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• Target of Opportunity
‣ Got to have it now, right now
‣ Flaring, fading, transient sources
‣ e.g. GRBs, collisions of all kinds
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Figure 1. Spectra of J105400.40+034801.2 at rest-frame wavelengths (bottom scale) and observed (top scale) are represented by the black, blue and red
curves for the three observations indicated. The broad Si IV and C IV outflow lines are marked by horizontal bars above the data. The locations of BELs are
marked across the top. The steep rise at short wavelengths is due to strong N V and Lyα emission. All of the strong narrow absorption lines (not labelled)
belong to an unrelated DLA system at zabs = 2.0683. The vertical flux scale applies to the SDSS spectrum. The other spectra are scaled vertically to match.
The formal 1σ errors are shown by dotted curves near the bottom.

dramatic appearance of BALs in this object is surprising because
it is much less luminous (by a factor of !100) than typical BAL
quasars.

In this Letter, we report the first discovery of an emerg-
ing high-velocity BAL-like outflow in a luminous quasar,
J105400.40+034801.2 at redshift ∼2.1. We observed this quasar
as part of a programme to study metal-strong damped Lyα (DLA)
absorption systems (Herbert-Fort et al. 2006; Kaplan et al., in prepa-
ration). Those data showed the new appearance of broad outflow
lines compared to spectra obtained several years earlier by the Sloan
Digital Sky Survey (SDSS). In the sections below, we discuss the
observations (Section 2), the measured properties of the outflow
lines (Section 3) and some theoretical implications of our results
(Section 4).

2 OBSERVAT I ONS

The SDSS obtained the first high-quality spectrum of
J105400.40+034801.2 on 2002 March 5 (2002.18). We retrieved
the fully reduced spectrum from the SDSS archives, Data Release
6. This spectrum covers wavelengths from 3805 to 9210 Å at reso-
lution R ≡ λ/$λ ≈ 2000 (150 km s−1). The absolute fluxes mea-
sured through a ∼3 arcsec aperture fibre are expected to be accurate
to within a few per cent (Adelman-McCarthy et al. 2008). The
emission-line redshift and the blue and red magnitudes reported by
the SDSS are zem = 2.095, g = 18.11 and r = 17.98, respectively.
We also note that this quasar is radio quiet based on a non-detection
in the FIRST radio survey (Becker, White & Helfand 1995).

We observed J105400.40+034801.2 on 2006 December 16
(2006.96) using the Multi-Mirrored Telescope (MMT) Spectro-

graph in the blue channel with the 800 groove mm−1 grating.
Combined with a 1.5 arcsec wide slit, this setup provided wave-
length coverage from 3090 to 5095 Å at a resolution R ≈
1370 (220 km s−1). The exposure time was 720 s. After noting
the broad outflow lines in the MMT data, we obtained another spec-
trum on 2008 May 30 (2008.48) using the Low-Resolution Imag-
ing Spectrograph (LRIS) at the Keck Observatory. In this case, a
600 groove mm−1 grating blazed at 6000 Å and a 1 arcsec en-
trance slit provided wavelength coverage from 3105 to 5600 Å at
a resolution R ≈ 1000 (300 km s−1). The total exposure time was
400 s. The observations at the MMT and Keck were both performed
with the slit at the parallactic angle. The spectra were extracted and
processed by standard techniques using the Low Redux Pipeline1

software package. The relative fluxes were calibrated using spec-
trophotometric standards observed on the same night. The absolute
fluxes have uncertainties up to 50 per cent.

3 RESULTS

Fig. 1 shows the three spectra obtained in 2002.18 (SDSS), 2006.96
(MMT) and 2008.41 (Keck). The wavelengths in the quasar rest
frame are based on zem = 2.095 reported by the SDSS. The vertical
flux scale in the figure applies to the SDSS spectrum. The other
spectra are scaled vertically to match the SDSS fluxes at contin-
uum wavelengths. The SDSS and MMT spectra are shown after
smoothing for easier display. This smoothing has no effect on the

1 http://www.ucolick.org/∼xavier/LowRedux/index.html

C© 2008 The Authors. Journal compilation C© 2008 RAS, MNRAS 391, L39–L43
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Fig. 1.— An overview of the PTF project data flow.

of the sky.
Followup of detected transients is a vital component of suc-

cessful transient surveys. The P60 photometric followup tele-
scope automatically generates colors and light curves for in-
teresting transients detected using P48. The PTF collabora-
tion also leverages a further 15 telescopes for photometric
and spectroscopic followup. An automated system will col-
late detections from the Berkeley classification engine, make
them available to the various follow up facilities, coordinate
the observations, and report on the results.
This paper is organized as follows: in Section 2 we describe

the new PTF survey camera and automated observing system,
and detail the on-sky performance of the system. Section 3
discusses the initial PTF observing strategy. Section 4 de-
scribes the automated data reduction pipeline and transient
classification system, and Section 5 details the PTF followup
systems. In Section 6 we conclude by describing PTF’s first
confirmed optical transient detections.

