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Motivation & Goal

A lofty question

Question:

Can the structure of spacetime at SMALLEST LENGTH scALE affect the
physics we perceive at LARGER LENGTH SCALES (i.e. classical physics)?
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Motivation & Goal

A concrete investigation

o
&

Our investigation:

Study DOUBLE-PINHOLE SETUP in the 3D Fuzzy spAck formlism of
NON-COMMUTATIVE quantum mechanics.
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Motivation & Goal

A concrete investigation

Our investigation:

Study DOUBLE-PINHOLE SETUP in the 3D Fuzzy spAck formlism of
NON-COMMUTATIVE quantum mechanics.

Non-commutative ?
ie [X,%]#0
Consequences:
m UncerTAINTY relation  —  og,0% > 1[([%, %))
m No localised states (POSITION EIGENSTATES)
m MINIMUM LENGTH scale «+—  set by a parameter A
(]

Otherwise ORDINARY QUANTUM MECHANICS !
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Motivation & Goal

Why this particular investigation?

Why non-commutative geometry?
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Motivation & Goal @I

Why this particular investigation?

Why non-commutative geometry?
m Doplicher et al. (1995):

Non-trivial SMALL-SCALE spacetime structure (esp. min length)
likely necessary for QM + GrAvITY
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Motivation & Goal &%I

Why this particular investigation?

Why non-commutative geometry?
m Doplicher et al. (1995):

Non-trivial SMALL-SCALE spacetime structure (esp. min length)
likely necessary for QM + cravITY

m NC geometry arises from limits of STRING THEORIES

m May explain QUANTUM-TO-CLASSICAL transition —+— decoherence without
heat bath !

Why pinhole interference?

m lllustrative TOy MODEL +— quantum behaviour = interference
m QUANTIFIABLE SUPPRESSION strength

m Good setup for EXPERIMENTAL TESTING
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Quantum-to-Classical Transition

Existing work in lower dimensions

Pittaway & Scholtz (2021)

2-sLITS in non-commutative 2D MOYAL PLANE
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Quantum-to-Classical Transition

Existing work in lower dimensions

Pittaway & Scholtz (2021)

2-sLITS in non-commutative 2D MOYAL PLANE
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m large MOMENTUM, k
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Quantum-to-Classical Transition

Existing work in lower dimensions

Pittaway & Scholtz (2021)

2-sLITS in non-commutative 2D MOYAL PLANE

Interference suppression at:
m large MOMENTUM, k

m large PARTICLE NUMBER, N
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Quantum-to-Classical Transition

Existing work in lower dimensions

Why redo calculation in 3D?
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Quantum-to-Classical Transition

Existing work in lower dimensions

Why redo calculation in 3D?

m Check NON-cOMMUTATIVITY is key ingredient
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Quantum-to-Classical Transition @I

Existing work in lower dimensions

Why redo calculation in 3D?
m Check NON-cOMMUTATIVITY is key ingredient

® Investigate SUPPRESSION STRENGTH SCALING in 3D «— welivein3D!
m relevant SYSTEM PARAMETERS?

m critical vALUES of those parameters?

m Moyal plane interference pattern:

*." Moyal commutation relations

m is ASYMMETRIC under reflection «+— ,
break rotational symmetry

m has UNOBSERVABLE SUPPRESSION

R P T B P D R S ]



BE

Quantum-to-Classical Transition &%I

Why Moyal plane suppression is unobservable

Moyal plane interference

NOm?
P(D) = 1+ exp [— 2;: vi(1— cosa)] cos<~-~>
1
——

interference suppression interference
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Quantum-to-Classical Transition

Why Moyal plane suppression is unobservable

BE

Moyal plane interference

NOm?
P(D) = 1+ exp [— 2;;7 vi(1— cosa)] cos<~-~>
1

N——
interference suppression interference
NOn??
Observable sUPPRESSION = ———v* > 1
2h? ~

| mn~ 10_31 kg <— mass of proton
n \/5 ~107®m +«— Planck length

B N~ 102 Avogadro’s number
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BE

Quantum-to-Classical Transition &%I

Why Moyal plane suppression is unobservable

Moyal plane interference

NOm?
P(D) = 1+ exp [— 2;: vi(1— cosa)] cos<~-~>
1

——
interference suppression interference
NOm?
Observable supprESSION = ———Vv? > 1
2h? ~
| mn~ 10_31 kg <— mass of proton
n \/EN 10°¥m Planck length — HV” Z 10]6m 57] !

