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By consideringa retardeddiscretetime versionof the Schibdingerequation we discuss
how suchanequationcanbeusedto describeheernvironmentallyinduceddecayof aspin
systemwhentheervironmenthasthegenerapropertieof having acontinuousinbounded
enegy spectrum.

1. Introduction

In the pastdecadea new approacthasbeenfiltering into the generalstructureof the
quantumtheorythatis motivatedby the problemof the interactionof a quantumsystem
with adiscretespectrumwith anervironmentthathasanunboundeaontinuouspectrum.
Thetheoriesof quantuniriction [1], the SchibdingerLangevin approacti2,3], the quan-
tum evolution of Brownian particleinteractingwith a thermalenvironment[4—6] (giving
rise to a non-linearSchibdingerequation)have all suggestedhat dissipatve effects on
quantumsystemdeave realmeasurablsignaturegshatcanbe describedby a few param-
etersconnectinghe systemto the ervironment.Also Nanopoloushasexpoundedon the
profundity of the "ProcrustearPrinciple” wherein all quantumsystemsare unavoidably
opensystemgdueto the interactionof the particle (local string modes)with the delocal-
ized (non-local)truncatedstring modesof stringtheory[7,8]. Thesestudieshave leadto
correctiongo the time evolution of K, Ks systemwhich generatesmall CPT violations
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andin a cosmologicakettinggive rise to an arrow of time [9,10]. Thereis alsoanother
approacho dissipatve quantunmsystemsriginally pioneeredy Caldirolaet. al., suggest-
ing thatthedissipatve effectsof the ervironmentcanbe understoodhroughthe retarded
Schibdingerevolution of a modifiedSchibdingerequation11,12]. Herethe discretetime
paramete(t) expressesheinteractionof the systemwith theervironmentand,in asense,
canbeviewedasa"relaxationtime” expressinghow the systems wave functionresponds
to alossof enepy to the ervironment. The ervironmentmay have a complicatedquan-
tum structurewith all of its quantumcorrelationsat a singletime, but the evolution of
thesecorrelationsandthe effect they have on a single quantumsystemmay be express-
ible througha singlediscretetime parameter. In previousstudieswe have discussedhe
non-dissipatie Markov ernvironmentaleffectson a spinsysten{13-16]whereinthequan-
tum particlehasa dynamicalevolution driven by the Schibdingerequation supplemented
by Markov environmentaleffects. The basicmotivationfor sucha studyis thatsmalldis-
cretetime jumpsmight beunobserableoverlongtime intervals,but if shortenoughtime
intenvals are studiedthroughspin polarizationprocessionchaoticMarkov effects might
be obsenable.Thesestudiesalsosuggesthattheremight be two time scalesn quantum
physics,one”scaled” by Schibdingerevolution, the secondscaledby non-localMarkov
environmentaleffects.Iln whatfollows, we discusghetime evolution of a dissipatve qua-
tum spinsystenwhereinthe effect of the ervironmentis expressedn theform of discrete
time differenceretardedSchibdingerequation.Our studygivesdefinitesignaturegor the
precessiorirequeng in an externalmagneticfield of a spin systemaswell asthe decay
rateof thedifferentcomponent®f the x spin-polarizatiorgeneratedby ervironmentalef-
fects. It is hopedthat thesestudiesfurther encouragenvestigationsof quantumsystems
interactingwith a randomfield of photonsor otherparticles[17] (the environment)and
shedlight on suchquestionon the"arrow of time” andthe existenceof othertime scales
in physics.

2. Dissipative Quantum Evolution of a Spin System

We begin by consideringthe retardeddiscrete time difference version of the
Schibdingerequationstudiedin Ref. 11.

Hw:iﬁ(—w(t)_w(t_T)), (1)

T

wheret is thediscretetime interval.
If H doesnotdependint, we maywrite Eq. (1) as

P Gl A kiUl

Letting W = exp(—at)W(0), wherea is afunctionof H, we have

1_ e'[(]

He “'Ww(0) = iﬁ( ) e 'w(0),
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or
—i%—l =1-¢€",
giving
o= %Ine (1+ %) (2)

We now considera spin-1gaugebosonof chage-e, in az componentnagneticfield.
Thehamiltonianof thebosonis

e
H=—=-SB
mSz
(B is thez-componenbf themagnetidield), where
1 00
S :h_<0 0 0) . (3)
0 0-1

As pointedoutin Ref. 11, if we applyH to Eq. (1), thegroundstatewill decayalong
with the excited statesIn orderto stabilizethe groundstate we write

(H_Ho)w:iﬁ(W) , (4)

