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The Bohm-de Broglie quantum mechanics has made possible to calculate the trajectories of electrons in a
typical double-slit experiment[C. Philippidis et al., Il Nuovo Cimento, 52 B, 15-28 (1979)]. The trajectories do
not correspond to an uniform movement but to an accelerated one. The acceleration is caused by the quantum
potential. From the quantum theoretical point of view, the accelerated electrons should, with a certain probabil-
ity, emit photons during its movement from the slits to the screen. According to the Copenhagen interpretation
we found that this quantity is strictly zero because the electron moves as a free particle along its path after it
leaves the slit and before reach the screen. Then, there is no emission of photons. On the other hand, by using
the Bohm-de Broglie (BdB) approach we calculate the emission power, giving a general formula and which
results, for a concrete real experiment, in a very tiny but not a vanishing value. We give an idea of the type of
spectrum that could be measured. Therefore we have shown that the theoretical predictions of the usual quan-
tum mechanics and that of Bohm-de Broglie’s interpretation are different. An experiment could determine the
correct prediction.

PACS numbers: 03.65.-w Quantum mechanics; 03.65.Ta Foundations of quantum mechanics; 03.70.+k Theory of quantized

fields

I. INTRODUCTION

In Feynman, Leighton and Sands ’s words [1] the interfer-
ence experiment with electrons ”‘...has in it the heart of quan-
tum mechanics. In reality, it contains the only mystery.”” The
formation of the interference pattern has been demonstrated
in several experiments, among them Jonsson (1961)[2], Tono-
mura et. al (1989)[3]. At the same time the theoretical ex-
planation indicated that ”“The electrons arrive in lumps, like
particles, and the probability of arrival of these lumps is dis-
tributed like the distribution of intensity of a wave. It is in
this sense that an electron behaves sometimes like a particle
and sometimes like a wave.”[1], or ”‘In quantum mechanics
there is not such concept as the path of a particle.”’[4]. On the
other hand the trajectories of the electrons in an typical two-
slit interference experiment were computed and plotted in the
framework of the BdB approach to quantum mechanics [5].
This is a version of quantum mechanics that reproduces all
the experimental results explained by usual quantum mechan-
ics [6][7]. Since the introduction of this version of quantum
mechanics, people have been looking for a way to rule it out
through some experiment they can not explain. This has not
been possible so far. In this work we are going to propose
an experiment for which the theoretical prediction of the two
versions of the quantum mechanics, Copenhagen and Bohm-
deBroglie, are different. It will then suffice to measure to

* e-mail: santini@cbpf.br
 e-mail: chiappegerman@yahoo.com.ar

choose the one whose prediction is correct. This experiment is
neither more nor less than the typical interference experiment
of electrons for which we will show that the usual interpreta-
tion predicts that they do not radiate on their way to the screen
and instead the interpretation of BdB predicts that electrons,
being accelerated, radiate with a very small power, on its way
to the screen. When the present work was ready to be sub-
mitted to be considered for publication, we learned of a very
interesting preprint by Pisin Chen, more than twenty years ago
in which a proposal similar to ours had already been discussed
[8]. In that preprint an analytical model of the quantum poten-
tial of the experiment of the two slits with electrons was used
and a numerical study was also carried out. It was concluded,
like us in the present work, that the electrons must emit ra-
diation. We can say that this preprint and the present work,
in a certain way, complement each other since, in our section
III, we make a graphic study in scale, somewhat handmade
and in Chen’s work more general methods were used. How-
ever, in addition to the fact that Chen’s prediction is mainly
in the visible range, a range different from that predicted in
the present work, namely radio waves!, the same author in
a more recent preprint concludes that this radiation does not
really exist [9].Therefore, we think that our proposal is of ad-
ditional interest since, using different methods, we affirm that
the BdB view of quantum mechanics says that this radiation
should exist.

! However, we note that the width of the slits used in Chen’s work is differ-
ent.
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FIG. 1. Two-slit interference experiment for electrons.

