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Astro-Imaging at Blue Mountain

* Site, telescopes and cameras

* Wide-field color (106mm Takahashi FSQ + SSPro)
The moon i~1 Ls or 4x10'° Mly)
Milley Way nebulae and clusters (~ 1072 Mly)
Nearby galaxies (~10 Mly)

* Deep monochrome (317mm Hyperion + 16M)
Strongly-lenzed galaxy (z=0.38 & 2.73 =2 4.3 & 12 Glyv)

Quadruply-imaged quasar (z~3)




Imaging setup at Blue Mountain
12.5” Hyperion on Paramount ME - July 2010




The Cameras

* Color — Oricn StarSheoot Pro * Monochrome —Apogee

-|_-1

LI16M

ruzed withMP101 and TAK FSQ108) jused with 12.57 Hyperion)




Apogee U16M
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Kodak KAF-16801E full frame CCD

4096x4096 pixels (16MP total), each 9 x 9 microns
Chip size 37x37mm (52mm diagonal)

FOV with 12.5" Hyperion — 50x50 arc min

Plate scale —0.73 arc sec/pixel

Microlenses and anti-blooming gates

Peak QE (550nm) 69%

Thermoelectric cooling (max 45 C below ambient)

Limiting magnitude ~21 {w 12.5" Hyperion at BMVO)




Distance vs Redshift
(H,=70.8 km/sec/Mpc)
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Remarks / methodology

The ESA Planck Sureyar was [aunched in May 2009, Over a four-year petiod, it performed a sighificantly more detailed investigation of cosmic microwave radiation than eatlier invastigations

(SIAGISIBIITTT ysing HEMT radiometers and balometer technologyto measure the CMB at a smaller scale than WP, On 21 March 2013, the European-led research team behind the Planck cosmology
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nrabe released the mission's data including & new CMB all-sky map and their determination of the Hubhle constant

These values arise from fiting a combination ofVWMAP and ather cosmological data tothe simplestvarsion ofthe ACOM model. fthe data are fitwith more general versions, Hy tends to be
smaller and mare uncertain: tyically around 67 +4 (krsiMpc althaugh some models allow values near 63 (kas)JMpc.m]

This project established the most precise opfical determination, congistent with a measurement of A, based upon Sunyaey-Zeldovich effect ahservations of many galasy clusters having a
similar acouracy.

This was the first good estimate of My, butfwould he decades hefore a cansensus was achieved.




¥ Relativistic Doppler Shift x4

€ 2> C N [ www.astro.comell edu/academics/courses/astro201 fdoppler_rel htm wel |
|:“| home [~ Gmail Ecal I people & Grews keep =. Hokrnail [ du Fg,l'ms 4}» s-map [ groups |_'“| EMYO »

| The Relativistic Doppler Shift

We learned before about the Doppler shift, that 15 the change i the wawvelength of a spectral ne due to the motion of its
source. when the source 18 mowng with a very high velocity, the exact expression for the Doppler shift becomes more
cotnplicated. We call this the relativistic Doppler formula.

shift in wavelength _ ﬁ= , REDSHIET
wavelength A

(D
-3

since galames are moving away fromm us, thetr doppler shifts are always positive, that 15, the wavelengths of the spectral lines
are redshifted. Astronomers use the expression redshift, denoted usually by z, to indicate the magmitude of the doppler shift,
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Reference wavelengths (at rest):

Lymana 1216 A
Call H,K lines 3969A and 3934A

Doppler shift: A/ Ao = 1+z




SDSS J1004+4112, a Quadruply-Imaged QSO

*Discovered in 2003 (SDSS) by Inada et al. (including Gordon Richards)
*Spectroscopy at Keck | measures z=1.73
*Lensed by galaxy cluster at z=0.68

*Note that Ais about 1 magnitude brighter than C

4 OGURIET AL.
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Fic. 2.— 5DSS *-band image of SDSS J1004+4112. Componeats A, B, C, and D are leased images while component G is the brightest galaxy in the lensing
cluster.
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Table 1. ASTROMETRY AND PHOTOMETRY FOR SDSS J1004+4112

Object  R.A.(J2000)* Dec.(J2000)* g e g 7 A
A 100434794 441123929 1867+0.03 18.70+0.02 18.46+0.02 1843+0.05 3!73
B 100434910 +411242.79 19.05£0.06 19.10+0.06 18.86+0.06 18.92+0.06 0700
C 100433823 +41123482 19.71£0.03 19.73£0.02 19.36+0.03 19.31+£0.07 14762
D 100434056 +411248.95 20.67£0.04 20.51+0.04 20.05£0.04 20.00+£0.13 11744
G 100434170 +411243.66 22.11£040 20.51+0.13 19.54+0.09 19.04+£0.21 844




™ gquad gso-18%5min.fit
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90-minute Hyperion
image centered on
the quadruple quasar
(50 x 50 arcmin)

The brightest star is
TW LMi, mag ~7.4




Hyperion image detalil
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/ Astronomy Picture of the Day

Liscover the cosmos! Each day a different image or photograph of our fascinating uriverse 13 featured, along with a brief explanation written by a professional astronomer,

2006 May 24

A Five Quasar Gravitational Lens
Credit: £ Sharon (Tel Aviv T.) and E. Ofek (Caltech), ES4A, NASA

Explanation: What's happening near the center of this cluster of galawmes? At first glance, 1t appears that several strangely elongated galaies and filly five bright quasars exst there. In reality, an entire cluster of galamies = acting as a gigantic gravitational lens that distorts and
mltiply-images bright ohiects that occur far m the distance. The five bright white points near the cluster center are actually images of a single distant quasar. This Hubble Space Telescope tmage iz 5o detaled that even the host galawy surrounding the quasar iz vistble. Close
mspection of the above image will reveal that the arced galawmes at 2 and 4 o'clock are actually gravitatienally lensed rmages of the same galaxy. & third mage of that galasy can be found at about 10 o'clock from the cluster center. Jerendipttously, numerous strange and distant
galases dot the above mmage lce colorul jewels. The cluster of galany that acts as the huge grawtational lens 13 cataloged as SDE3 J1004+4 112 and bes about 7 billion Light vears distant toward the constellation of Leo Minor.

Tomorrow's picture: Trifid of the north

Authors & editors: Fobert Nemiroff (MTU) & Jerry Bonnell (USEA)
HASA Web Site Statements, Warnings, and Disclaimers
\ NASA Official: Jay Morriz. Specific nights apply.
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Gafaxy Cluster SDSS J]1004+4112
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Fig. 1. Left: The HST/ACS image of SDSS J1004+4112. North is up and West is right. Stellar objects labeled by A-E are the
5 lensed quasar images. A large galaxy superposed on image E is the brightest cluster galaxy G1. Right: Positions of the 5 lensed
quasar images (filled circles) and lensed galaxies images (other symbols). The size and orientation of the panel is same as the left
panel. Different symbols have different redshifts. See Tables 2 and 3 for the relative coordinate values.
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