow through luminous accretion episodes and black hole mergers. The correlation between black hole and bulge mass comes from assuming that a fixed fraction of the gas is accreted by the nucleus during each star forming episode that results from a galaxy merger or disc instability, and hence star formation and accretion rate should be correlated over the full range of luminosity. Our observations are therefore inconsistent with models in which AGN influence their host galaxies only through radio mode feedback 21;20 . In contrast, models of galaxy formation in which quasar-mode feedback is responsible for terminating the star formation 22;8;7;9 , and which have received some observational support recently 23;24 , predict that the AGN luminosity peaks later than the star formation rate, and thus are consistent with our observations. These models also predict that residual star formation, at the level of a few tens of per cent of the peak, will continue during the period in which the AGN luminosity is at its maximum, consistent with our stacked results which show that on average AGN with L X > 10 44 erg s -1 are still forming stars at approximately 65 M ⊙ per year.

Our observations do not discriminate between models invoking major mergers 8 or accretion of gas into a massive halo [START_REF] Granato | A physical model for the coevolution of QSOs and their spheroidal hosts[END_REF] as the trigger for the intense star formation. After the interstellar medium has been driven out by the luminous AGN and the AGN itself becomes starved of fuel, radio-mode feedback is the most credible agent by which further star formation is inhibited.

Source number in X-ray catalogue [START_REF] Trouille | The OPTX Project. I. The Flux and Redshift Catalogs for the CLANS, CLASXS, and CDF-N Fields[END_REF] S1: Spectroscopic redshifts which do not come from our main source [START_REF] Barger | A Highly Complete Spectroscopic Survey of the GOODS-N Field[END_REF] and references to the literature in which these redshifts are published.

221, a photometric redshift of 1.9 is found elsewhere in the literature [START_REF] Donley | Spitzer Power-Law Active Galactic Nucleus Candidates in the Chandra Deep Field-North[END_REF] , in which case it has L X < 10 44 erg s -1 in keeping with the other 250 µm-detected AGN. Source 107 is within 6 arcsec of the same 250 µm source as a brighter X-ray source (source 109), which has a spectroscopic redshift of 2.58. The brighter X-ray source is closer to the 250 µm source position than source 107, and source extraction using X-ray and 24 µm positions as priors [START_REF] Roseboom | The Herschel Multi-Tiered Extragalactic Survey: source extraction and crossidentifications in confusion-dominated SPIRE images[END_REF] does not recover significant 250 µm emission for source 107, leaving some doubt about the reality of the association. Source 107 has a photometric redshift of 1.15, but could be physically associated with source 109 at z = 2.58 given that they are only separated by 2.7 arcsec. It can be seen from Fig. S1 that whichever of the two redshifts is adopted for source 107, it has L X between 10 43 erg s -1 and 10 44 erg s -1 , and hence if the association of source 107 and the 250 µm source is real, it too has L X < 10 44 erg s -1 , in keeping with the other 250 µmdetected AGN. Finally, we come to source 406, which is the brightest of the six X-ray sources. From the track in Fig. S1, it appears the most likely of the six to be found within the 1 < z < 3, 10 44 erg s -1 < L X < 10 45 erg s -1 region of our survey. This source is extremely faint in the optical, with an R-band magnitude of 27.8 [START_REF] Barger | Optical and Infrared Properties of the 2 Ms Chandra Deep Field North X-Ray Sources[END_REF] , and there are no estimates of photometric redshift available in the literature. The association of this X-ray source with the 250 µm source must be regarded with some doubt, however, because it is located just 5.5 arcsec to the south of a brighter 24 µm and radio source which is closer to the 250 µm position. Source extraction using -9 ) % 1 < z < 3, 10 44 < L X < 10 45 erg s -1 25 0 0.3 < 4 (< 11) % Table S2: 250 µm detection statistics in the various parts of parameter space when AGN with photometric redshifts are included as well as those with spectroscopic redshifts. The first row corresponds to the full AGN luminosity and redshift parameter space in the CDF-N, while the second and third rows correspond to the regions enclosed within the blue dashed lines in Fig. 1.

