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“MOTIVATION:

THE GRW MODEL AND
THE ENERGY DIVERGENCE



Collapse models: challenging
the superposition principle

O Unified description of microscopic and macroscopic systems

No superposition of
macroscopic systems

o) A Testable predictions different from standard QM

A. Bassi & G.C. Ghirardi, Phys. Rep. 2003
A. Bassi, K. Lochan, S. Satin, T.P. Singh & H. Ulbricht, Rev. Mod. Phys. 2013



Localization of the wave function
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Localization of the wave function
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O Usual Schrodinger evolution
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o Instantaneous jump
— g =5
> 2\—1/4 27
L(X)=(xr]) "e ~
\_ J

Wave function

Wave function — ».-— localization!!
before the jump / \ R
Ly (X)[¥(@))
P() — [y (2)) = =
LX) ()]

G.C. Ghirardi, A. Rimini and T. Weber, Phys. Rev. A 1986



Distribution of the jumps

O Probability distribution of the localization position:
p(y) = 1Ly (X)[(8))|?

mmmm)p Dynamical derivation of the Born rule

O Poisson time-distribution of the jumps

o 16 —1 New
o Localization rate for one nucleon A=10 g A parameter

Microscopic systems are NOT affected by the localization mechanism!

o Localization rate for an N-particle system A =NA

/ macro

Amplification mechanism: macroscopic systems are strongly affected !




Energy divergence

@ R(y) increases

o 3(y)#0

(P), constant



Energy divergence

o 3(y)#0

(P) = (PYte3(y)(X)—y)



Energy divergence

(P) = (P)+c3(y) (X))

Different spatial distributions of the jumps — —) @

(H)e = (A P)?+(P)7)/(2M

(The average energy of the system diverges linearly in time, with a rate
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Why is it Important to study this
(very slow) energy increase 7

o Re-establishment of the energy conservation principle

o Possible modifications of the testable predictions of the model

@ S. Adler & A. Bassi,
Science, 325 (2009)

@ S. Adler JPA, 40 (2007)

Upper bounds on A

Laboratory
experiments

Fullerene diffraction
experiments

Decay of
supercurrents

Spontaneous x-ray
emission from Ge

Proton decay

Mirror cantilever
interferometric experiment

Cosmological
data

Dissociation of
cosmic hydrogen

Heating of intergalactic
medium (IGM)

Heating of interstellar
dust grains
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compatible with
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FXTENSION OF THE GRW MODEL:
INCLUSTION OF DISSTPATION

A. Smirne, B. Vacchini & A. Bassi, in preparation (2014)



Master equation

O statistical operator p(t) = E[[¢(1)) (1 (#)]] cinablad equation:

Markovian dynamics
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mmm) Pure position-decoherence dynamics NO DISSIPATION

o To include dissipation {G(Q) > G(ng)]




Dissipative jump operators
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@ Schraodinger evolution between the jumps

L,(X,P
o Jumps givenby V(1) — [14(1) = 17* E}? ﬁ%%%
@ Probability distribution of the jump position p(y) = 1L, (X, Pl (1))

@ Time distribution of the jumps: Poisson distribution with rate A



Dissipative jump operators
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Localization of the wave function (updated)

O The localization mechanism is left practically unchanged
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O Finite asymptotic value of position and momentum variance

O Lower threshold for the localization

Linked to the
45@) m2 finite asymptotic value
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Energy relaxation

O Mean value of the kinetic energy
H, = El((0)] oz o(©) = Tr {p(0) 2}
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Temperature of the noise

e 4k
O PR TEUSER

Collapse occurs on a time scale much shorter than dissipation

O Equipartition of the energy
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It does not depend on the r@'

Full characterization of the noise:
some underlying theory beyond standard quantum mechanics




Amplification mechanism

O Center of mass of an N-particle system pcm(t) = Trrern {0(%)}

N
@ Center of mass coordinates X =Xcwm +/ZZ§/@
jl

S~

@ Crucial assumption: rigid body P; ~ MjﬁT/MT

‘ All the particles give the same contribution

‘ Same master equation as the one-particle system with
A— N
M — M

o Individual localization processes L, (:)/51, ﬁl) ® 1-

Incomplete description



Conclusions and outlooks

O We have extended the GRW model by means of position
and momentum dependent jump operators, which induce
energy relaxation to a finite asymptotic value

O Introduction of a new parameter, related to the
temperature T of the noise, GRW recovered for T — > «

O Toward the establishment of a realistic phenomenological

model, with recovery of the energy conservation principle

O Detailed comparison with the experimental bounds, to be
developed for the CSL model
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Threshold value and asymptotic energy

@ Master equation
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@ Mean value of any operator valued function of the momentum operator only
< O >,=E[(0),] = Tr {,a(t)c’i}
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[[/—]  f (ﬁ)] —=() w====p No contribution from the hamiltonian ferm

- Same predictions as for an “auxiliary” collapse model, with only jumpsl!
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Threshold value and asymptotic energy

@ Master equation
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@ Mean value of any operator valued function of the momentum operator only
< O >,=E[(0),] = Tr {,a(t)c’i}

% L f(P) > = /\TC(l\/;hk) /dQ < e e HMQEREY/I (F(P 4 Q) — F(P)) >

[ﬁ , f (ﬁ)] —=() w====p No contribution from the kinetic energy

- Same predictions as for an “auxiliary” collapse model, with only jumps!!
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