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Abstract: High redshift massive protogalaxies, the sites of early star formatiomibtiiverse, provided

a suitable environment for the formation of the first supermassivé blales. Mass accretion causes the
black hole to grow and become a gamma-ray blazar for those obsgmigteged by a line of sight par-
allel to the jet. Possible evolutionary sequences are explored in termdrofifilility in the millimeter,
optical and gamma-ray regimes.

The epoch of galaxy formation verse was about 3 Gyr old [1]. This scenario

been revised considering sub-millimeter obser
Over ten years ago we learned that most of the tions and the effects of extinction in the optical a
star formation in the Universe took place at red- infrared, leading to a more sustained star format
shifts z < 2 [1]. Newer evidence now shows that rate as a function of redshift [8], consistent wi
massive systems were already assembled and irthe finding of the massive starburst Byitzerat
vigorous stages of star formation beyond= 6, z & 6.5, when the Universe was some 800 M
as evidenced bgpitzer[2] and submillimeter sur-  old. The mass assembly rate of this particular «
veys [3]. Mid infrared and sub-millimeter surveys ject was at least 750 Myr—*!, and maybe as hig}
sample star formation in the high redshift Universe as 1200 M,yr~! if one takes into consideration th
benefiting from the stellar and dust emissions en- z > 9 redshift of the best fit population synthes
tering the respective spectral bands. So while the models in [2].

Spitzerdata evidences the existence of stellar pop- The early Universe must have experienced an
ulations at high redshifts [2], in particular a burst tremely rapid phase of turn-on of star formatic
having produced x 10'' Mg, within 1 Gyr, mil-  as pictured in figure 1. The actual date of ¢
limeter and sub-millimeter surveys have proventhe set and duration are likely to have depended
existence of large amounts of dust when the Uni- the local overdensity, say as « dp~1/2, with

verse was younger than 1 Gyr [3]. New instru- the largest density fluctuations growing at ra

ments, like the Large Millimeter Telescope (Gran > 1000 My yr—! during the first Gyr and most o
Telescopio Milinétrico, LMT/GTM) have the po-  the activity ongoing for the next 2 Gyr.

tential of peering beyond = 10 into the first
stages of star formation history [4, 5].

Analysis of the angular scales of mid infrared
background fluctuations in the HST Deep Field ) ) ) ‘
North as observed b$pitzersuggests that primor- A close relationship exists between star formati
dial overdensities could have grown in the first @nd nuclear activity, as it was established alm
100 Myrs of cosmic time { 2 25), with stel- a decade ago [9]. Star formatlon produ.ces S
lar burning getting widespread when the Universe 'ar mass black holes and stimulates their gro
was as young as 200 Mye (~ 18) [6, 7]. The by stirring the interstellar medium, stimulating tt
classical “Madau plot” suggested that the peak of accretion process. The first natural hypothesi:
star formation occurred at ~ 2, when the Uni- that things occur in a similar manner at the larg

The epoch of black hole formation
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Figure 1: Afictitious galaxy and black hole formation scémapnsistent with observational evidence. H.
of star formation in galaxies occurs when the Universe iS3)8s old, with a characteristic growth time «
0.5 Gyrs. Black hole formation follows the same pattern witltelay of 0.4 Gyrs.

redshifts and that the galaxy formation process in- mass ejecta acquiring the angular momenturnr
cludes somehow the creation of a black hole and the matter falling into the black hole [14].
an active nuclei. The link must be rather generic as The observed mass ratio between the most n
pointed by the evidence of central black holes (BH) gjye protogalaxies and the most massive SME
in most present day galaxies. The first generation js of the order of 1/1000, leading us to conside
of stars, the so-called population Ill, were able t0 scenario in which a similar fraction of the mass ¢
produce black holes with masses in the range or in sempled is channeled to the seed black hole, of
excess of 100 M which acted as seeds for future grder of 1 M. /yr. If protogalaxy mass assemb
supermassive black holes (SMBHs) [10]. startedbeforethe creation of the first BHs, thes
Very high redshift quasars, up to & 6, have been the product of the initial phases of nucle
been found as a result of the Sloan Digital Sur- burning, we can introduce a delay &f 100 Myrs
vey [11], with most of these quasars showing ev- between the beginning of the growth of the pi
idence for the presence of heated dust [12]. We togalaxies and the beginning of the growth of t
currently believe that most of the initial star forma- SMBH, as expressed in figure 1. The growth of t
tion in the Universe took place in systems highly BH requires capturing material from the interstt
obscured by dust, the now called submillimeter lar medium, material ejected by subsequent gel
massive galaxies (SMGs). There is observational ation of stars, with the channeling of this mater
evidence for the formation of active nuclei inside to the BH resulting in a further delay in the Bl
these systems [13]. Feeding the seed BHs in thesegrowth. Still, the observational evidence for AG!
systems is complicated by the need of efficiently with z > 6, like in the Sloan Digital Survey, in-
removing the angular momentum of the mass been dicates that this delay cannot be higher than sc
accreted and the details of the process remain un-500 Myr [11, 15]. The tightness of this timing he
clear. One efficient way to remove angular mo- recently prompted models where black hole fi
mentum is through the formation of a jet, with the mation proceedbeforethe onset of star formatiol
through the direct collapse of protohaloes [16]. \
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infer the delayed growth of BHs in SMGs and the almost the same flux from a galaxy redshifted frc
existence of high redshift blazars, defined as the z = 2 to a redshift up to: ~ 10, for dust with a
subset of these active galaxies whose relativistic jet temperature of 30-60 K. LMT will be able to de
is pointed parallel to our line of sight. tect thousands of protogalaxies per square dec