X-ray and 24 µm positions as priors [START_REF] Roseboom | The Herschel Multi-Tiered Extragalactic Survey: source extraction and crossidentifications in confusion-dominated SPIRE images[END_REF] detects source 406 only at the 3σ level. Nonetheless, this source does represent the single example of an X-ray source, potentially associated with a 250 µm source, with a reasonable likelihood of lying within the 1 < z < 3, L X > 10 44 erg s -1 region. Equally, it may fall within the 1 < z < 3, L X < 10 44 erg s -1 region. To summarise, it appears that the sources without spectroscopic redshifts are likely to harbour at most one object within the redshift range 1 < z < 3, which has L X > 10 44 erg s -1 .

Effect of X-ray absorption

X-rays in the 2-8 keV band can penetrate considerable column densities of material, but column densities > 10 23 cm -2 can lead to significant attenuation of the X-ray flux. Conceivably, the different 250 µm detection rates for AGN above and below 10 44 erg s -1 could be a consequence of X-ray absorption, if 250 µm-luminous AGN are systematically more heavily absorbed than AGN which are not detected at 250 µm. X-rays in the 0.5-2

keV band are absorbed more easily than those in the 2-8 keV band which was used to select our X-ray sample, and hence the hardness ratio of 2-8 keV / 0.5-2 keV X-rays is a crude but effective estimator of the degree of X-ray absorption.

For each 2-8 keV X-ray source, we used the Portable Interactive Multi-Mission Simulator (PIMMS; http://heasarc.nasa.gov/docs/software/tools/pimms.html) to convert from hardness ratios to spectral indices and column densites. The intrinsic spectra of faint AGN without absorption are power laws of the form S ν ∝ ν -α with a mean α = 0.9, and an rms scatter in α of 0.2 [START_REF] Griffin | The Herschel-SPIRE instrument and its in-flight performance[END_REF] . We took a hardness ratio corresponding to α = 0.5 (2σ from the mean) as the threshold beyond which we considered sources as absorbed. For absorbed sources, we used PIMMS to estimate the column density, assuming an intrinsic spectral index α = 0.9. PIMMS was then used to calculate the expected degree of attenuation to the observed 2-8 keV X-rays from the column density estimate. The X-ray luminosities were then adjusted accordingly. Where only a lower limit to the hardness ratio is available (due to the faintness of the object in the 0.5-2 keV X-ray band), the luminosity correction corresponding to the lower limit is applied. The fraction of absorbed AGN is known to depend on luminosity [START_REF] Ceca | The cosmological properties of AGN in the XMM-Newton Hard Bright Survey[END_REF] such that absorption is less common in the most luminous AGN. In light of this interdependency between luminosity and absorption, we have also examined the 250 µm detection rate of AGN with 1 < z < 3 and 10 43 erg s -1 < L X < 10 45 erg s -1 as a function of X-ray absorption rather than X-ray luminosity. Dividing the sample into absorbed and unabsorbed sources using the hardness-ratio criterion given above, we have 9 absorbed and 2 unabsorbed AGN detected at 250 µm, and 27 each of absorbed and unabsorbed sources which are not detected at 250 µm. Applying a Fisher's exact test, we find that the difference in 250 µm detection rate between absorbed and unabsorbed sources is significant at a little less than 95%. We can reduce the influence of the intrinsic anti-correlation between absorption and luminosity within the sample under test by excluding the sources with X-ray luminosities above 10 44 erg s -1 . We then have 9 absorbed and 2 unabsorbed sources detected at 250 µm, with 19 absorbed and 14 unabsorbed sources undetected at 250 µm. Applying the Fisher's test, the statistical significance at which the 250 µm detection rate depends on X-ray absorption drops to 90%. Hence, whereas we can demonstrate that the 250 µm detection rate depends on X-ray luminosity, we can not state with such confidence that the 250 µm detection rate depends on X-ray absorption.

