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a b s t r a c t

Peter Kosso (2013) discusses the weak gravitational lensing observations of the Bullet Cluster and argues
that dark matter can be detected in this system solely through the equivalence principle without the
need to specify a full theory of gravity. This paper argues that Kosso gets some of the details wrong in his
analysis of the implications of the Bullet Cluster observations for the Dark Matter Double Bind and the
possibility of constructing robust tests of theories of gravity at galactic and greater scales. Even the Bullet
Cluster evidence is not sufficiently detailed to allow precision tests of General Relativity that would
distinguish it from its rivals at galactic and greater scales. Taking into account the total evidence
available, we cannot rule out “ugly” solutions to the dynamical discrepancy in astrophysics that involve
both a large quantity of dark matter and a theory of gravity whose predictions differ significantly from
those of General Relativity for interactions taking place at galactic and greater scales.
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1. Introduction: Dark matter and philosophy of science

One of the most significant open problems in the contemporary
physical sciences is commonly called “the dark matter problem”

but can more accurately be referred to as “the dynamical dis-
crepancy in astrophysics.” Multiple lines of evidence point to the
conclusion that the observed motions within galaxies, clusters of
galaxies and larger systems cannot be adequately accounted for by
the combination of the visible matter within those systems plus
the most widely accepted theory of gravity, General Relativity
(GR). Looking just to the dynamical evidence derived from the
motions within galaxies and clusters of galaxies (neglecting for
present purposes strictly cosmological or any other reasons to
hypothesize large quantities of matter in the universe in addition
to what can be optically detected), scientists are faced with a stark
choice: Either there is 10–100 times more mass present than is
visible in these systems and it is in some hitherto-unknown type
of matter, or it must be that an otherwise highly confirmed theory,
GR, needs to be significantly overhauled.

On the first option for resolving the dynamical discrepancy, the
exotic matter in question is called “dark” because one of the only

things we know about it is that it neither emits nor absorbs
electromagnetic radiation. This means it cannot be the ordinary
baryonic matter (composed of protons and neutrons) with which
we are familiar from all of our ordinary experience. Candidates
proposed to be the dark matter have ranged from black holes to
new fundamental particles. Almost all such candidates have been
ruled out on empirical or theoretical grounds, and those that are as
yet not eliminated have almost no positive empirical support
despite nearly 40 years of serious efforts to describe and detect
dark matter. The most popular open matter solutions involve
Weakly Interacting Massive Particles (WIMPs)—that is, particles
that interact with other matter only through gravity and the weak
nuclear force.

Although the vast majority of physicists and astronomers prefer
a matter solution to the dynamical discrepancy in galaxies and
larger structures, to some it has seemed methodologically and
metaphysically undesirable that we should—in an ad hoc response
to a very significant and unexpected empirical discrepancy—
hypothesize vast quantities of matter of an exotic, unknown and
more or less unobservable type without any other independent
theoretical or empirical motivation to do so. For this reason a few
attempts have been made to describe alternative theories of
gravity that are predictively equivalent to GR at roughly solar
system and shorter scales, but which are able to account for the
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observed motions in galaxies and clusters without the need for
dark matter. Most notable among these attempts have been: the
Modification of Newtonian Dynamics (MOND) developed by
Milgrom (1983, 2010); MOND’s relativistic version, namely
Bekenstein’s (2004, 2011) Tensor–Vector–Scalar gravity (TeVeS);
and Mannheim’s (2012) Conformal Theory of Gravity.

Since GR is highly confirmed for all systems about which we
have detailed evidence, in order to be viable at all any alternative
theory of gravity must be empirically indistinguishable from GR
within the margin of error in the current observations for those
systems. This is to say that possible deviations from GR’s predic-
tions are highly constrained within systems that are roughly the
size of a solar system or smaller, since those are the systems for
which we have detailed precision tests of GR. (Vanderburgh (2003,
814–815), makes this case in detail.)