B N~ 102 Avogadro’s number
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EHN Fuzzy Space

Definition (Fuzzy space)

su(2) ALGEBRA  —  [&;, Xj] = 20\ ek
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EHN Fuzzy Space

Definition (Fuzzy space)
su(2) ALGEBRA  —  [X;, Xj] = 2i) €3k
Representation:
B CONFIGURATION SPACE  — H. = span {|n, m)
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EHN Fuzzy Space

Definition (Fuzzy space)
su(2) ALGEBRA  —  [X;, Xj] = 2i) €3k
Representation:

B CONFIGURATION SPACE  — H. = span {|n, m)

m algebra homomorphism — X — A aLJL,/a,,

Rapius operator — F=A(A+ 1)
e Pl ny) = X(m 4 ny +1)

H. is an onion

Decompose into IRREPS:
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Fuzzy Space &gj

Definition (Fuzzy space)
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Representation:
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m algebra homomorphism — X — )\aLJL,ja,,
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Fuzzy Space

Definition (Fuzzy space)
su(2) ALGEBRA  —  [X;, Xj] = 2i) €3k
Representation:

B CONFIGURATION SPACE  — Hc :=span{|m,n) : m,n € N}

m algebra homomorphism — X — )\aLJL,ja,,

Rapius operator — F=A(A+ 1)
ie. Pl m) = Xm+n+1)

H. is an onion

Decompose into IRREPS:

H. = @ [n], for [n]:=span{|n,m) € H:.: n+n =n}

neN

—> 1 copy of each quantised radius
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Quantum States
A Hilbert space like any other

Definition (Quantum state space)

HILBERT SPACE

operators on H,
—  Hqg ::{ P }

generated by X;

=span { |my, m)(m, ny|
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Definition (Quantum state space)
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A Hilbert space like any other

Quantum States w

Definition (Quantum state space)

HILBERT SPACE
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generated by X;
:span{ [my, )Xy, m| @ ny+n,=my + mz}
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Quantum States w

A Hilbert space like any other

Definition (Quantum state space)
HILBERT SPACE

operators on H,
—  Hqg ::{ P }

generated by X;
:span{ [my, )Xy, m| @ ny+n,=my + mz}

Quantum sTATES — | -)

INNER PRODUCT  —  (1)|}) == 4 A2 Tr. (dJT ?(15)

\
\ SO
N

P;°J[11®»‘»@[~1H
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Observables
Just like normal QM

Definition (Observables)

HERMITIAN OPERATORS On Hq
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Observables
Just like normal QM

Definition (Observables)

HERMITIAN OPERATORS on Hg

Important observables
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m PosiTion —  X;|¢) = |%0)), R|p) = |P) «— like normal am
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Observables
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Definition (Observables)

HERMITIAN OPERATORS On Hq

Important observables

D

m PosiTion —  X;|¢) = |%0)), R|p) = |P) «— like normal am

o h
® ANGULAR MOMENTUM — L;|w) = ’a [f(i,%b])
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Observables &%I

Just like normal QM

Definition (Observables)

HERMITIAN OPERATORS On Hq

Important observables

m PosiTion —  X;|¢) = |%0)), R|p) = |P) «— like normal am
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Observables w

Just like normal QM

Definition (Observables)

