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Pulsars in a nutshell

Pulsars are rapidly spinning Credit: Michoel Kramer
neutron stars, which are:

e Stable rotators (“Galactic clocks”)

e Highly magnetised ~ 10° — 10°G

e Broad-band and linearly polarised radiation




|. QCD axions with pulsar spectroscopy

QCD axions in magnetosphere of pulsars:

1. Primakoff effect (1951): axions are
spontaneously converted to photons

2. Frequency of the resultant photon is
unambiguously defined by the mass of the QCD

axion

3. Sharp line in the flux spectrum of a pulsar




|. QCD axions with pulsar spectroscopy

dP(6 = T,6,, = 0)

2
Ya
Frequency [GHz| ~4.5x 10° W ( — )

1.2 1.4 1.6 24 2 26 27 a2 e
: ( To )2 ( mg )5/3 By 1 B e
10719 Whais)). oas ol mlN 10 km/ \1 GHz 10" G 1 sec
% N Ml i n D Mns 200 km/s
== 107" mw M 0.3 GeV/cm? 1 Mg Vo 7
%
O 102
§ 1071 UF & RBF a y
—ecc | || qcpaAxin | o TToTmmmmmEEEEEEE
1014} |— GBT RX-1J0806
— GBT RX~-J0720
5 6 7 10.0 105 11.0 yVirtUCl/

Mma [peV] —=>

Pshirkov, Popov 2008, Foster et al. 2020, Zioutas et al. 2009 B



|. QCD axions with pulsar spectroscopy
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[I. ULDM probes through timing data

Ultra-light axion dark matter:

1. Very light axions with masses
ranging between 1022 and 10%° eV

2. Solve some of the issues of CDM
associated with overproduction of
structures at galactic and
sub-Galactic scales

3. Perturb the space-time, so that
the regular flow of pulses deviate
from their regular flow

Crec“t 'Schlve et al 2014 »
e .



II. ULDM probes through timing data

Ultra-light axion dark matter:

1. Very light axions with masses
ranging between 1022 and 10%° eV

2. Solve some of the issues of CDM
associated with overproduction of
structures at galactic and
sub-Galactic scales

3. Perturb the space-time, so that
the regular flow of pulses deviate
from their regular flow

Scalar field ansatz:
o(z,t) = A(z) cos(mt + a(zx))

Energy-momentum tesnsor:

1
Ty = 0up0,p — _guV((690)2 - m2902)

2
To the first order of v/c:
p 00 0 28(t) 0 0 0
0 p 00 0 —20(t) 0 0
Tl/: l/t =
=10 0 p guu(t) 0 0 —20(t) 0
000 p 0 0 0 —20(t)

The final experssion of the signal in the residuals:

onf k(zg)sin(2nftg + a(zg))

R(t) =r(zg,tg) —r(zp,tp), 7(zE, tE)=

Khmelnitsky, Rubaokov 2014



II. ULDM probes through timing data

R(t) = r(xzg,tg) — r(zp,t,), 7r(zE,tp) = k(zg)sin(2nfty + a(zg))

Ultra-light axion dark matter:
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2. Solve some of the issues of CDM
associated with overproduction of
structures at galactic and
sub-Galactic scales

3. Perturb the space-time, so that
the regular flow of pulses deviate
from their regular flow



[. ULDM probes through timing data
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[I. ULDM probes through timing data
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II. ULDM probes through timing data
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II. ULDM probes through timing data
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[I. ULDM probes through timing data
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Extending limits to larger axion masses

Kim and Mitridate 2024 Centers et al. 2020
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Extending limits to larger axion masses

P, [days]

Spin-2 axionic DM

10-20 100 10 1
| s | PR T
A Cassini test of GR _: [ - TR ©
107 = 4
I <
10210 A < *m .Q h 1:. O " - E:1 y
. : A C . 1072~ "‘( 7. *’ Cassini ___-- v
> assin | T S *
5 I stochastic PR Ny
a -3 O @ ™.
> 10_22? PTA ﬁfﬂf = "% ..\."‘
= 107 . S S
g . oA ]
; "2 | 10_5 5 Planetar'm_:;
| il A J1903+0327 (old) PPrn 6 . = 7
F o) N
||\ nNIY - -6
02|/ A J1903+0327 (new) 10
:I,* \ ﬁfﬂ" PPTA F
’ ’ 1077 . o - o ‘ ‘ |
10-25 L x s s 10 1072 1075 107 %% 1077 10 107
10—22 10—21 10—20
me [eV] m [eV]

Credit: Blas et al 2020, Heusgen et al,, in prep. Credit: Armaleo et al,, 2020



IIl. ULDM with pulsar polarimetry

Before Faraday Ultra-light

If assume non-renormolizable interaction between medium rotation axions
fuzzy DM particles and photons: % % =
1 v Yay LV 1 2" 2 e 4 7
L= B P £ e - — (8ua3“a —mga ) ra / 7
4 4 2 > i g v
2 Gay - § 5 ? j

O+ m2)a+ =—LaF,,F* =0

( g3 a) T A Hv g _ 1 >
L e \ 7
Polarization properties of light are altered 7 \ a
/ ~ i
Ooa 1 4 - L
Wi :k\/lzi:gm% ~ k% - gay oo / = 7~

g
il [P(tEa QUE) - P(t;m a:p)], P(tE, QUE) — v/ PDMKE cos(mt + ¢($E)) See: lvanov et al 2018,

A(PA(t)) =
2m Castillo et al 2022



IIl. ULDM with pulsar polarimetry

Ultra-light axions in the Milky Way:

2 4 1. Very light axions with masses
= Bk * ranging between 1022 and 10%% eV

B \ 2.  When interacting weakly with
- ’“ . photons, rotate the plane of linearly
{ a polarised pulsar light

3. Plane of linear polarisation
oscillates with periods of several years
due to varying pressure

Credit;
NASA/JPL-Caltech



Il. ULDM with pulsar polarimetry: challenges
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. ULDM with pulsar polarimetry: challenges
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IIl. ULDM with pulsar polarimetry: dataset

PA, rads
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IIl. ULDM with pulsar polarimetry: dataset

PA, rads
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ULDM with pulsar polarimetry: first results

Mass of bosons, eV Ultra-light axions in the Milky Way:
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