This letter is organized as follows: In section II we present
the typical experiment and we made the calculations follow-
ing usual quantum mechanics using an elementary pedestrian
approach to quantum electrodynamics. In section III we make
the computations according to the BdB approach giving first
an exact formula for the emission power by electrons and then
an estimate for its value in the case of two real experimental
possibilities. In section IV we say two words about polariza-
tion of the emitted radiation and Section V is for discussion
and conclusions. Some calculations have been placed in ap-
pendices, in order not to separate the reader from the main line
of reasoning.

II. ELEMENTARY COMPUTATION OF THE
PROBABILITY OF EMISSION OF A PHOTON BY AN
ACCELERATED ELECTRON, ACCORDING TO THE

COPENHAGEN INTERPRETATION

Lets consider an usual two-slit experiment given by an elec-
tron source S, two slits A and B and a screen S .

We adopt a co-ordinate system with origin at O as indicated
in the Fig. 1, with the centers of the slits having co-ordinates
(0,Y) and (O, -Y). (same convention that as [5]). After go
through and coming out the slits an electron becomes free, i.e.
the potential acting on it is zero

In the experiment presented by Jonsson in [2] which is the
same later studied in [5], the kinetic energy of a typical elec-
tron is 45 keV. This represents approximately 9% of its rest
mass, 511keV, and this mean a non-relativistic case [5]. Then
the hamiltonian operator of the electron is given by?.

2
p
= — 1
e= 5 (H
If we consider that a photon can be emitted, these are char-
acterized by the potential vector A(r) and then the Hamilto-

nian of the total electron + photon system is

1 1
H=—(@p-SAP+— f A3 (E? + BY) )
2m c 8

that can be written as

H=H,+H,, +H

where

&2

2
2mc? A

H]Z—ip°A+
mc

1
Hypy = — f dx*(E* + B%)
8

3)

“4)

®)

The term H; will be treated as a perturbation. The Hamil-

tonian without perturbation

H= He +Hrad

has as eigenvectors

le + radiation) = |p) |...0ko-)raq -

(6)

)

The interaction hamiltonian H; induce transitions between
this states, and the transition probability per unit time is given

by the Fermi ‘Golden Rule” as:

prob 2r 2
= - M i 6 E - Ei
time 7} | f| (Er )

where

. (f1H; |n) {nl H; i)
|Mfi| = <f|H1|l>+Zm +
(f1H |n) {n| Hy Im) {ml H; i)
(Ei — E, + in)(E; — Eyy + i)

Now we write H; as

H,=H +H",
where
H = —ip -A
mc
H' = ¢ A?
2mc?

and substituting the expansion in normal modes for A

®)

9

(10)

Y

12)
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2nhic? ) )
Ax, 1) = Uy |ake (DR + af (e T
; Quy k [ k k ]
being
Ao (1) = ape(0)e ™ (13)
a; () = aj,, (0)e"“* (14)

the destruction and creation operators, and Q = volume of the box where the electromagnetic field is quantized

we obtain:

e 2nhc?

H =-—p

mc Qu,
ko k

i(k+k)r i(k—k")r

+
[ak(,ak/(ﬂe + AroQp €

To the first order in the perturbation we see that H” induce
transitions in which the number of photons changes in one
unity (i.e +1), since one and only one creation or destruction
operator appear in each term of it. In the same way we see
that H” induces changes in which two photons are emitted or
two are absorbed or one is emitted and another is absorbed.

Let’s consider the electron with initial state |p,) and final
state |pp). We are going to analyze the emission of one photon
with wave vector k and polarization o~. We write for the initial
and final states:

0} = [Pa) |- Pk raa 15)

1f) = 1pp) |-tk + 1) raa (16)

Transitions between this states can only be induced by H’
in the first order contribution to My;.
We have

. e |2xhc? .
(fIH'liy = —— (ol DUk ™7 |pa) Vg + 1
mc \ Quwy
(17)

2 In this section we follow the lines and notation of [10] Ch. 3. but keep in
mind that here we have an electron instead of an atom.

