-

View metadata, citation and similar papers at core.ac.uk brought to you byt CORE

REAFEEBUKNSFY

'l'oho;u University Repository

Study of Galaxy Groups Lensing:
Concentration-Mass (c-M) Relation up to High

Redshift

00O JAELANI Anton Timur

[ 80

gooooo Tohoku University

URL http://hdl_handle.net/10097/00122930



https://core.ac.uk/display/236171878?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Gl 5)

WX W OR E B

(NO. 1)
K 4 Anton Timur Jaelani R | PRk 29
Study of Galaxy Groups Lensing: Concentration-Mass (c-M) Relation
SN LD up to High Redshift
& H (BUTHEES L > XOWIE « MR T REICIES EREPOEPE L HED
BALR)

1 Introduction

oo H O

1.1 Structure of the Universe

1.2 Galaxy Group

1.3 Gravitational Lensing

1.4 Previous Studies of ¢ - M Relation of Galaxy Group Lensing

1.5 Purpose of this Thesis

2 Lens Sample and Data Analysis

2.1 Sample Selection

2.2 Photometric Data

2.3 Spectroscopic Redshift

3 Methodology

3.1 Lens Modelling

3.2 Richness-based Mass

3.3 Lens samples from previous studies

3.4 Combining Stellar Mass, Strong Lensing and Mass-Richness

4 Concentration and c - M relation

4.1 Einstein Radius-Mass Relation

4.2 Mass Distribution

4.3 Concentrations and ¢ - M relation

5 New Sample of Group/Cluster scale Lensing from HSC S16A Map
5.2 HSC SSP Survey
5.2 Finding New Sample

5.3 Preliminary Studies

5.4 Summary

6 Conclusion and Future Remarks

6.1 Conclusion

6.2 Future Remarks

Appendix Markov-Chain Monte Carlo (MCMC) Analysis




(aliARl5)

Structure formation from numerical simulations of cold dark matter suggests
universal mass density profiles within gravitationally bound halos from the most massive
down to the least massive systems. This universal density profile is often represented
by concentration-Mass (c—-M) relation. Observational studies using methods such as
weak lensing, X-rays and strong lensing have found a c—M relation almost consistent
with expectation from simulations at the massive scales i.e. clusters but our understanding
of the mass distribution at the less massive scales, in groups, is still incomplete. We
present the first measurements of the concentrations and the ¢ - M relation at
intermediate-high redshifts (z [1 0.4 — 1.0) from strong lensing galaxy groups by combining
strong lensing mass with the halo masses derived using optical mass-richness relation.
We find that our lenses have much smaller Einstein radii (suggesting increased
concentrations) than expectations from the standard model, unless our halo masses are
systematically biased due to them being at lower masses and at higher redshifts
compared to lens samples from the literature. After combining with low-intermediate
redshift lenses from the literature, we find that the slope of the ¢ — M relation is -0.179
(+0.177 -0.141) for system with Einstein radius < 5. 0. The projected mass distributions
of our combined samples are also compared with simulations with different physics. Our
constraints can easily be improved if spectroscopic redshifts for all of the lensed sources
can be measured and if additional mass probes such as stellar and group dynamics can
be used. We also consider comparison between the highest redshift systems with the
lowest redshift counterparts, but the scatter in predictions themselves is large enough that
the concentrations at the lowest and highest redshift bin are consistent within 10. We can
improve this issue if we have more systems in the future. Finally, we describe the
possibility to extend this study using new group lenses sample from HSC SSP Survey.
Owing the wide and deep imaging of this survey, we can extend strong lenses sample up
to high redshift.
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