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Observational evidence of dark matter
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Evidence of dark matter from LSS and CMB
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Cuspy Core Problem of Cold Dark matter

CDM simulations predict a NFW profile
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Missing dwarf satellites problem?
CDM simulation Dwarf satellites around the Milky Way
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 Fuzzy Dark Matter -

Rennan Barkana, Andrei Gruzinov (2000) ;
Hui, Ostriker, Tremaine, Witten (2017).

de Broglie wavelength of the size of dwarf galaxy
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Density perturbations (derived from Schrodinger equations)
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Jeans mass

1/2
MJ = 1.5 x 107 Mo(l 4- 2)3/4 (QFDM)I/4 ( Hy ) (10—22 eV)S/Q

70km s~ Mpc~* m

Dark-matter halos or sub-halos cannot exist with masses lower than this limit.

FDM solves some fo the standard problems of CDM: Core-
cusp, missing satellite galaxies, too big to fail problem.



Matter power spectrum of FDM : power at small length scales
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Cosmological relic density of FDM - Hui et al (2017)
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Ultra light dark matter detection from
binary pulsar timings



Pulsar timings : First indirect observation of gravitational waves
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Orbital time period loss of Hulse-Taylor binary

Cumulative shift of periastron time (s)
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Rate of energy loss by gravitational radiation
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P.C. Peters and J. Mathews, Phys. Rev. 131, 435 (1963).

Q = (G(my + my)/a>)'? ~ 107 eV

Compact binaries can emit particles with
mass smaller than 1071 ¢V



Field theory calculation of Peter Mathew radiation formula
guv(x) =Nuy + huv (X)

L = %6011"”6‘%’,“, + %—K h' Tuv

k = V32nG

Ty (x") = pé° (x" = x(1))U, U,

L = mumy/(my; +my)



Rate of graviton emission
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Rate of time period loss of compact binaries

“% = —6nG>2(mymy) ' (my + my)~'/2a”/? (‘i—f)
- 5 G Q2 (1 + mp)1/3 (1 —-e°) 1+24e +96e

For the Hulse-Taylor binary pulsar

dE/dt = 3.2 x 10°° erg/sec

Py, = —2.40263 +0.0005 x 10~ 12

P, (observed) = —2.40262+0.00005 x 1012



Binary Pulsars can radiate light scalars of gauge bosons

Radiation of long range fifth force scalars
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Ultra light Axion dark matter

Neutron stars immersed in axionic FDM have axion charge

Qess ~ 4mfyrys  a@xion charge of NS
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Constraints on ultralight axions from compact binary systems

Tanmay Poddar, Soumya Jana, SM, Phys.Rev.D 101 (2020) 8, 083007

8TGM f,
deff = =7 N\
In (1 o 2GM)

NS

Compact binary system f, (GeV)

PSR J0348+-0432 < 1.66 x 10!
PSR J0737-3039 < 9.69 x 1016
PSR J1738+0333 < 2.03 x 101
PSR B1913+16 < 2.07 x 107

FDM which couple with quarks ruled out



Ultra light leptonic vector bosons
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Gauging any one of these quantum numbers is anomaly free

These give rise to long range forces which can be probed by
neutrino oscillations.

Le—L,, Le—Lt Joshipura, SM (2004)
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Difficult to probe by neutrino oscillations experiments



Muon charge in NS Q1 ~ Qs ~ 10°° Garani, Heek (2019)

Energy loss of binary stars by vector boson radiation

dE g’ Q1 Q2)294 (1+%)

2 242
-8 A2MmRE ==
dt 67ta (m1 m» (1 _ez)§

Constraints on ultralight gauge bosons from compact binary systems

Tanmay Poddar, Soumya Jana, SM, Phys.Rev.D 100 (2019) 12, 123023



Tanmay Poddar, Soumya Jana, SM, Phys.Rev.D 100 (2019) 12, 123023
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Effective field theory of spin-o, 1, 2 particle radiation from binary stars

h’;w(w )
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Application in binary pulsar timings and gravitational wave signals
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