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IntroducBon	
  
•  Galaxy	
  evoluBon	
  in	
  clusters	
  is	
  supported	
  by	
  mid-­‐IR	
  observaBons.	
  
•  The	
  fracBon	
  of	
  dusty	
  star-­‐forming	
  galaxies	
  increases	
  with	
  redshiQ	
  

(e.g.	
  from	
  3%	
  locally	
  to	
  around	
  13%	
  at	
  z~0.83;	
  Saintonge+08).	
  
•  At	
  z	
  <	
  0.85,	
  dust-­‐obscured	
  SF	
  is	
  preferenBally	
  taking	
  place	
  in	
  

intermediate-­‐density	
  regions	
  (Koyama+08,	
  Pintos-­‐Castro+12)	
  or	
  
groups	
  (Tran+09).	
  

•  At	
  higher	
  redshiQ,	
  the	
  situaBon	
  becomes	
  even	
  less	
  clear,	
  with	
  
environment	
  playing	
  a	
  key	
  role.	
  At	
  z	
  >	
  1,	
  there	
  are	
  evidences	
  of	
  
reversal	
  of	
  SF-­‐density	
  relaBon.	
  	
  

•  In	
  order	
  to	
  get	
  a	
  complete	
  picture,	
  we	
  should	
  trace	
  the	
  star	
  
formaBon	
  properBes	
  of	
  clusters	
  and	
  proto-­‐clusters	
  at	
  1	
  ≤	
  z	
  ≤	
  3,	
  
when	
  the	
  bulk	
  of	
  the	
  assembly	
  of	
  local	
  massive	
  early-­‐type	
  galaxies	
  
took	
  place.	
  

•  Herschel	
  is	
  an	
  ideal	
  tool	
  for	
  such	
  an	
  study,	
  probing	
  for	
  the	
  first	
  Bme	
  
close	
  to	
  the	
  peak	
  of	
  the	
  SED	
  of	
  SF	
  galaxies.	
  Our	
  Guaranteed	
  Time	
  
Herschel	
  program	
  (PI	
  B.	
  AlBeri)	
  has	
  imaged	
  several	
  high-­‐redshiQ	
  
clusters	
  and	
  proto-­‐clusters	
  using	
  the	
  PACS	
  and	
  SPIRE	
  instruments.	
  

•  Here	
  we	
  report	
  on	
  the	
  progress	
  on	
  one	
  of	
  the	
  GT	
  program	
  targets,	
  
the	
  proto-­‐cluster	
  PKS1138-­‐262	
  (a.k.a	
  “The	
  Spiderweb”).	
  



The	
  Spiderweb	
  proto-­‐cluster	
  

•  The	
  HzRG	
  PKS1138-­‐262,	
  known	
  as	
  the	
  	
  
“Spiderweb	
  galaxy”	
  shows	
  properBes	
  of	
  a	
  cD	
  
galaxy	
  progenitor	
  (e.g.	
  its	
  stellar	
  mass	
  is	
  ∼1012	
  
M⊙,	
  i.e.	
  one	
  of	
  the	
  most	
  massive	
  galaxies	
  at	
  
z>2).	
  

•  It	
  shows	
  a	
  clumpy	
  morphology	
  
•  The	
  Spiderweb	
  galaxy	
  hosts	
  a	
  powerful	
  AGN	
  

and	
  a	
  very	
  high	
  star-­‐formaBon	
  acBvity	
  (1390	
  
M¤/yr;	
  Seymour+12)	
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Fig. 1.—Composite image of a region at the core of the MRC′′ ′′23 # 18
1138!262 protocluster taken with the ACS through the " filters, usingg I475 814
a total of 19 orbits. Also shown are hitherto unpublished rest-frame Lya
emission velocities in kilometers per second, measured through 1! wide spec-
trograph slits in three position angles indicated by the dashed lines. These
were obtained using the FORS on the Antu telescope of the VLT during 2000
March and April (Kurk 2003). The velocities were measured at the peaks of
the Lya emission profiles and are relative to the median velocity of Lya
absorption. Following Kurk (2003) the nucleus is taken to be the position of
the peak Ha. This coincides with the peak in ACS continuum emission, in-
dicated by the extrapolation of the red arrow corresponding to !730 km s!1,
the velocity of the nuclear Lya emission. Eight of the satellite galaxies (flies)
that have chain, tadpole, or clumpy morphologies are indicated by numerals
1–8.

Fig. 2.—VLT Lya contours (blue, resolution ∼1! FWHM) delineating the
gaseous nebula and the VLA 8 GHz contours (red, resolution ∼0!.3) delineating
the nonthermal radio emission are superimposed on the composite ( "g475
) ACS image. The image shows a region rotated 10! from north.′′ ′′I 33 # 23814

The gaseous nebula extends for 1200 kpc and is comparable in size with the
envelopes of cD galaxies in the local universe.

lines. Although the C iv l1549 and He ii l1640 lines fall
within the passband, their measured rest-frame equivalentg475
widths are 6 and 10 , respectively (Röttgering et al. 1997),Å
implying that their effect on the continuum image is negligible.
The observations were processed through the ACS GTO pipe-
line (Blakeslee et al. 2003) to produce registered, cosmic-ray
rejected images. A deep 19 orbit composite image of the con-
tinuum emission was then produced by adding the andg475

images. The 2 j depth in the overlapping region is 29.3I814
and 29.0 mag in the respective and images measuredg I475 814
in a square 0!.45 diameter aperture.

3. RESULTS

The HST image of the host galaxy and its immediate surround-
ings is shown in Figure 1, with rest-frame velocities of the Lya
emission corresponding to several of the ACS continuum clumps.
Figure 2 illustrates the relation of the continuum optical emission
to the associated gaseous halo and relativistic plasma. The giant
gaseous halo extends by at least 25! (∼200 kpc) and is one of the
largest Lya structures known in the universe.
There are several features in the figures that are of interest:

1. The optical continuum emission of the galaxy consists
of at least 10 distinct clumps. The clumps are presumably sat-
ellite galaxies that are still merging withMRC 1138!262. They
have sizes of typically ∼0!.1–0!.5, corresponding to ∼1–5 kpc,
i.e., comparable to the typical sizes of Lyman break galaxies
(Ferguson et al. 2004; Bouwens et al. 2004).
2. Several of the satellites have elongated structures rem-

iniscent of chain and tadpole galaxies recently found to dom-

inate the resolved population of the Hubble Ultra Deep Field
(HUDF; Elmegreen et al. 2005; Straughn et al. 2006). Examples
are denoted by numbers 1, 3, and 4 in Figure 1. Another linear,
distorted galaxy is seen 3! north of the nucleus (2), and several
galaxies having double (6, 8) or clumpy morphologies embed-
ded in diffuse emission (5, 7) lie at slightly larger distances
from the main complex. These objects have colorsg ! I475 814
of between 0.1 and 0.7 mag and magnitudes of betweenI814
24.3 and 27.7, consistent with star formation at rates between
0.5 and 26 yr!1 (Madau et al. 1998).M,

To determine whether there is a concentration of such objects
around the radio galaxy, we analyzed the statistics of tadpole
and chain galaxies having in the whole ′ ′23 ! I ! 27 3 # 5814
ACS field around MRC 1138!262. To minimize systematic
effects, the morphologies were classified manually by some-
body not previously associated with the project (E. H.)
In the area around the radio galaxy, three such′′ ′′10 # 10

objects were found (objects 1, 3, and 4 in Fig. 1). This should
be compared with an expected number of 0.22 from our analysis
of the whole field, a value consistent with the HUDF analysis
of Elmegreen et al. (2005). Taking into account the clustering
of these objects, the probability of finding three such galaxies
within a region was estimated to be parts in 1000.′′ ′′10 # 10
This implies that the chain and tadpole galaxies are concen-
trated at the position of the radio galaxy and connected with
the forming massive galaxy at the protocluster center.
3. Faint diffuse emission is visible between the obvious

clumps. This extended emission is unlikely to be dominated
by scattered light of an obscured nuclear quasar, because its
morphology is not reminiscent of a scattering cone. Further-
more, its mean color is comparable to that of the star-forming
clumps, consistent with the occurrence of ongoing star for-
mation over the whole central kpc region. The total50# 40
extended luminosity (comprising 45% of the total emission in

implies a star formation rate of 1100 yr!1).g M475 ,

4. Lya was detected from all of the satellite galaxies in the
halo that have been studied spectroscopically. The width of the
Lya profile in the halo is consistent with the observed velocity
dispersion of the associated protocluster, indicating that the

•  Kurk+00	
  reported	
  an	
  overdensity	
  of	
  SF	
  galaxies	
  around	
  th	
  HzRG.	
  
