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ABSTRACT

The measurement problem is one that has been explored in many ways since it is one of the things
that makes quantum mechanics what it is. Over the past century there have been multiple interpre-
tations each which try to address measurement in different ways and justifications. In this report we
explore these different interpretations and also look into some of the many experiments which were
posed to offer a situation where different interpretations will give differing results and so one can
verify which interpretation is more correct than the other. We however reached the conclusion that
at the moment there is no solid results which can argue the absolute correctness or incorrectness of
any interpretation we studied.

1 EPR experiment and Bell inequalities

So we started off with the famous EPR experiment. To boil down the details of this experiment we start off with a
state describing two entangled particles. We label the state as Ψ(x1, x2) =

∑∞
n=1 ψn(x2)un(x1) here we merely
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regard ψn(x2) as coefficients for Ψ when expanded in the un(x2) basis for some operator A for which those are the
eigenvectors. However if we pick a different operator B which has we can get a different expansion with respect to
it’s eigenvalues which lets suppose to be vs(x1) so we get Ψ(x1, x2) =

∑∞
s=1 φs(x2)vs(x1). Now the real meat is

when we take A and B to be non commutative. The example in this paper is taking P = (h/2πι)∂/∂x2 and Q = x2
which do not commute so in the case where we choose either of these measurements, we affect the other particle in a
way where we can change it’s state just by our choice hence this goes against local realism and is the spooky action at
distance.
While there have been multiple responses to this, the most important one is the one discussed in Bell’s paper [2].
First we will start by considering the EPR argument using spin particles. Consider a pair of spin one-half particles
formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say
by Stern-Gerlach magnets, on selected components of the spins ~σ1 and ~σ2, If measurement of the component ~σ1 · a,
where a is some unit vector, yields the value +1 then, according to quantum mechanics, measurement of ~σ2 · a must
yield the value -1 and vice versa. We now define some set of parameters λ which is taken as continuous which give us
a complete description of the state. The result A of measuring ~σ1 · a is then determined by a and λ, and the result B
of measuring ~σ2 · b in the same instance is determined by b and λ.

A(~a, λ) = ±1, B(~b, λ) = ±1 (1)

We now take ρ(λ) as the probability distribution of λ and we will now try to find the expectation value of of the product
of the two components ~σ1 · a and ~σ2 · b.

P (~a~b) =

∫
dλρλA(~a, λ)B(~b, λ) (2)

The quantum mechanical expectation value of this is the following

〈 ~σ1 · a ~σ2 · b〉 = −~a ·~b (3)

However it turns out that eq: 2 doesn’t give us the same result as 3. So first off we know that we have a normalized
distribution. ∫

dλρ(λ) = 1 (4)

if we take ~a = ~b the P in eq: 2 can reach -1.

A(~a, λ) = −B(~a, λ) (5)

Knowing this we can rewrite eq: 2 into the following

P (~a~b) = −
∫
dλρλA(~a, λ)A(~b, λ) (6)

P (~a,~b)− P (~a,~c) =

∫
dλρλA(~a, λ)A(~b, λ)[A(~b, λ)A(~c, λ)− 1] (7)

from eq: 1 we can write this

|P (~a,~b)− P (~a,~c)| ≤
∫
dλρλA(~a, λ)A(~b, λ)[A(~b, λ)A(~c, λ)− 1] (8)

The second term on the right is just P (~b,~c) so we get

1 + P (~b,~c) ≥ |P (~a,~b)− P (~a,~c)| (9)

Now we define a P (~a,~b) and a−~a ·~b which essentially are the averages over vectors differing from a small angle from
~a and~b of the quantities under the bar. Let’s suppose the following holds for some ε

|P (~a,~b) + ~a ·~b| ≤ ε (10)

We cannot make ε arbitrarily small and this can be proved by using normal algebra (refer the paper) and the inequality
in eq: 9 since we can see that unless we take P to be a constant function we can see that the P (~b,~c) function will not
be stationary at the minima of~b = ~c since for small |~b− ~c| the order of rhs in eq: 10 would be of |~b− ~c|.
So these inequalities do not hold implying that some assumptions that we have taken happen to not work together and
that happen to be local determinism and hidden variables. So any hidden variable theory by nature itself is non local.
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2 Interpretations of Quantum Mechanics

