
fQ_ -~fj. 

;I /1 
() .. 1 

,j .:3 

0 fib e A MH e H Hbl I 
MHCTMTYT 
RABPHbiX 

MCCJIBAOBaHMI 

AYfiHa 

j, J' j 
P4-82-889 ~~ ·' ,{3 

B.B.BeJuteB, E .M .raHAhiJib, * A.JI.3y6apea* 

K BOOPOCY 0 CTPYKTYPE COEKTPA 

ME30MOJIEKYJIHPHOrO HOHA dTpr 

HanpaaneHo a *YPHan 
11 Zeitschrift fur Physik A: 
Atoms and Nuclei 11 

*TawKeHTCKH~ rocyAapCTBeHH~~ YHHBepCHTeT 

1982 



1. B nocneAHee apeMR a PRAe pa6oT/l, 2/ ~3y4anocb an~RH~e 
C~nbHOrO B3a~MOAe~CTB~R Ae~Tep~R ~ Tp~T~R Ha cneKTp Me30MoneKy
n~ dT~ .Bonpoc 3Aecb, Ae~cTBHTenbHO, cy~ecTayeT, nocKOnbKY H3aecT
Hol~. 4TO B C~CTeMe 2-x Ten C KynOHOBCKHM H CHnbH~M B3a~MOAe~
CTBHeM KynoHOBCKH~ cneKTp MO*eT cy~eCTBeHHO ~3MeHHTbCR, ecnH 
c~nbHOe B3aHMOAe~CTB~e npHBOAHT K ypOBH~ HnH pe3oHaHCY C 3Hep
r~e~, 6n~3KO~ K Hyn~. noxo*aR CHTya~~R B03H~KaeT B CHCTeMe dT, 
B KOTOPO~ Ha6n~AaeTCR ~3BeCTH~~ pe30HaHC B HeynpyrOM KaHane 

4 . 
dT-+ Hen. no3TOMY aonpoc MO*HO C$OPMYnHPOBaTb TaK: MO*eT nH CHnb-
HOe B3aHMOAe~CTBHe d H T npHBeCT~ K KaKOMy-nH60 cy~eCTBeHHOMy 
H3MeHeH~~ cneKTpa Me30MOneKyn~ dT~? 

B cHny 04eBHAHO~ cno*HOCTH 3aAa4H oTaeT Ha 3TOT aonpoc, Aa
aaeM~~ B pa6oTaX/l,~, OCHOBaH Ha MOAenbH~X npeACTaaneH~RX. Mo
AenbHOCTb nOAXOAa/l/ COCTO~T B HCnOnb30BaH~~ aA~a6aTH4eCKoro 
/2-~eHTpoaoro/ 6a3HCa, CXOAHMOCTb COOTBeTCTBY~HX pa3no*eH~~ 
AnR BOnHOBO~ 4JYHK~~H Ha Man~X paCCTORH~RX Me*AY Ae~Tep~eM H TpH
T~eM He RBnReTCR 04eBHAHO~, TaK KaK KHHeTH4eCKaR 3HeprHR OTHOCH
TenbHOro AB~*eHHR RAep B 3TOM cny4ae 3Ha4HTenbHO npea~waeT K~
HeTH4eCKY~ 3Hepr~~ ~-Me30Ha. 4HcneHHOe HCCneAOBaHHe noBeAeH~R 
SOJ1HUtsUi1 4Jy n,.4 ,.., ;.;<:;;;.::;;.;.::;,-;::;:;;:-::.; :!'!' ~ ~';> ""'? MI.IX Mf'IIQ,R1leDHbiX OaCC TOR
HHRX, npoaeAeHHOe B pa6oTe/4/, He MO*eT cny*~Tb CTporHM AOKa3a
TenbCTBOM CXOAHMOCT~ a?Ha6aTH4eCKOro pa3nO*eH~R. 

MoAenbHOCTb noAXOAa V 04eBHAHa c caMoro Ha4ana, TaK KaK 3AeCb 
~cnonb3yeTcR 3$$eKT~BH~~ dT noTeH~Han Mop3e. 

B CBR3H c 3T~M ao3HHKaeT aonpoc: cy~ecTayeT nH o6nacTb 3Ha4e
H~~ napaMeTpOB 34l<tleKTHBHOrO noTeH~~ana, B KOTOpO~ 06a nOAXOAa 
Aaaan~ 6bl OA~HaKoa~e pe3ynbTaT~ ? 