Uko [ak(re

+ ak(rak/(r/ e

(

ikr + —ikr
+ag, e ]

2mc2 Z Z(zmc \/l—ukff“k’v’ X

ko k'o’

i(—k+k')r i(—k—-k)r
+ ak:(rak’o“e ]

then, from eq. (8)

prob

time
4 2 2

ARy [pol Pt ™ |p)| S(E = Eo + heof)8)

The case n; = 0 correspond to the situation in which there
is no photons a priori before the emission, in the final state.
In order to calculate the lifetime of the state |p,) against the
emission of a photon it is necessary to sum over all the pos-
sible values of k and o that the emitted photon can have. In
summing over the polarizations we choose ug; and ug, as in
Fig. II, then

> (el pukee ™ Ipa)[| = [(polpe ™ Ipa)[ sin*6 - (19)
o=1,2

Now it is a reasonable approximation to say that the emitted
photon is of very low energy, i.e. it have a very long wave-
length compared with the characteristic dimensions of the ex-
periment which means exp —ikr = 1. Substituting in (18),
taking into account that in summing on all the possible states
the probability in the numerator becomes 1 and using the pre-
scription

Q
> — By f &k, (20)

k
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FIG. 2. Polarization of photons for the sum in Eq. (19). wp Lue
and both perpendicular to the direction of propagation of the photon
k

for Q — oo (the volume of the box going to infinity) we ob-

tain:
1 &2 5 1 2 .9
- =5 d"k— Kpp| ppa)I” sin” 06(Ey — E, + hewy)
7)oy 2mfm Wi
21

Now we use spherical coordinates in the k-space with the
z-axis in the (py| p |p,) direction, then:

&’k = k*dk sin 6d0d (22)

and using k = =, we have

3 W/% .
&k = —~ dwy sin 6d6dep (23)
¢

which substituting in (21) and integrating, allow us to write:

1 4¢e? 5
- = ——w, » 24
(T)M T @ar Kol P 1) 24)
were wyp = (E;—E’) is the frequency of the emitted photon.

Using that p = m7 (non relativistic case) we can re-write
the bracket in (24) in the following form 3:

im

(polDIPa) = {pol T |pa) (25)

—Wpha

that substituted in (24) gives

1 4¢? )
- =— i pa)l” 26
(T)H) 3 hn Kpol 7 |pa)l (26)

where we used that w,;, = —wp,.

3 See appendix A.

Being the energy of the emitted photon equal to 7wp,, we
have for the energy radiated per unit time (emission power)

hiwp, 4¢? B
( - ) = 3.3 Kol #1pa) 27)
a—b
that we write as
dE 4¢? . s
I =33 Kpol 7 [padl” - (28)
a—b

We see a great resemblance to the Larmor’s formula for an
accelerated electron of Classical electrodynamics.
We can write the last equation using the “‘fine structure

constant”: @ = % as
dE 4 ah )
- = —— P | pa 29
(dt )a_)b 32 [Pl 7 |pa)l (29)

Now we analyze the electron considered in our problem,
which once abandoned the slits experiences no potential be-
fore striking the screen (i.e. V() = 0 for xg; < X < Xscreen)
. This mean that its hamiltonian is that of a free particle, Eq.
(1), and then # vanish:

N R _
P =slHe. 7] = o [He.p] = 0. (30)

Then, equation (29) gives:

dE
B o

i.e. a null value, which means the energy emitted per unit
time is zero and we have no photon emitted*. This is the an-
swer that gives the Copenhagen Interpretation of QM. The
electrons goes from the slits to the screen without emission
of photons in most of its travel, with a possible exception in
two points which are the final point in the screen and the initial
passing through the slits, point where the potential is not van-
ishing. Note that, following the founders Bohr, Heisenberg,
Landau and others, we have not talked about ”*
our deduction.

We followed an elementary computation in Q.E.D., i.e. we
have not made use of the 2nd quantization formalism but, as
it is well known, the answer to the problem must be the same
with the only price to pay being the lost of manifestly covari-
ant equations.