To take one example of how an alternative theory of gravity fits
within these evidential constraints, consider Milgrom’s version of
MOND. MOND holds that the action of gravity deviates from the
predictions of GR below a certain threshold of acceleration.
Although this empirical difference is predicted by MOND regard-
less of scale, in practical physical situations MOND only becomes
observationally distinguishable from the Newtonian limit of GR at
very large distances, much larger than a solar system. There is
room for MOND at these scales both because such distances are
required to get the very weak acceleration fields in which
MONDian effects appear, and since the empirical constraints on
the action of gravity are much looser at these scales since precision
tests are not available. MOND’s biggest empirical success is that it
can reproduce the qualitative form of the observed rotation curves
for spiral galaxies without the need for dark matter; similarly, it
predicts motions within clusters that are similar to those observed,
but requiring much less unseen mass than analyses that use the
Newtonian limit of GR. Note that some attempts to devise viable
comparative tests of MOND versus GR at less-than-galactic
(but still incredibly large) scales have involved velocity dispersions
within globular clusters, which are compact agglomerations of
hundreds of thousands of stars that orbit parent galaxies. Scarpa,
Marconi, Carraro, Falomo, and Villanova (2011), for example, find
velocity dispersions in globular clusters that resemble those in
elliptical galaxies. In both types of systems the velocity dispersions
are constant beyond a given radius, contrary to what would be
expected given the visible distribution of matter within them and
the predictions of the Newtonian limit of GR. They speculate that
this similarity might have a common origin, possibly a breakdown
of Newtonian dynamics below the MOND acceleration threshold,
but they acknowledge at the end of their paper that this would
actually contradict MOND’s original predictions for globular clus-
ters, in which the acceleration field of the parent galaxy should be
at or above the acceleration limit. If the observed velocity disper-
sions are in fact a result of an acceleration threshold effect, the
standard explanation of elliptical galaxies’ velocity dispersions in
terms of dark matter haloes is incorrect. As of now this remains an
unproven possibility.

Perhaps because of the sorts of sociological and institutional
factors López-Corredoira (2014) identifies as operating in the
discipline of cosmology—factors that over-emphasize the episte-
mological status of “received views” and function to effectively
prevent non-standard theories from getting significant attention
or being developed—gravitational alternatives to dark matter are
generally not well-regarded in the community of physical scien-
tists. In fact, however, as will be discussed below in more detail
below, on the evidence available the standard “GRþDM” paradigm
for addressing the dynamical discrepancy in galaxies and larger
systems is observationally indistinguishable from non-standard
models of “alternative gravity with only ordinary matter.” In the
current evidential situation, reasons for preferring one class of

solutions over the other must be extra-empirical. It is plausible
that this is due in part to the underdevelopment of both the
evidence and the theoretical constructs: as scientists gather more
evidence and find new ways to deploy it, and as they flesh out the
details of the competing theories, it could well turn out that some
of the current competitors will cease to be viable.

In the interests of full disclosure, let me remark that my own
preference is for a matter solution to the dynamical discrepancy.
However, it also seems to me that in order to eventually establish
any such solution we will need to provide as objective an analysis
of its epistemic status as possible. My own evaluation of the
current evidential and theoretical context leads me to the conclu-
sion that there is insufficient warrant to be confident in any
particular class of solutions (let alone any particular solution).
Opinions aside, what is of genuine general philosophical interest is
that the dark matter case presents a very intriguing study of the
nature of scientific reasoning.

Indeed, the study of dark matter is a very fertile ground for
historians and philosophers of science in many ways. The subject is
only just beginning to receive the attention it deserves. Dark matter
raises a host of philosophical issues in new ways or in especially
interesting contexts—evidential reasoning, scientific methodology,
confirmation, explanation, unification, theory choice, underdeter-
mination, limits to what is knowable, paradigm shifts, natural kinds,
and unobservable entities are just a few of the sorts of issues that
historians and philosophers of science could profitably approach
through attention to dark matter. Among the works that have
begun to give philosophical attention to dark matter are, for
example, Hamilton (2013), Hudson (2007, 2013), Minasyan (2008),
and Zinkernagel (2002). (Hamilton (2013, 7–10), includes a good
summary of the current state of the evidence relating to dark
matter. For an astronomer’s perspective on the history of and
evidence for dark matter, see Trimble (1987, 2013)).