2. AflR OTBeTa Ha 3TOT BOnpoc paCCMOTP~M peaK~~~ 

4 
dT~ ... He+ n + ~ + 17,58 M3B. 

EcnH He y4HT~aaTb BHyTpeHH~~ cTpyKTYPY 4acT~~. TO ypaaHeH~R, co
OTBeTCTBY~~e 3TO~ peaK~H~, MO*HO 3anHCaTb B B~Ae 
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C~cTeM~ KOOPAHHaT, a KOTop~x 3an~caH~ ypaaHeHHR, npeAcTaaneH~ 
Ha cxeMe 

ll- ,.,.-

n 
·----------------------~----

-d ~ 
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8 AanbHe~weM 6yAeM C4~TaTb, 4TO peaK~HR ~AeT ~3 COCTORH~R 
Me30MOneKynbl dT~- C HyneB~M op6~TanbH~M MOMeHTOM. 

TPYAHOCT·~ peweHHR paccMaTp~aaeMo~ CHCTeM~ ypaBHeH~~ 04eB~A
Hbl, no3TOMy paCCMOTpHM npH6n~>KeHHR, n03BOnR~~e nepeHT~ OT Tpex-
4aCTH4H~X K ABYX4acT~4H~M ypaaHeH~RM: 
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[H4H + V22J'I'22 + V2I 'I' I"' (E+G-E )'1'2 · en ~ 

nepeXOA B 1-M KaHane ocy~eCTBnReTCR 3aMeHOH 
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34l<tleKTHBHbiH noTeH~Han c napaMeTpaMH D , a , ro, a~6paHH~M~ TaK, 
4T06~ BOCnpo~3BOA~nHCb YPOBH~ Me30MOneKyn~ dTp. B COCTORH~~ C 
L .. O, pacc4~TaHHble 6e3 Y4eTa c~nbHoro B3aHMOAeHcTB~R a pa6oTe /5/. 
nepeXOA K ABYX4aCT~4HOMy on~caHH~ BO BTOpOM KaHane MO>KHO CAenaTb, 
~CXOAR ~3 cneAY~HX paccy*AeH~H. 

Ha~AeM $OpManbHo·'l' 2 ~3 BToporo ypaaHeHHR /Tpex4acT~4HO~ c~c-
TeM~/, noAcTaB~M a nepaoe ~ nony4HM 
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3AeCb HCnOnb30BaHo cneKTpanbHOe npeACTaBneHHe $YHK~HH rpHHa 
H eeeAeH 3$$eKTHBH~H noTeH~Han. EcnH Tenepb aaMeHHTb En HeKoTo
P~M cpeAHHM 3Ha4eHHeM E~ H eocnonbaoeaTbC~ ycnoeHeM nonHOTbl 

l:ln><nl-1. 

TO nony4HM 

v12 v 21 
0 v v ]'I' + - [ HO 

[HdT+ ll+ I! 1 E +Q-EIL- '\len +V22]+i£ '1'1·(E-E1)'1'1' 

npoAenae aHanorH4Hy~ onepa~H~ C ABYX4aCTH4HOH CHCTeMOH ypae
HeHHH, nony4HM B T04HOCTH TaKoe *e B~pa*eHHe, 

TaKHM o6paaoM, nepexoA oT Tpex4acTH4Horo K ABYX4aCTH4HOMY 
OnHCaHH~ AOCTHraeTC~ BBeAeHHeM 3$$eKTHBHOrO noTeH~Hana B 1-M 
KaHane H AHCCHna~HH 3HeprHH BO ~-M KaHane. 

n-TOL.JIII .. ~MLI ··--. -· . ..,. ·-··-· riAMLUnr-n -· ·- ·-. ·-. - ~ ~~1At.Af'\ 0n,,:l;.Jtr TAlA A R~nwn~nwr~ e mooMe no~Mo-
yronbH~X ~M C paAHYCOM 

rc= 7 $M, 

rny6HHa KoTop~x onpeAen~nacb TaK, 4To6~ eocnpoHaeecTH 3KcnepHMeH
TanbHble 3Ha4eHH~ nonHero ce4eHH~ Heynpyroro dT -pacce~HH~ /6/. 
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An~ e~6paHHbiX noTeH~Hanoe peweHHe cHcTeM~ ypaeHeHHH Bbtpa*aeTc~ 
4epe3 H3BeCTH~e $YHK~HH /3KCnOHeHTa, B~PO*AeHHa~ rHnepreoMeTpH-
4eCKa~ $YHK~H~/. Ma ycnoeH~ Henpep~BHOCTH peweHH~ npH r.rc 
nony4aeM, KaK o6~4Ho, ypaeHeHHe An~ onpeAeneHH~ co6cTeeHH~x 3Ha-
4eHHH 3HeprHH, 

