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astroﬁhysics s on the 4th floor..
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Data ﬁom Jarvis et al (2005), .
| . 75-square-degree CTIO Lensing survey.
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- Measurements of dark energy! .

0.2 0.3 0.4 0.5 0.6

Results for flat, constant-w models from}arws et al (2005‘)_ :

from the 757square- degree CTIO lensing ilrvey
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Inztml de ﬁom the CFH Legdcy Survey
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See Erin Sheldon’s talk.;.
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COS’”Ong’.“” Signals in Gm‘zf,_z';dtiondl Lemz'ng; |

- 0=4GM/bc?" -

' - ®bhs " D S
. C I h
We observe this deflection angle 5 o tl?esr;eoo(r)r?eytrcicaolri?tzsnce
(more precisely, gradients of the

factors.
deflection angle).

Cosmology changes
growth rate of mass
structures in the Universe.

b

Sensitive to both structure and geometry of‘Univefse! b
" x



Einstein Ring Gravitational Lenses

-

Strong lenses: obvious deflecti

on angles

-
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Hubble Space Telescope » ACS

JO73728.45+321618.5

.

J095629.77+510006.6

J120540.43+491029.3

.

&

J125028.25+052349.0

J140228.21+632133.5

J162746.44-005357.5

-

J163028.15+452036.2

J232120.93-093910.2

NASA, ESA, A Bolton (Harvard-Smithsonian CfA

), and the SLACS Team

STScl-PRC05-32 8
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Weak lensing: deflection gradients

True Background

o ©
@ Q@ 9
»
®Q O
® o

e O
@°/°
o ! 09

@Q ﬂ

6 '©

True Background




- -

-

-~ Weak lensing in Fourier space oo
’ : | \ Sl : | i : . | J :
L | ,‘ "E mode" 5 : | Fes : AR I:B mbd?" '.*

Foreground mass sinusoid produces - !_ensing cannot produce ellipticity pattern
) ellipticity pattern at the same k-vector _‘ - at 45 degrees to k-vector :

L] T '



~This is your"brai_h
- on weak lensing

Clear Glass

Ohscurity Level 0

. R Bamhoo Florielle Stippolyte
. Obscurity Level 4 Obscurity Level 4 Obscurity Level 4



‘%d/e lemzng inversion to a’dr/e matter maps
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Weak lemz'ﬁg for CMB‘vetémn_s" e
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Angular Scale
] ’ 5000 90° 2° 0.5° 0.2°

W % . F T T T I 2
¢ @ Shear power spectrum has less information than T Cross Power
: ' , - 3 pectrum .
CMB spectrum, but measures a more recent e — i, |
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@ WL h_as de’pthxinfo[matién : “tomogrgphy” X

L]

Q@ WL sees non -linear growth~and collapee of ;
mass structures - 2 of

. . 0 10 40 100 200 400 800 1400
L : . .
. Multipole moment (/)

v 3

._h @ WLis no_n-Gauss'i'an field, so bispectfun'ﬁ, etc.,
carry new information.
, ‘ _ Scas ®
_ ) .- .
Q WL can measure and use the relation between
visible matter*and dark matter - test galaxy

evolutlon paradigm! _ .

Q@ WL can distinguish the expansion histc)ry'from-
and growth of structure within it. This allows us to
test whether GR is correct!

" : " . ; T ; * . . : e : :
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WL as a pure distance measurement.,

f

(Jain & Taylor) W

001 <.%L5‘S )'1 ‘ -
005 (%Iﬁ) rOA
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No knowledge of foregljourlld mass is réquired!
i |
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. @ Chord lengths-are the

-

- Weak lensing is a true geometric test for curvature

observable angular-
diameter distances

-

@ Cannot constrain
manifold curvature using x.
only chords from

. observer |

@ Meésuré of d(LS)1 by ?
- lensing ties down |
curvature.

dis = (ds — di) (1 - Qudrds/2) + O(QF). *

s -YGMB 20655
b
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@ Statistics: .
Q@-Power spectrum tomography
Q@ Galaxy-shear cross correlations
@ Bispectrum. tomography
@ Cluster counts/ PDF | A

@ Systematic uncertainties: | ¥ e

'@ Shear calibration errors o
@ Additive shear errérs (neg11g1ble7)
Q@ Photo-z biases *
@ Photoz scatter; catastrophic-errors
@ Intrinsic shape correlations
. Q Uncertainties in theoretical power spectrum -
boel

b



Tb_z’ngs I've included: - - e
@ Statistics: AR .. TR P e
A Power Spectrum tomography o
™ Galaxy-shear cross correlations
1 Bispectrum tomography B
@ Cluster counts/ PDF - e |
@ Systematic uncertainties: | ¥ e
‘4 "Shear calibration errors ih
@ Additive shear errérs (negl1g1b1e7)
M Photo-z biases *
D Photo-z scatter, Catastrophre errors
[ Intrinsic shape correlations
. ™ Uncertainties in théoretical power spectrum -

Idedlly: posed without dependence on specific DE/MG modell
.