2.1 Bohmian Mechanics

This is one of the most important and popular hidden variable theory of quantum mechanics [3][4]. This happens to be
a non local theory which is deterministic in nature. So we essentially look at the wavefunction in a different manner
in this interpretation as we take our

ψ = R exp(ιS/~) (11)
and we define a new quantum mechanical potential

U(x) =
−~2

2m

∇2R

R
(12)

and also we get the velocity as v = ∇S/m. Now here’s where things get interesting. This is not the actual ”velocity”
of the particle in question here even though the original paper kinda calls it that. The actual velocity would be obtained
from a combination of this and the quantum mechanical potential converted to a kinetic energy. A thing to note is that
when you have a classical system your quantum mechanical potential’s contribution would in fact be close to zero
because this would mean lim ~→ 0 so this is why the Bohmian wave equation actually turns to the classical hamilton
jacobi equation at the classical limit and v = ∇S/m makes sense.
Also the equations for probability (refer eq. 5 in paper 1) actually are similar to that of a modelung flow and its pretty
interesting how we can see that the particle is sort of being flown or guided by something and there were experiments
which were done using droplets guided by a Faraday instability on the liquid surface however these actually have a
source term in their wave term which is not used in Bohmian mechanics and it can be seen that they have a breaking
point in a modified Schrödinger equation. This was explored in ()
The potential U(x) actually provides a lot of explanations like if the wave function vanishes then this potential ap-
proaches infinity and so it’s quite obvious why we wont find the particle there and it balances out energy at points
where if particle were to be found would imply a negative kinetic energy and so explains tunneling phenomenon. This
also gives this interpretation non locality since a change in ψ would change this potential and can affect things that
are much further like in the case of EPR experiment. Also it explains the double slit experiment by saying that the
pilot wave would interfere and since they also have effect on the particle its only on measurement that things would
change(see fig: 1).
This interpretation also uses hidden variables which actually do not contribute much in the understanding since it treats
any measurable as a hidden variable beforhand. The collapse is explained by apparatus and object interaction citing
the example of Von neumann where a rapidly acting Hamiltonian causes the states to decohere and the particle would
end up in the space of one of these states depending on the initial position which remains hidden. We cannot observe
this since it happens far to rapidly and the equations have been demonstrated to describe chaotic motions which is
what causes the collapse. In the second paper Bohm also demonstrates the formulation of photoelectric and compton
effect using his interpretation and they seem to be successfully explained using this interpretation.
All in all while providing a fairly solid interpretation, it has been critiqued [12] for its inelegant mathematical formu-

lation (take a look at Appendix A of paper 2 and you will see why) and also it doesn’t really offer a method of actually
making use of the ”hidden variables” at play here and also it can be taken as just a different mathematical formula-
tion of the same theory. Another criticism it has received is that it is pretty much equivalent to the Everettian Many
worlds interpretation with the only difference being that the latter doesn’t use hidden variables and leaves the idea to
randomness. While on close examination these theories are actually quite different, they do use the same decoherence
principles.

2.2 The many worlds interpretation

This is one of the more popular interpretations of quantum mechanics currently and is possibly the most clean one for
explanation of quantum phenomena (see [15]). So essentially according to this interpretation, the whole of quantum
mechanics follows only the deterministic evolution which is described by the Schrödinger evolution and in the act of
measurement all the results would actually be obtained and will exist simultaneously but would be in different worlds
causing us to only experience one of the results. This splitting of worlds on measurement is explained using the Von
neumann process of the very large Hamiltonian interaction of the measurement apparatus. This splitting is essentially
a decoherence and its noted that it takes an actual non zero amount of time.
The original paper uses the terminology of a ”relative quantum state” where a state is essentially defined relative to
a basis in a certain Hilbert space. Essentially equivalent to how we just simply write the state of two systems by
their multiplication. The relative state formulation is pretty much the same as how we take a partial trace for density
matrices. The interesting approach of this paper is that it treats measurement as a splitting of worlds due to decoherence
of the interaction of apparatus to observed system. The branching mechanism actually arises due to the way the wave
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Figure 1: Possible Bohmian double slit trajectories

