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R-modes as source of CGW

> 'Toroidal mode of fluid oscillation in neutron stars for which the
restoring force is the Coriolis force.

Kepler

c

> Unstable in all rotating stars due to the Chandrasekhar- Friedman
-Schutz(CFS) mechanism although dissipation mechanisms can
damp and saturate the oscillations. Dissipation timescales determine

the instability window.

Critical angular velocity € /Q

> Spindown of young pulsars, accreting pulsars leading to continuous
GW emissions.
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R-modes as source of CGW

Toroidal mode of fluid oscillation in neutron stars for which the
restoring force is the Coriolis force.

Kepler

c

Unstable in all rotating stars due to the Chandrasekhar- Friedman
-Schutz(CFS) mechanism although dissipation mechanisms can
damp and saturate the oscillations. Dissipation timescales determine
the instability window.

Critical angular velocity € /Q

Spindown of young pulsars, accreting pulsars leading to continuous
GW emissions.

EOS inference from r-modes - Ghosh, MNRAS 525, 448-454 (2023)
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R-modes as source of CGW

> Toroidal mode of fluid oscillation in neutron stars for which the .
restoring force is the Coriolis force. e, B8
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> Unstable in all rotating stars due to the Chandrasekhar- Friedman £ [
-Schutz(CFS) mechanism although dissipation mechanisms can E,
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the instability window. 0
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> Spindown of young pulsars, accreting pulsars leading to continuous R-mode instability window
GW emissions. (Chatterjee+ 2006)
Abbott et al, 2021 Apd 922, 71
2x107%
Theoretical spin-down range & 5 vector uniform prior
i > GW Searches using LVK data :

Crab pulsar (Rajbhandari et al. 2021)
pr PSR J0537-6910 with n = 7 (Fesik & Papa 2020,
™| A N, i Abbott et al. 2021
iHHﬁhlﬁ?ﬁ%kﬁi’%ﬂﬁﬁgmﬂﬂmIﬂ :

3107 i#ffi'fﬁ*m“””fiH}HHHHiHmmm > No detection of GW but upper limits on r-mode
amplitude were obtained.
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Dark matter in Neutron stars

Dark matter ~ 25% of the Universe.
Particle nature of dark matter still unknown.

Possibility of Dark matter-admixed neutron star
with a DM core or a DM halo.

Primary driving mechanisms:
o Accretion/Capture

o Particle Decay
o DM Seed

ATMOSPHERE
HYDROGEN, HELIUM, CARBON

OUTER CRUST
IONS, ELECTRONS

INNER CRUST
IONS, SUPERFLUID NEUTRONS

OUTER CORE
SUPERCONDUCTING PROTONS

INNER CORE
UNKNOWN

Constraints on the dark matter mass and self-interaction from neutron star

observations.



For review: Gardner, S.; Zakeri, M. Probing Dark
Sectors with Neutron Stars. Universe 2023, 1, 0.
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Neutron Decay Anomaly

Neutron lifetime:
o Bottle/Trap Method
o Beam Method
Discrepancy in measured lifetime:
At ~ 9.5 s with 4c
Dark decay channel?
Branching ratio ~ 1%

.e.I', /T ~ 1/100

dark ~ proton
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Neutron Decay Anomaly

— For review: Gardner, S.; Zakeri, M. Probing Dark
Sectors with Neutron Stars. Universe 2023, 1, 0.
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Neutron lifetime:
o Bottle/Trap Method
o Beam Method

Discrepancy in measured lifetime:

At ~ 9.5 s with 40
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ﬁ Dark decay channel?
it Branching ratio ~ 1%

.e.I', /T ~ 1/100

dark ~ proton

Gonzéle,

1990 1995 2000 2005 2010

Possibility of a dark decay Channel ?

PHYSICAL REVIEW LETTERS 120, 191801 (2018)

Editors' Suggestion Featured in Physics

Dark Matter Interpretation of the Neutron Decay Anomaly
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EOS model description

e Hadronic Matter: Relativistic Mean-Field Model (RMF)
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Parameters: (fm—3) (MeV) (MeV) (MeV) (MeV)

HTZCS [86] 0.15 -16.0 240 31 v 0.65
m ,E K E L _,m*m} 4GS [86]
sat’ ““sat’ " sat’ "Tsym’ "sym Stiffest [7]  0.145 -15.966 238.074 31.080 56.483  0.550

[86] Hornick et al., PRC 98 (2018) [7] Ghosh, D. C., Schaffner-Bielich, EPJA 58 (2022)
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> (Constraints on the self-interaction strength(G) from =Fe=as ;:
multi-messenger observations. 25 Nt pe—
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> Shear viscosity from the kinetic theory - " ————
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> Negligible compared to the canonical shear viscosity . = k‘
. . . . . . 101 > E :
> Ongoing microscopic calculation for shear viscosity from | et
DM.(Shirke et al., To be published) T T T R T TR
T(K)

Shirke, Ghosh et al, JCAP 12 (2023) 008



Bulk viscosity and the reaction timescale

> Bulk viscosity depends on the relaxation timescale of the

reaction.

Experimental constraints : I", /T ~ 1/100

dark ~ proton

Dark sector Process: n< y+o

1. Modified URCA n+N-apte +v+N
Process : p+e +N—->n+v.+ N

2. Constant timescale : T = 8.88%10% sec

3. Direct URCA process: n—o>p+e + v

p+e —n+4 v

e Two free parameters: G and t
e Negligible effect of G

T =10K
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R-mode instability window

Boundary obtained by matching the dissipation and GW emission timescales.
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f-T— f - f boundary 1 assuming that the power-loss due to the spin-down driven by r-mode
instability is equal to the luminosity (both neutrino and photon luminosity) of the star.
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Summary

First investigation of the effect of DM on r-modes of NSs and instability
window

Hadronic model: RMF; DM model: Neutron Decay Anomaly
Constraints: CEFT, Multi-messenger astrophysics

G>5.6 fm* & £, < 37.9%; f,, <13.7% for ¢/m > 0.1 cm*/g
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Summary

First investigation of the effect of DM on r-modes of NSs and instability
window

Hadronic model: RMF; DM model: Neutron Decay Anomaly
Constraints: CEFT, Multi-messenger astrophysics

G>5.6 fm* & £, < 37.9%; f,, <13.7% for ¢/m > 0.1 cm*/g

Shear Viscosity from DM-DM scattering using Kinetic Theory

DM SV negligible for T<10!’ K

Negligible effect of G on r-mode instability window

DM BV significant in cases when 1., =100 x 7, .. and 1=constant

Pulsar timing data from radio ATNF catalogue and X-ray data of LMXB can be
explained in the constant time scale scenario if the timescale is low; else
remains incompatible
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Summary

First investigation of the effect of DM on r-modes of NSs and instability
window

Hadronic model: RMF; DM model: Neutron Decay Anomaly
Constraints: CEFT, Multi-messenger astrophysics

G>5.6 fm*&f  <37.9%;f,, <13.7% for c/m > 0.1 cm*/g

Shear Viscosity from DM-DM scattering using Kinetic Theory

DM SV negligible for T<10!’ K

Negligible effect of G on r-mode instability window

DM BV significant in cases when 1., =100 x 7, .. and 1=constant

Pulsar timing data from radio ATNF catalogue and X-ray data of LMXB can be
explained in the constant time scale scenario if the timescale is low; else
remains incompatible

Future: Possible for any other DM model?
Microscopic calculation for SV?