Verification in the Extended Chandra Deep Field South

We have verified that the main result of this work, the paucity of 250 µm-detections amongst X-ray-luminous AGN, is reproduced in the Extended Chandra Deep Field South (ECDF-S), which is a larger field than the CDF-N, containing a larger sample of AGN with L X > 10 44 erg s -1 . We used the published X-ray catalogue [START_REF] Lehmer | The Extended Chandra Deep Field-South Survey: Chandra Point-Source Catalogs[END_REF] and spectroscopic redshifts [START_REF] Silverman | The Extended Chandra Deep Field-South Survey: Optical Spectroscopy of Faint X-ray Sources with the VLT and Keck[END_REF] . The SPIRE observations of the ECDF-S are shallower than those of CDF-N, but nonetheless are limited primarily by confusion. As with CDF-N, we have adopted a detection threshold of The images are arranged in increasing wavelength from left to right and decreasing X-ray luminosity from bottom to top. (b) Star formation rates obtained from the stacked fluxes and median redshifts (grey) compared to the star formation rates obtained from stacking the luminosities as in Fig. 2 (black). The blue, green and red points show the star formation rates obtained in a similar fashion to the black points, but in these cases using only one of the SPIRE bands to determine the luminosities prior to averaging. Blue, green and red correspond to 250, 350 and 500µm bands. The points have been offset slightly in the horizontal direction to aid clarity. 

Figure 1 :

 1 Figure1: Redshifts and 2-8 keV X-ray luminosities of AGN in the CDF-N. The luminosities have been Kcorrected assuming a spectrum S ν ∝ ν -0.9 and are not corrected for intrinsic absorption. The blue dashed rectangles delimit the luminosity decades above and below 10 44 erg s -1 in the 1 < z < 3 redshift range. Error bars correspond to 68% confidence.

Fig. S2 shows

  Fig.S2shows how Fig.1would be affected by the absorption corrections. More than half of the 250 µmdetected AGN increase in luminosity when the absorption corrections are applied, but on the whole these corrections are quite modest, with the majority amounting to less than 40% change in luminosity. None of the 250 µm-detected AGN move into the 1 < z < 3, 10 44 erg s -1 < L X < 10 45 erg s -1 region. Although several of the 250 µm-detected AGN move close to the 10 44 erg s -1 boundary, and the absorption corrections for two of the 250 µm-detected AGN are lower limits such that they may have intrinsic luminosities > 10 44 erg s -1 , the essential characteristic of Fig.1, the low 250 µm detection rate above 10 44 erg s -1 , persists.

  18 mJy at 250 µm, and cross-correlated the X-ray and submillimetre catalogues with a matching radius of 6 arcseconds. The 250 µm detections in the ECDF-S (z, L) plane are shown in FigureS3, analogous to Fig.1of the main article. Of 49 sources with 1 < z < 3 and L X > 10 44 erg s -1 , only 1 is detected at 250 µm, confirming the low detection rate obtained in the CDF-N.

Figure S4 :

 S4 FigureS4: Infrared spectral energy distributions of 250 µm-detected AGN with 1 < z < 3 and 10 43 erg s -1 < L X < 10 44 erg s -1 , based on SPIRE and Spitzer data. We included 850 µm and 1.3 mm photometry from ground-based telescopes where available41;42 . The black datapoints are the measured photometry, and the red lines show the star-forming model templates[START_REF] Siebenmorgen | Dust in starburst nuclei and ULIRGs. SED models for observers[END_REF] which best fit the data at 24 µm and longward. The black lines show AGN templates[START_REF]Atlas of quasar energy distributions[END_REF] , normalised in the mid-IR to estimate the AGN contribution[START_REF] Seymour | HerMES: SPIRE emission from radio-selected active galactic nuclei[END_REF] . Each panel is labelled with the identity of the object in the X-ray catalogue[START_REF] Trouille | The OPTX Project. I. The Flux and Redshift Catalogs for the CLANS, CLASXS, and CDF-N Fields[END_REF] .

Fig. S5 ,

 S5 Fig. S5, and are consistent with each other as well as those shown in Fig. 2.

