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RELYASTIVISTIiK KVANT ZaBRaciYi ZAMANDAN ASILI
QEYRI-LOKAL BIiRCiNS SAHODO

S.M. NAGIYEV, K.S. COFOROVA
AMEA, H.M.Abdullayev adina Fizika Institutu,
AZ-1143, Baki, H. Cavid prospekti 131

Relyativistik konfiqurasiya x- fozasinda zamandan asihi geyri-lokal bircins V (X, X';t) = F(x)X’ /[Kch(;r(x - X’)/ 7{,)]

potensial sahads kvant zarraciyinin horokstine baxilmis, sistemin evolyusiya operatorunun va dalga funksiyalarinin agkar sokillori
tapilmls, propaqatorlar1 va Vigner funksiyalar: hesablanmisdir.

Acar sozlar: relyativistik kvant zarraciyi, geyri-lokal bircins saha, geyri-lokal tonlik, evolyusiya operatoru.
PACS: 03.65.Pm; 02.03.Gp; 03.65.VAf.

1. Biz burada relyativistik sonlu-forq kvant mexanikasi ¢ar¢ivasinda [1, 2] daqiq hsll olunan bir masaloys - relyati-
vistik kvant zarraciyinin zamandan asili geyri-lokal bircins sahado horokotine baxacagiq. Saho zamandan asili olmayan
halda bu mosalo [3] isindo aragdirilmisdir.

Birdlgiilii zamandan asili qarsiligh tosir potensiali V(x,Xx;t) geyri—lokal olduqda, relyativistik konfiqurasiya
X- fozasinda l//( X,t ) dalga funksiyas1 qeyri-srasionar horokat tonliyini 6doyir:

in L)ty Voot st ®

Burada Hy sorbast Hamilton operatorudur:

2 -
H,(x)=mc?ch(i%o, ) @
Onun moxsusi funksiyalari (;: ( p,X) relyativistik miistovi dalgalaridir
Po—P | _ Lixy,/2
c(p,X)=|——|=e"", @)
mc

2 2 2.2
(3) miistovi dalgalar1 Pg —P =M C (po > 0) kiitls hiperbolasinda (Lobasevski p- fozasinda) tam sistem

omolo gotirir:

o0

I £(p x)dx=6(x, - 7})

—00

o0

LT (e x)dz, =5lxx). o

2
Hiperpolyar koordinatlarda enerji vo impuls E = CP, = MC chy pve P= mcchy p soklindadir.
2. Biz zamandan asili geyri-lokal bircins qarsiliqli tasir potensialini bels segacayik:
F(t)x’
5
ach[z(x —x')/ k] ©

V(x,X;t)=

burada A =7/ mMC - Kompton dalga uzunlugu , F(t) —zorraciys tesir edon vo zamandan asili olan qiivvadir.
Qeyd edak ki, geyri-relyativistik limitda
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Ilm[H (x)—mc ]— o 82

limV (x,x’;t)= F(t)xs(x - x') )
C—o
oldugundan, (1) tonliyils tist-iisto diigiir:

_ Oy (x,t) h2
'hT_ 2m —F(t)x |w(x,t).

(6)-dan goriiniir ki, C —> o0 limitinds geyri-lokalliq itir, yani relyativistik xarakter dastyir. (5) potensial enerji halinda
(1) tanliyi impuls p -fozasinda sads soklo malikdir:

U]

(k. ,t) k? . d
APl o P e me? —inF(t)—a(k )],
ot 2m ()dk (ko t) ®)

P

Bu tonlikdaki k, doyisoni impulsla asagidaki kimi ifade olunur

=2 omeshZe | pok (14
=/2mc(p, —mc) =2mcs > p=kK, +4m22

va geyri-relyativistik limitdo lim kK = p alinq. Qeyd edok ki, F(t)=F, =const oldugda (8) tanliyinin halli

C—o0

i kp
(D(O)(k )_ 1 ehFo[ekPGmJ
E \Rp 27, 9)
soklindadir, burada e = E — mC2 . (8) tonliyinin formal hoallini yazaq
(K, ,t)=U(k, t)(k,,0) (10

Burada U(k,,t) p—tesvirinds evolyusiya operatorudur

i o kp d
P 2 - ' '
—— || =—+mc“ —iaF (t')— |dt
hJ‘{Z ( )dk }

U (k, t)=Te "°L™" S (1)

T iso zamana goéra nizamlama operatoru, yani xronoloji operatordur. (8)-doki Hamilton operatorunun zamanin miixtalif
anlarina uygun giymatlori bir-biriylo kommutasiya etmir, yani t # t" oldugda

[Hk, DK, )= [P~ Rl

olur, @(k,,0) iso baslangic dalga funksiyasidir. Onu @(K ,0) :@éo)(kp) kimi seg¢o bilarik. [4,5] islorinda
gOstarilmisdir ki, (11) —do T —hasilinin agilig1 beladir:
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.t
7;[[%(&,75(t)+5(t’))2+mc2}dt’ _5(t)%
U(k,t)=e ° e ° (12a)
Vo ya inteqrali hesabladiqdan sonra
d
ime2 i 502
iImcC | dk
U(kp,t)=e><p{— o }e " (12b)

