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TASK: To construct the equation for probabilities of quantum transitions on
the basis of probability theory axioms.

HYPOTHESIS: The equation for probabilities of quantum process can be
constructed on Kolmogorov's axioms if they are supplemented with a new
axiom for joint events.



KOLMOGOROV’'S AXIOMS:

INITIAL CONCEPTS:

() — a set of elementary events w, space of elementary events.

§ — a set of subsets from €2, set of casual events A, B, C, .... .
AXIOM I

§ — is algebra of sets (exist AU B, AN B, A\ B, ..., which belong §).
AXIOM II:

The probability of an event (a set measure) is entered P(A) > 0.
AXIOM Il

P(Q) =1

AXIOM 1V:

not joint events if follows AN B =0,P(A+ B) = P(A) + P(B).



Joint events in Kolmogorov’'s axiomatics

Two events ST, S% are joint, if S¥ NS5 # 0, probability of association of events

P(S} U S3) = P(Sy) + P(S3) — P(Sf N S%)
Symmetric difference of two joint events
Sy =S\ (S5FNS5), , S; =85\ (SfNSE)

P(S; USy) = P(SF) + P(SY) — 2P (S} n S%)

Symmetric difference of N joint events
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In addition to Kolmogorov’'s axioms.
Let’'s define quantum joint events.

Two events S7, S3 are quantum joint, if S{ N S3 # 0, probability of association of events

P(STUS3) = P(S]) + P(S3) + P(S{ N S9)
Symmetric sum of two quantum joint events is a postulate
ST =STu(Sinsy), , S5 =55U(S{NSY)

P(S;uUSH) = P(S)) + P(S3) +2P(S{ N SP)

Symmetric association of N quantum events S is sum:

N N N
P(lJsH=> PsH+2 Y P(Sinss)-
n=1 n=1 n<m=1

N

—4 Y P(SInSLNSY) 4.+ (=2 P(STnSEN

n<m<k=1

. NSY).



The uniform equation for a symmetric difference and
symmetric sums of random joint events

Let's designate joint events S¥ S¢ one symbol S,,.

Let's designate events S, S;" one symbol S.
These designations give the chance to write down the equations for

P(UN Sy, P(UnN:1 S,7) in the form of one equation

n=1""n
N N N
P(LUS) =3P +2 Y gunP(SuN S+
n=1 n=1 n<m=1

N
+4 Z gnmkP(SnﬂSmﬂSk)—|—...+2N_1912,HNP(51ﬂSgﬂ...ﬂSN),

n<m<k=1
gi2="+lor —1,..



The equation for for probability of transition between the

random not joint events

In space of random not joint events the stochastic proceeds process: At the moment time t;,, the event
Ain(tin) is realized, at the moment ¢ > t;,, there can be one of events S,,,n = 1,2,...N, at the moment
ty > tin, the event By (ty) is realized. The probability of transition from an event A;,(¢;,) to an event

By (ty) is defined equation P(B; | Ai) = P(By N (UN_; Su) N Ai) = P(UN_, (Bf N (Sn) N Ain))

N
Events are not joint, therefore P(By | Aiy) = Z (Bf NS, NAin)

The equation it is possible to present in a look where probabilities of transition

P(By | Ai) = ZPBf\S (Sy | Ain)

This equation of chains of Markov. It is possible to write down in a look where it is designated

BfmSnmAin:ani N
i)=Y P(Stni)
n=1



The equation for probabilities of transition in space of the
random joint events

The equation we will write down in a look

N N
P(By N Ain) = P(Br 0 (| Sn) N Ain) = P(| (By N5, N Ain)
n=1 n=1

We will designate By N S, N Ay = S'fm-
It is possible to present the offered equation in a look

N N
S’ m ZP(ani)+2 Z gnmP(animem)+

Cz

P(f |i) = P(
n=1 n=1 n<m=1
N
+4 Z Gk P(S i NS pmi O Spri) + oo+ 2V g1a. N P(Sp1i N Spai N oo N Spni),
n<m<k=1

gi2=+1lor —1



Interpretation of the stochastic process equation
for joint events



Ain (Source of particles with momentum p)

S1 S2 S3 Ss SN
Lattice
with
holes
L
Bt (Check in) Screen

Drawing 1. Particle diffraction




Diffraction of particles

N
P(ry,r;,t) Z\/ (Stni) exp[hEt}eXp[@Sme (1)

Where r,, - determines the coordinates of the center of the hole of the diffraction grating; r— is the
coordinate of the observation point on the screen; r;—coordinates of the particle source;

v/P(Sni) -is the amplitude of the wave function; Sy,,; = fflplfm- — Dimensionless action of a particle
along line passing through the points r;,r,, ;.

