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ABTOMOnEnbHOCTbPACnPEnEnEHHA 
llPOTOHHbiX KnACTEPOB 
B OBnACTH llEPBOA nPOME)I(YTQqHoA ACHMllTOTHKH 

A.O.Ke11e1111H*, B.A.IDax6a:31m 

IIpHBe~eH&I JKcnepHMeHTaJibHbie peJyn&TaT&I, no~TBep>J<AaiOIUHe 

npHMeHHMOCTb npHHI.UIUa aBTOMO~en&HOCTH BTOporo po~a M JI OUHCa­
HHJI pacnpe~eneHHif npoTOHHbiX Knacrepoa HJ nC- H ,-0-&JaHMoneii­
cTBHif no penJITHBHCTCKH·HHBapHaHTHOH BenH'DIHe ball . onyqeHO 
JHa'leHHe n ::: 4 MJI UOKa3aTenJI CTeneHHOH <i>fHKI.I.HH, OUHCbiBaiOIUeii 
JKcnepHMeHTaJibHbie pacnpe~eneHHJI B o6naCTH nepaoii npoMe:liC)'TO'I­
Hoii acHMnTOTHKH (ban >> 0,01). 1IoKa3aHO, 'ITO JHa'leHHe JToro na­
paMeTpa He 3aBHCHT OT &enH'DIHbl bk B ofinaCTH bk < 0,05 H He 3aBH· 
CHT OT THna BJaHMO~eHCTBHH. 

Pa6oTa BbiUOnHeHa B na6opuopHH BbiCOKHX JHeprHH OH.RH. 

Automodelity of Proton Cluster Distributions 
in the Range of the First Intermediate Asymptotics 

A.O.Kechechian, B.A.Shahbazian 

Experimental results on proton cluster distributions over the relati­
vistically-invariant quantity b011 from nC· and ,.-c.interacti ns con­
firm the applicability of the automodelity principle of the second 
kind to our case. It was shown that in the range of the first interme­
diate asymptotics (ban » 0.01) these distributions can be well fitted 
by an exponential function at the exponent value n • 4. This value 
does not depend on bk for bk < 0.05 both for nC- and .. -c-interac­
tions. 

The investigation has been performed at the Laboratory f High 
Energies, JINR. 

,lln.11 H3y'leHH.II MHO)I(ecTBeHHoro po)l(,neHH.II &,ApoHOB B peJJJITH· 

BHCTCKHX .~~,nepHbiX B3aHM_s>f_!HCJBH.IIX ycneWHO npHMeH.IIeTC.II MeTO,n, 
Dpe.D.JlO)I(eHHbiH B pa6oTax S . 3ToT MeTO,n OCHOBaH Ha npHMeHeHHH 
npHHI.Uma asToMo,nenbHOCTH BToporo pona H npHHUHna ocna6neHH.II 

• Epeetmcrcuu fPU3U'Iecrcuu uHcruryr 
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KOppeJIHUHH ):(JIH pacnpe,neneHHH no peJIHTHBHCTCKH-HHBapHaHTHbiM 

6e3pa3MepHbiM nepeMeHHbiM 

b ik =- (Pi / mi - P k I m k) 
2 

= - ( u i u )2 k • 

r.ne Pi , P k - qeTbipexHMnyn&Chi, a mi, m k- Macchi qacTHU. Bnaro.napn 

TaKoMy no.nxo.ny 6hiJI o6Hapy)l(eH pn.n yHHBepcan&HbiX 3aKoHoMepHo­

cTeH ):(JIH n p oueCCOB C po)l():(eHHeM a,npoHHbiX CTpyH 
14 • i, g; H 6apHOH­

HbiX KJiacTep oa / &-S / . 

B ):(aHHOH pa6oTe npHBO):(HTCH 3KcnepHMeHTaJihHhie pe3yJI&TaTLI 

npHMOH npoBepKH npHMeHHMOCTH npHHUHna aBTOMO):(eJihHOCTH BTOpo­

ro pb,na B o 6JiaCTH nepBOH npoMe~TOqHOH aCHMnTOTHKH
12 '&I (b ik » 

» 0,01) ):(JIH OnHCaHHH MHO)I(eCTBeHHoro po)l():(eHHH npoTOHOB B a):(· 

poH-H,nepHbi X B3aHMO):(eHCTBHHX: 

n+C-+ n p+ p 

,- + C .... n p p + ••• 

(1) 
np > 2. 

(2) 

3Kcnep HMeHTaJihHbiH MaTepHaJI nonyqeH C nOMOI.UhiO nonyMeTpO­

BOH nponaHOBOH ny3b1phKOBOH KaMepbi nB3, o6nyqeHHOH nyqKaMH 

HeHTpoHOB c HMnyJihCOM 7 r3B/c H ,-_Me30HOB c HMnyJihCOM 4 r3B/c. 

,l:LrrH aHaJIH3a OT06paHbl B3aHMO):(eHCTBHH, B KOTOpbiX qHCJIO BTOpHq­

HbiX npOTOHOB c HMnyJihCOM OT 0,16 .no 0,8 r3B/c OOJihWe e):(HHHUbl. 

B 3TOM ~Mnyn&cHoM HHTepaane npoToHbi Ha):(e)I(Ho H.neHTH<l>HUHPYIOT­

cn B nponaHoBoH KaMepe. 

B pa6oTe HcnoJih3YIOTCH penHTHBHCTCKH-HHBapHaHTHhie nepeMeH-

Hhie: 

b II =-(u - V )2 a II a 
2 

H b k = - ( uk - Va ) , (3) 

r,ne U k - qeTbipeXCKOpOCTH BTOpHqHbiX npOTOHOB, U II - qeTblpeXCKO­

poCTh rvmweHH (n.npa yrnepo.na) , 

va 
na /»a 
l: ui/../[ l: ut]2. 

i=l 1=1 
(4) 

CyMMHpoB aHHe npoao,nHTCH no aceM npoToHaM H3 Bbl):(eJieHHOH rpyn­

nhi (na - ~CJIO npOTOHOB B rpynne). ABTOMO):(eJihHOCTh no nepeMeH­

HOH ban a o6nacTH nepaoif npoMe~ToqHoif acHMnTOTHKH MO)I(HO 3a­

DHCaTL B CJie,nyiOI.UeM BH):(e: 
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(5) 

AJIR ABYMepHLIX pacnpe,ll;eneuun u 

A 
-+ (6) 

AJIR O,ll;HOMepHbiX pacnpe,ll;eJieHHH. B 3THX COOTHOWeHHRX W , W 1 , W 2 -
cpynKUHH pacnpe,ll;eneuun, n - napaMeTp, npeACKa3LmaeMLIH Teopuen 
HJIH onpe,ll;eJIReMhiH H3 3KCnepuMeHTa. 

lb onpe,ll;eneuuH (3), (4) MO:>KHO nonytJHTb cne,!J;yiOI.I.(ee coorno­
weaue: 

D(l 

(2 +ban )(2n 4 + I bt) 
t = 1 

Da 

2 (2tia + I b t II ) • 
t = 1 

(7) 

rAe but =-(ut- un ) 2 ... 2(Etlmt -1). 
B npe,ll;hl,ll;yi.I.(Hx pa6oTax / 8-8/ naKna,!J;Lmanucb orpaHHtJeHHR ua 

HMnYnbChi npoTonoa, BXOARli.(HX B rpynnLI. O,!J;HaKo, KaK BH,ll;Ho H3 
COOTHOWeHHR (7), 3TO MO)I(eT HCKa3HTb KaK BH,ll; CaMHX pacnpe,ll;ene­
HHH no bit, TaK u cpe,ll;Hne 3HatJeHHR <bit>. ,AnR unniOcTpaUHH 3Toro 
ymep)I(,D,eHHR ua puc. 1 npuae,ll;eno ABYMepuoe pacnpe,ll;eneHHe no 

ban u bt AJIR rpynn H3 
ABYX npoTonoa H3 nC-a3au­
MO,ll;encTBHH. llpuqeM OT06-
p8Hb1 npoTOHbl C HMnynLca-
MH B HHTepaane (0,3+ 
+0,8) r3B/c, 'ITO COOTBeT- 0,.( 
CTByeT B npocrpaucme t~e­

TbipexcKopocTen HHTepaa- bK 
ny AJIR bk II (0,1 + 0,63) . 
Ha 3TOM )l(e pucynKe npu- 0,2 

Puc. I . PacnpedeneHue deyxnpo­

TOHHblX KO.M6UHQijUU U3 nC -
63a.u.MOdeUCT6UU no 6etiU'IUHa.M 0,0 
ba II u bt u zpaHUijbl U3.MeHe- 0, 
HUJI 3TUX 6etiU'lUH. 

nC (71"38/c) 
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Be.n;eHbl rpa.HHllbl 06JiaCTH H3MeHeHHR 3THX BeJIHttHH, COOTBeTCTBYIOI.UHe 

orpa.HHtteHHRM Ha bk II (0,1- HH)IQJRR KpHBaR, 0,63- BepXHRR KpH­

BaR) . 3TH K p HBble COOTBeTCTBYIOT BblpiDKeHHIO 

bk == [(4 + 2bkii) / (2+ball)]-2, 

KOTOpoe non ytteHO H3 ypaaHeHHR (7) npH Da == 2. KaK BH.n;HO H3 3TO­

ro pHCYHKa, npH HHTerpHpoBa.HHH no nepeMeHHOH bk .n;JIR noJiytteHHR 

o.n;HoMepHor o pacnpe.n;eneHHR no ball HY)IQJO yttHThmaTL rpa.HHUbi 

o6JiaCTH HHTerpHpOBa.HHR. B ,n;a.HHOH pa6oTe HCCJie.n;yiOTCR npRMO­

yrOJibHbie 0 6JiaCTH: 

a) bk < 0,01 

6) 0,01 < bk < 0,02 

B) 0,02 < bk < 0,03 (8) 
r) 0,03 < bk < 0,05 

.n;JIR nC-B3aHMo.n;e8CTBHH, 

bk < 0,05 

.n;JIR rr-C -B3aHMO.n;eHCTBHH H 

0,1 < ba 11 < 0,5 

( 
c._ I 8 I ) 6o ~ ~ Ou.aaCTb KJiaCTepH3ai.UiH .n;JIR 0 HX THnOB B3aHMo.n;eHCTBHH. 

3TH o6nacTH y.n;aneHhi oT rpaunu H no3TOMY pacnpe.n;eneHHR no ban He 

HCKIDKeHbl. 