939

trajectory’” in

4 1In a sense we verified the Feynman’s quote [...] the electron cannot emit
a photon and make a transition to a different electron state while traveling
along a vacuum [11].
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III. PHOTON EMISSION IN THE BOHM-DE BROGLIE

APPROACH

The two-slit interference experiment with electrons was
studied in the framework of the BdB quantum mechanics in
[5] where the bohmian trajectories were first calculated (Fig.
3). An interesting discussion of this experiment at the light of
BdB quantum mechanics is given in [6]. The trajectory of an
electron is affected by the quantum potential which is depicted
in Fig. 4. The plot of the quantum potential shows, after the
high spikes in the central region near the slits, a set of troughs
and plateaus. An electron emerging for one slit can be first
repelled by the central spikes and then moves practically uni-
formly (with a small component of velocity in the y-direction)
until it encounters one of the troughs in 0. One can have an
idea of the variation of Q in the y axis by plotting the cross
section which is depicted at about 18 cm from the plane of
the slits: we see a series of ”‘potential wells” (or valleys) cor-
responding to the troughs (Fig. 5). The electron ~*fall”’ in
the potential well where is first accelerated with a strong force
—(;9_yQ and then decelerated (the quantum potential for this ex-
periment depends only on y, see [5], [6]). From the quantum
theoretical point of view we can say that there exist a certain
probability for the accelerated electron emit a photon and the
formula obtained for the emission power, Eq. (29) can be used
but now accepting that the electron follows a trajectory. It is
possible to write this equation as (see Appendix B):

FIG. 3. Trajectories of the electrons in the two-slit interference ex-
periment predicted by Bohm-de Broglie mechanics (Extracted from

[5D.

dE 4ah .,

— ==— (% 32

( dr )a—>b 3 C2 (T)dﬁb ( )

where 7 represents now the position of the electron.
Adapted to our goals, we have in a finite form:

AE\ 4ah (Mo
— === 33
(At) 3¢? (At) (33)

FIG. 4. The quantum potential for the two (gaussian) slits viewed
from the screen S, (Extracted from [5]).

]

|
ol

Qrx 107"y
|
=

=10 -8 -060 D40 DB D ]
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L T

FIG. 5. A section of the quantum potential at 18cm from the slits S,
(Extracted from [5]).

where v = 1 and we suppressed the sub-indices ”a” and ’b” .

We can estimate the last factor |%| in (33) (or # in (32))
from the dynamical equation for the electron according to the
BdB interpretation, which is a type of Newton’s second law
equation, in which the particle is subject to a quantum force
—VQ in addition to the classical force —VV. This equation
reads as follows [7][6]:

d .
d—t(mr) ==V(V+ Dlr=r@) - (34
In the experiment analyzed here we have V = 0 for the elec-
tron along the trajectory from the slits to the screen (excluding
this extremal points).
Then

d
E(mf‘) = =V ODlr=r() - (35)
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or

d .1
7 =V Dlr=r)- (36)

which gives, after substitution in (32):

dE 4 ah
(E)H, =332 V@)1 (37)
This is the general answer that BdB approach gives for the
emission power in a double slit experiment with electrons.

Note that in the work of Chen the Larmor formula of classi-
cal electrodynamics (Eq. (9) of [8]) is applied directly, which
differs with respect to the formula (37) that we have found in
a factor 2. It is noteworthy that we could also have considered
the BdB interpretation of the electromagnetic field. In this
sense, it is possible to show that in such a case the formula (32)
is maintained. However, it may be of interest to give an onto-
logical description of the radiation emission process studied,
considering, instead of Fock states, i.e. the state (16) (which
are equivalent to plane waves), non-stationary states given by
packages or superpositions of Fock states with a certain func-
tion of weight, which allow to describe in a more realistic way
the process. In this case, the weight function would be in-
cluded in the formula of the emission power obtained. Bohm,
in his 2nd article on "’hidden variables” of 1952, developed the
causal interpretation of the electromagnetic field and studied,
in particular, the photoelectric and Compton processes from
that point of view using non-stationary states [7]. A valuable
report on the BdB interpretation of the electromagnetic field
can be found in [12].

In order to continue the analysis with data from a concrete
and real experiment we write the last one (following 33) as

CRET -

At] T 3m22 \ Ar

It is possible estimate an approximate value for the gradient
VQ| = ’AA—?’ graphically from Fig. 5 when the electron enters
each well (recall here Q depends only on y: Q@ = Q(y)). The
maximum absolute value of Q is, for the Jonsson experiment,
approximately equal to 10™*eV [5][6]. From this we roughly
estimate that for the 2nd well (counting from the symmetry
center between the slits) we have a variation of 17—6 x 10™%eV
along a distance of % x 10~*cm then:

Vo= — = T = 3.06i 39
cm

In other words, we approximate the curvilinear walls of
each well shown in the Fig. 5 by straight walls, as it is shown
in Fig. 6.