B peaynbTaTe 4HCneHH~X paC4eTOB OKa3anOCb, 4TO B OTnH4He OT 
pac4eToell/ npH 3HeprHH p. -Me3oHa -1,24 M3B e cneKTpe Me3oMone-
Kyn~ eCTb TpH CB~3aHH~X COCTO~HH~: 

Ta6JIHQa 

I E f'/2 

Nl 321 3B 0, I 3B 

N2 34 3B 0,08 3B 

N3 0 3B 13600 3B 

T.e. y4eT CHnbHOrO B3aHMOAeHCTBH~ npHBOAHT K no~eneHH~ HOBOrO 
ypoeH~ e cneKTpe Me3oMoneKyn~ c 3HeprHeH E-0 38, npH4eM ecnH 
peaK~H~ HAeT H3 3TOro COCTO~HH~, TO OHa AOn*Ha conpOBO*AaTbC~ 
H311y4eHHeM 11*eCTKHX11 M~OHOB c 3HeprHeii - 1 M38. 

npe*Ae 4eM nepeHTH K AanbHeHWHM peaynbTaTaM, cneAyeT CKa3aTb, 
4TO ycnoeHe eocnpoH3BOAHMOCTH ABYX MeaoMoneKyn~pH~x ypoeHeH no
aeon~eT OAH03Ha4HO onpeAenHTb nHWb ABa H3 Tpex napaMeTpOB 3~eK
THBHOro noTeH~Hana: D , a, TOrAa KaK r0 MO*eT MeH~TbC~ B AOBOnbHO 
wHpOKHX npeAenax 1 ~UU-/UU CIIM/ oea aaMeTHoro H3Mt:HeHI"'.fl tt llvHv"'"'"""'' 
ypoeHeH Nl H N2 . 

8enH4HHa ~ enH~eT Ha noBeAeHHe eonHoBOH $YHK~HH Ha Man~x 
paCCTO~HH~X, 4TO, B CBO~ 04epeAb, AOn*HO npHBOAHTb K H3MeHeHH~M 
B nono*eHHH YPOBH~ N3,KOTOP~H B03HHK npH BKn~4eHHH CHnbHOro B3aH
MOAeHCTBH~, HMe~~ero ManbiH paAHYC, 

4HcneHHble pac4eTbl noKaaanH, 4TO TaKa~ aaeHCHMOCTb, AeHCTBH
TenbHo, HMeeT MeCTO. 

E)J(MlB) 

1 

2' 2,2 ro (a.el 
PHc.2 

Ha pHc,2 npHBeAeHa 3aBHCHMOCTb 
3HeprHH f.l-Me30HOB, H3ny4aeMbiX 
npH ~AePHOH peaK~HH, HAY~eH H3 
COCTO~HH~ Me30MOneKyn C YPOBH~ N3 
(ReE 3.0), oT eenH4HHbl r0 /pa3Mep 
MeaoMoneKynbl/. 

3aBHCHMOCTb APYrHx ypoaHeH cneKT· 
pa OT eenH4HHbl r0 BHAHa H3 Ta6n.2, 
HaAO OTMeTHTb, 4TO WHPHHbl ypoBHeH 
c ReE-321 3B H -34 38 npH r 0 = 
= 2,5 a.e. finH3KH K 3Ha4eHH~M, no
ny4eHHbiM a1 11, T.e. MO*HO cKa3aTb, 
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Ta6JIHI~a 2 

ro YpoBeHb N1 
/OCHOBHOH/ 

YpoBeHb N2 
/B036yYqJ,eHHbiH/ 

2, I a.e. -321-iO,I /3B/ -34-i0,08/3B/ 

2,5 a.e. -321-iO,OOI /3B/ -34-iO,OOOS /3B/ 

4TO noBeAeHHe BOnHOBOH ~YHK~HH Ha Man~x paCCTORHHRX B HaWeH MO
AenH npH r0 = 2,5 a.e. cornacyeTCR C noBeAeHHeM BOnHOBOH ~yHK~HH, 
nocTpoeHHOH a1 11. Hoe~H ypoeeHb e HaweH MOAenH e 3ToM cny4ae/npH 
r0 = 2,5 a.e./ ece me cy~ecTeyeT H HMeeT 3Ha4eHHe nOPRAKa +1 K3B 
C nonyWHPHHOH -13 - 14 K3B. 

