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COVARIANT EQUATIONS AND RESONANCE STATES
OF TWO-PARTICLE SYSTEMS WITH 6-FUNCTION POTENTIALS

V.N. Kapshai, M.S. Danilchenko, Y.A. Grishechkin

F. Scorina Gomel State University, Gomel, Belarus

CHekTpbl KOMIUIEKCHBIX PE30HAHCHBIX YHEPTHi (OBICTPOT) PEISATHBUCTCKUX JABYXYAaCTHYHBIX CHCTEM Hal/ICHBI HA OCHOBE TOY-
HBIX PELICHHH KOBAPHUAHTHBIX JIBYXYAaCTHYHBIX YPaBHEHHMH C O-MOTCHLHAIOM M CyNEpHO3MuHeil ABYX O-IOTEHIMaNIoB. YcTa-
HOBIICHO, YTO TOYHBIE MapIHAIbHBIC JBYXUaCTHYHBIC PEISTUBUCTCKHE aMIUIUTYIbl UMEIOT PE30HAHCHOE MOBEICHHE HMEHHO
IIPH TeX 3HAYCHUSIX SHEPTHU (OBICTPOTHI), KOTOPBIC COOTBETCTBYIOT BEILIECTBEHHOI YaCTH KOMILIEKCHBIX PE30HAHCHBIX SHEPIUid.

Knrouesvie cnosa: penamusucmckue dgquacmutmbze ypasnenus, peiimusucmcKoe Kougbuzypat;uoynoe npedcmasflelme, d-no-
menyuan, pe3oHancHoe cocmostue, aMn/mmyda paccesinus, cedenue paccesHusl.

The complex resonance energy (rapidity) spectra of relativistic two particle systems are found on the basis of exact solutions of
the covariant two-particle equations with d-function potential and a superposition of two d-function potentials. It is established
that the exact partial two particle relativistic amplitudes have resonance behavior precisely at those energy (rapidity) values,
which correspond to the real part of the complex resonance energies.

Keywords: relativistic two-particle equations, relativistic configuration representation, d-function potential, resonance state,

scattering amplitude, scattering cross section.

Beeoenue

B paborax [1], [2] Obun HaiieHBI pelIeHUs
OJTHOMEPHBIX PEIATHBUCTCKHUX JBYXYaCTHUIHBIX YpaB-
HEHU KBaHTOBOHM Teopuu 1o [3], [4] ¢ omHUM H
CYIIEpIIO3UIHel IBYX O-TIOTCHIHAIIOB B PEINISTHBH-
cTCKOM KoH(purypannonHom mpencrapinernu (PKIT)
[5] B cimyuyae cocTOsIHMM paccesiHUsl U CBSI3aHHBIX
COCTOSIHMH. PemreHus: aHaJIOTMUHBIX 337a4 B TPEX-
MepHOM C(epUIeCKU-CUMMETPUIHOM Cilydyae ObLIH
nmojiydeHel B paborte [6]. Haiinmennsie B pabore [6]
aMIUIMTY/IBl paccestHusl Kak (YHKIUUA OBbICTPOTHI
MPETEpPIIeBAIOT MPH HEKOTOPHIX 3HAYECHUSIX SHEPIHU
pe3Koe N3MEHEHHE, 3TO MOKET CBUICTEIHCTBOBATD O
CYILIECTBOBAaHUM PE3OHAHCHBIX COCTOSIHUM. B cBsizn
C 3TUM B JaHHOU PabOTe MCCIEAYIOTCS COOCTBEHHO
PE30HAHCHBIE COCTOSIHHSI COCTaBHBIX CHCTEM Ha OC-
HOBAaHWM TOYHBIX PEIICHUH PEISTUBUCTCKUX JIBYX-
YAaCTHYHBIX YpaBHEHHH B Cilyyae O-NOTEHIUalla U
CYIEPIO3UIINH JIBYX TaKHX IMOTEHIINAJIOB.

1 PenamugucmcKkue ypasHeHus Ona pe3o-
HAHCHBIX COCIOAHUI

PenstuBHCTCKUE IBYyXYacTHYHBIE YPAaBHEHHS B
PKIT mist BonHOBbIX yHKUImH ) (Y, ,T), OMACHI-
BAIOIIHX S-COCTOSIHHS PaccesiHHsl CUCTEMBI JIBYX CKa-
JISIPHBIX YaCTHUI] PAaBHOW MAacChl 71 IMEIOT BUJ [ 7]