Kosso (2013) is another entry in this burgeoning field of
philosophical studies of dark matter. Kosso’s main point is to
extend the discussion of an apparent limitation on the empirical
testability of gravitation theories that was raised in Vanderburgh
(2003). In what follows I analyze Kosso’s arguments and some
related issues, ultimately concluding that Kosso’s main point is
uncontentious but not very contentful, and that the evidential
status of theories of gravity at galactic and greater scales is
changed very little by the observations of weak gravitational
lensing in the Bullet Cluster that inspired Kosso’s contribution.
Sus (2014) also comments on Kosso (2013), and I critique various
aspects of that piece along the way as well.

2. Implications of dark matter for testing alternative theories
of gravity

Peter Kosso (2013) draws attention to the results of Clowe et al.
(2006) regarding the Bullet Cluster. X-ray maps of the density of
hot gas compared to density maps derived fromweak gravitational
lensing of background objects by the Bullet Cluster reveal that the
two centers of mass of the baryons (hot gas) are not co-located
with the two centers of mass of the cluster as a whole. This is
interpreted as the consequence of a collision of two sub-clusters of
galaxies in which the hot gas from the two interacted and slowed
while their component galaxies and dark matter halos passed
through each other without frictional braking. This result is widely
taken to be a new kind of evidence for dark matter, and certainly
the most direct proof available of the existence of dark matter.
Since the other kinds of evidence for dark matter have already
been discussed in detail in the other works cited above, in my
comments below I will follow Kosso in focusing solely on the new
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implications of the Bullet Cluster evidence for dark matter and the
testing of gravitational theories.

Kosso uses the Bullet Cluster evidence as a springboard to
argue that

Vanderburgh’s (2003) double bind is worth a closer look,
because it highlights where more detail on the interpretive
role of GTR is needed. Testing a theory of gravity require[s]
knowing the distribution of masses in the system. But, since
dark matter can only be detected by its gravitational effects, the
only way to know the distribution of masses—if some of it is
dark matter—is by using a theory of gravity, presumably the
one being tested. What needs to be clarified is just how the
theory of gravity is used to locate the dark matter. More
specifically, what part of the theory is used? It will turn out…
that in at least one special case, the only aspect of GTR that has
this interpretive role is an aspect it has in common with all
currently viable theories of gravity. The interpretive work is not
done by GTR, per se, but by the more basic principle of
equivalence (Kosso, 2013, 145).

Kosso goes on to describe the fact that the equivalence principle,
which is common to all metric theories of gravitation, is all that is
needed to produce gravitational lensing (the bending of the path of
light by a massive object). Since all viable theories of gravity are
metric theories, it follows that the equivalence principle, and not
any more fully-fleshed-out theory of gravity, is all that is needed to
detect the existence of dark matter in certain gravitational lensing
situations. This is an important detail to add to the discussion.

Note, however, that in studies that attempt to address the
dynamical discrepancy in astrophysics, the point is not to “detect”
or “locate” the dark matter. Numerical simulations of galactic
stability and various observations already quite clearly establish
that if dark matter exists it is distributed in roughly spherical halos
around galaxies and clusters of galaxies. What is at stake is
determining the nature as well as the existence of the dark matter,
since understanding its nature is the likely route to devising
potential direct detections of dark matter that would confirm its
reality. To have some hope of determining what dark matter is, it is
likely that we will first need to know how much of it there is. The
total mass of dark matter and the precise ways in which it is
distributed at various scales are key parts of the evidence for
trying to figure out which dark matter candidates are viable and
which are not. In this respect Kosso’s conclusion that we can
(merely) detect dark matter using the equivalence principle alone
without needing to invoke an entire theory of gravity, while
correct and interesting as far as it goes, does not really go very
far. To do anything substantive in the way of resolving the
dynamical discrepancy, or to begin to meaningfully compare rival
gravitational theories at galactic and greater scales, requires much
more than just the detection of dark matter that can be achieved
with the equivalence principle by itself. To move from “detecting”
to “measuring” dark matter does require invoking the specifics of a
particular full theory of gravity.