HERMITIAN OPERATORS On Hq

Important observables

m PosiTion —  X;|¢) = |%0)), R|p) = |P) «— like normal am

B ANGULAR MOMENTUM —> Z,»|w) = ’% [f(i,%b])
m LAPLACIAN — AWJ) = ‘%[aL, [aaﬂ/)]])
r

2
m HAMILTONIAN — H:—2—A+ V(R) «— like normal QM
m
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M Physical Subspace @I

Physical subspace
Ho=EP [n@[n]" C HeoM:

neN \

~~-___ [n]=span{|m,m) € Hc : m + m = n}
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M Physical Subspace

Physical subspace

Ho=EP [n@[n]" C HeoM:

neN \

N——
physical subspace AN larger space
"~ ofoperators
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M Physical Subspace

Physical subspace
Ho=EP [n@[n]" C HeoM:

neN \

N——
physical subspace AN larger space
"~ ofoperators

Projection onto H4

Conserved 0BSERVABLE  — [ |1)) == |[, ¥])
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M Physical Subspace

Physical subspace
Ho=EP [n@[n]" C HeoM:
neN N\
- N——
physical subspace "~ R larger space

~ of operators
<

Projection onto H4
Conserved 0BSERVABLE  — [ |1)) == |[, ¥])

KERNEL — Hq= ker f°
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M Physical Subspace

Physical subspace
Ho=EP [n@[n]" C HeoM:
neN N\
- N——
physical subspace "~ R larger space

~ of operators
<

Projection onto H4
Conserved 0BSERVABLE  — [ |1)) == |[, ¥])

KERNEL — Hq= ker f°

R 1 2r
ProjecTioN —> Q= —/ et do
2w Jo
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Wl Position Measurement
... asa POVM

Definition (Position measurement)
Position EIGENSTATES —  MINIMUM-UNCERTAINTY states
.
|z) == e 2%a% eZdh |0), for

b

I |cos(§) e iz

N

z=¢e"/< € C? « cncodesD = (r,0,9)

M sin(3) e
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Wl Position Measurement
... asa POVM

Definition (Position measurement)

Position EIGENSTATES —> MINIMUM-UNCERTAINTY states

|z) == ¢ 3Pata gad, |0), for

>

r |cos(%) e 7

N

z =87,/ - S (Cz «— encodes D = (r, 0, ¢)

A sin(%) e'r
POVM

— |Z17227n17n2) =

A 1
) ———|z)ny, n
ph \/m|><1 2|

— ﬁz ::Z|z1,zz,n1,n2)phph(z1,zz,n1,n2|,

m,m
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Wl Position Measurement
... asa POVM

Definition (Position measurement)

Position EIGENSTATES —> MINIMUM-UNCERTAINTY states

|z) == ¢ 3Pata gad, |0), for

>

r |cos(%) e 7

N

z =87,/ - S (Cz «— encodes D = (r, 0, ¢)

A sin(%) e'r
POVM

— |Z17227n17n2) =

A 1
) ———|z)ny, n
ph \/m|><1 2|

— ﬁz ::Z|z1,zz,n1,n2)phph(z1,zz,n1,n2|,

m,m

Born RULE  —  P(D) = Trq <ﬁzp)
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W Position Measurement
... as Weak measurement

Weak measurement picture

Hy C He@HE
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W Position Measurement {
... as Weak measurement

Weak measurement picture
Hqy C He@H

X; act only on H,
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W Position Measurement
... as Weak measurement

Weak measurement picture
Hqy C He@H
X; act only on H,

.. POSITION measurement

— LOCAL measurement
—  traces out “ENVIRONMENT”, H}
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The analogue of wavefunctions

Coordinate Representation

Definition (Symbol & star product)

POSITION-ENCODING states — |z) ==
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Coordinate Representation

The analogue of wavefunctions

Definition (Symbol & star product)
1

\/ﬁ |z)(z|
COORDINATE REP —  ¥)(z) = (z|¢)) = (z| V4T 2} o)|z)

POSITION-ENCODING states — |z) = Q
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Coordinate Representation

The analogue of wavefunctions

Definition (Symbol & star product)
1

\/ﬁ |z)(z|
COORDINATE REP — z/i(z) = (z|Y) = (z|Var 2T )|z)

\

POSITION-ENCODING states — |z) = Q

N 9 is indep of 7y

~ . function on R?