equation is now represented.
So we start off by having a wave function ψ and a memory register. Our wave function defines a system of multiple
particles and as we measure each state, the relative state for that basis is where the change occurs and we then randomly
arrive on one of the eigen states. Thing is by this formulation, the actual ψ doesn’t change but rather the memory
register does since we are simply expanding our wave function in each measurement basis. So in short, the observer
can only see one of the results but the rest of them do exist but are outside our memory register. A clean idea but a
rather strong one at that.
One of the easiest problems here to point out is that why does it have to expand in that very basis? The choice of
basis would easily define the whole observed wave function so why is this basis special. One way to see this is
that simply put, its the result of an observation and the eigen functions which define that basis are the wave packets
after the decoherence but this still doesn’t convince everyone. The next thing this interpretation tackles is the born
probability rule. It does so by assuming that this function would have to follow certain rules like a modulo 1 rule and
multiplication for independent systems and that way the only possibility of the probabilities of an observation come
from the weight of that eigen function since its proven to be the only possible function.
This again is an actively debated topic since many people are not convinced that this would actually be the probability
and it actually is a fair doubt since what would probability mean over here exactly? Given that all the states are present
their probabilities is a pretty meaningless thing to discuss but this probability states the statistical chance that your
memory has that value. In 1999 Deutsch argued that these probabilities must be assigned as the branch weights and
that actually makes more sense. Then again the whole concept of observation and memories actually lead to plenty of
discussion but by far this is the one formulation which involves the least rigor and is preferred for explanation of most
cosmological phenomena cause a relativistic variant of this can be developed.

2.3 QBism

This interpretation is a very nascent one and in our discussions we have not explored this one all too well. This
interpretation actually has a lot of philosophy in it and I honestly found the original paper [9] to be quite thought
provoking. To put simply this interpretation treats the wave function to be just a meaningless quantity. The observation
of a system simply updates the wave function based on the statistical prediction one obtains from it which makes
collapse seem to be an obvious route. The probabilities used are bayesian probabilities and also the projection operators
|ψ〉 defined for some d dimensional Hilbert space are defined by this relation

| 〈ψi| |ψj〉|2 =
1

d+ 1
for i 6= j (13)

These are called the “symmetric informationally complete positive-operator valued measure,” or SIC. Now there does
happen to be a very properly explained method for why this makes sense but the math was far beyond my level of
understanding so I cant say I understood this theory in complete sense.
However on boiling down, this theory explains all phenomena in a very obvious sense but does leave a lot of questions.

4
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In the paper the author addresses how this interpretation can be easily mistaken as solipsism and goes on to explain
how it is quite different from this but all in all this is an interpretation which cannot be proven wrong, but cannot be
proven right either and so we decided that exploring this further may not be of much use to us.

2.4 Objective Collapse theories

There are multiple objective collapse theories and we will describe GRW and CSL [10], [11].
We will start by describing the GRW Model. To summarise the whole idea of the GRW model is that every component
of our state is subject to spontaneous localization which is multiplication by this Gaussian in eq: 14

G(qi, x) = K exp[−{1/(2d2)}(qi − x)2] (14)

And the localization occurs over the overall state as shown in 15

Li(q1, q2, . . . , qN ;x) = F (q1, q2, . . . , qN )G(qi, x) (15)

Now how does this localization occur? It follows a probability distibution which resembles that of a poisson distribu-
tion with some frequency λ. We will be taking this λ and the d in eq: 14 as universal constants. With experimental
analysis we have obtained limits on these constants and in GRW the proposed values are

λ = 10−16s−1 and d = 10−7m (16)

From here it is clear that in a single particle system, if left unmeasured it would collapse after a time which is longer
than the life of the universe. Now an important factor of this theory is that this frequency scales up with the size of
the system so in the case we have a mole of something, we have collapses occurring every 10−7 seconds and that
makes sense since that would be in the classical realm and of course measurement by itself is just a disturbance so that
affects quantum systems by noticeable manners only. Now you may have noticed a big drawback of this theory being
that it cannot account for symmetries and anti symmetries which are present in actual quantum systems and more
importantly energy isn’t conserved in this. Large scale systems will have their energy conserved on averaging out
but given that an undisturbed state can collapse even if its after a time longer than the life of the universe is something
to note but given that all quantum theories face such issues as it is we can ignore this.

