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Abstract

The Bloch sphere provides an elegant geometric visualization for single-qubit quantum states but fails to
scale intuitively to multi-qubit systems. In this paper, we propose a novel framework where Bloch
spheres are reinterpreted as dynamic manifolds embedded within complex spacetime. Compression and
expansion along the imaginary axis represent curvature due to quantum evolution, enabling a physical
geometric model for entanglement and spin. We extend this idea to multiple qubits, where their states
correspond to intersecting or entangled deformed manifolds. We also reinterpret the electron’s 720-
degree rotation property as traversal of a Mébius-like loop in complex spacetime. This work aims to unify
geometric visualization with the formal structure of quantum mechanics through complex geometry.

1. Introduction

The Bloch sphere is a foundational visualization tool in quantum computing and quantum information
theory. It provides an intuitive representation for a single qubit, mapping its state onto a point on the
surface of a unit sphere in three-dimensional real space. However, this visualization breaks down as we
move to systems of two or more qubits, where the state space expands exponentially and becomes
geometrically intractable.

In this paper, we explore a new geometric representation of quantum states—especially multi-qubit
systems—by reimagining the Bloch sphere in complex spacetime. Inspired by prior work on holography,
imaginary time, and curvature in quantum mechanics, we interpret each qubit's state as a deforming
"Bloch manifold" embedded in complexified spacetime. This model allows compression and expansion
along the imaginary axis, offering a dynamic picture of quantum state evolution.


mailto:bhushanpoojary@gmail.com

Figure 1: Complex Spacetime-Deformed Bloch Manifold

2. Background
2.1 The Traditional Bloch Sphere
A single qubit can be written as:

l) = cos (g) 10) + e®sin (g) 1)

This maps to a point on the surface of a unit sphere using angles 8 and ¢. The sphere provides a
complete description of the qubit state in real 3D space [4].

2.2 Limitations for Multi-Qubits

For n qubits, the state lives in a 2™-dimensional complex Hilbert space. The Bloch sphere has no intuitive
extension to this regime. Entanglement between qubits cannot be visualized clearly, and the geometry of
guantum states becomes abstract.

2.3 Complex Spacetime and Imaginary Curvature

In previous work, we proposed that imaginary components of complex time correspond to curvature
[2] —compression and expansion of spacetime itself. This idea provides a geometric basis for
understanding wavefunction collapse, uncertainty, and entanglement.



We now apply the same idea to quantum state geometry.

3. Bloch Manifold in Complex Spacetime

3.1 Dynamic Radius in the Complex Plane

Instead of a unit sphere, each qubit now evolves as a deforming manifold in complex space, with radius:
r(t) =1+ i¢p(t)

Here, ¢(t) is a function of imaginary time, representing internal quantum stress or entanglement
influence. This causes the sphere to "breathe" or deform in complexified 3D space.

3.2 Geometric Meaning of Quantum Gates
Quantum gates can now be interpreted as transformations of this dynamic manifold:
Pauli-X Gate: Reflection along real axis [4].

The X gate flips the qubit state from |0) to | 1) and vice versa. It is represented by the matrix:

01

X‘10

This corresponds to a 180° rotation around the X-axis of the Bloch sphere [4].
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Figure 2: Geometric representation of the Pauli-X gate as a reflection across the Real axis.
You see two Bloch spheres side by side:

o Left sphere shows a vector sweeping toward the imaginary side.



o Right sphere shows the mirror image of that motion.
e The horizontal arrow between them, labeled “X gate: reflection along real axis,” shows that:
o The transformation flips the quantum state across the Real axis (horizontal plane).
o It’s a mirror reflection in your complex manifold model.
In your geometric interpretation, the X gate:
e Leaves the Real axis unchanged.

e Flips the imaginary component, i.e., the curvature that had extended in one imaginary direction
now goes the other way.

e This symbolizes a state flip, just like flipping a classical bit.

Pauli-Z Gate: Rotation in imaginary axis (complex phase shift) [4].

The Z gate flips the phase of the | 1) state while leaving the |0) state unchanged. Its matrix is:

Z= [(1) —01]

This applies a phase shift and corresponds to a rotation around the Z (imaginary) axis [4].

Figure 3: Geometric representation of the Pauli-Z gate as a rotation around the Imaginary axis.
The Bloch sphere is labeled with:
¢ Im (Imaginary axis, vertical),
e Re (Real axes, horizontal).

The rotation arrow shows a twist around the Imaginary (Z) axis.