Table 1 :

 1 250 µm detection statistics in the various parts of parameter space. The first row corresponds to the entire sample of secure AGN in the CDF-N, while the second and third rows correspond to the regions enclosed within the blue dashed lines in Fig.1. Confidence intervals on the fraction of AGN associated with 250 µm sources are given at 68%, with 95% intervals enclosed in brackets. It should be noted that there is one case of two AGN being associated with the same 250 µm source. The two AGN have very similar spectroscopic redshifts, and both have X-ray luminosities between 10 43 and 10 44 erg s -1 . Although the two AGN cannot be resolved at 250 µm, source extraction using X-ray and 24 µm positions as priors[START_REF] Roseboom | The Herschel Multi-Tiered Extragalactic Survey: source extraction and crossidentifications in confusion-dominated SPIRE images[END_REF] indicates that both AGN are 5σ sources at 250 µm.signal/noise ratio >3 when the effects of confusion are included 17 . X-ray sources were matched to 250 µm sources within 6 arcseconds, corresponding to approximately 95% confidence in the 250 µm positions. The detection statistics are given in Table

	Region of (z,L) parameter space	Number Number of AGN Expected number of Fraction of AGN
		of AGN	associated with spurious associations	associated with
			250 µm sources		250 µm sources
	all z, 1 < z < 3, 10 43 < L X < 10 44 erg s -1 10 42 < L X < 10 45 erg s -1	176 44	24 11	2.1 0.5	14±3 ( +6 -5 ) % 25 +8 -7 ( +15 -12 ) %
	1 < z < 3, 10 44 < L X < 10 45 erg s -1	21	0	0.2	< 5 (< 13) %

Table 2 :

 2 Properties of SPIRE-detected AGN. Data are given for AGN with 1 < z < 3 and 10

	109 135 158 190 331 366 368 384 455 500	2.203 2.580 2.466 1.013 2.015 1.253 1.970 1.996 1.021 1.168 1.990	43.59 +0.08 -0.11 43.58 +0.07 -0.09 43.69 +0.07 -0.09 43.05 +0.04 -0.05 43.81 +0.04 -0.04 43.48 +0.03 -0.04 43.11 +0.08 -0.12 43.42 +0.07 -0.09 43.49 +0.03 -0.03 43.96 +0.02 -0.02 43.89 +0.10 -0.14	23.6 +0.1 -0.2 23.4 +0.1 - * > 24.0 23.1 +0.1 -0.1 23.6 +0.1 -0.1 -23.4 +0.1 -0.2 > 23.8 23.4 +0.1 -0.1 -23.2 +0.2 - *	0.15 +0.05 -0.07 0.09 +0.03 -0.09 > 0.30 0.15 +0.02 -0.02 0.16 +0.02 -0.02 -0.11 +0.03 -0.04 > 0.26 0.25 +0.02 -0.03 -0.07 +0.03 -0.07	12.70 ± 0.03 13.01 ± 0.05 12.81 ± 0.05 12.29 ± 0.09 12.88 ± 0.03 12.51 ± 0.07 12.84 ± 0.05 12.41 ± 0.06 11.55 ± 0.17 11.97 ± 0.04 12.62 ± 0.03	12 5 4 4 21 5 3 3 11 30 4	750 -850 1660 -1750 1060 -1110 320 -330 1030 -1300 530 -550 1140 -1170 420 -430 50 -60 110 -160 690 -710

  [START_REF]Atlas of quasar energy distributions[END_REF] 
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Supplementary Information

Spectroscopic redshifts of CDF-N X-ray sources

We have taken a recent compilation [START_REF] Barger | A Highly Complete Spectroscopic Survey of the GOODS-N Field[END_REF] as our main source of spectroscopic redshifts. These redshifts are given to two decimal places, but the majority of them originate from earlier studies, so we have in most cases obtained more precise redshifts by tracing them back to the original publications. Where there is a significant discrepancy (> 2%) between a spectroscopic redshift in our main source and that given in earlier literature, we have adopted the redshift from our main source [START_REF] Barger | A Highly Complete Spectroscopic Survey of the GOODS-N Field[END_REF] . We have utilised a number of spectroscopic redshifts which are not listed there. The redshifts and literature references for these cases are given in Table S1.