R P T B A P D R S

D

10.1016/j.a0p.2023.169224



B Coordinate Representation
The analogue of wavefunctions

Definition (Symbol & star product)
1

\/ﬁ |z)(z|
COORDINATE REP —  ¥)(z) = (z|¢)) = (z| V4T 2} o)|z)

~
~?

POSITION-ENCODING states — |z) ==

B SvymBoL —>  (z|y|z)
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B Coordinate Representation {
The analogue of wavefunctions

Definition (Symbol & star product)
1

\/ﬁ |z)(z|
COORDINATE REP —  ¥)(z) = (z|¢)) = (z| V4T 2} o)|z)

POSITION-ENCODING states — |z) = Q

B SvymBoL —>  (z|y|z)

9,. 0
VOROS PRODUCT — % = exp[aza 3 ]
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Wave-Mechanics w

An alternative development of our formalism

Notable properties

d*z . _
COMPLETENESS — g |z)x (2| = 14
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Wave-Mechanics

An alternative development of our formalism

13/30

Notable properties

d*z . _
COMPLETENESS — — z2)*(z| =14
™

INNER PRODUCT — (77/1|1/J)—/(f22(1/1|1)’_<(l|¢)
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Wave-Mechanics

An alternative development of our formalism

13/30

Notable properties

d*z . _
COMPLETENESS — g |z)x (2| = 14

INNER PRODUCT —>  (¢|Yp) = /i:z

POSITION MEASUREMENT — P(D) =

R P T B D R S
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Wl \Wave-Mechanics @1

An alternative development of our formalism

Notable properties

d*z . _
COMPLETENESS — — z2)*(z| =14
™

B InNerR PRODUCT  —>  (Y|Y)) =

POSITION MEASUREMENT  —  P(D) = (z) % ¢(2)

EQUIVALENCE  —  (z|9)|z) fully determines |1))
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Wave-Mechanics

An alternative development of our formalism

13/30

Notable properties

d*z . _
COMPLETENESS — — z2)*(z| =14
™

INNER PRODUCT — (¢|¢)—/(fzz(1/)|z)¥(z|w)
d'z -
- [ G @) < o
POSITION MEASUREMENT —  P(D) = 1(z) % ¢(z)

EQUIVALENCE  —  (z|9)|z) fully determines |1))

= Alternate “wave-mechanics” development !

R P T B D R S
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FREE PARTICLE SOLUTIONS

Room 316 Talk: Pinhole Interference in 3D Fuzzy Space

d

10.1016/j.a0p.2023.169224



Non-Commutative Free Schrodinger Equation Sj

Non-commutative free Schrodinger equation

N h? .
AlY) =~ A ) = EJv)
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Non-Commutative Free Schrodinger Equation Sj

Non-commutative free Schrodinger equation

H )

h? .
~ L Al)=ElY)

Types of solutions:
PLANE WAVE —> |k) = e’k"‘ «— typical form

SPHERICAL WAVE  — |k, [,m) = gi(A— L, k) Vim
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Plane wave solutions

PLANE WAVE —  |k) = ek*
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Properties
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Plane wave solutions @I

PLANE WAVE —  |k) == ek*

Properties

m Represent (all) SU(2) ELEMENTS

m Composk “nicely” —» eki¥elkeX — gika%

cos(Aks) = cos(Aki) cos(Aky) — ki - ky sin(Aki) sin(Aky),
sin(\ks)ks = ki sin(Aky) cos(Aky) + kj sin(Ak;) cos(Ak) — ki x ko sin(Ak; ) sin(Aky)
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Plane wave solutions @I

