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By allowing the statesof a spin systemto be connecteddy a graphin discretetime, we
demostratéhat discretetime "paths” betweervertices(representinghe statesof the spin
system)caninducefluctuationsn the probability of the stateghatin turn generatdluctu-
ationsin z spinpolarizationof a spinsystem.
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1. Introduction

It is widely agreeduponthat, becaus@f the incompletenatureof the quantumtheory
with its non-causalnondeterministicandnon-localstructure very primitive foundations
arelackingin its formulation[1-3]. The searchfor a viable "hidden variabletheory” to
datehasalsometwith anavalancheof criticism [4,5] andmary studentsf quantumthe-
ory have choserto accepthequantunprinciplesasempiricalprinciplesof the sub-atomic
world [6]. From a quite anotherdirection,in gravitational physics,it hasbeendemon-
stratedthat becausef the factthatthe pathintegral in Euclideangravity is not bounded
from belov whenspace-timalevelopswormholesandnon-trivial topologiesat the Planck
scale,the continuumof space-timeshouldbe replacedby a more fundamentaldiscrete
combinatoricstructurg 7—10]. For both of the above reasonsnpumerousuthorshave sug-
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gestedhatbothRiemanniargeometryandgaugetheoryshouldbe derivedfrom concepts
emeping from discretenesandcombinatoricsvith the guidelinesof topologyleadingto
an ultimate structure[11-13]. Wheelerhaselaboratedn theseideas[14,15] suggesting
thata setof pointsandpossiblelinks betweerthemshouldform the basisof a theoryof
pregeometryFinkelstein[16] hasdevelopedsimilarideas,andWootters[17], inspiredby
the notion of a "Penrosespin network” [18], hasdevelopeda theoryof space-timéased
onquantuncorrelationsdetweerfundamentaspinsin Hilbert spaceSomevhatrelatedto
theseideas,Caldirola[19,20]long agoproposedhe notion of discretetime differencesn
quantuntheory andRecami21] hasinterpretedhis asanexpressiorof thefactthatin the
beginningtherewasno notion of space-timeindonly individual particleswerethe primi-
tive entities,andafterquantumcorrelationsandthermalaveraging Minkowski spacewas
born, but fluctuationsin thelatter universecouldstill be expectedaway from Minkowski
space-timeWe have applieddiscrete-timegquantumtheoryto electron-spirpolarization
precessiolfi22], electron-spirresonancg?3], to spectrakhiftsin the hydrogenspectrum
[24] andto theinternaltransitionsof "thoughtto be” elementanyparticles[25]. Following
thesedevelopmentsit wasrecognizedhat”discretetime jumps” mightbeinducedby the
ervironmentin the spirit of the "Procrustearprinciple” expoundedy Nanopouloug26].
The basicideahereis thatdueto the truncationof non-localstringmodes,a system(lo-
cal modesor particles)is in constantinteractionwith the non-localmodesthatrepresent
the ervironment. Theseideasleadto an arrown of time in cosmologyandto small CPT
violationsin the K° - K0 system[27,28]. Encouragedby theseenvironmentaleffects,we
have introducedMarkov jump-processesito the physicsof quantumspinphenomenand
pointedout thata studyof the short-timebehaior of a spin-precessingarticlein a mag-
neticfield mightrevealthe presencef Markov discretetime jumps[29-32].In a separate
note,we alsostudiedthe behaior of a compositeparticleunderthe influenceof Markov
effectsanddemonstratethatshort-timechaoticfluctuationsn the spin-precessioampli-
tudemight not only reveal discretetime jumpsbut would alsoprovide us with a window
throughwhich to studythe compositestructureof elementarnyparticles33].

In thefollowing note,we carrythesestudiesa stepfurther by proposingthatquantum
jumpsbetweerindividual spinstatesarearesultof "walks” onarandomgraphwhereinthe
verticesrepresenthe spin statesandthe edgesrepresenthe junction betweerthe states.
Using principlesof combinatoricaandgraphtheory[34,35], we thencalculatethe fluctu-
ationsin the probability of the variousspincomponentinducedby "discretetime walks”
betweerthe verticesof the graph(states) Sucha modelis in accordwith a pregeometric
pictureof space-timeindcould provide us with a fundamentapictureof quantuntransi-
tionsthatreliesonly on the structureof connectedyraphsandfundamentaprobabilities
assignedo eachedge(link). It is alsohopedthat sucha picture might pave the way to
afreshapproacho "Hidden VariableTheory” wherethe "hiddenvariables”aretheinner
verticesandedgesof agraphwith the outerverticesrepresentinghe quantunstatesn the
phenomenologicalorld.

