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SNAP Overview

Telescope

Diameter 1.8 m

Spectral Band 400 - 1700 nm

Field of View > 0.7 square deg

Resolution Diffraction Limited
 at 800nm

Coarse Pointing 50 arcsec (3σ)

Jitter Stability 0.02 arcsec (RMS)

Fine Pointing <0.001 arcsec (pitch & yaw)

Photometer Detectors

Spectral Band 400 - 1000 nm (visible)
900 - 1700 nm (NIR)

QE 80%

Pixel Scale 0.10 arcsec/pixel (visible)
0.17 arcsec/pixel (NIR)

PSF 0.130 arcsec

Read Noise 
(incl. 300 sec dark 

current)

6 e- @ 100 kpixel/sec (visible)
9 e- @ 100 kpixel/sec (NIR)

Survey Area (sq deg)
Depth 

(AB mag) N galaxies

Deep SNe 10 30.3 107

Wide 1000 /yr 28.0 108.5

Panoramic 4000-10000 28.0-26.7 109
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SNAP @ SLAC

Fine Guider
Instrument Control Unit
Strong Lensing

see Gunther Haller talk on
SNAP Electronics
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Focal Plane & Sensors

LBL CCD 3512 x 3512, 10.5 μm pixel 

Raytheon  or Rockwell 1700 nm cutoff HgCdTe
2048 x 2048 pixels 20 or 18 μm size

Teledyne HyVisi

CCD CDS-ADC ASIC

Rockwell NIR SIDECAR ASIC

Instrument Control Unit
see Gunther’s talk
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CHU#1

CHU#2

CHU#3

CHU#4

Fine Guider
Fine Guider Parameters

Sensors
4 HyVisi sensors on 

focal plane

Bandwidth 10 Hz

Pitch and Yaw 
Accuracy

< 0.001 arcsec

Pitch and Yaw Jitter 0.02 arcsec

Visible sensors

Infrared sensors

Guider sensors

Spectrograph

Dynamics
Disturbances

Sensor noise

S/C Inertial
Reference Unit

(IRU/Gyro)

S/C Star trackers

T3 Tracker
Heads

T3 Tracker
Controller

Wheels

S/C
pointing

controller
Thrusters

Instrument
Control Unit
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Bill Craig
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Fine Guider Noise studies

Johnny Ng 

Kevin Reil - Fine Guider DAQ and Centroid determination
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Dark Energy with Type Ia SuperNova
No. 2, 1999 ) AND " FROM 42 HIGH-REDSHIFT SUPERNOVAE 569

FIG. 2.È(a) Hubble diagram for 42 high-redshift type Ia supernovae from the Supernova Cosmology Project and 18 low-redshift type Ia supernovae from
the Supernova Survey, plotted on a linear redshift scale to display details at high redshift. The symbols and curves are as in Fig. 1.Cala! n/Tololo
(b) Magnitude residuals from the best-"t Ñat cosmology for the "t C supernova subset, 0.72). The dashed curves are for a range of Ñat()

M
, )") \ (0.28,

cosmological models : on top, (0.5, 0.5) third from bottom, (0.75, 0.25) second from bottom, and (1, 0) is the solid curve on bottom. The()
M

, )") \ (0, 1)
middle solid curve is for Note that this plot is practically identical to the magnitude residual plot for the best-"t unconstrained cosmology()

M
, )") \ (0, 0).

of "t C, with (c) Uncertainty-normalized residuals from the best-"t Ñat cosmology for the "t C supernova subset,()
M

, )") \ (0.73, 1.32). ()
M

, )") \
(0.28, 0.72).

supernovae ; cf. P97) and checked for consistency after the
"t.

