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Bullet Cluster: Dark Matter
passes by “without” interactions

It is at a comoving radial distance of 1.141 Gpc (3.7 billion light-years) =~ NASA/CXC/M. Weiss - Chandra X-Ray Observatory: 1E 0657-56
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But is DM dust-like in Galaxies?

McGaugh, Lelli, Schombert (2016)

-8
2693 points
7’
’
—9| i
z',- ',
N ¢
-",
g =R
—_ e N
N - ,’
l " . .
» -’ Gl
< —10¢ -
—~ g
%
i =l . 400
S
)
-2
—_ 11l - ?2) 300
2 200
5
g
: =
= 100}
-12t + 7
T . |
-0.6 -0.3 0.0 0.3 0.6
Residuals [dex]

—12 11 ~10 —9 —8
log(gbar) [m 8_2]

Residuals [dex]
L]

o o O o O
D W O W O

12 11 ~10 ~9 _8
log(gbar) [m 8_2]

FIG. 3. The centripetal acceleration observed in rotation
curves, gobs = V2/R, is plotted against that predicted for
the observed distribution of baryons, gpa, = |0Ppar/IR| in
the upper panel. Nearly 2700 individual data points for 153
SPARC galaxies are shown in grayscale.
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Cosmological Magnetic Fields

Neronov, Vovk (2010)
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Fig. 2: Light, medium and dark grey: known observational bounds on the strength and correla-
tion length of EGMF, summarized in the Ref. (25). The bound from Big Bang Nucleosynthesis
marked “BBN” is from the Ref. (2). The black hatched region shows the lower bound on the
EGMF derived in this paper. Orange hatched regions show the allowed ranges of B, Ap for
magnetic fields generated at the epoch of Inflation (horizontal hatching) the electroweak phase
transition (dense vertical hatching), QCD phase transition (medium vertical hatching), epoch of
recombination (rear vertical hatching) (25). White ellipses show the range of measured mag-
netic field strengths and correlation lengths in galaxies and galaxy clusters.
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Main Idea and Motivation I

Observed cosmological magnetic fields
B~10"'°G

Neronov, Vovk (2010)

Can some cosmological medium support these
magnetic fields?

Type II superconductor can be the medium

DM (or 1ts part) can be the cosmological
medium accommodating magnetic fields in
form of the Abrikosov vortices / strings
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Main Idea and Motivation 11

Dark Sector can have many vector /gauge fields

Can some cosmological medium screen these
fields?

Type I superconductor can be the medium

DM (or its part) can be a cosmological medium
screening these unobserved vector fields
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Complex U(1) charged “Velocity Potential”
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Complex U(1) charged “Velocity Potential”
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Mimetic Substitution

Chamseddine, Mukhanov (2013) for real scalars

ho‘ﬁDangﬁgp

Ry

new degenerate higher derivative and
Weyl-invariant, U(1) charged, gauge-invariant

Scalar-Vector-Tensor theory.

Not covered by Horndeski (1980) and (2018), or Heisenberg (2014) constructions!
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Current and Energy-Momentum
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Gauge invariant variables
(907 @7 A,u) — (X7 97 G,LL)
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Higgs Phase without potential
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Higgs Phase without potential

J, = —-mg G,
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c.f. Chameleon screening for scalars, Khoury, Weltman (2003)
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Difterent mass functions
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London equation, (1935)

M (x) = /M3 + px
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Is it still dust?
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Acceleration

2
1 Vg FP
pa,, = —§m2GVt ( o 5 >

ma
Compare with a perfect fluid:
1
(10 —I_ p) a’,u — v,u p

Compare with a charged particle:

ma, = eF" u,
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Photon mass bounds

M~ < 3 X 10727 eV

the Proca mass, from astrophysics, galactic plasma Yamaguchi (1959); Chibisov (1976)

m, <2x1071%eV

the Proca mass, from laboratory, torque on a magnetised ring Lakes (1998); Luo et al. (2003)

the Proca mass, from laboratory Coulomb’s law 184 ~ 5 ]_ O - 1 4 eV

Williams et al. (1971)

Adelberger, Dvali, Gruzinov (2003)

Dark Photon mass bounds

107" eV <mp, <3 x 10" "%eV

Cardoso et al. (2018)

the Proca mass, super radiance, observed stability of the inner disk of stellar-mass black holes



3Qspym HMpy
My =4 ST (L



 [3Qspm HMpy
My =4 8 (L

Coulomb’s law bound

m~, <107 eV



 [3Qspm HMpy
My =4 8 (L

Coulomb’s law bound

m~, <107 eV

3¢ HM 3¢
M:(J\/ SDM Plzq\/ SDM 1 1oV

ST M~ ST



Decay of perturbations
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