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SNfactory Search Goals
1. Not targeted at known galaxies
Match sample selection of
high-z surveys
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as part of the error budget for SN surveys. This percep-
tion is incorrect because it ignores the coherent velocity
fluctuations quantified by Cvel.

11 (solid lines).
It is useful to understand qualitatively why the dif-

ferent contributions to C̃11 depicted in Fig. 2 take the
values they do. The contribution from the Poissonian
intrinsic scatter is the simplest: 0.12/300 or 0.152/300
giving 3.3 × 10−5 or 7.5 × 10−5 (dotted lines). The con-
tribution from the Poissonian velocity term is also easy
to understand. At low redshifts, the term σPoiss., vel.

1 (eq.
[20]) is roughly 2.17× v/(cz) where v is the typical pecu-
liar velocity (∼ 300 km/s) and cz is the Hubble flow. For
instance, at z = 0.055, this amounts to σPoiss., vel.

1 ∼ 0.04,

and therefore (σPoiss., vel.
1 )2/300 ∼ 5×10−6 (dashed line).

For the non-Poissonian velocity term Cvel.
11 (eq. [22]),

let us focus on the case corresponding to the SNfactory,
with a total area of 20000 square degrees and a mean
redshift of z = 0.055 (the lowest black line). The large
survey area means that the window function W vel.

11 (k)
is dominated by the low order multipoles (eq. [23]).
Let us consider the monopole " = 0, which picks out
k ∼ 0.005 h/Mpc corresponding to a mean distance of
χ ∼ ∆χ ∼ 200 Mpc/h. The integral over power spectrum
(second line of eq. [22]) can therefore be approximated
by 4πkP (k)/(2π)3 evaluated at k ∼ 0.005 h/Mpc, giving
roughly 4 (Mpc/h)2. The prefactors in the first line of eq.
(22) equal ∼ (2.17)2×(1/0.055)2×(0.5/3000)2( h/Mpc)2,
where we have made use of the fact that D′ is roughly
half the inverse Hubble radius ∼ 0.5/(3000 Mpc/h) (re-
call that the speed of light is set to one). Putting all
these together yields Cvel.

11 ∼ 2 × 10−4.
A low redshift survey such as the SNfactory provides

an important anchor for surveys at higher redshifts in
that it helps determine the zero-point M (eq. [1]). As
we will see, combining high redshift SN surveys with a
low redshift survey such as the SNfactory often reduces
the error on the equation of state of dark energy by a
factor of about 2. It is therefore important to ask: to
what extent does peculiar motion, particularly coherent
peculiar motion, increase the projected error on M from
a survey like the SNfactory?

Fig. 3 provides the answer. The dotted lines show the
errorbar on M (keeping all other parameters fixed [47])
from a survey of 300 SNe that spans z = 0.03 − 0.08, ig-
noring peculiar motion i.e. only the intrinsic magnitude
scatter is taken into account: the upper dotted line is for
an intrinsic scatter of σintr. = 0.15, and the lower dot-
ted line is for σintr. = 0.1. With only the intrinsic scatter
taken into account, the error on M is independent of sur-
vey area. The solid lines show the same, except this time
including peculiar motion induced fluctuations. As be-
fore, the upper line of the pair uses σintr. = 0.15 and lower
line uses σintr. = 0.1. (At these redshifts, other sources of
large scale structure fluctuations such as lensing are neg-
ligible.) For a survey like the SNfactory (∼ 20000 square
degrees), one can see that peculiar motion increases the
error on M by about a factor of 2, depending on the
intrinsic scatter assumed. This result makes good sense

FIG. 3: The zero-point (M in eq. [1]) rms error as a func-
tion of survey area (keeping all other parameters fixed). The
survey redshift coverage is fixed: z = 0.03 − 0.08, and the
number of SNe is 300. The upper pair of solid lines allow for
the effects of peculiar motion, while the lower pair of dotted
lines do not. Within each pair, the upper line uses an intrin-
sic scatter of σintr. = 0.15 and the lower one uses σintr. = 0.1.
Note that the SNfactory (SNf) covers half of the sky, which
is about 20000 square degrees.

because we can see from Fig. 2 that including the coher-
ent velocity contribution Cvel.

11 raises the total magnitude
covariance by a factor of 3 − 4. The lesson: peculiar ve-
locity has a significant impact on the determination of
the SN zero-point from a low redshift anchor.

Note that in all our computations of the coher-
ent/correlated velocity term Cvel.

ij , we use the exact ex-
pression that allows for large angles (eq. [22]). We find
that using the plane parallel approximation (eq. [21])
leads to an underestimate of Cvel.

ij by only about 10%,
even for a survey with high sky coverage like the SNfac-
tory.