B H3y ttaeMblX B3aHMo.n;eHCTBHRX MHO)I(eCTBeHHOCTb BTOpHttHbiX 

npoTOHOB .n;ocTHraeT weCTH. O.n;HaKo He ace npoTOHhi H3 .n;aHHoro B3a­

HMo.n;e8cTBHR MoryT o6pa30BaTb KJiaCTep. no3TOMY, BO H36e)l(aHHe 

noTepb, B aHaJIH3 BKJIIOtteHbl BCe B03MO)K}Jble KOM6HHlllUIH no 2,3, .. . , n 
. ~ p 

npOTOHOB H3 .n;a.HHOrO B3aHMO.n;eHCTBHR. 

nonytteHHble TaKHM o6pa30M pacnpe.n;eJieHHR no ban .n;JIR npoTO­

HOB H3 nC - H ,-(}B3aHMO.n;eHCTBHH npHBe.n;eHbl COOTBeTCTBeHHO Ha 

puc.2 u 3 . 3Kcnepn MeHTaJibHbie pacnpe.n;eneHHR annpoKCHMHpoBanHCb 

cpyHKUHeH BH.n;a A/ (ba II )
0 

cornacHo (6) . nonytteHHbie KpHBbie TaK­

)I(e npHBe.n;eHbl Ha pHC. 2 H 3. no.n;o6paHHbie 3HatteHHR napaMeTpa n H 

3HatteHHR x2 Ha ttncno cTeneHeli cao6o.n;hi (nee), nonytteHHhie B pe3YJIL­

TaTe annpoKCHMauHH, npHBe.n;eHbi B Ta6nuue. KaK BH.n;Ho H3 Ta6nHUhi, 

3HatteHHR n apaMeTpa D , B npe.n;enax OlllH60K, COBna.n;aiOT .n;JIR 060HX 

THnOB B3aHMo.n;eHCTBHH H .n;JIR BCeX HHTepBaJIOB no bk (8) H 6JIH3KH 
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10'~----------------~ 

nC (7faB/c) 

10 
•)•100 

<5)•10 
l 

a) 
10 -·+-----,..----,--...-1-r-T-r-rri 

0,1 0,3 0,5 baJ[ 

Puc. 3. PacnpedetleHue npoTOHHbiX 

K/IQCTepo6 U3 tr- C-e3aUModeiiCT8UU 

no 6etiUIIUHe ba II dJIJI bk < 0,05 
(TpeyZO/IbHUKU) U nodo6paHHaJI 

KPU6tlJf . 

Ta611U14a 

THn B31lHMO-

AeHCTBHH 

06nacTH a 6 

n 4,3 ± 0,2 4,2 ± 0,2 

,llncc 14,7/9 10,1/11 

Puc. 2. PacnpeiJet1eHUJ1 nporoHHblX K/lac­

repoe U3 nO -e3aUMOdeiiereuii no BetiU­

'IUHe ba II dJIJI pil311UIJHblX ofillacreii 

( ( 8), CM. TeKCT), U3MeHeHUJI 6etiU'IUHbl 

bk (rpeyZO/IbHUKU) U nodo6paHHble 

KpU8ble. 

10 I 

1r-c (4f3B/c) 
I 

.c ., 10 
......... z ., 
z 
......... l -

10 -·+---,..---,r-,..-'T"""1"""T"T"T"i 

0,1 0,3 0,5 
baJl 

nO ,-o 

B r 

4,2 ± 0,2 3,9 ± 0,1 4,3 ± 0,3 

12,1/10 10,9/12 5,3/7 

K n "" 4. HcxOAR H3 nomocuoro npu6nu)KeHHR paHee npeACKa3LIBa­
nocL181 WIR 3Toro napaMeTpa 3Haqeuue n ... 2. Pe3ynLT&Tbl annpo­

KCHMauHH CBHAeTenbCTByiOT 0 TOM, UO DOniOCHOe npH6JIH)KeHHe He­

npHMeHHMO WIR uccneAyeMou o6naCTH (8). B pa6oTe171 pHBeAeHo 
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3Ha'leHHe MH :noro napaMeTpa (4,3 ± 0,3), nonyqeHHoe H3 annpoK­
CHMa.QHH pacnpe,n;eneHH.R OTHOCHTeJibHbiX paCCTO.RHHH Me)l(,D;y KJiaCTe­
paMH H3 o6nacTH ¢lparMeHTa.UHH cuap.R,D;a H MHllleHH MH CC-B3aHMo­
,n;eiicTBHH. CnenoaaTeJibHO, MO)IQ{O c,n;enaTb npe,n;nono:>KeHHe o6 yuH­
aepcanbHOCTH 3Toro napaMeTpa. 

TaKHM o 6pa3oM, 3KcnepHMeHTaJibHO no,n;Taep)l(,D;euo caoHCTBO 
aBTOMo,n;enbHOCTH BToporo po,n;a no nepeMeHHOH ba 11 MH npoToH­
HhiX KJiaCTepoB, o6pa3yiOIUHXC.R B nC- H 1T-C-B3aHMO,D;eHCTBH.RX. llo­
Ka3aHO, 'ITO nepBa.R npoMe:>KyTO'IHa.R acHMnTOTHKa HaCTynaeT npH 
ba 11 > 0,1, To ecTb pacnpe,n;eneuH.R no ba II OnHChmaroTc.R CTeneu­
HOH 3aBHCHMOCTbiO (6) c napaMeTpoM n = 4, npH'IeM 3HaqeuHe 3Toro 
napaMeTpa He 3aBHCHT HH OT THna B3aHMO,D;eHCTBH.R, HH OT nepeMeH­
HOH bk npH bk < 0,05. 
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/(pn7CIIt coo6U4tHWI OHRH N-2{ 35} -89 
YAK 539.126.34 

JINR Rapid Communlcation1 No.2{ 35} -89 

INVESTIGATION OF ANOMALOUS PION PRODUCTION 
IN THE REACTION Cu(p, 1r+ )X BY 350 MeV PROTONS 

Yu.K.Akimov, M.I.Gostkin, I.I.Haysak, S.I.Merslyakov, 
A.G.Molokanov, K.O.Oganesyan, E.A.Pasyuk, S. Yu.Porokhovoy 

The narrow structure in the energy dependence of the charge pion 
yields generated by protons on the copper nucleus at 90° in the labora­
tory frame was investigated. A new upper limit of the structure width 
(FWHM) .1Tp ~ 5 MeV in the incident proton energy is obtained. 
For the first time the manifestation of the structure is observed at 
115 and 125° angles in the laboratory frame on the same nucleus. 

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

Hccn~oarume aHOMaJILHoro po)I()J;eHHR nHOHOB 
a peaKUHH Cu(p, 1r+) X npH 3HeprHH npoTouoa _350 M3B 

IO.K.AKHMOB HAP · 

lloATBeplK,!I,eHo HaJIH'IHe Y3KOH CTPYKTYPLI B :meprerH'IeCKOH 3a­
BHCHMOCTH BbiXO)J.a 3apJDKeHHbiX ITHOHOB , reHepHpOBaHHbiX IT poTOHa· 
MH Ha JI)J.pe ITO)], yrnoM 90° B na6oparopHOH CHCTeMe. llo1I}"'eHa HO· 
BaH BepXHJIJI rpaHHua WHpHHbl crpyKtypbl .1T p ~ 5 M38 ITO 3HeprHH 
ITa)J.aiOII.Iero ITporoHa. BITepBbie Ha6niOAeHo ITpOHBneHHe JTOH )Ke crpyK­
rypLI ITO)], yrnaMH 115 H 125° B na6oparopHOH CHCTeMe Ha TOM )Ke 
H)J.pe . 

Pa6ora BbffiOnHeHa B fla6oparopHH HAepHbiX ITpo6neM· Ol1JUI. 

In recent years the investigations of inelastic channels of inter­
mediate energy proton interactions (energies of the operating meson 
physics facilities) with nucleons and nuclei have aroused greater inte­
rest. For proton-nucleus interaction this energy region is f special 
interest, since collective phenomena, for example, formation of bound 
states of the isobar in the nucleus or dibaryonic states, can manifest 
themselves here. 

At the end of the 70s in the Laboratory of Nuclear Problems 
(JINR, Dubna) collaborating with INR (Moscow) the investlgation of 
1r-meson production process in proton-nucleus interactions began 1 1 1 

• 

Observation of anomaly in the energy dependence of charged pions 
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yield at 90° in collision of protons and copper nuclei' 2 1 was one of 
the interesting results. The anomaly consisted in dramatic changes in 
the shape of the inclusive spectrum of generated pions through enrich­
ment of the low energy part of the spectrum at the incident proton 
energy 350 MeV. In 1984 similar measurements in the experiment 
at the Saturne accelerator (Saclay) confirmed the existence of the 
narrow structure in incident proton energy 13 1

• 

For explanation of the observed anomaly the dibaryonic inter­
pretation seems very attractive. This mechanism was qualitatively consi­
dered in papers 1 2

-
5 1 

• There is another explanation based on the as­
sumption that creation of the bound delta-isobar in a nucleus causes 
additional low energy pions16 1

• To clear up the nature of the obser­
ved effect, it is necessary to continue experimental investigations. 

In 1987 new experiments began at the phasotron of LNP (Dubna). 
Here we report the first results. 

The experimental setup ' 7 1 consisted of a time-of-flight (TOF) 
spectrometer and a scintillation total absorption spectrometer. TOF, 
total energy and energy losses in TOF-system scintillation counters 
allow quite reliable identification of the type of outgoing charged 
particles (pions, protons, deuterons, ... ) and determination of their 
initial energy. The energy threshold value for the registration of pions 
was 20 MeV. The proton beam was c.haracterised by the energy spread 
~ T/T = 0.5 - 1.0%, the intensity J = 1011 - 109 s- 1 , the possibility 
of continuous variation of the proton energy from 50 to 650 MeV. 
For accurate determination of th~ proton beam energy and the energy 
spread ~other TOF:system with the intrinsic energy-resolution -180 ps 
was used. The TOF-system allowed us to control the beam energy 
characteristics and to optimise its resolution. 

Double differential cross sections of charged pion production on 
the copper nucleus were measured at the angles of 90,115 and 125°. At each 
angle the measurement was performed for six-eight proton energies 
(326, 344, 348, 352, 353, 361, 369 and 409 MeV). Particular atten­
tion was given to the measurement in the energy region corresponding 
to the earlier observed anomaly. 

The spectrum shape parameter of the generated pions is shown 
in Fig. 1 as a function of the incident proton energy. The parameter 
of spectrum shape is the yield ratio of lower energy pions to higher 
energy pions. In Fig. 1 the yield ratios of 20-60 MeV pions to 60-
100 MeV ones are presented. A distinct anomaly is observed near T = 

= 350 MeV confirming the earlier noticed phenomenon 11 , 2 '· From the 
presented results one can see that the structure width is ~5 MeV. 

To interpret this structure it is important to investigate its mani­
festation s at angles other than 90°. Fig. 2 shows the results of the si-
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Fig. 1. Yield ratios of law· energy pions 
(20 - 60 MeV) to high energy pions (60 -
100 MeV) 'versus the incident proton ener­
gy for the angle 9o0 in the laboratory fra­
me. The solid line fits all points except 
that at Tp = 348 MeV by a power func ­

tion. 

f "-125° 
5.0 0-115° 

,......, 
0 4.0 

:J 

0 

'-" 

0::: 3.0 

Fig. 2. The same as in fig. 1 for the 
angles 115 and 125°. The solid lines 
are to guide the eye. 

milar measurements at 115° and 
125° . As is seen the resonance­
like structure takes place at 
these angles too, though lower 
statistics . 