This aligns perfectly with the idea that the Z gate:
e Leaves the poles unchanged.
e Rotates states around the vertical axis, effectively flipping the phase of |1) without affecting |0).
Hadamard Gate:

The Hadamard gate creates superpositions, mapping |0) and |1) into equal mixtures. It is given by:

11 1
H= V2 [1 —1]
This reflects a flip between the real and imaginary compression states of the Bloch manifold [4].
symmetry operation flipping real and imaginary compression states.

Hadamard interchanges real and imaginary components of the qubit [4].

Figure 4: Geometric interpretation of the Hadamard gate as a real-imaginary symmetry
transformation. The Hadamard gate maps states with dominant imaginary curvature (blue) into
states with dominant real curvature (red), and vice versa. This operation reflects a flip in the
compression axis of the Bloch manifold, visualizing the gate’s role in creating quantum
superpositions through geometric redistribution.

Left Side (Before Hadamard):



e Top-left and bottom-left Bloch spheres are colored blue and red, representing qubit states with
imaginary (blue) or real (red) axis dominance.

e Axes labeled Real and Imaginary clearly show the Bloch representation.
Middle Arrow:
e Abold rightward arrow labeled as the operation.
e Suggests that something transforms the left states into the right states.
Right Side (After Hadamard):
e The red and blue coloring has flipped:
o States that were previously imaginary-dominant (blue) become real-dominant (red).
o Vice versa for red.

e This is a symbolic way of saying:

This allows gates to be visualized as geometric deformations.

4. Multi-Qubit Systems and Entanglement Geometry

Each qubit is represented as a complex-deforming Bloch manifold. When multiple qubits become
entangled:

e Their manifolds intersect, creating shared curvature.
e Entanglement becomes geometric binding through imaginary overlap.

e Tensor products are represented as composite curvature manifolds.
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Figure 5: Multi-Qubit Systems and Entanglement Geometry

The degree of overlap, curvature matching, or shared deformation may indicate the entanglement
strength.

We propose that entanglement entropy could be visualized as surface-area change on overlapping Bloch
manifolds.

5. Mathematical Framework of Bloch Manifolds in Complex Spacetime
5.1 Complex Radius and Dynamic Geometry

We define each qubit’s geometric state not as a fixed point on a Bloch sphere but as a dynamic manifold
evolving in complex spacetime.

Let:
r(t) =1+ i¢p(t)
Where:
e 7(t)is the complex radius of the Bloch manifold at time t.

e ¢(t) € Risa function representing imaginary curvature—a proxy for quantum evolution or
entanglement-induced deformation.



The standard Bloch sphere (with radius 1) becomes a special case when ¢(t) = 0.

5.2 State Vector Representation in Complex Geometry

A single-qubit state is:

[ (t)) = cos (?) |0) + e?Wsin (?) [1)

This traditional representation now has ¢ (t) controlling both:
e The complex phase,
¢ The imaginary geometric deformation of the Bloch structure.

We can interpret this as the qubit tracing a curve on a complexified Bloch surface rather than a static
sphere.

5.3 Proposed Metric of Curvature

To quantify the deformation, we define a scalar curvature function:

do ()|

KO = |=%

This represents how quickly the imaginary radius is changing and can be thought of as a curvature
tension in the complex spacetime. A rapidly fluctuating ¢ (t)may signify quantum gates or entanglement
operations.

5.3.1 Physical Meaning and Role of Imaginary Curvature K(t)

In our complex spacetime extension of the Bloch sphere, the imaginary component ¢ (t) of the dynamic
radius encodes a deformation resulting from quantum evolution. This deformation, or “curvature,” is not
spatial in the classical sense but emerges from imaginary time—interpreted as a geometric dimension
orthogonal to real time and observable space.

We define the curvature function as:

do ()|
dt

K() = |

Where:

e ¢(t) € R is the imaginary curvature potential of the Bloch manifold at time t,



e t € R represents real time evolution in the Schrodinger picture,

e K(t) measures the rate of change of imaginary curvature, analogous to how acceleration
measures curvature in motion.

Units and Interpretation

If ¢(t)is dimensionless (as a curvature-like phase), then K (t) has units of time ™2, similar to angular
acceleration. However, in this framework, K (t) is interpreted as a quantum curvature density,
representing how rapidly the quantum state’s geometry is evolving through imaginary time.

This rate of deformation may correspond to:

e Quantum uncertainty: A higher K(t) implies faster curvature fluctuation - greater
indeterminacy.

¢ Quantum information flow: Peaks in K (t) may signal quantum gates or transitions.