56 FIZIKA B 7(1998)1, 55—



WOLF: FLUCTUATIONS IN SPIN-PRECESSION PHENOMENA . ..

2. Discrete timeinduced transitions and paths on random
graphs

To begin the analysis,we briefly review the approachtaken in Ref. 30 to studythe
precessiorof aspinl (¢ = —e) gaugebosonin a z-componenmagneticfield. For the

hamiltonianwe have

e
H = ch2 + M—wSzB (1)

Theeigenstateandeigervaluesare

U, =U,, E.=My,+ MihB,
w

U_=U_, E_=Mu’- MihB, 2)
w

‘IJO :Uo, EO :ch2.

For thespin1 operatorsS,; andsS,, we have

B 01 0 1 0 0
S,=— | 1 0 1 ], S.,=h| 0 0 0|,
V2 10 00 -1
with a stateinitially polarizedin thez-direction({S,) = &) of
1 1
—U —U_
5 073

%

For thetime dependenstatethatgives({S, ;=0 = h) we have

1
T=_0
5o+t

Lexp(—Zt¢)
v=| Lep(-Ly |, (3)
%exp(—iET‘t)
giving attimet, ¥+ S5, ¥ = hcos %t. In Ref. 30 we thenmodifiedEq. (3) to read
P(+)n exp(—15t)
¥ = P(0),, exp(—'22¢) ) (4)
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In Eq. (4), P(+)n, P(-)» and P(0),, representhe probabilitiesfor the threestates
aftern stepsgeneratedby a Markov jump processwith transitionmatrix

+ 0 -
+(l-q-¢ q 7
0 P 1-p—gq q . (5)
- P D 1-p-p?

Herep is the probability of jump from (- to 0) or (0 to +), p? is the probability of jump
from (- to +), ¢ is the probability of jump from (+ to 0) or (0 to —) andgq? represents
probabilityof jump from (+ to —)) andinitial probabilitiesare P(+)o = }, P(0)o = £ and
P(-)o= 1.

To calculatethe z spinpolarizationwe have usingEq. (4)

VST = (/PP + 2/P)PO)) cos gt (0

We now proposean alternatve mechanisnto calculateP(+),,, P(0),, and P(=),,
usingrandomgraphslL et usconsidetthegraphsn Fig. 1.

@ ®
© ©
- © = S

a b C

Fig. 1. Randomgraphsrepresentinghe links (edgespetweerstatest+, 0 and— of a spin-
onesystem.

Theadjaceng matricesfor graphs(a), (b), (c), respectrely, are(Refs.34, 35)

+ 0 - + 0 - + 0 -
+/0 1 0 +/0 1 1 +/0 2 1
0l1 0 1 0l1 0 1 0l2 0 2. (7)
-\o 10 -\11 0 -\1 2 0
(a) (b) (©)
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In Fig. 1, the verticesrepresenthe statest, 0, — of the spin 1 system,andthe edges
representhe links betweenthe vertices(or states).For eachmatrix M the element, j
of the matrix M™ representshe numberof walks from the vertex i to thevertex j in n

+

discretetime steps For example for thecase(a)
+ /0
M3=10| 2 . (8)
-\ 0

For the matrixin Eq. (8), therewould be two walksfrom O to + in 3 discretetime steps,
etc.We now assigraprobabilityp for eachedgeandwrite for the probability of eachstate
(¢) aftern discretetime steps

Pi(n ) =D Pi(0)p"kij(n) + > P;(0)p"kij(n 9)
j#i J#i

(P;(0) aretheinitial probabilities).

