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LISA Science
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Massive Black Holes 102 to 108 M
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SO01: Ultra-Compact Binaries in our Galaxy
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Read more in

THE GRAVITATIONAL UNIVERSE

A science theme addressed by the eLISA mission observing the entire Universe

Prof. Dr. Karsten Danzmann
Albert Einstein Institute Hannover

MPI for Gravitational Physics and
Leibniz Universitat Hannover
Callinstr. 38

30167 Hannover

Germany

karsten.danzmann@aei.mpg.de

Tel.: +49 511 762 2229
Fax: +49 511 762 2784

Detailed information at
http://elisascience.org/whitepaper

The last century has seen enormous progress in our understanding of
the Universe. We know the life cycles of stars, the structure of galaxies,
the remnants of the big bang, and have a general understanding
of how the Universe evolved. We have come remarkably far using
electromagnetic radiation as our tool for observing the Universe.
However, gravity is the engine behind many of the processes in the
Universe, and much of its action is dark. Opening a gravitational
window on the Universe will let us go further than any alternative.
Gravity has its own messenger: Gravitational waves, ripples in the
fabric of spacetime. They travel essentially undisturbed and let us peer
deep into the formation of the first seed black holes, exploring redshifts
as large as z ~ 20, prior to the epoch of cosmic re-ionisation. Exquisite
and unprecedented measurements of black hole masses and spins will
make it possible to trace the history of black holes across all stages
of galaxy evolution, and at the same time constrain any deviation
from the Kerr metric of General Relativity. eLISA will be the first ever
mission to study the entire Universe with gravitational waves. eLISA
is an all-sky monitor and will offer a wide view of a dynamic cosmos
using gravitational waves as new and unique messengers to unveil
The Gravitational Universe. It provides the closest ever view of the
early processes at TeV energies, has guaranteed sources in the form
of verification binaries in the Milky Way, and can probe the entire
Universe, from its smallest scales around singularities and black
holes, all the way to cosmological dimensions.

https://arxiv.org/abs/1305.5720

LISA

Laser Interferometer Space Antenna

A proposal in response to the ESA call for L3 mission concepts

Lead Proposer
Prof. Dr. Karsten Danzmann
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LISA Interferometer Space Antenna

Mission concept:
» 3 S/C triangle
» 2.5 Gm arm length
* 6 links
« 2 TM per S/C
» heliocentric orbits
* minimal arm lengths changes
. 2.5Gm = 30 Mm
v~ £ 10m/s

» heterodyne interferometry

MNicolas Douillet - ARTEMIS

* measure changes in phases
of laser beat signals
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LISA Interferometer Space Antenna
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LISA Interferometer Space Antenna
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LISA Interferometer Space Antenna
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LISA Interferometer Space Antenna
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LISA Interferometer Space Antenna

Send and receive laser light
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Proposed Consortium national contributions
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Mission Status

*Passed Phase A Mission Formulation Review

*Feasibility: development of a mission design that can fulfil the science objectives
o Started Phase Bl

*Focus on establishing all the needed requirements and their interfaces

*Confirming all responsibilities and plans for implementation phase

* Aiming for mission adoption end of 2023 or early 2024
e[ aunch in 2035

Phase 0 Phase A Phase BT Phase B2 thlaj’% ?/tD Phas_e E
||||||||| lysns need Foasibilit Prellmlnar Prellmmar Auelifenis Operations /
identificatio " definitio definitio rodu t utilization

2017 2018 - 2021 2022 - 2024 2025 - 20238 2028 - 2035 2035+
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