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» Simple introduction of CSL model



Interpretations on quantum mechanics

» MANY'!

» Most popular one: Copenhagen interpretation
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» Many worlds interpretation, etc...
» There is an interpretation which was denied by experiments such as
De Broglie-Bohm theory (an example of hidden variable theory).

Bell inequalities violation




Objective collapse model

» Similar to Copenhagen interpretation, but firmly objective

Copenhagen Objective collapse
v" Including collapse v Regarding the wave
v Non-committal about the function as real
objective reality of the v Random collapse
wave function (spontaneous localization)

» Ghirardi-Rimini-Weber theory —— Contaneous Spontaneous
Localization (today’s topic)
» Penrose interpretation: gravitational stress in GR spacetime



Continuous Spontaneous Localization

» Improved GRW theory
» Stochastic non-linear modification of standard quantum mechanics

v" Time scale of collapse is v" Rapid localization
too long to observe. v Emergence of the classical
v Quantum mechanics holds. | world

small <«—— typical size for collapse —— large

» Characterized by two phenomenological constants, a collapse rate A
and a length 7.
» Can be tested experimentally!
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Current status of CSL model test
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Current status of CSL model test

> Particle type: 1/7% < «
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Current status of CSL mode[Ltest

» Latent image formation
in photography

Adler, J. of Phys. A, 40, 2935 (2007)
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Latent image formation in photography

» Latent image formation process:

developable
/ / repeat
:> :> luster
AgBr emul > o
‘ gBr emulsion ‘ —  Ag A2 (track)

» If latent image formation constitutes measurement and CSL model is
true, the state vector reduction must come from parameters:

A=5%x10"3%2Hz (1. = 107" m)




Current status of CSL model test

» Cold atoms

Bilardello+, Physica A, 462, 764
(2016)
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» Observing position deviation of cold

atoms after laser cooling

» The deviation could be
larger due to CSL
compared with
following usual QM

A/r% < 5%10° Hz m~?2
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Current status of CSL model test

> X ray emission (very [ A — T />
high frequency) 167 N | -
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X ray emission

(a) Quantum Mechanics (b) Collapse Models

» Observing X ray emission from
Germanium

» Energy spectrum of X ray could
be larger when the electron 1s
coupled with collapse field.

» Probing the collapse field at very
high frequency ~ 1e18 Hz, where
CSL may be not effective. /12 < 9x10%2 Hz m ™2




Current status of CSL model test

» Oscillator type:
Arf < a (r; <L)
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Oscillator type

T: temperature
» Random momentum diffusion occurring due to CSL

» White force noise like viscous thermal noise

Scs, = A p/d :
p: density i
5 th — r Q/ Wm ‘_U\\\\\

v" Higher density, shorter width, |
lower tem ' Y =Q/wp
1 perature, higher Q value, :

| r resonant frequency 1s better damping rate

TOWE quenty ° d: width




Current status of CSL model test
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> Previous cantilever
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Previous cantilever ~ neodymium
magnet: 4.5 um
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» Temperature dependence of . z
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Current status of CSL model test

> Lisa Pathfinder T F
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[L1sa Pathfinder

» Free-falling oscillator without suspension
thermal noise

» Wide frequency range  v' Gold test mass:
large density

Bounds on CSL parameters

. v Wide width and
room temperature,
but ultra-low
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Current status of CSL model test
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» Improved cantilever T // | F
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Improved cantilever  neodymium

» The same group as
previous cantilever

» Position measurement by
superconducting quantum

interference device
(SQUID)

» Higher Q value: Q~1¢e7 at
20 mK

magnet: 31 um
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Improved cantilever
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» Absolutely expected thermal = 1e-or.

noise limit ; — T=43mK
- 1e-08§ — T=171 mK
T : — T=351mK
» Floor noise comes from S 16709
SQUID additive noise. B ol
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Improved cantilever

B =B,+B,T/Q 1

other force noise  thermal noise .
> Dependence of B on T/Q )
> Agreement with a linear s

behavior over the whole S

range - non-zero

intercept!

» Positive intercept due to T T T o T oo

mysterious force noise T/Q (nK)



Improved cantilever

» Possible noise sources S S S e R F
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Improved Lisa Pathfinder
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» Reduced force noise: 1/3 10 s P

» CSL sensitivity: 9 times
improved
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» New ideas for improving the upper limit with a thin tungsten wire



Original 1dea 1

SesL =Aré p/d
» Larger density and thinner test mass: tungsten wot ¢

thin film (p =19.25 g/cm”3) o ,S,th B ,T Om/Q |

1031

suspension thermal —

tungsten wire: 10}
3 um, 5 cm 107 T —4K
%10‘6 Q0 = 2000
[ ﬂ 50%25*0.015 mm ;10
(l)m/ZTL' = 2.7 mHz 10‘92.

» Rotation sensed by optical lever &
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Original 1dea 2

» Making thin wire itself test mass
» Shadow-sensing a violin mode of

thin wire (CuBe, tungsten)
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Original 1dea 2
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Summary

» CSL 1s one of interpretation of quantum mechanics which can be
tested experimentally.

» Some experiments set good upper and lower limits resulting in a small
surviving parameter space.

» Thin film as a torsion pendulum and thin wire as violin oscillating 1s
an unique bed for improving the upper limat.

» Let’s do this ultra-hot CSL experiments!!!