In Eqg. (9), the first term on the right is the probabilityat n = 0, the secondterm
representshe "flow out” of probabilityfrom vertex ¢ wherek;; (n) representshe number
of "discretetime walks” from i to 7 in n discretetime stepsp™ representshe probability
for n edgesor links. The third term on the right of Eq. (9) representshe "flow in” of
probabilityto vertex ¢ from all of theotherverticesNotek;; (n)(k;; = k;;) is givenby the
ij elementof the matrix M ™. To calculatethe specificvalueof P;(n), we considercase
(b) in Fig. 1. Theinitial probabilitiesare (notethe equivalenceof the notationP(+),, =
P, (n)...throughout)

NON O
oo |

1 1 1
P+(0):Z,P_(0):Z and Po(O):—
FromEdqg. (3), for thecase(b) aftern stepswe have
4 2(-nn lan—L(-1n ——
M" = —— —— — 1. (10)

In Eq. (10), we have symmetryaboutthe diagonalandall the diagonalelementsare
equal.FromEg. (9), we have aftern discretetime steps

P =3+ 5 (52— 3007), (1)
d
o 1 p" /1., 1 n
P =g+ 5 (52— 50, (12)
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Py(n) = % - %" (12" - 1(—1)") . (13)

We notefrom Eq. (4), Eq. (6) andthevaluesfor Py(n), Py (n) andP_(n), calculated
for thecaseg(b) that

(Sz) = h\/l —pn (%2" - %(—1)")2 cos ;/I—Bt. (14)

For n — oo we notethat({S,,) approacheis usualvaluewithoutdiscretetime jumps.We

alsonotefrom Eqgs.(11), (12) and(13) thatfor all n, Py(n) + Py (n) + P_(n) = 1, asit

mustbe to consere the probability. In Eq. (14), we have simply substitutednto Eq. (6)

the probabilitiescalculatedrom the graphin the case(b) usingthe combinatoriculesfor

calculatingthe probabilitiesin Eqg. (9), basedon the numberof walks betweenvertices
aftern discretetime steps.Eachgraphin Fig. 1 would generate differentfunctionto be
substitutednto Eg. (6).

We now considera two preoncompositg/Ref. 30) of a spin1 gaugeboson(g = —1)
with thefollowing basicstatesof productl/2 ® 1/2 (« is spinup functionandg is spin
down function).In Fig. 2, we have the possiblegraphfor connectingedgegqlinks) between
vertices(states).

Fig. 2. A graphfor connectindinks (edgesbetweervertices(statespf a two-preoncom-
positeof aspinl gaugeboson.
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For the adjacenyg matrix of Fig. 2, for the 4 vertices(statespnd11 edgesve have

aa af Ba B8

aq 0 2 2 1

_af 2 0 2 2
M= Ba 2 2 0 2 (15)

806 1 2 2 0

Thewave functionfor thetwo fermion configurationgrom (Ref. 30) is (with no discrete-
time effects)

_aa iEy 806 iE_ af + Ba iEq
Q_Qexp(—ht)+2exp(—ht)+ 5 exp _ht . (16)

Heretheinitial probabilitiesare P, (0) = P__(0) = P;_(0) = P_(0) = 1/4. This
gives

(Sz) = hcos ;I—Bt.

w

Heree, = e/2 is thepreonchage, m, = M,,/2 is the preonmass.We modify Eq. (16)
to take into accounthemodifiedprobabilitiesshavn in Fig. 2. Thus

U =./P;,(n) exp (—iETth) aa ++/P__(n) exp (—iET_t) BB 17)
+ (VPr—(m) a8 + v/P—(n) Ba) exp (~1224)

HerePy_(n) = P_, (n),aisspinupfunctionandg is spindown function.If we evaluate
(Sz), usingS, in matrix notationas

h<010>
s,=2 (10 1],
v2\g 1 0

andEq. (17)for ¥, we find

(S.) =h (2\/19++ )Py (n) + 2y/P__ () P_4 () ) cos ;—it. (18)

From the graphin Fig. 2 we seethat since the initial probabilitiesof all states
(aa, B8,a8 and fa) arethe same(P = 1/4), sowhenwe evaluateEq. (9), we will
just get the discretetime independeninitial probabilities.To generateprobabilitiesthat
dependon n, we would have to skew certain "walks” using different p values. For
a compositeparticle in a z-componentmagneticfield, we could choosep, for walks
88 — af,B88 — Ba andB8 — aa, andp, for all otherone-stepwvalks betweenver-
tices. Sucha choicewould suggesthatin high B fieldsfor p; > pe, thereis a preferred
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probability for jumpingto higherenegy levels. If we labelthe probabilitiesof the states
asP,, =P ,P,_ =P, P, =P;andP__ = P;, wehavefrom Eq.(9)

=17 (ka2(n) + kaz(n) + kar (n))

1 1
P4(n) = 1 + 1
+pg (k42 (n) + ka3 (n) + kq (n))
, andalso
Py(n) = Py(n) = 3 + 7 (0% — 28) hua(m) (19)
Pi(n) = § + 5 (0% = o) b ).

