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Comment on “Uniqueness of the Equation for Qquantum
State Vector Collapse”

A recent Letter [1] investigated Markovian stochastic
Schrodinger equations (SSEs) under the assumption of no-
faster-than-light signaling [2]. I found that Theorem 1,
claiming that the evolution of the density matrix p must
be completely positive (CP), is incorrect. Theorem 2
constructs the most general diffusive SSE for the wave
function v, which looks different from the simpler results
in Ref. [3]. I prove that the difference is redundant.

If Theorem 1 were true, no Markovian SSE would exist
for the non-CP qubit master equation [4]
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I consider the following SSE (cf. Ref. [5] for a jump
process):
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where n, = (y|o|y) and y | is orthogonal to y, and we
can express it by w; = (1 —n?)""%(n,6, — n,o,)y. The
SSE (2) yields the master equation (1) for p = E|y)(y|.
The proof goes like this. From Eq. (2) we get
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One can confirm the identity

ch

which when inserted into Eq. (3), leads to the linear master
equation (1). Hence, Theorem 1 cannot be correct. The
proof fails clearly if the number n of independent Lindblad
operators L, is bigger than the dimension d [6].

For CP master equations, the Letter’s Theorem 2 is
correct. The authors mention that Ref. [3] had answered the
same question, but the Letter does not compare the results. I
remedy the omission. An additional gauge transformatlon

y — exp(~idy)y with phase dy = ImY(y|L}" jy)
(f;:")dt + dW;) brings the Letter’s SSE (4) to the form
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where (L) = (y|Li|y). The matrix u has gone from the
drift part. The resulting SSE coincides exactly with
Eq. (8.1) in Ref. [3], implying the following relationship
between the noises of Ref. [3] and the Letter, respectively:
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In Ref. [3], all physically different SSEs are uniquely
parametrized by the n x n complex symmetric correlation
matrices s; = (Ed¢&;d&;)/dt (to avoid confusion, here we
use s for u of Eq. (4.1) in Ref. [3]). Now Eq. (6) establishes
the correspondence between the u and s,
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As T said, the matrix s;, only constrained by |s|],

cf. Eq. (4.3) in Ref. [3], is in one-to-one correspondence
with the physically different SSEs at a given CP evolution
of p. The matrix uy; is not; its part N > j > n is redundant.
Now Eq. (7) shows a further redundancy: both # and Ou,
with any N x N orthogonal matrix O, yield the same SSE.

Reference [3] derived the SSEs under a CP master
equation from standard quantum monitoring. The SSE (2)
is the first diffusive SSE considered ever that underlies a non-
CP master equation; its physical relevance, if any, needs
further studies.

This work was supported by the Hungarian Scientific
Research Fund (Grant No. 75129) and the EU COST
Action MP1006.

L. Di6si’
Wigner Research Center for Physics
114, P.O. Box 49
H-1525 Budapest, Hungary

Received 23 January 2014; published 13 March 2014
DOI: 10.1103/PhysRevLett.112.108901
PACS numbers: 03.65.Ta, 03.67.-a, ,

*diosi.lajos@wigner.mta.hu; www.rmki.kfki.hu/diosi

[1]1 A. Bassi, D. Diirr, and G. Hinrichs, Phys. Rev. Lett. 111,
210401 (2013).

[2] N. Gisin, Helv. Phys. Acta 62, 363 (1989).

[3] H. M. Wiseman and L. Diési, Chem. Phys. 268, 91 (2001).

[4] F. Benatti, R. Floreanini, and R. Romano, J. Phys. A 35, 4955
(2002).

[5] L. Di6si, Phys. Lett. 114A, 451 (1986).

[6] The proof is false for any number n > 1; it would be good to
know which further natural conditions might render the
theorem true (private communication from the authors of
Ref. [1]).

© 2014 American Physical Society


http://dx.doi.org/10.1103/PhysRevLett.112.108901
http://dx.doi.org/10.1103/PhysRevLett.112.108901
http://dx.doi.org/10.1103/PhysRevLett.112.108901
http://dx.doi.org/10.1103/PhysRevLett.112.108901
http://dx.doi.org/<1>1A. Bassi, D. D&uuml;rr, and G. Hinrichs, Phys. Rev. Lett. 111, 210401 (2013).PRLTAO0031-900710.1103/PhysRevLett.111.210401<2>2N. Gisin, Helv. Phys. Acta 62, 363 (1989).HPACAK0018-0238<3>3H.&thinsp;M. Wiseman and L. Di&oacute;si, Chem. Phys. 268, 91 (2001).CMPHC20301-010410.1016/S0301-0104(01)00296-8<4>4F. Benatti, R. Floreanini, and R. Romano, J. Phys. A 35, 4955 (2002).JPHAC50305-447010.1088/0305-4470/35/23/311<5>5L. Di&oacute;si, Phys. Lett. 114A, 451 (1986).PYLAAG0375-960110.1016/0375-9601(86)90692-4<6>The proof is false for any number n%3E1; it would be good to know which further natural conditions might render the theorem true (private communication from the authors of Ref.&nbsp;<1>).
http://dx.doi.org/10.1103/PhysRevLett.111.210401
http://dx.doi.org/10.1103/PhysRevLett.111.210401
http://dx.doi.org/10.1016/S0301-0104(01)00296-8
http://dx.doi.org/10.1088/0305-4470/35/23/311
http://dx.doi.org/10.1088/0305-4470/35/23/311
http://dx.doi.org/10.1016/0375-9601(86)90692-4

