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Supermassive black holes (SMBHs) and their host galaxies are generally thought

to coevolve, so that the SMBH achieves up to about 0.2 to 0.5% of the host

galaxy mass in the present day. The radiation emitted from the growing SMBH

is expected to affect star formation throughout the host galaxy. The relevance

of this scenario at early cosmic epochs is not yet established. We present spec-

troscopic observations of a galaxy at redshiftz = 3:328, which hosts an actively
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accreting, extremely massive BH, in its �nal stages of growth. The SMBH mass

is roughly one-tenth the mass of the entire host galaxy, suggesting that it has

grown much more ef�ciently than the host, contrary to models of synchro-

nized coevolution. The host galaxy is forming stars at an intense rate, despite

the presence of a SMBH-driven gas out�ow.

Several lines of observational evidence, spanning a wide range of cosmic epochs, have led to

a commonly accepted picture wherein supermassive black holes (SMBHs,MBH > 106 M � ; M �

is the solar mass) coevolve with their host galaxies (1–4). Moreover, energy- and/or momentum-

driven “feedback” from accreting SMBHs (Active Galactic Nuclei; AGN) is thought to quench

star formation in the host galaxy (5). To directly test the relevance of such scenarios at early

cosmic epochs (high redshifts,z) requires the most basic properties of SMBHs and their hosts,

including masses and growth rates, to be observed. Several observational studies found that

at z <� 2 (more than 3.3 billion years after the Big Bang), the typicalBH-to-stellar mass ratio,

MBH =M� , increases towards higher redshifts (6–8), suggesting that some SMBHs were able

to gather mass more ef�ciently, or faster, than the stellar populations in their hosts. To date,

measurements ofMBH at earlier epochs (z > 2) have only been conducted for small sam-

ples of extremely luminous objects [LAGN > 1046 erg s� 1 (9–12)] representing a rare subset

of all accreting SMBHs, with number densities of order1 to 10 per Gpc3 [i.e., � 10� 9 to

10� 8 Mpc� 3 (13)]. Moreover, the high AGN luminosities in such sources overwhelm the host

galaxy emission and prohibit a reliable determination ofM � , and therefore ofMBH =M� . We ini-

tiated an observational campaign aimed at estimatingMBH in x-ray–selected, unobscuredz � 3

to 4 AGN within the Cosmic Evolution Survey �eld [COSMOS; (14)]. Such sources have lower

AGN luminosities and are more abundant than the aforementioned luminous sources by factors

of 100 to 1000(13, 15) and thus form a more representative subset of the general AGN pop-

ulation. Moreover, the fainter AGN luminosities and rich multiwavelength coverage of AGN
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within the COSMOS �eld enable reliable measurements of the mass and growth rate of the

stellar populations in the host galaxies (M � and star-formation rate, SFR).

CID–947 is an x-ray–selected, unobscured AGN atz = 3:328, detected in bothXMM-Newton

andChandrax-ray imaging data of the COSMOS �eld [see Fig. S4 and sections S2 and S4 in

the supplementary materials (16)]. We obtained a near-infrared (IR)K-band spectrum of CID–

947 using the MOSFIRE instrument at the W. M. Keck telescope,which atz = 3:328covers

the hydrogen H� broad emission line (see details in section S1 in the supplementary materials).

The calibrated spectrum shows a very broad H� emission line, among other features (Fig. 1).

Our spectral analysis indicates that the monochromatic AGNluminosity at rest-frame 5100	A

is L5100 = 3:58+0 :07
� 0:08 � 1045 erg s� 1. The typical line-of-sight velocity, i.e. the full-width at half-

maximum of the line, is11330+800
� 870 km s� 1 (see section S1.2 in the supplementary materials).

By combining this line width with the observedL5100 and relying on an empirically calibrated

estimator forMBH , based on the virial motion of ionized gas near the SMBH (17), we obtain

MBH = 6:9+0 :8
� 1:2 � 109 M � . All the reported measurement-related uncertainties are derived by

a series of simulations and represent the 16th and 84th quantiles of the resulting distributions.

These simulations indicate a SMBH mass larger than3:6� 109 M � at the 99% con�dence level

(see sections S1.2 and S3 for more details). Determinationsof MBH from single-epoch spectra

of the H� emission line are known to also be affected by signi�cant systematic uncertainties, of

up to� 0:3 to 0:4 dex. For a detailed discussion of some of the systematics andrelated issues,

seexS3 in the supplementary materials. This highMBH is comparable with some of the most

massive BHs known to date in the local universe (18),or with the masses of the biggest BHs in

the much rarer, more luminous AGN atz � 2 to4 [e.g., (9)]. The bolometric luminosity of CID–

947 is in the rangeLbol ' (1:1 � 2:2) � 1046 erg s� 1, estimated either from the observed optical

luminosity or the multiwavelength spectral energy distribution. Combined with the measured
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MBH , we derive a normalized accretion rate ofL=L Edd ' 0:01to0:02. This value is lower, by at

least an order of magnitude, than the accretion rates of known SMBHs atz � 3:5 [e.g., (9,10)].

Further assuming a standard radiative ef�ciency of 10%, we obtain ane-folding time scale for

the SMBH mass of at least2:1 � 109 (Gy; see section S3), which is longer than the age of the

universe atz = 3:328. By contrast, even the most extreme models for the emergenceof “seed”

BHs predict masses no larger thanM seed � 106 M � at z � 10 to 20 [e.g., (19)]. Therefore, the

SMBH powering CID–947 had to grow at much higher accretion rates and at a high duty cycle

in the past, to account for the high observedMBH only 1.7 Gyr afterz ' 20. CID–947 could

have evolved from a parent population similar to the fast-growing SMBHs observed inz >� 5

quasars, which haveL=L Edd � 0:5 to 1 andMBH ' 109 M � [e.g., (11, 12)]. The requirement

for a high accretion rate in the very recent past is supportedby the clear presence of a high-

velocity out�ow of ionized gas, observed in the rest-frame ultraviolet spectrum of the source

(�g. S4). The broad absorption features of CIV � 1549and SiIV � 1400have maximal velocities

of vmax ' 12; 000 km s� 1. Assuming that this out�ow is driven by radiation pressure,these

velocities require accretion rates ofL=L Edd
>� 0:1, as recently as105 to 106 years before the

observed epoch (see section S4). We conclude that the SMBH powering CID–947 is in the �nal

stages of growth and that we are witnessing the shut-down of accretion onto one of the most

massive BHs known to date.

The rich collection of ancillary COSMOS multiwavelength data available for CID–947 en-

ables us to study the basic properties of its host galaxy (seedetails in section S2 in the supple-

mentary materials). A previously published analysis of theobserved spectral energy distribution

of the emission from the source reveals an appreciable stellar emission component, originating

from 5:6+2 :8
� 0:4 � 1010 M � in stars (20). Our own analysis provides a yet lower stellar mass, of

M � = 4:4+0 :4
� 0:5 � 1010 M � . However, we focus on the previously determined, higher stellar

mass, as a conservative estimate. The source is also detected at far-IR and (sub)millimeter
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