\y(].)(xq,r) = sin(xqmr) +

G G W, (), (LD
0
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rae uagaexke j=1,2,3,4 COOTBETCTBYET OJHOMY U3
YeTHIPEX BApPHAHTOB KBA3HIIOTCHIIMAIHFHOTO MOIXO-
Jia B KBaHTOBOW Teopuu moist [3]-[5]: j=1 (j=3)
— ypaBHenue JloryHoBa — TaBxenumze (Moauduiu-
poBanHoe), j=2 (j=4) — ypaBHeHue Kaspies-
CKOro (MOAU(MUITMPOBAHHOE), ¥ — MOJIYJb PaaHyC-
Bekropa B PKIL, G, (Xq,r,r’) — ¢yHkuuu ['puHa,
HMEIOLIUE CIEAYIOIUN BU;
G, (Kyorsr") =
= G(j)(xq,r—r')—G(j)(x,,,rﬂ"),

rae [1], [7]

G“)(Xqﬂ’) =

(1.2)

—i sh(m/2+iy, ymr
K" shnmr/2

dmchy, )" i sh(rn+iy, )mr
Gy LY i sty
chnmr/2 K  shmmr
—i ch(n/2+iy Ymr
(13) (m/ Xq) : (1.3)
K, chrmr/2
—i sh(m+iy, )mr
K®  shmmr =
B Bepaxenusix (1.3) ucnonp30BaHbl 0003HAUCHHS
M _ @ _
K,7=K,” =msh2y,,
G _ @ _
K,”=K,” =2mshy,.

B cinyuae pe3oHaHCHBIX COCTOSIHUM YpaBHEHMS
(1.1) momudunmpyrorcss B oxHopoansie [8], mpu

G(;)(Xq,r) =

Gy (.1 =
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9TOM CYHTAETCS, YTO OBICTPOTA MOXKET CTAHOBHUTHCS
KOMIUIEKCHOH (), =&, +iw,):

Vi (&, +iw,,r) =

[ . N )
=Idr G, (&, +iw,,r,r W (v, (&, +iw,,r).
0

Hepemsrusucrckuit  npegen  (y, >0, m— ©)

ypaBuenwii (1.1), (1.4) u pynxunii I'puna (1.2) gaér
ypaBHEeHHUsI KBaHTOBOM MexaHuku [9], [10]

\V(O)(q,’")z

: T ’ r r ’ (1 5)
= sin(gr) + [dr'G (g, 7,V (") o) (¢:7),
0

\V(O)(ql +ig,,r) =

T, ) , , ) .. (1.6)
=J.dr G(O)(ql +ig,,r, 1)V (r )\V(o)(ql +ig,,r")
0

1 QpyHKkuuio ['puHa 171 HUX
G(O)(%”,”') =

— 1.7
- 2—;[exp(iq | r =" )= explig(r+r))], (D

rJie BBEJEHBI CIIEIYIOIINE 0003HAYEHUSI
limy m=
Jim x,m =4,
m-—o0

lime,m=g, (1.8)

m-—>0

limw m=gq,.
w, >0 1

m-—>o

Pemenns ypaBuenuii (1.4) momyuum B ciaydae
d-moTeHnpana

V(r) = VOS(r—a), (1.9)

¥ CyNEPHO3UIHIHU ABYX TaKUX HOTEHIHAIOB
V(r)=V8(r-a)+Vd(r-a,), (1.10)
rae a >0, a, >0, a,>0, V,, V;, V, — neiictBu-

TEeNbHBIE KOHCTAHTHL. B HeperaTUBHCTCKOM cirydae
r — KOOpIMHATa B OOBIYHOM KOOPAWHATHOM IIpE.-
crapnennu. [logcranoBka norennuana (1.9) B ypas-
HeHus (1.4) naét BeIpakeHus

W(j)(é;q +iWq,l”):
= VOGU)(&q +iwq,r,a)\v(j)(§q +iwq,a),

B KOTOPBIX BeMMUMHBI Y, (§ +iw, ,a) BCE ewé He

(1.11)

omnpezeneHsl. B3ss dopmyist (1.11) npu 7 = a, no-
JYYUM YCIIOBHSI CYIICCTBOBAHHS HEHYJICBBIX 3Ha4e-
Huil ;) (&, +iw,,a)

1-V,G,, (&, +iw,,a,a)=0,  (1.12)
KOTOpPBIC SIBIIAIOTCSl YCIOBHSMH KBaHTOBAHHS IS
KOMIUICKCHBIX PE30HAHCHBIX 3HAYCHHUIl OBICTPOTHI
X, =&, TiW,, &, 3HAUUT, U SHEPrUU

E, =mcoshy, =mcosh(§, +iw,)

JIByXYaCTUYHOM cUCTeMbl. B ciydae cynepnosuuuu
IByx O-noteHnuanoB (1.10) ycrmoBusi KBaHTOBaHUS
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PE30HAHCHBIX COCTOSIHUM MOTYT OBITH IIOJYYEHBI
AQHAJIOTUYHO, OHU UMEIOT BUJ

[1-V.G, (&, +iw,a.a) |x
x[l—VzG(/.) (&q +iw,,a,,a, )J—
—V]VZGf/) (&q +iwq,a],a2) =0.

