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Who we (in person for workshop)

Luca Teodori (Instituto Astrofisico de Canarias) Monica Seglar Arroyo (IFAE, Barcelona)

Gravitational waves, Multimessenger astrophysics,
Data analysis,

Nicola Tamanini (L2IT / CNRS)

Gravitational waves, Multimessenger astrophysics,
Data analysis, Theoretical Physics

Aurelien Hees (Observatoire de Paris, CNRS)

Gravitational waves, Quantum sensors,
Data analysis, Dark Matter

Galactic dynamics, Dark matter

Jorge M. Camalich (Instituto Astrofisico de Canarias) |
Galactic dynamics, Dark matter,
Theoretical Particle Physics

Jorge Penarrubia (University of Edinburgh)

Galactic dynamics, galactic substructure,
Dark matter

Prasenijit Saha (Zurich U)

Gravitational lensing, gravitational dynamics,
Data analysis and observations

Justin Janquart (Royal Observatory of Belgium)

Gravitational waves, Multimessenger astrophysics,

Lensing of GWs, Data Analysis
Bruno Bertrand (Royal Observatory of Belgium)

Global Navigation Satellite System (GNSS),
Atomic clocks, Dark Matter

Alessandro di Marco (INAF-IAPS)

Satellite Laser Ranging, Satellite Dynamics,
Theoretical Physics

Marco Lucente (INAF-IAPS)

Satellite Laser Ranging, Satellite Dynamics,
Data analysis and observations

Florin-loan Constantin (I. of Space Science, Romania)
Theoretical and Computational Physics

Laurentiu-loan Caramete (Institute of Space Science, Romania)

Gravitational waves, Quantum sensors,
Data analysis

Xiao Xue (IFAE, Barcelona) (organizer)

Gravitational waves, Pulsar timing arrays,
Astrometry, Dark Matter

Matthew Miles (Vanderbilt University)

Pulsar timing arrays, pulsar dynamics,
Data analysis and observations

Joshua Foster (Fermilab/U Chicago) (organizer)

Theoretical Particle Physics, Dark Matter,
Data analysis and observations

Diego Blas (ICREA/FAE) (organizer)

Theoretical Physics, Dark Matter,
Gravitational waves, Quantum sensors,

Paulo Freire (MPI fur Radioastronomie)

Pulsar dynamics, Gravitational dynamics,
Data analysis and observations




Who we are (in person for workshop)

Monica Seglar Arroyo (IFAE, Barcelona)
Leaves on 16th €+——

Gravitational waves, Multimessenger astrophysics,
Data analysis,

Arrives on 17th = Nicola Tamanini (L2IT / CNRS)

Gravitational waves, Multimessenger astrophysics,
Data analysis, Theoretical Physics




Who we are (online or coming for GUEST)

Simone Dell'Agnello (LNF, INFN) Rosa Martinez Rubiella ( (GMV Aerospace and Defence, Spain)

Satellite Laser Ranging, Lunar Laser Ranging
Experimental physics, Space exploration

Mission analysts, Aerospace Engineer

Soumen Roy (Royal Observatory of Belgium) Javier Atapuerca (GMV Aerospace and Defence, Spain)

Gravitational waves, Gravitational dynamics,
Theoretical Physics

Mission analysts, Aerospace Engineer

Alex Jenkins (University of Cambridge)
Carlos Sopuerta (Institute of Space Sciences, Spain)

Gravitational waves, LISA ,ET , Gravitational dynamics, ||
Theoretical Physics, Cosmology

Gravitational waves, Gravitational dynamics,
Theoretical Physics, Cosmology




Monday 15
9-10 Registration
10-11 Diego
11-11:30 COFFEE

11:30-12:30 Alex (online)
12:30-13:30
LUNCH BREAK
15-16 Matthew
16-17 Paulo

Reception

Tuesday 16 Wednesday 17

Praseniit Penarrubia
COFFEE COFFEE

Bruno (pres.) & Soumen
Luca (online)

Soumen (online)

GUEST CORE
at 14:30 Xiao
Caramate Marco/Alessandro
Monica
Speaker Talk title
Diego Overview and meeting expectations

Bruno & Soumer GNSS orbital data to probe dark matter & GWs

Thursday 18

WG1 Aurelien
COFFEE

WG2 Bruno

WG3 Tamanini
WG4 Simone

Dinner

Soumen Scalar fields around black hole binaries in LVK
Alex TBC

Prasenijit TBC

Monica Multimessenger in different bands

Matthew PTA and GWs

Paulo Pulsars and new physics

Penarrubia TBC

Prasenijit TBC

Luca Dynamical heating in ULDM and GW (informal)
Xiao Astrometry

Marco/Alessandr Satellite and lunar laser ranging
Caramete New data analysis methods in GW

Friday 19

GUEST
COFFEE

GUEST

GUEST



Gravitational Universe Exploration with Satellite Tracking

P - I /
i ~
el . . (:\ g *l‘\?t
d Gravitational e y,
waves “ ., o '
P
4 Vs - sl
_ A 7
Cube-corner - _ - ;!
® _ ) /
retroreflector P - - / / /
/
P |

