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Dark Matter (DM):
DM could consist of some "cold” (small velocity dispersion) undiscovered particles
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Standard cosmological model: ACDM — Dark contributions

Dark Matter (DM):
DM could consist of some "cold” (small velocity dispersion) undiscovered particles

e An alternative model: DM consist of very light bosons or axion-like particles with high
occupation numbers n = ppyr/m

To what extend is it possible to discriminate among the different models?

We need

* to identity and characterize observable signatures
* to confront with data all calculable predictions (on diverse scales)
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Ultra-Light Dark Matter as a classical scalar field
Very light DM with large n = ppm/ma

Classical solution to the Klein-Gordon equation [~ + m3]®(#,t) = 0

/

ds® = —(1 4 2¢)c?dt* + a*(1 — 24)6;;dx' da?

Initial conditions set by inflation
(very homogeneous)

- e After H < mge —> & ~ Pgcos(met + 1)
% 2 (1)2
ke Tw/ PDM = Mo ™0 + oscillations

scalar field ” pDM — _,ODM COS(quDt _I_ ZT)

(oscillations are irrelevant on long time scales)

AllDM — mg > H(aeq) ~ 107°%eV

CMB + LSS > mg > 107°%eV (x10in the future)
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Coherence of the oscillations require
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scales ~ Compton time
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Gradients are relevant at length
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Observation on diverse scales can probe different mass ranges

Linear dynamics
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Lyman-alpha forest, Galaxy formation history,
structure of galactic halos, Pulsar-Timing-Arrays (PTA)
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L. 4107

HH

S — 21cm surveys Black Hole physics

(not necessary DM)
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Goal: To add more observables to this list, both to constraint other mass ranges
and to have complementary tests for same masses

* These observations can probe ULDM interacting only through gravity

* |[f ULDM is directly coupled to the Standard Model -> many other (but
model-dependent) possibilities: atomic clocks, accelerometers, resonant-
mass detectors, laser and atom interferometry
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Binary pulsars

* Radio pulsar: rapidly rotating neutron star (NS) with coherent radio emission
along their magnetic poles and highly stable spin frequency

Mo
* Pulsar timing techniques provide very precise ‘
measurements of the orbital motion A
¢
 |[deal systems to constraint alternatives My
theories of gravity and the presence of
gravity waves T
e Are they also useful to explore the nature of DM?
Py, 213 My 4+ My | °
: L ~ 10%k
Some numbers m (100 days> ( N
v~10"%c, cme ~ 1071 = 10722V
2 2
10—3 10~ 18eV « Coherence: v <c v
Aas ~ 10%km ( ) ( ‘ )
v CTo .
e Homogeneity: Agp > L
10~%%eV
te ~ 100 days ( o ) * Fast oscillations: t. < P, 777
P




ULDM interacting only through gravity

sl Fei—7 M

O (X, t) = ®gcos(maet + (X))
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o
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E. g. Double Pulsar (PSR J0737-3039) (AP, ~ O(1071%) but P, ~ 0.1 days

[PRL118, 261102 (2017)]



Pulsar Timing Array (PTA) [Khmelnitsky & Rubakov (2014)]

ULDM atffects the propagation of the signal
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Pulsar Timing Array (PTA) [Khmelnitsky & Rubakov (2014)]

ULDM atffects the propagation of the signal

2rGppm

g ~ ma 915 008(2mat + 27) Distance to the pulsar
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ULDM interacting directly coupled to matter

L = My(®) (1 + ”—j) + Ma(®) (1 ¥ ”—5) y GMDM(2)

2 T
Universal coupling: My o(®) = Mio(14+ a(P)), |a(P)| <1
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ULDM interacting directly coupled to matter

L = My(®) (1 + ”—j) + Ma(®) (1 ¥ ”—5) y GMDM(2)
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dd

Linear coupling o(®) = ®/A, Quadratic coupling o(®) = ®°/(2A3)

Different resonahce conditions
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[PRL118, 261102 (2017)]



Jordan metric Universal COUpI Ing

\_< Previous constraints on GWs
Juv = Guv = guw (1 + 20(®)) — Scalar wave — can pe easily translated
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Jordlan metric Universal coupling

\_< Previous constraints on GWs
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Conclusions & future prospects

 ULDM could yield secular variations of the orbital parameters of Binary Pulsars
(BPs):

- because its stress-energy tensor modifies the spacetime metric

- if it is directly coupled to the Standard Model

e The secular effect leads to potentially observable signatures in high precision
timing measurements of pulsars in binaries

e Exquisitely precise measurements are already ongoing for many systems

e For the system to stay in resonance during the whole observational campaign,
we estimate

dma ~ 5 x 1072° eV /(years of observation)
S0, a given BP is sensitive to ULDM masses only in a few narrow bands
* New (~1000) BPs are expected to be discovered by SKA -> significant coverage

e Beyond the orbital period derivative: there will also be secular variations of other
orbital parameters (D.Blas, DLN, and S. Sibiryakov, to appear) ...

e Other resonant effects” Dipolar radiation? ...



THANKS!






Beyond the orbital period derivative?

Phenomenological Timing model 2> secular change of orbital parameters

[Blandford & Teukolsky (1976), Damour & Daruelle (1986)]
Po—= P +P(T—Ty),e—=e+eT—Tp), w—w+w(T—Tp), ..
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Phenomenological Timing model 2> secular change of orbital parameters

[Blandford & Teukolsky (1976), Damour & Daruelle (1986)]
Py— P+ P(T-Ty),e—=e+e(T—Tpy), w—wt+w(T—T), ..
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Beyond the orbital period derivative?

E.g. Double pulsar
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