The main feature of observed effect is its narrowness in energy 
of incident protons. This fact allows the assumption that the effect is 
related . to the interaction of incident protons with the whole nucleus 
or with its part. In the case of nucleon-nucleon interaction the momen­
turrf' distribution of bound nucleons must lead to a structure width 
much larger than 5 MeV. If the momentum of the incident proton 
is transferred to the whole nucleus, the incident energy 350 MeV cor­
responds to the threshold production of the dibaryon with the mass 
2220 MeV. If a 350 MeV proton interacts with a single nucleon at rest, 
it corresponds to the dibaryon mass 2040 MeV. The maximum pion 
energy from the decay of this state is 25 MeV . So it is diffic It to obser­
ve the contribution of the pions to the spectrum when the setup has 
the 20 MeV cut of pion energy. 

The main argument in favour of the dibaryonic interpretation 
of the anomaly in question is its narrowness. It is necessary to search 
for it in all possible experiments. Since the dibaryonic effect is expected 
to be pmall, it is important to choose the optimum processes and kine­
matic ~onditions. 
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The process selected in this way has some advantages. One of them 
is caused by the predicted vanishing of the dibaryon resonance elasti­
city 1 8 , 

9 1 , which makes it preferable to search for their signal in the 
inelastic process of pion production. Another important factor is the 
use of the nuclear process. The nucleus can serve as a kind of filter 
to separate definite channels, dibaryonic in our case, and to suppress 
other ones. 

To understand this interesting phenomenon new experiments 
are necessary for other nuclei, for generated pions of different sign. 
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PEnHT.HB.HCTCK.HE IIOIIP ABK.H K YPOBHHM 3HEPrllli 
CnABOCBH3AHHbiX COCTOHH.H:A 
ME30MOnEKYn ddj.t 11 dt!l ' 

)l.)l.BaKanos, B . .H.Kopo6os 

Bl>lnoJIHeHbi pac'leTbi peiUITHBHCTCKHX CABHrOB H cuepxioHKoro 
pacmenneHHJI :mepFeTH'IeCKHX ypoBHeii c yqeToM :meKipoMarHHT­
Hoii CipyKyYpbi JIAep A1IJI CJia6ocBJI38HHbiX COCTOJIHHH (J = V = 1) 
Me3oMoneKyn ddj.t H dtj.t . B Bbi'IHcneHHJix HcnonL30BanHCb nonyqeH­
Hbie BapHaUHOHHbiM MeTOAOM npH6JIH)I(eHHbie BOJIHOBbie $ yHKUHH, 
KOIOpbie BOCllpoH3BOAJIT C norpeiiDIOCTbiO He 6onee 0,5 M3B TO'IHOe 
3Ha'leHHe HepenJITHBHCTCKOfO ypoBHJI 3HeprHH. IlpeACTaBneHHbie 
pe3ynbTaTbl Heo6xOAHMbl AJIJI HCCneAOBaHHJI B03HHK81011.\HX B MIOOH· 
HOM KaT8JIH3e , npo~eccoB o6pa30BaHHJI Me3oMoneKyn. 

Pa6on BbmoJIHeHa B na6opaiOpHH Bbi'IHCJIHTenbHOH TeXHHKH H 
aBTOMaTH38UHH OIUJH:. 

Relativistic Corrections to Energy Levels of Weakly 
Bound States of Mesic Molecules ddj.t and dtj.t 

D.D.Bakalov, V.I.Korobov 

Relativistic shift and hyperfme splitting of the energy levels have 
been calculated with the account of the electromagnetic structure of 
the nuclei for weakly bound states (J = v = 1) of mesic moleculesddj.t 
and dtj.t . There were used the obtained by variational method appro­
ximate wave functions which reproduce exact nonrelativistic energy 
level with no more error than 0.5 meV. The performed results are neces­
sary for the investigation of the mesic molecule formation processes 
arised in muon catalysed fusion. 

The investigation has been performed at the Laboratory of Comput­
ing Techniques and Automation, JINR. 

PeaoHaHCHbiH MexaHH3M o6pa30BaHHR Me30Moneeyn 11epea cna-
6ocB.fi38.HHbie COCTO.IIHHR HHTeHCHBHO HCCJie.n;yeTC.fl B UOCJie,IJ;Hee Bpe­
M.fl I l / , )lJI.fl npaBHJlbHOrO onpe.n;eJieHH.fl TeMnepaTypHOH 3aBHCHMOCTH 
CKOpOCTH npoTeKaiOI.QeH peaKUHH Heo6XO,II;HMO 3HaTb ypOBHH 3HeprHH 
y'laCTBYIOI.QHX B HeH KBaHTOBblX CHCTeM C TO'IHOCTbiO ,II;O 1 M3B. 

B 12-4/ 6bmH nony'leHLI npeuHaHOHHbie aHa'leHHR HepenRTHBHCT­
CKHX ypOBHeH 3HeprHH CJia6oCB.fi38.HHbiX COCTO.IIHHH Me30MOJieKynddj.t 
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H dtll . O,nHaKo c,nsHrH yposHeH:, o6ycnoBJieHHbie TllKHMH 3<l><l>eKTaMH, 

xax noJIHpH3a l.UUI saxyyMa, 3JieKTpOMarHHTHaR CTPYKTYPa qacTHu, 

csepxTOHKaR CTPYKTYpa Monexyn, HMeiOT BeJIH1JHHY nopn.nxa Hecxonb· 

KHX ,JJ;eCRTKOB M3B, D03TOMY YlJeT 3THX 3<J><J>eKTOB Heo6XO,JJ;HM ,JJ;Jlll 

· KoppeKTHoro OnHCaHHR npouecca o6pa30BaHHR Me30Monexyn. 

)lo HaCTOJII.Uero BpeMeHH peJIHTHBHCTCKHe nonpasKH K ypOBHRM 

3HeprHH CJia6 0CBJI3aHHbiX COCTOJIHHH Me30MOJieKyJI Bbi1JHCJIHJIHCb 

TOJI&Ko B p aMKax a,nua6aTH1Jecxoro no.nxo.na 
151 . B ,naHHOH pa6oTe 

npe,JJ;CTllBJieHbl paC1JeTbi, HCDOJib3YIOI.UHe npH6JIH)KeHHbie BOJIHOBbie 

<J>yHKUHH, DOJIY1JeHHbie BapHaUHOHHbiM MeTO,JJ;OM/
2
/. 3TH npH6JIH)KeH· 

Hble peUJeHHR C BbiCOKOH T01JHOCTbiO (~ 0,5 M3B) BOCnpOH3BO,JJ;JIT 

HcTmiHoe 3Ha1JeHHe 3HeprHH. 

1. llO C TaHOBKa 3a,JJ;a1JH 

H MeTO,JJ; Bbi1JHCJieHHJI 

)lJIJI ODHCaHHR B3aHMO,JJ;eHCTBHR 1JaCTHU B Me30MOJieKyJie HCDOJib· 

30BaJICJI KBa3HpeJIJITHBHCTCKHH raMHJibTOHHaH, paCCMOTpeHHbiH B pa-

6oTe 
181 . OH npe.ncrasJIHeTCR s BH,JJ;e cyMMbi 

H "'H(O) + H ( l)' (1) 

COCTORI.UeH H3 HepeJIHTHBHCTCKOH H(O) H C06CTBeHHO peJIRTHBHCTCKOH 

H(l) qacreH:. HepenRTHBHCTCKHH 1JJietl pa3JIO)KeHHR (1) HMeeT sH.n 

. 2 
(0) PI 

H "'I. 
2m

1 

+ I. u<o> 
lj IJ ' 

(0) 2 (FSZ) (FSZ) 
r.ne UIJ "' z, z J e /r ij + u,j , u onpe,neJilleT nonpasKy Ha 

KOHE!l!HYIO 3JieKTpoMarHHTHYIO CTPYKTYPY HeT01JE!l!HbiX 1JaCTHQ. tineH 

H< 1> H3 (1 ) onHcbmaeT 3<l><l>eKTbi nopn.nxa O(c2 ) so B3aHMo,neH:­

CTBHH 1JilCTHQ. OH BKJIJ01JaeT B ce611 B3aHMo,neH:cTBHe BpeH:Ta c ylleTOM 

KOHe1JHbiX p a3MepoB 1JaCTHU H B3aHMO,JJ;eHCTBHe C 3JieKTpOH·D03HTpOH· 

HbiM noneM - noJIHpH3aUHIO saxyyMa. 

PenRTHBHCTCKoe ypasHeHHe III pe.nHHrepa pernano.c& B nepsoM no­

PMKe Teop HH B03MymeHHH no c- 2• B Ka1JecTBe Hynesoro npH6JIH)Ke­

HHR paCCMaTpHBaJICJI HepeJIHTHBHCTCKHH raMHJibTOHHaH C 1JHCTO KyJIO· 

HOBCKHM B 3 aHMO,JJ;eHCTBHeM. llpH6JIH)KeHHbie perneHHR HepeJIRTHBHCT­

CKOrO ypaBHeHHR III pe,nHHrepa, ODHCbiBaiOI.UHe CJia60CBJI3aHHble COCTO· 

JIHHR Me30M OJieKyJI, DOJiy1JeHbi B/2/ BapHaQHOHHbiM MeTO,JJ;OM C HC· 

DOJib30BaHHeM 1286 onopHbiX <I>YHKUHH ,JJ;JIH dd~o~ H 2084 onopHbiX 
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<l>YHKUHH wm dfl.t . B npe,n;crasJIReMbiX HIDKe pacqerax OHH 6paJIHCb B 

KaqecTBe peWeHHH HeB03MyiUeHHOH 3a,n;aqu. 

11HTerpaJibi1 OnHCbiBaJOIUHe nonpaBKH B nepBOM nopR~Ke TeOpHH 

B03MYIUeHHH, OUeHHBaJIHCb C nOMOIUblO KBa.n;pazypHbiX <l>opMyJI !7 I. 