In another reference to the dark matter double bind, Kosso
writes, “detecting dark matter seems to require a reliable theory of
gravity, since the hypothesized matter interacts only by way of the
gravitational force…. [I]f we use GTR as the gravitational theory to
detect dark matter we preclude the possibility of challenging GTR”
(145). This is not quite an accurate way to describe the dark matter
double bind. Here is how it was originally formulated:

In order to evaluate the empirical adequacy of any gravitation
theory at galactic and greater scales, the mass distribution in
dynamical systems at those scales must first be known—but
because of the astrophysical dynamical discrepancy the mass
distribution is not known. In order to infer the mass

distribution from the observed motions, a gravitational law
must be assumed—but such a law cannot legitimately be
assumed, since the very thing at issue is which gravitational
law ought to be taken to apply at galactic and greater scales
(Vanderburgh, 2003, 824).

The point here, again, is not about “detecting” dark matter.
Rather, it is about acquiring a sufficient quantity and quality of
information regarding the mass distributions in large scale sys-
tems so that we are then able to (a) conduct precision tests at
those large scales which would (b) give us adequate warrant to
accept one from among the potential rival gravitational theories. It
is perfectly possible that we could successfully detect dark matter,
in the sense of having sufficiently strong evidence to accept that it
definitely exists, while at the same time still not having sufficient
evidence to resolve the dark matter double bind. In that case, we
might not have sufficient evidence to either determine the nature
of dark matter or to test and hence empirically distinguish
competitor gravitation theories. I contend that the possible
evidential situation just described is rather similar to the actual
evidential situation at the present time.

3. On the importance of considering the total evidence

As does Vanderburgh (2005, 1325–1326), Kosso (2013, 144)
mentions the Uranus and Mercury discrepancies in Newtonian
celestial mechanics which were resolved, respectively, through the
successful conjecture of otherwise-unknown matter (Neptune)
and the development of a new theory of gravity (GR). To view
this analogy in a new way, note that even if GR had already been
developed by the time the Uranus discrepancy was discovered we
would still need Neptune, and of course the discovery of Neptune
in fact did not contribute to the solution of the Mercury discre-
pancy. The solution for the total evidence for the solar system was
new matter plus new gravity. It is possible that this way of
describing things in the solar system is analogous to the situation
we find ourselves in regarding the total evidence from the Bullet
Cluster. We might need both dark matter and a new theory of
gravity. At least, such a possibility cannot be ruled out—in fact, it is
a possibility that has just as much warrant as the standard
“GRþDM” does on the available evidence.

The observations of weak gravitational lensing in the Bullet
Cluster indicate the presence of a large gravitational potential that
is not co-located with the visible mass. The most obvious explana-
tion of this is the existence of additional non-baryonic mass that is
not associated with the visible mass. In other words, the total
evidence from the combination of the visible light, X-ray and
gravitational lensing observations indicates that there exists
significant mass in addition to the visible mass that is directly
detectable in the galaxies of the sub-clusters and in the hot gas
ripped from them by the collision of the sub-clusters. Even though
this is indeed a strong indication of the existence of dark
matter, note that it does not tell us exactly how much dark matter
there is in the system. What we learn from this result is that there
is a gravitational field disturbing the images of background
sources. Just how much mass must be present in order to create
the observed gravitational deflection of the background light
depends on which law of gravity correctly describes gravity at
those scales.

