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Abstract: There has been observational evidence about spin axes of quasars in large quasar groups1

correlated over hundreds of Mpc. This is seen in the radio spectrum as well as in the optical range.2

There is not yet a satisfactory explanation of this "spooky" alignment. This alignment cannot3

be explained by mutual interaction at the time that quasars manifest themselves optically. A4

cosmological explanation could be possible in the formation of superconducting vortices (cosmic5

strings) in the early universe, just after the symmetry-breaking phase of the universe. We gathered6

from the NASA/IPAC and SIMBAD extragalactic databases the right ascension, declination,7

inclination, position angle and eccentricity of the host galaxies of 3 large quasar groups to obtain8

the azimuthal and polar angle of the spin vectors. The alignment of the azimuthal angle of the spin9

vectors of quasars in their host galaxy is confirmed in the large quasar group U1.27 and compared10

with two other groups in the vicinity, i.e., U1.11 and U1.28. It is well possible that the azimuthal11

angle alignment fits the predicted azimuthal angle dependency in the theoretical model of the12

formation of general relativistic superconducting vortices, where the initial axially symmetry is13

broken just after the symmetry breaking of the scalar-gauge field.14

Keywords: quasar groups; alignment spin vectors; host galaxy; cosmic strings; symmetry breaking;15

scalar-gauge field.16

1. Introduction17

A large quasar group (LQG) is a cluster of quasars that makes the largest astronom-18

ical structures in the current universe. Their sizes can be of the order of hundreds of19

Mpc. Astronomers believe that a quasar is an active galactic nuclei (AGN) with a vibrant20

eruption of radiation both optical and in radio range originated by a spinning (Kerr-)21

black hole, surrounded by an accretion disk. According to Taylor and Jagannathan[1], a22

LQG has an internal non-uniform distribution of spin vectors seen in the radio spectrum23

and the optical spectrum as observed by Hutsemekers[2]. This coherence is mysterious24

and cannot be explained by mutual interaction at the time scale of primordial galaxies25

formation but rather by use of a more advanced method. In a recent study, Slagter[3]26

found that the azimuthal angle of the spin vector of quasars in their host galaxies in27

six quasar groups, show preferred directions. This is explained through an emergent28

azimuthal angle dependency of the general relativistic Nielsen-Olesen (NO) vortices at29

the point after the symmetry breaking at grand unified theory (GUT)-scale. This review30

focuses on three more other LQG, studied by Clowes[4,5].31

2. Results32

From the NASA/IPAC extragalactic database and SIMBAD we extract for the three33

LQG U1.11, U1.27 and U.28 the right ascension, declination, inclination, position angle34

and eccentricity of the host galaxies. The 3-D orientation of the spin vectors can then35
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be calculated ([6]). In figure 1 and 2 we plotted the azimuthal angle. Without statistical36

analysis one can conclude that the preferred orientations are evident. In the case of LQG37

U1.27, we fitted two trigonometric functions on the distribution, which can theoretically38

be explained (section 3).

Figure 1. Plot of the azimuthal angle ϕ in degrees. This shows the distribution of the azimuthal angle of
the spin vectors in the LQG U1.27 (N=71) with a best-fit of two trigonometric functions with a phase shift
range of 45o.

Figure 2. Plot showing the distribution of the azimuthal angle ϕ for the LQG U1.28 (N=34) and U1.11
(N=38).

39

3. The Theoretical Model40

A linear approximation of wavelike solutions of the Einstein equations is not
adequate when one is dealing with high curvature (or high energy scale), i.e., close to the
horizons of black holes or in the early stage of the universe at the time of mass formation
by the Higgs mechanism. There will be a "back-reaction" on the background spacetime.
There is a powerful approximation method which can deal with these non linearities:
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the multiple-scale method. Pioneer work was done by [7]. One expands the relevant
fields ([8])

Vi =
∞

∑
n=0

1
ωn F(n)

i (x, ξ), (1)

where ω represents a dimensionless parameter ("frequency"), which will be large. Fur-
ther, ξ = ωΘ(x), with Θ a scalar (phase) function on the manifold. The small parameter
1
ω can also be the ratio of the characteristic wavelength of the perturbation to the charac-
teristic dimension of the background. On warped spacetimes it could also be the ratio of
the extra dimension to the background dimension. In the vacuum case, we expand the
metric

gµν = ḡµν +
1
ω

hµν(x, ξ) +
1

ω2 kµν(x, ξ) + ..., (2)

where we defined41

dgµν

dxσ
= gµν,σ + ωlσ ġµν, gµν,σ =

∂gµν

∂xσ
, ġµν =

∂gµν

∂ξ
, (3)

with lµ = ∂Θ
xµ . One then says that

Vi =
∞

∑
n=−m

1
ωn F(n)

i (x, ξ) (4)

is an approximate wavelike solution of order n of the field equation, if F(n)
i = 0, ∀n. One

can substitute the expansion into the field equations. The Ricci tensor then expands as

