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Towards a measurement theory in QFT: 

“Impossible” quantum measurements 
are possible but not ideal
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From impossible measurements to
the Elegant Joint Measurement
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arXiv:gr-qc/9302018

note: this paper contains
no figure.

communications

measurement
(non-selective)

action

read the action
(signalling)

• Clearly, it is not the communications that should be questioned, 
but the measurement.

• The measurement covers some space-like region, ifnot no impossible 
measurement. Hence, impossible measurements are measurements of 
NL (non-local) variables.
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arXiv:gr-qc/9302018

note: this paper contains
no figure.

measurement
(non-selective)
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Measurements of NL variables
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NLM
Alice Bob

NLM are defined
by a basis

example: twisted basis:

Assume initial state |0,0  and standard projective measurement
 outcome |0,0  with probability 1.

Action: Alice flips her qubit before the measurement
 outcome |1,+ & |1,-  each with prob. 1/2

Bob’s local state depends on Alice’s action  signalling !

The essence of impossible measurements: 
they are impossible (in relativity) because they signal (are acausal).

Of course, one could bring the 2 qubits together. But the name of the game 
is to keep them at a distance and see whether the measurement is localizable,
i.e. all the quantum parts can be done locally at Alice and Bob.

also impossible in non-relativistic QM
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BSM

5

BSM

ancilla, resource
BSM BSM

The outcomes are s.t. the number of  is even
and the number of + is also even. 
 recovers the Born rule, 

is not signalling,
is localizable (all quantum part is done locally),
but is not ideal (not immediately reproducible, not projective)

ba

outcome

classical communications
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Ideal BSM

6

BSM
BSM BSM ba

Now, the BSM is localized and ideal (up to some swaps).

Theorem: (Popescu-Vaidman)

The BSM is the only joint NL measurement of 
2 qubits that can be measured ideally without signalling.

Note: the BSM is not a typical measurement, but is exceptional.

Theorem: (Popescu-Vaidman) 

All localizable ideal measurements must erase all local 
information.
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Ideal GHZ Measurement

7

BSM BSM BSM

Theorem: All GHZM can be localized and measured ideally 
without signalling.

Theorem: all localizable ideal measurements must erase all
local information.

What about ?
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BA

(Resource)

O

(Resource)

(Resource)

b

...

a

Localizable Measurements
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Back to twisted basis:

9

It can’t be measured ideally. But is it localizable?

BSM b

Alice measures her 1st qubit in the Z-basis.
If a=0, then she measures her 2nd qubit in the Z-basis.
If a=1, then she measures her 2nd qubit in the X-basis.

The outcome is a function of b and Alice’s 2 classical bits.
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/4-twisted basis:

10

BSM b
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/4-twisted basis:

11

BSM b
UBSM



G
A

P
, 

G
en

ev
a
 U

n
iv

.
&

C
o
n

st
ru

ct
o
r 

U
n

iv
e
rs

it
y

/8-twisted basis:
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BSM b
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/8-twisted basis:

13

BSM b
UBSM

b=1,3  rotate &
teleport back

BSM

etc. one gets the idea that for all
rational multiple of -twisted
bases it works with sufficiently many
ebits. And for irrationals, one gets
arbitrarily close.
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Main Theorem
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Theorem: All measurements, any dimension, any nb of parties,
are localizable. (Groisman-Reznik, Vaidman)

In a nutshell: “impossible” measurements are localizable,
hence possible, but can’t be ideal.
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Measurements as channels

15

Measurement channels implicitly assume post-measurements 
states. For example:

assumes that post-measurement states are given by the
projection postulate.
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Terminologies

16

QFT impossible ???

Aharonov gang Contradict 
causality

Instantaneous 
verification

Gottesman-
Preskil et al.

a-causal localizable

Our suggestion Signalling localizable

QFT has no term for localizable / not ideal.
QFT has no measurement theory. 

(though see C. J. Fewster, R. Verch, L. Borsten)

Seemingly, these different communities do not communicate.

arXiv:2311.13644 Quantum 8, 1267 (2014)
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Localizable NLM with 1 ebit
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M-1 BSM b

= permutation + phases of 00,01,10,11

The only measurements localizable with 1 e-bit, but not
with 0 e-bits are the
1. twisted basis measurement, and the
2. Bell State Measurement.

Theorem
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Localizable NLM with 1 ebit
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M-1 BSM b

There are 24 permutations, but only 10 that are self-adjoint
and have 1 as eigenvalues.
So, we  look for representations of SU(2) among  these 10
permutations.