Part of the reason we do not know more about the mass
distribution in the Bullet Cluster is that the weak gravitational
lensing calculations are subject to fairly large uncertainties. Even
in the case of normal (“strong”) gravitational lensing the calcula-
tion of the amount of mass causing the lensing effect is not very
precise:
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Fairly large margins of error are present in lensing calculations
because of the need to make assumptions that cannot be
definitively checked observationally—including assumptions
about the diameter of the lens, the shape of its overall mass
distribution, its distance from us, and its distance from the
background object (Vanderburgh, 2005, 1332–1333).

In the case of mass distributions derived from weak gravita-
tional lensing such as we find in the evidence from the Bullet
Cluster, the conclusions are even weaker:

Interpreting the data from gravitational lensing is very compli-
cated…. The light that is bent by the mass of the cluster comes
from objects that are…off axis. This so-called weak lensing
results in images that are only slightly distorted, stretched
out instead of rotationally symmetric. And the use of multiple
sources of light requires a complex statistical analysis to
determine even the simplest information about the lens
(Kosso, 2013, 147).

If it is correct that we detect the existence of dark matter thanks
to the weak lensing in the Bullet Cluster, this is indeed a significant
result. (But see the comment on Milgrom in the final section
below.) The important issue then, though, would be how to infer
the mass distribution from the image the light gives us after
passing through the gravitational field of the cluster (including the
total amount of mass as well as its three-dimensional distribution,
not just its general density map in two dimensions across the line
of sight). What is the margin of error in the lensing calculations?
What assumptions about the lens are needed in order to
make possible the inference from the image to the characteristics
of the lens mass distribution? How sensitive are the images, and
hence the inferences, to small changes in the assumptions or in
the description of the initial conditions such as the angular
separation between the source and lens, the mass and shape of
the lens, and the distance of the background galaxy lensed? In
short, making the precise mass calculation depends upon much
more than just what we can learn using the equivalence principle
by itself.

In his comment on Kosso, Sus (2014) makes a similar point. He
argues that the equivalence principle does not indicate where the
mass is in the case of observed lensing nor does it indicate exactly
how much mass is present—the mere fact of “being a metric
theory” does not tell us howmass shapes the metric in that theory.
That depends on details of the theory.

In some speculative interpretations of TeVeS, it could even turn
out that the contributions of the extra fields in the theory to the
bending of light rays are responsible for weak lensing effects such
as those observed in the Bullet Cluster. Note that this suggestion
goes well beyond the original motivation of MOND, which was to
account for astrophysical phenomena without the need for dark
matter:

Although there is nothing intrinsically inconsistent with having
the new fields that mediate the modifications of gravity
envisioned in MOND act as dark seeds of structure or dark
concentrations of gravitational lensing, this necessity detracts
from the cleanliness of the original MOND vision: What you see
is apparently not what you get, even in MOND (Ferreira and
Starkman, 2009, 815).

On the best available evidence and interpretations, MONDian
theories now seem to require twice as much baryonic mass as is
visible (in galaxies), a massive halo of otherwise undetected and
unmotivated neutrinos (for ordinary clusters) and, in what could
be judged the worst ad hoc move of all, otherwise undetected and
unmotivated “dark field haloes” that have not even been shown to
possibly arise naturally in the theory (to account for the weak

lensing observations in the Bullet Cluster). So, while we may
concede that “situations such as that arising in the Bullet Cluster
in which gravitational lensing apparently locates some mass
where no ordinary mass is detected might be interpreted as
produced by ordinary mass that is simply located differently”
(Sus, 2014, 70), it would seem imprudent to say that this is more
than a mere possibility. It is a mere possibility, moreover, that has
not really been shown to be viable—though neither has it been
ruled out on available interpretations of available theories and
data. A lot would depend on whether a proposed mechanism for
generating such dark field haloes in cluster collisions or in some
other way that would leave them behind in a cluster collision
could also still account for the other astrophysical observations
relevant to the dynamical discrepancy. These include the gravita-
tion lensing of clusters, velocity distributions in clusters and
elliptical galaxies and rotation curves in spirals galaxies, among
others. We do not know, for example, whether a version of MOND
in which dark fields form is still consistent with the MONDian
explanation of the dynamics of various astrophysical systems. To
this extent, Sus (2014) seems to give too much credence to the
MONDian possibility of dark fields mentioned in Ferreira and
Starkman (2009).