•  Currently,	
  there	
  are	
  more	
  than	
  20	
  proto-­‐cluster	
  members	
  spectroscopically	
  

confirmed,	
  Lyα	
  and	
  Hα	
  emikers	
  (Pentericci+00,	
  Kurk+04).	
  
•  Tanaka+10	
  report	
  an	
  overdensity	
  of	
  red	
  galaxies	
  around	
  the	
  HzRG,	
  

comprising	
  a	
  mix	
  of	
  low	
  and	
  high	
  SFR	
  galaxies,	
  suggesBng	
  a	
  red	
  sequence	
  in	
  
formaBon.	
  

•  Ogle+12,	
  based	
  on	
  IRS	
  observaBons	
  of	
  PAHs	
  in	
  several	
  galaxies	
  of	
  the	
  proto-­‐
cluster,	
  reports	
  a	
  very	
  intense	
  and	
  highly	
  obscured	
  star	
  formaBon	
  acBvity.	
  



ObservaBonal	
  data	
  
For	
  the	
  analysis	
  presented	
  here,	
  only	
  MIR-­‐FIR	
  data	
  have	
  been	
  included.	
  Herschel	
  
observaBons	
  include	
  both	
  PACS	
  and	
  SPIRE	
  imaging:	
  
•  PACS:	
  2	
  crossed	
  maps	
  covering	
  an	
  area	
  of	
  6.67	
  x	
  6.67	
  arcmin	
  (some	
  3.4	
  Mpc	
  with	
  

standard	
  cosmology)	
  and	
  3h	
  exposure	
  Bme.	
  100μm	
  and	
  160μm	
  bands.	
  1σ	
  
sensiBvity	
  is	
  1.5	
  mJy	
  and	
  3.0	
  mJy,	
  respecBvely.	
  

•  SPIRE:	
  	
  crossed-­‐scan	
  map	
  of	
  15	
  x	
  15	
  arcmin	
  with	
  4	
  repeBBons	
  (34	
  min	
  exposure	
  
Bme).	
  3	
  bands:	
  250μm,	
  350μm	
  	
  and	
  500μm	
  bands.	
  1σ	
  sensiBvity	
  is	
  3.5,	
  4.8	
  and	
  5.4	
  
mJy,	
  respecBvely.	
  

Fig. 1. Composite colour image of PACS 100µm (red) and 160µm (green/blue) of the cluster field of view. The spectroscopically confirmed
Herschel cluster sources are indicated by circles of radius 13′′. See Table 1 for positions and redshift. The image is approximately 12.6 × 12.6
arcmin. North is up, East is left.

From the total IR luminosity one can infer the star formation
rate (SFR) and compare to SFRs based on other indicators. Both
LIR and the dust temperature allow for detailed physical investi-
gations of star-forming galaxies not possible without FIR obser-
vations.

In this paper we probe the star-formation properties of the
well-known proto-cluster, PKS1138-262 (RA: 11h 40m 48.40s,
DEC: -26d 29m 11.0s) at redshift z=2.16 (Miley et al. (2006))
using infrared imaging data ranging from 3.6 to 500 µm. In
Section 2 we present our observations, data reduction proce-
dures and source extraction. Section 5 presents statistical find-
ings while Section 6 gives the conclusions.

Throughout this paper we use the current concordance
ΛCDM cosmology with H0 = 70 kms−1, Ωm=0.3 and ΩΛ=0.7.

2. Herschel data reduction and analysis
The galaxy overdensity PKS1138-262 (hereafter PKS1138, also
known as the Spiderweb galaxy) is a cluster in its early for-
mation stages that was discovered around a high-redshift radio
galaxy (Miley et al. (2006)). This system has a rich multi wave-
length imaging and spectroscopic dataset, albeit within a rela-
tively small field-of-view, in comparison with the size of our in-
frared maps (see below).

