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重力レンズクエーサー
•強い重力レンズ効果による
  クエーサーの複数像

•1979年に発見されて以来
　現在まで約100例

•さまざまな応用
  宇宙論パラメータ 
  (ΩDE、H0 ...)
  銀河の構造進化
  (密度分布、DM比、M/L進化 ...)
  クエーサーの構造解明
  (降着円盤、BL/NL領域 ...）

SDSS J1226-0006 

SDSS J0924+0219 



SDSS Quasar Lens Search (SQLS)
Oguri et al. (2006, 2008, 2012)
Inada et al. (2008, 2010, 2012)

•SDSSの分光クエーサーサンプルから重力レンズを
　受けたクエーサーを探すプロジェクト

•SDSS撮像画像から重力レンズ候補を選び、それらを
   UH88、すばる、etcで追観測し本物かどうか調べる
•2002年頃より開始、今年SDSS全領域 (DR7) の統計
　サンプル構築が完了 (arXiv:1203.1087, 1203.1088)
•より詳しくは公式webpage:
   http://www-utap.phys.s.u-tokyo.ac.jp/~sdss/sqls/

http://www-utap.phys.s.u-tokyo.ac.jp/~sdss/sqls/
http://www-utap.phys.s.u-tokyo.ac.jp/~sdss/sqls/


発見した重力レンズ数

全体の1/3
以上!

約50個の重力レンズクエーサーを新たに発見！



宇宙の加速膨張
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Fig. 1.— The histogram shows the image separation distribution of the strong lenses in the
statistical lens sample used for our cosmological analyses. The subsample contains 19 lenses

selected out of 50,836 source quasars, as summarized in Table 1. Lines show the theoretical
predictions for three different values of the cosmological constant ΩΛ assuming a flat universe

and no evolution of the galaxy velocity function. The vertical dotted line shows the θmin = 1′′

lower limit for the image separations in the statistical lens sample.

– 36 –

Fig. 4.— Constraints on ΩM and ΩΛ for the non-flat models with a cosmological constant.

Contours show 1σ and 2σ confidence regions from the three different cosmological probes:
SQLS strong lens statistics (this paper), baryon acoustic oscillation (BAO) measurements

(Percival et al. 2010; Blake et al. 2011), and the CMB anisotropy from WMAP (Komatsu
et al. 2011). The dotted line indicates a flat universe with ΩM + ΩΛ = 1. The upper left
shaded region indicates models with no big bang.

Oguri et al. (2012)

正の宇宙項 (ダークエネルギー)
の必要性を超新星と独立に確認



レーザーガイド星補償光学観測

SDSS J1334+3315

•重力レンズクエーサーの詳細
   モデリングには高空間分解能
　画像が必要不可欠

•クエーサー母銀河やレンズ銀河
　の衛星銀河など新たな可能性

•SQLSの重力レンズクエーサー
　のすばる望遠鏡レーザーガイド
　星補償光学観測計画が進行中 
   (C. E. Rusu et al.)

0.83″



Future?

SDSS J1334+3315

AA48CH04-Treu ARI 23 July 2010 15:22

with detectable multiple images and to obtain astrometry for lens modeling. A strong advantage
of the method is that lenses come with redshifts by construction. After the early serendipitous
discoveries (Huchra et al. 1985), the method started to bear large numbers of lenses only with
the SDSS spectroscopic database (Bolton et al. 2006, 2008a; Willis et al. 2006; Auger et al. 2009).
Recent searches highlight the quality of spectroscopic data as the key element for success. High
signal-to-noise ratios are needed to identify faint spectral features, close-to Poisson-limited sky
subtraction is needed to reduce false positives, spectral resolution better than 100 km s−1 is needed
to resolve line multiplets, and wide wavelength coverage increases the redshift range for the search.
It is a testament to the high quality of the SDSS database that the confirmation rate is ∼60–70%
(Bolton et al. 2008a), after a very strict initial selection (approximately 1/1,000 SDSS galaxies are
selected as a candidate for follow-up by SLACS).