—

Laser

Dark-matter
induced
fluctuations

ESA 2025 Call

F-class Proposal

S
{cesa

European Space Agency

Geodesy
and tests
of gravity

GUEST
satellite

___ Eccentric
orbit

e




Proposal iIn 5 seconds

- - ~ . S~ NN - - N A
GUEST. |
g Gravitational - - _W_M.,;‘
waves T, L,
/ -~
— ’ 7
Cube-corner - 3 - /
retroreflector gy A — Y s/
e
- 5N 4 / /
Laser oo P
EST e
satellite
- p /o
. ) g /,
7 )
Two satellites laser tracked . > s
. > Caid o A 5 o
-~ - e Wretw Sy /*"f /'/ . |
at cm accuracy o A TR
H weigh , -t / ,’“\ /»-\_ T ot MV‘« B g /
7 - e S : Dark-matter
' 7 .. J77) induced
° ° ,3' < | fluctuations
1n Oroits e > > a A
° ° =y /
<k ’ /
for more than 10 years.
/
% / \
Geodesy GUEST
and tests satellite
of gravity
Eccentric

- . orbit

/




Why are we here?

New opportunities to detect
gravitational waves
and dark matter in
orbital dynamics




gravitational fluctuations affect gravitational dynamics

Non-relativistic v_ . < ¢

1. 1> r, .00

h ~ cos(2m ft)

for bound
systems r ~ ecos(2nt/P)

possible resonances at f=n/P

Time and space dependent force

Relativistic
(n,, + h,)P*P" =0  +geodesic equation

gravitational fluctuations affect relative clocks (proper times) ( 0+ )Pﬂpy)l/z
Uuv uv



(GGravitational wave searches ca. 2040
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*We can discuss sources In this band later
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Dark matter candidates and orbital dynamics
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But they can exchange enough momentum (67" = F'(¢)) with bound systems to

~

* destroy some of them
* modify their distributions

* heat some systems (if Epy > Egygiem)
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Particle

Particle dark matter can generate dynamical friction in orbiting systems

5r = F" wae © % m
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There can also be direct DM - celestial body interactions beyond gravity

this can generate new long range phenomena or friction



10~ %%eV .(
——

“Ultralight” DM

100 eV ~ 1 Hz
Ultralight dark matter is characterized by d <L @

As a results, DM behaves as a oscillating very coherent wave

At ‘short’ times and ‘small’ distances

¢ and v are

¢ = ¢ycos(mt + my - X + @) stochastic variables

This induces oscillations in the gravitational potentials f ~ ﬁ’% cos(2mt)

If there is direct coupling, the mass of stars may oscillate at this frequency, etc



Dark matter candidates and orbital dynamics

10~ %%eV ¢
——
“Ultralight” DM

Ultralight dark matter is characterized by d < L '

The power spectrum of the fluctuations in gravitational potential is
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Why are we here”?

New opportunities to detect
gravitational waves
and dark matter in
orbital dynamics

o7 = F'(x,t) With (Fi(x,)F'(x’,t)) and  dz(x,?), with (dz(x,?)dz(x’,1))

Gravitational waves in poorly covered frequencies (10~1°> — 10~ Hz and
10" — 10~* Hz) may induce resonances, heating, evaporation, orbital
changes... in orbiting systems with P ~ 1/f.

Dark matter in poorly covered masses may induce resonances, heating,
evaporation, orbital changes... in orbiting systems

We are here to identify the best systems for different frequencies/masses
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THE ASTROPHYSICAL JOURNAL, 802:63 (19pp), 2015 March 20

BAKER, PSALTIS, & SKORDIS



Best systems

Tracked very precisely The effect are typically enhanced at large periods!

Pulsars Doppler tracking of satellites

Satellite Laser Ranging, Lunar Laser Ranging, GNSS

Loosely bound
Oort Cloud, Kuiper belt

Astrometry

Old (

Pulsar populations Moon libration

Wide binaries

Dark matter substructure (streams, disks)

Lots of data

Galactic dynamics




Who we (in person for workshop)

Luca Teodori (Instituto Astrofisico de Canarias) Monica Seglar Arroyo (IFAE, Barcelona)

Gravitational waves, Multimessenger astrophysics,
Data analysis,

Nicola Tamanini (L2IT / CNRS)

Gravitational waves, Multimessenger astrophysics,
Data analysis, Theoretical Physics

Aurelien Hees (Observatoire de Paris, CNRS)

Gravitational waves, Quantum sensors,
Data analysis, Dark Matter

Galactic dynamics, Dark matter

Jorge M. Camalich (Instituto Astrofisico de Canarias) |
Galactic dynamics, Dark matter,
Theoretical Particle Physics

Jorge Penarrubia (University of Edinburgh)

Galactic dynamics, galactic substructure,
Dark matter

Prasenijit Saha (Zurich U)

Gravitational lensing, gravitational dynamics,
Data analysis and observations

Justin Janquart (Royal Observatory of Belgium)

