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The beauty of the ToA signal
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TOA
PSR J0437-4715
P, = 5.757451924362137(2) ms (2 atto seconds uncertainty)

(for different frequencies and including polarization)



‘ * Properties of NSs (dense matter, B, X)

 Dynamics of the system: binary (GR, X)
@ and external (X, matter) interactions

* Propagation in the magnetosphere
X =L(¢,F")=¢E-B

* Propagation of signal in the interstellar
medium: ions, e, GWs, X

 Fundamental ‘constants’ (X)



 Dynamics of the system: binary (GR, X)
@ and external (X, matter) interactions

* Propagation of signal in the interstellar
medium: ions, e, GWs, X

X= (Ultra) light DM



DM in galaxies (e.g. MW)




Orbital motion in the presence of WIMPS

pericenter orbital parameters
a, €, W, Q) €1, (
(drift by any perturbation)

In a WIMP medium

dynamical friction in each object
> il

9o ~ 0.3 GeV /em? v < 0 (DM dispersion)  Pani2015

<PDF> ~ -3 x 1071 (i) (L) Pom ( Py ) (150 km/s)3
’ 20 Mg 2 x 103 Ge\/’/cm3 100 day o




Orbital motion in the presence of WIMPS

pericenter orbital parameters
a, €, W, Q7 €1, (
(drift by any perturbation)

In a WIMP medium

dynamical friction in each object

X
$ |

9o ~ 0.3 GeV /em? v < o (DM dispersion)  Pani2015

(BPF) ~ —3 x 1071 <_> (L) pov ( P, ) ( 50 m/S>
20) \ Mg/ \ 2 x 103 GeV/cm® / \ 100 day o

(Randall et al 2014)
Caputo, DB, Zavala 2017

pbetter prospects in other WIMP models

*(cross section very small for SM-DM interactions unless UL mediator)



On the DM landscape

™M Candidate should be a cold gravitating medium

@ Production mechanism and viable cosmology

O Motivation from fundamental physics

O Possibility of (direct or indirect) detection

axiverse, string theory, strong CP problem, SUSY SIS

Particle DM

Vs ol Hidden p:hoti“noﬁ; dark photon S/ : S/ | e | ,Aéi\r__nlﬁletri"cfDM, SIDM
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MACHOS, BHSs,...




tial Ene

L= [0~ m?e?

homogeneous and isotropic evolution
6+ Hop+m?¢p=0

‘'misaligned’ conditions set by early universe

e m<K<H ® = ct.
calar feld o m > H ¢ — ¢O COS(mt -+ OZ(CU))
m?2 b2 n
PDM = 2%( ) ~a(t)™?

p = —ppum cos(2mt + 2a) (P)mt>1 =10



ULDM behaves like CDM at large-scales

Scale of ~30 Mpc, Schive et al. 1406.6586




Ultra light DM in our Galaxy

The bosonic field has huge occupation numbers with random phases

) escape velocity ~ 2 x 107°¢ i) size 100 kpc

‘oj ~ eV
. 4
ol ()

For low masses it can be considered as a classical field

L= % [((‘9“@2 - m%ﬂ + virialized halo



Ultra-light (fuzzy) DM in galactic halos

Virialized configuration: collection of waves
with distribution determined by properties from the galaxy

Umax 3 5 5 . L.
b X / d3v eV /00 iwvt g mImTTifs 4 (o
0

N

(k =m?) ¢k oo ~ 1073¢ in the MW

10—3 2 10—18 V
since v~ o <1 *Wv%m(1+v2)*7'c~65years(VO) ( © )

me

T
<1/ Ty

-0.5
—-1.0

¢(t)/Ppm

at shorter times ) ¢, cos (mt + f;) = ¢ cos(mt + f)



the tield is homogeneous at scales

1 —3 1 —18
Mg ~ 1.3 1012km( U ) ( 0 eV)

mao

(stars should move)

2h? al al
POM = m;bo(t) p = —ppm cos(2mt + 2a) (PR (1), ¥R (1))
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Effects on binary system: pure gravity

DB, LopezNacir, Sibiryakov 16, 19

—

pwr = Fgr + FDM halo X T

Sl

Py . .
0 P, o ‘Eb‘_S/Z

Can be expressed as modification of orbital parameters

e.g.
é—— 2¢ zﬂisirﬂ i msNz_ﬂ-
a w1 —e2 a By
T — &2 . the effect accumulates
¢=- p—sind in every orbi
W, a y Oroit

(resonances appear)



DB, LopezNacir, Sibiryakov 16

This would be a pure gravitational test of this DM model
but it Is beyond reach....

Py, [days]
— 92 500 100 10 1
1

500 100 10 1
10~13 ppyv = 10 GeV/cm3, e=0.9




Effects on binary system: DM-matter interaction

DB, LopezNacir, Sibiryakov 16, 19
bosons can couple directly to matter

q / Ap(zpp)dz”

for scalars.
oz/¢(a:pp)ds—|—ﬁ/[¢(xpp)]2d8
( Armaleo, LopezNacir, Urban )
for spin1 and spin 2 DM
again

EC v #Z0  (swamped by systematics)

,u%: ﬁGR + ﬁDM,halo(¢(t))

Py
Lo=p [ arxF > BB 1-d) > €
0



o, GeV ™!
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Secular effects at J1903+0327

P, =95 days ,e =0.44
' - 33) x 10712

~

Freire et al 201 |

DB, LopezNacir, Sibiryakov 16, 19

— current

—— future for Pb
precision 10~1°

Solar System
bound

slide courtesy of S. Sibiryakov



Secular effects at J1903+0327

10720

8 x 10722
mo, eV

— current

—— future for Pb
precision 10~1°

slide courtesy of S. Sibiryakov



Broadband limits

from J1713+0747 (P, = 67.8days , e =7 x 107°)

e <1071t

Solar System
bound

PTA 022 102 10 10 o

me, eV

slide courtesy of S. Sibiryakov



Conclusions

B The signals from pulsars can test new physics
‘ at production, propagation, detection

& WIMPS at the binary location modifies the
orbits but hard to measure

ULDM has better chances: rich phenomenology
coherent oscillations, large density gradients

B Pure gravity case out of reach

B (Case of DM-Matter interaction generates
best constraints at for certain DM models



Future work

Detailed analysis of specific systems
Study the effects in populations (not instantaneously)

DM substructure with large over-densities  (in the spiric of S. Sibiryakov talk)

Other Interactions (torques?)

Other effects related to propagation or at production



Future work

Detailed analysis of specific systems
Study the effects in populations (not instantaneously)

DM substructure with large over-densities  (in the spiric of S. Sibiryakov talk)

Other Interactions (torques?)

Other effects related to propagation or at production

P Freire: “Nature has always been good to us”

SKA, MeerKAT, FAST,...: new observations may bring new surprises!



Propagation of EM waves in a DM medium

The DM may be also coupled to the photons

charged DM axions

—

4DM /Au(ivpp)da%M g Qwa/ﬁwy =g ¢E - B

modifies the dispersion relation of light
e.g. axions

dark matter halo « O = Qg COS(mt + CV(LE))

suf bulge

1 K B F w? = k% + 2$(t) k

B () time dependent birefringence

/ osclillating polarisation angle!



Constraints
Caputo, Sberna, Frias, DB, Pani, Shao,Yan 1902.02695

using signals from pulsars
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