PLANE WAVE —  |k) == ek*

Properties

m Represent (all) SU(2) ELEMENTS

m Composk “nicely” —» eki¥elkeX — gika%

cos(Aks) = cos(Aki) cos(Aky) — ki - ky sin(Aki) sin(Aky),
sin(\ks)ks = ki sin(Aky) cos(Aky) + kj sin(Ak;) cos(Ak) — ki x ko sin(Ak; ) sin(Aky)

A 2R? 2
m DISPERSION RELATION — H |k) = Tsinz(2> k)
m
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Spherical wave solutions

SPHERICAL WAVE  — |k, [, m) = gi(A — L, k) Vim
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Spherical wave solutions @

SPHERICAL WAVE  — |k, [, m) = gi(A — L, k) Vim

Properties

m Permit 2 RADIAL SOLUTIONS — g = Ag +Bgy

c.f. spherical Bessel- & Neumann
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Properties

m Permit 2 RADIAL SOLUTIONS  — gy = g1 + i 8y
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Spherical wave solutions

SPHERICAL WAVE  — |k, [, m) = gi(A — L, k) Vim

Properties
m Permit 2 RADIAL SOLUTIONS  — gy = g + i 8y,
c.f. spherical Hankel
A+ 1)k
m ASYMPTOTICALLY — 8n.i(n, k) ~ W
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Spherical wave solutions

N

SPHERICAL WAVE  — |k, [, m) = gi(A — L, k) Vim

Properties

m Permit 2 RADIAL SOLUTIONS — gy =

g+ 18y

c.f. spherical Hankel

m ASYMPTOTICALLY — 8n.i(n, k) ~

. (2lgn (R, K)|z) ~

R P T B P D R S

PNCIRERI
(,'n)l+1
er(cos(AK)+isin(Ak)—1)/A
(ir/ N
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The most famous quantum experiment
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m PINHOLES — z=Z4d
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The most famous quantum experiment

; | |

m PINHOLES — z=+d
m Detection pOINT  —> D = (L, yp,zp) = (r, 0, P)
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Double-Pinhole Setup w

The most famous quantum experiment

o)) d -t
2d ,/”(// - //’/
)
.
A i

m PINHOLES — z=+d
m Detection pOINT  —> D = (L, yp,zp) = (r, 0, P)

m DISTANCES — L,r,rp <— each>> d: large separation approx
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Double-Pinhole Setup

The most famous quantum experiment

PINHOLES — z=+4d

DeTtecTion POINT  — D = (L, yp,zp) = (r,0,9)
DistaNcES —  L,r,re

WAVENUMBERS — k4 = kﬁi
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Double-Pinhole Setup w

The most famous quantum experiment

PINHOLES — z=+4d

DeTtecTion POINT  — D = (L, yp,zp) = (r,0,9)
DistaNcES —  L,r,re

WAVENUMBERS — k4 = kﬁi

ANGLES — «,f
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WAl Interference Calculation q
Broad strategy

Interference calculation overview

STATE at D b ~ {spherical wave} T {spherical wave}

from z = +d fromz = —d
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WAl Interference Calculation
Broad strategy

Interference calculation overview

herical
STATE at D b ~ spherical wave i
from z = +d

spherical wave

A PARAXIAL approximation —
2 PP { from z = +d

R P T B A P D R S

fromz = —d

spherical wave}

}

1
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WAl Interference Calculation
Broad strategy

Interference calculation overview

herical
STaTe at D b ~ spherical wave i
from z = +d

spherical wave

A PARAXIAL approximation —
2 PP { from z = +d

Born RULE  —3  P(D) = Tl’(ﬁpp)

R P T B P D R S

fromz = —d

spherical wave}

}

1

r+
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WAl Interference Calculation
Overview of commutative treatment

Commutative interference calculation

1. 1.
StatEat D — (D) ~ —ek+ 4 — k-
ry r.