Gravitational waves, Multimessenger astrophysics,

Lensing of GWs, Data Analysis
Bruno Bertrand (Royal Observatory of Belgium)

Global Navigation Satellite System (GNSS),
Atomic clocks

Alessandro di Marco (INAF-IAPS)

Satellite Laser Ranging, Satellite Dynamics,
Theoretical Physics

Marco Lucente (INAF-IAPS)

Satellite Laser Ranging, Satellite Dynamics,
Data analysis and observations

Florin-loan Constantin (I. of Space Science, Romania)
Theoretical and Computational Physics

Laurentiu-loan Caramete (Institute of Space Science, Romania)

Gravitational waves, Quantum sensors,
Data analysis

Xiao Xue (IFAE, Barcelona) (organizer)

Gravitational waves, Pulsar timing arrays,
Astrometry, Dark Matter

Matthew Miles (Vanderbilt University)

Pulsar timing arrays, pulsar dynamics,
Data analysis and observations

Joshua Foster (Fermilab/U Chicago) (organizer)

Theoretical Particle Physics, Dark Matter,
Data analysis and observations

Diego Blas (ICREA/FAE) (organizer)

Theoretical Physics, Dark Matter,
Gravitational waves, Quantum sensors,

Paulo Freire (MPI fur Radioastronomie)

Pulsar dynamics, Gravitational dynamics,
Data analysis and observations




Why are we here?

New opportunities to detect
$ gravitational waves

=—=r LS and dark matter in

i e i i i orbital dynamics
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o7 = F'(x,t) with (Fi(x,)F'(x’,t)) and  dz(x,?), with (dz(x,?)dz(x’,1))

Gravitational waves in poorly covered frequencies (10~1° — 10~ Hz and
10~ — 10~* Hz) may induce
in orbiting systems with P ~ 1/f .

Dark matter in poorly covered masses may induce
INn orbiting systems

We are here to identify the best systems for different frequencies/masses



Few biased examples (more this week)



Binary system embedded in stochastic GWB
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g, dxtdx’ &~ — (1 = 2®)dr* + (1 + 2y)5; dx' dx/

7“7; — « External Gravitational Potential

Blas, Lopez-Nacir, Sibiryakov, 1612.06789, 1910.08544

W ~ cos(27 ft)

Newtonian Potential T~ e COS(27T t / P )
possible resonances at f=n/P
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Our estimates from 2025 for 2025

Foster, DB et al., arXiv: 2504.15334 [astro-ph.CO]
Foster, DB et a., arXiv:2504.16988 [gr-qc]

Frequency [Hz]



New ULDM handles resonant absorptlon

Moon’s orbit 5 :
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Armstrong, |. W., Living Reviews in Relativity, 9,
|, doi: 10.12942/Irr-2006- |

1. ) 1 .
\If(t)—,u\I/(t “; Tg) : “; U (t —T)

A
N

(A-h(t)-n)/ (1—p2) p==k-n

Zwick, DB et al 2406.02306 [astro-ph.HE]
Khmelnitsky, Rubakov 1309.5888 [astro-ph.CO]

ULDM
Av

(1) — () LU (t—Ty).




10g,4(h(f))

GWs and ULDM searches w/ Doppler tracking

Zwick, DB et al 2406.02306 [astro-ph.HE]
Uranus Orbiter and Probe

Cassini PSD
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GWs and ULDM searches w/ Doppler tracking

Zwick, DB et al 2406.02306 [astro-ph.HE]

- (Grav. coupling
— A5t =1071% GeV~!
A5t =1071° Gev!




© S. Gasparotto

DB, Gasparotto,Vicente, 2410.07330

ﬁULDI\/I modulates GWs
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(Galactic sources

DB, Gasparotto,Vicente, 2410.07330

1 w
SNRs = “YVNSNR,
V2 Ws
N (SNRp) vV N(SNRy)(fe)[He]
Double White Dwarfs
LISA 5.5(1.6) x 10° 37(38) 7.8(4.3)
TianQin  2.5(0.7) x 10> 37(37) 5.1(2.9) fe ~ mHz
Taiji 5.8(1.7) x 10° 59(60) 13(6.8)
pAres 504(148) x 10° 49(48) 97(52)
X-MRIs
LISA O(5) ~ 10° ~ 10

Spinning NSs
ET/CE O (200) ~ 30 ~ 10° f . ~ kHz

Spinning neutron star




Sensitivity to ULDM from MW sources

DB, Gasparotto,Vicente, 2410.07330

Case with direct coupling  guw = A*(d)g  with A ~ 1 + ¢2/A§
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Time and/or space dependent phenomena associated to

® Dark matter
# Gravitational waves

may have secular effect on dynamics orbiting bodies
may have relevant effect on well tracked orbiting bodies

These may be more relevant for frequencies/masses hard to
measure otherwise: big opportunity

Dialogue among theorists/astrophysicists towards fun and new ideas
Move from concepts to realistic analysis

o Craziest idea: iIs guantum communication with Mars possible”?



Summary and expectations

o Feel free to suggest topics to discuss during the breaks
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