Substituting (39) in (38) and using the standard values:

i =0.65x%x10"BeVs

A
a

FIG. 6. Approximating the section of the quantum potential given in
Fig. 5.

mc? = 0.511 x 10%V
c=3xX 1010%

~ L
@ =137

we obtain for the mean emission power:

AE
P, = (E) =327 x 1072w, (40)

In the same way, for the 3rd well we have approximately
A0 » 350x107eV 0.93< and the mean emission results in

Ay ~ 376x10~*cm

P;=3.02x1072"W. 41)

For the 4th well we obtain AA—g = 0.8 and the emission
power is

P, =327x107%W. 42)

Still for the first well, by extrapolating below the abscissa
axis, we can obtain AA—(;? = 9.66% and for the emission power

P, =325x107PW. (43)

It is possible to have a crude idea for the frequency of some
of the photons emitted. For that we estimate the time the elec-


cdi
Texto digitado

cdi
Texto digitado
CBPF-NF-001/18


CBPF-NF-001/1

tron takes to cross the well (this is the collision time, call it T)°.
We consider that the movement during the passage through the
valley in the y axis occurs approximately with constant aver-
age accelerations (in the first half of the valley accelerated and
in the second half decelerated) which can be obtained graphi-
cally. Furthermore we make another simplification which is to
consider each valley as symmetrical along its central vertical
axis.

Using for the initial y-velocity, in the border of the valley,
the value from the experiment performed by Jonsson, v, =
1,5 % 104% we found approximately for the 2nd valley (or
well)

acceleration:

2
» 306V 599106 — 530 % 10152 (44)
cm cm §

e

collision time:

7, 27.01 x107s. (45)

Accepting that during this time a photon is emitted, by us-
ing the mean emission power given by Eq.(40) we have for
the energy of the photon:

Ey=Pyry =327 x 107%W x7.01 x 1075 (46)
=229x%x107%;.

To this photon must correspond a frequency

E, 229x107%;
Vo = — =

- -3
h 603X 10 s 345x 107" Hz. 47

For the photons emitted as en electron cross the 3rd valley
we found the collision time 73 = 1.02x 1075 and a frequency
v3 approximately equal to:

vy =4.66x 1074 Hz. (48)

In the same way we obtain the collision time and a fre-
quency for the 4th and still for the 1st valley:

5 Strictly we call collision time to the time during which the electron ”“feels”
the potential. That occurs in two stages, first acceleration and then deceler-
ation, each lasting 7. In each of these lapses there is a change in the velocity
Av. This is the characteristic time that will define the frequency of cutoff
of the spectrum, see below.

7
742 1.09x 1070, (49)
va=3.6%x107*Hz, (50)
71 228x10" s, (51)
v = 1.37x 1072Hz. (52)

Then, the electron irradiate soft photons (i.e. photons with
small energies compared to the energy available in the exper-
iment) and this is a key information because the emission of
soft photons by accelerated electrons was already studied in
[13]. We can take advantage of the results obtained there in
order to estimate qualitatively the emission spectrum for all
frequencies. It is important to note that the results presented
by [13], in particular Eq. (15.2) ”‘holds quantum mechani-
cally as well as classically’”’, in words of Jackson, page 709.
In the case of non-relativistic collisions there is significant ra-
diation for when the following condition is satisfied

w< -, (53)
T

where w is the angular frequency, i.e w = 27v and 7 is the
collision time.

The collision time 7 is the time the electron ”‘feels™ the
acceleration in each potential well (estimated before) and %
is, according to Eq.(53), the maximum angular frequency. For
w > % the energy irradiated per unit of frequency interval (i.e
the frequency spectrum) fall rapidly to zero. This spectrum
will have a cutoff at that frequency and higher frequency pho-
tons will practically not be emitted [13]. Then the spectrum
will be something like a step function with the cutoff in % as
in Fig.7 (see too [14] Fig. 15.1.).