R P T A e D R S
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WAl Interference Calculation
Overview of commutative treatment

Commutative interference calculation

1. 1.
StatEat D — (D) ~ —ek+ 4 — k-
ry r.

A 1
PARAXIAL approximation — — e/
r+
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WAl Interference Calculation {
Overview of commutative treatment

Commutative interference calculation

1 . 1 . .
= ikry = ikr_ asymptotic form of
STATE at D d)(D) ~ ry € + r e — spherical Hankel

A 1 T k.
PARAXIAL approximation — —e*™* ~ —¢k+D

r+ r+

Born RULE —  P(D) = |1/1(D)|2
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WAl Interference Calculation
Overview of commutative treatment

Commutative interference calculation

1. 1.
StatEat D — (D) ~ —ek+ 4 — k-
ry r.

A 1
PARAXIAL approximation — — e/
r+

Born RULE —  P(D) = |1/1(D)|2

1 2d?

Pcomm(D) - ryr— ryr—

1

—€

r+

N

asymptotic form of
spherical Hankel

ikt -D

+ cos(a + ) + cos(rk(cos o — cos 3))

bimodal shaping
function

R P T A P D R S
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WAl Interference Calculation
Overview of non-commutative treatment

Non-commutative interference calculation

N

SympoLatD —  (zY]z) ~ (z' !gk(ﬁ)|z ) + <27’gk(ﬁ)‘zi>
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WAl Interference Calculation {
Overview of non-commutative treatment

Non-commutative interference calculation
SymsoLat D —  (z[Ylz) ~ (z |g(R)|z ) + (z |a(R)|z )

PARAXIAL approximation — <zi|gk(f1)|z:> ~ (z|ns e*=¥|z)
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WAl Interference Calculation {
Overview of non-commutative treatment

Non-commutative interference calculation
SymoLat D —  (z|¢|z) ~ <z‘ ’gk(ﬁ)|z > + <z”gk(ﬁ)‘z’>
PARAXIAL approximation — <zi|gk(f1)|z:> ~ (z|ns e*=¥|z)
ik, % ik_ %

STATE —> [¢) ~ nie +n_e
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WAl Interference Calculation {
Overview of non-commutative treatment

Non-commutative interference calculation
SymoLat D —  (z|¢|z) ~ <z‘ ’gk(ﬁ)|z > + <z”gk(ﬁ)‘z’>
PARAXIAL approximation — <zi|gk(f1)|z:> ~ (z|ns e*=¥|z)
STATE —  |ih) ~ nye® ¥ pq_ k%
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WAl Interference Calculation {
Overview of non-commutative treatment

Non-commutative interference calculation
SymoLat D —  (z|¢|z) ~ <z‘ ’gk(ﬁ)|z > + <z”gk(ﬁ)‘z’>
PARAXIAL approximation — <zi|gk(f1)|z:> ~ (z|ns e*=¥|z)
ik, % ik_ %

STATE —> [¢) ~ nie +n_e

BoRN RULE — P(D) = Trq (ﬁz |1/JX¢|)

Compute remaining MATRIX ELEMENTS
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WAl Interference Calculation
The main result!

N

2 2
+ c .
P(D) ~ % (% + 1) + nyn_e*7* x ((A+ 1)cos B — Bsin B)
bimodal shaping interference interference terms
fUnCtiO]’l suppression
Nt = % exp[%(ri — r)(cos(Ak) — 1)],
where { A = £ (cos?(Ak) + cos(ar + 3) sin*(Ak))
B = {sin(\k) cos(\k)(cosa — cos 3)
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Wl Interference Calculation
The main result!

