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Pulsars in a nutshell

Pulsars are neutron stars,
which are:

Rapidly spinning. Periods:
from few ms to several seconds

Highly magnetised ~ 10° — 10°C;

Extremely dense: p ~ 10" /(111

Linearly polarised synchrotron radiation

Stable rotators (“Galactic clocks”) Credit: Jen Christiansen
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Many faces of dark matter

Fuzzy dark matter:

1. Formed by very light axions

DARK MATTER CANDIDATES:
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of masses 1e-23 - 1e-20 eV

2. Very large de Broigle length
of ~10-100 pc
3. Solve some of the issues of

CDM associated with
overproduction of structures
at galactic and sub-Galactic
scales
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* Credit: Schive gt ol 2014
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MAYBE THOSE. ORBIT LINES IN SPACE
DIAGRAMS ARE REAL AND VERY HEAVY




FDM coupled gravitationally with SM particles

Scalar field ansatz: o 0f bosows

Ty = 0,00, — _g,uu((a‘P)2 - m2902)

p(a,t) = A() cos(@} + a(a))
Energy-momentum tesnsor:
i
~S 7

2
To the first order of v/c: ) 00&(1,\,\&) Later Earlier
p 0 0 0\ 7 Cnewy 0 o o0 0
TZOpOO/g—(t)\: 0 —20() 0 0
e 00 p o - 0 0 —2W(t) 0
0 0 0 pfoos(amt) 0 0 0 —2u(t)

The final experssion of the signal in the residuals:

R(t) =r(zg, tp) — r(mmtp)’ r(zp,tp) = 2m f sin(27 ftp + a(zp)) Khmelnitsky, Rubakov 2014
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FDM coupled gravitationally with SM particles

Scalar field ansatz: s 0f hosows
plz,1) = A(z) cos(@) + a(=)) dgit. Schive et ol 2012

Energy-momentum tesnsor:

1
T = 0,900, — =g ((89)* — m*¢?)
2

To the first order of :
(0] € IIrst order o V/CgﬂG‘Tﬁd;Cr\; mg(lﬂa-k)
p 0 0 O 29(t) 0 o 0 0
N o/(t)\_ 0 —20(t) 0 0 A
w=1o 0 p ol YT o 0 —20() 0
0 0 0 pjoos(ard) 0 0 0 —20(t)
U
The final experssion of the signal in the residuals: . B - UL a_{l_;)
R(t) =r(xg,tg) — r(xp, tp), 7(xE,tg)= sin(27 ftg + a(x
(t) = rl@s, te) = r(ep tn)y  r(we,t8) =¢ 2 f (2nfis +alzr)) Khmelnitsky, Rubakov 2014
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Arbitrary Flux

Pulsar timing and FDM
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Pulsar timing and FDM

FDM effect
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European Pulsar Timing Array

Partner telescopes:

e [Effelsberg

o Lovell

e Nancay Radio Telescope
e Sardinia Radio Telescope

e \Westerbork Synthesis Radio Telescope



FDM coupled gravitationally with SM particles
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FDM coupled non-universally with photons

If assume non-renormolizable interaction between

fuzzy DM particles and photons:

1 = 1
£ = ZFI,U/F'LLV -+ %GFMVF'UJV -+ 5 (@Laa“a — m§a2)

(O+m2)a+ %aFWF’“’ =0

Polarization properties of light are altered

Opa 1
wy = kq/1 igm% ~ k% - gay oo

Gay

2m

A(PA(t)) =

Frequency

Before Faraday FDM
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[p(te,zE) — P(tp, 7p)], P(tE,zE) = /PDMKE cos(mt + (zE))

See: lvanov et al 2018,
Castillo et al 2022



Searching for FDM: data processing
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Searching for FDM: data processing
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Power

Searching for FDM: ionosphere
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PA, rads
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Searching for FDM in real data

Search posteriors for J1744-1134

Searching for signatures of FDM non-universally coupled
to photons in the polarization data of the EPTA. People
involved: Polina Usinina, Andres Castillo, Golam
Shaifullah, Luca Guillemot, Caterina Tiburzi, Konstantin
Postnov, Andres Castillo, Jorge Martin Camalich, Michael
Kramer, Ricardo Tanausu Genova, Santos, Mike Peel,
Jorge Terol Calvo, Gregory Desvignes and EPTA
collaboration
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Searching for FDM: factorised upper limits

Simulated data: Real data for three pulsars:
all identical sets with rms=0.1 rad J1022+1001, J1744-1134, J1713+0747
Limitations on the g_ay Limitations on the g_ay
—— 1PSR = 1:PSR
—— 2 PSR 10-12 + — 2 PSR
—— 3 PSR ] 3 PSR
—— nyquist frequency —— nyquist frequency
—_ 1T — T
10—12 .
é € 10-13
10—13 .
10714 4
10723 ]_OI_22 10-23 10'_22

m,, eV



Searching for FDM: upper limits

Previous study using PPTA polarisations Real data for three pulsars:
(Castillo, Martin-Camalich, J1022+1001, J1744-1134, J1713+0747
Terol-Calvo et al. 2023) Limitations on the g_ay
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FDM: pulsar timing and beyond
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Searching for QCD axions with pulsar polarimetry
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