¢ Entanglement stress: In multi-qubit systems, curvature mismatches drive entanglement
interactions.

Connection to the Uncertainty Principle

We hypothesize that curvature fluctuations K (t) directly contribute to the uncertainty principle [1]. In
particular:

Ax - Ap = k- K(t)

Where the deformation encoded by ¢(t) causes projection mismatches onto real-space observables.
The more sharply ¢(t) changes (i.e., higher K(t) ), the more non-commutative behavior emerges.

Comparison with General Relativity

Unlike classical spacetime curvature in general relativity—which bends geodesics—here, K(t) bends
probability amplitude space. It modulates how the wavefunction is geometrically distributed in a
complexified framework. This suggests:

e An analogy with Ricci curvature, but acting in a Hilbert space manifold.

e Curvature here is not sourced by mass-energy, but by quantum evolution or logic gates.



5.4 Example: Phase Gate as Deformation

Let’s consider a Phase Gate:

Uphase(@) = [0
Under this gate, the imaginary radius evolves as:

¢@) = o) + a

Thus, this gate becomes a pure deformation in imaginary curvature, rotating the manifold internally
without changing its projection on the real 3D space.

6. Mo6bius Geometry and the 720° Rotation in Complex Spacetime

The known property of spin-% particles, like the electron, is that they return to their original quantum
state only after a 720° rotation, not 360°. Traditionally, this is explained using SU(2) group theory [5]:
spinors live on a double-covering space of SO(3), the rotation group in 3D.



Mobius Geometry and the 720° Rotation
in Complex Spacetime
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Figure 6: Mobius Geometry and the 720° Rotation in Complex Spacetime

6.1 Mobius Strip Analogy

In our geometric model, we propose that this behavior can be visualized as a path over a Mobius-like
structure in complex spacetime. Here’s how:

e The Bloch manifold representing a spin-Y particle is not a simple sphere but a non-orientable
surface evolving along the imaginary time axis.

e Asingle 360° rotation corresponds to a half traversal of this non-orientable loop—similar to a
Mobius strip.

e Only after two full traversals (720°) does the orientation of the spinor return to its original
configuration.

6.2 Mathematical Hint via Complex Phase Mapping

Let’s take a simplified form of a spinor evolving over complex time:



o ()

() = e gin (g)

Now let:
¢(t) = wt w = angular frequency

Then the state evolves as:

(9)

cos (5

e@sin (g)
2

This state returns to itself up to a sign when wt = 2m, and only returns exactly when wt = 4. This is a

() =

key signature of spin-% rotation.
We reinterpret this as:

e The phase ¢(t) = wt is evolving not just in physical time, but along a curved imaginary
manifold, where a single loop causes a sign flip—as in a Mobius band.

e This path's non-orientability accounts for the required double traversal (720°).

6.3 Topological Insight: Spinors as Sections over a Twisted Fiber Bundle

In differential geometry, spinors are often treated as sections over a spin bundle, which is a double cover
of the tangent bundle. This has an analogy in our model:

¢ Imagine each Bloch manifold as a complex fiber attached to spacetime.
e The spinor traverses this bundle along complex time.
e Atwisted connection (like in a Mobius band) requires two full traversals for closure.

This gives a physical image to the formal SU(2) double cover.

7. Implications and Future Work
This model proposes a new language of geometry for quantum systems. Potential implications include:
¢ Quantum simulations using deforming Bloch manifolds.

¢ New metrics for entanglement visualizations.



e Linking spin, curvature, and information theory in one framework.
e Explaining decoherence as flattening or disconnection of overlapping manifolds.

e Potential compatibility with your holographic address space concept [3].

8. Conclusion

We have proposed a novel reinterpretation of the Bloch sphere using complex spacetime geometry.
Qubits are no longer static points on a unit sphere but evolving structures—manifolds—deforming in
response to imaginary time curvature. Multi-qubit entanglement becomes geometric intersection. Spin
behavior becomes spacetime topology.

This geometric perspective provides new intuition and could help bridge the gap between quantum
mechanics and general relativity through the language of complex geometry.

References

[1] Bhushan Poojary, Origin of Heisenberg's Uncertainty Principle

[2] Bhushan Poojary, Emergent Universe from Many Unreal World Interpretation

[3] Bhushan Poojary, Holographic Address Space: A Framework for Unifying Quantum Mechanics and
General Relativity

[4] Michael A. Nielsen and Isaac L. Chuang, Quantum Computation and Quantum Information,
Cambridge University Press, 2000.

[5] Roger Penrose, The Road to Reality, Jonathan Cape, 2004.