Now in the CSL model the Schrödinger equation is supplemented with a nonlinear and stochastic diffusion
process driven by a suitably chosen universal noise coupled to the mass-density of the system, which counteracts the
quantum spread of the wave function. The equation for the density matrix is written in eq: 17 also called the Lindblad
equation.

ρ̇ = ι[ρ,H]− λ
∑
n

(KnKn
†ρ+ ρKnKn

† − 2KnρKn
†) (17)

The second term is what explains the process of collapse since this effectively collapses the off-diagonal elements of ρ
in K’s eigenstate representation. A clear thing to see here is that energy will not be conserved but this does offer quite
an elegant formulation for collapse. Infact if we use a noise term, we can write Schrödinger equation as described in
eq: 18

d |Ψ, t〉
dt

= −ι
∫
dx2λN(x, t)η(x, t) |Ψ, t〉 (18)

And here the η(x, t) which is the noise term follows this equation eq: 19

〈η(x, t)η(x
′
, t

′
)〉 =

1

4λ
e−(x−x

′
)2/4a2δ(t− t

′
) (19)

Which essentially signifies the Gaussian multiplication.

3 Experiments

Now there are multiple thought experiments which were made with the aim of finding a way to break quantum me-
chanics one of the earliest one can be thought to be EPR experiment but there were plenty of responses to that and
it made us realise that quantum mechanics happens to be non local. I will now list some more experiments which
explore interesting consequences of quantum mechanics.
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Figure 2: Illustration for the extended Wigner’s friend experiment

3.1 Wigner’s Friend Paradox

This essentially is set up like this. We have Wigner(W ) and his friend(F ). F is in a lab that is isolated from outside and
he has an electron which is in equal superposition of spin up |0〉s and spin down |1〉s states so it is (|0〉s + |1〉s)/

√
2.

Now F does a measurement over this electron. For W the state is now (|0〉s ⊗ |0〉F + |1〉s ⊗ |1〉F )/
√

2 since W
only knows that F has performed a measurement but doesn’t know the result. Now if after a long time he breaks into
the room and measures his friend he finds the result. Now obviously the result F got on his measurement and W ’s
result must match but then when did the actual collapse happen then? One of the most straightforward answer to this
is that collapse happened when F did their measurement and W was simply at a lack of information. In many worlds
interpretation since there is no collapse ever happening, W will measure any possibility but will simply be in the
world where F has the exact same measurement in their memory since the state has to be defined objectively instead
of subjectively. All in all this is a clearly solved problem.

3.2 Wigner’s Friend Paradox Extended

This is a thought experiment which claimed that it proved that quantum mechanics cannot consistently describe itself
however we will see ahead why the argument in this paper [7] happens to be flawed. You can see in fig: 2 the way this
experiment works. We have W and his friend F who is in an isolated lab L and we have W and his friend F who is
again in an isolated lab L. Do note that the fact that this lab is completely isolated is of great importance since this
would infer that if any result were to be obtained in this lab, until communicated the outside world will consider that
state to be in superposition. The steps of the experiment were described in the original paper as follows:

1. At time n00: F has a coin r which gives heads with probability 1/3 and tails with probability 2/3. If the
output is heads F sets the electron S in state |↓〉S and if the output is heads, S is set to |→〉S . This S is sent
to F

2. At time n10: F measures S in the {|↑〉S , |↓〉S} basis and records the outcome as z ∈ {− 1
2 ,

1
2}.

3. At time n20: W measures L for being in state |ok〉 = (|hRhF 〉 − |tRtF 〉)/
√

2 and if it is in this state, he
declares w = ok or he will declare w = fail.