}laHHbiH no~O~ n03BOJIReT paccqHTbiBaTb O~HOBpeMeHHO HeCKOJibKO 

HHTerpanOB, a BpeMR cqera 3aBHCHT OT qucna onopHbiX <l>YHKUHH H OT 

Konuqeyrsa HHTerpanos nHHeHuo. Bcne~cTsne cKa3aHHoro qucneHHoe 

HHTerpHpOBaHHe ~aeT B03MO:lKHOCTb MHOrOKpaTHO C3KOHOMHTb BpeMR 

cqera no cpasHeHHJO c TOqHbiM HHTerpuposauneM. Jlna cpasHeHHR, 

speMR, 3aTpaqeHHoe Ha BhNHcneHue scex penRTHBHCTCKHX HHTerpanos, 

onnchiBaJOIUHX-HOnpaBKH K ypoBHJO 3Hepruu Me3oMoneKYJibl dt~t , co­

crasnaer 10% OT speMeHn, Heo6xo~HMoro Ha nonyqeHne MaTPuqHbiX 

3JieMeHTOB HepeJIRTHBHCTCKOrO raMHJibTOHHaHa ~JIR onop HbiX <l>YHK· 

unii sapuaunoHHoro Mero~a. 

napanJieJibHO c BbNHCJieHHeM HHTerpanoB ~JIR PeJIRTHBHCTCKHX 

nonpaBOK OUeHHBaJIHCb HHTerpanbi OT <l>YHKUHH /c/J(•)/ 2 , / c/J(•)/2
/rlj, 

i, j = 1,2,,3, i ~j ,-r~e c/1(•) - HCnOJib3yeMOe npH6JIH:lKeHHe K.BOJIHO· 

soii <l>YHKUHH. Toquoe 3HaqeHne nepsoro HHTerpana pasHo e~HHnue, 

a TPH nocne~ux coCTaBJIRJOT cpe~Hee no noTeHUHaJibHOH 3HeprHH KY· 

noHoscKoii cnCTeMbi, u no TeopeMe supuana non'yqeuHoe cpe~ee pas­

HO y~oeHHOMY 3HaqeHHlO 3HeprHH CHCTeMbi. YK83aHHbi BeJIHqHHbi 

nocne qHCJieHHOrO HHTerp~BaHHR BOCCTaHaBJIHBaJIHCb C OTHOCHTeJib· 

HOM norpewHOCTblO - 10 . 31-u pacqerbi noKa3biBaJOT, q"f.O 3HaqeHHR 

peJIRTHBHCTCKHX nonpaBOK, paccqHTaHHble C nOMOIUblO K~paTypHbiX 

<l>opMyJII7I, HMelOT OWH6KY He 6onee 0,1 M3B. 

HaKoHeu, wm BbNHCJieHHR nonpaBKH Ha eaKyyMHYJO nonRpH3a­

UHlO ucnom3oeanca noTeHuuan IOnHHra 181 : 

2 
e oo 1 1 2 112 -« u: 

a f(-+-)(x-1) e dx, 
77f 2 4 

1 x 2x 

(Yp) 
U (r) 

2 

3 

onucbiBaJOIUHH B3auMo~eiicTsne c ToqHOCTblO O(c-2). I13BeCTHO, q"f.O 

HHTerpan, CTORIUHH B npaBOH qacTH, He BbipR)I(aeTCR B 3JieMeHTapHbiX 

<l>YHKUHRX. B 191 npe~JIO:lKeHa annpoKcHMaUHR 3Toro HHTerpana, 

y~o6Haa ~JIR peanH3auHH Ha BhNHCJIHTemHoH MawnHe B e~e no~­

nporpaMMbi. 31-o no3BOJIHJIO BbNHCJIRTb nonpaBKY Ha noJIRpH3aUHJO 

B8KyyMa aHaJIOruquo TOMy, KaK BbNHCJUIJIHCb ~pyrue peJIRTHBHCT· 

cKHe nonpaBKH. 

2. P e 3 y n b T a T hi 

Pe3yJILTaTbl pacqeros peiDITHBHCTCKHX nonpasoK wm cna6ocsa-

3aHHbiX COCTORHHH Me30MOJieKyJI ddj.t H dtiL npe~CTaBJieHbi B Ta6n.l. 
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Ta6nuijll I. PetiR7UBUCTCKue nonpaaKu K ypoBIUI.M 3Hepzuu Me3o.Mone­

KYII ddfl ll d~ ( B .M3B) 

3nepriD1 HOHH31mHH 
(uepenRTHBHCTCKaR) 

llonnpH3~miDI BaKyyMa 

3neKYpOMarHHTHaRCTpyKTypa 
nnep 

PennTHBHCTCKHH cnaHr 

ddll dt,L 

Bapmu.~. AAHa6. BapHaQ. AnHa6. 
pac'leT pacqet 51pac'leT pac11eT1 51 

-1975,0 -660,2 

+8,7 +9,8 +16,6 +7,3 

-1,5 -1,6 +13,3 +14,6 

+1,4 +1,5 +0,1 +0,8 

Ta6nuqa 2. CaepxroHKQJI CTfJyKrypa ypoaHeu 3Hepzuu ocHOBHbZX co­

CTORHuu .Me300TO.MOB djl U ~ ( B .M3B) 

llapa-COCTORHHe OpTo-cocTORHHe 

dll -32,3 (F = 1/2) +16,2(F= 3/2) 

r.,.t -178,9 (F= 0) +59,3(F= 1) 

3necL :>Ke npHBOnRTCR pe3ynLTaTbl paC'IeTOB I &I , HCllOnL3YJOI.QHX anHa-
6aTH'IeCKOe npH6nH:>KeuHe aonuoaoif cpynKQHH. B rpacpe "PennTHBHCT­
CKHH c,tiaHr" CTORT aenH'IHHhi, onpenennJOI.QHe 'IHCTO pennTHBHCT­
CKoe CMeiQeHHe B Me30MOneKyne 6e3 yqeya B3aHMoneHCTBIDI C :meKT­
pOH-ll03HTpOHHhlM noneM H :meKTpoMarHHTHOH cTpyKTyphi nnep. 
113 Ta6nHULI BHnHO, 'ITO HaH60nhlllHH BKnan B CMeiQeHHe ypoBHR naeT 
nonpaaKa ua nonnpH3ImHJO BaKyyMa. BMecTe c TeM uaH6onLlllee pac­
xo:>KneuHe B 3Ha'leHIDIX aapHaQHonuoro H anHa6aTH'IecKoro pac'leTOB 
HMeeTCR HMeHHO B 3TOM 'lneue. 06'bRCHeHHe Mbl BHAHM B TOM, 'ITO 
CMeiQeHHe y poBHeH 3HeprHH nnn Me30aTOMa H Me30MOneKynhi, CBR-

3aHHOe c nonRpH3aQHeH aaKyyMa, ua nopRnoK npeahilllaeT cMemenHe, 
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Ta611U/4ll 3. CeepxTOHKQJI crpyKrypa Clla6oce.113aHHozo cocroJIHUJI 

J = v = 1 Me30MO/IeKyllbl ddl! , L\ E~~~l (e. M3B) U a.MilJIUTyObl 

8ep0.11THOCTU f3s 'I, 

dd~t (J = v = 1) 

s BapHan. 
pac11er 

Awm6. 
pac1leT151 {31121 f3s; 2 1 

1/2 1 1/2 -15,9 -15,9 0,9999 -0,0161 
1/2 1 3/2 -16,1 -16,1 0,9999 -0,0114 
3/2 1 1/2 7,6 7,7 0,0161 0,9999 
3/2 1 3/2 7,9 7,9 0,0114 0;9999 
3/2 1 5/2 8,2 8,2 0 1 

Ta611U/4ll 4. CeepXTOHKQJI CT{JyKrypa Clla60CBJI3QHHOZO COCTO.RHUJI 

J=v=l 6. HFS ( B M3B) u a.MTIIIUTy-Me30MOIIeKyllbl dl.!l ' EJvjSI 
obz eepo.11mocTu {3

8
,
1

, 

dtiL 

s I 
BapHaQ. MHa6. 

f3o, 11 2 f31,1/2 f31,3 / 2 f32,S / 2 pac11eT pac11e/
51 

0 1/2 1 +40,8 +40,8 0,9954 -0,0657 0,0453 -0,0525 
1 1/2 0 +44,5 +44,6 0 0,8288 -0,5596 0 
1 1/2 1 +43,9 +44,0 0,0841 0,8242 -0,5534 0,0855 
1 1/2 2 +44,3 +44,4 0 0,8308 -0,5565 -0,0073 
1 3/2 0 -142,1 -142,6 0 0,5596 0,8288 0 
1 3/2 1 -142,0 -142,4 -0,0011 0,5576 0,8301 -0,0023 
1 3/2 2 -142,1 -142,5 0 0,5565 0,8309 -0,0012 
2 3/2 1 +49,9 +50,2 0,0453 -0,0730 0,0518 0,9950 
2 3/2 2 +50,9 +51,1 0 0,0068 -0,0030 0,9999 
2 3/2 3 +50,6 +50,8 0 0 0 1 

onpeAeJIHeMoe OCTaJibHhiMH nonpa:aKaMH, H B pe3yJILTaTe B3aHMHOH 

aHHHI'HJIHUHH npH BhlllHTaHHH ypoBHeH Me30aTOMa H Me30M OJieKyJihl 

OHO 01leHb 1lYBCTBHTeJibHO K norpeWHOCTH Bhl1lHCJieHHH. 

B Ta6n. 2 npHBe,ZI;eHhi aenH1lHHhi L\EHFS, npe,ZI;cTa:aJIHIOI.UHe caepx-
u F 

TOHKOe pacmenneHHe ypOBHeH 3HeprHH OCHOBHhiX COCTOHHHH Me30aTO-
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,.._. 

MOB dl! H t~ /10/ . B Ta6JI. 3 H 4 npe.n;CTaBJieHhl 3HaqeHHR CllHHOBhiX 00-

IIpaBOK ~ J~~l K ypOBHHM 3HeprHH Me30MOJieKyJI dd~! H dt~! ( CBepx­
TOHKaH CTPYKTYPa) . 0THocHTeJILHO KBaHTOBhiX queen, onpe.n;eJIHromux 
COCTOHHHe CHCTeMhl /JvjSI > , c.n;eJiaeM Heo6XO.D;HMhie DOHCHeHHR. 
qHCJia J (KBaHTOBOe qnCJIO DOJIHOrO op6HTaJibHOrO MOMeHTa) H V 

(BH6pauHOHHOe KBaHTOBOe qncJIO) ODHChiBaJOT COCTOHHHe HepeJIHTH­
BHCTCKOH cncTeMhi 6eccitHHOBhiX qacmu. KaaHTOBhie qucna I ~ S !}T­
aeqaroT onepaTopaM cyMMapHoro citHHa a.n;ep u MOJieKyJihi (1 =Sa +8 b, 
-+ -+ -+ 
S = I + SIL ) • HaKoHeu, BOJIHOBhie ¢lyHKQHH, HHBapHaHTHhi.$! «?.THO_fH-
TeJILHo onepaTopa nonHoro yrnoaoro MoMeHTa cncTeMhi ( j = S + J ) , 
npe.n;cTaBJIHJOTCH KBaHTOBhiM qucnoM j . Ko3¢l¢lnuneHThi {381 , npHBe-

.n;eHHLie B Ta6JI. 3 H 4, ODpe.D;eJIHJOT COOTBeTCTBYJOIUHe ypOBHHM CBepx-
TOHKOrO pacmermeHHH COCTOHHIDI CHCTeMhi:

1 I Jvjt> = '£.{3 Sl /JvjSI> . 
3¢J¢leKTbl KOHequhiX pa3MepOB H.n;ep OKa3hWaJOT 3aMeTHOe BJIIDIHHe Ha 
3HaqeHHf1 DODpaBOK CBepXTOHKOH CTpyKzypbi I el H yqHThmaJOTCH B 
pacqeTax. 

ABTOpbl BhipiDKalOT 6Jiaro.n;apHOCTh n.M.lloHOMapeay 3a no.n;.n;ep)I(-
Ky a pa6oTe. · 

B pa6oTe 141 npHBo.n;nTcH (co cchiJIKo:H Ha qacrHoe coo6meHne) 
3HaqeHHe DOIIpaBKH Ha BaKyyMHYJO DOJIHpH3aQHlO 16,7 M3B, KOTopoe 
XOpOWO COrJiacyeTCH C COOTBeTCTBYJOIUHM pe3yJILTaTOM HallieH pafiOTbl. 

fln T epaTypa 

1. Fiorentini G., "Ponomarev L.I. - Muon Catalysed Fusion, 1987, 
v.1, p .3. 

2. Korobov V.I., Puzynin LV., Vinitsky S.l. - Phys. Lett. B, 1987, 
v.196, p.272. 

3. Alexander S.A., Monkhorst H.J.- Phys. Rev. A, 1988, v.38, p.26. 
4. Kami mura M.- Phys. Rev. A, 1988, v.38, p.621. 
5. Bakalov D.D. et al.- Phys. Lett. B, 1985, v.161, p.5. 
6. BaKaJIOB n.n. - llpenpHHT OM.RM P4-87 -616, ny6Ha, 1987. 
7. BaKaJIOB n.n. - Coo6meHne OM.RM 11-83-875, ny6Ha, 1983. 
8. Uehling E.A.- Phys. Rev., 1935, v.48, p.55. 
9. Fullerton L.W., Rinker C.A. - Phys. Rev. A, 1976, v.13, p.1283. 

10. Bakalov D.D.- Phys. Lett. B, 1980, v.93, p.265. 

PyKonncL nocTynuna 20 MapTa 1989 ro.n;a. 
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MHTEP<l>EPEHI.UHI OCHOBHbiX .[(HArP AMM OPER-MO.[(EJII1 
.[(JIR PEAKU1111 np -+ np1T+IT- IIPI13HEPri1RX 1 ~ 5 r3B 

A.n.HepycaJJHMOB, B.I1.Mopo3, A.fl.CTEm&Max, 
A.B.HHKHTHH, B.H.fleqeuos, IO.A.TpoRH 

l.fccnenyiOTCJI J<l><l>eKTbl HIITep<l>epeHUHH OCHOBHbiX nHJlrpaMM MQ­
Ae1IH peAlKHJOBaHHoro OAHOiniOHHoro o6MeHa (OPER) ATIJI peaKu;HH 
np ... np IT+ IT-. lloKaJaHo, 'ITO npH HMnyn&cax HaneTaiOmero Heih­
poHa HH)Ke 3 fJ8/c He06XOAHMO yqHTbiBaTb HHTepcl>epeHUHOHHbie J<l>· 
<l>eKTbi (BKnaA HHTep<l>epeHu;HH B pacc~TaHHoe no OPER-MoAenH ce­
'leHHe peaKUHH coCTaBMeT 23% npH P0 = 1,73 fJB/c). 

Pa6on Bblfi01UfeHa B naoopaTOpHH Bbi~C1UfTenbHOH TeXHHKH H aB· 
TOMaTHJau;HH Ol.fHI.f. 

The Interference of the Main Diagrams of OPER-Model 
for Reaction np -+ np IT+,- at Energies 1 ~ 5 GeV 

A.P.Ierusalimov eta!. 

The interference effects are studied for the main diagrams of reggeized 
11-exchange model (OPER) of the reaction np ... np IT+ rr-. It is 

shown that the interference effects must be taken into account t the 
incident momenta neutrons below 3 GeV /c . The contribution of the 
interference part is 23" at P0 = 1.73 GeV/c for the cross sec­
tion calculated by OPER-model. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 

. +-
PeaKUHR np ... nprr rr H3yqanac& HaMH npH HMnyn&cax uaneT8.10-

mero ueiiTpona P0 = 1,73; 2,23; 3,83 H 5,10 r3B/c. CeqeHHR peaKUHH 
npHB~eHhi B pa6oTe111 , a xapaKTepnhre pacnp~enenHR - r/ 21 . 

+ -.[(nR OIDfcaHHR pea.KUHH np -+ Dprr " 6bma Bh16paua MOAeJib 
p~30BaHHOf'O OAHODHOHHOf'O o6MeHa (OPER), KonuqeCTBeHHo 
xopowo ormchmaJOIUM pea.KUHH THna NN--. NNrrrr 151• OcHOBHhre AHa· 
rpaMMhl .t{nR 3TOf'O THOa peaKUHH HMeiOT BHA: N 

No~"~ 
- 1 
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MaTpH'IHbiH 3JJeMeHT TaKoH ,n;HarpaMMbi 3anHCbJaaeTcR cne,n;yiOmHM 

o6pa3oM: 

M 
NN-+ NNmr 

T F T . 
1TNO-+fT1Nl (t-~-t2) ITNT-+1T2N2 

(1) 

r,n;e T 17N - aMDJJHry,n;a ynpyroro "N-pacceRHHR BHe Maccoaoii noaepx­

HOCTH; F - 4>opM4>aKTOp, OnHCbJBaiOmHH 4>aKTOpH30BaHHyiO 3aBHCH­

MOCTb CXO,D;a C MaCCOBOH DOBepXHOCTH o6eHX aMDJJHry,n;; 1/ ( t -l)­
nponaraTop 7T-Me3oHa. 

B COOTBeTCTBHH C 3TOH MO,ll;eJJbiO OCHOBHOH BKJJa,ll; B peaKUHIO 

np-+ nprr+" - ,n;aroT TPH .n;HarpaMMbi: 

n .---_r::::.-
n j + 

i _n 
l .,.. .... 

~p 
I 

n~t 
"• ! 

{ .., .,.. .... , 
~p 

II 

p 

n~"-
o: 

" i + 

~: 
III 

06bi'IHO, KaK B OPER-Mo,n;eJJH, TaK H B 6oJJbWHHCTBe ,n;pyrHX 

MO,D;eJJeH O,ll;HODHOHHOrO o6MeHa, HHTep4>epeHUHeH Me)K,ll;y .n;Har,PaM· 

MaMH uPeHe6peraiOT H ee BKJJa,D; B Ce<leHHR peaKUHH H BJJHRHHe Ha 4>H· 

3H1lecKHe x apaKTepHCTHKH npoueccoa He Hccne,n;yiOTCR. HaM npe,n;cTaB­

JJReTCR HHTepecHbiM H3Y1lHTb 3Q>4>eKTbl HHTepq,epeHUHH ,ll;HarpaMM 

I-III OPER -Mo,n;eJJH ,ll;JJR peaKUHH np -+ np"+ ,-. 
MaTpHllHbiH 3JJeMeHT peaKUHH np -+ np11 + rr- MO)I(}IO 3anHcaTb B 

BH.n;e: 

M = M1 + M11 + Mill , (2) 

r,n;e M1 , M11 H M111 - MaTpHllHbie 3JJeMeHTbi, cooTaeTCTBYIOmHe ,n;Ha­

rpaMMaM I-III. Kaa,n;paT MaTpH'IHoro 3JJeMeHTa peaKUHH nocne Heo6-

xo,n;HMbiX npeo6pa30BaHHH DpHMeT BH,D;: 

2 I M I = F1 H 1 F1 + F11 H2Fn + FIII H3 F III + 

(3) 
+ F1 H 4 F II + F1 H6 F III + F II Ha F III , 

r,n;e F 
1
_ III - 4>opM4>aKTOpbi ,lJ;JJ1I cooTBeTCTBYIOmHX ,n;HarpaMM, a 

22 

____./ 



H 1- HeKoTop&Ie <PYHKUHH, onpe,u.eJI.aeM&Ie csouCTBaMH ,D.Hal'paMM 

1-lll. B <PopMyne (3) ~meH&I c nepsoro no TPeTHH oTBetJaiOT HeHHTep­

<PepeHUHOHHon qacTH MaTPHtJHoro 3JieMeHTa, a c tJeTBepTor o no rne­

CTOH - .RBJI.RIOTC.R proyn&TaTOM HHTeP<PepeHUHH paccMaTp HBaeM&IX 

,U.HarpaMM. 

HcCJie,u.oBaHHe pa3JIH'IH&IX THnos <PopM<PaKTopoB, npHM eHReM&Ix 

. B MO,U.eJI.RX O,U.HOnHOHHOrO o6MeHa, nOKa3aJIO, 'ITO nyqrnee OnHCaHHe 

3KCnepHMeHTaJibHbiX ,U.aHHbiX peaKUHH np -+ npiT +IT'- nonyqaeTC.R npH 

HCnOJib30BaHHH <PopM<ilaKTOpa, npe,[I.JIO)KeHHOrO B pa6oTe I 41 : 

(4) 

,llml no,u.6opa CB060,D.HbiX napaMeTpOB R H R.s! B COOTBeTCTBHH C 

llpHBe,U.eHHOH B pa6oTe
151 

MeTO,D.HKOH Bbi,D.eJieHa TaKa.R K HHeMaTH­

tJecKa.R o6naCT& peaKUHH np ... npiT+IT-, r,u.e BKna,u.&I ,u.pyrHX .U.HarpaMM 

( 06MeH noMepoHOM, O,D.H06apHOHHbiH o6MeH H ,D.p.·) , KpOMe ,U.HarpaMM 

1-111, npeHe6p~MO MaJibl. llo proyJI&TaTaM npoBe,U.eHHbiX pactJeTOB 

HaMH 6&IJIH Bbi6paHbl CJie,D.yiOII.Ufe 3HatJeHH.R napaMeTpOB: R = 4,0 r3B""2 

H R = -o,s r3B - 2. 

5 ······ ·· ···· D······ 
p · 

4 ~ 80 rS 
'-
t"l:) .. 

~3 ~ 60 
'<> ""' 
~ ..= 
(1)2 

.... 
0 ~0 

20 '\ 
' ' ' 

...._ ~ 

0 0 
- - -1)-_ ___ 

1,0 2,0 3,0 4,0 5,0 1,0 2.0 3,0 4.0 5,0 
Po (fi8;c) 

a 
Po (f3B;c) 

6 
+ -

Puc. J. C7 np -+ npiT +IT- - CerleHUe peaKijUU np -+ np 7T 7T , paCCIIUTtlHHOe 

no OPER-MoiJetlu (a). 0THOCUTetlbHble BKIIOObl 6 celleHue HeuHrep¢epeH UOHHOU u 

UHTepfPepeHijUOHHOU llQCTeU ·MaTpUilHOZO 3/U!MeHTQ peaKijUU np -+ np IT+ IT - . 

C11IIOUIHO.JI KpU60.JI - noiiHOe celleHue, rollellHO.JI KpUBO.JI - HeuHrep¢epeHijUOHHO.JI 

~CTb, nyHKTUp- UHTep¢epeHijUOHHO.JIIlQCTb (6) . 
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=--

Ha puc. 1a noKa3aHbi Be.TIWIHHbi ce•mHHH u np ... nptr+,- AJIH co­

OTBeTCTBYJOIUHX HMnyJILCOB HaJieTaJOIUHX HeHTpOHOB, BbltiHCJieHHbie 
no OPER-Mo,n,enu. Ha puc. 16 npHBe,ll,eHbi OTHOCHTeJILHbie Be.TIWIHHbi 
BKJia,li,OB HeHHTep<l>epeHQHOHHbiX (ToqKH) H HHTep!PepeHQHOHHbiX 
(nYHKTHp) qneHOB MaTpWIHOro 3JieMeHTa a u .. + .. - . BHAHO, qTo np-+ np.. .. 
npH HMnynLcax HaJieTaJOmero HeHTpOHa Bbiiiie 3 r3B/c BKJia,li,OM HH­
Tep!PepeHQHH MO)KHO npeHe6peqL. O,n,HaKo npH MeHhiiiHx HMnynL­
cax 3TOT BKJia,n, CTaHOBHTC.fi 3HaqHTe.TibHbiM (23% npH Po. 1,73 r3B/c) . 
OTMeTHM, qTQ npH Po = 5,10 r3B/c BKJia,ll, HHTep<PepeHQHH OTPHQaTe­
JieH H paaeH -(0,8:!:: 0,1)%. 

PaccMOTpHM, KaK BJIHHeT HHTep¢>epeHQH.fl .n.narpaMM I-III Ha 
HeKOTOpbie lPH3WieCKHe xapaKTepHCTHKH peaKQHH np-+ nptr-tr+ DpH 
MaJlbiX 3HeprHHX. 

Ha pHc. 2 npe,n,cTaaneHo TeopeTWiecKoe pacnpe.n.eneHHe 3lP<l>eK­
THBHhix Mace KOM6HHaQHH (ntr-) H (ptr+) npH P0 • 2,23 r3B/c. 
BHAHo, qTo HeHHTep<PepeHQHOHHaH H HHTep<l>epeHQHOHHaH qacTH pac­
npe,n,eneHHH M .. .,.. .. -+ HMeJOT o,n,HHaKoBhiH BHA. 3To MO)KeT 6LITL n .. , p .. 

o6'L.fiCHeHO TeM, qTQ BO BCeX Tpex ,li,HarpaMMax J-Ill ,li,OMHHHpyeT pO)K­
,n,eHHe !l 33-pe30HaHca. Ha puc. 3 noKa3aHO TeopeTHtlecKoe pacnpe.n.e­
neHHe no KBa,n,paTy nepe,n,aHHoro 4-HMDyJILca oT HaJieTaJOmero HeHTpo-

400 

-:- 300 
~ -~ 
C5. 
~ 
"g 
~ 200 

t::: 
~ 
"'IS 

100 
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1,08 1,18 1).8 1,38 

M~·.ll1l- (li81c') 

Ha K KOM6HHaQHH (ntr-) DpH 

p 0 = 2,23 r3B/c. MaKCHMyM HH­
Tep¢>epeHQHOHHOH qacTH B pacnpe­
,n,eJieHHH no t 0-+ Dll'- HaxO,n,HTC.fi 
npH -0,5 {r3B/c) 2, a HeHHTep­
<PepeHQHOHHOH qacTH - DpH 
-0,4 {r3B/c) 2 . 

BJIHHHHe HHTep<PepeHQHH HaH-
6onee 3aMeTHO B TeopeTHtlecKOM 
pacnpe.n.eneHHH no 3~eKTHBHLIM 
MaccaM ( n, p ) ·KOM6HHaQHH npH 

Puc. 2. PacrtpeOt!lleHue no 'J(JrfieKrue­
Hbi.M MQCCQM ( pll' +)- U ( D II'-)­

KOM6UH1114UU U1 peaKI4UU np ... nptr +IT -, 

pacc'IUTtlHHoe no OPER-MOOetlu npu 

p O = 2,23 F'JBfc. CNIOIWUVI KpU6aJI -
noiiHOe pacrtpeOetleHue, TO'Ie'IHaJI Kpu-

6aJI - 6KIIa0 HeUHTeprfJepeH14UOHHOU '10-

CTU, nyHKTUp - 6KIIQO UHTepr/JepeH!4UU. 



/50 

.... 
~ 
.,. 50 

0 0,5 1,0 a'.5 
-t o-n1r· (fil /c ) 

Puc. 4. Pacnpeoe~~eHue no JfjjffieKrue­
HblM MQCCQM ( n,p )-KOM6UHQijUU U3 

peaKijUU Op ... Op 1T + 1T - , paCC'IUTQH· 

Hoe no OPER-Mooe~~u npu Po = 

= 2,23 FJBjc. CMoumaJf KpueaJf -

noAHoe pacnpeOetleHue, TO'Il!'IHaJf Kpu-

6aJf - 8KIIQO HeUHTepffiepeHijUOHHOU 

'IQCTU, nyHKTUp - 8KIIQO UHTepffiepeH­

ijUU. 

Puc. 3. PacnpecJe~~eHue no Keaopary ne­

peoaHHozo 4-W.tnYilbCQ OT Hll.lleTOIOUie­
ZO HeUT{JOHQ K KOM6UHQijUU (Orr- ) 
U3 peaKijUU Op ... Oprr+ tr - , paCC'IU· 

raHHoe no OPER-Mooe~~u npu p
0 

= 
= 2,23 FJBjc. C'nlloWHaJf KpueaJf -

no11Hoe pacnpeoe~~eHue, ro 'le'IHaJf Kpu-

6aJf - 6KIIQO HeUHTepffiepeHijUOHHOU 

'IQCTU, nyHKTUp - 6K/IQO UHTepffie­
peHijUU . 

150 

::--
'-' 
~ 
~ 

g. 100 

' ' <> 
>c 

.! 

I:: 
~ 
., 50 

Po = 2,23 r3B/c, npeACTaBJie.HHOM Ha puc. 4. OT'ieTJIH 0 BHAHO, 

'ITO HHTep<t>epeHUHR AUarpaMM 1-111 AaeT cymeCTBeHHbJH B KJiaA B pac­

npeAeJieHHe no M
0 

BMH3H cyMMbi Mace. llo3TOMY npeue6 pe:>Kenue 
w ,p 

HHTep<t>epeuuueu ,llHarpaMM 1-111 MO:>KeT npHBeCTH K yxyAweuuJO onu-

cauHR 3KCDepHMeHTaJibHbiX AaHHbiX peaKQHH np ... nprr+rr- OWH6Ke 

B onpeAeJieHHH BKJiaAa MexaHH3Ma OPER-MOAeJIH npu MaJibiX 3Hepnrnx, 

a TaK:>Ke K HeonpaBAaHHOMy npHBJie'leHHJO Apymx MexaHH3MOB HJIH 

H3MeHeHHJO BeJIH'IHHbl HX BKJiaAOB B peaKQHJO np ... nprr + 11-. 06JiaCTb 

:>Ke MaJibiX Mop• rAe BKJiaA HHTep<t>epeuuuu npu MaJibiX 3HeprHRx uau6o­

nee 3aMeTeH, OTKpbmaeT HHTepeCHbie B03MO:>KHOCTH 3KcnepHMeHTaJib· 

HOrO HCCJieAOBaHHJI HHTepcpepeHUHOHHbiX 3<l><l>eKTOB B peaKUHH np ... 
... nprr+,-. Bo3MO:>KeH 3aMeTHbiH BKJiaA B o6nacrb M aJibiX M0P 
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H .n;pyrHX. npo~eCCOB, TaKHx KaK B3aHMO.n;eHCTBHe HYI<JIOHOB B KOHeli­
HOM COCTO.IIHHH/ &/ . 

llpOBe.n;eHHOe HCCJie.D:OBaHHe D03BOJI.IleT C.D:eJiaTb BbWO.lJ: 0 TOM, 'ITO 
' + - u .n;nJI peaK~HH np -+ np rr rr npH 3HeprH.Ilx naneTaromero neHTpona BbiWe 

3 r3B HHTepl!>epeH~eH .n;HarpaMM I-III MO)I(l{O npene6pellb (y)l(e npH 
Po= 3,83 r 3B/c ee BI<Jia.n; B ceqenHe He npeBbiwaeT 3%). llpH MeHbWHX 
3HeprH.IIX BJlH.IIHHe HHTepl!>epeH~H CTaHOBHTC.II 3Ha'IHTeJlhHbiM H .D:Om~­
HO 6hiTh yqTeno KaK npH Bbi'IHCJieHHH no OPER-Mo.n;eJIH ceqenHH, TaK 
H DpH HCCJie.D:OBaHHH xapaKTepHCTHK peaK~H np -+ nprr+rr-. 

ABTOpbi Bbipa)l(aiOT 6naro.n;apHOCTb r .I1.JlbiKaCOBY 3a DOJle3Hbie 
o6cy)l(.ll:enHJI. 

JlHT e paTypa 

1. Bewney K.H .n;p.- H<l>, 1986, T.43, Bbm.4, c.888. 
2. A6.n;HBaJIHeB A. H .n;p.- OHHH, B1-1-12181, ,Ay6na, 1979. 
3. BopecKoB K .B. H .n;p. - H<l>, 1972, T.15, Bhm.2, c.557. 
4. llOHOMapeB JI.A. H .n;p.- 3liAH, 1976, T.7, Bbm.1, c.186. 
5. Van Apeldon G.W. et al. - Z. Phys. C, Particles and Fields, 1982, 

v.12, p.95. 
6. rnaronea B.B. H .n;p. - 3liAH, T.13, Bhm.1, c.130; 

Glagolev V.V. et al. - Z. Phys. A, Atomic Nuclei, 1986, v.325, p.391. 

PyKODHCb nocrynHJia 22 MapTa 1989 ro.n;a. 
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YAK 639.142 + 639.143 

JINR Rapid Communicatfom No.2{35] -89 

MICROSCOPIC DESCRIPTION OF NEUTRON AND PROTON 
TRANSITION MOMENTS IN SPHERICAL NUCLEI 

R.M.Nikolaeva 

Neutron and proton transition matrix elements for low-lying quad­
rupole transitions are calculated microscopically in the frame work of 
the quasiparticle phonon nuclear model in some spherical nuclei. For 
isoscalar states Mn and MP are of the same value and sign, and for 
the isovector states they are predicted to be of the same value and 
opposite sign. The isoscalar and isovector states are differently excited 
in inelastic scattering of protons and deuterons. 

The investigation has been performed at the Laboratory of Theo­
retical Physics, JINR. 

MnKpocKOIIH'IecKoe oiiHcrume ue:HTpOHHbiX u npoToHHhiX 
nepeXO,IUlbiX MOMeHTOB B c<flepullecKHX RApax 

P.M.HHKonaeBa . 

B paMKax KBa3H'IaCTH'IHo-4>o!fOJD1oif Mo,o;eJIH MHKpocKonWJeCKH 
BbNHcneHbi HeifrpoHHbie H npoTOHHbie nepexo.o;Hbie MaTpWIHbie :me­
MeHTbi HH3KOJle)l(aiiUfX KBa,o;pynOJlbHbiX COCTOJIHHH B HeKOTOpbiX 
c$epWieCKHX R,o;pax . .!I.nR H30CKanRpHbiX cocroJIHHH M0 H MP HMe­
IOT 6Jm3KHe 3Ha'leHHJI H O,IJ;HHaKOBbie 3H3KH, a ,l1;1IJI H30BeKTOpHbiX 
COCTOJIHHH - 6JlH3KHe 3Ha'leHHJI H npoTHBOfiOJlO)I(Hble 3HaKH. 

Pa6ora BbmoJIHeHa B Th6oparopHH reoperWJecKoif 4>H3HKH OIDI K 

The dynamic properties of nuclear states manifest themselves in 
the behaviour of the proton and neutron transition multipole moments 
MP and M0 . The former are directly obtained as square roots of the 
electromagnetic transition rates and are much better known than the 
neutron multipole moments Mn. The latter can be measured by com­
paring the inelastic scattering of different hadronic probes. These me­
thods are based on different interactions between the probe and target 
protons and neutrons 1 1• 21 and may be of great use in the investf,a­
tion of the recently predicted new class of low-lying collective states1 1 . 

These states are described in some microscopic 141 and geometrical 
models 151 and are known as isovector states. The existence of isovec­
tor states has been found in the case of 1 + states in deformed nuclei. 
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.... 
The third 2+ states in N = 84 nuclei and in 

56
Fe have been considered 

as 2 + - isovector candidates 181 
. For isovector states M P and M n are 

predicted to be of opposite sign 16 • 11 1 . . 

In121 a method, is applied to the investigation of the isospin struc­
ture of the low-lying quadrupole states in nuclei. It is based on the com­
parison of the inelastic scattering of protons and deutrons on nuclei 
to different 2 + states. It has been shown that an anomalous 
o ( p, p') 1 a ( d, d') ratio indicates either an isovector state or a state 
with a dominant n or p component. In both of the cases these states 
are predicted to be excited differently in ( p, p') and ( d, d') reac­
tions. A 2+ state equally excited by the two probes cannot, on the 
other hand, have a sizable isovector component. The transition matrix 
elements of the reactions M ( p, p ') and M ( d , d') can be expressed 
as a sum of M n and Mp that manifest the properties of the target nuc­
leus, weighed by the interaction strengths (dependent on the probe). 
At given incident energies12/ we can assume an affective p- n interac­
tion three t imes larger than the p- p interaction and then for M ( P1 p') 
and M(d, d ') the following relations are obtained: 

M(p, p') = 0,25Mp + 0,75Mn, 
(1) 

M ( d , d') = 0.5 MP + 0,5 M n • 

For the case of collective isoscalar transitions, M p and M n are of the 
same sign and order of magnitude and lead to sfmilar values of M ( p, p ') 
and M ('d 1 d ') . For transitions with a large isovector component Mp and 
Mn moments are of opposite sign and may differ in magnitude so that 
the ratio M ( p , p' ) 2 I M ( d , d' ) 2 ~ u ( p I p' ) I u ( d, d' ) can be far 
from unity. 

In t he present paper we shall consider from the microscopic point 
of view the neutron and proton matrix elements. 

We have already treated the problem of existence of low-lying 
isove~tor states 141 within the framework of the microscope quasipar­
ticle-phonon nuclear model (QPM) 171 . 

The Hamiltonian of the model includes an average field as the 
Saxon- Woods potential, pairing interactions, with constant matrix 
elements and separable multopole-multipole and spin-multipole-spin­
multipole (isoscalar and isovector) particle-hole interactions. We per­
form the Bogolubov-Valatin canonical transformations and then through 
'I', ·¢ transformation from pairs of the Bogolubov ·quasiparticle opera-

+ + + tors aj m aj' m', aj'm ajm , a jma j'm, , we pass to the phonon operators 

Q~1 , QX,Il ,
1

, , to yield the Hamiltonian in doubly-even nuclei: 
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This is the Hamiltonian of a system of interacting phonons with 
different energies, moments and parity. The wave function of the pho­
non is a linear superposition of forward- and backward-going two­
quasiparticle amplitudes .p and ¢. The structure of the phonons is 

Azt2 ~12 
calculated in the RPA171

. The coefficients UA111 and VA
1
t

1 
depend 

on the amplitudes ¢ and .P and are calculated microscopically 191 . 

The parameters of the separable particle-hole forces are dete!'ffiined 
from the experimental data for the lowest-lying collective states and 
the giant resonances181 . 

In the traditional approaches the phonon operators satisfy the 
boson commutation relations 

However, as soon as we go beyond the RP A taking into accont 
the interaction between the phonons, multiphonon admixtures arise 
in the excited state wave function of a doubly-even nucleus. We inc­
lude one. and two-phonon terms in the wave function of the excited 
state I J M > , i.e. 

(3) 

'In this case the violation of the Pauli principle is possible in the 
two-phonon components of the wave function (3), especially if the 
phonons Q1

1
1l

111
'Po and Q1

2
1l

2 
1 

2
'Po are non collective. 

In / 9,12/ the effect of the Pauli principle on the wave function (3) 
was studied and expressions for the coefficients R and P were sug­
gested. 
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A good indication of the isotopic character of the excited states ·is 
the ratio B of the isovector B(IV, E2) and isoscalar B(IS, E2) reduced 
quadrupole transitions 

p 

B(IV,E2) = 1 <2;\\l: r:Y2~(0k) -l:n riY21L(Ok)\\'1'0 >\ 2
, 

k k 

(4) 

Table 2 

>.." 
1 Mpp' Mc1d' 

M 2 1M2 pp ~ dd, 

66Fe 

2+ 
1 25 24 1.01 

2~ -3.87 -2.25 2.95 

2i -1 0.30 11.1 

2+ 
4 5.35 4.1 1.28 

142 Ce 

2! 67.7 65.4 1.06 

2; -1 -3.08 0.10 

2; 5.3 4.5 1.17 

2: 1.93 1.26 2.34 

The results for the ratio B, which are given in table 1, show that the 
low-lying 2+ states have mainly an isoscalar structure. For most of them 
B « 1. For these states M11 and Mp are of the same sign and differ in 
the magnitude about 1.2 to 2 times. It is seen from table 2 that the 
ratios (M ,)2/(M .. d' )2 calculated by (1) must not differ much from 

P,p u, 

unity. These states are assumed to be isoscalar ones. 
At the same time it is seen from table 1 that the states 2+ 

(1.713 MeV) in 142 Ce and 2+ (2.880 MeV) in 56 Fe show an isovector 
character as for these levels the ratio B is bi~, about ten t imes greater 

. + 142 
than for the other. In the case of 22 in Ce (see table 2 ) we have 
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an isovector state with a predominant proton component. For this 
state Mp is most larger than M n and of the opposite sign. That is why 
it must be differently excited in ( p, p') and ( d, d') reactions. The ra­
tio M :P, / M:d, for this state. is much less than unity. 

For the 2 + (2.880 MeV) state in 68 Fe MP and M0 are of the 
same value and of opposite sign. In this case the ratio M ~P ,fM ~d, 
must be significantly greater than unity. We assume that this state has 
an isovector structure. The matrix elements M n and M p of the near­
by lying state 2+ (2.450 MeV) are also of the opposite sign. The ratio 
B for this state is almost equal to unity. The isospin structure of this 
state is very similar to that of 2 + (2.880 MeV) state. This fact is reflec­
ted in experimental results of Hamilton et al. 181 where an assump­
tion is given that the isovector strength is sheared between the two 
quadrupole states 2+ (2.450 MeV) and 2+ (2 .880 MeV). 

We have compared our microscopic calculations for 58Fe with 
the experimental data on rr +; rr- inelastic scattering111 and heavy 
ion reactions1 101 . The calculations for 142Ce have a predictive charac­
ter. The theoretical results for 58Fe are in satisfactory agreement with 
the experimental ones. Some discrepancies appear in B (E2, gr. st . ... 
... 2 ~ ) probability in 58 Fe. This is due to not very precise description 
of the dist ribution of the two-phonon component I 21 e 2 il over 
2t states with the wave function (3). The including of the three-phonon 
components in the wave function will change the distribution and 
some improvement can be achieved . 

. Wt; summarize. the present letter by mentioning the following : 
we have made use of the QPM-formalism to calculate microscopically 
the neutron and proton transition moments of low-lying quadrupole 
states in so me spherical nuclei. The theoretical analyses point out that 
the low-lying states of an isovector character appear in the s~ectra of 
spherical nuclei. States of that type are 2 + (1.713 MeV) in 1 2Ce and 
2+ (2.880 MeV) in 58 Fe. The isospin structure of 2 (2.450 MeV) 
in 68 Fe is very similar to that of the third one. That is confirmed by 
the similar values of ratios B and the opposite signs of M P and M 0 of 
these states. Our microscopic calculations are in satisfactory overall 
agreement with experimental data. 

Referenc es 

1. Oakley D.S. et al. - Phys. Rev., 1987, C35, p.1392. 
2. Pignanelli M. et al. - Phys. Lett., 1988, B202, p.470. 
3. Eidt S.A. et al. - Phys. Lett. , 1986, B166, p .267. 

32 



4. Nikolaeva R., Stoyanov Ch., Vdovin A. - Europh. Lett., 1989, 8, 
p.l17. 

5. Faessler A., Nojarov R.- Phys. Lett., 1986, B166, p.367. 
6. Hamilton W.D. et al. - Phys. Rev. Lett., 1984, 53, p.2496. 

Otsuka T., Cinoccio J.- Phys. Rev. Lett., 1985, 54, p.777. 
Bohle D. et al.- Phys. Lett., 1984, B137, p.27. 

7. Soloviev V.G.- Theory of Complex Nuclei, Moscow : Nauka, 1971 
(transl. by Bergamonpress, 1986). 

8. Vdovin A.I., Soloviev V.G. - Particles and Nuclei, 1983, 14, p.273. 
9. Voronov V.V., Soloviev V.G. - Particles and Nuclei, 1983, 14, 

p.1380. 
10. Lesser P.N.S. et al.- Nucl. Phys., 1972, A190, p.597. 
11. Scholten S. et al.- Phys. Rev., 1985, C32, p.1729. 
12. Soloviev V.G., Stoyanov Ch., Nikolaeva R. - lzv. Akad. Nauk 

SSSR, ser. fiz., 1983, 47, p.2082. 
13. Vermeev W.T. et al.- Phys. Rev., 1988, C38, p.2982. 