The ‘height of the step™, call it 1(0), i.e. the intensity at
zero frequency, can be obtained by re-writing Eq. (33) as

4 ah
SESt = = — (AV)? (54)
3¢
and being the frequencies of the photons tending to zero we
can write 6v = 1, and we have in that limit:
dE  4ah
10) = — = = — (Av)? 55
0= =25 W), (55)

or equivalently
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Valley W, = | T o)
! 28><10 m =3 57>< 10"Hz | 8.4mm [1.63 x 10777 <%
2y, = 143 X 107HE] 2T om [T03 % 1078
3 102><10*105 =9.8x10°Hz [3.06cm| 2x 1073
4 | ggmg: = 917 x 10°Hz [3.27 cm[1.69 x 1072 €7

TABLE I. Characteristics of the emission spectrum (Fig. 7).i.e. cut-
off frequency w.; minimum wavelength A.; and intensity /(0) for
each valley crossed by the electron.

1(0)_d_E=i

o vore (56)
which represents the energy irradiated per unit of frequency
at very low frequencies.

So for each valley there is a spectrum as in Fig 7 each one
of them with a cutoff angular frequency w,.; = & ( wavelength

;) and ~‘height of the step™ 1(0); (i = 1,2, 3, 4) as indicated
in the table I.

The total spectrum should be composed of the superposi-
tion of step-type spectra (Fig.7), one for each valley of the
quantum potential that is crossed by the electron, and each
one with its cutoff frequency given above and with its corre-
sponding “height” (Eq.56).

1iF

FIG. 7. Qualitative frequency spectrum for the emitted photons when
the electron cross each well of the quantum potential. Here, 1(0) is
given by Eq.(55).

The results obtained correspond to the case in which a sin-
gle electron emits radiation, it means a geometric arrangement

like the Jonsson’s experiment but in which the current is very
weak. For example, a current as in the Tonomura’s experiment
in which it is used a current I+ = 1.6x107'%A or 103electron/ s
arriving to the screen. Under such conditions, the average dis-
tance between successive electrons is 150 Km and therefore,
there is practically no chance for two electrons to be present
simultaneously between the slits and the screen [3]. In such a
way the values found here are compatible with an actual ex-
periment i.e, Jonsson ’s experiment with current /7.

On the other hand, for the case of a greater current, say den-
sity current of electrons equal to j = 3025 mA - exactly like the
one used in the Jonsson experiment, it is p0551b1e to estimate
the emission power in the following way. Using that

1.6022 x 107'°C = 1e” (57)

where e~ is the electron charge, we have

Jj = 1.87245 % 10‘7;‘#

And, if we consider that the total area, S, through which
that density current flows corresponds to the area of the slits

with size equal to: 0.3u X 50u each one [2], we have

S = 2x slit area = 2 X 0.3 x 10™em x 50 x 10™*cm =
3 x 1077 cm?,

and the total current I; (where J stands for Jonsson ) is

Iy =jS =187245x 107 —— .3 x 10 7cm?
S.cm
~56x1005 (58
S

On the other hand we can write (40) as

C
Py =327 x1072W =3.27 x 10726V, — | (59)
S

s0, using (57) we can write

Py =327 x 10720V x 6.24 x 1085
A

—2.04x 107V x 1035 (60)
S

and then

P, =2.04%x 107V x I (61)

i.e the power is proportional to the current so, for the experi-
ment with current /;, we can write

Py =2.04x 10710V x I, = 2.04 x 10710V x 5.6 x 10105
S

=1.83x 1078w = 1.83 x 107!

178 (62)
S
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In the same way, from Eq.(43), it can be obtained for the
st valley:

Py=182x107"W=182x10"028 (63
S

And so on for the others wells. In this way in the case of
a current as Jonsson’s experiment it is obtained an emission
power several orders of magnitude greater than that obtained
before for a current as Tonomura’s experiment and therefore,
the emitted radiation will have a greater probability of being
detected in an experiment like the one described.

IV. ANGULAR DISTRIBUTION WITH A DEFINITE
STATE OF POLARIZATION

We can say something in relation to the angular distribution
of the emitted radiation and its polarization. The key in this
experiment is that the acceleration imparted by the quantum
potential to the electron has only a component in the "’y di-
rection. Therefore, making use of the results presented in [13]
it is possible to see that for the angular spectral distribution,
I, will survive only the contribution due to this polarization
direction, i.e I, see Eq. (15.10) of that reference (remember
that they are also valid from the quantum point of view). We
will leave for a next article the details of this issue.