4. At time n30: W measures L for being in state |ok〉 = (|↓S↓F 〉 − |↑S↑F 〉)/
√

2 and if it is then he declares
w = ok else he declares w = fail.

5. At time n40: If w = ok and w = ok the experiment halts otherwise it will reset.

Now a few points to be made about this, because of the fact that in the first step thereis communication from a lab that
is isolated from outside, this causes certain effects that make quantum mechanics contradict itself as per the original
paper.
Let us take this sequence of events, We get r to be tails and following this it turns out that z = 1

2 , in this situation we
can see that F can conclude that r = tails. Now when F got tails he concludes that W will get w = fail because the
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second lab has received the state |→〉S so it will definitely give w = fail.
Now lets look into another sequence of events. Say that W gets the result w = ok, then he con-
cludes that z = 1

2 from the fact that at this time we can write the state of the two labs as |ψ〉L⊗L =√
2

3
|fail〉 |↓S↓F 〉+

√
1

6
|fail〉 |↑S↑F 〉 −

√
1

6
|ok〉 |↑S↑F 〉.

Another statement can be made by W when he measures w = ok that there will be a round where even w = ok and
this comes from representing the final state |ψ〉L⊗L in terms of the ok, fail and ok, fail and the case of both being
ok has probability of 1/12.
Now let’s suppose that w = ok and also w = ok too then this will imply that z = 1

2 which then implies that r = tails
which would actually imply that w = fail and that’s a contradiction.

Now this has had a huge number of responses and it has been fairly accepted that this argument is flawed. So
essentially the original paper takes three assumptions and they can be simplified as assuming quantum theory is cor-
rect, there is consistency in all predictions and measurement can only give single outcomes. Different interpretations
actually drop one of these assumptions in their theory as per the paper but on some discussion it seems that this may
not actually be the case.
One of the first inconsistencies we can spot is that in the situation where a z = − 1

2 this actually makes the state
of the coin appear to be as (|heads〉 + |tails〉)/

√
2 from outside of L and if consistency has to be followed

absolutely, this would imply that the state of the coin changes and would actually change all the calculations involved
since it assumes the coin state to be fixed. Now one may argue that this result doesn’t make sense since we have
a macrorealism issue then and this state cannot be assumed since this is like the original Wigner’s friend where
there is a lack of knowledge but if that was the case then the fact that this is an isolated lab also adds more issues into it.

3.3 Experimental tests for MWI and Bohmian mechanics

An experiment for MWI was proposed in [13] and essentially offers a method to test whether the many worlds inter-
pretation is actually correct by sort of creating a communication between two ”worlds” while they are in the process
of splitting.
The experiment it poses is as follows, we have some two level equal superposition state of say up and down spin
with us which we then proceed to measure, and while this result is obtained we will excite the state of some other
system S′ if we measure up and wont excite if we measure down. The crux of the argument is that in the many worlds
interpretation, this situation will lead into the world with down actually having a possible excited state in S′ because
of incomplete decoherence which occurs between the worlds if this process is carried out fast enough since we can
only consider the system of our superposition to be decohered after the whole thing is done. This argument is actually
flawed because as per many worlds, this excitation will occur in a seperate world hence eliminating any possibility of
a possible ”communication” between these ”worlds”.
An interesting experiment was done in [5] where a special double slit experiment was carried out. As per the paper
they had set up an apparatus which they use bosons (in this case photons) in a way that two identical bosons are
sent at the same time to the two different slits using an optical condenser and as per their references, this situation
in Bohmian mechanics would result in a definite case of no coincidences being measured on the final screen which
would otherwise be observed in standard quantum mechanics. In our discussion, we argued that if we can actually
guarantee that photons are being passed individually to both the slits, that is not short of an act of measurement and
so this experiment would not actually be able to distinguish between these two interpretations. Of course this paper
is still up to debate but the whole idea still remains slightly unclear so we cannot take this as a solid proof against
Bohmian mechanics.
Another experiment proposed in [14] claimed a method to differentiate between standard quantum mechanics and
Bohmian mechanics using a special construction of a 3d infinite potential well however despite actually offering a
proper setup, it based it’s premise over a fallacy that momentum in Bohmian mechanics is actually ∇S whereas this
is not the actual momentum and that is also addressed in the original paper.
All in all we could not find any reputable paper which could actually give a breaking point for MWI or Bohmian
mechanics. This doesn’t imply that such an experiment is impossible but it surely would be hard to come by.

