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1 Introduction

Certain papers [1-9] assert that overlooked effects are non-
linearly implied by general relativity (GR) and may account
for e.g. flat/rising galactic rotation curves without dark mat-
ter. If the gravitoelectric flux lines collapse under their own
‘weight’, regions of appreciably rarefied and enhanced force
will supposedly appear: we use the broad term ‘gravitoelec-
tric flux collapse’ (GEFC) to refer to this claimed effect, and
to flag the associated literature (e.g. ‘[1]’, etc.). This com-
ment refutes the proposed GEFC programme, by responding
to [4,7].1

2 The matter coupling

The foundation of the GEFC approach is an expansion of
the Einstein—Hilbert Lagrangian in the field ¢, = Mpih
proposed in [4] as
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where the notation [-] suppresses indices and 7" is the back-
ground stress-energy tensor. More or less equivalent series
to (1) are proposed in [1,3,5,6,8]. The lowest order terms
in (1) are of course the massless Fierz—Pauli theory, cou-
pled to a matter current. At higher perturbative orders we are

'We note a certain parallel with a previous attempt to explain rotation
curves using purely GR effects, by Cooperstock and Tieu [10] — that
model was cogently shown to be non-viable by Korzynski [11].
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concerned by the matter coupling, since a formal expansion
[12,13] near the background g,,, (= 1,,,,) is

o0

— 1 PR I
SM=_ZE[./dxMP15§“” Sur = S
4 "9

—ii /d X " /d4x7\/jg¢paf
n! Mpy §ghV

2Mp, PO
Even assuming (as sometimes applies) that L7 contains no
derivatives of g > it would then seem from Eq. (2) that (1)
would require the radically restrictive matter condition
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where (”)X_._MK)“ depends only on 8-

3 The non-relativistic scalar

Next, itis argued in [1,3,4,6,8] that for static spacetimes, the
gravitational field may be represented by the single mode

"’ =2 (2u"a" —g"") ¢, 4)

for utu u = 1, which in the static, perturbative context is
the Newtonian scalar potential 2Mp1V2<p ~ p. However
it is made clear in [4] that ¢ also dominates in some non-
perturbative static regime, so we are effectively being invited

to promote (4) to an isotropic Cartesian line element
ds® = (1 +2¢/Mpp) di* — (1 = 2¢/Mp)) dx?, )

assuming it is signature-preserving. The ansatz (4) is appar-
ently substituted directly into (1), and the static assumption
¢ = 90,9 = 0 imposed to obtain a scalar Euclidean lattice
action up to the required perturbative order [1]. But if the rel-
evant solutions are indeed non-perturbative, why truncate (1)
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at all? By substituting the line element (5) directly into the
fully nonlinear L we find that the lattice calculations in [4]
are really attempting to probe the non-relativistic theory

3(1 =2¢/Mp) ¢* + (1 — 60/ Mp)) |Vo|?
Lo=— (= 2¢/Mp1) ¢° + (1 — 69/Mp) [Vl ©)

(1 —2¢/Mp) V1 — 492/ Mp®
The theory (6) entails only one vacuum equation of motion

c;q; =0, where [¢,] = (4, 9*/p, V¢, |Vl /g) and c;
is a rational function in ¢/ Mp; whose components are

e1 = 6.(1—20/Mp) (1 — 49>/ Mar?) (7a)
c2 =12 (p/Mp)* (1 = 20/ Mp) , (7b)
¢ =21 = 60/ M) (1 — 4>/ Mur?) (70)
c4 =4 (p/Mp) (1 +¢/Mp1 + 6<P2/M1>12) : (7d)

However, once a gauge such as (5) is chosen the Einstein
field equations (EFEs) can impose up to six such equations,
in addition to four constraints on the initial data: these had
better all be consistent with ¢ 4 = 0, otherwise we will
no longer be studying gravity in any regime whatever. Tak-
ing for example the line element (5) substituted into G}, = 0
and accompanying constraint G'' = 0, we obtain the system
il = 0, where c,; is a 2 x 4 matrix which can be diago-
nalised over the first 2 x 2 block. Now if we assume staticity,
so¢ = ¢ = 0, weneedretain only the second 2 x 2 block ¢ ,;,,
writing ¢, g, = 0 where [g,] = (V2¢, |[V¢|?/¢). However
this yields [12]

(¢/Mpy) (7 + 69/ Mpr)
(1 — 29/ Mp) (1 — 492/ Mpi2)’

so the EFEs do not actually admit any nontrivial static solu-
tions under the GEFC ansatz. Thus (5) is too restrictive for
nonlinear gravity, and this is not surprising. The field ¢ essen-
tially corresponds to the principal PPN potential, which can-
not be considered in isolation at any PN order [14]. Note
that detc,,, — 0as ¢/Mp; — 0. In this limit we recover the
only link between the GEFC scalar and gravity, namely the
static vacuum condition V2¢ = 0. The discrepancy occurs
because the GEFC ansatz is substituted before variations (or
lattice path integrals). These are in general non-commuting
operations.
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4 Intragalactic lensing