Rµν → ωR(−1)
µν +

(
R̄µν + R(0)

µν

)
+

1
ω

R(1)
µν + ... (5)

By equating the subsequent orders to zero, we obtain

R(−1)
µν = 0 =

1
2

ḡβλ(lλlµ ḧβν + lνlβ ḧµλ − lλlβ ḧµν − lνlµ ḧβλ), (6)

42

R(0)
µν + R̄µν = 0, R(1)

µν = 0, .... (7)

Here we used lµlµ = 0. The rapid variation is observed in the direction of lµ. In the43

radiative outgoing Eddington-Finkelstein coordinates, we have x1 = u = Θ(x) = t− r44

and lµ = (1, 0, 0, 0) while the bar stands for the background.45

3.1. Formation of vortices46

In a recent study of [9–11] we applied this non-linear approximation scheme on a47

FLRW spacetime. We considered the matter contribution of a gauged complex scalar48

(Higgs) field. Physicists are now convinced that this field plays a fundamental role in49

the early universe and is responsible for the symmetry breaking in the Standard Model50

of particle physics. The experimental verification came by the recently observed Higgs51

particle at CERN. The same field has lived up to its reputation in superconductivity,52

where the field act as an order parameter to describe the formation of Cooper pairs.53

The scalar field is combined with a gauge field, parameterized as Φ = ηX(x)einϕ and54

Aµ(x) = n
e (P(x) − 1)∇µ ϕ, with n the topological charge or winding number. The55

trapped flux of the vortex is expressed as n 2πh
e . The formation of a lattice of quantized56

magnetic flux tubes was first observed by [12] and are described by the famous equations57

of [13]. In these models , one needs the quartic potential of the Higgs field, i.e., V(Φ) =58

1
8 λ
(

ΦΦ∗ − η2
)2

, with η the vacuum expectation value. Further, mΦ
mA

= e2

λ is the ratio59

of the scalar to gauge masses. This potential leads to a nonzero η and spontaneous60
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breaking of the U(1) symmetry (the parameters are in general temperature dependent).61

The forces existing between the vortices are the electromagnetic and scalar force. When62

the vortices get close together, the problem becomes non-linear and the resulting force63

depends on the ratio e2

λ . For details see, for example, the text books of Felsager [14] and64

Weinberg [15]. Moreover, when the vortices are formed in the early stage of the universe,65

then gravity will come into play. These general relativistic vortex solutions are known as66

"cosmic strings" ([16]; [17]) when they extend to cosmological dimensions. They could67

possibly explain the observed void and filament structures in the universe.68

We expand the scalar and gauge field to second order as69

Aµ = Āµ(x) +
1
ω

Bµ(x, ξ) +
1

ω2 Cµ(x, ξ) + ..., (8)

70

Φ = Φ̄(x) +
1
ω

Ψ(x, ξ) +
1

ω2 Ξ(x, ξ) + ..., (9)

where we write the subsequent orders of the scalar field as71

Φ̄ = ηX̄(t, r)ein1 ϕ, Ψ = Y(t, r, ξ)ein2 ϕ, Ξ = Z(t, r, ξ)ein3 ϕ, (10)

with ni the subsequent winding numbers.72

3.2. The azimuthal angle dependency: breaking the axial symmetry73

The azimuthal angle ϕ does not reach the partial differential equations (PDE) in the
unperturbed case. By quantum fluctuations, the vortex excite in higher n-state and will
dissociate into n well separated n = 1 vortices1, because the energy of the configuration
is proportional with n2. The topological characterization is a set of isolated points
with winding numbers ni (the zero’s of Φ), with n = n1, n2, .... This n-vortices solution
represents a finite energy configuration. However, an imprint will be left over of the
azimuthal dependency of the orientation of the clustering of Abrikosov vortices lattice
in the general relativistic situation. So the axial symmetry is dynamically broken. The
azimuthal dependency emerge already to first order in the approximation. For example,
the energy-momentum tensor T̄tϕ = 0, while the first order perturbation becomes

T(0)
tϕ = X̄P̄Ẏn1 sin(n2 − n1)ϕ (11)

However, in T(1)
tϕ there appears terms like cos(n2 − n1)ϕ and sin(n3 − n1)ϕ. The pertur-74

bative appearance of a non-zero energy-momentum component Ttϕ can be compared75

with the phenomenon of bifurcation along the Maclaurin-Jacobi sequence of equilibrium76

ellipsoids of self-gravitating compact objects, signalling the onset of secular instabilities77

([18]). This shows a similarity with the Goldstone-boson modes of spontaneously bro-78

ken symmetries of continuous groups. The recovery of the SO(2) symmetry from the79

equatorial eccentricity takes place at a time comparable to the emission of gravitational80

waves.81

The particular orientation of the ellipsoid in the frame (r, ϕ, z) expressed as ϕ0 ≡82