3.4 Experiments for CSL parameters

The parameters for the objective collapse model are one of quite some debate over time. In the original GRW paper
the parameters were set by a vague intuition with no actual experimental evidence directly backing it up. The CSL
paper similarly set it’s bounds fairly vaguely however the λ bound has limits which have been verified experimentally
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however the parameter for d from eq: 16 is something which we could not find the exact origin of other than a vague
intuition that it is in the scale of an atom.
All the multiple experiments and plans for experiments which can test these limits were summarised very well in [1].
Note that we will refer to the distance parameter d from eq: 16 as rc in this section.
In the original GRW paper, the parameters proposed were λ = 10−16s−1 and rc = 10−7m however Adler proposed
that λ = 10−8±2s−1 and rc was the same. Using matter wave interferometry the upper bound for λ is obtained as
10−5s−1. The experiment can be boiled down to observing a double slit experiment with macromolecules with the
idea of finding the quantum to classical limit. As per eq: 17 we have the density matrix evolution as follows

ρt(x, y) = ρ0(x, y)e−λN(x−y)2t/2 (20)

This just tells us that to measure a collapse we need our states to be highly spatially separated or have a highN (number
of clusters). Now we can represent a decay function ΓCSL(x, y) such that we can write eq: 17 as the following.

d

dt
ρt(x, y) = − ι

~
[H, ρt(x, y)]− ΓCSL(x, y)ρt(x, y) (21)

We take ΓCSL(x, y) = λ[1 − e−x2/4r2c ]. This scales according to the number of nuclei involved so if it is n nuclei
and we have N clusters the scaling is n2N . This experiment was setup to take N = 1 since all the particle clusters
were far and for the performed experiment fullerene atoms and we take macro molecule size to be about 1nm so it is
lower than the scale of rc. We will have x >> rc so our damping factor essentially becomes ΓCSL ≈ n2λ and since
no interferometry based experiment has detected spontaneous collapse the damping factor exp(−ΓCSLt) must be very
small so we get the limit on λ as

λ ≤ 1/(n2t) (22)

Here we take t to be duration of experiment since it is the time of decoherence. This is the basis of most experiments for
getting the limit on λ. In the paper there is a description given for setup for different interferometers, the TLI (Talbot
Lau Interferometer) which has three gratings, the KDTLI (Kapitza Dirac Talbot Lau Interferometer) which replaces
the middle grating from the previous one to a laser which makes an optical potential for diffracting the particles. The
OTIMA (Optical Time-Domain Ionizing Matter Interferometer) replaces all the three with these lasers. The gratings
have a mechanism by which a small de broglie wavelength particle can still have it’s wave nature observed and is
discussed in depth in [1]. There are also experiments using Optical Cantilevers which give an upper bound over λ as
10−8s−1.
Spontaneous X ray emission from Germanium offers the strongest experimental bound known over the parameter λ as
10−11s−1 and was done so from the IGEX data of that experiment. In [8] the author discusses theoretical prediction
from CSL using the known parameters and compares them with the actual experimental predictions of the IGEX
experiment with the assumption that the four outermost electrons of Ge can be taken as free electrons and ignoring
any relativistic effects. The data matches in certain points however falls off pretty quickly and still leaves points like
whether λ is even universal up to debate since they must also be scaled for electrons and protons. This was further
discussed in [6] where if mass dependence were ignored we would actually have λ ≤ 1.4 × 10−17 however it must
be noted that these emissions are argued as a result of CSL’s non conservation of energy and are better explained by
various other theories so this is all up for debate.