The recently launched Herschel observatory is the largest
space infrared telescope and probes a previously unexplored
wavelength window ranging from 100 to 500 µm. Our Herschel
observationswere carried out as part of the project scientist guar-
anteed time (PI Altieri), in a program designed to study the
star formation history of galaxy clusters from z ∼1 to 2.4, a
time when galaxy clusters were assembling galaxies and local
massive early-type galaxies were building up. In a forthcom-
ing paper we will present the results obtained for the complete
cluster sample observed in this program. Recently, Seymour et
al. (2012) presented a detailed study of the central radio galaxy
of PKS1138 using Spitzer, Herschel and LABOCA data. Instead
here we investigate the properties of the galaxies associated with
the proto-cluster system (members and candidates).

2.1. PACS

The PACS (Poglitsch et al.(2010)) observations were acquired
on June 10, 2011 (obsid = 1342222456 & 1342222457) with 2
crossed scan maps of 3h each covering a field of 6.67 × 6.67
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Fig. 2. CUT OUT IMAGE DOWN TO PACS FOV?Composite colour image of SPIRE 250µm (blue), 350µm (green) and 500µm (red) of the
cluster field of view. The spectroscopically confirmed Herschel cluster sources are indicated by circles. See Table 1 for positions and redshift. The
image is approximately 31 × 34 arcmin. North is up, East is left.

arcmin. The data were reduced using HIPE1 (Ott el al. (2010))
v6.0. The data cubes were processed with a standard pipeline,
including a sliding high-pass filtering on the detector timelines
to remove detector drifts and 1/f noise with an iterative masking
of the sources. Standard aperture photometry was then applied,
as the radio-galaxy shows a point-like emission at Herschel res-
olution in all bands. A color composite image of the PACS 100
µm and 160 µm maps is presented in Figure 1.

The PACS images were then registered to MIPS observations
to have the best possible astrometry.

We performed source extraction and photometry on the
100 µm and 160 µm PACS maps using Sextractor (Bertin &
Arnouts (1996)). We opted to use the lowest (1-sigma) detection
thresholds of Sextractor in order to obtain the maximum num-
ber of sources (we expect a significant number of faint sources)
and perform a quality (?) ) cut a posteriori. The blind, single-
band catalogs have a total of 387 sources in the 100 µm band
and 249 sources in the 160 µm band. The merged PACS catalog
(cross match with 5 arcsec distance) has a total of 136 matches,

1 HIPE is a joint development by the Herschel Science Ground
Segment Consortium, consisting of ESA, the NASA Herschel Science
Center, and the HIFI, PACS and SPIRE consortia

6 of which were immediately discarded as spurious sources lo-
cated at the edges of the field. For both maps we performed flux
measurements in apertures with a radius of 3 pixel (WHY) . The
correction factors for this aperture are 0.586 in the 100 µm band
and 0.573 in the 160 µm (VALUES FROM THE MANUAL?).

Due to the difficulty ((BRUNO EXPLAIN) of measuring
flux errors accurately with Sextractor we opted to use constant
1-sigma errors for all flux measurements, that correspond to
1.5mJy at 100 µm and 3mJy at 160 µm. Upper limits correspond
to the 2-sigma values.

The merged catalog was appended with the 100 µm and
160 µm only detections (252, 113, respectively). This catalog
was then used as a prior for the SPIRE source detection (see
Section 2.2).

2.2. SPIRE

The SPIRE (Griffin et al. (2010)) observations (ObsID:
1342210877, taken on December 7th, 2010 for about 34 min-
utes) were performed using a cross-scan Large Map mode over
15 × 15 arcmin region with 4 repetitions, achieving 1-σ in-
strumental noise (3.5, 4.8, 5.4) mJy at (250, 350, 500) µm —

3



ObservaBonal	
  data	
  
•  In	
  addiBon,	
  public	
  IRAC	
  and	
  MIPS	
  24μm	
  data	
  reduced	
  and	
  included	
  in	
  the	
  analysis.	
  	
  

OpBcal	
  (VLT	
  VIMOS	
  U,	
  FORS2	
  R,	
  z)	
  and	
  NIR	
  (Subaru	
  MOIRCS	
  J,	
  Ks)	
  are	
  publicly	
  
available.	
  	
  
•  U-­‐band	
  data	
  used	
  to	
  help	
  idenBfying	
  and	
  cross-­‐matching	
  objects	
  
•  But	
  the	
  footprint	
  of	
  the	
  available	
  data	
  barely	
  covers	
  the	
  area	
  surveyed	
  by	
  PACS.	
  	