2 2
+ nZ .
P(D) ~ % <§ + 1) + nyn_e™/* x ((A+ 1) cos B — Bsin B)
bimodal shaping interference interference terms
function suppression
Ny = % exp[(re — r)(cos(Ak) — 1)],
where { A = £ (cos?(Ak) + cos(ar + 3) sin*(Ak))
B = {sin(\k) cos(\k)(cosa — cos 3)
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Qualitative Behaviour

& commutative limit

increasing k

increasing A
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Qualitative Behaviour

& commutative limit

increasing k

___________________________________________ >

increasing A

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

QLW

Room 316 Talk: Pinhole Interference in 3D Fuzzy Space 10.1016/j.a0p.2023.169224




Qualitative Behaviour

& commutative limit

increasing k
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increasing A
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Qualitative Behaviour

& commutative limit

increasing k
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increasing A
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Quantum-to-Classical Transition

Is the suppression observable now?

23/30

Fuzzy space interference

P(D) ~ -+ 4+ nyn_exp gsinz()\k)(cos(a +5)—1)

interference suppression
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Is the suppression observable now?

23/30

Fuzzy space interference

P(D) ~ --- + nyn_exp gsinz()\k)(cos(ajtﬁ) - ()
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interference suppression interference

ANd*mE <
rhz "~

Observable supPRESSION = exponent ~ —
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Quantum-to-Classical Transition

Is the suppression observable now?

23/30

Fuzzy space interference

P(D) ~ --- + nyn_exp gsinz()\k)(cos(cwrﬁ)f Do)
——

interference suppression interference

ANd*mE <
rhz "~

Observable supPRESSION = exponent ~ —

mE~1eV
mmn~ 10_31 kg <— mass of electron

BA~1075m «— Planck length
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interference suppression interference

ANd*mE <
rhz "~
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Quantum-to-Classical Transition

Is the suppression observable now?

23/30

Fuzzy space interference

P(D) ~ --- + nyn_exp gsinz()\k)(cos(cwrd)— Do)
——

interference suppression interference

ANd*mE <
rhz "~

Observable supPRESSION = exponent ~ —

mE~1eV
o mn~ 10_31 kg <— mass of electron —r S ]OiZ]m!

BA~1075m «— Planck length

Important features

m r dependence

m suppression possible at low k

R P T A P D R S
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Macroscopic Scaling
Extending definitions

N particles

N
HILBERT SPACE — Hfft = ®Hé”)
n=1
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Macroscopic Scaling w

Extending definitions

N particles

N
HILBERT SPACE — Hfft = ®H((1”)
n=1

Acesra — [37,27] = 2i ey o,

R P T A P D R S ]



Macroscopic Scaling @I

Extending definitions

N particles

N
HILBERT SPACE — Hfft = ®Hé”)
n=1

ALGEBRA — [)A(,.([), j(")} = 2i\ €k O )A(,E[)

-
Free HamiLToniIAN — H°f = —— A
free om
n=1
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Macroscopic Scaling @I

Extending definitions

N particles

N
HILBERT SPACE — Hfft = ®Hé”)
n=1

ALGEBRA — [)A(,.([), j(")} = 2i\ €k O )A(,E[)

-
Free HamiLToniIAN — H°f = —— A
free om
n=1

N
PLANE WAVES — )k(""N)> = exp iZk(”) &)
n=1
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Macroscopic Scaling

20 Center-of-mass coordinates
N particles
CENTER-OF-MASs frame
1 N
KM DRy gl

n=1

A 1

kot — k("), (n) — k(n) — ot
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Macroscopic Scaling

Center-of-mass dynamics

N particles

SpLiT Hamiltonian* — ftet
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Macroscopic Scaling @I

Center-of-mass dynamics

N particles

SpLiT Hamiltonian* — ftet

~
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interaction
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Macroscopic Scaling

Center-of-mass dynamics

N particles

SpLiT Hamiltonian* — ftet
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Macroscopic Scaling

Center-of-mass dynamics

N particles

SpLiT Hamiltonian* — ftet

. N
.
.
.
N
ot
free +
N
. N
. N
. N
. N
. N
IS IS
HCOM + Hinterna[
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Macroscopic Scaling