4 Conclusion

Over the course of this project we have read quite a lot of papers which all stem from the measurement problem of
quantum mechanics. While many dismiss the problem since standard quantum mechanics gets the job done over the
past 100 years there was always the debate for what really was quantum mechanics. It is kind of amusing to see that
one can never really even tell if quantum mechanics is actually random or not since in theory we can never really
tell if anything even is random and we often consider anything that’s noisy enough to feel ”random” and this really
makes you rethink how often we even use this term in our daily linguistic exchanges. For every theory which has been
proposed there always seems to be as much going for it as much as there is against it. Interestingly CSL theory is the
one theory which has experimental differences from the standard quantum theory however the clean idea of Bohmian
mechanics has actually held up way better than it was expected to given that there is no solid evidence against it yet.
Many worlds is an interpretation which as commented by Deutsch was one which is quite romanticised by people
who aren’t actually exploring this topic of physics much. QBism is a very interesting interpretation which despite
being quite nascent has actually garnered quite a lot of attention and may soon be realized into a possibly quite elegant
theory. Either way studying the multiple interpretations of quantum mechanics and seeing their responses does make
one see a lot of things in new light.

8



Measurement Theory in Quantum Mechanics

5 Acknowledgements

I would like to thank Prof. Amber Jain for guiding us in understanding these papers and helping us learn something
from a very interesting part of quantum mechanics. I would also like to thank the rest of the team for all our discussions
which were where I surely learnt a lot. I would also like to thank EmPower, IIT Bombay for arranging these summer
projects.

References

[1] Angelo Bassi et al. “Models of wave-function collapse, underlying theories, and experimental tests”. In: Reviews
of Modern Physics 85.2 (Apr. 2013), pp. 471–527. ISSN: 1539-0756. DOI: 10.1103/revmodphys.85.471.
URL: http://dx.doi.org/10.1103/RevModPhys.85.471.

[2] J. S. Bell. “On the Einstein Podolsky Rosen paradox”. In: Physics Physique Fizika 1 (3 Nov. 1964), pp. 195–
200. DOI: 10.1103/PhysicsPhysiqueFizika.1.195. URL: https://link.aps.org/doi/10.1103/
PhysicsPhysiqueFizika.1.195.

[3] David Bohm. “A Suggested Interpretation of the Quantum Theory in Terms of ”Hidden” Variables. I”. In: Phys.
Rev. 85 (2 Jan. 1952), pp. 166–179. DOI: 10.1103/PhysRev.85.166. URL: https://link.aps.org/doi/
10.1103/PhysRev.85.166.

[4] David Bohm. “A Suggested Interpretation of the Quantum Theory in Terms of ”Hidden” Variables. II”. In:
Phys. Rev. 85 (2 Jan. 1952), pp. 180–193. DOI: 10.1103/PhysRev.85.180. URL: https://link.aps.org/
doi/10.1103/PhysRev.85.180.

[5] G Brida et al. “Experimental realization of a first test of de Broglie Bohm theory”. In: Journal of Physics B:
Atomic, Molecular and Optical Physics 35.22 (Nov. 2002), pp. 4751–4756. ISSN: 0953-4075. DOI: 10.1088/
0953-4075/35/22/316. URL: http://dx.doi.org/10.1088/0953-4075/35/22/316.

[6] C. Curceanu et al. “Spontaneously Emitted X-rays: An Experimental Signature of the Dynamical Reduction
Models”. In: Foundations of Physics 46.3 (June 2015), pp. 263–268. ISSN: 1572-9516. DOI: 10.1007/s10701-
015-9923-4. URL: http://dx.doi.org/10.1007/s10701-015-9923-4.

[7] Daniela Frauchiger and Renato Renner. “Quantum theory cannot consistently describe the use of itself”. In:
Nature Communications 9.1 (Sept. 2018). ISSN: 2041-1723. DOI: 10.1038/s41467-018-05739-8. URL:
http://dx.doi.org/10.1038/s41467-018-05739-8.

[8] Qijia Fu. “Spontaneous radiation of free electrons in a nonrelativistic collapse model”. In: Phys. Rev. A 56 (3
Sept. 1997), pp. 1806–1811. DOI: 10.1103/PhysRevA.56.1806. URL: https://link.aps.org/doi/10.
1103/PhysRevA.56.1806.