Herekss = ko4, kaz = k34, €tc.,andweassumes;; meandor n stepsFromtheadjaceng
matrixin Eq. (15),k12(1) = k21(1) = 2, k14(1) = k41 (1) = 1, etc.
For M2 we have

9 6 6 8
., [6 12 8 6
M™=1¢6 8 12 6
8 6 6 9

andki2(2) = k21(2) = 6, k14(2) = k23(2) = k32(2) = 8, etc. Herek;2(2) meanghat
thereare6 walks betweervertex 1 and2 in two discretetime steps.Whenthe valuesfor
Py (n), Py(n) = P3(n) andPy(n) from Eq. (19) aresubstitutednto Eq. (18) we obtaina
formulafor the variationof (S,) with n and¢ for a compositespin 1 gaugebosonusing
thegraphsin Fig. 2. We notethatall of thek;; (n) valueswould have to be calculatedrom
M™ whichwould eitherinvolve multiplying out M™ or finding the differenceequatiorfor
eachelementandsolvingaswe did for Fig. 1 (caseb).

3. Conclusion

In the above analysiswe have demonstratethat small variationsof z spin polariza-
tion with a discreteindex n will be a signalof quantumtransitionsinducedby a random
graphconnectingquantumstates.This approachs an additionalmechanismo generate
fluctuationsin the spin polarization.In Refs.29 — 33 we studiedMarkov mechanismso
generatdhesefluctuations,andthe two separatenechanismsvill leadto distinct signa-
turesfor smalltime variationsof (S, ). Theideaof arandomgraphcouldalsobe usedto
discussanew approachio "hiddenvariables'wheresummatiorovertheinnerverticesand
inner links could generatehe "dispersion”[36] for the exterior verticeswhich represent
the obsenable quantumstates Anotherinterestingconsequencef the calculationbased
onFig. 2 is thatif thereis no skewing of the"walks” in the graphof Fig. 2, our analysis
would leadto constanprobabilitieswhich suggestshata lack of variationof (S, ) with n
would be evidenceof the compositestructureof the gaugebosons.
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In closing, we mentiontwo final implicationsof the above analysis.Firstly, in Fig.
2, the statesa,8 and Ba are consideredifferent,and by having more edgesconnecting
then,we might constructa randomgraphinterpretatiorof the exclusionprinciple. In this
sensdheexclusionprinciple might be a manifestatiorof the symmetryof arandomgraph
[37—-39].Whatevertheorigin of theexclusionprinciple[40], ary measurementhatreveal
the presencef theindividual statesa3, Ba would suggesthattheremustbe a dynami-
cal mechanisngeneratingsymmetryor anti-symmetnyfor identicalparticlesandthusthe
principle canbe derived. Also, with respectto cosmology Nagels[41] hasderived the
three-dimensiondklosed” structureof space-timeisinga randomgraphof pointsby as-
signing differentprobabilitiesfor their connectionand then maximizingthe probability.
Sucha studysuggestshatthetheoryof "walks” on arandomgraphmaynot only resole
mary of the problemsof quantumtheory but may leadto a ultimate pregeometricorigin
of space-timeandgravitation.
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FLUKTUACIJEPRIPORAVAMA PRECESIJESPINA UZROKOVANE DISKRETNIM
VREMENSKIM SKOKOVIMA NA NASUMNOM GRAFU

Kadasedozwli vezanjestanjaspinslog sustaa grafomu diskrethomvremenunalazise
da diskretnivremenski‘putevi” meduvrhovima (koji predstaljaju stanjaspinslog sus-
tava) moguizaz\ati fluktuacijevjerojatnostistanja,koje pak moguuzrokovati fluktuacije
x komponentespinaspinslog sustaa.
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