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What is fundamental physics?

® Tests of fundamental laws and principles e.g. equivalence principle,
constancy of constants, inverse square gravitational law

» Detection and study of gravitational waves

* Quantum mechanics in a clean environment

» Cold atom physics, new frequency standards and quantum technologies

 Precision research in cosmology : identifying the nature of dark energy
and dark matter

» Space-based efforts in astroparticle: high energy cosmic particles, antimatter,...



Some important connections between these questions and particle physics:

» LISA and the electroweak phase transition

Collision of bubbles and turbulence
® production of gravitational waves in the LISA window

* string theory and the equivalence principle

Scalar field coupled to curvatu@ violations of equivalence principle .z,

 extra dimensions and the modification of gravity at large distances

Alternate way to account for the acceleration efékpansion of the Universe:
If gravity is modified at cosmological distancesyavabout in the outer Solar System?
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A rich space program in Europe
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A program strongly connected with what can be achieved on ground...

Zarm drop tower

. representing large communities not necessarily familiar with space



What is the Fundamental Physics Advisory Group (FPAG) at ESA?

Astronomy
Working Group

Solar System
Working Group

Pierre Binétruy
Philippe Bouyer
Gijs Nelemans
Wolfgang Schleich
Alicia Sintes Olives
Bill Weber




Cosmic Vision
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First call issued in 2007:
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LISA pre-selected as a L-mission (2018 slot)

Apart from this preselection, no fundamental physics mission
was selected in the first round.

Why?

Either too narrow a scientific justification
Or , for scientifically interesting missions, too low a technical readiness.

TRL (Technical Readiness Level)

5 for a M-mission
2-3 for a L-mission



SPC and ESA executives asked FPAG to identify more precisely
the role of fundamental physics in space

Discussed at a special meeting in Aix in June 08
gathering SPC and the ESA advisory structure
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These communities have to learn how to use (or not to use) space

They sometimes have to learn how to work on a European scale

® Interaction needed between the space community represented
by ESA and these new communities



low Newtonian noise, free fall, long distances,
large potential differences
time and cost

Assessing the real need for space requires a good knowledge
of the possibilities on ground (ten years from now)

e.g. Auger vs EUSO
dark energy
clocks on ground vs clocks in space
Exception: LISA is the only way to reach its frequency domain



The difficulties connected with the ISS
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|dentify key technologies for fundamental physics in space

Setup a program to reach the required
readiness level for those technologies

Lessons from the past. microthrusters

Building the future: FPAG recommendations for the TDP

» breadboard of a trapped ion clock
e breadboard of an atom interferometer



Proposal: the role of the « new » FPAG :

 Build a roadmap with the community (2008-2009)

o |dentify the key technologies (the show stoppers) and
the developments associated

* Follow the missions of the Science program, including
the more technological developments

* Be informed on the other ESA programmes and on the
national programmes and give opinions on how they fit
Into the general scheme



The « Fundamental physics in space » roadmap exercise(coordinated by FPAG)

Necessary to clarify the need for space and focus the efforts
for putting new technologies into space.

Has a important pedagogical role if the community is involved.
Roadmap should clearly address the issue of the next CV call

Second semester of 2008-First semester of 2009
Well in advance of the next CV call
In line with prospective effort of some national communities (D,F..)

FPAG produces a paper giving the general lines of this prospective effort(09/08)
A call for white papers is issued along these lines (10-12/08)

FPAG studies the answers to the call and integrates other roadmap exercises
to produce a first draft of the roadmap(01-04/09)

A workshop is organized to discuss this document and related issues with the
community (04-06/09)

Final version of the roadmap (summer 09)



Conclusion: the role of the astroparticle physics community

» The scientific goals of the fundamental physics community are very much
those of the astroparticle community

* ESA is sensitive to the input of the different scientific communities; the
access of new communities to space is important for its long-term future.

* LISA is a prime goal of the fundamental physics community (it requires a
strong support to be launched at earliest possible), but it cannot be the
only perspective of fundamental physics in space: the next Cosmic Vision
call will be a key step for its future.

Participate to the forthcoming ESA roadmap effort of
Fundamental Physics in space !