[9] Christopher A. Fuchs. QBism, the Perimeter of Quantum Bayesianism. 2010. arXiv: 1003.5209 [quant-ph].
[10] G. C. Ghirardi, A. Rimini, and T. Weber. “Unified dynamics for microscopic and macroscopic systems”. In:

Phys. Rev. D 34 (2 July 1986), pp. 470–491. DOI: 10.1103/PhysRevD.34.470. URL: https://link.aps.
org/doi/10.1103/PhysRevD.34.470.

[11] Giancarlo Ghirardi and Angelo Bassi. “Collapse Theories”. In: The Stanford Encyclopedia of Philosophy. Ed.
by Edward N. Zalta. Summer 2020. Metaphysics Research Lab, Stanford University, 2020.

[12] Sheldon Goldstein. “Bohmian Mechanics”. In: The Stanford Encyclopedia of Philosophy. Ed. by Edward N.
Zalta. Summer 2017. Metaphysics Research Lab, Stanford University, 2017.

[13] R. Plaga. “On a possibility to find experimental evidence for the many-worlds interpretation of quantum
mechanics”. In: Foundations of Physics 27.4 (Apr. 1997), pp. 559–577. ISSN: 1572-9516. DOI: 10.1007/
bf02550677. URL: http://dx.doi.org/10.1007/BF02550677.

[14] Peter J. Riggs. A Proposed Experimental Test of Quantum Theory using the Techniques of Atom Optics. 2014.
arXiv: 1411.0464 [quant-ph].

[15] Lev Vaidman. “Many-Worlds Interpretation of Quantum Mechanics”. In: The Stanford Encyclopedia of Philos-
ophy. Ed. by Edward N. Zalta. Fall 2018. Metaphysics Research Lab, Stanford University, 2018.

9

https://doi.org/10.1103/revmodphys.85.471
http://dx.doi.org/10.1103/RevModPhys.85.471
https://doi.org/10.1103/PhysicsPhysiqueFizika.1.195
https://link.aps.org/doi/10.1103/PhysicsPhysiqueFizika.1.195
https://link.aps.org/doi/10.1103/PhysicsPhysiqueFizika.1.195
https://doi.org/10.1103/PhysRev.85.166
https://link.aps.org/doi/10.1103/PhysRev.85.166
https://link.aps.org/doi/10.1103/PhysRev.85.166
https://doi.org/10.1103/PhysRev.85.180
https://link.aps.org/doi/10.1103/PhysRev.85.180
https://link.aps.org/doi/10.1103/PhysRev.85.180
https://doi.org/10.1088/0953-4075/35/22/316
https://doi.org/10.1088/0953-4075/35/22/316
http://dx.doi.org/10.1088/0953-4075/35/22/316
https://doi.org/10.1007/s10701-015-9923-4
https://doi.org/10.1007/s10701-015-9923-4
http://dx.doi.org/10.1007/s10701-015-9923-4
https://doi.org/10.1038/s41467-018-05739-8
http://dx.doi.org/10.1038/s41467-018-05739-8
https://doi.org/10.1103/PhysRevA.56.1806
https://link.aps.org/doi/10.1103/PhysRevA.56.1806
https://link.aps.org/doi/10.1103/PhysRevA.56.1806
https://arxiv.org/abs/1003.5209
https://doi.org/10.1103/PhysRevD.34.470
https://link.aps.org/doi/10.1103/PhysRevD.34.470
https://link.aps.org/doi/10.1103/PhysRevD.34.470
https://doi.org/10.1007/bf02550677
https://doi.org/10.1007/bf02550677
http://dx.doi.org/10.1007/BF02550677
https://arxiv.org/abs/1411.0464

	EPR experiment and Bell inequalities
	Interpretations of Quantum Mechanics
	Bohmian Mechanics
	The many worlds interpretation
	QBism
	Objective Collapse theories

	Experiments
	Wigner's Friend Paradox
	Wigner's Friend Paradox Extended
	Experimental tests for MWI and Bohmian mechanics
	Experiments for CSL parameters

	Conclusion
	Acknowledgements