[Toatomy mporiecc HaXOXKICHHUS PE30HAHCHBIX ObI-
CTPOT CBOAMTCA K TOMCKY KOMIUIEKCHBIX KOpHEU
TpaHCIeHAeHTHRIX ypaBHeHu#t (1.12), (1.13) mpum
(UKCHPOBAaHHBIX 3HAYCHUSX MapaMeTpoB d, 4,

(1.13)

a,, V,, V;, V,, m. B HepensATHBUCTCKOM CIIy4yae
(j=0) ycrnoBust kBaHTOBaHUs aHANOTWYHBI (1.12),
(1.13) c 3amenoit §, = ¢,, w, = q,.

AMIUTHTYTBI paCCESTHUS UIS S -COCTOSIHUH B
ciydae O-moreHmmana (1.9) umeror Bua (B Hepens-

© _ .

TUBHCTCKOM ciydae K, =2q) [6]:

—2V, sin’ y ,ma
9K, [1-V,G (x4, )]

ITaprmanbHOEe ceueHUe paccesHUsl BbIpa)kaeTcs ye-
pe3 aMIUTUTYy pacCcessHUs Kak

2
c(,.)(xq):4n|ﬁ,)(xq)| . (1.15)
[pu BBIYHCICHUAX HAMH Takke OYyAyT UCMOIb30Ba-
HBI BBIPQXCHUSI JJIS aMIUTHTYbl PACCeSIHHUS B CITy-
Yyae CyNepHo3uIMU ABYX O-TIOTEHIMANIOB, MOJTYy4eH-
Hble B paboTe [6], KOTOpbIE 3[1eCh MBI HE TIPHUBOJIUM,
T. K. OHU UMEIOT TPOMO3JIKUI BH]I.

S, = . (1.14)

2 Pe3ynomamul 6b14Uc/1eHU

Ha pucynkax 2.1-2.5 mpuBeneHsl pe3ynbTaThl
BBIYHCIICHUH U CEYEeHHI paccestHus (PUCYHKH ()
U HEKOTOPBIX PE30HAHCHBIX COCTOSHHU B Cllydae
O-TIOTEeHIMaIa ¥ CYNEpIO3ULIUH JIBYX O-TMOTEHINA-
noB. Bo Bcex pacuérax Mbl npuHuUManu m =1.
CrutomHo# nMHMEH Ha pucyHKax (0) oOo3Ha4YeHBI
HYJIM AEHCTBUTENBHOW dYacTh BhIpakeHHH (1.12),
(1.13), a mrpuxoBoi — Hynu MHUMOI. Touku nepe-
CEYECHUS] COOTBETCTBYIOT KOMIUIEKCHBIM KOPHSIM
ypaBuenuii (1.12), (1.13), To ects, pe3oHancam (06-
BEZICHBI KPY>KKaMH).

Ha mpuBeneHHBIX PHCYHKaX BHAHO, YTO KOM-
IUIeKcHbIe KopHHU ypaBHeHuit (1.12), (1.13) meiictBu-
TETIBHO COOTBETCTBYIOT NMHKaM BEIIECTBEHHBIX CEde-
HUHA paccestHUsT (HalIeHHBIX TIPH BEUIECTBEHHBIX
9HEPrusixX), T. €. 3To pe3oHaHCH. Ha pucynke 2.2 0)
MMeeTCs 1Ba Pe30HaHca, TIPU 9TOM Ha PUCYHKeE 2.2 a)
YETKO BUJICH TOJIBKO OJJMH PE3KWI CKauOK CEYCHHMSI.
Bropoii nuk siBisieTcst cnadbIM, MPUYUHA 3TOTO CO-
CTOUT B TOM, YTO COOTBETCTBYIOIIUMI €My KOMILIEKC-
HBII KOopeHb ypaBHeHH: (1.12) pacmonoxeH yxe noc-
TaTOYHO JAIEKO OT BEIIECTBEHHOW OCH, 3aMETHO
JajIbIle, YeM HOJIb, COOTBETCTBYIOLIMI NEPBOMY IH-
Ky. OnHaKo, Ipy yBEIWYEHUH MacIiTada MOXKHO BH-
JICTh W BTOPOW TIMK BOJIM3HM TOUKH Y, .= 1.9.
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Pucynok 2.1 — Pe3oHaHCHOE COCTOSIHME HEPENSTUBUCTCKOM IBYXUaCTUYHON CHCTEMBI
B ciIydae o-noTeHuuana npu V¥, =10, a=2:

a) maplyanbHOe CeUeHHE paccesiHust; b) KOMIIEKCHBII KopeHb ypaBHeHus (1.12)
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Pucynok 2.2 — Pe30HaHCHBIE COCTOSTHUS PEISATUBUCTCKON ABYXYAaCTUYHOM CUCTEMBI U j =1
B ciIy4ae o-noTeHuuana npu ¥, =10, a =3:
a) maplIuaIbHOE CeueHHe paccesiHust; b) KoMIIeKcHble KopHH ypaBHeHus (1.12)

u]

Pucynox 2.3 — Pe30HaHCHOE COCTOSIHUE PENSTUBUCTCKON JBYXUYaCTHYHON CUCTEMSI B cIydae j =2

JJIs Cynepro3uiuy d-noreHuuanos npu vV, =5, V, =10, a, =1, a, =2:
a) MapuraNsbHOE CEUCHUE paccesTHs; b) KOMIUICKCHBIN KopeHb ypaBHeHus (1.13)
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Pucynok 2.4 — Pe3oHaHCHBIE COCTOSTHISI PENIATHBUCTCKON JBYXUYACTHYHON CHCTEMEBI B clIy4ae j =3

JUIs CYNepIo3uuy d-noTeHmanos npu ¥V, =5, V, =10, a, =1, a,=2:

a) maplyanbHOe CeUeHHe paccesiHusl; b) KOMILIEKCHBII KopeHb ypaBHeHus (1.13)
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Pucynok 2.5 — Pe30HaHCHBIE COCTOSIHUS PENSTUBUCTCKON ABYXYaCTUYHOMN CUCTEMBI Ui j = 4

B clIyuae d-nmoteHuuana npu V, =10, a=3:

a) MapuyaNsbHOE CEUCHUE paccesTHus; b) KOMIUICKCHBIN KOpeHb ypaBHeHus (1.12)

Pe3oHaHCHOE TOBENEHUE CEUEHMH pacCEesTHUS
3aBHCUT HE TOJIBKO OT MECTOMOJIOKEHHUS PE30HAHCOB
Ha KOMILJIEKCHOH IUIOCKOCTH, HO TaKXK€ M OT TaKOU
Ba)KHOM BEJIWYUHEI, KaK BBIUET B IIOJIIOCE, COOTBET-
CTBYIOIIEM PE30HAHCY, KOMIUJIEKCHOM aMILTUTY/IbI
paccesiHUs, paccMaTpUBacMOi Kak (YHKIHS KOM-
TUIEKCHON OBICTPOTHL. 3ydeHwe 3TOW 3aBHCHMOCTH
aMIUTUTYJIbl OT BBIYETOB WU HCCIEAOBAHUE BIMSHUS
MapaMeTpoB O-TOTEHIMAJIOB HAa TONIOCA ¥ BBIYCTHI
TIPENICTABIIET COOOM OTACTFHYIO HHTEPECHYIO 3a1ady.

3aknrouenue

B pabote HaiiicHBI TOYHBIC PEUICHUS PEIIATH-
BUCTCKUX JIByXYacTUYHBIX YPaBHCHUH B PEJSITUBH-
CTCKOM KOH(HTYPAIMOHHOM TPEICTABICHUN IS
PC30HAHCHBIX COCTOSIHUHM B Cllydac O-IIOTCHIHAIA W
CYNEpIO3UIIMK JBYX O-MOTeHHUaNoB. [lomydeHsl
TPAaHCUEH/ICHTHBIC YpPaBHEHHS Uil HAXOXKICHHS
KOMIUICKCHBIX PE30HAHCHBIX 3HAYCHHHA OBICTPOTHI
X, W oHepruum E :mcoshxq, U3 KOTOPBIX IS

HEKOTOPLIX MapaMETPOB IMOTCHIMAIOB YHCICHHO
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HaMJIeHbl KOMIUICKCHBIC PE30HAHCHBIC OBICTPOTHI.
[Toka3aHo, 4TO MOBEACHHUE PEISATUBUCTCKUX aMILIH-
Ty UMEET PE30HAHCHBIN XapaKTep UMEHHO MPHU TeX
(bU3MYECKUX 3HAYCHUSIX OBICTPOTHI, KOTOPHIC COBIIA-
AIOT ¢ AEHCTBUTEIBLHON YaCThbI0 KOMIUIEKCHBIX OBbI-
CTPOT, HAXOJUMBIX U3 KOMIUIEKCHBIX YCIOBHH pe3o-
HAHCOB.
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