Fig. 2 might give one the impression that one is better
off moving the low redshift anchor to a higher z where
the peculiar motion induced magnitude fluctuations are
smaller, largely because the ratio of peculiar velocity to
Hubble flow is smaller. However, to measure the equation
of state wpivot accurately, it is advantageous to have a
long lever arm in redshift. In other words, a large redshift
span (from the low redshift anchor like the SNfactory to
a high redshift SN survey) is preferable – recall that the
discovery of cosmic acceleration comes from comparing
the low redshift part (z ∼< 0.1) of the Hubble diagram
with the high redshift part (z ∼ 1). From this point
of view, it is not immediately obvious that moving the
low redshift anchor to a higher z actually helps. Fig. 4
addresses this question.
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constraining power, we need to minimize zloc (subject of
course to other uncertainty sources such as peculiar ve-
locities, which we address below).

The illustrative analytic expression of Eq. (6) agrees
extremely well with the numerical calculations (which we
always use), pointing up the inherent cosmological de-
generacy that leads to the saturation in the use of large
numbers of local SN for cosmological leverage and the
preference for lower redshift. Thus, local SN at z = 0.05
strengthen the higher redshift program much more than
SN at z = 0.1. For example, with 300 local SN, the degra-
dation in constraints if zloc = 0.1 rather than 0.05 is 24%,
16% for w0, wa (and goes roughly linearly with deviation
of zloc from 0.05). As already seen, even large numbers
of SN at zloc = 0.1 cannot overcome this disadvantage.

As expected, the cosmological degeneracy imposes a
monotonic optimization, pushing zloc → 0. This, how-
ever, is impractical for a realistic experiment. Two fac-
tors dominate in working against very low redshift: the
smaller volume available and hence fewer SN, and un-
certainties contributed to the distance determination by
random and coherent peculiar velocities. These raise the
very low redshift end of the optimization curve, creating
a minimum at a finite redshift.

To take into account the volume effect, we realize that
an experiment with fixed survey time, centered at zc, can
amass a number N of well characterized SN (i.e. not just
discovered, but followed up with spectroscopy), where

N ∼

∫

bin

dz z2A(z), (7)

where A(z) gives the dependence on the redshift depth
of the solid angle that can be covered in the survey time.
This accounts for the increased amount of time required
to observe fainter SN. We approximate A(z) ∼ z−γ,
which includes the cases of sky noise domination (γ = 4)
and source noise domination (γ = 2), and should provide
a reasonable fit between these two limits. Both N and
A are normalized to the zc = 0.05 case of 300 well char-
acterized SN in 20000 deg2. We limit the sky area to a
maximum of 30000 deg2 and take the total redshift bin
width to be 0.05, centered at zc. We have checked that
the exact distribution of SN around the central redshift
has very weak influence, of order 1% in the parameter
constraints, i.e. it does not matter if within the bin the
SN are taken to be all at the bin center, uniformly spread,
or scaled with the local volume element.

Effects due to peculiar velocities of galaxies in which
SN reside consist of a statistical error due to random ve-
locities (which we take to be 300 km/s) and a systematic
error due to bulk motions. The latter is treated follow-
ing the formalism of [11, 12] and we approximate their
results by an irreducible error across the local redshift
bin of σ2

vsys ∼ Aαz−β
c , added to the SN random variance.

We find a good fit with

σvsys = 0.0077m

(

A

20000 deg2

)−1/4
( z

0.065

)−3/2

. (8)

Putting all this together, Fig. 3 shows the realistic de-
pendence of the cosmological constraints on zloc. There
is now a clear optimum location for the local SN sample,
at zc = 0.05−0.06, to maximize the science return of the
SN experiments. Recall that the true area scaling will lie
between the γ = 2 and γ = 4 cases, with γ = 2 (source
noise domination) holding for more nearby SN observed
near peak brightness and γ = 4 (sky noise domination)
holding for more distant SN or observations away from
peak brightness. At very low redshift, the ceiling on the
area makes the results independent of γ.

FIG. 3: The interaction of cosmological degeneracies, inherent
even at low redshift, velocity flow systematics, and observa-
tional considerations creates a optimum redshift for the low
redshift sample of supernova serving to anchor the Hubble di-
agram. Here we account for all these effects, with the number
of observed supernovae scaling with redshift depth according
to the available volume, but also the more limited solid angle
A(z) that can be covered in fixed survey time (due to fainter
source magnitudes). The optimum central redshift of the low
redshift supernovae is z ≈ 0.05.

Technically, because of the volume weighting, the bin
center is not the same as the mean redshift. For example,
for a sample spanning z = 0.03−0.08 (such as the Nearby
Supernova Factory), the weighted mean is 〈z〉 = 0.062.
Interestingly, the standard expression for SN systemat-
ics for the SNAP-like sample, 0.02(1 + z)/2.7 (see §II),
predicts 0.0079m here, hence essentially already provid-
ing a good approximation to the local sample systematics
expressed by Eq. (8).