ϕ(t0), is at t > t0 and determined by the transformation ϕ → ϕ0 − Jt, where J is the83

rotation frequency (circulation or "angular momentum") of the coordinate system. The84

angle ϕ0 is fixed arbitrarily at the onset of symmetry breaking.85

3.3. The pure gravitational radiation case86

So far, we found that temporarily off-diagonal terms occurred in the perturbative
approach of the Einstein scalar gauge field. What remains unclear is if the breaking

1 The stability of the configuration depends on parameter λ ([15])
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of the axially symmetry already appears in the vacuum case like in the vicinity of a
black hole spacetime. It is conjectured that the formation of primordial (Kerr-) black
holes (and so quasars) happened in the early stages of the evolution of the universe
before the stars were formed. Therefore, consider the radiative Vaidya spacetime in
Eddington-Finkelstein coordinates 2

ds2 = −
(

1− 2M(u)
r

)
du2 − 2dudr + r2(dθ2 + sin2 θdϕ2), (12)

which is the Schwarzschild black hole spacetime with u = t − r − 2M log( r
2M − 1).

Here we used lµlµ = 0. In the radiative coordinates, we have x1 = u = Θ(x) and
lµ = (1, 0, 0, 0). From Eq.(6) we obtain

hrr = hrθ = hrϕ = 0, hϕϕ = − sin2 θhθθ (13)

From the zero-order equations Eq.(7) we obtain87

k̈rr = 0, ḣθθ = r∂r ḣθθ , ḣθϕ = r∂r ḣθϕ. (14)

So one writes

hθθ = rα(u, θ, ϕ, ξ), hθϕ = rβ(u, θ, ϕ, ξ), hϕϕ = −rα sin2 θ. (15)

Further, we have88

k̈rθ =
1
r

(
2α̇ cot θ + ∂θ α̇ +

1
sin2 θ

∂ϕ β̇
)

, (16)

89

k̈rϕ =
1
r

(
β̇ cot θ − ∂ϕα̇ + ∂θ β̇

)
, (17)

90

dM
du

= −
k̈φφ + sin2 θk̈θθ

4 sin2 θ
− 1

2
rḣuu −

1
4

(
α̇2 +

β̇2

sin2 θ

)
+

1
4

(
α̈2 +

β̈2

sin2 θ

)
. (18)

Not all the components of hµν and kµν are physical, so one needs some extra gauge
conditions. Suitable choice of α and β (Choquet-Bruhat uses, for example, α = 0, β =
g(u)h(ξ) sin θ), leads to a solution to second order which is in general not axially sym-
metric. We can integrate these zero order equations with respect to ξ. One obtains then
some conditions on the background fields, because terms like

∫
α̇dξ disappear. From

Eq.(18), we obtain
dM
du

= − 1
4τ

∫ τ

0

(
α̇2 +

β̇2

sin2 θ

)
dξ, (19)

which is the back-reaction of the high-frequency disturbances on the mass M. τ is the
period of ḣµν. This expression can be substituted back into Eq.(18). However, in the
non-vacuum case, the right-hand side will also contain contributions from the matter
fields. In order to obtain propagation equations for hµν and kµν, one proceeds with the

next order equation R(1)
µν = 0. First of all, Eq.(16), (17) are consistent with R(1)

rϕ = 0 and

R(1)
rθ = 0. Further, one obtains propagation equations for α and β and for some second

order perturbations, such as kϕϕ. Moreover, the (ϕ, θ)-dependent part of the PDE’s for α
and β (say A(θ, ϕ), B(θ, ϕ)) can be separated (for the case kθϕ 6= 0):

∂ϕB + 2 sin θ cos θA + sin2 θ∂θ A = 0, (20)

2 This spacetime is also applied to describe the evaporation of a black hole by hawking radiation in a quantum mechanical way
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sin2 θ∂θθ A + 7 sin θ cos θ∂θ A + 4 cot θ∂ϕB + 2(5 cos2 θ − 1)A + 2∂θϕB = 0. (21)

A non-trivial simple solution is

A =
cos θ(sinϕ + cos ϕ)

sin3θ
, B =

sin ϕ− cos ϕ

sin2 θ
+ G(θ), (22)

with G(θ) arbitrary. So the breaking of the spherically and axially symmetry is manifest.91

4. Conclusions92

There is clear new observational evidence for the azimuthal alignment of the spin93

vectors of quasars in three new studied LQG. This research presents a new argument94

about the theoretical explanation of the axial symmetry breaking in a non-linear per-95

turbation scheme considering a vacuum black hole spacetime in radiative coordinates.96

The recently discovered 13 billion years old quasar P172+18 powered by a supermassive97

black hole, is all the more reason to believe that the formation of these objects took place98

in the very early universe.99
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