9. FUTURE OUTLOOK

9.1. Thousands of Gravitational Lenses

Most of the applications listed in the above sections are limited by sample size. An increase by
one of order of magnitude in sample size is needed to make progress. Fortunately, there is a
realistic opportunity to make this happen in the next decade, considering the typical yields for
strong lens systems searches. For optical and near-IR imaging searches, yields are ∼10 deg−2

at HST-like depth and resolution (Marshall, Blandford & Sako 2005) and ∼1 deg−2 at the best
ground-based conditions (Cabanac et al. 2007). At radio wavelengths and 0′′25 resolution expected
for the Square Kilometer Array (Koopmans et al. 2009a), the yield is ∼1 deg−2. For spectroscopic
surveys, the yield is ∼10−3 per spectrum. Thus, a 1,000 deg2 HST-quality cosmic shear survey,
all-sky ground-based surveys in the optical or radio, and a 107 galaxy redshift survey should all be
capable of yielding ∼10,000 strong gravitational lens systems, although with different properties.
High angular resolution surveys will be critical for applications such as the study of small mass
deflectors and of the substructure mass function. Time-domain surveys will have a built-in advan-
tage for, e.g., time delays and microlensing. Spectroscopic surveys will be advantageous for those
applications that require redshift and velocity dispersions, such as the study of luminous and DM
in the deflector. Several thousand strong lens systems from each of these search techniques is an
ambitious, yet feasible, goal for the next decade.

These massive undertakings will require many people and lots of resources. As in many other
instances, it is likely that such projects will require the joint efforts of a number of communities
interested in diverse scientific questions. The unique capabilities of strong lensing make it very
worthwile to design future surveys keeping in mind its requirements.

9.2. The Problem of Follow-Up
Let us assume that 10,000 strong lens candidates have been found. What follow-up will be needed
to extract scientific information? Images with resolution of order 0′′.1 are often key to prove the
lensing hypothesis and to construct detailed lens models and study the properties of the host
and the source. If the resolution of the finder survey is not adequate, follow-up will be required.
Current follow-up imaging typically requires an orbit of HST. JWST should gain in speed for
most applications and be revolutionary for long-wavelength studies, such as flux ratio anomalies.
For a subset of objects with suitable colors and nearby stars, high-resolution imaging could perhaps
also be obtained in a comparable amount of time with an 8- to 10-m telescope equipped with laser
guide star adaptive optics (LGSAO). Extremely large 30-m-class telescopes (ELTs) with LGSAO
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review article by T. Treu (2010)



SDSS-III/BOSS

http://www.sdss3.org/

•バリオン音響振動 (BAO) を主目的とした分光サーベイ
•z~0.6のLRG、及び~150,000のz~2-3のクエーサー
•東大は正式な参加メンバー

http://www.sdss3.org
http://www.sdss3.org


BOSSにおけるクエーサー重力レンズ
•SQLS統計サンプルの重力レンズ確率:
   26/50,286 ~ 5×10-4

•BOSSクエーサーはよりhigh-zなのでレンズ確率大
  しかしpoint sourceをターゲットにするのでレンズ
  に対してアンチバイアス
•二つの効果が相殺すると仮定すれば
   150,000 × (5×10-4) ~ 75個くらい見つかってよい



候補選び
•その１：SQLSと同じ、クエーサーのSDSS画像の
   morphology、および近傍天体のcolorを調べる

•その２：分光データ中からLRG+クエーサーの天体
　を見つける (J. Zinn, M. Strauss)

•最新のBOSSデータまで一通り探索完了、約80個の
　候補リストを作成済



候補の例

•(熟練者の私からみても) 大変すばらしい候補が多数



ANIRでの追観測方針
•候補は多数、一個の追観測から歓迎
   (半分くらいは本物であろう、と期待)

•Iバンドはあんまり効率よくなさそうなのでRかH
•Rバンドのほうが深くいけるが、レンズ銀河を検出
  することを考えてHバンドでとりたい 
  (SDSSとも相補的)
•暗いクエーサー像としてH~21(AB)くらいまでは
　はっきり検出したい、ので各候補36分積分とする
•高空間分解能が重要、なので seeing < 0.8’’ とする

•miniTAO/ANIRに詳しい方のご意見フィードバック
  大歓迎


