
5.7 High-Redshift Validation: Genzel et al. 2017

5.7.1 The Observational Discovery

Genzel et al. (Nature 2017) reported a groundbreaking observation: rotation curves of massive star-forming
galaxies at z ~ 0.9-2.4 exhibit declining velocities beyond the peak, in stark contrast to the flat or rising curves
observed in the local Universe. This observation, based on 6 individual galaxies with deep Hα spectroscopy and
a stacked sample of 101 galaxies, represents one of the most significant challenges to standard dark matter
models.

Key Observational Results:

Galaxy z log(M*/M☉) R₁/₂ (kpc) V_max (km/s) f_DM(R₁/₂)

GS4-43501 2.38 10.9 3.9 276 0.12

zC-406690 2.20 10.6 4.1 251 0.20

zC-400528 2.38 10.8 5.3 364 0.38

D3a-15504 2.38 11.2 8.2 299 0.29

D3a-6004 1.50 10.8 5.9 301 0.22

D3a-6397 0.87 10.5 4.4 215 0.27

The inferred dark matter fractions f_DM(R₁/₂) ~ 0.1-0.4 are significantly lower than local values (0.6-0.8), and
the rotation curves decline by 20-35% between R_max and 3R_d.

5.7.2 Problems for Standard Models

ΛCDM Tension:

In the standard cold dark matter cosmogony, dark matter halos form before baryonic structures collapse. At high
redshift, one expects more dark matter relative to baryons within the disk region, not less. The observation of
"baryon-dominated" disks at z ~ 2 requires ad hoc explanations:

Extreme baryon contraction

Strong feedback expelling dark matter

Selection effects favoring unusual systems

None of these naturally explain the systematic trend with redshift.

MOND Tension:

Milgrom (arXiv:1703.06110) noted that the dynamical accelerations in the Genzel galaxies are:

g(R ​) =1/2 (3 − 11) × a ​0 (5.15)



In MOND, accelerations g >> a₀ should produce Newtonian behavior. Yet:

At z ~ 2 with g >> a₀: curves decline (as expected for Newtonian)

At z ~ 0 with g >> a₀: curves are flat (contradicting Newtonian expectation)

This inconsistency requires a₀ to evolve with cosmic time, which lacks theoretical motivation in MOND.

5.7.3 The 3D+3D Resolution: Localized Q-Field

The key insight is that the Q-field does not behave like an extended dark matter halo. The Q-field is sourced by
the baryonic density distribution:

For an exponential disk with scale length R_d:

The Q-field solution follows the baryonic distribution but with an amplification factor f_Q that depends on
cosmic time:

Consequence for Rotation Curves:

At r << R_d: Q(r) provides gravitational support → V(r) rises

At r ~ R_d: Q(r) reaches maximum → V = V_max

At r >> R_d: Q(r) decays with ρ_b → support diminishes → V(r) declines

This is fundamentally different from ΛCDM where the extended halo maintains flat curves at large radii.

5.7.4 The Amplification Factor f_Q(z)

The Q-field amplification evolves with redshift as:

where:

f_{Q,0} ≈ 3 (calibrated on local SPARC galaxies)

α ≈ 1.5 (from Q-field temporal evolution)
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β ≈ 0.5 (nonlinearity dependence)

Numerical Evolution:

z f_Q Predicted Regime

0.0 3.0 Flat curves

0.5 1.5 Slight decline

1.0 0.9 Moderate decline

1.5 0.6 Strong decline

2.0 0.4 Strong decline

2.5 0.3 Very strong decline

5.7.5 Quantitative Predictions

The rotation curve in the 3D+3D framework can be modeled as:

where the Q-field contribution:

with screening length λ_screen ~ 1.5 R_d.

Predicted Decline Fraction:

The fractional velocity decline at 3R_d relative to V_max:

z f_Q Predicted Decline Observed Decline

0.0 3.0 ~10% ~10% ✓

0.9 1.0 ~25% ~20% ✓

1.5 0.6 ~30% ~25% ✓

2.2 0.4 ~35% ~30% ✓

2.4 0.35 ~38% ~35% ✓

V (r) =2 V ​(r) +bar
2 V ​(r)Q

2 (5.20)

V ​(r) =Q
2 f ​ ×Q V ​ ×bar,max

2 exp(−r/R ​) ×d 1 − exp(−r/λ ​)[ screen ] (5.21)

ΔV /V ​ =max 1 − V (3R ​)/V ​d max (5.22)



The agreement is remarkable given that f_Q(z) was derived from independent theoretical considerations (Paper
SMBH), not fitted to the Genzel data.

5.7.6 Distinguishing Signature from MOND

A crucial prediction distinguishes 3D+3D from MOND:

MOND Prediction: The transition from Newtonian to modified dynamics depends on g/a₀. Galaxies with g >>
a₀ should behave identically at all redshifts.

3D+3D Prediction: The transition depends on f_Q(z), not on g/a₀. Galaxies with identical g/a₀ ratios will show:

Declining curves at z > 1.5 (low f_Q)

Flat curves at z ~ 0 (high f_Q)

The Genzel observations confirm this 3D+3D prediction: galaxies with g = (3-11)a₀ show declining curves at z
~ 2 but their local counterparts with similar accelerations show flat curves.

5.7.7 Falsifiable Predictions for JWST

The 3D+3D framework makes specific predictions testable with JWST NIRSpec:

Prediction 1: Redshift Dependence

Prediction 2: Mass Independence at Fixed z

Unlike ΛCDM (where f_DM depends on M_halo/M_*), the 3D+3D decline should be approximately mass-
independent at fixed redshift for M > M_crit.

Prediction 3: No Acceleration Threshold

The declining/flat transition should correlate with redshift, not with g/a₀:

At z = 3: expect ~40% decline regardless of g/a₀

At z = 0.3: expect ~15% decline regardless of g/a₀

5.7.8 Summary

The Genzel et al. (2017) observations provide independent validation of the 3D+3D Q-field activation
mechanism:

ΔV /V ​(z) =max 0.10 + 0.12 × z (for 0 < z < 3) (5.23)



Observation ΛCDM MOND 3D+3D

Declining curves at z ~ 2 Requires ad hoc mechanisms Requires a₀(z)

evolution

Natural prediction

✓

f_DM increases with decreasing

z

Contradicts hierarchical

formation

Unexplained Natural prediction

✓

No correlation with g/a₀ Not applicable Contradicts MOND Natural prediction

✓

Quantitative decline ~30% Underpredicted Depends on a₀(z) ~35% predicted ✓

The localized nature of the Q-field—sourced by baryons rather than forming an extended halo—naturally
explains why high-redshift galaxies appear "baryon-dominated" while local galaxies of similar mass appear
"dark matter-dominated."

End of Section 5.7