Having considered the foundational GEFC scalar graviton
of [1,3-6,8] we are ready to examine the main claims of [7],
viz that the lensing of light rays in galaxies shows how
gravitational field lines are distorted so that the (cylindrical)
radial gravitational force near the edge of the galaxy declines
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like 1/R rather than the Newtonian 1/R>. We will use a
Miyamoto—Nagai (MN) profile for the density and potential
(15]

)7-1/2
—¢/Mp = GM [Rz + (a + Vb2 + zz) ] . )

Here a and b are characteristic scales in the R and z direc-
tions. Note that we will be using a system of units where
length is measured in kiloparsecs, appropriate to galactic
scales, and that instead of a smooth function like Eq.9, [7]
uses a non-analytic (cuspy) density distribution which is the
product of exponentials. In Cartesian coordinates, we param-
eterise the photon momentum p#* (with energy £ = p)
as p° = p, p' = pcosacosP, p> = —psinacosp,
p> = psinB. Then treating the lensing exactly, but within
the linearised gravitational fields, one can demonstrate [12]
in the (R, z) plane
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where ¢ is the polar angle, and the affine parameter is A.
For the galaxy parameters, one can choose values yielding
a similar ellipticity and overall dimensions as used in [7];
these are M = 3 x 10! My, a = 1.5kpc and b = 0.045 kpc.
When the photon is launched with a starting inclination (to
the x-axis) of 18 arcsec, the final (numerically integrated
[12]) inclination angle B (the ‘flattening’) is by just 0.008”,
i.e. completely imperceptible. In contrast, the effect proposed
in [7] requires the deflection to cancel the starting inclination.

5 Parameters for significant deflection

To explore the parameter space of this very small effect, we
insert the MN results (9) for the ¢ derivatives into the expres-
sion for dB/dA in Eq. (10). Integrating along an affine path
length A and assuming an initial angle of B¢ we find [12] the
deflection

2MBoa («/a2 Y 2ab+ b2+ A2 —a— b)
(a + b)bv/a® + 2ab + b? + )2

AB() ~ —
(11a)

For 1/R vs 1/R? behaviour, [7] needs Ap — —Bg. Solving
this equation and assuming large A, i.e. that this is happening
for the eventual asymptotic motion of the photon, we find
[12] that we need M — (a + b) b/2a. For a highly flattened
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galaxy, with a > b, we have M — b/2. This is very reveal-
ing. For a b of 0.045kpc as above, this means the mass needs
to be ~ 4.7 x 10* M, i.e. of the scale of a large cluster of
galaxies!

6 Possible origin of errors

In[7], itis claimed that ‘the dominant bending comes from the
rings with mid-planes at z = 0’. Consider the lensing caused
by an annulus of matter stretching from R’ to R’ 4+ AR in the
R direction, and infinitesimally thin in the z direction, with
a surface density X (R). For the Newtonian potential we can
use [16]

— @ring(R, 2) ~ 2G ARVR Z(R'Ym K (m)/ VR, (12)

where m? = 4RR’/ ((R + RN+ zz), and K is a complete
elliptic function of the first kind, yielding [12]

AB~ —AR T(R') (47 — 4 (In2 — In6) 6 — 376%/2), (13)

where 0 = z/R’. There will be a relatively small dependence
of the deflection angle on either the z at closest approach
or the R’ of the annulus location, and therefore also on the
initial inclination angle f¢. In fact, the value of the deflection
is roughly constant with the z of closest approach [12], and
such behaviour is widely known about already for lensing
by cosmic strings [17]. The lensing is |AP| = 47 u where
is the mass per unit length of the string, in our case Ap =
—47 AR £ (R’). We now turn to the answer that [7] gets for
this case, (the only explicit answer given), viz

0B(R,z) =GME(R,2)/m, (14)

where E(R,z) (erroneously designated as ‘the complete
elliptical integral of the first kind’) readily evaluates to

E(R.2) = [41( (2R/\/12 n 4R2)] [12 + 4R2]_1/2, (15)

and we are effectively finding the average inverse distance
from a point (R, z, ¢ = 0) to the infinitesimally thin ring
(R,z =0, @) as ¢ varies over 0 to 27 [12]. Indeed, compar-
ing with Eq. (12), in which we need to set R" = R, we see
that —E(R, z2)GM /(2m), where M is the mass of the ring,
will be the Newtonian potential at the point (R, z, ¥ = 0).
The [7] answer for the angular deflection (14) then appears
to be twice this Newtonian potential. It is not clear why [7]
believes that this is the way in which to get the deflection, and
in particular it disagrees with our result (13) by being (log-
arithmically) singular as z — 0. By contrast, our answer
tends to a constant for small z. The effect of this discrepancy
is small compared to the inexplicably overestimated lensing
amplitude we uncovered above, but it does confirm that we
understand the methods used by [7].

7 Conclusions

The scalar gravity model which underpins [1,3-6,8,9] is
essentially arbitrary, not related to GR, and inconsistent with
the nonlinear, static, vacuum EFEs. Moreover, the lensing
effects claimed in [7], which are used as a heuristic for GEFC-
type phenomena, appear to have been overstated by three
orders of magnitude.
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