  
•  We	
  have	
  started	
  to	
  exploit	
  new,	
  deep	
  and	
  large	
  area	
  HAWK-­‐I	
  NIR	
  (Ks)	
  data	
  (PI.	
  J.	
  

Kurk)	
  



Catalog	
  and	
  source	
  selecBon	
  

•  Small	
  filled,	
  coloured	
  circles,	
  reference	
  sources	
  from	
  COSMOS	
  
•  Small	
  filled,	
  coloured	
  squares,	
  reference	
  sources	
  from	
  GOODS-­‐

VIMOS	
  	
  
•  	
  Grey	
  triangles,	
  our	
  spiderweb	
  sources	
  without	
  redshiE	
  (either	
  spec	
  

or	
  photo)	
  	
  
•  	
  Large	
  filled,	
  coloured	
  circles,	
  spiderweb	
  sources	
  with	
  photo-­‐z	
  from	
  

LePhare.	
  	
  
•  	
  Large	
  open,	
  coloured	
  squares,	
  spiderweb	
  sources	
  with	
  	
  spec-­‐z.	
  	
  

•  The	
   PACS	
   Sextractor	
   catalog	
   contains	
   130	
   sources	
   detected	
   at	
   100	
   &	
   160μm,	
   252	
  
sources	
  at	
  100μm	
  and	
  113	
  at	
  160μm	
  only.	
  	
  Used	
  as	
  priors	
  for	
  SPIRE	
  source	
  detecBon	
  

•  9	
   Herschel	
   sources	
   have	
   spectroscopic	
   redshiQ.	
   From	
   these,	
   5	
   sources	
   are	
   proto-­‐
cluster	
  members.	
  

•  MID&FIR-­‐only	
   	
  photometric	
  redshiQs	
  computed	
  with	
  LePhare	
  and	
  the	
  CHARLYPEP	
  IR	
  
SED	
   library	
   (Gruppioni+10,	
   Rieke+09,Polleka+07)	
   do	
   not	
   yield	
  meaningful	
   results	
   in	
  
our	
  search	
  for	
  addiBonal	
  proto-­‐cluster	
  candidates.	
  

	
  
	
  
•  Rather,	
   we	
   have	
   selected	
   our	
  

candidates	
   based	
   on	
   a	
   FIR	
   colour	
  
criterion,	
   using	
   a	
   control	
   sample	
   of	
  
HerMES	
  (Oliver+2010)	
  and	
  PEP	
  (Lutz
+2010)	
   sources	
   with	
   known	
  
spectroscopic	
   redshiQs	
   in	
   the	
  
COSMOS	
   and	
   GOODS-­‐S	
   fields,	
   plus	
  
the	
   available	
   Herschel	
   sources	
  
confirmed	
  as	
  cluster	
  members	
  



SpaBal	
  distribuBon	
  of	
  candidates	
  	
  

•  Green	
  circles	
  –	
  confirmed	
  proto-­‐
cluster	
  sources	
  (5)	
  

•  Red	
  squares	
  –	
  colour-­‐selected	
  
candidates	
  (17)	
  

•  Most	
  colour-­‐selected	
  candidates	
  
have	
  F160	
  in	
  the	
  range	
  10-­‐20	
  mJy	
  
(consistent	
  with	
  those	
  observed	
  
in	
  the	
  confirmed	
  members).	
  

•  The	
  Spiderweb	
  HzRG	
  has	
  F160	
  ~	
  
42	
  mJy.	
  

•  Source	
  69	
  has	
  a	
  very	
  large	
  flux	
  
(F160	
  ~	
  60	
  mJy)	
  and	
  is	
  very	
  likely	
  
a	
  foreground	
  contaminant.	
  	
  	
  



Number	
  counts	
  and	
  FIR	
  overdensity	
  

•  There	
  is	
  a	
  staBsBcally	
  significant	
  
overabundance	
  of	
  sources	
  in	
  the	
  15	
  
mJy	
  bin	
  (w.r.t.	
  field	
  values).	
  	
  

•  Consistent	
  with	
  the	
  typical	
  values	
  
found	
  in	
  colour-­‐selected	
  
candidates.	
  

•  This	
  is	
  also	
  consistent	
  with	
  a	
  very	
  
clear	
  posiBve	
  clustering	
  signal	
  
obtained	
  by	
  means	
  of	
  2p-­‐ACF	
  with	
  
SPIRE	
  data.	
  

