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1. MOTIVATION:

 Brief introduction to collapse models
» Energy divergence in GRW and CSL models

2. DISSTPATIVE COLLAPSE MODELS

»“Momentum-dependent localization operators
» Energy relaxation
 Possible experimental effects



1. " MOTIVATION:

COLLAPSE MODELS 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
M. Arndt & K. Hornberger, Nat. Phys. 2014



GRW model: wave-function localization

H
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GRW model: wave-function localization

H

O Usual Schrodinger evolution
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G.C. Ghirardi, A. Rimini and T. Weber, Phys. Rev. A 1986



GRW model: wave-function localization
H

O Usual Schrodinger evolution

O Instantaneous jump
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/ superposition

6(0) — iy (1)) = —22!

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

)P(2)
KON

)| ><)




Distribution of the jumps

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

mmmmd Dynamical derivation of the Born's 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 c.o.m. | A =NA

macro

Amplification mechanism: macroscopic systems are strongly affected !




CSL model:

SDE and localization

dlyy) = [——Hdt+ ]dy@
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It also applies to identical particles |l
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CSL model: SDE and localization
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G.C. Ghirardi, P. Pearle, and A. Rimini, Phys. Rev. A 1990
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It also applies to identical particles |l
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Amplification mechanism in CSL

o Collapse rate for the center of mass of a composite object

[ =AnN |

.....

n = number of particles ‘9® ‘. ® .
within r, 0%e%0 ¢

ef9%g0. _
N = number of such ;‘.:.":'..?; :‘:.-.? :
clusters '9eeAOR" elf0RlQR’

> T

' Quantum properties of microscopic systems (few constituents)
Classical properties of macroscopic systems (many constituents)

] Quadratic increase with the number of constituents

- Specific feature of the action of the noise on identical particles !



Energy divergence

(The average energy of the system diverges linearly in time, with a rate
e A

~10 PelV s
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Upper bounds on A
Laboratory Decades above the
experiments conventional value
. Fullerene diffraction 13
@ S. Adler & A. Bassi, experiments
I D f
Science, 325 (2009) i : 2% strongest bound on A
Spontaneous x-ray 6
emission from Ge
Proton decay 18
o mi il .
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2. DISSIPATIVE COLLAPSE MODELS

A. Smirne, B. Vacchini & A. Bassi, Phys. Rev. A 90, 062135 (2014)
A. Smirne & A. Bassi, arXiv:1408.6446 (2014)



Master equation

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

Markovian dynamics
d (

(1) =~ I, p()] + A ( / dy Ly(ﬁ?)ﬁ(t)Ly()% ) — ﬁ(ﬂ)
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_ ~ do %Q-(X—y) : :
Fourier Transform: L (X )= e G(0)| Describes also recoil-free
collisional decoherence

s Glo)=(Lc >3/2exp(—M)

Jrh 2h

mmm) Pure position-decoherence dynamics NO DISSIPATION

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




Dissipative localization operators
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Dissipative localization operators

New 4kgTrc
\ parameter Y = A /

=(1—f,)(y—x)
“ . 1 7; 1k —1
(@(1 52 " 1+k>
y'=g,
| N
14 (1—k)? 1

T SO RE T RATR?



Dissipative localization operators

New 4kgTrc
\ parameter Y = A /
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@ (Gaussian distribution centered around I=X,V,Z

@ The action of the noise suppresses high momenta



Approach to equilibrium

: . . - B \Y? _sme
O Stationary solution in canonical form  2(P) = (—) e~ “zm

2m

o Spohn's theorem  H.spohn, Rep. Math. Phys. 10, 189 (1976) &Lett. Math. Phys. 2, 33 (1977)

@ Theset{lL, kel} Is self-adjoint
o [4,L,]=0 Vi wp A= cl

Relaxing semigroup: @ unique stationary solution

o lim &; ()0) — Pss Vp

T—00

O Collisional dynamics of a tracer particle in a low density background
gas (weak coupling regime)

B. Vacchini and K. Hornberger, Phys.Rep. 478, 71 (2009)



Energy relaxation

O Mean value of the kinetic energy
H, = El(() 3 o) = T {0 £}
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Temperature of the noise

O Equipartition of the energy

(" )
2H, hv

It does not depend on the mass of the system

o Toward a full reestablishment of the energy conservation:
energy exchanged between the system and the noise field

The collapse model is still effective even in the presence

of a low-temperature noise (T~1K<= =v~ 10°m/s )



Amplification mechanism (updated)

O Center of mass of an N-particle system |<,0£CM)>
@ Crucial assumption: rigid body Igj ~ MjﬁT/MT
‘ C.o.m. and internal dynamics are decoupled

O SDE (as well as master equation) as for the 1-particle system

S (CM) m +Q (kem—y) ?%
R

\fr(Q) = exp (% S A,Q- rj,) Determines the specific features of

(1+45)Q+ QkPCM/N’ )

localization in the CSL model

O The wavefunction localization is left practically unchanged

C=An"N



Localization vs dissipation

O stochastic average of the position variance

E[(A,x)]
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@ Finite asymptotic value of position and momentum variance

O Sspherical rigid body of radius R > r

Localizationrate T 2
— ~ 10*N*? <£>

Dissipation rate —— X -



Possible experimental effects

O Cosmological data: bounds to collapse parameters due to secular
energy increase have to be reconsidered

O 1Interferometric experiments: stable against dissipative (long-time)
corrections

O Dissipation could play a relevant role in:

X-my emissiorn.
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Donadi, Bassi, Deckert, Ann. Phys. 340, 70 (2014)
Curceanu et. al Int. J. Quant. Inf. 12, 1560012 (2014)
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Bahrami, Paternostro, Bassi, Ulbricht,

Phys. Rev. Lett. 112, 210404 (2014)



Conclusions and outlooks

O We have extended the GRW and CSL models by means of

position and momentum dependent localization operators,
which induce energy relaxation to a finite asymptotic value

O Introduction of a new parameter, related to the
temperature T of the noise. Effective models also at 7~ 1K

O Reualistic unified framework for micro and macro systems:

energy conservation principle, non-Markovianity....

O Main goal: development of a first-principle underlying
theory, fixing the features of the collapse noise
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Energy divergence

@ R(y) increases

o 3(y)#0

(P), constant



Energy divergence

(P) o (P)+e TNy (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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