Center-of-mass dynamics

N particles

SpLiT Hamiltonian* — ftet
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Macroscopic Scaling

Center-of-mass dynamics

N particles
SpLiT Hamiltonian* — ftet
A .7 - =0
ot ot
free + inferaction
X L N . q™ =0
HCoM + H; ternal
mass

— CoM dynamics <— 1 PARTICLE: { momentum

NC param
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Macroscopic Scaling w

Center-of-mass dynamics

N particles
SpLiT Hamiltonian* — ftet
A .7 - =0
ot tot
free + W
X L N . q™ =0
HCoM + H; ternal

mass Nm
= CoM dynamics «— 1PARTICLE: { momentum k'
NC param A/N

h?(q(")?

NEGLECT corrections —> EXPANDIin Aand T ~ 3
mkp
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Quantum-to-Classical Transition @1

Is the suppression observable now?

Fuzzy space interference

P(D) ~ - + nyn_exp %sinz()\km‘/N)(cos(a+;")’)— 1)] ()
——

interference

interference suppression
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Quantum-to-Classical Transition

Is the suppression observable now?

27/30

Fuzzy space interference

P(D) ~ - + nyn_exp %sinz()\km‘/N)(cos(a+;")’)— 1)] ()

T
interference suppression interference
A d*m(E
Observable supprEsSSION = N TH >1
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Quantum-to-Classical Transition

Is the suppression observable now?

27/30

Fuzzy space interference

P(D) ~ - + nyn_exp %sinz()\k““/N)(cos(a+;")’)— 1)] ()

) v
interference suppression interference
a\d*m (E
Observable supPrRESSION = N TH 21
r

m (E) ~1eV

B m~ 1073 kg <— mass of electron

BA~107%m +— Plancklength

B N~ 102 Avogadro’s number
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Quantum-to-Classical Transition

Is the suppression observable now?

27/30

Fuzzy space interference

P(D) ~ - + nyn_exp %sinz()\km‘/N)(cos(a+;")’)— 1)] ()

) v
interference suppression interference
a\d*m (E
Observable supPrRESSION = N TH 21
r
m (E) ~1eV
B m~ 1073 kg <— mass of electron
35 = r < 100m
mA~10 m  <— Planck length
B N~ 102 Avogadro’s number

D
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Experimental Prospects

How might we observe suppression practically?

Challenges

CREATE & MANIPULATE massive quantum superposition
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WA Experimental Prospects
How might we observe suppression practically?

Challenges

CREATE & MANIPULATE massive quantum superposition

ISOLATE from TRUE ENVIRONMENT

Possible experiments

Guide BEC through Mach-Zehnder INTERFEROMETER

m van Es et al. (2008) —  split propagating 10*-atom ¥ Rb BEC
m Fried etal. (1998) —> create 10°-atom H BEC

Levitate & interfere NANOPARTICLE

m Tebbenjohanns et al. (2021) —  control optically-levitated
femtogram nanoparticle

Macroscopic OPTOMECHANICAL superposition ?

m Kleckner et al. (2008) —  describe entangling photon with
macroscopic cantilever
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ZZ3 Summary

Key takeaways

m Fuzzy space — CLASSICAL TRANSITION without heat bath
m Quantum suppression — realistically 0BSERVABLE

m Suppression strength —  EXTENSIVE & DISTANCE-dependent
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Future Work Proposals w

ALTERNATE SETUPS:
m Treat fuzzy-space vON NEUMANN MEASUREMENT

FORMALISM EXTENSIONS:
m Extend to non-commutative QFT

EXPERIMENTAL VERIFICATION:

m Implement proposed experiment
m Devise alternate experiment
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Accompanying Article w

Trinchero, D., & Scholtz, F. G. (2023, March).

Pinhole interference in three-dimensional fuzzy space.
Annals of Physics, 450, 169224.

(arXiv:2212.01449 [quant-ph])
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