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1.1 The simplest gravitational system:
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1.2 Getting stronger binding:

increase m ... 

... but this affects other things such as eigenfunction ‘size’ 

and ‘thickness’ ...
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mass (kg) mass size (m)
(for  ρ = 103 kg -3)

n-value binding 

energy (eV)
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1. Exploring the possibilities

( )nr∆‘thickness’         :

‘size’ (rn):eigenfunction

1.3 Three factors to consider – size matters!
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How massive does M have to be?

Eigenstate ‘size’ versus central mass size 

for fixed binding energy (1 eV ~ 5000 K)

Central mass 

M (kg)

Eigenstate ‘size’ 

(high-l)

Physical size of central mass, 

assuming  ρ ~ 5 x10-3 kg m-3

eigenstate 'size'
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'orbit mass' 

~1.6 10  kg

pm

−×

M
 physical
size of M

1. Exploring the possibilities

1010 (n = 7.6 x102)          3.5 x10-9 m                 76 m

1020 (n = 7.6 x1012)             35 m                 1.6 x105 m

6x1024 (n = 4.6 x1017)       2.1 x106 m               6.4 x106 m

1040 (n = 7.6 x1032)       3.5 x1021 m              7.6 x1011 m

1030 (n = 7.6 x1022)       3.5 x1011 m              3.5 x108 m

1.4 Small masses in 

deep potentials
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2.1 Theory

2. Analysis and prediction ≡≡≡≡ 2l + 1 z-projection
sublevels (m values)
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2.1 Theory

Introduce p = n – l: 

This relates to the number of peaks or 

spatial oscillation frequency in the 

radial eigenfunction component

2. Analysis and prediction ≡≡≡≡ 2l + 1 z-projection
sublevels (m values)

– this spatial oscillation frequency 

(SOF) turns out to be very important!
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2.2 eigenstate structure

(m)r →

θ

p = 15

n = 45

p = 15p = n–l = 5

n = 50

m = 3

p = n–l = 10 p = 3 p = 1

(ii) radial thickness decreases with decreasing p: 

(i) p reflects radial peak number: 

2. Analysis and prediction
2.3 Eigenstate FAQs

* If we detect a relatively-pure eigenstate particle  how would it appear?

It would appear as a localised particle. Many observations of an 
agglomeration  of eigenstates would appear as a ‘halo’ of particles. 

* How would the interaction properties of an agglomeration of 
eigenstate particles differ from a standard Maxwellian gas?
Interaction cross-sections and collapse rates depend on the particular 
eigenspectral distribution of the eigenstructure.

* Macroscopically, aren’t these states just orbiting particles?

No, these are stationary states. They are delocalized, with no temporal 
variation in probability density. 

2. Analysis and prediction

* Doesn’t quantum theory break down at large scales?

Nothing in QM conflicts with macroscopic eigenstates, although 
macroscopic quantum interference effects  are prevented via the relative 
decoherence between the individual virtual states.
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High-n, low-p states:

(1) have very long lifetimes

(2) do not interact strongly 

with photons, particles or 
other eigenstates

3. Making matter invisible
3.1 Low p states have unusual properties!

l 
=

2

3. Making matter invisible
3.2 A fundamental consequence...

This means that particles having eigenspectra
composed predominantly of low-p states will

(1) be largely isolated from other particles and
indeed the rest of the universe (except via
gravity) and
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(2) will not be able to reach equilibrium via
traditional methods.
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low-p eigenspectral distributions 
are invisible...

iii. ...without the need for new particles...

ii. ...without the need for new physics

Gravitational eigenstates may indeed explain the 
existence of dark matter because:

4. Solving the Dark Matter problem
4.1 The low-n, high-p eigenstates

i. ‘dark’ gravity eigenstates states arise naturally 
in the universe as a direct prediction of QM

Gravitational eigenstates also seem to possess most 
other properties associated with dark matter 
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5.1 What makes an eigenstate ‘dark’?
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i. Limited radial thickness:
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ii. variation in normalization

constants and overlap:

iii. Most important: differences in spatial 

oscillation frequency (SOF) 

5. Accounting for properties
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5. Accounting for properties
5.2 No emission - long radiative lifetimes

1 3 2 State-to-state decay rate
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5.3 Examples of long radiative lifetimes
5. Accounting for properties

Transitions ending pfinal= 1

1 3 2rate 
ifτ

ω∝ Π

..
.
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5. Accounting for properties
5.3 Interaction with photons

i. Two aspects:

1. eigenstate dispersion

2. scattering of radiation

iii. stimulated emission and absorption probabilities per 

second:

overlap integral

( ) ( )
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energy density per unit angular frequency

photon beam intensity per unit angular frequency

ii. inapplicability of  traditional cross sections
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5. Accounting for properties
5.4 Eigenstate dispersion

eigenstate dispersion by CMB photons 

– all pervading

i.  For CMB photon densities at the high-n, ∆p = 0 

transition wavelengths, Pif ~ 400 s-1

Leads to an expected state dispersion over cosmic time, 

1017 s of ~ (400 x 1017)1/2 ~ ±1010 states

5. Accounting for properties
5.4 Transparency: 

the halo-traversing-photon

i. convert probability per second to DE

ii. calculate photon lifetime and halo traverse time
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for ∆n = 1, pi = 1, τ ~ 10-56 s

for ∆n = 1018(ω ~1 kHz) pi = 1, 

τall available states >> 1012 s ~ photon halo transit time 20

ii. Difficult for state transfer cross lines of p, particularly 

when p is small primarily because of SOF differences

ˆ( ) ( )
if i f

u H uΠ = r r

i. Overlap integral with interaction Hamiltonian
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5. Accounting for properties
5.5 Particle reactions, the significance of p-

crossing and SOFs on the state diagram
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For low p states, state transfer is generally 
very difficult because either:
(a)* no overlap
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(b)** large oscillation difference
For allowed changes (c) ∆n, ∆l small ⇒
scatter angle and momentum change ~0
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5. Accounting for properties
5.6 Exchange degeneracy

c.f. expanding precessing jet in 

M42.

iv. Optical thickness follows 

particle-induced eigenstate 

transitions to more strongly 

interacting states

– expect final state eigenspectra 

appropriate to the perturbing 

particle

iii. Exchange degeneracy 

may enable particles to 

more strongly interact

* if, say SOF(uj (r2))~SOF(uf (r2) 

and SOF(ui (r1))~SOF(uj′ (r1) 
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i. How did eigenstructures form?

ii. Clues from three papers:

iii. The contents of these three papers taken together suggest a 
mechanism for eigenstructure formation

6.1 Formation mechanism for galactic halos

1. Carr, 1975. “The primordial black hole mass spectrum”

2. Afshordi, McDonald and Spergel, 2003. “Primordial 
black holes as dark matter: the power spectrum and 
evaporation of early structures”

3. Bertschinger, 1985. “Self-similar secondary 
infall and accretion in an Einstein-de Sitter 
universe”

6. Matter in a macro-quantum universe
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i. Supermassive Primordial Black Holes (SMPBHs) form at last e+/-

phase transition (Carr ,1975; Afshordi, McDonald & Spergel, 2003)

black holes form
at phase transition

ii. SMPBHs act as seeds for baryonic halo capture 
(Bertschinger – infall in an Einstein-de Sitter universe: ρ  ∝ 1/r1.5-2.25)

iv  A fraction (~1/5) of the particles remain “gravitationally uncombined” 
mostly in the relatively ‘weak-field’ regions between halos with 
uncollapsed eigenspectral distributions appropriate to visible  matter

6.1 Formation mechanism for galactic halos

baryonic halo formation
in SMPBH gravity wells

subsequent transfer 
to low-p eigenstates

6. Matter in a macro-quantum universe

iii. Quantum collapse to bound states – “gravitational recombination”

wavefunction ensemble ‘sea’

6. Matter in a macro-quantum universe

← l

n
→

r

φθ low-l

high-l

gravity 

well

6.2 Collapse to eigenstates

Pre-lim result: transition rate 

today negligible, not so at t = 1 s
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6.3 Points regarding halo and galaxy formation 

ii. No eigenstate participation in 
baryon-photon oscillation

6. Matter in a macro-quantum universe

i.  BBN ratios in DM halo – redo BBN! 
– consistency?

iii. ‘Visible’ matter later forms galaxies as per standard CDM

v.  Particle interactions and natural transitions to eigenstates 
allow visible ↔ dark conversion over cosmic history

iv. We end up with dark halo + visible galaxy particles: 
- ‘early’ particles ~90%, primarily 

dark low-p eigenstates 
- ‘late’ type particles with
broad eigenspectra, visible
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iv. Integrated density profiles yield visible:total matter ratio

i. Assume formation limited by spherical halos taking
up available space (“oranges in a box” model)

iii. ‘Visible’ matter ‘left over’ in ‘corners’

~ 0.20 (1/r2 density profile, loose random packing)
~ 0.186 (1/r2 density profile, close random packing)
(WMAP~ 0.18)

ii. Growth stops when halo edges meet

6.4 Ratio of visible to total matter

6. Matter in a macro-quantum universe

ii. PBH mass spectrum (Carr): ( ) ( )
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iii. Integration → number  density of PBHs > 1034 kg
iv. Very sensitive to parameters but possible to choose ‘reasonable’ ones 

to give as ~ 7 x 10-70 m-3

6.5 Number of halos

v. Very approximate but no allowance for merging

i. A threshold PBH mass exists for significant halo growth (~ 1034 kg) 

~ number density of galaxies (5 – 10 x 10-70 m-3)

6. Matter in a macro-quantum universe 7. Summary
1. Well-bound, dark eigenstates predicted by QM �

9.   A new paradigm for matter on large scales 

2.  Dark matter arises naturally - no new particles or physics �

3.  1/r2 profiles - consequence of formation mechanism �

4.  No. of SMPBHs consistent with number of galaxies �

5.  SMBHs at galactic centres arise naturally �

7.  Potential consistency with ‘2 fluid’ CDM and  BBN �

6. Ωbaryon : Ωtotal ratio �; mass-to-light conspiracy �; missing 
baryons �

8.  Potential to solve other CDM problems – cusp, substructure 
early massive galaxies�; spherical/triaxial compatible�


