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PEAKIIHHrr+ + '2C-* p+ p+ X
HPH _gHEPFHHX HHOHOB 26-39 M3B

IO.K.AKr_MOB, H.H.Fafica_¢, M.F.FopHoB 2 , M.H.FocTKHH,
lO.B.FypoB: , C.H.KpyrnoB', C.H.Mep3naKoB, K.O.OraHecaH,

E.A.HacmK, C.I0.Hopoxosofi, A.H.Py_teHKO, H.H.CTpaKosc_a_fi',
A.B.IUHmKOB 2

Ho.qyqeHbl riepBble 3KCrlepHMeltTa.rlbHblepe3y.rlbTaTbl rio riornome-

HHIO rr+-MeSOHOBC 3HeprHnMH 26 -- 39 MaB na .ape yrnepoaa c rlc-
nycNaHHeM KByX npOTOnOa, lloKaaaHo, qTO OCHOBHblMMeXaHHaMOM

rIornottteHrl_ aanneTca nornottteHrle Ha KBa3ri_efiTpOHHOfinape B _Z;-

pax. llprt 3Heprrla OKO.rlO28 M3B o6Hapy_eHa pe3oHaHcHa_lOco6eH-
HOCTbB 3HeprerrtyecKofi 3aBHCrlMOCTH nonaoro ceqeHHa c ItmpHHOf_

._._enbtne3 M3B no 3HeprriH ria_tamtuHx nHOHOB.

PaSoTa nbmonrieHa B J-la6opaxopHH a_tepm,tx rIpoSaeM OHflH.

' Reaction rr+ + t2C__> p+ p+ X

at Pion Energies of 26-39 MeV

. Yu.K.Akimov et al.

The first experimental results for absorption of rr+-mesons of 26 ....

: -- 39 MeV energies in the carbon nuclei with two outgoing protons

are presented, lt is obtained that the absorption by the quasi-deuteron ,_
is the main channel of absorption mechanism. A resonant structure

with width less than 3 MeV is observed in the energy behaviour of the

' total cross section at the energy of incident pion close to 28 MeV.
The investigation has been performed at the Laboratory of Nuclear

Problems, JINR.

B HOHHMaHHHnpoIIeccoB fIOF$IOIIIeHHHHHOHOB_I_lpaMH _IOHaCTOH-

Illero BpeMeHH OcTaeTEIt MHOrO HeItEHOFO, HeCMOTplt Ha TO) tITO 3TH

peaKLtHH HHTeHCHBHOH3yqaIOTCH HeCKOYIbXO_eCATHneTHfi, CO BpeMeHn
HOHBHeHHHHepBblX HyqKOB HHOHOBHa yCKOpHTeHHx.

]'
/:

' t.l-leuunepaOcruft uucruryr _Oepuoft Cusu,,'u AH CCCP ;_
2Mocxoecxu_ unacenepuo-Cu3u,ec_cuft uucruryr
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TeopeTRqecmHff HHTepec K npotleccaM nornott_eHHm YIHOHOIaCBft-

_ 3ali C BO3MO:_KHOCTBIOHOJlyqeHHH HH_OpMalIHH O HeHyKYlOHHBIX CTtne-
HaX CBO60_IbI B a_lpax [Me3OHHBIX 14 A-H306apHbIX], a Tax,ce _ena-
HHeM BblI_ITH Ha ypOBeHb KBapKoBOFO OIIHCaHHH B3aHMO_leIYICTB14H
a_pOHOB C aztpaMn, CYle21CTB14eMKOTOpOrO Mox<eT 6bITb o6Hapy_<eH14e

_m6apROHHbIXnnR MyYlbTH6apI4OHHblX peoOHaHCOBB a_Ipax.
Ha_6onee HHTeHCRBHORCCJIe_IoBaYlHCS peaKti14ft 7r+d -, pp 14o6paT-

Haft eI_ pp-+ _+d, KOWOpbIe ftBYiftmVCft OCHOBHbIMH Kana_aMH nOFYiG-

meHRa n po_K_Iesnft n14OHOBnpn npoMe_<ywoqHbIX 0neprRftX. O_maxo
Han6onee nonHbm Ha6opbl 0Kcrlep14MeHTanbHblX _IaHnblX RMemWCft

B o6nacTR oHeprnfi nnoHos, 5nROKnXK peoOHaHCHOfi [ 100 -- 250 MoB] .

3Ha_nTenbHO MeHbme nccne_IoBaHO nornomeHne npr T_ < 100 MoB.
Ha pnc.1 npe_IcwaBneHa CBO_IKa_laHHblXno nOnHbIM ceqeHnAM peaK-

, tmH _+d-+ pp/' /. HMemmnecft _laHHbIe 3aqacwym npOTnBOpeqrIBbI. 1

TeM He MeHee o6palllaeT Ha ce6H BHHMaHHe yKa3aH14e Ra HaYi14q14e

cTpyKTypsI (nponana) B o6nacTn T n _ 28 MoB (x/s= 2,04 FoB/c2).
_nft npotteccoB nornonleHRft rr+-Me3OHOB Ha _IpyFRx a21pax npH

3Hepr14ftx T_ < 60 MoB OKcHepRMeHTa/IbHbIe _aHHbIe OTCyTCTByIOT,
8.0

7.0- + , ¢t'

o.o-ttt t
" _ t

-

i .o_ t
• 2.0-

t '

[ 0 10 20 gO 40 50 60 70 ,_,.
i?. Tpi, M_B

PHC.1. CBO_IKa ,IIaHHblX/1 / rio IIOJ'IHblM ceqeHHflM peaKllHH y+d _ pp.

.._
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XOTH C TOqKH 3peHHn Hccne_oBaHnn _epHofi cTpyKTypm rmOHSX HH3-

._, I<HX 3HeprHI_ O6/la_aIOT Orlpe_eJIeHHbIM HpeHMymeCTBOM. /leno B TOM,

HTO ceqeIIHH B3aHMO_eITICTBHH IIHOHOB B 3TOI_I o6nacTH 3HeprH_ OTHOCH-

Te/IbHO Ma/fbi. _)Ta Oco6eHHOCTb HO3BO/I_IeT IIOqyBCTBOBaTb O6/IaCTH

_pa rny6>Ke TeX, KOTOpble 3OH_HpyIOT HI4OHbI6onee BblCOXnX 3HeprHfi,

B Oco6eHHOCTH pe3OHaHea, r_e 6onbma_ qacTb B3aHMO_eI4CTBHIYl npoHc-
XO_HT Ha HoBepXHOCTH _pa.

OnnCaHHaS CI4TyaLIH_CrnMynnpoBana npoBe_eI-IHeHccne_OBaHI4fi

nornoIlleHH;I _T+-Me3OHOB s_paMH npn 3Hepr_x HHOHOB 20- 60 M3B.

B HaCTOAU/efi pa6oTe npe_cTaBneHBI nepBhle peSynbTaTbI, nonyqeHHbie
Ha s/tpe yrnepo_a. Hccne_oBanacb pea,cti_ =* + _2 C _ p + p + X c sbi-

_eneHHeM KaHa/la c o6pa3OBaHHeM _ByX HpOTOHOB B KOHe'_[I-IOM COCTO_I-

HnH npH 3Heprnnx na_amumx nHOHOB 26, 28, 30, 32, 36 H 39 M3B.

I-IoCTaHOBKa 3KcHepHMeHTa

H3MepeHHH rlpOBO_HJIHCb Ha xaHane HHOHOB HH3KHX 3HeprHI_

I-I2 CI4HXpOI/HKnoTpOHIa /IHH_/2/. Hcnonb3OBanacb Me3OHOO6pa3y_-
u/as MHUleHb HS Be. 3aXBaT tlaCTHl/ B KaHa/I IIpOHCXO_HT rIO_ yr-

nOM 600 K HpOTOHHOMy rlyqKy. KaHa/I o6na_aeT cpaBHHTe/IbHO MaJ'IOI_

_JIHHOI_I, OKOJ'IO 8 M, tlTO Ba:_tHOrIpH pa6oTe c nHOHaMH MaJIbIX 3HeprHfi.

' B xaHane HMeeTcH KBa HOBOpOTHI, IX MaFHHTa: O_HH B Haqane, npyro_

B KOHUe. 9TO _a_ BO3MO_OCTb CHHHSnTbnpHMeC_ MmOHOB S ny.Ke.

: : B cepe_m_e xanana, B rlpOMe_TTOqHOM _oxyce, pacnonaraeTc_ xonn_-

MaTOp, onpe_en_mum_ HMl'Iy/IbCHbI_I pa36poc nyqKa. COCTaB rly_lKa oii-

pe_en_inc_ino BpeMeHH nponeTa/3 /.B I<aqecTBecTapTa HCHOnb3OBaIIC_I

CHFHaYl CO C_HI-ITHYlYIHI_HOHHOFO _eTeKTopa Ha BblXO_e KaHana, B Katie -

CTBe CTOHOBOrO cHrHana -- pa_HoqaCTOTa ycKopHTe.21_I. TO_IOCTb orl-

pe_eneHH_ _onn nnOHOB B nyqxe COCTaSnnna _ 1,5%. B _zHarm3oHe

_Heprnfi26- 39 M3B _on_ nHOHOB HsMeH_nacs OT 63 _ZO78%.

/],nnTOqHOrO Haxo>xne_ 3HepreTHqecKnx napaMeTpos ny_Ka
ncnons3osanacs MeTO_HKa, onHCaHHa_ B/4 /. H_e_ MeTo_za COCTOnT

TOM, qTO B xa_ane n_HCyTCTBymT Tn_zenb_e3ap_zeHHs_e _acTnnS:

(p, d, t,...)c TeM >xe CaM_:M HMnynscoM, qTO n nnOHb_, HO C ManS,M

npo6ero_:. Hx _HeprnH MO>ZHO H3Mep_rs C noMom_m TOHXOrO nony-

npoBO_HnKOSOrO _eTexTopa no nonuoMy nornome_Hm. 3Ta MeTO_HKa

no3Bon_IeT H3Mep_ITb 3Heprmo nyqxa c TOqHOCTbIO_ 200 K3B. HM-
nyn_CHbI_t pa36poc B ny_xe onpe_enneTc_ tulip;moil KOnnHMaTOpa. _

KaHan nO3BOnHeT nonyqaTI, Ap/p -_ 2,5%. B naHHOM 3KcHepHMeHTe _

ncnonb3oBanc_I pe;_HM C Ap/p _-- 5%. YMesbmeHHe HMnynbci.ioro pa3-

6poca npnBO_nT K cy_I/eCTBeHHOMy yMeHbmeHmo HHTeHCHBHOCTH I_q-

I 7
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xa. B OiIHOI_IBaeMblX yC/IOBI4HX HHTeHCHBHOCTb HHOHHOFO IIyqKa co-

CTaBn_na 103 --104 c-i• I
_KcrlepHMeHT IlpOBO_HJICH C noMombm mHpoi<oanepTypHoroI

C_TI4nn_tiHOHnOro ro_iocKona-cneKTpoMeTpa/S /. Ha pHc.2 npHBe_Ie-
Ha cxeMa yCTaHOBKH. YCTaHOBI<a COCTOHT H3 HyHKOBblX _eTeI<TOpOB

C1, C2, KOTOpbIe HCHO/Ib3ytOTCFi _rl_I H3MepeHHH COCTaBa ny.Ka no Bpe-

MeHH nponeTa, a TaK>Ket B KOM614HaI_HH CO CqeTqHKaMH aHTHCOBHa_e-

HI4I_ C3 (c OTBepCTHeM 3X3 CM 2 ) H C4 (_OpLIOBbIIYI)i_FIFI TpHrrepa ycTa-
i

HOBKH H H3MepeHHff BXO_IAulePo rIOTOI<a qaCTHll _LUA HOpMHpOBKH.

B BaKyyMHOI4 KaMepe KaHana rIOMeLLIeH nonyHpOBO_IHHKOBbI_I _leTeK-

' Top D nn_ H3MepeHI4H _HeprnH nyq_ca. PO_IOCKOrl-cIIeKTpOMeTp COCTO-

HT H3 _BeHa_I_aTH _IeTeKTOpOB C5 --- C16 H3 II/IaCTHKOBOFO CIII4HTI,InnFITO-

pa, KOTOpbIe rIOMeUleHbI B repMeTI4qHyIO KaMepy. KaMepa Mo>KeT Ha-

nonHaTbC_ ra3aMH (H2, D2, He) npH pa6owe c ra3OBblMH MHmeHaMH

_UH OTKaqHBaTbCa B cnyqae pa6OTbI C wBep_ofi M_meH_m BHyTp_

ii npH _OHOSbIX H3MepeHnax 6e3 MHmeHH. _eTe_WOp_X o6_eam_eHbI

B Tp_I ceKIIHH rlo qeTbIpe B Ka_K,/IOI_I H o6pa3ymT qyBCTBHTeYlbHbII_I o6$eM i

B BI4jle napannenenHnejla c pa3MepaM_4 100xl00x600 MM. 3HepreTH_ec-

KOe pa3pemeHHe _IeTeKTOpOB COCTaBnff -rIO BenHqm_y ~ 10%.

IZI3MepeHHff flpOBOZOanHCb C MHmeHb_O H3 yrnepo_a TOnnlI4HOf_

0,42 F/CM 2 , KOTOpa_ noMemaJIacb B IleHTpe yCTaHOBKI4. YCTaHOBKa

npn 3TOM OTKaqHBanacb. JJ_IH I_3MepeHH_ _OHa MHmeHb ynan_nac_
• _/)H3 KaMepm _In_ 3anycKa yCTaHOBKH HCHOIIB3OBaJ'IOCb ycnoBne npo- _

XO)K_eHH_I qaCTHII_I .epe3 _eTeKTOpbl C1, C2, OTCyTCTBHH CHrHa/IOB P

c C3, C4 _ cpa6aTbIBaHH_ _IByX rpaHefi ro_locKona. Ka_loe co6bITne
_" .

f_ xapaKTepn3oBanOCb mt_opMaaHe_ o6 3HeproBbi_leneH_x B _eTeKTO-

pax, HOMepaMI4 cpa6oTaBm_x _IeTeKTOpOB, MOHHTOpHbIMH CqeTaMH,
'_ BpeM_nponerHof_ HH_OpMa_e_ O II_qKOBbIX _acTHIlax..

-.......... ._...________,:-_..-..-,.
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O6pa6OTKa H aHanH3 peaynbTaTOB

"_ 1-IpH o6pa6OTKe peaynbTaTOB H3MepeHnI_I OT6HpaYIHCb Te CO6bI-

THFI, rue cpa6oTanH _Be npoTHBOnOno_nbIe rpaHn ro_ocxona H 3Hepro-

Bb_eneHHe B Ka_<_XOfiH3 HHX6bmO 6onbme 25 M3B. Pa3n_q_b_e XOM-

6_a_HH ReTeKTOpOB COOTBeTCTBymT pa3nmmbtM yrnoBbIM zmana3o-

HaM B_ineTammHx qaeT_U. B HaeToamefi pa6oTe npe_xeTaB_eHb_peaynb-
TaTbIZtng eo6bxTm_, Korea o6a npoToHa nonvzmmT B ae_Tpa_Hym CeK-
kmm ro_xocKona. _3TOCOOTBeTeTByeTyrnoBoMy aHana3oHy 40- 1400 ,
npHqeM yron pa3neTa 6onbme 80 o. ZI_a OTo6paHHbIX eo6_ITnfi eTpom
nncb cneKTpLX CyMMapHoro 3HeproBbI_eneH_ Rnyx npoTOHOB C B_-
_eTOM_OHa. BenHq_Ha @OHaeoeTaBnmm _ 5% npH eyMMapHoM _Hepro-
B_meneHHH Zmyx npOTOHOB6on,me 60 M3B H MeHee 1% npn orpaHw_e-
HHHHa 3HeprHm B 110 M3B. Ha pnc.3 I1pe_cTaByieH TaXOI_IcnexTp, no- I

YlyqeHHBII_I HpH T n = 39 M3B. CIIeKTp xapaKTepH3yeTcn qeTxO B_Ipa-
_KeHHbIM MaKCHMyMOM, CBH_eTenbcTBy_oIkI_M O HpeHMyttIeCTBeHHO_

250
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O

tj

100 (o)
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O

0 50 100 150 200 250
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PHc.3. CnexTp CyMMapHofi _HepreH _ByX npoTonoe
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PHC.4. _aBHCHMOETb nono_cenHH MaKCHMyMa cneKTpa CyMMbl aHeprnfi _ByX

_, npOTOHOB bT aneprHH na_ammero nHoHa.

f

pOYlH KBagHjIe_ITpOHHOrO MeXaHH3Ma HorYIoIIIeHHH ?T+-Me_OHOB. YIo_I

KBa3HjIeI_TpOHHbIM MeXaHH3MOM HO}Ipa3yMeBaeTcH MeXaHH3M_ Korea

nnOH nornomaeTcn Ha KBa3HCBO6Og_IOI_I _IefrrpoHono_Io6Ho_ nape HyK-

YIOHOB B n_Ipe. _IpyrnM apryMeHTOM, rlO_ITBep_JIalOIHHM KBa3H_leI_I-

TpOHHbI_I MexP_II_M peax_Hn, MO>KeT cny_rrb npeKcTaByIeHHaH

Ha pHC.4 3aBHCHMOCTb nono>KeHnn MaKCHMyMa cne_crpa aneprHfi _IByX

IIpOTOHOB OT 3HepFHH Ha_alonj_tx IIHOHOB. fIHHe_Han 3aBHCHMOCTb _

C HaKYIOHOM, _YIH3KHM K e_HHHI_e_ CBH_eTeYlbCTByeT O TOM_ qTO BCH ££H-

HeTHqecKaH aHeprnn IIHOHa pacnpe_enAeTCn Me_Ky KByMA Bb_neTa_O-

UlHMH HpOTOHaMH. HCXO_IH Ha 3TOrO, MO_HO npe_Inono_nTh, qTO Bce ,'

CO6mTHn, ne_amHe B_me MaKcHMyMa,- qHCTO xBaa_e_TpoHHoro

npoHexo_eHHn. Torzm B pa_oHe MaKcHMyMa MO_O B_I_ennT6 CHM-

. . MeTpmn-iym o6nacTb (o6nacTb (a) Ha pHc.3) v_ o6nacTb (6), nonyqeI-I-
I-IyIO BbIqHTaHHeM YaCTH (a) H3 HCXO_IIOFO crleKTpa. OqeBH_HO, O6-

JlaCTb (a) COOTBeTCTByeT KBa3H_eI_ITpOHHOMy MexaHH3My peaKI_HH,
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' PHC.5. _)HeprerHqecKa_ 3aBHCHMOCTb flOnHOrO ceqeHm_ _rm CO6brrH_
#

H3 qaCTH (a) cneKTpa Ha pHC.3.

a o6nacTb (6) -- _pyroMy MexaHI43My, HanpHMep, C BblYleTOM Hefcrpo-

Ha, KOTOpbII_IHe 3aperHCTpHpOBaH yCTaHOBKO_.

Ha pHc.5 npe_cTaBneHa 3HepreTHqecKa_ 3aBHCHMOCTbHOnHOrO ceye-

HHg peaKum4 B OTHOCHTeYlbHbIXe_I4HI_ax, nonyyeHHa_ ;an_[ BCeX CO6bI-
THI_IH3 o6naCTH (a). HpH 3HeprHH OKOnO 28 M3B npO_Bn_eTCH Oco6eH-

HOCTb (MIdHHMyM). NpaMa_ Ha pHC.5 eCTb pe3ynbTaT _HTa nHHef_IO_

_yHKUHe_I NO qeTbIpeM TOqKaM (_aHHbxe npH 28 H 30 M3B HCKnmqe-
HbI). _n_ 3TOrO _HTa nonyqeHo 3HaYeHHe X2 = 0,95, Tor_a KaK npH

cl)_t"re Bcex mecTI4 TOqeK X2 nony,_ae'rcA paBHbIM 13,8. OTKXIOHeHHe _
OT TIHHeI_IHO_I 3aBHCHMOCTH B TOqKaX 28 H 30 M3B COCTaBYlFIeT 4-5 CTaH-

_apTHbIX OTKYIOHeHH_. 1-1OnO_KeHHeOco_eHHOCTH MO_HO oI_eHHTb KaK °i
(28,5 + 0,5) M3B. lllHpHHa BH_HMO_I cTpyKTypbI -- 3 M3B. _HepreTH-

qeCKH_ pa36poc nyqKa TaK>Ke COCTaBn_eT BenHqHHy _ 3 M3B, cne_IoBa-
TeYlbHO, CO_CTBeHHa_ImHpHHa cTpyKTypb_ MeHbme 3 M3B. Pe3OHaHCHOe
HOBeJIeHHe HMeeT MeCTO _rlPI CO_bITHI_I, COOTBeTCTByIoIIIHX KBa3H_eI_*I-

t 11
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TpOHHOMy MexaHH3My. ECYIH COHOCTaBHTb 3Ty 3aBHCHMOCTb C _IaHHbIMH

_A npotlecca _+d -_ pp, TO Ha6mo_laeTcA cTporoe COOTBeTCTBHeOTHOCH-
J TeTIbHOFOnOBe_IeHHH ceyeHH_ 3THX npoueccoB. Hocne_IHee O6CTOHTe/Ib-

CTBO MO:_K2-10 CtIHTaTb eme O/IHHM HOKTBep>K_IeHHeM HBa3H/Ie_TpOHHOFO

ITpOHCXO)K_eHHH CO6BITHI?IH3 o6naCTH (a) cnexTpa 3neprHfl _ByX npo-
TOHOB. OUeHKa a6conmTHOrO 3HaYeHHA nonHoro ceYeHHH npH 3HeprnH

39 M3B COCTaBn_IeT (21 + 4) M6. OUIH6Ka B a6COYIIOTHOI_IHOpMHposKe
CBA3aHa C HeTOqHOCTb_ 3HaHHH aKcerrraHca yCTaI-IOBKH H HBYIHeTCHO_-

HOI?I n TOI_I me ]I_IH Bcex 3HeprHI_ nI4OHOB. OTHOCHTe/IbHBIe omn6Kn

B 3HepreTHqecKo_ 3aBHCHMOCTHonpejIenH_oTcH 3%.
BO3MO>KHbI HeCI<OnbKO nO_IXOJIOB K HnTepnpeTa_HH o6napy>Ken-

HOFO HBneHI4H. O_HH Ha BapHaHTOB _YIH peaxuHH =*d -" pp o6cy_ancH

B pa6oTe/6 /. BbIno Hoi<a3aI-IO, YTO TaHaH cTpyKTypa O6%SCHHMa BO3-

MO3k'I-IbIM Ha6nm_enHeM _H6apHOHHOFO pesoHaHca c KBaHTOBBIMH qHC- ]

' naMH 3 P2 npn T_ = 28 MaB (_/s = 2,04 FaB/c2). OTa BenHqHHa ;IO-
CTaTOYHO xopomo cornacyeTcH c IIOYIO>KeHHeM pe_eBCKOI_I TpaexTO-

pHH _HHpOTOHOB C H3OCHHHOM I = 1 B TOtIKe J -- 2 B paM_ax Mo_enH
MemKOB/_ /. _Ipyroe O6_HCHeHHe 3TOFO HBYleHI4H pacCMaTpHBaeTCH

B pa6oTe Is /, rae BblcKa3aHO npe_nono>KeHHe o TOM, qTO Ha6nm_aeMaH

cTpyKTypa MO>KeT6BITI_npoHBneHHeM noporoBofi Oco6eHHOCTH (Kacna)

HpH OTKpbITHH HOBSIX HaHaYIOB peaxnHH. B tIaCTHOCTH, B xayecTBe Ta-

KOFO HaHana MO>KHO paCCMaTpHBaTb BO36yH<jIeHne FHFaHTCHOrO JIH-

. nonbHoro pe3oHaHca. YcHneHue noporoBo_ aHOMa/IHH B xaHane no-
rnomeHv_q MO>KHO O6%HCHHTS,ecnH paccMaTpHBaTb nponecc KaK j1ByX-

cTyneHqaTbII_" cHayayla BO36y>K_IeHHe rHraHTcKoro pe3oHaHca, 3aTeM

' nornomeHHe HHOHa. B TflKOM no_xo_e 3Heprv_q nHoHa nonallaeT B o6-
nacT_ < 5 MmB, r_Ie HMeeT MeCTO pe3KHI:t, KaK l/U, pOCT ceqeHnn no-

, rnomeHH_. B 3TOI_I pa6oTe _aeTcH o_enKa BenHYHHS_ BO3MO>KHOFO 3C_- '

. _eKTa- 3 M6, tITO 6nnSKO K Ha6nlo_aeMoMy.
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DIQUARK-FOUR QUARK CLUSTER MODEL
FOR S = --1DIBARYONIC RESONANCES

L,Popa*, V.Popa*, B.A.Shahbazian

We presentaM.I.T.-likcbagmodel incorporatingdiquarkand chromo-

magneticcontributionsand itspredictionsconcerningS = -I diba-

ryons.The model was initialyused todescribenon-strangelow mass

dibaryons. N.

The investigationhas been performedat the l.aboratoryof High --..j
Energies, JINR. ,,

_HKBapK-qeThIpeXKBapKOBaH KHaCTepHa_ Mo_enb

]In_I_PI_)apHoI-IHblXpe3OHaHCOB C S =--I

iI.IIona,B.I[ona,E .A.IIIax6a3sH

IIpeiIcraBneHa MO_Ienb THna MlT-Memza, BKnmqammaa _aKBapK
H XpOMOMarH_rrHble BKTla_bI B HpHMeHeHHH K /IrIfapHOHHbIM pe3o-

' HaHCaMCS = -1. BblllOlllieHO cpaBHeHHe C 31<cnepI,IMeHTOM. ,

PafioTa abmonHeHa a Jla6opazopHn BblCOKI4X aHeprHfi OH,qH.

#

I. Introduction

" In some previous papers /1/ a model for non-strange low mass '

dibaryons based on the M.I.T. bag approach has been presented. In
the frame of the usual M.I.T. hypothesis/e/, this model, introducing

a diquark-four quark cluster structure of the bag in the 3"-3 colour [

representation and assuming the effect of the chromomagnetic in-

teraction between clusters, leads to a very satisfactory agreement with

the bulk of publishedexperimental data/3( The differences between

the experimental values and the predicted ones for the non-strange

dibaryonic masses are in general less than 20 MeV/c 2 and may be attri. _

i, buted to the neglection of higher order contribution to the masses /_

_:,_ *Institute of Atomic Physics, Institute of Gravity and Space Sciences,
:: P.O.B. Mg-6 , Bucharest-Magurele, Romania
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as spin-spin and spin-orbit interactions. Excepting the model presented

in paper '/4' (but which does not explain all the experimental data),
the low mass non-strange dibaryonic spectra can be completely under-

_tood only in this approach. An interesting feature of those calculations
is that the agreement is not restricted to the masses of the more fre-

quent (NN) dibaryonic candidates, but also to more complex states,
found in (NN_) invariant mass spectra/5/ i

In the case of S=-1 dibaryons, the conventional M.I.T. bag pre-

dictions are in relatively good agreement with the experimental can-

didates, but an attempt to apply to such states our modified version
can be justified by the possibility of understanding both the S = 0
and the S=--I dibaryons starting from the same basic hypothesis.

In this paper we compute the masses of the strange S =--1 di-

baryonic resonances and we make some considerations about their I
stability and decay modes, in terms of a diquark-four quark cluster
bag structure.

P

2. The Mass Values for the S =--1
Dibaryonic Resonances

The lowest mass for the six-quark bag is obtained if we assume

' that in the s state the bag is made from a diquark and a four-quark

cluster in the 3"-3 colour representation of the SU(3) colour group"

' (1) r;
(q2)3, _(q4)3 "

The diquark inclusion is justified by the fact that more conventional
two-quark -- four-quark state could be stable against the decay into
two normal baryons only in the presence of a centrifugal barrier bet-
ween clusters, namely only in orbitaUy excited states. As the diquark
is considered to be a massive bound state of two (massless) quarks,

the diquark wave function would not completely overlap with the
wave function of any of the (massless) quarks in the four-quark cluster,
even in an s state of the bag, so such configuration would have the

possibility of surviving a non-vanishing interval of time before decaing
into two baryons.

The M.I.T. mass operator for a six quark bag with such a structu-

re is" I

z 0 6 al(mi R ) 2]4. BR 3 ----+Z N i- R -+ m(6;I.)•[ A_ + A , (2)M(R)=--5-- - R

• 15
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where: Ni is the quark number operator, B is the bag pressure asso-
_' ciated with the properties of Q.C.D. vacuum (B =59.2MeV.fm-3),

a i (mir) is the energy of the i th quark in the ls state. In the following
we shall consider the non-strange quarks to be massless, and a light
strange quark (m s - 279 MEV).

The mass of the state is obtained by minimizing the expectation

value of the mass operator (2) with respect to the bag radius. As long
as a linear approximation a i (r) =a i (mi l_) is valid/6/ the radius can
be parametrized as/7/:

R = r0N 1/3

i1with r0=0.72fm. In this situation one would get a(O)=a n =

p =403MeVfm anti as(msR)= 570MeVfm. m(6;1) denotes the -
strength of the colour-magnetic interaction in a six-quark bag containing
one strange quark (m(6 ;1) = 54.1 MEV).

The values of the used parameters are those derived in paper/s/

from the fit of conventional baryonic and mezonic spectra, h I and
A2 are group-theoretical factors which are dependent on the spin,favour
and colour of each component cluster. Their general form is"

2 (3). A=-I /4N(I_0-N) +1,/382 +l/2F +Fr ,

where N is the number of quarks in each cluster, S2 is the squared

spin operator, F_ and Fc2 are squared Casimir operators for the SU(3)
colour, respectively for the SU(3) irreducible representations corres-

, ponding to each cluster. For the colour representation (1) the eigen-2
value of Fc_ is fc =4/3.

In order to compute the group theoretical factors 5 1 and 5 2 we

start from the SU(6) ireps, for the (qS) 3* and (q4) 3 clusters. These I
ireps, decompositions into SU(3) colour and SU(2) spin ireps, are pre-
sented in Table 1. The decomposition of SU(3) ireps, and the flavour,
hypercharge, izospin and spin contents for each possible state are pre-
sented ill Table 2. The states that contribute to the Y = 1 strange di-

f baryons are listed in Table 3. i_!:
As there are two possibilities of locating the strange quark (in ,

l the four-quark cluster or in the diquark), computations have been ,_:J
performed in both hypotheses. Table 3 includes the values for the !i

!! h_and As group theoretical factors, the quantum numbers as well :
si

,_ as the masses for the predicted states.

_ In order to determine the masses of the orbitally excited states
we have assumed that they belong to linear trajectories in the 1 -- M s

, plane"i
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Table 1. The decompositions of SU(6) ireps, for (q 2) 3* and (q 4) a
clusters in SU(3) and SU(2) ireps.

I

Cluster SU(6) irep. Decomposition

(q2) 3_ 121} (3",0) • (6,1)

(q4)3 1210t} (3,0)e(3,1)• (6",I)• (15,0)®
e(15,1)• (15,2)e(15s,1)

(q3)t 156} (8,1/2)• (10,3/2)

4_a e = ( 2_a s Bf:)- t/2 (4)9

where a is the colour-dependent Regge slope, f2= 4/3 denotes theG
e

eigenvalue of the quadratic Casimir operator of the supposed colour -.
representation, B is the bag pressure and a s _g2/4_, with g being the "
quark-gluon coupling constant. Finaly, the value of the Regge slope is:

P 1la c = (1.1 GEV2)(3/4 f2c)1/2 = 1.1 GeV 2.

The above presented calculations are similar to those performed by
Jaffe/9/ as including the colour magnetic interaction in the intercept

and treating the fine structure as a 1-dependent perturbation.
4

3. Consideration about the Stability
and the Decay of the Y 1 Dibaryonic Resonances

. The Y-1 dibaryon in the s wave could decay into two colour-

less baryons which follow the fission of the (q4) cluster. If the colour

magnetic interaction determines the stability 3of the (q4) 3 cluster,
' the change in the colour magnetic interaction could indicate in what I
: extent the fission of the bag into two colourless parts is energetically

favoured / t0/
The variation of the strength of the colour magnetic interaction

during the fission of the (q4) 3 cluster into one colourless baryon and
a quark (that consequently will form the second baryon with the di-
quark) is measured by" /

: m A 2(q 4) , (5)
6M=Mm(q4)3 -Mm(q3) 1 1_2 1 3.

and

At2(q 4) =a (q4) -A (q3) (5")• 3 t 3 2 1 "
17
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Table 4. The variation of the colour-magnetz'c interaction. (Eq.5)

a) The strange quark in thc (q4) 3 cluster

8(o,o)a/2 ao(o,a)3/2t,=l(=,,v/=2)-- i lm i 1"i iii i

3(1/3,1/2 )0 * 25.20
3 (1/3,1/2)1 * * 5.60

• 22.403(1/3,1/2)1

6"(1/3, 1/2)1 * * 2.80

d_(1/3,112)1 * 14.00
3 (1/3,1/2)0 * * 8.40

15(1/3,1/2)0 * * * 8.40 . }

15(1/3,3/2)0 * * * 8.40

15 (1/3,1/2)1 * * 11.20

15 (1/3,1/2_1 * 5.60

15(1/3,.3/2)1 * * 11.20

15(1/3,3/2)1 * 5.60

15(1/3,1/2)2 * * 16.80

15(1/3,1/2)2 * 0.00

15(1/3,3/2)2 * * 16.80

15(1/3,332)2 * 0.00

15s (1/3,3/2)1 * * 28.00

15s(1/.3,3/2)1 * 16.80

b) The strange quark in the (q")3* diquarkb

• 6_4/3,0)1 * 2.80

_(4/3,o)1 • 14.oo
15(4/.3,1 )0 * * 8.40

15(4/.3,1 )1 * 11.20

15 (4/3,1)1 * 5.60

15 (4/3,1)2 * 16.80

l 15(4/3,1 )2 * 0.00
: 15 (4/3,2)1 * 28.00

8

15 (4/.3,2)1 • 11.20 ?;
BI --- I

I I ii II | I

r_

: m
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In order to compute A 1 and h 2 one has to use also Eq.(3) and the
SU(6) itep. 156} for the (q3) singlet. The decompositions in SU(3)1

and SU(2) ireps, and the f(j, i) s contents are those presented in Tables 1
and 2 for the (q 3)1 singlet. The dibaryonic stability should increase
as the absolute value of 6Mdecreases, so it is reasonable to admit that

the widths of the dibaryonic resonances should have the same variation i
pattern as ] _M I: namely the states with small I_ MI should have rela-
tively smaller widths.

The variation of the colour-magnetic interaction (Eq.5) was compu-
ted in both hypotheses" the strange quark being assumed to belong
to the 4-quark cluster or to the diquark. Table 4 lists the obtained
values.

For the states with _ > 0, a possible decay mechanism would
p be by q-_ pair creation. In order to conserve the angular momentum

and the parity, in such transitions A_ and As should be equal to unity.

4. The Comparison with the Experimental Data
and with the Conventional M.I.T.-BagCalculations.
Conclusions

In order to compare our predictions with experimental data, weQ

have used the results from nC and _-Ccollisions at 7, respectively at
4 GeV/c /11/. These experimental data are in good agreement with

those obtained by other groups/12/, and consist mainly in the obser-
vation of Ap-dibaryonic candidates. In Table 5 we present our pre-

, dictions concerning the quantum numbers, the variation of the chromo- '

magnetic interaction (which in the previous paragraph we have claimed
to have the same variation pattern as the width of the resonances)

and the masses compared to the experimental values of masses and i
widths, as well as with the conventional M.I.T. predictions for the
masses (as quoted in paper/11/). In the same table we have included

the Ap _candidate/1i/ which, in our model, is explained as an orbitally
excited dibaryonic state.

One could see that both our predictions (the strange quark assumed
to be in the 4-quark cluster or in the diquark) and the conventional

M.I.T. ones are in good agreement with the experimental findings, but
we should remaind the reader that while the usual M.I.T. calculations

are unable to explain the non-strange dibaryonic candidates, our model
is applicable to those states, too/l/. The final test able to discerne
between our approach and the traditional one would be the unambi-
guous experimental determination of the quantum numbers of the





of the strange dibaryons, as our states are obtained in lower orbital

._ momenta than the M.I.T. ones.
If we agree with the interpretation of the variation of the chromo-

magnetic interaction during the handronisation of the 4-quark cluster
as a quantuty related to the width of the resonance, then the hypo-
thesis of the appartenence of the strange quark to the 4-quark cluster i
is clearly favoured by the comparison between predictions and experi-
mental data. As in the literature there are enough arguments to consi-
der the role of non-strange diquarks in the hadronic struc_are/13'_ ,
while there is much less evidence for strange ones, we conclude that
this variant of our model has more chances to be realistic.
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TO THE PROBLEM OF K L _ rr° 77 DECAY
M.K.Volkov

lt is shown that the contribution of intermediate vector mesons

to the KL _ 1r°77 amplitude, intensively discussed in literature in recent
years, is close to zero provided that the group SU(3) breaking is taken
into account. At the same time, the contribution of intermediate scalar

mesons is essential. The obtained estimates for Br(K L _ 1r°77) conform

with the recent experimental data Br(K L-_ 1r°77) = (2.1 + 0.6)'10 -6
The investigation has been performed at the Laboratory of Theore-

tical Physics, JINR.

O npo6zieMe K L _ _.o 77 pacna_la

M.K.BomcoB

B pa6ore noKaaano, qro sKna_t npoMemyroqnb_x Bel<TopttblX Me30-

HOB B aMnnHryjly pacnajIa KL_ noT) ,, HHTeHCHBHO oScymaaattmfics
S nrirepaType nocnejIHnX neT, 5na3OK K Hynm npri yqeTe HapymeHan

rpynnbi SU(3). B TO me apeMa 3aMerHym ponb nrpaer BKna_tor npo-
0

Memyroqnb_X ci<annpHblX Me3OHOB. llon3meHHb_e ouemca Ha Br(K L
lr°77) y/IoBnersopamr cymecTsyiomnM aKcnepriMenTanbHb[M JlaH-

, HbIMBr(K L _ lr°3q) = (2,1 + 0,6)'10 -6 .

PaSora Sl,mOnHeHa B IIaSopaToprtrt reopernqecKofi _3m<n OHflH. _

4

" Recently, the K L _ n ° e* e- decay is intensively discussed in litera-
ture/1- s/. An increased interest in this decay stems from a possibility

of studying on its basis the nature of CP parity violation in future expe-

riments K L -_ lr ° e. e-/6/.. If the CP parity is violated, the decay pro-
ceeds through a one-photon intermediate state. However, a competing
process conserving the CP parity is possible here which proceeds through

a two-photon intermediate state, K L _ lr ° 77 -* rr ° e. e-. Therefore, for

a thorough study of the K L _ rr ° e. e- decay we need good information
on the KL(P)_ _r°(p, )7(ql)7(q2 ) process too..The amplitude of the
latter can be written as follows"

*Note that as earl), as 1966 it was proposed ]br the first time in/7 / to verify

the CP invar_nce by studying theK L -_ rr° e. e- decay.

• 26

1
,a •

, m



.--_- " " (,_i,_2-_;,_lq2)+B[-(pql)(Pq2)g1,U_.ZL_,_oyy_(qjj%_q_)IA .,,L,.,.,_,..
(i)

..,,, % ) pV_ +(pql) pVq%+(pq2) pUql ] I.

--,_o +e-The K L e decay can essentially be influenced by the part
of the amplitude (1) containing factor B. The first term of (1) gives the
contribution to the KI,- m° e.e - decay, proportional to the electron

mass, and therefore, it can be neglected.

Factor B in the amplitude (1) is determined by the contributions

of diagrams with intermediate vector mesons (p and cd, see fig.l)/1-3' .

In this paper we show that if the SU(3) group breaking is taken into
account/a/ the contribution of these diagrams to the sum of three

transitions K L-, (r?, n , n" ) - rr°)')' is almost equal to zero in the re-
gion of most probable values of mixing angles of singlet-octet compo-

P nents of T/ mesons, --20 o _ 8 °_<0 <--1 . Thus, it turns out that the com-

peting role of the CP conserving part of the amplitude is small and the

one-photon intermediate state in this reaction should play the decisive

role, which makes it easier to observe the CP violation.
At the end of this paper we shall show that factor A is influenced

not onl_ by the meson-loop contribution KL" m°_+_ - -* _o yy discussed
earlier 1, 2, 9,' but also by the transitions KL-, ( m°, n, Tj ) , _0yyme-

diated by scalar mesons f0(700), f0(975), f0(1400) and a0(983 ) (see
, fig.2)/lO, ii..'.

In order to describe the K L_ ( m° , T/ , r/" ) transitions we take the
effective Lagrangian of weak interactions in the form/12, 13, 8/

6

eff .-- i

L F = GF/_ 2 s lc I c3Q AS=I' (2) ,

.. /P

! .

i'

'j-

_ K'. r, ,e'

2,

_"; ) •Fig.1. Diagrams with the intermediate vector mesons. KL-, (m ° z}, T} )transitions
• are considered in the two quark-loop approximation.
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Fig.2. Contact diagrams with the intermediate scalar mesons.

where

QAs=I = Q = Q1 - 1"602 + 0"033Q3 - 0"0!8Q5 + 0"1Q6'

G F/x/2s 1ClC 8 = 1.77.10 -6 GeV -2, s i = sin¢i, c i = c°s¢i are elements
' of the Kobayashi-Maskawa matrix/14/ and Q t are four-quark opera-

tors. As an example, we give here only the most important operator

" Q 6 (the operator of the "penguin"-type)
_

Q6 =[ s yv(1-y5)db ] _ { _by,,(1 + yS)qa ]
q= u,d,s

Here a, b = 1, 2, 3 are colour indices. The remaining operators can be
found in ref./8, 12/. The effective Lagrangian (2) satisfies the selection
rules '_Asi = 1, ! hIi = 1/2, 3/2. Since the value of the matrix elements

, /70 "of the transitions < KL l Q i , _, n > depends mainly on the opera-

tor Q6' we write down these elements in the explicit form only for
the operator mentioned above/s/

<rPiQ6 K% = pX,

• , ,) "]<v{Q 6 K°> = [-(2/3+p)sin_) +v_Fs, F(1/a+p cos0 X, (3)
lm.

• p! ._p<7 iQ 6 K°> = [-(2/3 + p) cos0"-v'2Fs/F_(1/3 + ) sin0"]X.

• . Here 0"= 0o -O, where 0o =35.26 ° is the angle of ideal mixing and

' | ,_o
l ,f,ro
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0=--18 ° or --20 °, F_= 93 MeV, FK= 1.2F_ and Fs =l.3F_arethe
- decay constants of _, K mesons and a pseudoscalar state involving only

strange quarks '15/ . X = <_°IQ_ iK°> = 3.5.10 -a (GEV)4 The para-• q

meters p and p" are equal to

p= 64(1 + h) (ZmuF/MF.K)2[1 - hFK2/(2(1 + A)F_)]-- 47,

p'= 64/(1 + _k)(ZmuF :/?¢lF K Fs [1 - EK/(2(1 + A) F ) ] ---61, (4)

where h=ms/m u=1.64, Z -1= 0.5{1 +[1 -- (2gpFrr/m _]t/e i is
the renormalisation constant of 0- mesons, caused by t_e transitions

0-_ I + (I+-axial-vector meson}, ma, = 1260 MeV is the mass of the
axial-vector meson a/17,', mu = ma[ (Z- 1)/6Z] 1/2= 280 MeV
is the u quark mass, m s is the s quark mass/ts, 16/ ,, g.pis the constant
of the decay 'p _ 2rr (g2/4rr =_r "---"3) and M is the K meson mass. .p

It is seen from the above formulae that in the case of exact SU(3)

symmetry (mu= m s, Frf = FK= Fs) (3) and (4) result in a usual SU(3)
symmetric relation between the matrix elements <K°l Q61 =o , v , v'>
which have been used in papers / 1- 3/.

Using formulae, given in paper/8/, one can obtain the following
values for the matrix elements of the transitions Ko _ rro, v , v" for

two different values of the angle 0

4

0=-18 ° <rr°IQIK_l>= 4.9X; <rfQ!K°> --3X; <n'IQIK°>--10.6X.-
' (5)

0=-20 ° <rr°iCllK°> =4.9X; <_iQIK°> =2.6X;<_'IQIK °>=-10.7x- i

For the decay amplitude KL_.y)/ we have/8/ (a = 1/137)

_" aGFSlC ic3 I 3<_°[QIK°> vt_" Fsq:Z - -'-............ == + (5sin0"- coS0*F / )x:' _YY 3rrF M2 m2L

" rr I
i <viQ iKO> -- <_'IQIK%
i ×--:: : +(Scos0"+x/2sinO'Frr/F s)-: ..... - } =
: M2_m 2 M 2_ m 2,

7} Z}

4.5. I0-90eV -l,0 =-18 o
=I

3.4.10.9 GeV-l, 0 =- 20o.

*Mass mu-_280 MeV corresponds to the value ma--- 1260 MeV/17/. I]"ma, = ,:/

=2g-oFrr'-_ll40 MeV, then mu-330 MeV. The experimental value of ma has not
yet been established definitely and is within the limits mentioned here /16,18(,. _.

_ Formulae (3) and (4) have been derived in the approximation of two quark-loops
• provMing transitions K°-, rro _, _1, (see/8/ and Fig.l).
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The experimental values are equal to / i 7/

-12 -9 -1
1- = (7.24 + 0.3.5) •10 eV, T = 3.4.10 GeV

X L-_FT KL-' Y)/ .

It is seen that at 8 =- 20 ° one can obtain a good agreement between
theoretical and experimental data.

K L _ 7r°_/ a) Vector Mesons

The contributions of diagrams with intermediate vector mesons
(Fig.l) to factor B (see (1)) equal

5a apGFS lc tc S<=°[Q [ K %Bf ........... -......... A, (6)

_Fe[(p= _qt)_-m_](M2-m2p =)

where(mp =m )

_ 2)2) 3 c0s8 :<rl,iQ iKO>(M2 _ m_3sinS"<rlIQIK°>(M 2 m_.
A-_l+ ..... . ..... -_ _ - - + .... _ -- --- - _ .... - .... - , (7)

•5.<_°IQ I KC_(M2-m_ 5 <rr°lQ 1K°_(M 2-m 2:)
t

In the case of exact SU(3) symmetry, using formulae given in pa-
, pers / 1.3/ , for the coefficient A we get*

A = 1-0.09 +0.21 1.1 (_ 18°)

A = 1+0.03+0.21 =1.24 (8=-20°).

However, if the breaking of the SU(3) group is taken into account
this coefficient sharply decreases due to the compensating influence
of the _ meson pole. Indeed, formulae (5) and (7) result in

= 1 - 1.270 + 0.266 = m0.04 (8 = --18 O),

A = 1 - 1.13+ 0.26 = 0.13 (F)= -20°).
.4

*Analogous results can be obtained from formulae (3) and (4) if F_ = FK = Fs,
h =1, P-P ". Here, the contribution of the 77meson is very small and at 0 --- 19.5 °

it equals zero because <rlIQ61 g o> _ '3 1/ 2 0 X cos (20 o'- 8).
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Thus, iv the region of most probable values of the mixing angle,

._, --20°_< 0 _<--18 °, the coefficient A is very small and runs through
the zero value under the change of 8 in this interval. The amplitude

(6) will give a negligible contribution to the general width of the decay

KL-, n°yy

[.(p,a)) = I0-18eV (6)= - 18°),

KL-*n,0yy (8)

1-(p'O_) =7.10 -16eV (0=-20 °)
KL_, rgOyy

that can be verified by comparing(8) with the recent experimental
result' 19/

-14 -6

I-'KL_, rrOyy = (2.7 + 0.8) • 10 eV, Br(K L -, no,),y) =(2.1 + 0.6) • 10 .
(9)

b) Scalar Mesons

To describe the part of the amplitude K L _ ( _o, n, r/" ) -, n°),y
which is connected with the processes proceeding through intermediate

:'i!: o_S.cal.ar mesons and contact vertices (see Fig.2), one can use the results

' obtained in/lOa,b' in which the decay 77_ n°.yy width and pion pola-

:_: rizability were calculated. Then for the factor A (see (1)) we get
!/.

({::]'ao' f0) 10aGFS lClC3<rg°lQ!K°>A (I0)A ._ •

: 9rgF2(M2 m2)ff -- rg-

where

: = ---: ..... ' + ..... "-...... _] [ 1- +

5 <n°iQ IK o>(M2_m_) <rg°iQf K o> (M2_m _,) m 2 -s
: ' &O

4m2[ 1 c 1 ]+1 ..... .... ..... + .... + :

u m_-s-i_'_'I-f (x/s")O(s-4m 2) m_,-s lIl_-s0 ff "
0 0 i_

(s = (q l+q 2) 2 1.

Here, in the channels with mesons n and _" there appears an isovector

: = 983MEV; and in the channel
scalar meson a0I-(0 +_) with mass ma o 0* +:i with rgo meson, three isoscalar scalar resonances (0 +), two of which

p,

' f0(975) and f 0 (1400) are well known and are contained in the tables

- • /".
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of experimental data/17/ and fo(700) is not yet uniquely determined
though in many experimental papers there are indications of its existence

(see ,"20/). In the linear a,model the scalar meson fo(700) plays the role
of a a particle, the lightest isoscalar state / t5,21,22_ . It should be taken
into account in describing within the a-model such processes as _-. scat-
tering, pion polarizability, etc. _l°b, 15,22' . This meson has the mass
in the range 700-900 MeV and a large decay width into two pions,
which makes its detection very difficult. Therefore, in formula (10)
one should take into account its width/tS/ (m 2 -m u + 4m 2)O 77 u

l-'ro (m f: -(3Z/2rl_ f:Cm 2 2 _ )2] 1'2 (11)u/F_) [l-(2m./m ro

The remaining scalar mesons have considerably smaller decay widths.

Therefore, the width will be taken into account only for the f o(700)
meson. !

i

Note also that the f0(975) meson mainly consists of strange quarks !
and only a small admixture of u and d quarks favours its decay into

two pions with a relatively small width (26 MeV)/tT/. With allowance
for experimental data on the decay of this meson into two photons/23/

I

rf o _rr (0.24 +0.08 +0.15) keV (MARKII);=(0.31 +0.14+0.09)(Cryst.Ball).

' one can introduce the coefficient c - 0.07 in formula (10) and to estab-

lish that the influence of this resonance on the decay KL-, _0yy is
insignificant. Thus, in further calculations it can be neglected.

The contributions of contact diagrams in the amplitude (10)
almost cancel out and scalar mesons give decisive contributions to the

total decay width, KL • _a),y , commensurable only with the contribu-

• tion of the channel KL-, _o_ +_-_, _oD,/2,9/

"{
(_,ao, fo,fo) 1.3.10 -14eV 0=-18 ° I

F --. mt = 730 MeV/8.10.15/
KL-' rr°yy 0.9. 10-14 eV {9= - 20° o

c} Mesons Loops

Following paper/2/ we give expressions for factor A of the

K L -'rr°rr+rr- -,_o_/andKL -,17oK+K - _,_Oyy amplitudes _:

A('K)=5.1aG FSl c Ic3/V'2-_[ (1-m _/s)F(s/m_) -(1 -(M2+ m_)/s)F(s/M2)],
(12)

where the loop function F(z) can be found in/2/. The amplitude (12)
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leads to the decay width

(_, K) -14
.._ 1- = 0.86.10 eV.

KL-* rrq_

The total contribution of the amplitudes (10) and (12) to the KL_ _o_/
width are (with allowance for the width of f 0(730))

gKL-,rr°yy = 3.3.10-14eV ' Bt(KL _0yy) = 2.64 •10 .6 0=-20 °

m fo =730MeV.
Ifforthemass off0 one takesthevalue800 MeV we obtain

{ 3.O'lO-t4eV. Br(K ,norr)={ 2.3"I0-8 0=-18°
I-KL'* 7r°'YY' = 2.5. 10- 14eV ' L 2.0.10 -B 0=_20 °

m f = 800MeV.

Finally,ifthe meson f0 isremoved from (10),we gettoo _ow values

fortheK L-u°rr width

I- {°'75"t°-_4ev 0=-ts°
KL-_°Y_/ = 0.8 .I0-1%V 0=-20 ° •

' This fact may be consideredone more importantindicationto the

existenceofa lightscalarresonancewith alargewidth.

We wish to thank S.B.Gerasimov and A.B.Govorkov for useful +
discussions.
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ON THE HARMONIC OSCILLATOR REALISATION

_. OF q-OSCILLATORS
4

'! D.Gangopadhyay, A.P.Isaev i

The genen_l version of the bosonic harmonic oscillator realisation of

bosonic q-oscillators is given, lt is shown that the currently known
realisation is a special case of our general solution.

The investigation has been performed at the Laboratory of

Theoretical Physics, J INR.

0 peanH3a[InH q-OCIIHnnAT0pOB rapMOHHqeCKHMH
P OCIIHYlYIHTOpaMH

_.Fanrona_tbn, A.II.Hcaee

llon3meHo oSmee npe_tcTaaneHHe /1,tin 503onHbxX q-ocu_nnnTOpOaP
B TepM14HaxO6blqHblX 503OHHblX OCttrtnnnTOpOB.l-loKaaaHo, qTo 143-
BeCTHOe;aO CrtX hop npe_craBneHHe nonyyaeTcn Kax qacrm,fft cny_afi

143 Hatuero o6tttero petueHrm.

Pa6oTa BbmonHena B JlaSopaTop1414reoperrmecKofi _143rtKHOHtlH.

Recently, there has been much interest in quantum Lie algebras

which first appeared in the investigations of the quantum inverse scat-

t_ring problem while studying the Yang- Baxter equations/1/. These

quantum algebras can be considered as a "deformation" of the Lie al-

. gebra with the numerical deformation parameter s or q -e s , such that
the usual Lie algebra is reproduced in the limit s _ 0, i.e. q - 1. It has
been shown that this structure essentially connects with quasi-trian-

gular Hopf algebras and its generalisation to ali"simple Lie algebras
/2/

has been given . There also exists the quantum generalisation of

i the Jordan-Schwinger mapping for su(2)q algebra/a/ . Moreover
a q-oscillator realisation of many other quantum algebras has also been
obtained ''4'5/ In ref.4 a harmonic oscillator representation of the

q-oscillators was also given. The motive of this paper is to show that
the harmonic oscillator realisation of the q-oscillators admits a more ge- )

neral solution than the one currently in vogue / 4/.

The basic equations characterising the q-deformed bosonic oscilla-

: tor system are
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aa+- qa+a =q-_ N +=N, (1)

[N.a] ---a.Na =a(N-1). (2)

a+ + + + (3)[N, ] =a , Na =a (N+I),

where a, a+ are annihilation and creation operators and N is the number
operator.

Consider the case when q is complex. Then (1) implies

aa + _q a+a =(q )-N. (4)

So from (I)and (2)we get

q-N_(q*)-
a+a = ____.___._. (5)

q* -q

Multiplying (5) by a and then commuting a to the right in the right-
i hand side term we obtain

-W-1 -N -1

aa+ q - (q*) (6)_ ..... n _" _ _ •

q* -q

SUbstituting(5)and (6)in(I)thengives
4

q-N(q,_q-l)=(q,)-N(q_(q,)-I). (7)

Now taking q iq leia q* iqte-ia and puttingthesein (7)

we have
i

•., e-le(N+i_,ql - l__)ffieia(N+1)(,cli I ). (8)I

Iqi lql

Equation(8)hastwo solutions

1 i I (9a)_ql = -----i.e lq, =

and

m (9b)
e-2ia(N+I) = 1 i.e.a = N'_ ,J

with m beingsome integer.The secondsolutionisnot appropriateforus

_ as we consider q as a number and not as an operator• Let us take the first

i solution(9a)viz.q = e ia. Then eqs. (5)and (6)can be rewrittenas

36
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a.a -[N], aa + =[N+i], (10)

• •

._ where [x] --(qx_ q-X):/(q_ q-I) . Itisstraightforwardto verifythat
(10)isindeeda solutionof(1)even ifq isreal.

Let us addressourselvesto determiningthe representationof the

operatorsa and a+ intermsof ordinaryoscillatorsa,_t describedby

#_. _4, #% #_, #%, #%A

[a, a+] = I, N = a+a = aa+ - I,
(11)

[N, al = -a, [N, a +] +"" a •

where N is the usual number operator. We now find the solutions for a,

a + and N satisfying equations (1), (2) and (3) together with
p%

[N. N] = 0, [N. al =-a, [N.a +] = a+. (llb)

" From (IIb)one immediatelyhas

N = ¢(q,N), a = af(q,N) (12a)

with ¢ and f some arbitraryfunctionsat thismoment. Realityof f

and (12a)thengive

' " "+ (12b)a+ = f(q, N)a .

Substituting(12)in(1)yields

,, -- ,, ,, -@(q,N) -N
f2(q, N + 1) (N + 1) -qf2(q, N) N = q = q . (13)

With q = eS this means

¢(q,N) = _ _-t ln[f2(q,N _1) (N+t) -qf2(q,N)N]. (14)
S

Now from (2) and (3) we havei "

_ q-_ = aq-N + t, (15a)
i

J:..

q-Na+ =a+q -N-t. (15b) /

_;i PUttingequation(13)in (15a)resultsin the functionalequation ,

_ F(q,N) (_..t + q)_p(q,N_l) -F(q,N+l)=ll, (16)
q

• _ _
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A A A

where F(q, N) ---f"_(q, N)N. The same equation is also obtainable from
(155). ^

-_' In order to solve eq.(16) for F(q, N) note that
^ A

F(q, N) -, N (17)

for s _ 0 or q _ 1. This is simply because f(q, N) -, l(a _ a ) when q _ 1.
Hence, we have the following systems of equations:

(q + l) F(q, N) - F(q, N -1) - F(q, N + 1) = 0, (lSa)
q

F(_,N) =N, ¢(L,N) =N, (185)

^ ^ -¢(q, _7) -N
F(q,N+l) - qF(q0N) --q =q . (18c) }

P

The last of these equations is essentially equation (13). From (18c)
we have

r
F(Q,1) = qF(q,0) + q-¢(q, 0). (19)

From (18a) and (19) we get

. F(q, 2) =q2F(q, 0) +(q +q-1) q-C(q,0!

P A little algebra then leads to the general term
f

-¢(q,0)
F(q, N) = qNF(q, 0) + [ N] q . (20)

It is readily verified that (20) satisfies (18a). Hence (20) is the

solution of _(18a) for arbitrary F(q, 0) and ¢ (q, 0)_ Moreover, note
that if F _ F(q, N) is a solution of (18a), then F =_F(q, -- N) is also
a solution.

It is by now obvious that we may write the general solution as

qNC]:(q) _ q-N¢2 (q)
F(q, N) = ............. _:, (21)-1

q - q

where ¢[,2 are arbitrary functions with the restriction that ¢ 1,Z(1) = /
= l. Then, using F(q, _l) = f2(q, N)N we arrive at

f(q, N) = q-N¢2
N(q _q-l)

• 38
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...... so that

^ q ) + q I - q 2) ^+
a=a ......... , a = - - .............. a

N(q _q-l) N(q _q-l)

A

I (22)N = N - _- In_2.

That the solutions(22)satisfyallthefundamentalrelationsmay be

easilyestablished.Choosing ¢ I = ¢2 = I givesthe presentlyknown
realisation/4'.

Thus we prove that takingintoaccountthe additionalconditions

(11b), the representation (22) is the most general. }

A sir_ilar an_ysis for ferk_ionic q-oscillators leads to the known
" result b =b, b +- b+, and M- M after imposing the requirement M = M 2

" forthenumber operator.

Itisour pleasureto thankA.T.Filippovand J.Lukierskiforenligh-

teningdiscussions.
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CBJ:I3b I-IPHBE_EHHblX UlHPHH C R-MATPHqHblMH

PEBOHAHCAMH (MHOFOKAHAJIbHOE OBOBIIIEHI4E

"TEOPEMbl O _BYX CI-IEKTPAX")

B .H.BaxapbeB

Marpnua a3aHMo_teiicram_ Konetmoro pa_rtyca nom_ocrbm onpe-
jlenaerca nonoxenrmMa R-Mazp_lqnbtX peaonancos ri 3naqeHrtaM_

aMnmtxy_ nx npaaeaermbtx ttmp_n lE A' Y)_z]' rae a - noMep KaHana.
OKaabIaaexca, B cnyqae M KananoB MO_CnoBblpaaaTb y_ c TOtntOCTbm

_O OrHOCarenbHblX3rlaKOB nx a-KoMnone_tr qepea lE A} a emc M

(Bcero M + 1) no_loSnblx cneKTpOB, orBeqammax _tpyrnM aanefmo
HeaaBnCnMbIMo_OpOanbtM rpanmmbIM yenoBrtaM. JlaeTca npoerofi
BblBO_ COOTBeTCTByg)ttlI4X_opMyn _na CrtCTeMblCBR3aItHblXKOHCqHO-

paaHocrnbxx ypaBnenrtfi lllpeaanrepa. PaccMaTprmaeTca npe_en ne-

npepbmHOfi npocTpancTeemaoft nepeMemtofi. B crtyqae pacttermemtbr._
ypaBnenafi nonyqermble (_opMynbl nepexo_taT B nafulemtbxe panee
_rta OT/IenbublX (o_iHOKal-lanbnblx) ypaBnermfi BJVl..rleartraHoM rt
M.F.I"aCbIMOBbIM/ 1/. B nprtaoxenmi paccMarprmaerca gone,mo-

paanocrnaa TeOpMaO _aayx cneKrpax.
' PaSora abmomtena s .rla6opa'ropmt reoperw_ecKofi _rlart_:rt OH,qH.

, The Relation between the Reduced Widths with R-Matrix

Resonances (The Multichannel Generalization of the

Two-Spectra Theorem)

B.N.Zakhariev

The finite-range interaction matrix is completely determined by

the positions of the R-matrix resonances and by their reduced width_

{Eh' Yha }' where a numbers the channels. It appears, that in tll_
case of M channels it is possible to express the YAa up to the relativ:"

signs of their a-components through the set lE h I and else M (at ;,ii

M + 1) similar spectra, corresponding to other homogeneous linearly

independent boundary conditions. A simple derivation of relevam
formulae for the system of the finite-difference Schroedinger equations ,_i_

is given. The limit of the continuous space variable is considered. For
the uncoupled Schroedinger equations these formulae coincide with

the single-channel result by B.M.Leviant and M.G.Gasymov/1/ In _:• _..

the appendix the finite-difference two-spectra theorem is considered.
The investigation has been performed at the Laboratory of Theore-

tical Physics, JINR.
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BBe_eHHe

B CTaH_apTHOI_I HOCTaHOBKe O_HOKaHa_IbHOH O6paTHO_l CneKTpa_b-

HO_ 3a_aqH FIOTeH_Ha_ O_HO3HaqHo oHpe_eJIfleTc_ 060_Hbl_ Ha6OpOM

rmpaMeTpoB" HO/IO_KeHHAMH ypoBHe_ 3HeprHH E A (R-MaTpHYHbm pe-

3OHaHCOB) H HOpMHpOBOqHbIX KOHCTaHT y_. (aMI_HTy_aMH npHBe-
_eHHI_IX mHpnn). /InS HOTeHUHaYlbHOI4 HMbI C CI3opMo_I, CHMMeTpHHHOI_I

OTHOCHTeJIbHO ee neHTpa, _OCTaTOtIHO 3a_aTb nHmb IEA} (CM. /2').
B.M.JIeBHTaHOM n M.U.UaCbIMOBmM / ! / 6bmO noxa3ano, qTO e o6meM

O_HOKaHaYlbHOM cnygae _BO_HOMy Ha6opy {E k , y_l 3KBHBaYleHTHbl

Ha6opbx _ByX cneKTpOB {E _ , E ;z _' OTBeqalomnx _ByM He3aBHCHMbXM
cnoco6aM 3a_aH_L_ O_HOpO_blX rpaHnqnbIx yCnOBn_ 3a_agn UlTypMa-

/InyBI4nn_ (TeopeMa o nByX cneKTpax).

Ha nporynxe B oKpeCTHOCT_IX 3aMKa J-[H6HI_e, r_e nponcxo_nna

KOH_epeHIg4_ "CTpoFHe pe3yYlbTaTbI B KBaHTOBOI_I _HHaMHKe" (11-

15 mons 1990 r., LIC_P), oTBe_aa Ha MHOFOtiHCYleHHbleMOH "_H3Hqec-

KHe" BOIIpOCbI MaTeMaTHK H3 /_OHe_Ka M.M.ManaMy_ BmcKa3an MHe-

HHe, qTO _OII:_:HO cylIxeCTBOBaTb MHOFOKaHaIIbHOe O606I_eHHe TeOpeMbI

O _ByX crleKTpax/1/ . :3TO rIOCyly:_¢l_iO CTHMy_IOM KJIS KaHHO_ pa6oTbI.

Oco6eHHO npo3paqHo TeopeMa 0 _Byx crle_:Tpax _OKa3_IBaeTC_

(cne_ys B.H.Men_H_KOBy, CM. /_/, C.41--43) arts I<OHetlHo-pa3HOCT-

HmX ypasHeHn_. Hn>_e 3TO _oxa3aTen_CTBO o6o6maeTcs Ha cnyga_
' M-CBH3aHHI_IX O6BIKHOBeHHbIX __epeHn_anbH_X ypaBHeHn_ lllpe-

_nHrepa. B npnno_eHHn paccMaTp_maeTcn KoHeqHo-pa3HOCTHaH Teope-

, Ma O _ByX cneI<Tpax _s cnyqa_ nepeMeHnoro XO3_HnneHTa npn BTO-

po_ npOn3BO_O_ S ypaBnenHn lIIpe_nHrepa (noTen_nan, 3aBHCSmH_

OT CI<OpOCTI4).

KoHeqHo-pa3HOCTHa_ MHOPO KaHaylbHa_I

3a_a_a
[

• PaCCMOTpHM CHCTeMy M-CB_3aHHb_X KoHegHo-pa3HOCTHI_X O_HO-

MepHb_X ypaBHeHHf_ mpe_HHrepa (li = 2m = 1) •

•a (n+ l)- _ (n)- _=(n - 1) M

...... + (n): (n),

rz_eA --mar KOHe_Ho-pa3HOCTHOrO_n_epeH_npoBan_, Ea =E -ea'
ea -- 3_eprnn noporoB Bo36y>K_eH_Lq Henpep_IBHOrO cneKTpa B KaHa-
ylax a.
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O]IHopoKHbXM rpaHI4_HhIM yCnOBHYIM

_Pa(0)= 0; LPa(N + I) = _Pa(N + 2) (2)

OTBe'mlOTCO6CTBeHHbIe3HaYeHHA E =Ek 3a]layH IIIzypMa--J-IHysSa-
nA (1),(2).3TMX CO6CTBeHHbIX3naqeHm-1KOHeqHoeyecno: (N+I) M ,
paBnoe ,mcny HeHaBeCTHbIX e ypaBHeHHH (I) C yqeTOM ycnoBefi (2).

O603HatlHM Uka (n) -KOMHOHeHTbI COOTBeTCTByIOII_X CO6CTBeHHbIX
BeKTOpd:I)yHKIIMH, y_loBneTBop_mnme yCYIOBH_M OpTOHOpMHpOBKH
H IIOTIHOTIaI"

M N+I

X Z u (n)u ,,a(n) ", (3) l
a=l n=1

(N+ 1) M

A-_I Ula (n) UAa,(m) = _aa,_nm /A . (4)

_)yHKUI4_ rpPma O (n,m) ;RnaypaBHeHHH (1) •

G ,(n+t,m) -20 ,(n,m)-0 ,(n-t,m)aG aa an

. A2

(5)
M

+ Z Va/9(n)O/3 (n,m) -E G ,(n,m) = 8 , 8 /A
-"I a" a aa aa nm

Mo_zeT 6b_Tbnafi_zeHa;RByM_ cnoco6aMH. 3aMeHHM B npaBofiYaCTH

" ypaBHeHMa (5) npOH3BejIeHHe CHMBOnOB KpOHeKKepa C NOMOU_IO

COOTHOmeHH_ nOnHOTbX (4) H BOCnOnb3yeMc_ TeM, trro onepaTop

B neBofi YaCTH (1) MMeeT CO6CTBeHHMe BeKTop-cbyHKL_MH C KOMnOHeH-

TaMM U ka " Pa3]IeJlMM o6e qaCTH (5) Ha (H + e " E I ), r_Ie e --

KMarOHanbHaS MaTpHI_ C :_aeMeHTaMM ea , H nonyqMM

(3 , (n,m) = X uAa..(n)..,u.ha"_(m)::, (6)
aa El - E ,/

nocKonbKy ;aefiCTBMeCyHKUM_ OT onepaTopa f(_) Na ero CO6CTBeH-

Hble _yHKI_MM U A 3KBHBaYIeHTHO yMHO)KeHHIO Ha f(E h ), a noporo- _

Bsxe KOHCTaHTBI 6¢I _ O_HHaKOBble _JI_ Bcex ypOBHe_ 3HeprMH E h ,co- _'_
_:= KpaulaIOTCH.
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FIpH n - m = N + 1 G nepexoaHT B R-MaTpI411y MHOrOKaHaIIbHOI_

CHCTeMbI (1), (2) C IIOYlO_eHHHMH EA R -MaTpHtIHbIX pe3OHaHCOB

H aMrLrIHTy_aMH npHBe_eHnbIX mHpHH y _a = U_a "
_pyrofi cnoco6 pemeHnA CHCTeMbl (5) _ rIpHMeHHTb _opMyny

KpaMepa (6y_eM nonaraT_ m = N + 1 ) :

Gaa, (N + I, N+ I ) = A m:'(IP')/D(E), (7)

r_ze D -- ]IeTepMI4HaHT CHCTeMbI (1), (2) "

M(N+ 1)

D(E) = n (E-EA), (8)

A= I ]

a Aaa, -- _eTepMHHaHTbl, OTYIHqalOII_HeCHOT D 3aMeHOI4 a-ro CTOn6-
na COOTBeTCTByIOIIIeI_IMaTpHI_bI Ha BeKTop-cTOJI6eI_, OTBeqatoI/H4I_I npa-
BOIYlqacTH CHCTeMbI (5) C m = N + 1 H clDHKcHpoBaI-IHbIMa'- Bnaro_a-

pA TOMy, trro B 3TOM CTOn6Ue OTnHqeH OT HynH nHtUb O]IHH 3neMeHT,

]IeTepMHHaHT A aa" COBiia_aeT c COOTBeTCTByIOmHM aylre6paHqeCKHM

_orIoYIHeHHeM MaTpHI.IbI KO3CI3(_HI.IHeHTOBCHCTeMbIypaBHeHHI?I (1), (2),

a npn a = a" - c ]IeTepMHHaHTaMH MaTpHLI Ko3cl)cl)HIIHeHTOB M
c)py_ux 3a_aq Ha CO6CTBeHHbIe 3HatleHHH: CHCTeMbI (1) C rpaHHqHbIMH

. yCTIOBHHMH, HeCKOJ'IbKO MO_HC[DHUHpOBaHHbIMHrlo cpaBHeHHIO C (2)

(0) = 0" _ (N ,I) = (1- _ ,)_ (N+2) • (9)
t _ ' _ Cla a

a
O603HatIHM CO6CTBeHHbIe 3HatleHH.q 3a_aq (1), (9) KaK E , a COOT-#
BeTCTByIOItIne _IeTepMnHaHTbI MaTpnUbI KO3tI3cI3HI3HeHTOB Bt_IpaYKatOTCH

'- qepe3 HHX"

M(N+I)-I {

Aaa A = rl (E- ). (I0)//=I

CnexTpaYtbHble Ha6opbx (scero M + 1 Ha6opoB) : {E A}, {E _ 1
a = 1, 2,... M 6y_yT HCHOYlb3OBaHbI_l_Iff IIOCTpOeHHH KOMHOHeHT HOpMH-

posoqHbIX BeKTOpOB yAa "
B tlaCTHOMcylyqae, KorJIa ypaBHeH_ B CHCTeMe (1) pacL_ennmoT-

cn Ha He3aBHCHMMe ypaBHeHnn lllpeanHrepa, ]IeTepMICHaHT D(E) pac-

na_aeTcH Ha npoH3Be_JIeHne napnm_nbHbXX ]IeTepMHHaHTOB Da (IP.) ]In_
OT_en_HbIX ypaeHeHnfi, n aHanor_qHo _aI<TOpn3y_OTCa _eTepMnHaHTm

Aaa (E)"



M

D(E) = II Da(E) ; (8")
a

A (E)A =D (E) II" Df3(E), (I0')
aa a {3_a

r_e napuHanbHbifi _eTepMHHaHT D a(E) OTBeqaeT N CO_CTBeHHbIM

3HaqeHHHM a-ro ypaBHeHHH (KaHaYla CO cIIeII_laJIbHbIM rpaHHtlHblM yC-

YIOBHeM _ a (0) = _ a (N + 1) = 0). CIIeKTp CHCTeMbI (1) IIpH pac-
ueI_rleHHH ee ypaBHeHHfi pacna_aeTc_ Ha CyMMy M He3aBHCHMbIX

CHeKTpOBOT_eYlbHbIX ypaBHeHHfi. Bblpa_KeHHe (7) _n_ _yHK_m_ FpHHa
IIpH n = N + 1 c yqeTOM (8) H (10) HMeeT BI4_ OTHOmeHHYI rIOYIHHO-

MOB no E, KOTOpOe Mo_KeT 6MTb npe_cTaBneHo B BI_e CyMMbI

(CM. _opMyny 1.7.4. B KHnre: KOpH r., KOpH T. CnpaBotmnx no MaTe-
MaTnI<e. M." HayKa, 1974)" "_

k,_ baA,j (11)O (N+I,N+I) = Z _ - ,
aa h j = 1 (E - E ) j

r_e kh -- KpaTHOCTbCO6CTBeHHbIX3HaqeHHfi Eh(k)< M) . 1-IpHOT-
, CyTCTBHH BbIpo_eHH_I CO6CTBeHHBIX 3HaqeHHfi E h KO3CI_CI_HI_HeHTbI

b _j HMeIOT BI_I_

' b a = A (E)/D'(E)I . . (12)
Al aa h Z = E)_

CpaBHHBa_I (11) H (8) npH a = a " H n = m = N + 1, nony,_aeM

M(N+ 1) - I M(N+ I )

YL = A (E)/D'(E) i ___-.1 II (Ep-Z;) / II" (Ex-E),
: aa k E =E h A b{= 1 u= 1 I

TO eCTb KBa_paTbI KOMHOHeHT BeKTOpa HOpMHpOBOK BBIpa)KaIOTC_.

qepe3 CO_CTBeHHBIe 3HatleHHa M + 1 CHeKTpaJII_HblX Ha6OpOB 3a_aq

(1), (2) _ (1), (9). OTHOCHTeYlbHbIeaHaKHKOMHOHeHT 'y_ , y_ a
_I_OYI_KHbI 6BITb onpe_eneHbi OT_eYlbHO (O6II_fi3HaK BeKTOpa HOpMHpO-

• BOK He Bad:eH).

Horjza o6 3TOM pe3ynbTaTe (TeopeMa M + 1 cneKTpa) y3Han
B.M.YleBHTaH, KOTOpbII_I B mone npHea:_an B _6Hy Ha _:oH_epeHH_4m

IIO HeJIHHe_-IbIM ypaBHeHHHM, OH BbICKa3a.rl Bo3pa)KeHHe, tITO B npe_
!"

ne HecBE[3aHHBIX ypaBHeHHfi --- paci_erlyieHHI_IX KaHaYIOB C _HarOHaYlb-

i
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HO_I MaTpHuefi B3aHMO_e_ICTBHH (xopomHfi TeCT, tlTO6bI c_enaTb pe-

3ynbTaT npo3paqHe_) -- _On>KHO 6bITb 2M, a He M + 1 cneKTpOB-
no _a Ha Ka>K_zoe Ha M OTKeJIbHbIX ypaBHeHH_ (no TeopeMe o _IByX

cneKTpax). Ka3anocb 6bx,- yHmrro>Kammee 3aMeqaHHe. Ho nocne

KOpOTKOrO "ncnyra" BbmCH_nOCb, qTO npH cqeTe cnercrpoB Hy)KHO

yqHTbIBaTb pa3HHI_ crIeKTpOB CHCTeMbI ypaBHeHHI_I 14 OT_eYlbHOrO ypaB-

HeHI4_ (cneKTp pac_enneHHOf_ CHCTeMbI npe_cTaBH_ieT co6o_ CyMMy M

He3aBHCHMbIX O_HOKaHaYlbHBIX CHeKTpOB) H He CqHTaTS crleKTpbI _J-I_I

O_HOrO H TOrO me KaHa#-Ia _tBal_]_bl.

B c_yqae, I<or_a CHCTeMa (l) pacna_aeTc_ Ha He3aBHCHMbIe ypaB-

HeHI_q, _opMyHa (14) nepexo_HT B O6bXqHym CB_3b Ka>z_Io_ napLmanb-

HO_I HOpMHpOBKH C C)eyMYZ cHeKTpaMH COOTBeTCTByIoII_eFOypaBHeHH_,
a MHO)KI4TeYIH B tlHCYIHTeYle H 3HaMeHaTeyle (13),,OTHOC_IILI_HecHK apy-

rHM ypaBHeHHgM, COKpaLt_amTCa. 1-lpH 3TOM M + 1 cne_Tpoe o6ujefi
CUCTe._b_ ypae_e_ufi (1) a_ceuea_e_T_b_ 2M napvlua_bnb_ cne_rpa_

pac_enne_b_x ypae_e_ufi c He3aBHCHMBIMH rpanHqHb_M_ yCYIOBHHMH,

OTBeqaIOIIIHMH (2), (9).

IIpe_en HenpepbIBHO_ rlpocTpaHCTBeHHOfl

HepeMeHHO_

' ECTeCTBeHHO O)KI4jIaTb, qTO B npe_ene A- 0, N, _ cl)opMyna

(13) 6yJIeT BepHa _LU_O6_IqHOrO ypaBHeHI_ lllpe_IHHrepa c Henpepb_B-

HOM nepeMeHHOfi."

(EA) /D'(E)IE EA (14)
Yla = Aaa = =

1 (E a o_, a
=_- x-El) H_ (E_ -E_)/(Ex-Eg) .

B c_yqae B_IpO>_UeH_m CO6CTBeHHbIX 3HaqeHHI_I E h KO3_Cl)I4_HeH-

TBI b_j c_eJIyeT Haxo_I4TB noc_ie_oBaTe_HO H3 COOTHOtUeHH_

[ ¢ ,k (E) _=D(E) /(E - E h )]"

, AAaa(Ex) = bhkxCX(Eh),

AAaa(EA) = b),k?;(E k) + bhkh_lCk(E P, ."

" ....(kh 1")"- b EA X k X
: aa _ Xkl¢ l + k b _tC ( X) + ...

,b ¢ (El."'" +kx h_ h X

46
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ABTOp 6naro;iapeH M.M.ManaMy_iy n B.M.IIea_rrany aa CTHMy/IH-
._ pymttme _HCKyCCHH I10 TeMe pa6oTbI.

Hpnno>KeHHe

HOTeHUnanbx, 3aBHcHmHe OT CKopocTH

TaK Ha3bIBaIOTCHrlOTeHUHa/lbI, 3aBHCHIIU4e OT onepaTopa HMrly/Ib-A

ca p = - V ; O6MqHO nx 3anncbIBamT B _opMe

v(_2 x) = v(x) + [ d-!--v1(x) -v (x)d-_l/2' dx2 1 ' (in)

nze v(x) H v I (X) -- pa3Hble _yHKI_HH OT X. TaxHe rlOTeHUHaJlbI

14crIo/Ib3yIOT, HarlpHMep, B Me3OHHOI_ITeOpHH _epHbIX CHI. Hx paa-
HOCTHBII4 BapHaHT ("KBa3H.HOKaIIbHbI_I" rIOTeHIIHalI C OTIIHqHbIMHOT Hy-
/Lq 3HaqeHHHMH Ha Tp.e.._XX_IHaroHaJi_IX MaTpHIlbI raMHYI_TOHHaHa, CM. /2/
CTp.50) "

-[ 1 + v1(n)/21 {V(n+ 1) - 2V(n) + V(n-1) I/A e + v(n) V(n) +
(2n)

+ {vi(n+ I)_(n+ I) - 2vl(n) _(n) + vl(n -1) _(n - I)}/2A2= E_(n)

. 3aMeqaTeJIeH TeM, qTO qHC/IO 2N 3HaqeHHI_ V H V1 Ha KOHeqHOM I4H-
"TepBane n = 1, 2,... N coBna_aeT c qnCnOM cnewrpanbHbxx napaMeT-

pOB {E h , y AI 3aj1aqHIllTypMa -- /IHyBHYlnfI,B OT/IHtlHeOT cnytms

O6bIqHOrO pa3HOCTHOrO ypaBHeHHn Ulpe_HHrepa c N aHaqeHHStMH no-

KaJIbHOrO rioTeHI/Ha_ia, Korea Me)K_y 2N riapaMeTpaMH {E A' y A }
_on_zHO 6bITS N CB_3efi.B aTOM OTHOmeHHH cnyqafipa3HOCTUOrO no-

, TeHtBiana, 3aBnc_mero OT cKopOCTH, 6nH>Ke K cnyqam ypaBHeHHYl Ripe-

_HHrepa c O6bIqHhIM IIOTeHIIHaYIOM,KOr/la napaMeTpbl {E )_, y )_} He3a-
BHCHMbl_Ipyr OT _Ipyra.

TeopeMa _n_ /_ByX crleKTpOB B cnyqae ypaBHeHH_ (2H) coBrm_a-
eT C (14) _nH o_oro KaHana.

/InTepaTypa

I. JIeBHTaH B.M., PaCbIMOB M.F. - YMH, 1964, 19, N°-2, c.3. i_

2.3axapseB B.H., CyabKO A.A. -- l-IoTeHIIHa/IbI H KBaHTOBOe pacce_HHe.
l-[p_IMa_I H O6paTHa_ 3a_aqH. M." 9HeproaTOMHZ_aT, 1985, C.41-43.

(PacmnpeHHoe H3_aHHe Ha aHrn. _I3BIKe BbIItlJIO B H3_. Springer, ,k
Heidelberg. 1990, p.35-37).

PyKOIIHCb nocTynnna 27 aBrycTa 1990 rosa.
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NEUTRON 208Pb SCATTERING AND THE ELECTRIC
POLARIZABILITY OF THE NEUTRON

Yu.A.Alexandrov,L.Koester*,G.S.Samosvat,W.Waschkowski*

Neutrontransmissioncrosssectionsof :°aPbwere mcasurcdfor

fourenergies.Thesedatawerethebasistoevaluatetheelectricpola-

rizabilityof the neutron'an = (0.4+_1.5).10-3fm3 forane ---

=-1.32.10-3 fm and an=( l.l+ 1.5)'10-3fm3 for ane =
= - 1.59" 10 -:3fill.

The investigation has been performed at the Laboratory of Neutron
Physics, JINR and in Garching Laboratory Fed Rep Germany

q , , .

PacceaHr_e He_TpOHOB Ha 2 0 a Pb H 3neKTpi4qec_:aa

rlOYlffprl3yeMOCTb HefrrpoHa

T0.A.AneKcan_tpoBrt Rp.

I'loIIHble HefiTpOHHbIe ceqeHl4_l 2°apb H3MepeHbl HpH qeTblpex 3Hep-

rl4gX He_TpOHOB. Ha OCHOBe nonyqeHHbIX RaHHbIX cRenaHa otteHKa

, aaeKrprtqecKo_ nonaprl3yeMocTn He_TpOHa" an = (0,4 + 1,5)-
• 10-3 _M3 apa ane = --1,32"10-3_M ri an =(--1,1 + 1,5) • 10-8_M 8
nprl ane = -- 1,59" 10-3 _M.

Pafiora BbinomteHa B J-la6opaToprm He_rpoHHo/i _riariKrl OH,qH

_tB FapxrmrcKo_ na6oparopmt, tl)PF, i

The last attempts/1-3/ to measure the coefficient an of the
neutron electric polarizability from precise measurements of the neutron

total cross sections gave only the upper limits for the a n value of (1+ 2) •
• 10 -3 fm 3 order. It is just on the level of theoretically expected

meaning of a n and the value for proton ap =(1.07 + 0.11) .10 -3 fm 3/4/'
So any define value of this fundamental constant is absent up to now.

The main difficulty in the works/1-3/ is the correct considera-
tion for the neutron resonances, our knowledge of which is limited.
Therefore, in this work instead of natural lead and bismuth used in/l-3/
we measured the total cross sections of double-magic z0s Pb which '
had very rare resonances.

*Garching,Fed.R ep.Germany
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Table

-_' Energy 1.26 eV 18.6 eV 128 eV 1970 eV

o'teas, 10-24cm 2 11.441(5) 11.509(14) 11.503(16) 11.468(7)

a c°rr, 10-24cm 2 12.434(5} 12.494(14) 12.485(16) 12.443(7)s

We had three metallic samples 8.7, 14.3 and 15.6 mm thick en-
riched with 208 Pb up to 97.3%, which had been used in different combi-
nation on the installations at three beams of the FRM reactor in Gar-

ching, West Germany. The methods of the measurement are described
in/2,5/. The results for four energies of neutrons are listed in the Table
as measured and corrected cross sections. The latter ones correspond
onlY to s-wave potential scattering on 208 Pb and are obtained by sub-

tracting from crtmeas small contributions of solid state effects, Schwinger
scattering, other isotopes, p-wave neutrons and the contribution of
two 2o8 Pb s-wave resonances. The resonance parameters of all lead
isotopes were taken from/6/.

If we write/7/
I

Q !

corr 4 rr sin _0 sin ( _o 0 oa - +2770 ) " 4rr sin 2 ($ +77 ) , (1)s k 2 k 2

where go is the phase shift of nuclear s-scattering,

=kZfa+ka MZ2e 2/(_i2R)(1- ---_kR) ,
0 n 3

A

f is the atomic form-factor, a =-------aA+1 ne' ane is a neutron_lectron

scattering length, R is the radius of the nucleus, so it is easy to obtain
from (1) the following expression

rr MZ 2e 2
- m

--- 3_i2 (k 1 -k 2) an -Z(f_ -f2 ) a =

(2)

t arcsm(kl ] _s_- ) - --- amstn(k J _8e ) , ._.
= "_I 4_ k2 2 4_
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where indices 1 and 2 refer to two different energies (note" g0 < 0 and
o.<w I).

_or tl_e evaluation of an now we can practically use only the
energies 1.26 and 1970 eV. Then from equation (2) for the data taken

from the table and considering the value of ane-- (--1.32+0.04)x
xl0 -3 fm/2,8/ we have

a n = (0.4 +_1.5). 10 -3 fins; (3)
i:

in the case of a ne - (--.1.59 _+0.041,10 -a fm/t,9/ _':!_..

a n ; (--1.1 +--1.5) .10 -3 fm a . (4) 'i:

, These evaluations do not practically differ from the earlier
ones/[-3/, but they are more reliable, because of much smaller correc-
tions on neutron resonances.

Now these investigations are in progress to achieve higher accu-
I racy. Moreover, the measurement of a coherent scattering length of

2°spb at the energy much less than 1 eV should permit one to have

a new independent result for ane too.
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CI1EETP H3OCKAJ-IHPHblX KOYlYIEKTI/IBHblX MO/1 fl_KPA

B MOcKEJIH YHPYFOFO CEPMH-C(1)EPOH_A

C.H.BacTpyKoB _ , M.YI.Bo6pbxmeB _ , B.B.Fy_Ircos _ , A.H.Pe/lbKHH 1 ,

_._eaK 2 , A.B.Cyuii<oB

H3yqaeTca _l,141taMHKa_OpM14pOBaHHaH3OCKaJIapHblXKO.rlJIeK'rHB-

HraX Bo36ync_tenHfi hi,pa a Mo/leJIH ynpyroro cqbeponaa, napaMexpbt
3JtaCT14'mOCXHrcoroporo M14KpOCKOrlrtqeCK14 onpeaenmoTca a _epMn-

raaoaoM rtp146Jt14_:eH1414.I]o.rlyqe14Hbte Ol.teHK14 :)nepr14ii ao:m ynpyrHx

aec_opMatmfi cpaBH14BamTCac 3KCllepl4MenTaJll:,HbIMrt3,amPoIMn _la I
3JleKrp14qecKi4X14MaraHTnbIX 143ocKa.rl_lpltblXpe3oHancoa 14COnOCTaB-

JlatOTCaC pacqeaaMH, BbmOnHeHttbtMHpaHee a aHa_mr14qHofiMoRenH,

r;te paccMavpvtBanca MeHee _u14poK,fi Knacc petuemtfi ypasHeH14a J-laMa,
B OCHOBHOM, C _etioMenoJtornqecK14 no;to6pamm_Mn napaMe'rpaMrt.

t Pafora _blnoJmeHa _ Jla6opaTop14H reopexnqecKnfi _nanr<140HHH

n lta Ka_ealYe reope-rHqccKofi 14aaepno_ dpnynI<HCaparoBcKoro rocy-

itapcrt_eHHoro ymtBepc14rera.

Nuclear Spectrum of Isoscalar Collective Modes
6

in Elastic Fermi-Spheroid Model

S.I.Bastrukov _ , M.l_.Bobryshcv I , V.V.Gudkov t , A.I.Red'kin I ,
F.l)cak 2 , A.V.Sushkov

The formation of nuclear isoscalar collective excitations is studied

in the elastic spheroid model with the nuclear elasticity' parameters
" calculated in the Fermi-gas approximation, l'he comparison of theore-

tical and experimental energies of the electric and the marmetic reso-

nances is presented. We also compare our results with previously per-

formed analogous calculations where restricted class of solutions of the

Lame equation has been considered and elasticity parameters have

been phenomenologically adjusted.
The investigation has been performed at the Laboratory of Theore-

tical Physics, JINR and at the Department of Theoretical and Nuclear

Physics, Saratov State University. ,i
I

• _Yuu_epcurer uM. H.F. tleput, ttueoctcoeo, Caparoo

2Ynu6epcurer P.Or_ema, l_yOanemr
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HHTeHCHBHO npoBoJlnMme B nocnejIHne rOJIb_ HccnejlosaHnH Kon-

J_" JIeHTHBHblX _JlepHblX j1BH_eHH_I MeToJlaMH MexaHHKH KOHTHHyyMa

y6e_HTenbHO _oKa3bxBa_OT, qTO MaKpocKonHqecKHe CBOI?ICTBa _apa '

Ha_6onee 3aMeTHO HpoABJIAIOTCH B _HHaMHKe (_OpMHpOBaHHH BbICOKO-

he,amex rHraHTCKHX BO36y_eHH_. I'IO_TBep_eHHeM TOMy cny_HT

TOqHOe BocHpoH3Be_eHHe 3KcHepHMeHTaJIbHOI_I CHCTeMaTHKH _eHTpOH-

/IOB 3HeprH_ rHraHTcKnx pe3oHaHCOB B 3aBHCHMOCTH OT MaccoBoro

qHcna, sblpa_aeMofi A- _ /3 -3aKOHOM. B 60_IbmHHCTBe pa6oT no MaHpo-

CKOnMqeCKOI_ _epHol_I _nHaMHKe aHann3 pe3OHaHCHblX Bo36y_eHH_

CTpOHTCA HCXO_H H3 npe_cTaBneHH_ o Aape nH6o HaK O _H_HOi_ Kanne,

n_6o Kax 06 ynpyroM c_epomle, paBHOBeCHble rlapaMeTpbl I<OTOpblX

y;Iaewc_ BbXqHCnnT_ MmcpocKon_qecx_. Hpn cpaBHeH_n yKa3aHH_m

MaKpoweopn_ o6paulaeT Ha ce6n BHHMaHHe nX pacxo>_eHne B otleHKaX

OTHOCnTenbHO_ ponn BHyTpeHHe_ 3Hepr_n KHHeTHqecKoro _epMn-

_B_CeH_a _ noTeHUnansHoro B3aHMO_le_CTBH_ npn Bh_qnCneHHH 9Hep-

r_ _3ocKan_pHbm pe3OHaHCOB, a Tax_e B npeanono_<eHHaX 0 BeKTOp-

HOf_ np_po_le so36y_c_laeMsxX nonefi cKopocTef_ n cMemeHHf_.

B pa60Tax _ - _ /, r_e mlepHan _InHaMHKa Mo_lennpoBanacb rapMo-

HI4tleCKI4MI4 i<one6aHH_Mn ynpyroro mapa, napaMeTp _e_opMa_IHn

pacmnpeH_a _3OTpOnHO_ mlepHo_ cpe;a_ k, CBa3aHHS_ n_HefiHO

C a_Ha6aTHqecKHM tCO3_I41_HeHTOM C:_I4MaeMOCTI4 K, nH6o 3a_aBanc_

. _eHOMeHO/IOFHqecKH, JIH60 BBIqHCJIHIICH MHKpOCKOHHqecKH c cHnaMH

CKHpMa. Oj1HaXO npnBOJ1nMb_e B nHTepaType 3naqeHnn nocne_Inero

o6najlaIOT CIIHIIIKOM 6on/,mofi neonpe_leneHnocThIO (K = 180-540 M3B),

KOTODaYl Hal'lp_lMyIO oTpa_aeTc_l B paccqHTblBaeMblX 3HaqeHH_IX 3Hep-

rn_ (aneKTpnqecKnx) pe3OHaHCOB H 3aTpy_HHeT rIOHHMaHHe TOVO, Ha-
KOri H3 _HaHqeCKHX _aKTOpOB /IOMHHHpyeT B npouecce _OpMHpOBa-

' HHFI FHFaHTCHHX COCTOHHHI_I. B 3TOI_I CBFI3H ripe_IcTaBJi_teTc_l iIe_Ieco-

o6pa3H_M pacCMOTpeTb TaXOfi BapHanT Mo/lenn ynpyroro c_eponjIa,

r_e Bce napaMeTpbI ynpyrocTn njlpa onpejIenannc_ 6br TOn_KO KHHe-

THHeCKOI_I 3neprne_ O_HOqaCTHqHOFO (_epMH-_BH;_eHHH B OCHOBHOM I

COCTOHHHH, T.e. Ha OCHOBe _epMH-ra3OBOI_ _HHeTHqecKo_ KapTHHbI,

OnnCl, IBaeMofl ypaBHeHneM YlaH,aay -- BnacoBa. C TaKOi;I TOqKH 3peHn_I

6y;leT Bb_rnfl_eTb 6onee nocne_oBaTenbHb_M cpaBHeHHe Mo_lenn ynpy-
roro _epMH-c_epoH_a c FH]IpO_HHaMH_ecKo_ Mo_enbio _epMH-KaruIH,

nocxon_xy nocne_Hnn 6bxna HOCTpOeHa Ha nepe_hcneHH_IX BbILUe

MHKpOCKOrIHt_eCKHX OCHOBaHHflX, a nonyqeHHbIe B ee paMKax 6ecna- ,J

paMeTpHqecKHe oIIeHKH 3HepFHH TOqHO BocHpOH3BOJ1HT 3KcnepHMeH-

TaIIbHO yCTaHOB/IeHHyIO CHCTeMaTHKy jlYIH H3ocKaJIHpHSIX pe3OHaHCOB

no BceI_ nepnojlnqecxo_ Ta6nntle/_- _ /.

B HaCTonme_ pa6oTe rnaBHoe BHnMa_ne M_ KOHUeHTpnpyeM

Ha Bonpoce' xax cnn_HO 3aBnCnT KonneKTnBHU_ cnexTp OT XOH-
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KpeTHOFO BHjIa Bo36y>K_aeMbIX _Ie_opMaIIHOHHbIX nonefi CMeMeHHfi,

ABnammHxcn pemeHHAMH ypaBHeHHA 5IaMo g_UAynpyroro mapa co
CBO60_HOI_I rpaHHuefi?

B rlpOBOJIHMbIX HI4>Ke rlOCTpOeHH_IX c_epnqecKoe A_po pa_Hyca

Ro = ro A-1 /3 _ co CHHHOM HOJIb B OCHOBHOM COCTOHHHH MHKpOCKOHH-

qecKH HJ_eanH3HpyeTc_I BsIpO>KJ_eHHOI?I (NO CrlHHy H H3OCIIHHy, T.e. H30-

cxanApHOI_) _epMH-ra3oBoI_I CHCTeMOI_. q_Hcno KBa3HqaCTHII noJlaraeT-

CH paBHSIM MaCCOBOMy qHcny A_pa A, Macca KBa3HqacTHUbI- Macce

CBO6OJ1HOFO HyKYlOHa m. Tor_a paBHOBeCHb_e HTIOTHOCTbP0 H _aBneHHe

Po BSIqHCTIHIOTCH, _aKTHYecKH, 6e3 napaMeTpoB

2
3m P0VF h 9_

- Po- H VF - [ _ ],/a (1)P o a ' 5 mr o '
4_ ro }

r_e v F -- rpaHi4qna_l cKopocTb _epMH-JIBH_eHI4A.

OqeBH_HO, qTO CTOYlb ynpoMeHH_,ie npe]IcTaBneHHA MOFyT 61_ITb

onpaB_anbx npH aHeprn_x Boa6y_K_eHHfi, r_e _Ipo npaKTnqecxH I

3a6biBaeT 06 O6OYIoqeqHSlX cTpyKTypHblX OcoSeHHOCTftX O_HOqaCTHq- ',

HOFO _BHH<eHHH B OCHOBHOM COC,TOHHHH H OCTaTOqHOM B3aHMo_IeI_ICT-

BHH, npHBO_AMeM K cnapneanHIO. OTMeqeHHSIe MHKpOCKOnnqecKHe
l

CBOI_ICTBa BHyTpHA_IepHOFO _IBI4>KeHI4H, KaK H3BeCTHO, oTqeTJII4BO npo- !
_IBn_IIOTCHB HH3KO3HepreTI4qecKoI_I (_O 3-4 MaB) o6naCTH KonneK-

THBHOFO cnexTpa, HOOTOMy paccMaTpHBaeMa_ HaMH MOJ_eJI5 npn HH3-

KHX 3HeprHHx 5_aBej_OMO He npHMeHHMa.

_nn pemeHH_ HOCTaBTIeHHOI_ 3a_aqn paCCMOTpHM nnHeapn30BaH-

' HyIO _opMy ypaBHeHHfi 13-MOMeHTHOFO npH6nn_eHH_ MaKpoCKOM4-
• i

qecKofi _epHofi _IHHaMHKH, KOTOpbIe HMemW BHJI

• t}p _)Uk
+ Po - 0, (2)

_)t _}xk

_)Ui _Oik I
p0_ + = 0, (3)

i)t _)xk

aOij _}Ui aUj aU k
+P0(_ + +6.._) = 0, (4)

_)t _)xj c)Xi q t}Xk

r)Ie p(r, t), ui(r , t), oij(r , t) -- ia_sIe OTIOIOHeHH_INnOTHOCTH, cpe_IHefi
CKOpOCTn Bo36y>K_IaeMoro nOTOKa H TeH3opa BHyTpeHHHX Hanp_ce-

HHfi; p o, U0 = 0, Pij = Po _iij -- HX paBHOBeCH_m aHaqeHnn.

YpaBseHnn (2) - (4) nerKo MOFyT 6bITb npHBe_IeH_ X SHay xnac-

cnuecxoro ypaBHeHH_ _IHHaMHXHynpyroro KOHTHHyyMa, eC$IHnono-
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)KHTb, qTO cpe_IHHA c_opocTb Bo36y:_IlaeMoro nOTOKa u(r, t) CBH3aHa
u

C IIoJIeM CMeUleHHI_I S(r, t) -- OCHOBHOI_I JIHHaMHqecI<OH nepeMeHHOft

weopnH ynpyrOcwH -- COOTHOmeHHeM

- _}S(r, t)
u(r, t) = . (5)

at

YIo_cTaBJIHH (5) B (4) H 3aTeM B (3), 12oYlyqaeM ypaBSeHHe

a2S _,

P0 _}t----7 = 2P0graddivS +PoAS, (6)

KOTOpOe 6yaeT TOqHO COBIISjIawb C ypaBHeHHeM J-JaM3 _IJT_IynpyrHx
xone6aHHfi H3OTpOHHOI_ cpenbx/_ o /

_2S -,
Po = (), + p)grad div_ + #AS, (7)

, _}t2

ecnn I'IpHHATb,qTO KO3_C1E)HIIHeHT _Ie¢opMaLmn pacmnpeHnA k H KO3_-
(I:)HIIHeHT _Ie_opMaLmn C_IBnra i_ KpyqeHHA p (napaMeTpbi J-laM3) paB-
H_,I Mem_Iy co6ofl H onpe_IenAmTCA CBO_O_XHbIM O]IHoqacTHqHbIM _ep-
MH-_IBH>ICeHHeM HyIOIOHOB B OCHOBHOM COCTOHHHH, T.e. k = p -- Po.

HMeHHO l'lO TOI_InpHunne, qTOnpH BbIqHcnennn FlapaMeTpOB ynpy-
FOCTH A_Ipa HrHopHpyIOTC_t 3_eKTbI O6OYioqeqHOI_l cTpyxTypI_I cpejI-

Hero nona, a TaK_ce MaKpocKonHYecxo_ noTemmanbHOfl 3aeprHH,
. qacwo BbIqHCYIfleMOI_I Ha OCHOBe HyK_OH-HyK.rIOHHbIX CH.rl CKHpMa I4IIH

Mnr_lana, HO yqHTbIBaeTcH KBaHTOBbI_I xapaKTep O,RHoqaCTHqHOFO

_IBH_eHHA 120 op6HTaM, _IO12ycKaeMblM 12pHHIIHHOM HaynH, BCm_Iy
HH_e 6y_leM roBOpHTb O a_Ipe xax 06 H3OTpOHHOM, ynpyroM _epMH-

c_epomle.
' _n_ HaXO>K_IeHH_ CO6CTBeHHI_IX qaCTOT _nacTnqnbIX rapMonH-

,, YecKHx Xofle6anHfi BpeMeHHym 3aBHCHMOCTb 12one_ CMeMeHHH cne-
_IyeT yYecTb MHO)KI4TeYleM e i(_ t. 1-Io3TOMy ypaBnenne (7) nepe12HmeM

B BH_Ie

Po co2S + (h+/_)graddivS +AS=0 (8)

H _OHO$IHHM yC$IOBHeM OTCyTCTBHH HaHpH:_KeHHI)'I,HOpMaYlbHblX K rpa-

HHIIe ,

*~ = O, (9)nol s )

r_Ie n -- BeKTOp BHemHefi HopMaYIH K noBepXHOCTH_pa, o -- zeH3op

Hanp_a<eHHfi o ij B 6ea_:H_eKCHOfi 3anHca.
i.i B veopnH ynpyrHx Kone6aHHfi cnnomHofi H3oTponHofi cpe]I_I

paccMaTp_mamTC_ Tpn Bmla rapMOHnqecKnx _le_opMa_nfi: pacmHpe-

.,. 54

1



H_ (C_aTH_), C_IBHra H KpyqeHH_/1° /. HepBble aBa onHcbmamTC_

CTHHHO BeKTOpHbIMH I-[OYIHMHCMeMeHHI_I, rlO3TOMy B _aI-IHOI_l Mo_eYIH

M 6y_yT COOTBeTCTBOBarb Bo36y_c_eHHA 3YieKTpHqecKoro THHa. Mar-
HTHMe Bo36y_K_eHHA CBH3aHbI C _BH_eHHAMH cpeabi, KOTOpble 3a_a-

)TCA I'[CeB_IOBeKTOpHbIM l'lOYleM CMeMeHHI_.

1. _n_ _e_opMaLtHH pacmHpeHHA (C_aTHA) BeKTOpHOe none
MeMeHI4I_I $1 (r, t) B C_HMaeMoI_I H3OTpOrIHOI_ cpe_e HMeeT HeHyneBym

,acxO_HMOCTB H ABYIHeTCH HOTeHIIHaYlbHbIM

iel(r_,t) = grad jn(k_ r) Pn(cOs0 ), (10)

_e Jn(Z) -- c_epHyecKaa _yHIC_HA BeccenA, Pn(C°S0) -- _yHxnHA

Ie>xaH_pa. OHo OHHCbIBaeT npo_on_HbXe BOYIHOBble _BH;_:eHH_I C BOYl- I

:OBbIM qHCYlOM k_ = ¢o/c_ H _a3OBO_ cxopocTbtO

+ 2_

)1 /2 = _//__ rF" (11)I = ( Po

'paHHqnoe ycnoBHe (9) HpHBO_HT K _HcnepcHoHHOMy ypaBHeHHIO

_Haa

2n(n-- 1)- 3z: )jn(Z) _ 4ZJn+l(Z) = 0. (12)

IoI_yCTI_M5xeYaCTOTbI_alOTCSBhlpa_enHeM

- zx (13)
0k, m - k_ (k, m)c_ 5 R O ,m" *

_ecb _ HH;_e xa_oe 3HaYeHHe Z = kR0 HyMepyeTc_t Nop_I_IKOBbIM

, IoMepOM MyJ_bTHNOYlbHOFO pa3Ylo_KeHHA n = k. I/IH_IeKCOM m OTMe-

laeTcfl HOMep xopHA _IHcnepcl4OHHOrO ypaBHeHH_ HpH 3a_aHHOI_I

_IyYlbTHNOYlbHOCTHk H Z_k,m = k(k, m)R0.
2. C_epHqecxHe BOnHbI C_BHra xapaxTepH3y_OTC_ BOJ'IHOBt,IM

_HCnOM k t = _o/c t H pacnpocTpaHnlOTCn co CKOpOCTblO

1 /2 /1
"t= (_ _ ) = V -- v (14)

Po 5 F"

4HCTO CKBHrOBbIe _Ie_opMa_HH 3a_aIOTCH nonoM_IanbnbiM (onpe_e-

_eHHA TOpOH_aYibnoro H nonoH_anbnoro BHxpeBb_X none_ CM. B/lI /) '"

]oYleM

_:_el(r, t) = rot rot r Jn(ktr)Pn(COS0 ). (15) '

[IHCrlepCHOHHOe ypaBHeHHe _In_ oripe_le_IeHHH qaCTOT HorlepeqHblX BO$IH
2_BHra HMeeT BH_



Jn+1(z)
-_ 2z =z _ --2(n_ --I). (16)

Jn(Z)

CaMI4 :_e qaCTOTbl 3THX Ko/Ie6aHHI_I _aIOTCH Bblpa>l<eHHeM
/

_ok, m = kt(k, m)c t - 4
1 v F

zk (17)
5 R O ,m"

3.Hocxonbxy ypaBHeHHe (8) HBnHeTC_I nHHeflHblM, TO B BO3MO;_<-

HblI_I Knacc _BH_eHHI_I, OTBeqaIoLUHX Bo36y_leHHHM 3fleHTpHqecKOrO

Tl4na, MOryT BXO_IHTbpemeHI4A, npe_cTaB_naeMble Kax cynepno3HuHa
_Ie_opMaui4I_ pacmi4peHHA _ C_BHra $3 = $1 +$2, T.e.

--p

s_l(_ ",t) = Angrad Jn(k, r)P n (cos0) +
(18)

+ Bn rot rot r Jn(ktr) Pn(C°S0 ).

IIHcnepcnoHHoe ypaBHem4e _In_ pemeH_A (18) npe_IcTaBnffeTcA B Bn_e

[2(n 2---1) -- x2 IJn(X)+2XJn+ 1(x) I I[ 2n(n -- 1):-3z 2 l J n(Z)+4ZJn+ 1 (z) _-
(19)

- 12n(n+l)[(n-1)jn(x)--jn+l(x)] i 12(n-l)jn(z)--2(z)jn+l(z!l = O,
Q

rj_:x 2 = 3z:. qaCTOTbIBblqHCYlFIIOTC_InO _opMyne (13).
f

4. Korea cpeaa npe_InonaraeTcaHeC;_HMaeMoI_, BMeCTO (18)

npe_ibulymI4fi cnyqafion_cbiBaeTcA HOneM Bl4]la

-_el(_, t) = AngradrnPn(COS0 ) -_Bnrotrotr j (ktr)Pn(COS0). (20)4 n

COOTBeTCTByIoIIIee eMy _HcnepcHOHHOe ypaBHeHHe 3aNHCbIBaeTcH

B _opMe

2(n + 2)Jn+I(z) = zJn(Z)" (21)

Bb*pa_eHHe _na qaCTOTbI_aeTca cl)opMynOfi (17). /

5. COCTO_IHHH aHOMaYlbHOI_I qeTHOCTH B _laasoITI Mo_lenH (_OpMH-

pylOTCA I_pyTH/ISHbIMH Kone6aHH_MI4, KOTOpbIe 3aj],aIOTCH TOpOH_I,a/IS-

HbIM IlCeB_IOBeKTOpHblM no/leM

smag(r, t) = rot r Jn(ktr)Pn(COS0 ). (22)
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FpaHHqHOe ycnoBvle (9) npHBO_HT K _HcnepCHOHHOMy ypaBHeHHm _nA

.... qaCTOT rlorlepeqHbiX 13OIIH KpyqeHH_t

.p dJn(Z)
z " = jn(Z). (23)dz

BbIpa_eHHe _nn qaCTOT KpyTHYIbHbIXxone6anHfi HMeeT BH_ (17).
_neprHn H3OCKaYIHpHbIX Boa6y_tc4IeHH_i pacCqHTbIBaIOTCH HO H3BeCTHO_I

KBaHTOBO-MeXaHHqec XOI_I_opMyne

E(k n ) = [_w (24)
12_ _,m'

B qHcYleHHblX pacqeTax 6b_nH HCFIOYlb3OBaHbI BbI6HpaeMbIe O6bIqHO

3naqeHH_l KOHCTaHT" _1 = 197,32858 MaB/c , m = 931,5016 M3B/c 2
H ro = 1,16-1,25 _M. CpaBHeHHe HamHX oIIeHOK 3HeprnI_ c 3KcnepH-
MeHTOMnpHBe_IeHo B Ta6nHuax 1 n 2. MeHsmee 3HaqeHHe 3HeprHn

Ta6nHua 1. TeopeTHqecKne H 3KcnepHMeHTanhHbm 3HeprHH

FHFaHTCKHX 3_IeKTpHqecKHx pe3OHaHCOB. 3Be3_oqKo_ HOMe-

qeHbI cornacymmHec_ 3HaqeHHn. THn ynpyrnx /Ie_opMa_H_I

OTMeqeH HH_eKCOM B O603HaqeHHH 3Heprm?t • 1 --TOnbKO _e-

(:l:)opMatlHH pacmHpenHn -- C>KaTHn; 2 -- TOflhXO _Ie(:l:)opMaIIHH

, C_lBnra; 3 -- cynepnoaHtm_ _Ian>KeHnfi 1 n 2; 4- TO me,
qTO n 3, HOAnn Hec_cnMaemoro _epMH-ccl)epoH_Ia.