Fig. 9. Source counts at 160 µm. Red points refer to field nr counts from Berta et al. (2011)

Fig. 10. Source counts at 250 (left), 350 (centre) and 500 (right) µm.
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•  Number	
  counts	
  computed	
  at	
  160	
  μm	
  (not	
  affected	
  by	
  source	
  confusion).	
  
•  Incompleteness	
  affects	
  progressively	
  fluxes	
  below	
  9	
  mJy.	
  
•  The	
  number	
  counts	
  have	
  been	
  compared	
  with	
  field	
  values	
  from	
  Berta	
  et	
  al.	
  

(2011).	
  
•  High-­‐flux	
  values	
  have	
  a	
  large	
  uncertainty	
  due	
  to	
  the	
  very	
  small-­‐number	
  

staBsBcs.	
  
	
  



Total	
  IR	
  luminosity	
  
•  The	
  Total	
  IR	
  luminosity	
  (L8-­‐1000μm)	
  has	
  been	
  computed	
  for	
  the	
  proto-­‐cluster	
  confirmed	
  

members	
  and	
  colour-­‐selected	
  candidates.	
  
•  The	
  MIR/FIR	
  SED	
  has	
  been	
  fiked	
  with	
  LePhare	
  to	
  templates	
  from	
  Chary	
  &	
  Elbaz	
  2001	
  

(CE01).	
  	
  
•  Similar	
  luminosiBes	
  found	
  for	
  spectroscopic	
  members	
  and	
  colour-­‐selected	
  candidates.	
  

	
  

Spiderweb	
  	
  
galaxy	
  



Some	
  SED	
  fizng	
  examples…	
  



Star-­‐formaBon	
  rates	
  

Spiderweb	
  	
  
galaxy	
  

•  The	
  SFR	
  has	
  been	
  computed	
  following	
  Kennicuk	
  (1998).	
  	
  
•  The	
  SFR	
  from	
  the	
  Spiderweb	
  galaxy	
  is	
  overesBmated	
  due	
  to	
  contaminaBon	
  from	
  the	
  AGN.	
  

Its	
  SFR	
  has	
  been	
  computed	
  by	
  Seymour+2012	
  as	
  1390	
  ±	
  150	
  M¤/yr.	
  	
  
•  The	
  very	
  high	
  SFR	
  is	
  consistent	
  with	
  that	
  found	
  by	
  Ogle+2012	
  (500-­‐1100	
  M¤/yr)	
  from	
  PAH	
  

emission.	
  
•  The	
  SFRs	
  found	
  are	
  much	
  larger	
  than	
  those	
  derived	
  from	
  Hα	
  (typically	
  <	
  40	
  M¤/yr	
  ,	
  Kurk

+04)	
  suggesBng	
  a	
  highly	
  obscured	
  star	
  formaBon.	
  
	
  



Summary,	
  conclusions,	
  forecast…	
  
•  We	
  have	
  conducted	
  a	
  FIR-­‐only	
  study	
  of	
  the	
  PKS1138-­‐262	
  proto-­‐
cluster.	
  	
  

•  We	
  have	
  devised	
  a	
  simple	
  method	
  to	
  select	
  proto-­‐cluster	
  candidates	
  
based	
  on	
  PACS	
  &	
  SPIRE	
  –derived	
  colours.	
  	
  

•  The	
  average	
  flux	
  of	
  the	
  candidates	
  is	
  very	
  similar	
  to	
  that	
  of	
  the	
  
confirmed	
  members	
  (beside	
  the	
  HzRG)	
  and	
  consistent	
  with	
  the	
  
excess	
  in	
  number	
  counts.	
  

•  We	
  have	
  derived	
  the	
  total	
  IR	
  luminosiBes.	
  The	
  very	
  high	
  star	
  
formaBon	
  rates	
  observed	
  (~500	
  to	
  ~1000	
  M¤/yr)	
  are	
  consistent	
  
with	
  those	
  derived	
  from	
  mid-­‐IR	
  spectroscopy.	
  

•  The	
  Hα-­‐derived	
  SFRs	
  are	
  much	
  smaller	
  than	
  the	
  values	
  quoted	
  
above,	
  suggesBng	
  a	
  highly	
  obscured	
  SF	
  acBvity.	
  

	
  