TaKHM o6paaoM, cneKTP MeaoMoneKyn~ c y4eToM cHnbHoro H 3neKTpo
MarHHTHoro B3aHMOAeHCTBHR cy~eCTBeHHO 3aBHCHT OT noBeAeHHR Bon
HOBOH ~YHK~HH CHCTeM~ Ha ManbiX paCCTORHHRX. EcnH noBeAeHHe eon
HOBOH ~YHK~HH COOTBeTCTByeT 3Ha4eHH~ pa3Mepa Me30MOneKyn~ nopRA
Ka 2, 1 -2,3 a. e., TO RAepHaR peaK~HR C BbiCOKOH AOneH eepORTHOCTH 
AOnmHa HATH C H3ny4eHHeM 11meCTKHX11 /l-Me30HOB C 3HeprHeH nOPRAKa 
0,5 -1 M3B. EcnH me noeeAeHHe eonHoeoH ~YHK~HH cooTeeTcTeyeT 
6onbWHM 3Ha4eHHRM ~·TO TaKHX Me30HOB He 6yAeT. 

CneAoeaTenbHo, AnR peweHHR 'eonpoca o cneKTpe MeaoMoneKyn~ dT~ 
He06XOAHM~ paC4eT~, B KOTOpbiX 6bl He HCnonb30BanHCb HH MOAenbHbiH 
3~~eKTHBH~H noTeH~Han, HH aAHa6aTH4eCKHH 6a3HC. 
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BeJIHeB B.B,, faHAbiDb E.M., 3y6apea A.TI, P4-82-889 
K BOnpocy 0 CTPYKType cneKTpa Me30MOJieKyJIHPHOrO HOHa dT/l~ 

Me30MOJieKyJIHpHaH CHCTeMa dT/l-B COCTOHHHH C IIOJIHb~ op6H
Ta.ribHblM MoMeHTOM L .o paccMaTpHaaeTCH a AByxKaHa.ribHOM rrpH-
6JI~eHHH B COOTBeTCTBHH C ABYMH KaHa.riaMH IIO CHJibHOMY B3aHMO-

_. dT 
AeHCTBHIO dT 4 • KyJIOHOBCKoe B3aHMOAeHCTBHe V dll + VT, yqH-

" Hen .-

TbiBaeTcH BBeAeHHeM 3cPcPeKTHBHOrO IIOTeHQHa.ria V/l , KOTOpbiH Bbi6Hpa.r:r
CH B ~OpMe IIOTeHQHa.ria Mop3e, B pa6oTe HCCJieAyeTCH 3aBHCHMOCTb 
CIIeKTpa CHCTeMbi OT rrapaMeTpOB 3cPcPeKTHBHOrO IIOTeHQHa.ria, 

Pa6oTa BbiiiOJIHeHa B Tia6opaTOPHH TeopeTJiqeCKOH ~H3HKH OIDHI. 

npenpHHT 06~eAHHeHHOro HHCTHTyTa RAePH~X HCC~eAOBaHHH. AY6Ha 1982 

Belyaev V.B., Gandyl E.M., Zubarev A,L, P4-82-889 
On the Structure of il -Mesic Molecular dT1r Ion Spectrum 

dT!l- mesic molecular system in a state with total orbital 
momentum L-0 is considered in two-channel approximation in 

A fi 
accordance with two channels on strong interaction dT 4H • 

~ en 

Coulomb interaction V~ +VT is taken into account by intro
ducing the effective potentral vll which is chosen in the form 
of Morse potential. The spectrum of the system is investigated 
as a function of effective potential parameters, 

The investigation has been performed at the Laboratory 
of Theoretical Pbysics, JINR, 

Preprint of the Joint Institute for Nuclear Research. Oubna 1982 
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