The conclusion about the optimum zloc remains robust
in the presence of a further systematic involving a mag-
nitude offset between the local sample and the higher
redshift sample, due to calibration for example. Such a

3. Wide Area
Minimize bulk
flow systematic

2. Redshift 0.03 to 0.08
maximize power of sampleRef New Sub

Hui & Greene 2006 Linder 2006
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Search Data Flow

PDSF @ NERSC

HPSS @ NERSC

SNIFS  UH 2.2-m

Palomar

Scan @ LBL

Oschin
1.2-m

Per night:
~30,000 images
~50 GB compressed
350-850 deg2
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Nightly

Every 2-3 nights



Basic Info (2005 - 2006)

Palomar Oschin 1.2-m telescope
2”- 3” typical seeing

112 CCDs, 2400 x 598 pixels, 0.878”/pixel

NEAT: RG610 filter (long pass redward of 610 nm)
3 x 60 second exposures spread over ~1 hour

QUEST: (UB)RI or ri(z) in driftscan
Typical subtraction depth 19.5 to 20.5
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Coverage

350 - 850 deg2 per night

2500 - 3000 deg2 monitored per month (more on cadence later)

~20,000 deg2 over course of survey
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Discoveries
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Redshift Distribution

(2005 - 2007; 80% of type II sample)



Redshift vs. Phase
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2005, 2006 SNe Ia



Discovery vs. Followup

SNfactory is Discovery + Followup
But our Followup facilities ≠ Discovery facilities
Advantages:

Search optimized for searching
(area, cadence, filter, exposure time, etc.)

Followup optimized for followup

Disadvantages:
Must find things early; search data less useful for lightcurve

Coordination of Discovery → Followup resources
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Cadence (sub)Optimization
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Historic NEAT pointings were less than optimal for SN search
We’re working to improve cadence and pointings for SNe



2007: Rolling Trigger Search

Now optimize QUEST time for ~45% SN program 
interleaved with TNO program

Previously NEAT and QUEST picked their own pointings, 
driven by NEO and TNO programs

Point-and-track RG610 only, April - November
SN: 5-7 day cadence, 2 x 60 sec exposures, away from moon

TNO: single 1 day cadence, 2 x 240 sec exp., near opposition

Optimization is a work in progress
Benefits: earlier discoveries, higher purity, better 
distribution in time, away from moon
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Many Timescales
Timescale Comments

100 - 300 sec Interleaved TNO pairs†

1-2 hour Nightly pairs/triplets

1-2 nights TNO survey

3-4 nights Interleaved SN pairs†

5-7 nights SN survey

up to 7 years Historical data
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† 5% of survey; from overlap in exposures interleaving columns of camera



The Problem of False Positives
Extreme Case: SDSS

2005: 190,020 scans for 129 SNe Ia

2006: 2 epochs before scanning
14,441 scans for 193 SNe Ia

SNfactory pre-Aug 2006:
~1000 scans per day, save ~10 objects

< 60% efficiency for SNe

We needed a better method of
distinguishing good candidates
from junk

Saturation

Readout glitch

Ghost

PSF, photo mismatch
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Threshold Cuts

Traditional, easy, straight-forward
Doesn’t handle correlations
No subtlety – barely failing one cut is 
same as badly failing all of them
Outliers are problematic

every cut must be very efficient

(1-ε)N << 1

S/N > A

motion < B

FWHM < C

Junk

Junk

Junk

Supernova

no

no

no

yes

yes

yes
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Decision Trees
Make a tree of cut decisions

Automated procedure picks branch points

Naturally accommodates correlations
e.g. treat high S/N candidates differently
than low S/N ones

Single trees are powerful but
unstably dependent upon
specific training dataset

S/N > A

motion < B

FWHM < D JunkJunk

JunkSupernova

FWHM < C

yes no

yes

yes

Supernova

no

no

no

yes
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Boosted Decision Trees

Train a tree using events of known type (sig / bkg)
Increase the weight of misclassified events 
Train another tree with the altered weights
Repeat many times

This makes a series of progressively better trees, 
focusing on events which are difficult to classify
Final answer is weighted average of individual trees
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Separating Junk from SNe
Classification method comparison
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~36,200 scans for 30 Ia (May-Jul) → ~4,300 scans for 51 Ia (Sep-Nov)

Similar to SDSS 2006 scan rate but with single night scan trigger



Advice for the Future

Scaling issues matter
Buying N times as many computers won’t automatically let you 
process N times as much data

Do mock data challenges before you ever get real data

Inherit ideas and algorithms, but not code

Realistic simulations are important
Optimize tradeoffs between NEO, TNO, and SN programs

Understand effects of search output vs. followup resources

Use something better than cuts
Boosted Decision Trees work great for us
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