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Multiple Probes of Dark Energy

1. LSST Project
2. Multiple probes of distance and growth

3. Controlling Systematic Errors
4. Testing >2 dimensional DE models
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Relative Survey Power
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LSST Primary/Tertiairy Mirror Fabrication

Pirsa: 07060081 Page 10/62




2408 ppi=eie

Wi

Pirsa: 07060081 Page 11/62



LSST six color system
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The LSST Focal Plane

Wavefront Sensor Layout
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The LSST CCD Sensor
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There are 24 LSSTC US Institutional Members

> Harvard-Smithsonian Center for » The Pennsylvaniz
Astrophysics s Umvemty of A.rm:lna

» Johns Hopkins University » University of California, Davis

» Las Cumbres Observatory » University of California, Irvine

» Lawrence Livermore National » University of Illinois at
Laboratory Champaign-Urbana

» National Optical Astronomy » University of Pennsylvania
Observatory » University of Pittsburgh

» Princeton University > University of Washington
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LSST Survey

0.2 arcsec / pixel

~ Each 10 sq.deg field revisited - 2000 times

» Limiting magnitude: 27.6 AB magnitude @5c

25 AB mag /visit = 2x15 seconds
~ Photometry precision: 0.005 mag requirement,

0.003 mag goal
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The LSST site in Chile

1.5m photometric —
calibration telescope
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0.2 arcsec / pixel

~ Each 10 sq.deg field revisited - 2000 times

» Limiting magnitude: 27.6 AB magnitude @5c

25 AB mag /visit = 2x15 seconds
~ Photometry precision: 0.005 mag requirement,

0.003 mag goal
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LSST imaging & operations simulations

Sheared H]:)P I‘aj«’traced " Fioure : Visits numbers per feld for the 10 year smulated survey
perturbation + atmosphere + LSST Operations. including real
wind + optics + pixel weather data: coverage + depth
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LSST imaging & operations simulations

Sheafed H}:)P I‘a}-’trac ed " Fioure : VVisits numbers per feld for the 10 year smulated survey
perturbation + atmosphere + LSST Operations. including real
wind + optics + pixel weather data: coverage + depth

__Performance verification using Subaru imaging
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Comparing HST with Subaru




Conmparing HST with Subaru

Supnme-Cam: 20 min
PSF: 0.52 arcsec (FWHM)
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Key LSST Mission: Dark Energy

slructumvs cosmlt:tmle.

Weak gravitational lensing correlations
(multiple lensing probes!)
Baryon acoustic oscillations (BAO)
Counts of dark matter clusters
Supernovae to redshift 0.8
(complementary to JDEM)
oo Probe anisotropy
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Cosmic shear vs redshift

irsa: 07060081 Page 31/62



Cosmic shear vs redshift
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Cosmic shear vs redshift
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Cosmic shear vs redshift
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LSST and Cosmic Shear
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LSST and Cosmic Shear
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LSST and Cosmic Shear
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2-D Baryon Acoustic Oscillations

CMB (z = 1100)
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LSST Precision on Dark Energy [in DETF language]
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Combining techniques breaks degeneracies.
~eguires wide sky area deep survey.



* Critical Issues

# Photometric redshift errors

> Develop robust photo-z calibration plan v
> Undertake world campaign for spectroscopy (¥)
# Photometry errors

» Develop and test precision flux calibration
technique v




* Residual shear correlation

M p T < : ;
correcting for PSF ellipticity
via a different set of stars.

Compare with expected
cosmic shear signal.

Conclusion: 200 exposures
per sky patch will yield
negligible PSF induced shear
systematics. Wittman (2005)

irsa: 07060081

435105

| ;#;:éhu;x

Cosmic shear signal

e}
=

o =

=

L&

S

5

& B Single 10-s exposure

" . b Stars
42Xl /
k- i 1
ol i
= i
o ;
aQ Five 10-s5 exposures

ke,

o

L
o
0]

—-2x10-% ' — '

o 1 2

Angular separation (arcmin)

Page 41/62



ellipticity correlation of the residual PSF: single exposure

signal for ACDM (z4=1)
correlation for e,
correlation for e,
max. allowed, single exposure

A 107

¥ s

s o

= 1075}

= ar

o~ 0 ;

v 10 " =i < s

E Simulation of
= 0.6" seeing.
10 3 J. Jee 2007
TO_QF . PR R c g g i o o wmy gl
Pirsa: 07060081 O’ 1 2 3 4 Page 42/62

r (degrees)



Calibrating photometric redshifts

Error in mean z

Errorin o

LSST tolerance

0 sample var.) ==mm——— |4

0 sample var.} =-=-===-e |4

[irror in measuring o, or <z>
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These techniques meet
LSST requirements with
easily attainable
spectroscopic samples,
~104galaxies per unit z.
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DETF FoM vs Etendue-Time
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Testing more general DE models
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DETF Stage 2 (now)
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Try 9D stepwise constant w(a)
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DETF Stage 2 (now)
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DETF Stage 3 (DES)
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DETF Stage 4 (LSST)
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Probe anisotropy




* multiple probes of dark energy

. Baryun aceusuc asa[la ons

« 1 million SNe la, z<1 per year

« Low [, 2 sky coverage: anisotropy?
3x10° galaxies, 10° SNe

» probe growth(z) and d(z) separately

» multiply lensed AGNs and SNe




LSST will measure total neuirino mass
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LSST will measure total neutrino mass
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DETF Stage 4 (LSST)
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Try 9D stepwise constant w(a)

9
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|IllI

9 parameters are coefficients of the “top
hat functions” Y i ( a. a. )

L Albrecht & Bernstein 2006 astro-ph/0608269

= Allows grleater
variety of w(a)
behavior

= Any signal
rejects A\
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Try 9D stepwise constant w{a)
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Testing more general DE models
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DETF FoM vs Etendue-Time
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Calibrating photometric redshifts
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These techniques meet
LSST requirements with
easily attainable
spectroscopic samples,
~104galaxies per unit z.

Firror in measuring o, or <z>
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LSST Precision on Dark Energy [in DETF language]

i ) 0.004 H - —
- — IS8T W - i ll i
0.5 — LSST BAQ — | il
: ._EE .“:_':\.E' : 0.002 _l fl_
p— — -! | |
>® 0 - & 0 | 3
: : :
I ) -0.002 -
—.a \ = i !:
i | i i
| | \. W LI. | -\'L ] —0.004 - | 1 | i | i | ! _Il_'

—-1.4 -1.2 —1 -0.8 —-0.6 0.126 0.12%7 0.128

WU &}m

Combining techniques breaks degeneracies.



