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Motivations

Dark Matter (DM) remains a mysterious component of our Universe!

An alternative to CDM: ultralight DM (ULDM) (standard candidates are
axion- like particles and dilatons, but can also be vectors, spin 2 tensors).

Ultralight m < 1€V — Large occupation number: n = ppy/m

Classical tield approximation




*Small-scale’ properties: DM as a classical field

e Spin 0: Halos structure (simulations) (A=c=1

Schive, Chiueh, Broadhurst (2014)

Granular structure and coherence patches
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E. g spin 2 (direct interaction)

[Marzola, Raidal & Urban (2018)]
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[Armaleo, DLN & Urban (2020)]
- Q
Changing frame, Yuv ‘= Guv + M—lMW’ at leading order in &: S ~ Spee|g, M, V]
p
* Equivalent to a GW perturbation:
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Why pulsars?
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e Radio pulsar: rapidly rotating neutron star (NS) with coherent radio
emission along their magnetic poles and highly stable spin frequency

e Pulsar timing techniques provide very precise measurements of 1ts motion

e Ideal systems to constraint alternative theories of gravity, the presence of
gravitational waves, and also ULDM!



Estimating the limits: [Armaleo, DLN & Urban (2020)]
/ Dominant contribution (evaluated at the earth position)
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Bounds on the equivalent gravitational wave strain as a function of

frequency, reproduced W|th permission from [Porayko et al. 2018]
An improvement of ~ 107 is expected with SKA (15yrs, 5K pulsars)

[Unal, Urban, Kovetz, arXiv:2209.02741]
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Why Binary Pulsars (BPs)?
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Why Binary Pulsars (BPs)?
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Secular effects of DM on the binary pulsar orbits

@ Oscillations of the DM field produce periodic perturbations to the PB

orbits: Force ~ cos(mt + 1)

@ The unperturbed orbits can be expressed as Fourier series

ZQ” cos(n2n/Py,+ T) (n € N)

@ Inh resonance

m >~ N2n/P, (N € N)

there is a secular effect on the orbital parameters;

for instance, P, — P, + Pb (T — TO),
e — e+ 6(T — T())



Bounds on models with direct couplings [Armaleo, DLN & Urban (2020)]

E.g. with s=2: Tensor Mij, universally coupled, with effective interaction
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Symbols corresponds to resonances: - Dark symbols (actual precision)
- Light symbols (a factor 10 better)
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E.g. with s=2: Tensor Mij, universally coupled, with effective interaction
L[ — OéMz'j (Mﬂ)i?){ -+ MQU%U%)/MPZ

o lerremmomaterm o Limits from P,

. N O . - | O ] \4
ot net o/ J1903+0327  J1740-0352 07373039
4R Lo y 27 & N d5
0% ',*'Cassml _____________ - J1614—2230  ]1909-3744  )0636+5178

O D. o : * 4 v
107 % . ] J03484-0432 171340747  J0613—0200
. o A, A < >
107 o X C ~ B1913+16  B1259—63  J1012+5307
NANOGrav » Jof * >k
107 o ""“*»....._Ff_laneté;.u___. J0751+1807  ]1910+1¢256  J2016+1948
"""" O O O
10°° J1738+0333  J1751-285/7  ]1857+0943
17 1010t 107 10 10 107 imits from JTTBWOTT: 1 N=1 £ N=3
m [eV]

Symbols corresponds to resonances: - Dark symbols (actual precision)
- Light symbols (a factor 10 better)

Work in progress: What is the sensitivity beyond the resonant points?



Why Gravitational Wave Interferometers (GWIs)?

« Current facilities can detect transient events with 7 = 1072! (e.g. binary
BHs)

* Weaker signals could be detected if they are coherent over a longer time
(e.g. continuous GWs (CWs) emitted by rapidly spinning neutron stars)

e Currently there are upper limits on the maximum strain for CWs.
Eg. h<107% for f~ 10°Hz

 The ULDM field may not be coherent over the entire observation campaign.

e Semi-coherent techniques to analyze CWs can be adapted and optimized,
taking into account the coherence time of the ULDM [Miller el al 2020]



Bounds on models with direct couplings [Armaleo, DLN & Urban (2021)]

E.g. with s=2: hij = cos (mt + Y (Z))ei;(T)

My,
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Conclusions

e ULDM can produce potentially observable effects on pulsars and GWIs
* Precise timing measurements are already ongoing for many pulsars
* A given BP 1s sensitive to ULDM only 1n a few narrow resonant bands

* New (~1000) BPs are expected to be discovered by SKA -> significant
coverage

* PTA 1s sensitive to lighter fields and can provide complementary bounds

* To take advantage of the large number of systems it 1s necessary to
develop new statistical approaches and techniques for the extraction of
the constraints on the ULDM field -> Work 1n progress

e GWIs are useful to probe direct interactions between ULDM and the SM
providing complementary bounds for heavier fields

e Both for pulsars and GWIs, it would be worth performing a dedicated data
analysis!
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Thanks!