T
whereHp is thegroundstateeigervalue.FromEqgs.(3) and(4),
100
Hoz—@ (O 1 1),
Mo o0 1

and

2 00
H—H0:@<O 1 o). (5)
M\o o o

Theapplicationof Eq. (5) to Eq. (4) will notchangeary of the dynamicpropertiesof the
spin-1system suchasprecessiorirequenciessincethey dependon the differenceof the
eigervalues.t will, however, renderthe groundstatestable. Supposeve consideraspin-1
gaugebosonin theinitial state
1/2
WO =| 1/v2 ], (6)
1/2
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with

/0 10
<S>=wrsw=wt (1 0 1|w=R
v2\p 1 0

UsingEq. (2) with H — H — Hp, we have (W(t) = e~ *'¥(0)),

w(t) :exp{—%me (1+%(H —HO))}w(O). 7)

Uponsubstitutingeg. (6) into Eq. (7), we find
W(t) = \/%exp[—%lne(1+iﬁl(%_))t] . (8)

If wewrite Eq.(8) as

1e—a1t
W) = | e |, 9)
1
2
wefind attime t
+ h —(optai)t —(o3+az)t — 0ot —o5t
<S>=W leP:Z(e o)l g lont)l 4 gm0t 4 g 2)- (10)

Upon expandingthe naturallog in Eq. (8) ((Ine(1+x) & x— 3x?+ $x)) to thethird
powerin (H — Hp), a1 anda; aregivenby

_ <2eB 8 (eB)3 2) (eEs)2
Qr=i|l——-zl—=) | +21| =
m 3\m m

[eB 1/eB\3,\ 1 [eB\?

Whenwe substituteEq. (11)into Eq. (10) andusee* + e~ = 2cosx, we obtain

<5 (3R ) ={(R-3(2))1
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Gen(-5(2) )l (2-2(2) W) |

Sincethe statesS, = 1,0 decayto the groundstate,the time evolution accordingto
Eq. (4) follows the proportionof particlesin S, = 1,0, —1, but not the total number since
Eq. (4) doesnotconsere probability. To take into accounthefactthatthetotal numberof
spinningparticlesis consered,we maydivide Eg. (12) by W*W andthusnormalizethe
probability We maythuswrite Eq. (12) as

<& >=

where

3. Conclusion

We canseefrom Eq. (13) thatwhent is finite, therearetwo distinctfrequenciesvith
the respectie component®f < S > dampingat differentrates.A plot of < S > ver
sust would yield a Dopplerlike [18] plot versustime with the two componentshaving
differentdampingfactors.Thefirst frequeng w; = (€B/m) — (7/3) (eB/m)?t2 will have
dampingratewith adampingfactorexp(—yit), with y; = (5/2) (eB/m)?t, andthesecond
frequeny w, = (eB/m) — (1/3) (eB/m)?t? will have a dampingfactorexp(—yst), with
V2= (1/2) (eB/m)7.

Theratio of thetwo amplitudesof < S > will varyas

<S>1 eB\ 2
=exp|-2(— ) tt]. 14
he p( (%) ) (14
Thusaplotof < S, >1 / < S >2 versugime canbeusedto find thediscretetime interval
1. Estimate®f the discretetime interval have beenpreviously quotedast < 107265 [19].

Assumingafield of B=100T (1 T= 1 W/m?), for heary gaugebosons< S, >1 /< S>2
will dampto avalueof 1/ein atime (seeEq.(14)):

x (10729t =1, (15)

1.6-10"19% 100\
2%x10°26
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givingt = 10'°s.ForB=10° T, t = 1(? s. Strongeffieldscausesmallertime intervalsthat
satisfythe condition< S, >1 / < S >»= 1/e. Sincegaugebosonsareknown to decayin
intervals characteristiof the weakinteractiontime (t < 10-2 s), we would needa field
of B= 10" T to generatea decaytime that cancompetewith the weakinteractiontime
scale.Suchfields could only be foundin the atmospheref a pulsar[20]. Also, it might
be possibleto apply the above analysisto heary ionsin situationswherethe precession
time canbemadecommensurateith thecollisiontime. Herethe ervironmentwould also
bewell defined.The fundamantafjuestionin the above analysiss just whatpropertiesof
the environment(randomphotonsor otherparticles)determinethe discretetime interval.
Certainlythe temperaturg21] and mostlikely the compositionof the environmentwill
play avital role in determiningthe discretetime interval T [22,23]. We may look at T as
arelaxationtime determinecy the collective propertiesof the ervironmentwhich arises
whenthe spinsystemis immersedn the ervironment.Thefactthatthe discretequantum
systemhasa specificpropertydeterminedoy one parameter is an amazingresultthat
opensup anew frontierin studyingthe propertiesof quantunsystemsnteractingwith the
ervironment.
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DISIPATIVNI UCINCI OKOLISA| KVANTAN RAZVOJSPINSKOG SUSTAVA
Raspralja seprimjenaSchibdingerwe jednadbes diskretnimvremenoni s kaSnjenjem

za opis raspadaspinslog sust@a, kadaokolis ima neprekidan neogranten enepijski
spektar
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