V. CONCLUSION

It has been demonstrated from the usual quantum mechan-
ics (interpretation of Copenhagen), that in the two slits exper-
iment of interference with electrons they do not emit radiation
in their way from the slits to the screen, i.e. the probability
amplitude for that process is zero. On the other hand, using
the quantum mechanics in the view of Bohm-de Broglie, we
have shown that these electrons must emit radiation. The rea-
son for this emission is that the quantum potential accelerates
the electrons. For realistic experimental parameters compati-
ble with experiments already carried out, we have shown that
the emission spectrum is a superposition of step functions,
each of them characterized by a cutoff frequency and a cer-
tain intensity. They are radio waves with wavelengths that go
approximately from cm onwards, of very low power, but prob-
ably detectable. If this were the case, a measure that could
detect this spectrum of emitted radio waves would constitute
a strong experimental evidence of the existence of Bohmian
trajectories. Note that Chen’s prediction [8] indicates elec-
tromagnetic waves in the visible range (using slits of another
thickness) although in truth, as we observed earlier, the same
author has completely refuted his own prediction [9].

Zero emission is the first and main response that the Copen-
hagen vision can give and, as we saw, it is different from the
prediction that results from the BdB vision. However, we
think that Copenhagen’s prediction could be another in the
light of the following argument. The electron, when coming
out of the slits, is not in principle subjected to any potential as

to do not cancel the equation (30). However, from the point of
view of quantum field theory, there is a zero point energy, that
is, the energy of the vacuum. The possibility that we consider
is that the electron is subjected to the fluctuations of energy
of the vacuum, which would be variable with the position in
a way that produces for the commutator, Eq. (30), a non-zero
value of the operator #, in the same way as the quantum po-
tential in the BdB view. If this were possible, we could speak
of some sort of equivalence of the quantum potential with the
fluctuations of the energy of the vacuum, and the predictions
of both visions could be the same, although this must be in-
vestigated.

In this work, given the complexity of the quantum potential,
we used graphic methods, somewhat handcrafted, which we
believe are justified given the novelty of the result obtained.
Nevertheless, we think it is convenient to improve these re-
sults using numerical developments for the quantum potential,
task which will be the subject of a forthcoming investigation.
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VII. APPENDIX

A. Computation of equation (25)

i i
= ﬁ[H9 r]= ;l[He + Hyga, 7] = (64)

i

i
7 [Hm 7'] - %(Her - T‘He)

then

(Dol PIpa) = m{pp| 7 |pa) = (65)

1
m(Ph| H,r-7rH, |pa> % =

i
==
im

5 (Ep — E){pplT|pa)

= imwpq <pb| r |pa>

m (Ep (ppl 7 |pa) — {Pul T |Pa) Ea)

it means that

(pol P |pa) = imwpa {pp| T Ipa) i.e. (66)

(Pol T |pa) = iwpa {psl T |Pa) - (67)
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Now in the same way we can compute {p,| 7 |p,) and ob-
tain:

<Pb| L& |pa> = iWpg <Pb| T |pa> (68)

and using (67) we have

(Pl 7 pa) = —wi, {pol T |Pa) (69)

that together (66) allow us write (25).

B. Showing the plausibility of (33)

It is possible to ”‘re-obtain’ equation Eq. (29) by follow-
ing the elementary considerations given by Thirring in [15]
page 7 : an electron which follows an accelerated movement
must emit radiation according to classical electrodynamics.
But from the quantum theoretical point of view we can only
say that there exist a certain probability for the accelerated
electron emit a photon .

If the electron changes its velocity v in Av during the time
interval At, the photon emission probability w is given in
essence by the Larmor formula by

10

w ~ a(Av)? (70)

where « is fine structure constant.

The energy emitted by this electron is, on the average, equal
to the product of probability by the energy of the emitted pho-
ton’

AE ~ a(Av)zAzt (71)

where the frequency of the photon is of the order é.
Then, for the emitted power we have

AE Av\?
or in infinitesimal form
dE dv\’
E ~ ah E (73)

which are in essence Eq.(32) and Eq. (33) respectively, ex-
cept for constants.
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