Burada

S= % [(kp —s@)ft+2(k, —5®))51) + 5, (t)] )

5(t) = j F(t')dt'-qiivwo impulsu, &,(t) = [ ) v 5,(t) = [5° )t

Evolyusiya operatorunun toasirini (10)-da hesablasaq, impuls tesvirinds dalga funksiyasinin askar soklini toyin
etmis olariq:

cp(kp,t):#exp{—ﬁ(kp—a(t))zt+2(kp—5(t))51(t)+52(t)}-

k. —o(t))° (13)
exp{hl: {e(k —5(t)—( £ 6m(t)) }}

{(D(kp , t)} dalga funksiyalar sistemi ortoqonalliq v tamliq gortlorini 6dayir, yoni

jcp K, )0 (K, t)dk, = S(E—E') | (143)

jcp (k,,t)}e (K, t)dE—— Sk, -k ). (14b)

Qeyd edak ki, (13) dalga funksiyasi diizgiin geyri-relyativistik limita malikdir, yani

Im@e (k) =Py, (p.1) =

m i )
2R, eXp{th (p-syt+2(p-o0)s 0+, (t)]}' (15)

(p-s@®)
exp{ZhF {E (p-o(t) - em [’

burada p- zarraciyin geyri-relyativistik impulsudur.
3. Indi relyativistik konfiqurasiya x- fozasinda zarrociyin dalga funksiyasim tapaq. Bunun iigiin relyativistik Furye
¢evrilmasindon istifads edok:

wE(x,t)=% [£(p, x)@, (K, 1)k, a9

Buradan
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W(X t)— 72.\/» J J= J'elQelx;(/xd;( an
Burada Q —nin ifadasi beladir:
Q=ak; +a,k; +ak, +a,,
__ 1 __1jo_
 emnF,’ *  2mal F,
_ 2
a2, e o) 1 0% t52-5)
ma  hk, 2m ) 2mh
Q-niin ifadasinda
Xp 2 2.2 3 3 Zp
K, =2mcch7, k; =2m°c*(chy, -1), k; = (sh —3sh=2)
oldugunu nozars alag. Onda,
Q= —28h7+7zcth +y18h "+ 70 (19)
2
—ﬁ 2.2 3.3 2.2
T g 2 =2m°c‘a, ,y, =2mca, —6m’°c’a, , ¥, =4, —2m°ca,,
0
2E —mc?
7,(0)=0,,(0)=————=a, y,(0)=0.
AR,

J inteqralini agagidaki kimi gostorok:

1 (20a)

—i}/3sh(3i2K8X ]—i;/zch(igéx j+i7/0
J=e J

J=e

2 (20b)
Burada J; vo J; inteqrallar

T ipshaixg, 1% =
J = _[e ’ dy,=4e * Ky (72) (21a)
OO_OO X
v Jo= Ieiyzcwﬁix}(p/xdlp:iﬂe_%Hziﬂ/x(?/z) (21b)

ifadosloriyls toyin olunur, K, (z) Makdonald funksiyasi, H](/l)( z ) iso bircins Hankel funksiyasidir.
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4. Indi baxilan mosaloda zarraciyin propaqatorunu hesablayaq. Propaqator impuls tosvirindo

.. O ksz 2 . i
in— =0t —me +inF ()0, , [K(p,, p.;t) =in5 ()5 (k,, —Ky) (22)

tonliyini vo t<0 olduqgda
K(p,,p.;t)=0 (23)

sorhad sartini ddayir. Propaqatoru evolyusiya operatorunun matrisa elementi kimi do gostarmak olar:

K( P, pyit) =< p,J0 ()] p, >=U(k, tJ5( Ky, —Kpr) 24)

(21)-ds (12b) —ni yerina yazaq. Onda (24)-iin agkar soklini tapmaq tigiin

E (t,-1,)

(p2’2’p1’ ) (t -1 Zj-zﬁ I@E(kpZ’tZ)@;(kpl’tlk_h dE (25)

miinasibatindon istifads etmak olveriglidir. Noticods aliriq ki,
imc®, i
+-A4

K(Pa ta; Py ty) = 0(t) Sk, —k - 23 J

k3 —k3, t
4= Fgm—ﬁ)pz+ﬂ [(Fot—5(t ))(kp1+kp2 )’FZ Fo(6,(t)-ta(t ))]’ =64 e

Qeyri-lokal saho zamandan asili olmadiqda, yani F(t)Z Fo =CONSt oldugda (26) propagatoru [3] isinde almmus

k3 —k®
_ T gl o3 _gn3%e | Liner,
2 2 2

ifado ilo Ust-tisto diigtir:

6mF, @7
z=mc*/AF,.
Indi (26)-nin sarbast zarracik (F — 0) va geyri-relyativistik (C — 00) limitlorini hesablayaq:
et s
a) II:i_rQ) K( P,, 1,5 p11t1) = H(t)a(kpz - kplk P (28)
- _imczt —iAN
b) lime " K(p,t;p,t)=00)5(p,— p,~Ftle ", (29)
p-p,  t 2
Ay =2 P2 4 [(F-8(t)Xp, + p,)+2F,(5,(t)—t5(t))+8%(t)]
6mF,  2m
5. Mosolonin tamlig: iigiin baxilan relyativistik zarraciyin Vigner funksiyasini da hesablayaq. Bunun iigiin p —
fazasindaki
W(p,x.t)= I (z——) (ﬁ%)e‘x’”"dz’ (30)
—o0 E
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tosvirindan istifads edok. Burada dalga funksiyasinin (13) ifadasini nazars alaq. Miisyyan ¢evrilmoalordon sonra (30) —u
bels yaza bilorik:

W p,X,t |(p+iX;(’/7£d ' ‘ 31
(Poxt)=o e ﬂh) Iw x @y
(31)-ds inteqralalt1 ifadenin fazasi iigiin
31 X . X
=-2zsh—~=+ash%+a, &,
2 5 Gl 5 24
2mc*( S
= — —t |shy, 32
F,
a,=|2z- Ct chZ.
h 2
(31) integralin1 hesablamaq ti¢iin onu asagidaki soklo ¢evirak:
mc A % iazsh£+ix;(’/7&
W(pxt)=—— B3, J,=[e ¢ dy, 33
( ) (Zﬂh )2 FO 0 0 J;O ( )
Burada B sonlu-forg operatorudur
3ik i
" 2izshl —o oy |l R
B=e (o) . (34)
Indi K p(a) Makdonald funksiyasinin
° _im
J' giaash=pxqy — 2 2 Kp(a), Rep <1
integral tasvirindon [6] istifado etsok,
=21k
Jo =8e ~ K (32) (35)
alariq. Onda Vigner funksiyast
MC s —2mix
Wi(p,xt)=———R~Be Kaiv/x (@ 36
(p ) 72_2h2F0 4|x/x( 2) ( )

A

soklino malik olacaqdir. Qeyd edok ki, B operatorunun tesiri ona gotirib cixarir ki, W(p, X,t) funksiyasinin ifadssi
sonsuz cam soklinds yazilir.

6. Biz burada relyativistik kvant zorraciyinin zamandan aslili lokal bircins sahoda horakatina baxdiq. Askar olaraq
dalga funksiyalarmi, propaqatoru vo Vigner funksiyasim tapdiq. Alnmis ifadaler diizgiin C —> oo limitina, F — 0

sarbast zarracik limitina malikdir va F(t) = Fo =COoNSt oldugda (saho stasionar olduqda) ise [3] isinin noticalarilo

ust-iisto diigtir. Hesab edirik ki, alinmis naticolor kvant mexanikast vo elementar zorrociklor fizikasi masaloalorinin
hallindo totbiq oluna bilar.

Mogqaloda alimmis naticolor BDU-nun 95 illiyine hasr olunmus “Fizikanin Miiasir Problemlori” VIII Respublika
konfransinda moruzs edilmisdir, 24-25 dekabr, Baki-2014.

Bu is Azorbaycan Respublikasinin Prezidenti yaninda Elmin Inkisaf Fondunun maliyys dostoyi ilo yerino
yetirilmigdir — Qrant NeEIF-2012-2(6)-39/08/1.
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Sh.M. Nagiyev, K.Sh. Jafarova

RELATIVISTIC QUATIUM PARTICLE iN A TIME-DEPENDENT
NON-LOCAL HOMOGENEOUS FiELD

A motion of the quantum particle in a time-dependent non-local homogenous potensial field

V(x,x;t)=F(x)x /[Kch(zr(x— X’)/ 7‘»)] in the relativistic confiqurational x —space is considered, the explicit form of the
evolution operator and wave funcions are found, a propagator and Wigner function of the sistem are calculated.

HI.M. Harues, K.I11. /l:kapapoBa

PEJATUBUCTCKAS KBAHTOBASA YACTHUIA B 3ABUCAIIEM OT BPEMEHU HEJIOKAJIbHOM
OJHOPOJHOM ITOJIE

PaCCMOTpCHO JBUKCHHUC KBaHTOBOM JacTulbl B  3aBUCAIIEM OT BpPEMCHU  HEJIOKAJIBHOM  OJHOPOAHOM  IIOJIE

V(x,x;t)=F(x)x"/ [KCh(ﬂ'(X — X')/ K)] B PEJSATHBHUCTCKOM KOH(MI'YpallMOHHOM X —IIpOCTpaHcTBe. HaiineHsl sBHBIA BUI
OTIEpaTopa 3BOJIIOIUHU M BOJTHOBBIX (D)YHKIMH, BEIMUCIEHBI IPOTAraTop U GYHKIUS BUTHEpa CHCTEMBL.
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