Of course, MONDian theories are not the only possible alter-
natives to GR; considerations about ad hoc dark fields would not
be relevant to most of them.

To return to the main line of the argument, let me summarize
the situation: Weak gravitational lensing is observed in the Bullet
Cluster, and there is not sufficient baryonic mass in the region
where the weak lensing is observed to account for the observed
effects; hence something non-baryonic is causing that effect. It
could be dark matter, or it could be a “dark field” whose possible
existence has not really been established.

At most, then, weak gravitational lensing thus allows us to
detect dark matter in the Bullet Cluster. Until we have a better
account of the theory of gravity governing the weak gravitational
lensing, we cannot infer sufficiently precise information from the
weak gravitational lensing to measure the dark matter, and until
we have a precise account of the matter distribution we cannot use
the weak lensing results to comparatively test competing theories
of gravity.

The upshot here is that saying we can detect the existence of
dark matter is very different than saying the weak lensing allows
us to measure the details of the mass distribution and know
exactly how much dark matter is present, or even that it allows us
to establish the precise ratio of visible to dark matter. When Kosso
says, “To locate the lens we need only that part of the theory that
says that light is bent by mass, and all viable metric theories agree
on this” (147), he means that we learn the general pattern of the
mass density map—more precisely, we learn the amount of the
displacement of light from background objects, and then from that
information plus other theories and assumptions we can infer the
pattern of the mass density map. Next, we compare this derived
mass density map with relatively straightforward observations of
the matter in the cluster that is visible in various parts of the
electromagnetic spectrum. Doing so, we find that the visible
matter is distributed in a pattern that is not at all similar to that
of the mass density map derived from the weak lensing. It follows
that there must exist additional, non-visible mass in the cluster,
the distribution of which is different than that of the visible
(baryonic) mass. However, as Kosso admits, in order to go farther
and determine the actual mass density of this newly detected
matter—its total value, not just the general density profile—we
would need to invoke a specific theory of gravity. Then, of course,
the dark matter double bind applies to the Bullet Cluster just as it
does to any other attempt to determine the mass distribution in
large scale systems.
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4. On “ugly” solutions

Given the foregoing, we must say that even in the case of the
Bullet Cluster—in which we know there is dark matter—we cannot
be sure how much dark matter there is exactly and, thus, we
cannot perform precision comparative tests of GR against its rivals
at the scales in question. It is possible, then, that there is dark
matter in clusters and the correct law of gravitation for these
systems is a successor to GR. This is the “ugly solution”
Vanderburgh (2005, 1333) raises as a possibility in the context of
related evidence that in some galaxies clouds of gas detected by
X-rays have different orientations than do the visible masses,
which is an indication that gas orientation mirrors the way the
more massive dark halo is oriented. As is the case for the Bullet
Cluster, these results indicate the real existence of dark matter but
do not rule out revisions to GR because the detection of dark
matter is not the same as a measurement of its total mass and
distribution that would be sufficient to test GR and distinguish it
from rival gravitational theories.

Note that despite the kinds of factors mentioned by López-
Corredoira (2014) that tend to push out non-standard views,
MOND-like theories are still earning journal space. Thus this sort
of theory remains part of the conversation despite the fact that the
majority of physicists and astronomers prefer a “dark matter plus
GR” paradigm. It is true that MOND/TeVeS cannot get by entirely
without additional matter even for standard clusters of galaxies
(Bekenstein, 2011, 5006), let alone for the Bullet Cluster. However,
the excess matter they require is on the same order as the known
baryonic matter, rather than the 10–100 times more dark than
visible matter that the standard GR paradigm requires. One could
make the case that an “ugly” solution consisting of modified
gravity plus a significantly smaller amount of unknown dark mass
(and possibly also unknown dark fields) is methodologically
preferable to a theory that requires the existence of a huge amount
of extra mass that is unlike anything else we have ever before
directly detected or had reason to think exists. If we are just doing
ad hoc curve-fitting either way, where Occam’s razor cuts would
seem to be something of a matter of taste.