,8000

6000
4000

2000

0.02

0.02

-0.02

-0.04

WL ddtd 15 11 cb

_|""|'"'|'"'|'_|""|""|""|' 0.8
[ Distance I Growth]

B I — 0.6
- r(z)/Mpe | = 7 g(z) :
R " : T '— 0.4
B &5y 1
w3 . i 4 = 0.2
-'::::I::::'::::I:--I........,....,:-'
_J'l-"ractional residual distance | Residual growth

B f_— —_%l
; l | ] l ihen !

= [ B e g | o =— 10
] b ]|

:_ _:_— |%as -0.1
; 1 r i e e O ) [ | F:I O R | S T ] .'-F_
*o 1 2 3 i

3 0 | 2
redshift, z ;

e

Power spectrum only;
no systematic errors

‘Knox, Song, & Tyson (2005)

05

"All systematics except

R e o L |
95% CL DE constraints
LST-scale WL survey
Curvature allowed

Planck prior taken

No bispectrum

No systematics

photo-z errors

1% biases in 1+z per
redshift bin

d

PluS° “gauranteed” neutrino-mass detection

(Abazallam Song & Knox)*

2



The WL sky 15 very rich - s

9 Relomzauon era 21 cm and CMB can be source
~ planes as-well™

@ Distfi'nguish' dark energy fr‘om mdaiﬁe'ci (ErR: \*

@ . Vo = An@p? .,
Q. oe 0 + 2H5 — 47 Gpd?

" Q Wealth of observable statisties permits most
posited systematlc errors to be “self-calibrated”
via internal solution.

@ Is the dominant systematic going to be photo-zs?
i
| _ S

.



Dark-energy parameter forecasts
t | e e e
i L " . 20,000 sq deg
05 L ground WL 3
| pessimistic sys’gematics '
- _ optimistic sys. OR '.
W I 4000 sq deg space WL -
a _
°} SKA WL
o5 Solidline: . ]
* | SNAP SNe + WFMOS BAO
NO systematics!
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Details: 95% CL, does not a$same flat, take Planck -

.

~ prior in each case, LCDM fiducial =
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“An ideal instrument for weak lensing: |
' ., | | h th- 0 image

/
¢ 600 Megapixel Camera
on HST-sized Space¥elescope

SNAP camg}a
focal plane

& SNAP-could harvest galaxy ._
Supernova Acceleratlon Probe | shapes hundreds of times -
Y (SNAP) . quter than tl§e HST or JWST

R
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. @ 1 TB/hr, 8 TB/night, 2-3 PB/yr!

l

The LSST Project.
@ Ground-based 8zmeter telescope to -survey the .

entire*visible sky every 4 days:

Q@ Measure several b1111on galaX'y shapes over a full -
hemisphere '

Q@ A single Camera with >2 billion pi

¢ 4GB imaége every 15 §

@ Yours for only $300M!

.



 Digital camgras that Best Buy doesn’t carry:

/
Large Synoptic Survey Telescope (LSST

&
Makes a greal /zo[ia[ay gﬁ 3 Degree FOV, ~2 Gigapixel
Ground-Based 6.5-meter telescope

J[O’z that specia[ cosm0logist./

Supernova Acceleration Probe (SNAP)
0.7 Square Degree Vis/NIR, ~0.5 Gigapixel
Orbiting Observatory

ject (LAO)

Large Astronomica

o
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Shear Esiz:ng Program (S TEi))

Will we really be able to measure weak lensing sbedr
to pdrts per thousand of the dlreddy -weak szgndl 2,

* (Collaborative testing of shear- |

measurement methodologies led

by Catherine Heymans |,
.

e All groups produce blind estimates

of the shear on artificial sky images

e Several methods look good to 1%,

the limits of this round of tests
(but most are worse). * "

* Much more stringent tests:

ungderway by. R. Nakajima, also
‘STEP round 2 to come.

See Heymans talk; Nakajima ‘[')oster-*
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- Calibration Error
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WL present and future

@ Weak gtavitationallensing is already constrammg dark energy ; and galaxy
formation models. Statistics-limited now at 4% measures.

&

Q@ WL offers a r1ch set.@f.observables that complement other cosmologiéal

L™

datae - +- b Yo £ .:.

@ WL data of future will be capable of self- ~calibrating most systematlc errors,

i and offer strongest dark energy constraints of any single test. \

i A &,

Q WL can directly measure curvatdte and’test GR on scales 100 kpc -1 Gpc {
- @ Work to be done: g - :
Q Non—Gaassian theory
Q@ Theory of galaxy—mass joint ¢ evolut1on
Q Slgnatures of GR modlﬁcatlons "
Q@ "Build W1de field instruments (no hardware unknowns)

@ Build software and algorithms to measure shear to Very high.accuracy

@ Huge advances in photometnc redshifts. ‘v
Please attend the lensing and galaxy formdtzon SessIons

. tohear the real news from lensing. *
i "



- Geometric Shapes
Galaxy intrinsic shape: Lensing
» Shear:

Image looks like this We shear it

L

i L

We see this

Until it looks round again




