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1. Problem




I- Problem of C

3roglie, Schrodinger ...)




I- Problem of Qua




1.2-Importance of Dc
R. Feynman (1965):
Multiple) was p

through the

Bohmian trajectories
predicted by pilot wave theory

double-slit experiment.
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lI- Concept of Experiment and Analysis (1)

Why do we need the Asymmetrical
Double-Slit Experiments?

In our early study [1], a special which-way
identifiable method was proposed: in the first |
main minimum only photons passing through Tl ool T
one slit (the narrow) can be observed, i.e. e s i el 1
the path distinguishability D=1. AV
Moreover, in some spectra a significant
amount from these D-photons exhibit
interference, i.e. V>0.
- Does it mean both the Interference and the

Path have been observed Simultaneously ?

- In [1,2], we have not yet quantitatively
analyzed the correlation between the two
guantities:

the path (particle) distinguishability D and Concept of which-way identification

the interference (wave) visibility V.

Wide-sit  Nerrow-siit

= Now the objective of new study Is guantitative analysis of D+V correlation !
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lI-Concept of Experiment and Analysis (2)

O The experimental Method bases on the concept of:
» Single-photon interference (Self-Interference),
» and Asymmetrical Double-slits,

» inthe Far-field Fraunhofer condition: Npg, = I

Asymmetrical Double-slits

(ba= 1.72 b2)
d

Wide-shit Narrow-slit

O Single photon condition: Laser Power
Waser < 0.3 mW = 101> photon/sec,

which is due to Laser short time-window:; |

Aty gsor = A i
(A=650 nm; c=3.10° km/sec).

gl
By, Sy
Soya

2.C n
— Double-Slit interference of

Build-up of Single-Photon interference

Single photons is Self-interference.

| Double-Slit

Wide-Slit (Left)
_—d

Narrow-Slit (Right)
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lI- Concept of Expe

For Theoretical calculatior
O The summation diffr

d The summa

(6)
G (o, x)Is Normal Gaussian
main minimum at j=7.




lll- Data Pr

O We use the asymmetric do
our previous experimen

» We perfor

d1-a(=1,%) of

ve range (from j=6 to j=13).




llI- Data Processing (2)

O Analysis with an ideal interference-fringe resolution (6= 7/7)
[s(x) =a.1(x) + (1—-a).L(x), (2

—>Parameter a%-=I1 and (1-a)%=I12 are used
for calculation of interference spectra N1-NG6.

(b)
Difraction Do+V=1 Interference dBEI-Interference Fitting
Fitting Fitting

I+=26%;l2=4%

Diffr-Fitting
.

lh=86%a;l2=14%:

lefr—Fll:tlng

h=63%;lz=37%
Diffr-Fitting
pl\.'-aluu=ﬂ-9?
h=36%;l-=64%

Diffr-Fitting
Puvaiue=0.85
MN&

lh=16%;1:=84%

Diffr-Fitting
Puaiwa=0.89

MG

Iy=0%; =1 00%:

Diffr-Fittimg
pl\.'-aluu=ﬂ-95

Fitting with an ideal resolution (o= w/7)
=2 M&Q interpretation (c) and dBB (d): both theories are rejected.
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lll- Data Processing (3)

O Analysis with the realistic interference-fringe resolution (6= @/4)
I%(x) = D(x) + V™™ (x). (3

(c)-DOF
(a)=Dg+Vv=1 Fitting (b)-dBB-Fitting p-value for
& F‘ll 2t

MBE
14=0%
12=100%

X, -test with the realistic resolution (o= n/4)
(a)-by M&Q interpretation: Not consistent.
(b)-by dBB theory: Good consistency—>all p-values>0.05, (for N3 p=0.42 ?)
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V- Discussions (1)

4.1-Case study: Spectrum N3

Q (a)-M&Q-Theoretical interpretation. At
J=7 with Iy, = 0 which leads to:

2V — Do +Ve=1+0=Dg

Is
O (b)- dBB-Theory (p-value 0.42 relatively
lower than other p-values?). But, at j=7,
dBB shows I, + 0 —as an excess, leading to:
b*v —p=1> (D+V)Theor=1.50

Is

O (c)-The same dBB-Theory, but with the
8.5%-Multiphoton correction (a=62%o):
(X, =74/DOF=85->p-value 0.80 improves
consistency). At j=7 it leads to the same
theoretical value, thus multiphoton
correction doesn’t affect (j=7)-fringe:
(D+V)Theor=1.50 (Multiphoton correction).

—> Theoretical is consistent with Experimental:

Exp

From table 2(a)

l,=a%=63%
1,=(1-2)%=37%

From table 2(b)
1;=a%=63%
1,=(1-8)%=37%
AM=0.
Puaie=0.42
{DOF=85)

(c)

N3
l,=a%=62%
l,=(1-a)%=38%
Correction:
AM=0.085

Pvalue=n‘.au
(DOF=85)

80
70
1)
50
40

30
20
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0

Experiment
M&Q-Theory
— [h-theoretlc.al baseline

s 1BB-Theory without
multiphotons
Dg-theoretical baseline

dBB-Theory+Multiphoton
correction
Dy -theoretical baseline

X,-test with an realistic resolution (c=n/4)

for N3 spectrum.
The ovals show two main minima
of I, (Red) and I, (Green)

Vo Van Thuan
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V- Discussions (2)
O Following calculation of (D+V) for N3, the same way for other spectra:

dBB theory (Ideal)
dBB theory (Reallstic)
MEQ interpretation
Experimental

The (D+V)-correlations at the interference order with j=7
M&Q theory (Green line), dBB theory with realistic resolution (Blue curve)
and dBB theory with ideal resolution (Red curve)
in reference to experimental N1-N6 (Black rhombuses).
2

Only dBB blue curve with o= m/4 fits experimental (X, =1.78/DOF =5->p-value > 0.90)
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O Regarding the Problem of Phys
perform an Asymmetrica
condition with a con




(J The obtained correlation D

The asymmetrical douk
simultaneously bo
any disturbanc
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