Blazars became a major topic in high energy as- down to its confusion limits.

trophysics with the discovery by EGRET on board
CGROof E > 100 MeV photons from more
than 50 active galactic nuclei reaching upztgz

2. These were more precisely identified with
radio loud flat spectrum quasars[17], often with
supraluminical motions denouncing a relativistic
jet pointed towards the observers - us. The mul-
tiwavelength data and its fitting through leptonic

Identifying quasars inside these systems requ
either hard to obtain spectra, not always unambi
ous, or indirect evidence. In this respect finding
~-ray source coincident with a dusty system wot
be unmistakable evidence in favor of BH formatit
in star forming dust obscured systems. In bla
systems the emission is restricted to a solid ar
of 41 n, with  ~ 1072 typically. This means

and hadronic models led several authors to identify on one hand that these systems are rare, bu
a blazar sequence. In particular Fossati et al. [18] the other hand finding one system implies the
proposed a sequence going from typical Flat Spec- istence of many with different viewing angle ar
trum Radio Quasars (FSRQs) to radio and x-ray their emission is easier to find at larger distan:

BL Lac objects. This sequence has been proposeddue to the beaming.

to follow the reduction of accretion rate onto the
SMBH with time [19], systematic changes in ac-
cretion rates [20] or a combination of orientation
and intrinsic luminosity [21].

Searching the first blazars with LMT
and GLAST

The Large Millimeter Telescope is a 50 meter an-
tenna devoted to millimeter wave astronomy and
located at the top of Sierra Negra, Mexico, its
4600m site [5]. Inaugurated by Mexican President
Fox in November 2006, LMT is expected to see
its first 3mm light in 2008 in order to start the ex-

ploration of the 80-345 GHz window. Because of
its unprecedentedly large collecting area, LMT in-
struments will achieve sub-mJy fluxes in very short
exposures - reaching the confusion limit of the tele-

The imminent launch of th&damma-ray Large
Area Space Telescope (GLAS0jveys the oppor:
tunity of seeking for high redshift blazar&LAST
will be over an order of magnitude more sen
tive that EGRET, been able to reach photon flu;
downto10~? cm—2s~! atE > 100 MeV. The ex-
trapolation of the observed flux distribution frol
the sensitivity limit of EGRET to that o6LAST
translates in the expectation of finding at le:
2000 blazars - if there enough of these syste
at high redshifts! How far willGLASThe able
to reach? An AGN accreting 2 Myr—! and con-
verting 1% of this intoy-rays emitted in a solic
angle of4r 10~2 sr can be detected bGLAST
up toz ~ 7.5. Surveys fromGLASTDblazar can-
didates have already produced a promising 5
blazar candidate, now awaiting theray data to be
acquired and tested [22, 23]. If a similar amot
of power arises from star formation as reproces

scope. The real strength of the telescope reSidesiSOtrOpiC thermal emission, the corresponding fl

in the combination of sensitivity with large for-
mat heterodyne and continuum cameras, like SE-
QUOIA and AzTEC, which will make LMT the
most powerful telescope for mapping the millime-
ter sky. One of the prime scientific goals of LMT is
tracing the star formation history of the Universe.

SMGs show a dust-like ‘gray-body’ spectrum,
which in the Rayleigh-Jeans regime follows ax

v*+8 power law. This behavior becomes a power-
ful tool to search for high redshift galaxies, since
it leads to a negative K-correction which maintains
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in the millimeter band is of the order of tens of m.
one order of magnitude above the flux sensi-
tivity of LMT in one second LMT will perform

both deep and shallow surveys in search for hi
redshift protogalaxies. The most interesting s
tems for searches in tt@LASTdata will be those
with fluxes above tens of mJy found in the mc
extended surveys. LMT will have the possibility «
searching for redshifts directly from the mm-wa
data, making the redshift assessment unmistake
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Figure 2: A blazar inside a dust enshrouded star formingxgadaserved byGLASTand LMT.
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