
IOP PUBLISHING JOURNAL OF PHYSICS A: MATHEMATICAL AND THEORETICAL

J. Phys. A: Math. Theor. 44 (2011) 492001 (5pp) doi:10.1088/1751-8113/44/49/492001

FAST TRACK COMMUNICATION

Can apparent superluminal neutrino speeds be
explained as a quantum weak measurement?

M V Berry1, N Brunner1, S Popescu1 and P Shukla2

1 H H Wills Physics Laboratory, Tyndall Avenue, Bristol BS8 1TL, UK
2 Department of Physics, Indian Institute of Technology, Kharagpur, India

Received 12 October 2011, in final form 27 October 2011
Published 11 November 2011
Online at stacks.iop.org/JPhysA/44/492001

Abstract
Probably not.

PACS numbers: 03.65.Ta, 03.65.Xp, 14.60.Pq

If recent measurements [1] suggesting that neutrinos travel faster than light survive scrutiny,
the question of their theoretical interpretation will arise. Here we discuss the possibility that
the apparent superluminality is a quantum interference effect, that can be interpreted as a weak
measurement [2–5]. Although the available numbers strongly indicate that this explanation
is not correct, we consider the idea worth exploring and reporting—also because it might
suggest interesting experiments, for example on electron neutrinos, about which relatively
little is known. Similar suggestions, though not interpreted as a weak measurement [6, 7] or
not accompanied by numerical estimates [6, 8], have been proposed independently.

The idea, following analogous theory and experiment [9] involving light in a birefringent
optical fibre, is based on the fact that the vacuum is birefringent for neutrinos. We consider the
initial choice of neutrino flavour as a preselected polarization state, together with a spatially
localized initial wavepacket. Since a given flavour is a superposition of mass eigenstates, which
travel at different speeds, the polarization state will change during propagation, evolving into
a superposition of flavours. The detection procedure postselects a polarization state, and this
distorts the wavepacket and can shift its centre of mass from that expected from the mean of
the neutrino velocities corresponding to the different masses. This shift can be large enough
to correspond to an apparent superluminal velocity (though not one that violates relativistic
causality: it cannot be employed to send signals). Large shifts, corresponding to states arriving
at the detector that are nearly orthogonal to the polarization being detected, are precisely of
the type considered in weak measurement theory.

It seems that only muon and tau neutrino flavours are involved in the experiment, and we
denote these by 1 (muon) and 2 (tau). The initial beam, with ultrarelativistic central momentum
p̄, is almost pure muon, which can be represented as a superposition, with mixing angle ! , of
mass states |+! and |"!, with m+ > m–:
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