The probability density p(r¢,r;) to detect a particle at the screen point ry, is determined by the square of
the wave Functions (1)

N N
plere) =3 p(Spai) +2 3 oS i)y p(Ssmi) cOSSsui — Spmisy). (2)
n=1

m<n=1



Probabilistic interpretation of particle diffraction

The probability of detecting a particle on a small area of the screen oy whose center has the coordinat ry:
P(ry,op;r;) = p(ry,r;)oy. We multiply the equation by 0. We represent the equation in the form

2

N
rfv f7r7, Z vasfnz +2 Z g(sfnzaSfmz)P(anmemz)y (3)

n=1 m<n=1

where P(os;Srni) = p(Spni)oy - probability of a particle falling onto the screen pad o; when it passed
through the n th hole;

P(of;Sfnis Spmi) = \/P(Uf; Sfm')\/P(Uf; Symi) | cos[Sfni = Spmil | (4)

is probability of a particle falling onto the screen area o, when it simultaneously passed through the n th
and m -th holes (the probability of joint events).

9(Stnis Symi) = c08[Stni — Sgmill 08[Spni — Spmil |~ (5)

is the function takes the value +1 or -1 depending on the action valuesS,;, Sfmi.



Probabilistic interpretation of particle diffraction and random
joint events

In equation (4), we replace random variables by random events. The equation takes the form

N N

m<n=1

where A; — the event of the emission of a particle by a source; B —is the particle registration event on
the screen site o¢; S, n = 1,2,..., N— are the events of the particle passing through the n -th hole of the
lattice; Spn; = By NSy N Ais gpnmi = 9(Sfni, Symi) —the function takes the values +1 or -1 depending
on the relations between the events Sy,; and Sy.mi; P(Sfni N Sgmi) — is the probability of intersection of
the joint events S¢p; U1 Spmi (1 > P(Sfni N Sgmi) > 0 for joint events and P(Sfp; N Sfmi) = 0 for
incompatible events.

Equation (6) coincides with the equation for stochastic processes in the space of joint events, if the events
are only pairwise joint.
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The equation of quantum motion of a particle
in the energy representation

Equation of evolution of a statistical operator:

p(t) = Up(6)p(0)U (1),

where p(t), p(0) — Statistical operators of the system, respectively, at time moment ¢ and ¢ =0,

t

On(t,t0) = Texpl~ . [ Vo(ryar],

Vo (r) = exply i

*HSyStT].

Aoy Ving () expl 4

In energy representation A .
Prngmy (t) = Z <nf|UD(t)|n0>pno7mo <m0|Ug (t)lmf>7

no,Mo

where . A
Prymy (t) = (nglp(t)|my), Promo = (no|p(0)|mo).

(P5)



The probability of a quantum transition of a system can be represented as a sum along trajectories from a

real functional:

N N 1 1 1 1
P(nf,tfmm,tm) = Z Pf(’lh = ml) + Z //// X
ni=mi=1 ni>mi=1 00 0 0

X Py cos[S[nf;n1, €15 Min, So] — S[ng; ma, (1 nin, Colldod€1dod(,

where
Slnygini, &3, o) = S(nyg, tying, t1,61) + S(n1, L1 Min, &o)s

ty >t >0
S, ti; Ne—1, te—1;Ep—1] = 2m(ng — np—1)&p—1+
tr + te_
+Q’f§knk—1 [COS(27T(nk - nkfl)fkfl + (Q + wnk,nk—l)kal)—'_

te + ti—
+cos(2m (g — k1)1 — (2 = W) =g DItk = b)),

Py is normalizing constant.

(54)



The equation is represented in the form

N N
P(Bf) = ZP(an)“‘Q Z gfnmP(anmem)a (10)
n=1 m<n=1
where L1
P(Sf, N Sy;) = |////PfCOS (g1, €15 Mins S0) — S[ngima, G nin, Colldéod€rdCodGe |, (57)
000 0
where

1 1 1 1
9(Spn, Spm) = ////COS[S[W;n1,§1;nm,ﬁo]s[”f;mhC1;nm,Co]]dfod§1dCodC1]><
0000

1

1 1 1 1
XHQ/Q/!Q/COS[S[nf;nlvﬁl?“ime]S[nﬁmlv<1§77fm7CO]]d€0d§1d<0d<1|]a (56)

9(Sfns Sgm) =+1 or —1

We will assume that S¢,,, Sy, are random events



Results

1. The system of axioms of probability theory is supplemented by a new axiom on joint quantum random
events.
2. In the new set of general events we have the equation for stochastic process

P( ZPSfm +2 Z Gnm (Sfmﬂsfm)
N n<m=1
+4 Z gnmkP(SfmﬁSfmiﬁkai)-‘r...—‘rQ _1912“‘NP(Sf1iﬁngiﬁ...ﬂSfNi),
n<m<k=1

3. For the case when events in the process are only joint in pairs

P(Sfm N Sfmi n Sf;“‘) =0, P(Sfli N Sf2i n...N SfNi) =0
N N
The equation has the form  P(By) =Y P(Sy)+2 Y g(Sn,Sm)P(Sn N Si)

n>m=1

This equation describes real quantum processes (particle diffraction, quantum transitions, and others).
4. There is a prospect for exploring a new space, a new equation.



Thanks for your attention!



