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Moffat’s STVG theory

• Conceptually rooted in Einstein’s attempt to explore a nonsymmetric 
theory for classical unification

• Moffat’s take: the antisymmetric part is not Maxwell, it’s gravity!

• NGT has stability issues, so why not just postulate a separate 
nonsymmetric tensor? (MSTG – Metric Skew-Tensor Gravity)

• But wait: a well-behaved nonsymmetric tensor will just be the exterior 
derivative of a vector field

• A (massive) vector theory with a  repulsive force? But that’s just 
Yukawa... Unless the mass and coupling strength themselves are 
promoted to (scalar) fields

• The result: STVG, Scalar-Tensor-Vector Gravity (Moffat 2006)
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MOG is a proper classical field theory

• MOG is a theory of several fields:

– The tensor field 𝑔𝜇𝜈 of metric gravity

– A scalar field 𝐺 representing a variable gravitational constant

– A massive vector field 𝜙𝜇 (NOT a unit timelike field!) responsible for a 

repulsive force, coupling directly (not through gravity) to matter

– Additional (possibly nondynamical) scalar degree of freedom 
determining the mass of 𝜙𝜇

– The MOG Lagrangian:
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The MOG acceleration law

• In the weak field, low velocity limit, the acceleration due to a spherically 
symmetric source of mass 𝑀 is

ሷ𝐫 = −
𝐺𝑁𝑀

𝑟3
𝐫 1 + 𝛼 − 𝛼 1 + 𝜇𝑟 𝑒−𝜇𝑟

An approximate solution for 𝛼 and 𝜇 can be determined from the field 
equations in the spherically symmetric vacuum case

• For compact sources, the values of 𝛼 (which determines the coupling 
strength between matter and 𝜙𝜇) and 𝜇 (which determines the range of 𝜙𝜇) 

are determined by the source mass 𝑀 with formulas fitted using galaxy 
rotation and cosmology data:
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𝐷 ≅ 6250𝑀⊙
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Τ1 2, 𝐺∞ ≅ 20𝐺𝑁
4



MOG scales

• The parameters that characterize MOG are mass scale dependent

• Contrast this with the MOND formula, which is acceleration scale 
dependent

• The two provide similar results on galactic scales, but diverge on scales 
much smaller or much larger

• A theory has to work across a wide range of scales, from the solar system to 
cosmology: More than 15 orders of magnitude 
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Stellar systems

• For compact sources with mass ≤ ~107 𝑀⊙, MOG predicts no deviation 
from GR since 𝛼 ∼ 0

• For larger systems, the acceleration law kicks in as 𝛼 > 0. At short range, 
𝜇𝑟 < 1, the behavior is Newtonian: excess gravity is canceled by the 
repulsive vector force. When 𝜇𝑟 > 1, the behavior is again Newtonian, but 
with an enhanced gravitational constant, 𝐺 = 1 + 𝛼 𝐺𝑁

• In the intermediate range, 𝜇𝑟 = 1, the MOG behavior is consistent with the 
Tully-Fisher relationship

• Consequently, we expect no deviation from Newtonian (or GR) predictions 
for stellar systems, wide binaries, or globular clusters
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MOG and galaxies
• Unsurprisingly (since that’s what inspired its creation) MOG fits spiral galaxy rotation 

curves quite well

• Other galaxies can be challenging for modified gravity, since they have varied 
behavior

• Are all those galaxies undisturbed, properly virialized? Which can be trusted to study 
gravitational dynamics?

• For low mass virialized galaxies, MOG predicts Newtonian behavior

• For higher mass but very compact galaxies, the behavior is again Newtonian except in 
the outer fringes where 𝜇𝑟 > 1
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MOG and galaxy clusters

• The “Bullet Cluster” 1E0657-558 was heralded as the modified gravity 
“killer”, yet MOG has no trouble fitting the data

• Other clusters, like the “train wreck” cluster Abell 520, that challenge the 
CDM paradigm, also work well
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MOG and cosmology

• We tested MOG extensively against cosmological results

• MOG predicts the same CMB angular power spectrum as the standard model

• Another important test is the matter power spectrum. A “pure matter” theory 
predicts unit baryonic oscillations and a curve with the wrong slope

• MOG’s variable gravitational constant restores the slope, matching observation

• The unit oscillations are present, but are wiped out by statistics in the analysis; to the 
extent that they can be seen, they are consistent with MOG
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MOG challenges

• MOG results are based, in part, on a separately postulated test particle 
Lagrangian. The theory still needs integration, properly accounting for the 
coupling constant between matter and MOG fields

• In the solar system, MOG must meet stringent post-Newtonian 
observational results. It remains unclear to me how a possible nonzero 
galactic background scalar field might affect, e.g., gravitational light 
deflection

• The mass dependence derivation of 𝛼 and 𝜇 is heuristic. A more robust 
derivation is lacking

• MOG does not run into the same trouble as bimetric theories when 
contrasted with multimessenger observations, but a robust formulation of 
MOG gravitational radiation remains to be found.
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Thank you!

• Any questions?
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