We have compared the results of Bayesian and classical,
““ frequentist,ÏÏ "tting procedures. For the Bayesian "ts, we
have assumed a ““ prior ÏÏ probability distribution that has
zero probability for but otherwise has uniform)

M
\ 0

probability in the four parameters a, and For)
M

, )", M
B
.

the frequentist "ts, we have followed the classical statistical
procedures described by Feldman & Cousins (1998) to
guarantee frequentist coverage of our con"dence regions in
the physically allowed part of parameter space. Note that
throughout the previous cosmology literature, completely
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FIG. 7.ÈBest-!t con!dence regions in the plane for our primary)
M

-)"analysis, !t C. The 68%, 90%, 95%, and 99% statistical con!dence regions
in the plane are shown, after integrating the four-dimensional !t)

M
È)"over and a. (See footnote 11 for a link to the table of this two-M

Bdimensional probability distribution.) See Fig. 5e for limits on the small
shifts in these contours due to identi!ed systematic uncertainties. Note that
the spatial curvature of the universeÈopen, Ñat, or closedÈis not determi-
native of the future of the universeÏs expansion, indicated by the near-
horizontal solid line. In cosmologies above this near-horizontal line the
universe will expand forever, while below this line the expansion of the
universe will eventually come to a halt and recollapse. This line is not quite
horizontal, because at very high mass density there is a region where the
mass density can bring the expansion to a halt before the scale of the
universe is big enough that the mass density is dilute with respect to the
cosmological constant energy density. The upper-left shaded region,
labeled ““ no big bang,ÏÏ represents ““ bouncing universe ÏÏ cosmologies with
no big bang in the past (see Carroll et al. 1992). The lower right shaded
region corresponds to a universe that is younger than the oldest heavy
elements (Schramm 1990) for any value of km s~1 Mpc~1.H0 º 50

on that day : the distribution, abundances, excitations, and
velocities of the elements that the photons encounter as they
leave the expanding photosphere all imprint on the spectra.
So far, the high-redshift supernovae that have been studied
have light-curve shapes just like those of low-redshift super-
novae (see Goldhaber et al. 1999), and their spectra show
the same features on the same day of the light curve as their
low-redshift counterparts having comparable light-curve
width. This is true all the way out to the z \ 0.83 limit of the
current sample (Perlmutter et al. 1998b). We take this as a
strong indication that the physical parameters of the super-
nova explosions are not evolving signi!cantly over this time
span.

Theoretically, evolutionary e†ects might be caused by
changes in progenitor populations or environments. For

example, lower metallicity and more massive SN Ia-
progenitor binary systems should be found in younger
stellar populations. For the redshifts that we are consider-
ing, z \ 0.85, the change in average progenitor masses may
be small (Ruiz-Lapuente, Canal, & Burkert 1997 ; Ruiz-
Lapuente 1998). However, such progenitor mass di†erences
or di†erences in typical progenitor metallicity are expected
to lead to di†erences in the !nal C/O ratio in the exploding
white dwarf and hence a†ect the energetics of the explosion.
The primary concern here would be if this changed the
zero-point of the width-luminosity relation. We can look for
such changes by comparing light curve rise times between
low- and high-redshift supernova samples, since this is a
sensitive indicator of explosion energetics. Preliminary indi-
cations suggest that no signi!cant rise-time change is seen,
with an upper limit of day for our sample (see forth-[1
coming high-redshift studies of Goldhaber et al. 1999 and
Nugent et al. 1998 and low-redshift bounds from Vacca &
Leibundgut 1996, Leibundgut et al. 1996b, and Marvin &
Perlmutter 1989). This tight a constraint on rise-time
change would theoretically limit the zero-point change to
less than D0.1 mag (see Nugent et al. 1995 ; Ho" Ñich,
Wheeler, & Thielemann 1998).

A change in typical C/O ratio can also a†ect the ignition
density of the explosion and the propagation characteristics
of the burning front. Such changes would be expected to
appear as di†erences in light-curve timescales before and
after maximum & Khokhlov 1996). Preliminary(Ho" Ñich
indications of consistency between such low- and high-
redshift light-curve timescales suggest that this is probably
not a major e†ect for our supernova samples (Goldhaber et
al. 1999).