' krr E! A l /3 , E2 A 1 /3 , E3 Al /3 , E4 A t /3 , E:_cnAl ,,3,
M3B MaB M-aB MaB MaB, rnranT.

peaOHaHChI
t

0. 81-94" neT 44-51 neT 73.82/1 s /

1- 130-151 71-82 60-69 46-53 ?

2+ 41-47 55-64" 47-55 52-61 62-66/l 5 /

3- 66-80 88-102" 69-81 58-68 100.120/, s /

4* 96-111 121-141 88-103 64-74* 55-85/I 6 / /)

5- 122-142 232-269 109-127 68-79 ?
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Ta6nuua 2. Bblqt4CneHHbm X43Kcne- nonyqeHo c r0 = 1,25 el)M, 6onb-

_,_ pHMeHTanbHble 3Heprm4 MaFHHTHbIX mee nppi ro = 1,16 _M, nppiqeM
pe3OHaHCOB BCe TeopeTi4qecKHe 3HaqeHH_ OT-

HOCHTCH K HH)Ka_IIIIHM KOpHHM

Xr Es A l/3, E_KcnA- 1/3,M3B (m = 1) ]I_IcnepcPIOHHblXypaB-
M3B rHraHT.peaOHaHCbI HeHH_I. KaK BH_HO Ha Ta6nnu,

cneKTp H3ocKan_IpHblX 9neKTpH-

1+ I01-122 ? qecKI4X Bo36y)KJIeHI41_IcyI_eCT-
BeHHO 3aBHCHT OT BeKTOpHOI_I

2- 45-53 43-56!'2/ npnpo_Iblnon_ cMemeHnf_. Ha
oIleHKl4 3HeprI4fi TaK>Ke CHnbHO

3+ 78-82 ? BnHAeT npe_inono_KeHneo C_Kn-
MaeMOCTH (HnH Hec)KHMaeMO-

4- 93-109 ? CTI4) A_epHoro KOHTHHyyMa.
Han6onee npHMeqaTenbnbI_ pe-

3ynbTaT _IaHHO_pa6OTb_, no Ha-

meMy MHeHnm, COCTOHTa TOM, qTO aHeprn_ ruraHTCKnX KaajIpynonb-
HOrO H OKTynOnbHoro peaoHaHcoa npaKTUqecKH TOqnO nepe_amTcn
Mo_ienbm ynpyrHx Kone6aHn_ Hec_cnMaeMoro _epMn-c_epomla,
Kor_la Boa6y>K_IaeMoe none cMemeHtl_I _IBJI_IeTCFI qHCTO BPIxpeBbIM-
nOnOH_anbHbIM. _TOT BBIBO_ HBn_IeTC_I rnaBHbIM, qTO OTnHqaeT namH

pacqeTbl OT Bcex BbInOnHeHHblX paHee aHanorHqHblX Hccne_OBaHHH,

' n COBepmeHHO pacxO_IPITCA C BBIBO_OM rn_ipo_inHaMpiqecKo_ Mo_lenn

_epM_4-Kannpi, r_Ie yTBep>K_IaeTcn, qTO Bo36y>K_IaeMs_e KonneKTnBnbxe

HOTOKH qHCTO HOTeHIIHanBHbI.

06pamaeT Ma ce6_ BHPIMaHHe eme n TO, HTO3Heprn_ _innonbnoro !
Bo36y>K_leHPI_I, TaK_Ke o6ycnoBnennoro HOnOH_IaYlBHBIMPI BOnHaMPI

C]lBpira, TOtlHO coBnajlaeT co crnayKennb_M no BCeft neppio]InqecKofi

Ta6nn_e ai<cnepnMeHTanbHSXM _nTOM anepr_pi annonbnoro rpiraHT-
c_<oro peaoHaHca, I<OTOpbff_o6menpnH_TO TpaKTOBaTb KaK n3oBeK-

TOpHbIfi. O_HaKO aaHHoe npe_nono_eHpie nea_IeKBaTHO oTpa>_aeT
3HepreTuqecKne nono_eHnn cnnSHOKOnneKTnB_apipoaanHbIX reKca-
_leKanonbHs_X cocTOHHHPI. _nFl OIIHCaHHA 3xcnepnMeHTanbHO Ha6nm-

_IaeMo_I _IHHaMHKH cbOpMHpOBaHH_ BbICOKOMynbTHnOnbHbIX naocKa-

HHpHbIX rHraHTCKHX MO_I, BH_IPIMO, Henb3fl orpaHHqHBaTbCfl 3BOnlOIipie_I
/12,13/

TeHaopa _e_opMatll4_l nvlmb BTOpOro paHra
MarHHTHbIe COCTO_HPI_, BO Bcex BapHaHTaX MO]IenH yHpyroro

c_epopi_a, CB_I3blBaIOTCH C Boa6y)K]IeHHeM Topopi,r_anbHoro rlon_l /

KpyTHnbHbIX Kone6aHpifi. Cy_1_ no HMelOUI_MCH3KcneppiMeHTanbHbIM

3HeprI4_tM PI MHKpOCKOHHqeCKOMy aHanH3y, ]IaHHOMy _nff 2--pe3OHaH-
ca B/1, / 3TOTMeXaHH3MFIBnfleTefl ripaBHnbHbIM.
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CEtIEHH_I OBPA3OBAHHH HEITITPOHO_RE¢HHHTHbIX

H3OTOHOB At B PEAKUHH ' s, Ta + 26 Mg

A.H.AHRpeeB, _._.BorIIaHOB, A.B.EpeMHH, A.l-I.Ka6aqeHKo,
O.H.Manbtmea*, IO.A.MyablqKa, B.H.HycTbmbHHK,

F.M.Tep-AKonb_H, B.H.qennrHH

l'lpone_eHbt 3KcnepHMeHTbtno H3Mel_HHIOceqeHH_[(xn)-KaHanoB

B peaKIBiH 18 tTa + 26Mg. l'lollyqeHbl _HHble O 3HaqeHl4HXceqeHH_

C HcnapetmeM HefrrpOHOBB o6aacTH aHeprH_Boa6y_j_eHHS cocraBHo-
ro s_pa or 53 _o 92 MaB. Ilpone_eHo cpaeHeHHe 3KcnepHMeHTanbHbXX

peayabraroe c Mo_em, Hb_MHpacqeTaMH,m,moaHeeHbtM_ Ha OCHOBe
c-ratHCTHqeCl<OfiMo/IeYlHa_pa no MO]IHOHU_pOBaHHOfinporpaMMe

ALICE. IIonyqeHo xopomee cornac_e pacqe_a c 3KcnepHMeHTOM.
Pa6ora nbmonHeHa B ]Ia6opaTopHH s_epH_IX peaKaHfi OHflH.

Cross Sections of the Production

of the Neutron-Deficient Isotopes of At

in the Complete-Fusion Reaction I s 1 Ta + 2 6 Mg
•

_+ A.N.Andreyev et al.

ii Experiments have been carried out to measure the (xn)-channel
: cross sections in the reaction l alTa + 26Mg. Data on the cross sec-

' _ tions of the 4n+7n channels have been obtained for the compound

nucleus excitation energies ranging from 53 to 92 MeV. The results

obtained are compared with the model calculations using modified

program ALICE. lt is shown that the calculated results agree fairly
well with experimental ones.

The investigation has been performed at the Laboratory
of Nuclear Reactions, JINR.

IdnTepec K H3yqeHHIO ceqeHn_t o6paaoBaHH,q npoAyKTOB nonHoro
CJIHJ_IHHHC 85 _ Z _ 95 B peaKUH_X C T_I)KeYIIaIMHHOHaMHo6ycnoaneH

TeM, trro 3Ta O6_IaCTb ABnHeTcH nepexo_Hofi no OTHOmeHmO K TaKoMy

Ba:_IOMy t_aKTopy KaK ]_eJIHMOCTb_Ipa. B 3TO_I o6naCTH _J_ep HpoHc-

XOZtHTyMeHbmeHHe )KKaKoKanenbHoro 6ap_epa _eneHHn OT _-- 10 MaB

*/4ucruryr nc)epnb_X ucc.aeOooauuft AH CCCP, Moctc_a



Kn_[ HefiTpOHO_e(_HUHTHbIX H3OTOIIOBPo-At Ao _- 2,5 M3B _u_ He_ITpO-

HoAecI3HL_HTHbIX H3OTOHOB Pu-Am. HMeHHO C 3THM O6CTOHTeJIbCTBOM
OSbltIHO CBFI3bIBaIOT pe3Koe yMensmeHne ceqeHn_ (xn)-peaxL_" OT Ke-

CHTKOB M_nnn6apH An_ Po-At Ao Aone_ MnXpo6apHa An_ U-Pu/_" 3/.

XopomHM O61,eKTOM AHH HccHeAOBaHHH HOBe_eHHH ceqeHH_

(xn)-peaxIiI4_l B 3aBHCHMOCTH OT cTeneHn ne_ITpOHHOrO _Ie_14IIl4Ta

B 3TO_ o6naCTH _aep AB$IHIOTCA H3OTOHbI At. TaK KaK _KH_IKOKanenb-

HbI_I 6apbep AeneHH_ An_ 3THX Aaep en_e _OCTaTOqHO BbICOK, TO MO:_KHO

paccqI4TbXBaTb, qTO ero yMeHbmeHHe C yMeHbmeHHeM MaCCOBOrO qHcna

He cKa_KeTC_ CnnbHO Ha ceqeHH_X Hccne_iyeMb_X peaHII_. HaKonneHHe

3KCIIepHMeHTaYlbHbIX _IaHHbIX HO a6COYIIOTHI_IM ceqeHHHM peaKIInfI

npeAcTaByineT HHTepec KaK _nA 6aHKa AAepHbIX AaHHbIX, TaK _4 _IJ_H

yTOqHeHHH TeopeTHtleCKHX MoAeyle_l _IAepHbIX peammfi B AaHHO_I O_- i

nacTl4.

_)KcnepHMeHTaYlbHa_I MeTOAHKa

Pa6oTa npoBoAnnacb Ha I_HKYIOTpOHe Y-400 YIHP OHHH. B 3Kcne-

pHMeHTaX ncnonbaoBaJlc_ BbIBe_IeHHbI_I IlyqOK 2 6 Mg c 3Heprn_Mn 136

164 MaB. I/IHTeHCHBHOCTb IlyqKOB Ha _H3HtleCKOI:I MHUleHH _II4aMeT-

pOM 12 MM COCTaBnAJIa (3+6) " 10 _ _ qaCT./C , 3HepreTi4qecKI4I_l pa3-

' 6poc 1,0+1,5 %. ]_nOK-CxeMa 3KcnepHMeHTa npl4BeAeHa Ha p_c.1. Ha-
MeHeHne 3HeprHn 6oM6apAnpymmHx nOnOB C maroM 3+6 M3B npoBo-

, _Hnocb c noMo_bm anmMnHneBbIx H THTaHOBBIX nornoT_TeneH. _Hep-

rna nyqxa nocne npoxo_eHH_ nornoTHTenefi KOnTpoY[_pOBanacb ,_

no 3neprI414 HOHOB, paCCeAHHBIX Ha TOHKOI_I (200 MKV/CM 2 ) 3OTIOT OIyI

_on_re Ha yron 30 °. H3MepeHI4A NpOBOAHZII4CbnOBepXHOCTHO-6ap_ep-
HbIM nonynpoBo_nKO_hIM _IeTeKTOpOM (YIYI_'[) • B Kat_eCTBe Mi4meH_4

r _...j .... - nI I

Fri2 3 I. 6 7 8 9

PHC.1. ]_noK-cxeMa 3KcIlepHMeHTaYlbHOH yCTaHOBKH. 1 --

nornoTHTenH, 2 -- Au-pacceHBaTenb, 3 -- _eTeKTop _YL_H3-

MepeHnn _HeprHH HOHOS ny_Ka, 4 -- MHmeHb, 5 -- BXO_- :_.

Ha_ _na_parMa, 6 -- tmnHH_p _apa_e_, 7 -- cenapaTop,

8 -- BpeM_nponeTHb_e _eTeKTop_, 9 -- nonynpo_o_Hmco- t_

BbI_I _eTeKTop.
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HCnO/Ib3OBanaCb HpOKaTaHHaH 4_onbra H3 TaHTana TO/II/_HHO_I

0,8 MF/CM 2 .Tonm_ma MHmeHH onpe_ennnacb B3BeIIIHBaHHeM. COCTaB
H O_IOpO_IOCTb nO ILUOtt_a_lH KOHTpO/IHpOBanHCb MeTO_IOM peHTreHO-

_n_opecueHTHoro aHanw3a. TOqHOCT_ B onpe_IeneHnn TOnIiIHnbl pa-
6oqe_ MnmeHH 6bma He Xy>Ke 10%.

OT_eneHne npo_IyKTOB peaK_n_ nonHoro cnHAHH_I OT nyqKa

H npo_yKTOB peaxun_ nepe_aq ocymecTBn_Inocb c nOMOntbIO KHHe-
MaTi4qecKoro cenapaTopa BACH/IHCA/4 ,s/, B KOTOpOM rlpOI4CXO_I4T

pa3_eneHl4e Hpo_yKTOB peaKI/H_I riO 3IIeKTpHqeCKO_I >KeCTKOCTH.
_eTeKTHpyIOI/Ia;{ CHCTeMa COCTO_IYla H3 _ByX BpeM_InponeTHbIX

_eTeKTOpOB Ha OCHOBe MHKpOKaHa/IbHbIX IIIIaCTMH H IIO/IyIIpOBO_HHKO-

BOFO _eTeKTOpa, H3VOTOB/IeHHOFO MeTO_OM HOHHO_I HMH/IaHTaI/HH.

_leTeK-rop 6bin pa3_eneH Ha BOCeMb He3aBHCHMbIX IIOIIOC. 3a CqeT I

oxna>K_eHn_ _eTeKTopa 3HepreTHqecKoe pa3peuleHne Ka_c_tO_ nonocbl

6bIyIO He Xy>Ke 25 K3B. [gneKTpOHHan annapaTypa nO3BOn_Ina nony-

qnTb _nn Ka>K_OrO _eTeKTopa _aHHble O6 3Hepr_qx _ BpeMeHn npo-

neTa n_ep OT_aqn, BpeMeHn HX np_xo_a B _eTeKTop, 3Heprn_4 n BpeMe-

H_ a-pacna_a HyKnH_OB, "B6HTbIX" B _eTeKTop.

H3MepeHH_I 3_1_1_eKTHBHOcTH cenapaTopa npoBo_HnI4Cb nenocpe_-
CTBeHHO B Ka_K/IOM 3KCIIepHMeHTe. _JI_l 3TOrO nocne pa6oqef_ MHUleHH

yCTaHaB/IHBaYlCFI aYIIOMHHHeBbI_I c6OpHnK C Tonm_HO_ _-- 1,8 MF/CM 2 ,

KOTOpbI_I nocne 10-15-MI4HyTHOrO o6ny_eHnn nepeHoc__ucn 3a BpeM_l

' --_ 30 c 6e3 HapyuleHHY[ BaXyyMa X nonynpoBo_IXOBOMy _eTeKTOpy,

pacnono>KeHnoMy B MHUleHHO_I KaMepe Ha paCCTOnH_4 _- 20 CM OT MH-
, meRci. B npoMe_k_yTOK BpeMeHI4 _ 15 MI_l npoBog_Inocb _3Mepem4e

pacna_a Ziun "B6HTO_I" B c6OpHI4K aKTHBHOCTH. AnanornqHoe H3Me- _

peHne ITpOBO_HJIOCb _/IFIaKTHBHOCTH, "B6HTOITI" B KeTeKT_4pylou/ee

yCTpO_ICTBO nocne cenapaTopa. CpaBHeHI4e _aHHbIx _/IH c6OpHHKa
H _eTeKTnpy,ou_ero yCTpO_CTBa HO3BOIIH/IO onpe_en_rrb 3_eKTnB-

HOCTb cenapan_n c TOqHOcr_m ± 25% no aKTI4BHOCTHM c nepno_oM

nonypacneaa >i 1 M_H.

PesynbTaTbI 3KcnepHMeHTOB

I/I_eHTH_I)HKal/HH Ha6n_o_aeMb_X B 3KcHepHMeHTe HyICjII4KOB

npoBo_nnacb no 3HeprMYiM a-nepexo_oB _ nepno_y nonypacnaaa

Knn _onro>KMByU/HX aKTHBHOCTe_I. [gHeprnn a-nepexo_oB Kns n30-

TOHOB At B 3TO_I o6nacT_ MacC xopomo H3BeCTHbI, H IIOgTOMy H3ny-

tlaTenn I_eHT_4_HLtHpy_0TCS cpaBHHTenbHO npOCTO. 3Ha t_eHHy[ ff-BH/IOK, /

HeO6XO_HMb_e _nH BbI_HCneHH_ ceqeHn_, 6panncb M3/6/. Hony_eHHb_e

3HaqeHnn ceqeHn_ npnBe_eHb, B Ta6nnL_e. Hpn pac,eTax 9Heprnn
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Ta6_u_. _yuKt_uu eo36yxOeuu_ 0_ (xn/._ana,_oe, no_y_eHubte
lSl Ta + 26Mge pea_uuu

CeqeHHe, M5
E* MaB

4n 5n 6n 7n

53,0 10 2

56,0 14 15
60,0 7 28

62,0 7 39 1

68,0 2 37 6

69,0 1,6 25 10 .

73,0 0,7 13 20 1 i

80,0 0,7 Ii 7,5

87,0 3 12

92,0 1 8

Boa6y>rJIeHHA COCTaBHOrO _pa aHeprH_ nyqxa c,m'ranacb pas-

HOfi aHeprHH nyqxa Ha BbXxoAe Ha MHmeHH. HoTepH B MHmeHH

yqnTbmanncb no TaSnHllaM/7 /. _[n_l pacqeTa aen_HHb_ Q peax-
/s/ CTaTnCTMqecxan omH6Ka' UHH HcnonbaoBanHcb TaSnHnbx Macc •

10 z ..........

I

' _ 10

1
r,.)

°

10 -' • ] | u • •

4-5 55 6'5 7'5 8'5 95
3HEPI_H BO3BY_,I_EHH_t, lVbB

'i

lalTa + 26Mg.PHC.2. _yHKIJ[HH BOa6y:_IeHHn _Inn (xn)-zcatlazloB peazCllHH

J, A, A, D -- 4, 5, 6, 7n peaKLtHH COOTBeTCTBeHHO.
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_Lua 6OXlbmHHCTBa pe3ynbTaTOB He npeBmmaeT 5%, H TOqHOCTb nonyqeH-

HbIX 3HaqeHHl_ ceqeHn_ onpejIenaeTcA TOtIHOCTbtO H3MepeHHH 3_eK-

THBHOCTH cenapatmn, TOYlIIII4I-II_IH O_IHOpOgj-IOCTH MHIUeHH, TOI<a nyqKa.

