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Spin-Lensing

 Spin: angular momentum correlations of
disks (initial shape correlations mostly
erased)

 Lensing: apparent alignmentsintroduced by
(weak) gravitational lensing

* Which effect isbigger?
* How can we tell them apart?
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Intrinsic Alignments

- What determines the orientation of galaxies?
- Are they random? Pointing towards omething?

Do neighbaing galaxies have wrrelated
alignments?

If they are digned, can one use them for
something?

- Doesintrinsic alignment affed we& lensing
statistics?
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Evolution d Galaxy Alignment

- Disk galaxies have rotation axis and angular
momentum vector

- What was the origin of angular momentum?

- Goedel suggested that the universe has net
rotation

- Doreshkevich (1972) proposed gravitational
torquing

- White (1983) first quantified tidal torques

Tidal Torquing

- Earth tidally torqued by moon: leadsto
26000 year precesson.

- Torquing conditions: 1. Asphericity
(quadrupole). 2. Misaligned tidal shea.
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Orbital Precession

Moretechnicaly...
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Tully Catalog of Nearby Galaxies

+ 12000 spiral galaxies with dstance, position
angle, inclination, Hubble type

- used for least action principle orbit and
velocity reconstruction
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Lee Pen
& Seljak
2000

Lee&
Pen 2000
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Quantitative Test of Torquing

- Measure the position d all matter (galaxies)
and the tidal effects on each ather. All-sky
survey: IRAS-PSCz

- Compare predicted spin with observed spin
for each Tully caalog galaxy

PSCz redshift survey

15000 @laxy redshifts in 83% of sky

Dr. Ue-Li Pen, CITA (KITP New Cosmology 10/1502)
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Tully-PSCz crosscorrelation

- Predict alignment for each Tully position
due to torques from all PSCz galaxies

- result is confirmed at greater than 99.98%
confidence (Lee and Pen 2002)

- Consistent with computer simulations of
tidal torquing
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Parametrized Estimation
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Discusson

- Formally, a=0 (random alignment) null
hypothesis rgjected at 99.98% confidence

- Difficulty in weighting sample variance for
first bin (small est volume)
- Interpretation for weak lensing surveys

Applicaions of Galaxy Spins

- Primordial gravity probe: measures
conditions billions of years ago when
galaxies form

- reconstruct 3-D shear and density field

- may be very feasible with Sloan Digital Sky
survey (Lee and Pen 2000)

Dr. Ue-Li Pen, CITA (KITP New Cosmology 10/1502)
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Extrinsc Shear

- Apparent alignment induced by
gravitational lensing between source and
observer

- Direct probe of dark matter power spectrum

Dr. Ue-Li Pen, CITA (KITP New Cosmology 10/1502)
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Virmos field F14 dark matter map — preliminary

Dr. Ue-Li Pen, CITA (KITP New Cosmology 10/1502)
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Virmos F14 galaxy surface density -- preliminary

Max Likelihood Angular Power Spectrum —all fields. See
Padmanabhan, Seljak, Pen (2002

Dr. Ue-Li Pen, CITA (KITP New Cosmology 10/1502)
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CNPT 2001

Separation of Modes

- Distances: intrinsic dignment local, strongest for
equidistant galaxies, extrinsic alignment aaoss
source plane slices

- Kinematic: galaxy alignment is in-2 field
(polarizaion), analogous to vedor field:
magnitude and dredion. Div and Curl modes (E,
B)

- Lensing induces curl-freemode (gravity derives
from scdar potential)

Dr. Ue-Li Pen, CITA (KITP New Cosmology 10/1502)
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CNPT 2002
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The Alternative

- Kamionkowski et al: alignment with
primordial shear mgor axis. Erased by
angular momentum?

- Mackay et al: E-B power spectrum.
Observable?

- Porciani et al: ambiguity in parameter a?

Dr. Ue-Li Pen, CITA (KITP New Cosmology 10/1502)
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Conclusions

- Galaxies are spun U by tides from surroundng
matter

- First quantitative theoretical and olservational
treament yield consistent and robust results

- Many potential future diredions to use spin axes
as probes of universe

- Contamination for statistical we&k lensing
seaches svere for shallow surveys (SDSS), not a
problem for deep seaches (CFHLS).

- Spin alignments new and quickly expanding field

Dr. Ue-Li Pen, CITA (KITP New Cosmology 10/1502)
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