Changes in typical progenitor metallicity should also
directly cause some di†erences in SN Ia spectral features

et al. 1998). Spectral di†erences big enough to(Ho" Ñich
a†ect the B- and V -band light curves (see, e.g., the extreme
mixing models presented in Fig. 9 of et al. 1998)Ho" Ñich
should be clearly visible for the best signal-to-noise ratio
spectra we have obtained for our distant supernovae, yet
they are not seen (Filippenko et al. 1998 ; Hook et al. 1998).
The consistency of slopes in the light-curve width-
luminosity relation for the low- and high-redshift super-
novae can also constrain the possibility of a strong
metallicity e†ect of the type that et al. (1998)Ho" Ñich
describes.

An additional concern might be that even small changes
in spectral features with metallicity could in turn a†ect the
calculations of K-corrections and reddening corrections.
This e†ect, too, is very small, less than 0.01 mag, for photo-
metric observations of SNe Ia conducted in the rest-frame B
or V bands (see Figs. 8 and 10 of et al. 1998), as isHo" Ñich
the case for almost all of our supernovae. (Only two of our
supernovae have primary observations that are sensitive to
the rest-frame U band, where the magnitude can change by
D0.05 mag, and these are the two supernovae with the
lowest weights in our !ts, as shown by the error bars of Fig.
2. In general the I-band observations, which are mostly
sensitive to the rest-frame B band, provide the primary light
curve at redshifts above 0.7.)

The above analyses constrain only the e†ect of
progenitor-environment evolution on SN Ia intrinsic lumi-
nosity ; however, the extinction of the supernova light could
also be a†ected, if the amount or character of the dust
evolves, e.g., with host galaxy age. In ° 4.1, we limited the

Perlmutter etal, 1999
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Fig. 4 Hubble diagram of SNLS and nearby SNe Ia, with var-

ious cosmologies superimposed. The bottom plot shows the

residuals for the best fit to a flat ! cosmology.

Using Monte Carlo realizations of our SN sample, we

checked that our estimators of the cosmological parameters are

unbiased (at the level of 0.1 !), and that the quoted uncertain-

ties match the observed scatter. We also checked the field-to-

field variation of the cosmological analysis. The four "M val-

ues (one for each field, assuming "k = 0) are compatible at

37% confidence level. We also fitted separately the Ia and Ia*

SNLS samples and found results compatible at the 75% confi-

dence level.

We derive an intrinsic dispersion, !int = 0.13 ± 0.02, ap-
preciably smaller than previously measured (Riess et al. 1998;

Perlmutter et al. 1999; Tonry et al. 2003; Barris et al. 2004;

Riess et al. 2004). The intrinsic dispersions of nearby only

(0.15±0.02) and SNLS only (0.12±0.02) events are statistically
consistent although SNLS events show a bit less dispersion.

A notable feature of Figure 4 is that the error bars increase

significantly beyond z=0.8, where the zM photometry is needed

M"

0 0.5 1

!
"

0

0.5

1

1.5

2

SNLS
 1

st
 Y

ea
r

B
A

O

C
losed

FlatO
pen

Accelerating

Decelerating

N
o 

B
ig

 B
an

g

Fig. 5 Contours at 68.3%, 95.5% and 99.7% confidence levels

for the fit to an ("M,"!) cosmology from the SNLS Hubble di-

agram (solid contours), the SDSS baryon acoustic oscillations

(Eisenstein et al. 2005, dotted lines), and the joint confidence

contours (dashed lines).

to measure rest-frame B ! V colors. The zM data is a#ected by
a low signal-to-noise ratio because of low quantum e$ciency

and high sky background. For z > 0.8, !((B ! V)rest f rame) "
1.6!(iM!zM), because the lever arm between the central wave-
lengths of iM and zM is about 1.6 times lower than for B and V .

Furthermore, errors in rest-frame color are scaled by a further

factor of " " 1.6 in the distance modulus estimate. With a typ-
ical measurement uncertainty !(zM) " 0.1, we have a distance
modulus uncertainty!(µ) > 0.25. Since the fall 2004 semester,

we now acquire about three times more zM data than for the

data in the current paper, and this will improve the accuracy of

future cosmological analyses.