Effect of redshift incompleteness

While we have restricted our study to objects within the CDF-N which have optical spectroscopic identifications and redshifts to ensure fidelity in redshifts and luminosities, we must examine whether the limited spectroscopic completeness (64%) has any effect on our results. A large fraction of the X-ray sources within the CDF-N have photometric redshifts (i.e. redshifts estimated by comparing photometry in a number of bands to that expected from galaxy template spectra as a function of redshift) in the same compilation that we use for our spectroscopic redshifts [START_REF] Barger | A Highly Complete Spectroscopic Survey of the GOODS-N Field[END_REF] . Although these photometric redshifts are of low accuracy and reliability compared to the spectroscopic redshifts, they raise the redshift completeness of the 2-8 keV X-ray sources to 87%, and so offer a good test as to whether the spectroscopic completeness has a significant influence on our results. Table S2 gives statistics equivalent to those shown in Table 1 of the main paper, but with the photometric redshifts included. As found for the spectroscopic-only sample, no AGN more luminous than 10 44 erg s -1 are associated with 250 µm sources.

We can be further reassured that our main result is not affected by the spectroscopic incompleteness by looking specifically at the identification statistics of those 2-8 keV X-ray sources which are associated with 250 µm sources. A total of 33 2-8 keV X-ray sources are associated with 250 µm sources, of which 27 are spectroscopically identified. The spectroscopically-identified fraction of these sources is thus 82%, higher than the 2-8 keV source population as a whole. For the 6 sources without spectroscopic redshifts, Fig. S1 shows the tracks of X-ray luminosity as a function of redshift. We can see that with respect to the 1 < z < 3, 10 43 erg s -1 < L X < 10 45 erg s -1 region which is well sampled by the X-ray and submillimetre surveys, sources 31, 37 and 431 from the X-ray catalogue [START_REF] Trouille | The OPTX Project. I. The Flux and Redshift Catalogs for the CLANS, CLASXS, and CDF-N Fields[END_REF] have L X < 10 44 erg s -1 for all 1 < z < 3. The tracks for sources 107, 221 and 406 all cross the upper rectangle corresponding to 1 < z < 3, 10 44 erg s -1 < L X < 10 45 erg s -1 , and so should be examined in more detail. The track for source 221 only enters this rectangle for a tiny redshift interval (2.94 < z < 3.0). Although our main redshift compilation [START_REF] Barger | A Highly Complete Spectroscopic Survey of the GOODS-N Field[END_REF] does not give a photometric redshift for source Infrared spectral energy distributions of 250 µm-detected AGN

The spectral energy distributions and best fit models for the AGN associated with 250 µm sources with 1 < z < 3 and 10 43 erg s -1 < L X < 10 44 erg s -1 , are shown in Fig. S4 Obtaining the average star formation rates through stacking

The average star formation rates shown in Fig. 2 were obtained by averaging the far-infrared luminosities of the AGN to account for the different redshifts of the different AGN. It is more common in stacking analyses to average the fluxes of the objects, and then to use the average flux and the median redshift of the sample to infer an average luminosity. Here we examine how the results would change if we used this latter method rather than stacking directly in luminosity. Fig. S5 shows the star formation rates obtained by the two different methods. The two methods give consistent results, and in both cases the average star formation rates are significantly higher for AGN with log L X < 10 44 erg s -1 than for AGN with log L X > 10 44 erg s -1 . We have also examined how the star formation rates would differ if only one of the SPIRE bands were used, instead of all three, to determine the luminosities. For each of the SPIRE bands, we derived a luminosity for each source by normalising a 30 K grey-body in the rest frame to the SPIRE flux and multiplying by 4πD 2 L , before averaging the luminosities in each bin. The star formation rates so derived from the three SPIRE bands are shown in