
Schrodinger’s Cat, 
Einstein’s Space-time 



1. Quantum mechanics seems to 
fail for large objects. 

2. Einstein’s gravitation fails for 
small objects. 

3. `Atoms’ of space-time-matter



Part I 

Quantum mechanics works 
beautifully in the realm of elementary particles, 
atoms, and molecules. But it seems to fail for large  
objects, even though large objects 
are made of particles which themselves 
obey quantum mechanics. What is the way out?



Quantum Mechanics 
is an extremely 

successful theory.
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But quantum mechanics 
has its 

problems too!
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The theory says: 
If an object can be 

Here

OR
There

Then it can simultaneously also be:

Here There+
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• Such linear superposition 
is observed for small objects like 
electrons and atoms. 
•  But not for large objects 

such as chairs and tables! 

• And that IS the paradox!
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Because quantum mechanics 
does not discriminate 
between small and large 
objects.
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This creates another mystery! 

Schrodinger’s Cat Paradox 

[i.e. The Quantum 
Measurement Problem]
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Consider an electron:
+

Here There

Meets a Large Object

Large Object

Quantum mechanics  
predicts:
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Here There

+
Detector and Electron Detector and Electron

This is never seen of  course! 
  

Instead:

OR

Here
There

Random Choice
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Thus, Problems with Quantum Mechanics:

• Why do macroscopic objects not exhibit  
     superposition? 

• When a small object meets a large object, why is 
     superposition lost, randomly and unpredictably?
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• If a theory agrees with some observations, 
but not with all observations, then 

• Modify it to a new theory which agrees 
     with all observations, AND 

• which makes falsifiable new predictions.
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The Theory of 
Spontaneous Collapse 

[GRW, 1986]



Quantum Theory says: 
If an object can be 

Here

OR
There

Then it can simultaneously be, FOREVER:

Here There+
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Spontaneous Collapse says: 
If an elementary particle can be 

Here

OR
There

Then it can simultaneously be, FOR A VERY LONG TIME

Here There+
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• The superposition of two states of 
of a proton/neutron lasts for a very 
long time T, but not forever. 

• After a time T, the superposition 
spontaneously, and randomly, 
collapses to [Here] or [There]. 

• Proposal: T ∼ 1017 sec
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• Now consider a large object made of 
say N [entangled] particles: 

• It is easily shown that a superposition 
[Here]+ [There] will spontaneously 
collapse in a time T/N 

• If T = 1017 sec, N = 1023 ⟹ T/N = 10−6 sec



Quantum Entanglement

There

If a large number of quantum particles 
are entangled, rapid spontaneous 
collapse occurs:  T/N is at work!

Here There+
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Here There

+
Detector and Electron Detector and Electron

Undergoes Rapid Spontaneous Collapse To:

OR
Here There

Random Choice
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The theory of spontaneous 
collapse solves the problems 
of quantum mechanics, while 

preserving its successes.
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At present, spontaneous 
collapse is neither confirmed 

nor ruled out by experiments. 

Current experimental bound: 
T > 108 sec
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But what causes 
spontaneous collapse, in 

the first place?? 

[arXiv:1908.04309]
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Let us recall that: 

Quantum objects live in 
space-time!



Enter, Gravity!



Einstein’s theory of relativity 
works beautiful ly for large 
objects. But it seems to fail in the 
realm of particles and atoms. 
What is the way out?

Part 2



Newton’s  Gravitation

F = − G
M1M2

R2



Newton’s  Gravitation

F = − G
M1M2

R2
= M1a ⟹ a = − G

M2

R2

Acceleration is independent of mass of the object!!
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Einstein’s Gravitation
• In the presence of gravitating bodies, space-time becomes curved.

• Bodies move along `straight’ lines in such a curved space-time

Gravity and geometry of space-time are one and the same thing.
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Einstein’s Gravitation

•Matter tells space-time  
   how to curve. 

• Space-time  tells matter 
    how to move.

The matter that causes curving also moves along  
straight lines: superpositions are absent!
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But superpositions are 
there for quantum objects!
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What kind of space-time 
will be produced by?:

Here There+
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Not the kind we live in!!



What if the universe had 
only quantum objects?:

Here There+
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There will be no space-time! 
How will we describe their dynamics?



We do not separate a 
quantum object

Here There+
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from the space-time / space-time 
geometry it ‘produces’.  



A new theory shows that at the most 
basic level nature does not distinguish 
between space-time and matter. The 
quantum gravity of the `atoms’ of 
space-time-matter gets rids of the 
failures of quantum mechanics and 
general relativity.

Part 3 

The theory of Non-Commutative Matter Gravity



A quantum object is: 

an ‘Atom’ of 

Space-Time-Matter [STM]
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The geometry is not that 
of Einstein’s gravitation. 

It is a non-commutative 
geometry: coordinates 

do not commute.
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The universe is a mathematical space:

A set of STM Atoms
Each STM atom has a non-commutative geometry, 
whose commutative limit is Einstein’ gravitation. 

Each atom evolves in a universal time.
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The equation of motion of 
an STM atom is not that of 

quantum mechanics. 

It admits spontaneous 
collapse!
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The theory of STM atoms 
includes both: quantum 

theory, as well as classical 
mechanics, as 
special cases.
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Particle

Spontaneous  Collapse

Space-Time

Space-Time

STM atom

Collapse of one STM atom  
is very rare
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But STM atoms can entangle. 

Entanglement is interaction.
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STM  Entanglement

STM

If a large number of STM atoms 
are entangled, rapid spontaneous 
collapse occurs:  T/N is at work!

STM STM+
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Matter

Spontaneous  Collapse

Space-Time

Space-Time

Entangled STM atoms

Collapse of many entangled 
 STM atoms is very frequent.



The Emergent Universe

SPACE-TIME

SPACE-TIME

SPACE-TIME

SPACE-TIME

SPACE-TIME
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Matter
Matter

Matter

Matter
Matter

Matter
Matter

STM

STM
STM

STM



Quantum Theory emerges as a  
Thermodynamic  Approximation 

to the 
Dynamics of Many STM atoms

Thermodynamic Equilibrium:   Quantum Theory 

 Far from Equilibrium: Spontaneous Collapse
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Spontaneous Collapse 
of  many entangled STMs  

Ends up as 

Black holes:  
Thermodynamic Objects 

Black holes are ‘far from equilibrium’ states.
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Black holes emit  
Hawking radiation 

To return to  
thermodynamic equilibrium
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The Emergent Universe

SPACE-TIME

SPACE-TIME

SPACE-TIME

SPACE-TIME

SPACE-TIME
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Matter
Matter

Matter

Matter
Matter

Matter
Matter

STM

STM
STM

STM



Was the Big Bang a Spontaneous Collapse, 
in a sea of STM atoms?
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‘Universe’
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One Big-Bang or Many?
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‘Universe’

‘Universe’

‘Universe’

‘Universe’

YOU ARE HERE

‘Universe’
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Dark Energy? 
An extremely l ight STM 
atom? 10122such particles = DE.

Dark Matter? 

Entangled particles of DE?



Summary
• Large objects undergo rapid spontaneous collapse. 

• Space-time emerges as a result of spontaneous 
    collapse of large objects. 

• The universe is made of `atoms’ of space-time-matter 

• Maybe dark energy is uncollapsed very light  
    STM atoms.
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Thank You  
for Listening :-)