2. THE PTF SURVEY SYSTEM: P48 + THE PTF SURVEY CAMERA

The P48 telescope is a wide-field Schmidt with a 48-inch
aperture, a glass corrector plate and a 72-inch (f/2.5) mirror
(Harrington 1952). The telescope performed both Palomar
Sky Surveys (POSS I and POSS II; Reid et al. (1991)), and re-
cently completed the Palomar-Quest digital synoptic sky sur-
vey (Djorgovski et al. 2008), before the start of PTF modifi-
cations in autumn 2008.
The PTF survey camera (Figure 2) is based on the CFH12K

camera (Cuillandre et al. 2000). The camera was extensively
re-engineered by Caltech Optical Observatories for faster
readout, closed-cycle thermal control, and robust survey op-
eration. The CCD focal plane was untouched but the rest of
the camera was modified for reliable and low-cost operation
on the P48. Primary requirements for the design, in addition
to the mechanical and optical modifications required for oper-
ation on P48, were to reduce the operation cost of the camera,
to minimize the beam obstruction, and to increase the readout
speed for PTF operations.
The P48 telescope optics are significantly faster than the

CFHT, leading to stringent requirements on the camera’s
CCD array flatness and optical quality. The low-operation-
cost requirement led to swapping the camera cooling system
from a LN2 system to a CryoTiger closed-cycle cooler. The
camera was also upgraded with a new precision shutter and
filter-changer assembly. The telescope was refurbished for
operation with PTF and a new queue-scheduling automated
observatory control system was implemented.

TABLE 1
The specifications of the PTF survey system

P48 survey characteristics

Telescope Palomar 48-inch (1.2m) Samuel Oschin

Camera field dimensions 3.50 × 2.31 degrees

Camera field of view 8.07 square degrees

Light sensitive area 7.26 square degrees

Plate scale 1.01 arcsec / pixel

Efficiency 66% open-shutter (slew during readout)

Sensitivity (median) mR≈20.6 in 60 s, 5σ

mg′≈21.3 in 60 s, 5σ

Image quality 2.0 arcsec FWHM in median seeing

Filters g′ &Mould-R; other bands available

P48 survey camera CCD array

Component CCDs 12 CCDs; 1 non-functional

CCD specs 2K×4K MIT/LL 3-edge butted CCDs

Array Leveling Flat to within 20 microns

Pixels 15 microns/pixel; 100% filling factor

Chip gaps Median 35 pixels (35 arcsec)

Readout noise < 20 e−

Readout speed 30 seconds, entire 100 MPix array

Linearity better than 0.5% up to 60K ADUs

Optical distortion maximum 7′′at array corners

compared to flat grid

P60 followup camera specifications

Telescope Palomar Observatory 60-inch (1.5m)

CCD specs 2K×2K CCD

Plate scale 0.38 arcsec / pixel

Readout noise 5 e− (amp 1); 8 e− (amp 2)

Readout speed 25 seconds (full frame)

Linearity better than 1% up to 20K ADUs

Sensitivity (median) m′g≈21.6 in 120 s, 5σ

mr′≈21.3 in 120 s, 5σ

mi′≈21.1 in 120 s, 5σ

mz′≈20.0 in 120 s, 5σ

We summarize here the upgrades and provide on-sky per-
formance test results for the PTF survey camera on P48; more
detail on the camera engineering is provided in Rahmer et al.
(2008). Table 1 summarizes the survey and P60 followup sys-
tem specifications.

2.1. CCD Array

The core of the PTF survey camera is a 12K × 8K mosaic
made up of twelve 2K×4KMIT/LL CCID20 CCDs, arranged
in a 6x2 array (Figure 3). Three of the CCDs are high resistiv-
ity bulk silicon (HiRho); the rest are standard epitaxial silicon
(EPI). The EPI chips reach QEs of approximately 70% at 650
nm; the HiRho devices have somewhat higher QE, reaching
≈90% at 650 nm (Figure 4). The HiRho chips also have lower
fringing levels due to their increased thickness.
Depth of focus, and thus the flatness of the CCD array, is an

important issue for the P48’s f/2.5 beam. Approximately 92%
of the PTF survey camera’s CCD array is within 20 µm of the
reference focal plane position. Taking a detailed error budget
into account, including terms for telescope jitter, atmospheric
turbulence and the optical quality, we predicted that 89% of
the array would provide images meeting our 2.0′′FWHM im-

Law et al. (2009)
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• Present projects
‣ PTF, PanStaars
‣ Full Northern sky imaging at 

high temporal cadence
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• Present projects
‣ PTF, PanStaars
‣ Full Northern sky imaging at 

high temporal cadence

• Possible future
‣ LSST, SASIR, Exist
‣ Full sky in optical and IR
✦ Intractable discovery rates
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• Ideal: Full queue observing
• Current TDA policy
‣ Each institution sets their 

own rules/guidelines
‣ No formal cross-talk between 

institutions
✦ e.g. TAC

• Possible paths
‣ Uber-TAC
‣ Keck involvement
✦ Observatory-wide policy
✦ Encourage multi-institution teams
✦ Management of cadence scheduling

• Key issues
‣ Data access + rights
‣ Competing proposals

TDA at Keck: Policies
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• Modifications to existing
‣ Facilitate remote observing 

from ‘anywhere’
‣ Keep a high percentage of 

instruments ‘hot’
✦ Maintain calibrations
✦ Equip with favored gratings, filters
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• Modifications to existing
‣ Facilitate remote observing 

from ‘anywhere’
‣ Keep a high percentage of 

instruments ‘hot’
✦ Maintain calibrations
✦ Equip with favored gratings, filters

• New avenues
‣ Keck I deployable tertiary
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• Motivations
‣ Enable ToO observations with any 

Keck I instrument
✦ e.g. HIRES observations of bright GRBs
‣ Enable flexible scheduling and high 

cadence observing
‣ Eliminate manual tertiary changes

• Specifications
1)  When the tertiary is stowed, it should 

not block the Cassegrain instruments
2)  When deployed it should provide the 

full FOV of each Nasmyth instrument
3)  The tertiary can rotate
4) Deployment/stowing should take less 

than 15min time

Keck I Deployable Tertiary

Current ‘Team’

Harland Epps (UCO)
J. Xavier Prochaska (UCO)

Jerry Nelson (UCO)
Jerry Cabak (UCO)
Hilton Lewis (Keck)
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Keck I DT: Conceptual Design
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Figure 4 The tertiary with a 5 arcmin FoV as viewed along the optical axis.  The light blue 

hexagon is the top end ring of the telescope.   

The tertiary mirror in a possible stowed position is shown in Figure 5.  This figure shows the 

MOSFIRE footprint and indicates a possible place to stow the retracted tertiary mirror so that it 

is inside the projection of the tertiary tower and outside the MOSFIRE footprint. 

Top ring

Top view
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• Mirror
‣ 5arcmin FOV
‣ Size
✦ 0.88m major axis
✦ 0.66m minor axis
‣ Mass ~ 54.5 kg
‣ 12 rear supports offering 

minimal deflection
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Figure 8 This color contour map shows the deflections of the FEA model for full gravity 

load perpendicular to the surface with a 12 point axial support.  The support locations are 

indicated by the three small black dots. At these locations the vertical deflections were 

constrained to be zero.  The peak to valley deflection is about 20 nm. 

More generally, one can use FEA to vary the 8 independent parameters (6 positions and 2 force 

ratios) to minimize the surface error.  In practice it is probably sufficient to minimize the peak to 

valley deflections. 

4.2 Comparison with other mirrors 

As a cross check we compare this axial support and deflections with other mirrors.  Since the 

gravity deflections will scale as ! ~
area2

n2h2
 we calculate this parameter for comparison purposes 

for various mirrors in the table below: 

 

Mirror Area (m
2
) N supports Thickness h (m) “!” 

Keck segment 2.10 36 0.075 0.605 
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• Mirror
‣ 5arcmin FOV
‣ Size
✦ 0.88m major axis
✦ 0.66m minor axis
‣ Mass ~ 54.5 kg
‣ 12 rear supports offering 

minimal deflection
• Support
‣ Whiffle tree + lateral support
‣ Six strut, kinematic support
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‣ 5arcmin FOV
‣ Size
✦ 0.88m major axis
✦ 0.66m minor axis
‣ Mass ~ 54.5 kg
‣ 12 rear supports offering 

minimal deflection
• Support
‣ Whiffle tree + lateral support
‣ Six strut, kinematic support

• Deployment mechanism
‣ Not fully developed
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• Installation
‣ Significant engineering above 

the primary
✦ No more complex than the ADC
‣ What is the interruption to KI 

observing?
• Reliability
‣ More moving pieces than the 

current tertiary
• Long-term
‣ KI limited to instruments with 

5’ FOV
✦ Do not engineer in a manner that 

precludes the old tertiary

Keck I DT: Risks
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• Cost
‣ No meaningful budget yet
✦ Material costs, including the mirror, 

will be small (<100k)
✦ Cost is driven by design+engineering
‣ ROM: 100k - 1M
‣ Plan
✦ Develop a precise budget in <1month
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• Cost
‣ No meaningful budget yet
✦ Material costs, including the mirror, 

will be small (<100k)
✦ Cost is driven by design+engineering
‣ ROM: 100k - 1M
‣ Plan
✦ Develop a precise budget in <1month

• Funding (if SSC approved)
‣ JN: “This is such a benefit to 

KO, it should be done today!”
‣ Reality based: External funds
✦ NSF/ATI:  Due November 1, 2009
✦ Future TSIP?
✦ Special PDA program

Keck I DT: Costs and Funding

6 

 

Figure 4 The tertiary with a 5 arcmin FoV as viewed along the optical axis.  The light blue 

hexagon is the top end ring of the telescope.   

The tertiary mirror in a possible stowed position is shown in Figure 5.  This figure shows the 

MOSFIRE footprint and indicates a possible place to stow the retracted tertiary mirror so that it 

is inside the projection of the tertiary tower and outside the MOSFIRE footprint. 

Top ring

Top view

12