The  equation has a “unique” solution:

for all b
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Localizable NLM with 1 ebit
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M-1 BSM b

Linear equation, “easy” to solve.
Uniqueness of solution guaranties that the solution is
unitary.

The only measurements localizable with 1 e-bit, but not
with 0 e-bits are the
1. twisted basis measurement, and the
2. Bell State Measurement.

Theorem
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Localizable NLM with 3 ebit
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= permutation+phases of 00,01,10,11

BSMM-1

BSM

BSM
b

a1

a2
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Localizable NLM with 3 ebit

21

= permutation+phases of 00,01,10,11

 M = product measurement
M = twisted basis meas.
M = BSM
M = EJM (Elegant Joint Measurement)

and numerically “almost” nothing else.  Can this be proven ?

BSMM-1

BSM

BSM
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The Elegant Joint Measurement (EJM)

m1

m4

m2
m3

Look for 4 partially entangled and

mutually orthogonal states

with same degrees of entanglement

and with partial states along the 

vertices of the tetrahedron.
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& c0,c1 are real
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The Elegant Distribution

EJM EJM 

a = 1,2,3,4
c = 1,2,3,4

-

EJM

b=1,2,3,4

-

-

 p(a,b,c) =

acbaif

cbabcacbaif

cbaif



===

==

256
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,,
256

1

256

25

Challenge 4:

prove that the elegant

distribution is local /

non-local.

NG, Entropy, «25 years of Q teleportation», 21,325 (2019)
23
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Outlook

24

1. Higher dimensions? In particular EJM for qutrits.
2. More parties? In particular EJM for 3 qubits.
3. More e-bits: what classification of joint measurements 

does this approach provide?
4. Only perfectly overlapping systems can be jointly 

measured in an ideal (reproducible) way. What about
partially overlapping systems? What is the best post-
measured state (least disturbed) for given overlap?
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Model for partially overlapping qubits

25

A0 A1 B1 B0

Alice controls A0 & A1, Bob B0 & B1

Overlap at A1-B1

Logical qubits: 

 The twister basis can be measured ideally iff c=0,
ie only if perfect overlap.

Alice Bob

c=0  perfect overlap c=1  fully distant
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Outlook
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1. Higher dimensions? In particular EJM for qutrits.
2. More parties? In particular EJM for 3 qubits.
3. More e-bits: what classification of joint measurements 

does this approach provide?
4. Only perfectly overlapping systems can be jointly 

measured in an ideal (reproducible) way. What about
partially overlapping systems? What is the best post-
measured state (least disturbed) for given overlap?

5. Implications of the impossibility of ideal measurements
for foundations of quantum theory.
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Implications for foundations ?

27



G
A

P
, 

G
en

ev
a
 U

n
iv

.
&

C
o
n

st
ru

ct
o
r 

U
n

iv
e
rs

it
y

Implications for foundations ?
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In the Jauch-Piron property-lattice approach to quantum physics
(long before GPT) one considers lattices with certain natural
axioms and then uses Piron’s theorem to prove that the lattice
is isomorphic to the closed subspaces of a linear space with 
superselection rules (that play the role of classical variables).

In my 1986 paper I proved that the lattice is atomic (has pure states).
Today’s results prove that it is also ortho-modular (each property has
an orthogonal one). But it does not satisfy the covering law (projection 
of a pure state is not necessarily a pure state).

It is the covering law that bring in linearity:
Possibly, it is wrong to assume linearity for QFT ?!?!
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Conclusion
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“Impossible” measurements are localizable, 
hence possible but not ideal (not immediately reproducible).

The projection postulate does not always provide a good – not 
even a possible – description of quantum measurements.

The Bell state measurement is not a typical Q measurement.

Joint Q measurements could be ordered by the number of
e-bits necessary to measure them non-locally (necessary to
localize them).

The Elegant Joint Measurement is the simplest “typical”
joint measurement with entangled eigenstates.

Coarse-grained measurements (eg partial BSM) can be 
obtained by merely adding the probabilities.

arXiv:2311.13644 Quantum 8, 1267 (2024)  &  arXiv:2307:06998 PR Research



G
A

P
, 

G
en

ev
a
 U

n
iv

.
&

C
o
n

st
ru

ct
o
r 

U
n

iv
e
rs

it
y

30

▪ Physics is all about extracting information about

How Nature Does it

▪ Extracting information = performing measurements.

▪ A physics theory must tell what is measurable and how 

– in principle – one should perform measurements.

▪ Hence the Quantum Measurement Problem is a serious 

physics problem:

Without a resolution, Q theory is not physics.

▪ A resolution will lead to new physics.

arXiv:1602.01497 & 1701.08300

Importance of Measurements


