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Why is quantum reference frame important?

=X : <https://chat.openai.com/>

Chat GPT gives us a nice answer. A_A

1.

A quantum reference frame is important because it provides a consistent way to describe and measure
quantum states and phenomena. In classical physics, a reference frame is a coordinate system that is used to
describe the position and motion of objects.

In quantum physics, however, the concept of a reference frame is more complex because it involves the
interaction between the observer and the observed system.

2.

In quantum mechanics, the measurement process is essential for understanding the properties of quantum systems.
The outcome of a measurement is dependent on the reference frame from which it is observed.
This means that different observers may obtain different results when measuring the same quantum system.

3.
A quantum reference frame provides a way to reconcile these different results by establishing a common set of
coordinates that all observers can agree on.

It allows for the consistent measurement of quantum states and phenomena, which is essential for the
development of quantum technologies such as quantum computing and quantum cryptography.

4.

Moreover, a quantum reference frame is also important for the study of foundational issues in quantum
mechanics such as the measurement problem and the nature of entanglement.

It provides a framework for exploring these fundamental questions and developing new insights into the
nature of the quantum world.
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In a A’s state is well localised from the point of view of C.
In A’s reference frame, B has the same state as seen from C,
but translated, and C is well-localised.

£ QRF

Some examples of transformed states according to the map in
Eq. (2) are given in Fig. 3. In particular, we see in Fig. 3a that
when the new reference frame A is very sharp in position basis
and the initial state in C’s reference frame is [y)ap = |Xo)a|¥)ns
from A’s point of view the state of B is translated by x,, and the
state of C is also sharp. The state in the new reference frame
would then be |y)ye = [ddyy(dy + 3)|ds)pl — %)c. This cor-
responds to the translation of a classical reference frame by an
amount X, since transformation S, applied to the well-localised
state of A takes the form of the standard translation operator
S, 1%} 4 = Pace™?|xy) .. (Up to the parity-swap operator that
specifies the relative position of the two reference frames, which is
usually ignored in the standard framework.)

This case corresponds to the translation of a classical reference frame.
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Inb A and B are in a product state,

In Fig. 3b we illustrate the case in which the state of A is a

superposition of two sharp states, i.e. |§), = j-i(lx,)h+|x2)“).
In general, if C describes the joint state of A and B as a
product state |p)a|y)p, the state in the reference frame of A
is entangled and is obtained as the convolution product of
the two, S.|¢),l¥)s = [daydacd(—a9c)¥(as — 9c)lap)sldac)c-
Analogously, if the states of A and B are entangled in the initial
reference frame, this property might not hold after changing to
the reference frame of A. Examples of this situation are given

and A is in a superposition of two sharp-position states that do not overlap.

From A’s point of view,
B and C are entangled,
but the relative distance between the states is unchanged.
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In ¢ A and B are entangled and perfectly correlated,
i.e. the relative distance between them is always L.
In A’s reference frame B is in a well-defined position
and C is in a superposition of positions.

in Fig. 3¢, d. In particular, in Fig. 3c we consider an
entangled state of A and B in position basis, where there is a
perfect  correlation  between A and B, ie
¥)as = 715(|x]),\|x1 + L)y + |x)a|x; + L)g). From the point of
view of A, the state of B and C is in a product state. In particular,
B appears localised at the position gy = L, while the state of C is
in the superposition state 715(|_-"1)c +|=x,)¢). Similarly, if A
and B are entangled in the EPR state |y),, = [dx|x),|x + X); as
in Fig. 3d, A sees B localised at position g = X, while C is spread
over the whole space.
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a superposition of positions. Finally, ind A and B are entangled in an EPR
state from C’s point of view, i.e. |y) 5 = [dx|x), |x + X),. Changing to A, B
appears in a fixed position, while C is spread over the whole space
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Before leaving CQUeST in February 2020, | had been working with
Prof. Chaiho Rim on the mirror symmetry of the moduli space of
Calabi-Yau manifolds (specifically with boundaries).

Unfortunately, | left CQUeST without completing this research and
promised Prof. Chaiho Rim that | would complete this unfinished work
as soon as | had time.

Sadly, he is no longer with us.

Nevertheless, | hope to finish this incomplete study sooner or later,
in memory of him.
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