The distance model we use is linear in stretch and color.

Excluding events at z > 0.8, where the color uncertainty is

larger than the natural color dispersion, we checked that adding
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to measure rest-frame B ! V colors. The zM data is a#ected by
a low signal-to-noise ratio because of low quantum e$ciency

and high sky background. For z > 0.8, σ((B ! V)rest f rame) "
1.6σ(iM!zM), because the lever arm between the central wave-
lengths of iM and zM is about 1.6 times lower than for B and V .

Furthermore, errors in rest-frame color are scaled by a further

factor of β " 1.6 in the distance modulus estimate. With a typ-
ical measurement uncertainty σ(zM) " 0.1, we have a distance
modulus uncertaintyσ(µ) > 0.25. Since the fall 2004 semester,

we now acquire about three times more zM data than for the

data in the current paper, and this will improve the accuracy of

future cosmological analyses.

The distance model we use is linear in stretch and color.

Excluding events at z > 0.8, where the color uncertainty is

larger than the natural color dispersion, we checked that adding
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1 arcminDark Energy with Weak Lensing
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Strong Lensing
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Strong Lensing with SNAP

 

The SNAP strong lens sample

Wide survey (1000 sq deg) should contain ~ 20000 lenses

The majority are ellipticals lensing faint blue galaxies
The 9 filter photometry should permit photo-zs to 0.05 (for lenses) / 0.1 

(for sources), and for a clean identification, component separation and 
classification of the lens:

Slightly pessimistic cuts leave us ~12000 easily-measured systems 

Phil Marshall



Aaron Roodman     Stanford Linear Accelerator Center SNAP @ SLAC

Strong Lensing at SNAP 

 

Distance ratio cosmography

Each lens provides an estimate of  (D
ds 

/ D
s
) D

d

(8/5)

Plot this on an “Einstein diagram:”

(Colour scale shows the surface of percentage difference from a 
     reference [0.3,0.7,-1.0] cosmology)

 

Distance ratio cosmography
Inferring the parameters of the surface: Fisher matrix approach, assuming
! pixel accuracy on image separation
17% scatter in FP limiting the standard mass calibration  

assuming zero curvature
Phil Marshall

 

The Fundamental Plane

Standard mass ellipticals have been known about for some time:

log (!) = [log(Re) – " Sb
e
 + #

FP
 ] / $

In Coma, {$,",#
FP

} = {1.25, 0.32, 9.04} (Bender et al 1998)

SLACS lenses lie on same fundamental plane (Treu et al 2005)...
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Near-Field Lensing
Shape deformation of spherical background galaxy by a foreground galaxy

solarMM 1210~

solarMM 1010~

weak lensingstrong lensing 

non- linear lensing 

Einstein Ring

Weak and galaxy- galaxy lensing 

non- linear lensing

Non-linear effects
probe structure on a
smaller mass scale.

Concentration of curved galaxies ( bright red regions )  in Hubble Ultra Deep Field.

Probability of this  concentration to be a random effect is less than  1%.

Characteristic size of the over-density clumps is about  12 arcsec.

Higher probability of the small-impact parameter interactions due to 
small-scale structure could produce this effect.

Shmakova & Irwin
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Phase C Phase D Phase E
Concept Dev't Preliminary Design Final Design Fabrication,  Assembly, Integration, and Test

Camera and Electronics  

Telescope Obs I&T Float

S/C Requirements Refinement Spacecraft Design, Fabrication, and Testing
Telescope   Obs PSR

Contract   Instr PDR S/C    Instr CDR   S/C PDR    S/C CDR    S/C TRR   Observatory TRR
Contract Award  Contr Award

Test

Float

Instr I&T

FY11 FY12 FY13
43

FY08 FY09 FY10
11 2 3 4 3 42 42 3 4 12

Phase B

2 312 3 4 11

Phase A

Long Lead

FY07
1 2 3 4

Long Lead

the Future

What is Dark Energy?
major responsibilities for SNAP
connections with LSST
synergy with KIPAC

JDEM:  DOE/NASA competition