Sus (2014, 70) asks, “can we consider gravitational lensing to be
evidence for DM; and if so, for precisely which hypothesis
concerning DM?” The answers are yes and none. Sus does not
carefully distinguish weak gravitational lensing (such as we have
in observations of the Bullet Cluster) from other cases of gravita-
tional lensing (such as we have from other clusters of galaxies).
Apparently thinking of the latter, Sus writes, “It is possible…that
this extra matter is made up of neutrinos and is located some-
where other than the center of the lens” (70). There are two
problems here: First, in weak gravitational lensing there isn’t really
a “center” but rather an overall mass density distribution the parts
of which are collectively responsible for the overall observed
lensing effects; second, neutrinos have been ruled out as dark
matter candidates because their features make them incompatible
the formation of galactic structures, so that at most neutrinos
constitute a small fraction of the total dark matter. The more
general term “weakly interacting massive particles” (WIMPs)
refers to the class of still-viable candidate dark matter particles.

5. Conclusion

Ultimately the point made in Vanderburgh (2003, 2005) still
stands: The evidence at galactic and greater scales does not
provide sufficient warrant to prefer GR over members of a class
of rival gravitation theories. We would need to know the precise
details of the mass distribution in such systems (including the
total amount of mass present as well as its pattern of location) in

order to conduct precision tests of GR at those scales, and we need
to assume GR (or some other specific, well-developed theory of
gravity) in order to be able to infer the precise mass distributions
from the available observations. This is so even despite the fact
that the Bullet Cluster and other observations now strongly
indicate the existence of dark matter.

The “ugly” solutions may be the only open alternatives left to
the standard GRþDM paradigm now that the “pure” alternative
gravity solutions seem to be in doubt. Even so,

Any non-standard gravitational force that points back to its
source and scales with mass can’t reproduce our lensing results
without invoking preponderant concentrations of unseen
matter. Our demonstration of dark matter doesn’t preclude
nonstandard theories of gravity, but it does remove their
primary motivation. (Clowe as quoted in Schwarzschild,
2006, 24.)

This is so because of the large amount of mass that weak
lensing reveals in places where there is no baryonic matter visible
at all (no galaxies, no hot gas). This may be the most telling point
against non-standard theories of gravity that the Bullet Cluster and
similar results can offer. If we know for sure that dark matter
exists, then introducing a non-standard theory of gravity no longer
allows us to avoid the metaphysical profligacy of holding that
there exist extraordinarily large amounts of matter of a hitherto-
unknown type. However, Milgrom (undated) argues that there are
still methodological benefits to minimizing the amount of this
unknown stuff (even if we are forced to admit it exists) by
introducing a non-standard action of gravity at large scales. I shall
refrain from attempting to adjudicate that particular methodolo-
gical debate here; there does seem, at least, to be genuine room for
debate on this topic. A related point Milgrom and other advocates
of alternative gravity solutions to the dynamical discrepancy
sometimes make is that if the alternative theory of gravity can
reduce the need for excess matter to one or two times the known
baryonic matter, it becomes more likely that the excess mass could
be explained away as ordinary, merely dim, matter rather than
some exotic new type of matter. Finally, even if Kosso’s main claim
is correct, in itself it proves a version of the Dark Matter Double
Bind thesis: GR itself is not tested, just the equivalence principle is
tested, in cases involving the “mere detection” of dark matter via
weak gravitational lensing. This is to say that the weak lensing
tests at galactic and greater scales do not distinguish GR from the
viable rival metric gravitation theories.
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