KOHTpOYlb, npoBe_leHHbI_ HO BocnpoH3BOj1HMOCTH pe3ynbTaTOB B OT-

,/IeYlbHbIX H3MepeHHHX, HOKa3aJlpqTO 3KcHepHMeHTaYIbHafl TOqHOCTb CO-

CTaBYlHeT + 20% _rlH 3aBHCHMOCTH OTHOCHTeYlbHOFO Bblxo_a HyKnn_Ia
C H3MeHeHHeM 3Hepr_m nyqxa n +-40% _nA 3HaqeHHI_I a6COnIOTHbIX

ceqeHHI_. Ha pHc.2 noi<a3aH BI_ _yHKUnI_t Bo36y_K_eHH_ _YI_I OT_enb-

HbIX (xn)-KaHanOB B peaKunn _8 _Ta + : 6 Mg. l-Io_IytleHHbIe B 3I<cne-

pHMeHTe 3HaqeHHH ceqeHHI_ TaK_ce npnBe_eHbi B Ta6nni_e.

O6cy_IeHHe peay_IbTaTOB

Anan_i3 nonytleHHbIX 3KCHepHMeHTaYlbHbIX _aHHbIX O ceqeHI4_X
(xn)-i<aHanOB peaKIiI4H 5bin Bblnonnen Ha OCHOBe CTaT_ICTHqecKoro

paCCMOTpeHn,q npouecca JleBO35y>KlleHH_ 05pa3yIonlHxcg COCTaBHbIX

_ep. Pacqew npoBo_inncA c rlOMOUlbIO MO_IHcl_HIIHpOBaHHOI:I rIpO-

rpaMMbl ALICE/9 / aHanorHqHO MeTO_InI<e, OHI4CaHHO_ B pa6owe/_°/.
B pa6oTe/_°/ BbmOnHeHbX pac_eT_ n 3Kcnep_MeHTanbHO H3MepeHbI
ceqeH_ (xn)- n (p, xn)-xaHanOB peaxtmfi nonHoro Cn_H_n

_ _Ta + :" Mg H __ s Ho + 4 0Ar. Honara.uoc_, trro 6apbep _IeneHna,se-
' nHqnHy KOTOpOro Hy;_HO BblqHwaws H3 3Heprnn Bo36y_K_IeHHH _pa

B ce_noBo_ To,xe, onpe_len_eT-

c_ _opMynOfi I0 z

Bf(1) = C-B_PS(1)+ ABf(Z,A), )k,. '
/" \

r_leBfcps(1)-- 6apbep _eneH_ \
B Mo]Ie.rlI4 Bpamammefic_ 3ap_-
_eHHOI_I xannn / __ /; C -- CBO- :_

6o_Mfi napaMeTp; ABf(Z,A)-

o6onoqetman nonpaBKa x 6ap_-
epy _lenenna COCTaBHOrO a_lpa,

tD

)

P_c.3. CpaBHeH_e 3KcnepHMeHTanb- |

H_x (_:_) _ pacqeTHmx (A) 3HaqeHHl_

rtonepeqHblx ceqeHHfi B (xn)-KaHane 1
_ng pea_<nm_1stTa +26 Mg. l-Ipnpac- _ _ _ _

qeTax6panocb C --0,9• qI4CYI0HCIIAPEHHhlXHE_0HOB



paBHa_l pa3HOCTH 3KCrlepHMeHTanbHoro H _i<I4_KoKaHenbHoro 3HaqeHHI_I

Macc n_lpa. 1-IpoBo;1HnHcb pacqeTbI H B npe_Inono_KeHHH, qTO ABf= 0.
_ B pa6oTe/t°/ 6b,no noKaaaHo, wro y_oBneTBOpHTenbHOe cornacne

3KcnepHMeHTa/IbHBIX;_KHHSIXC pacqeTHbIMMnonyqaeTcs[rlpHC = 0,9

H ABf= 0, qTO COOTBeTCTByeT yMeHblIIeHHIO 6apbepa _IeneHH_ Ha 1 M3B.
HcnonbaoBaHHe 3TnX napaMeTpoB _nH pacqeTa (xn)-KaHanOB peaKmm
1,,Ta + 26 Mg TaK_e _$'2T xopomee cornacHe c pe3ynI, TaTaMH 3Kcne-
pHMeHTa.

Ha pHc.3 Kpy_CaMH OTMeqeHbI 3KcnepHMeHWanbHhIe 3HaqeHH_I ce-

qeHHI_I (xn)-KaHanOB B MaKcHMyMaX COOTBeTCTBylOII_X _yHKHHI_I Boa-

6y_eHHH ;Ins peaKuHH ' ' ' Ta + 26Mg. PacqeTHbIe 3HaqeHHn o603Haqe-

Hhl TpeyronbHHKaMH.

3aKnloqeHHe

B peaK_IHn I s, Ta + 26 Mg B mHpOKOM jlnanaaoHe aHeprH_ nony-
qeHbx aKcnepHMeHWa_I, HbIe _IaHHb_eno ceqeH_M (xn)-peaK_fi BnnOTb
aO X = 7. HpoBe_en weopewHqecKHfi pacqeT c HpI4MeHeHHeM CTaTHCTH-
qecKoro no_xo_la. HoKaaaHo, qTO HCHOJIb3yeMbII_I MeTO_Ipacqewa xopo-
mo onHcbmaeT ceueHnn HcnapHTenbHbm peaK_mn nonHoro CnHSHHS
B o6naCTH At-Po.

4
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HOBblE HYK.TIH_bl 2 2 6,2 2 7 Np

A.H.AHjIpeeB, _._.Bor_taaOB, A.B.EpeMHH, A.H.Ka6atmdxo,
O.H.ManbitueB 1 , F.M.Tep-Axorm_n, B.H.qenHrHH, lll.lilapo _

C rlcnonbaoBaHHeM KmlcMarmmcKoro cenaparopa BACHJ-IHCA

HReHTH_HIIJ4pOBaHbIHOBble H3oTonbl 226,227Np " I/IjleHTrl_rlxalDl_l

.yKnrtROB npoBoz_ana_ nocne "in-flight" cenapattrm no HaSnmaeHHm
ttenoyKrt HXnocnenymu_x a-pacna_IoB. H3oTon 227Np 6btu nonyqe.

B peaKIIBH 22No+ 2°9Bi. H3oron 226Np I_IeHTH_HII_IpOBaHB npog_yK-

Tax peaKtmfi normoro cnrtaHrm 22Ne +2°9Bi rt 26 Mg+205T1.3Heprrm

a-pacna/Ia 227Np' E a =(7680,_20) K3B.,[bm 2Z6Np oSHapy_eHI,_ abe

a-hamm: E a 1 = (8000 +20) K3B rt E a2 = (8060 -_20) K3B.
Pa6ora sbmon_eHa B J-la6oparoprta _lep.blx peaKtmfi OH_IH.

d

The New Nuclides 2 2 6,2 2 v Np

A.N.Andreyev et al.

The neutron-deficient isotopes 226,227Nphave been produced in the
complete fusion reactions and were identified after in-flight separation

. with the kinematic separator VASSILISSA, followed by their implanta-
tion into a silicon detector and the observation of the genetic relation-

ships of subsequent a-decays. The isotope 227Np was produced in

' the 22Ne+2°9Bi reaction, the isotope 226Np was produced in the

reactions 22Ne+2°9Bi and 26Mg+2°5Tl. £27Np was found to I
decay with E a =(7680 +_20) keV and for 226Np two a-lines at

Ea1=(8000_+20) keV and Ea2=(8060 _+20) keV were observed.
The investigation has been performed at the Laboratory of Nuclear

Reactions, JINR.

B 3XcHepnMeHTaX nCl'lOJ1b3OBaJICR BbIBeReHHblI_I nyqoK HOHOB

22Ne UnXnOTpOna Y-400 YIHP OHHH co cpe_He_ HHTeHCHBHOCTBIO

= 1012 tlacT./C n 3Heprm:tMn (109 + 1) M3B n (121 + 1) M3B Ha MH-
mean. Bpamam_ca MnmeHb H3 209Bi wontRrn-xofi 0,32 Mr/aM 2 6bi-

na H3FOTOBJIeHa MeTO_OM BaXyyMHOrO HaIIbUIeanR Ha rIORJIO_Ky

na anmM_Hn_ TOnmH_ofi 1,6 Mr/CM _. fl_pa oTna_n, B_meTeBtune

ttucruryr aOepnbtX ucc_eOoeauuft AH CCCP, Mocxe,.

GSI , Darmstadt



M3 MHmeHH, OT_IeYlsnHCB OT HOHOB nyyKa R Hpo_IyKTOB peaKLIH_ nepe-

- _laq c IIOMOIIII_IO 3YIeKTpOCTaTHtIecKoro cenapaTopa BACHJIHCA /1, 2/

H nocne Hpoxo_:_eHHn _ByX mHpOKoanepTypHbIX BpeMHHpOYleTHt)IX

_leTeKTOpOB C TOHKHMH (30 +40 MKr/CM 8) IIYIeHKaMH HMIIYlaHTHpOBa-

nHCb B FIOYlyHpOBO_IHHKOBbI_I _leTeKTop, H3FOTOBYleHHI_II_ MeTO_OM

nnaHapHofi TeXHOnOrHH, o6mefi rLrIOLIIa_bIO 35 CM 2, paa_IeneHHbifi

Ha 8 He3aBHCHMbIXnonoc. 9_eZ<THBHOCTb cenapatlHn Z_u_ npojlyXTOS
(xn)-KaHana peaKUHH HaMep_nacb 3KcnepHMenTanbHO B peaxuHnx
22Ne + 197Au , nat. W H paBHmUacb (2,9 +0,2) %. C HcnonbaOBaHHeM ox-
na_lesn_ ;.o 265 K 3HepreTHqecKoe paapemeHHe _IeTeKTOpOB 6btno
He xy_<e 25 KaB _InA a-_acTnU c 3HeprHefi 7+ 9 MoB. _lnA HaMepeHHa

5bmTp_,_X (T1/2 < 50 MXC) nocnejIoBaTenbHhUX a-pacna_IoB npHMeH_-
nach CHCTeMa H3 _IByX AIIH. 3HatleHHA 3Heprnn a-pacna_IoB aria Ha-
BeETHSIX HyKYIH_OB 6panHcb H3 pa6oTm ,'3,/.

_} KC IIepI4 M eHTaYlbHbI e pe3y_IbTaTbI

I/I_leHTH_HKaIII4J_ HyKYIHJIOB HpOBO_IHsIaCb MeTO/IOM a- a -Koppe-
YIHI/j,II_I (CM., HanpHMep, /4/). I-IonyqeHHoe 3HaqeHHe 3HeprHH a-pac-

nasa _In_ 227Np xopomo COBnajIaeT c pe3yn_-TaTaMH HamHx HepBbIX

3KCHepHMeHTOB HO H_IeHTHCl_HKaIIHH _27Np , H3YIO_KeI-IHbIMH B paSo-

' Te/5/. H3OTOH 227Np I_eHTH_HIIHpOBaH no xopomo BI_I_e.TIeI-IHI_IM

Koppenmlm_M a-nHHHH C 3Heprne_ Ea (M) - (7680+_20) x_B, c a-
, JIHHH_IMH _IoqepHHX npoZIyKTOB" 223pa, 219Ac H _5 lvr. Ha pHcyHKe

N 30_ 'd
227

Np

20
223

Pa

_ 219 215 219 215
10 Ac Fr Ac + Fr

050!1 ,,,..ii,,.;,, ,,,.,8500 9000 9500 ..... fd,,,oo ,i
3Heprma, x_B
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npHBejIeH peay$IbTaT KoppenHtImOHHOrO aHanHaa _IylHMaTepHHCHOrO A_I-

pa 227Np BO BpeMeHHOM OKHe 0- 25 MC. OSmee qHcno 3apeFHcTpH-

pOBaHHbIX a-pacnaJIoB, npI4nHCaHHbIX 227Np , npH _lByX 3HaqeHH_X
3HepFHH rlyqKa, COCTaBHIIO120 CO6blTHI4, H3 HHX- 70 CO6BITHIYl npH
E (2aNe) = (109 + 1) M3B Ha MHmeHH. I'[epHo_l nonypacna_Ia ]IoqepHHX

a-aKTHBHOCTe_I T1/2 =5 2 1 MC xopomo coBnajIaeT c H3BeCTHBIM ZI_IH
223Pa. HMnynbcbI, _IMemmHe 3neprHm B _iHana3one 17- 18 M3B,

MbI HHTepnpeTHpyeM KaK pe3ynbTaT nonnoro Hnn YaCTHqnoro CyMMH-

pOBaHHH /IoqepHHX npo_IyKTOB" 219Ac H 215 Fr .
H3oTon 226Np 6bin nonyqen B peaxtlHn 22Ne+209Bi npH

E(22Ne) =(121+_ I)M3B Ha MI4menI4 I4 HjIeHTH(_HIIHpOBaH HO KoppenA-

I/HHM C H3BeCTHbIM _IoqepHnM npo_IyKTOM -- 2t4Fr ( E a =8,42 M3B,

T1/2 =5,0 MC). O6Hapy>KeHbX aBe a-nHHHH C 3Hepr_M,4 E al =
= (8000 +20) K3B I4 E a2 = (8060 + 20) K3B, ABnAmmHecA MaTepI4HC- I
KnMH B uenoyKe a-pacna_loB, npnBo_umx x aoqepHeMy n_py 2t4Fr"

t O6mee qHCnO xoppenAuHfi COCTaBn_eT _JIA Eat(M)=(8000+20) K3B

E a (D) =8420 K3B II CO6bITH_I H _rIH Ea2(M)=(8060+20) K3B --
E (D) = 8420 K3B TaK>Ke 11 CO6bITH_. HepHo_ nonypacna_la _nAa
3THX xoppen_uHfi, H3MepeHHbI_ MeTOJIOM a-a-KoppenAm4f4, paBeH

TI/2 = 8 +4 MC n HaxoaHTCn B cornacHn c CyMMO_ HepHo_IOB nony-
-2 218 2t4Fr ). TaKHM 06-pacna_la ]loqepHHX I]po_,yKTOB (222Pa + Ac +

pa3oM, 3TH xoppenmmH MOryT 6bIW_, npHnHcaHbI pacnaay H3OTO-
na 226Np Hero aoqepHnx npoayXTOB. KpoMe 3woro, 3aperHcwpHpOBa-

' m,_ Koppen_UHH c nepHo_loM nonypacna_la T_ /2 - 2,5+3- --1,5 MC MaTe-

pHHCKI4X a-nHHH_ a 1 H a 2 C _oqepHHMH a-pacn.ajIaMH c _HeprHefi
, B aHanaaoHe 8,5 +18 M3B, KOWOpble MbI CBH3bIBaeM C HOYIHbIMHj'IHqa-

CTHqHBIM CyMMHpOBaHHeM HMHy/IbCOB OT a-pacnaaa _IoqepHHX Hpo-

_IyKTOB" 222pa H 2_8Ac.
1/13OTOH 226 Np 6bin HjIeHTH_HIIHpOBaH TaK>Ke B peaKIiHH

26ing + _05T1 npn aHeprm_ E ( 26 Mg)=(142 +1) MaB Ha Ml4meHI4.
MeTO_IOM a-a-xoppensuHfi 6bIn_4 nonyyeHbI _IaHHbIe, aHanorI4qHbIe

_laHHbIM _Ins peaxu_H 22Ne + 2°9Bi . O6mee qHCnO xoppensunfi

21 4Fr paBHO 2 CO6bITI4_M a2 - 214 Fr-- 3 CO6*,ITHSM.a 1 -
Tax KaK cpe_IHHI:l HHTepBa.rl Me>K_Iy rlpHXO/IOM n_Iep OT/IaqH B /Ie-

TeKTop B HaulHx 3KcHepHMeHTaX COCTaBflHYl --- 0,1 C H 6bUI cpaBHHM

C O>KI4IIaeMbIM nepno/IoM nonypacna_Ia _lnn 226,227Np (T 1/2 ( 226 Np) =

= 56 MC H T1/_( _27Np)= 2 c/6/ ), TO MbI He npoBo_IHnH HaMepem4.q
nepHo_oB nonypacna_la _n_ 3THX H3OTOHOB. ,"

B Ta6nHtle HpHBe_IeHbI 3HaqeHHH Qa-BeJIHHHH _IYIH H3OTOHOB

226'2_7Np B cpaBHeHHH C _IaHHb_MH CHCTeMaTHK' 6,8/ n Ta6nHU
Mace/7,9/ .
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Ta6.autla

_'_ Qa -BennqHHbI, Ma B

Yl;apo , / [8 / /9 /HamH /6 / ,/7

peaynbTaTbI

226N p 8,15 + 0,02 7,91 8,17 8,35 7,92
8,20 + 0,02

227Np 7,82+ 0,02 7,46 7,78 7,95 7,36

HonepeqHbm ceqeHHH o6paaOBaHH_I COCTaBn_nOT (70 +-40) H6 npH

aneprnn E (22Ne)=(121+ 1) MaB _lna 226NP H (0,3+0,15) MK6 _[IJ-IH

227Np rrpH aneprHn E(22Ne)-(109 +1) MaB.
Hocne noarOTOBKH 3woro MaTepnazia K neqaTH MbX nony-

qHnH coo6mesHe /10/i qTO B peaKum_ 209Bi + 22 Ne npn ENe =
= 121 MoB Ha6nm;ia_Hcb ;IBa a-HanyuaTe_ c E a = (8044+_20) KaB,

T1/2 = 31 +_8 MCH Ea = (7680 +_20) K3B, T1/2 =(510 +-60) MC. _)TH
a-aKTHBHOCTn 6birth npHm4caHbx a-pacna_IaM 226Np H 227Np , COOT-

BeTCTBeHHO.
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ie COCTOHHHH, BO BCeX BapHaHTaX Mo]IeYIH ynpyroro
j"

CBH3bIBaIOTCFI C Bo36y>K_eHHeM TOpOH,_aJIBHOFO HOYlA

" Kone6aHnfi. Cy_ no HMeIOUlHMCA 3KcHepHMeHTaYlbHbIM

MHKpOCKONHqeCKOMy ananH3y, _aHHOMy _JIFI 2--pe3onaH-

OT MeXaHH3M ABYlAeTCFI HpaBHYlbHblM.