Received on March 16, 1989. 

33 



......--

KpaTicue CoOOUfeHWI OHRH N"2{35} -89 
Y,llK 512.8 

JINR Rapid Communications No.2{35 J -89 

METO.D; OBP AIUEHH.H O.D;HOrO KJIACCA 
llOJIHHOMHAJihHbiX MATPHU 

X.H.CeMep,lJ;:>KHeB, P.M . .HManeea 

llony'leHbi <l>opMyJibl npHCOe,!UIHeHHOH MaTpHUbl H onpea;enHTeJI.II 
AJI.II llOJIHHOMHaJibHbiX MaTpHU (UHpK)'JI.IIHTOB), 3aBHC.IIIllHX OT YHHTap­
HbiX MarpHU, N·.ll creneHb KOTOpbiX ecTb ea;HHHUa MarpH'IHOH anre6pbi. 
floKa3aHO, 'ITO npHCOea;HHeHHa.R MaTpHUa MOlKeT 6b1Tb npeACTaBJieHa 
KaK npoH3Bea;eHHe MaTpHU·llOJIHHOMOB, apryMeHTbl KOTOpbiX YMHO· 
:>I<eHbi Ha KOpHH H3 e,!UIHHUbi H onpea;enHrenb ecTb KaHOHH'IeCKa.R N· 
<t>opMa H3 KOJ<l><l>HUHeHTOB llOJIHHOMa. 

Pa6ora BbmonHeHa B Jla6oparopHH Bbi'IHCJIHTeJibHOH reXHHKif H 
aBTOMaTH33UHH OH.HH:. 

A M ethod for Inversing One Class 
of Polynomial Matrices 

Kh.I.Semerdzhiev, R.M.Yamaleev 

The formulae of adjoint matrix and determinant for polynomial mat­
rices (circulants) depending on unitary matrices, N-degree of which is a 
unit of matrix algebra, are obtained. It is shown that adjoint matrix may 
be represented as a product of the given matrix-polynoms, arguments of 
which are multiphed on the roots of unit, determinant is a canonical 
N-fom1 from the polynom coefficient. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 

KaK H3BecTno, ecnu ueabipo)l(,lleuuan MaTpnua BToporo nopH.II.Ka, 
3a,II,aHHaH Ha,IJ, DOJieM KOMOJieKCHbiX 'IHCeJI C, BbipiDKeHa B 6a3HCe MaT­
pHU llayJIH / l/: 

A(2) := a0 E2 + a1 u1 + a 2 u2 + asus, 

TO .II.JIH non yqenHH npucoe,IJ,HHenuoH: MaTpHUhi A v .II.OCTaTo'IHo H3MeHHTb 
3HaK nepe.II. MaTpHUaMH u 1, u 2, u3. TaKHM o6pa3oM, nony'IHM 

Av(2) = a
0

E 2 - a1 u1 - a2 u 2 - asus, 

AAV = AV A = detA. 
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3,D;eCb npe,D;CTaBJI.fleTC.fl BfiOJIHe 3aKOHOMepHbiM Bonpoc: HeJib3.fl JIH 

o6o6mHTb 31J' npoue,D;ypy Ha cny<~a.H MaTpHU npoH3BOJibHoro nop.fl,ll;­

Ka? B121
' KaK Henocpe,D;CTBeHHoe o6o6meHHe 6a3HCa MaTpHU nayJIH Ha 

cnyqa.H MaTpHu N-ro nop.R,D;Ka, npe,ll;Jlo)KeH MaTpH'lHhiH 6a3HC anre6phi 

LJ:HKCOHa H B 3TOM 6a3HCe pa3paOOTaH anropHTM HaXO)K,ll;eHH.fl o6paT­

HOH MaTpHUhi. Mo)KHO noKa3aTb, 'ITO B cnyqae MaTpHU npOH3BOJibHO­

ro nop.fl,ll;Ka fiOJIY'lHTb npHCOe,ll;HHeHHYIO ( o6paTHYIO) MaTpHUY nyTeM 

npocThiX H3MeHeHHH 6a3Hca ueJib3.fl. llo3TOMY B cnyqae N > 2 npe,D;­

CTaBJI.fiiOT HHTepec TaKHe KJiaCCbl MaTpHU, ,ll;Jl.fl KOTOpbiX MO)KHO HanH­

CaTb aHaJIHTH'lecKoe Bblpa)KeHHe npHCOe,ll;HHeHHOH (o6paTHOH) MaTpH­

Uhi Henocpe,D;CTBeHHo. B npe,ll;JlaraeMOH pa6oTe Mhi BhiBe,D;eM ¢opMy­

ny npHCOe,ll;HHe~HOH (o6paTHOH) MaTpHUbl H ¢opMyJiy onpe,D;eJIHTeJI.fl 

,ll;Jl.fl HeBbipo)K,ll;eHHOH fiOJIHHOMHaJibHOH MaTpHUbl: 

n-1 n-2 
. = a 

0
X + a 1 X + ••• + an _ 2X + an _ 1E M , (1) 

r,D;e X - KOMnneKCHa.R MaTpHua nop.fl,ll;Ka M ~ n (HJIH HenHHeHHhiH 

onepaTop), y,D;oanernop.Rroma.R ycnoBHIO xn =EM, a0 , a 1 , .. . , an -1E 

~ C, EM- e,D;HHH'lHa.R MaTpHua nopMKa M. 
B KBaHTOBOH MexaHHKe ua noJIHJIHHeHHhiX ¢opMax / 3, 4, 5 / no,D;o6-

Hhie (1) MaTpHQbl 6y,D;yT BbinOJIH.fiTb pOJib aHaJIOrOB MaTp HU Bpa­

meHH.fl. 

PaccMoTpHM cKan.RpHhiH anre6paH<~eCKHH nonHHOM 

(2) 

COOTBeTCTBYIOmHH fiOJIHHOMHaJibHOH MaTpHUe ( 1) , H BCfiOMOraTeJib­

Hhie nonHHOMhiPn,k(x) = Pn(Okx) ,k = 1,2, ... ,n-1, r ,D;e 0 
n -H npHMHTHBHhiH KopeHb 1:f3 e,D;HHHUhi ( 0 n = 1). RcHo, 'ITO HMeeT 

MeCTO COOTHOUleHHe 

n-1 

01£ = 
n-1 

9-lf = { 

0 e .;, O,n ,2n, ••• 

2 2 (3) 
i=o i = 0 n e O,n,2n, •••• 

EcnH KopHH nonHHOMa (2) o6o3Ha'lHM qepe3 ~, x 2 , ... , xn_1 , TO 

KOpH.RMHnOJIHHOMa Pn,k (x) .fiBJI.fiiOTC.fl 'lHCJia x 1 O-k (k,i = 1,2, ... , 

n - 1). 
JleMMa. Ll:n.R npoH3BOJibHhiX 'lHCeJI a

0
, a 

1 
, ... ,an_1 cnpaae,ll;JIHBO 

COOTHOllleHHe 

n-1 

ll P
0
,k(x) 

k = 0 

n -1 n -1 
k fn 

ll p ( 0 X ) = 2 b N -fn X , 
k=o 

0 
f=o 

(4) 
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.,....-

rJJ;e N = n (n -1) H Ko3<P<Pui.UieHTbi b0 , b 0 , .. . ,bNBbipll)l(aJOTCR onpeJJ;e­

neHHbiM o 6pa3oM qepe3 Ko3<t><t>uuueHTbi aO' a1 , ... , a
0 

_ 1 . 

n-1 

/1oJCa3aTe/lbCT60 . .RCHO, 'lTO fl p n (0 kX) eCTb nonHHOM nopfl)l;Ka 
k=O 

N. Heo6xo JJ;HMO noKa3aTh, 'lTo a 3TOM nonHHoMe cpeJJ;H Ko3<P<Puuueu­

TOB b 0 ,b t , .. . ,bN He3aBHCHMO OT a 0 , a1, ... , 8n-1 OTflH'lHbiMH OT H}'flfl 

MoryT 6hiTb TOflhKO b0 , bn, .. . , bN. )lnR Bbl'lHCfleHHfl b 0 , b 1, ... ,bNMO-
N 

/ 2/ - -k 
)!(eM ucnon h30BaTh cTeneHHbie cyMMbi Sit = I x J , k "" 1,2, ... , rJJ;e 

j = 1 n-1 

X j - KOpHH nonHHOMa QN( X ) = fl P n (0 9
x ) . )lnR K03<l><I>HI.UieHTOB 

b b b / 2 / . 8=0 

1, 2 , ... , N HMeeM 

-
b1 =- boS1 

1 - -
~ = - 2 (boS2 + b1 S 1) (5) 

1 - - -
bN = -2(boSN + b1SN-1 + ... + ~-1 8 1), 

CTeneHHhie cyMMbl sk MO)I(HO Bblpa3HTb qepe3 CTeneHHbie cyMMbl sk 
nonHHoMa (2) . .UeiicTBHTenhHO, ace KopHH nonHHoMa (2) Xt , 1 = 
= 1, n - 1, u nonHHoMoB Pn (O•x)- x 10-•, i ,s = 1, n -1, RBnR­

IOTCR H KOpHRMH ll0.11HHOMa QN(x). TorJJ;a, HCllOflb3Yfl (3), HaxOJJ;HM 

N n-1 n-1 n -1 io k/. O,n,2n, ... 
Sk=I i~=I I (x

1
o-t)t,..Ie-bst- (6) 

J = 1 f = o 1 = 1 f '"'o nSk k = 0, n, 2n, .... 

n N/2 
QqeBHJJ;HO, 'ITO b0 = 8 0 0 . ,Uanee npHMeHReM (5) H (6): 

br 

r -1 
=-}_I bS =0 r .. l.ri-1 m r-m ' • • r m=o 

Ko3<P<Pni.UieHThi b0 , ~n, ... , bN MO)I(HO BhNHCflHTh no <l>opMYne 

f - 1 f- 1 

bfn 
1 -- I b s _ 1 

fn p = 0 pn (f-p) n -- f I bpn s(f-p)D' t = i7ii=t. (7) 
p=o 
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Ko3<l><l>HQHeHTbl )f(e br ( r ~ n + 1, r ,;,. fn ' e "" 1, n - 1 ) "" 

1 
r-1 _ _ 

"" - ......._ I, bmS ""0, TaK KaK Sr m f= 0, TOJJbKO eCJJH r- m KpaTHO 
r m:.o r-m -

n , Ho bm "" 0 npH m $ r H m He KpaTHo n • 

)loKa3aTeJJbCTBO MO)f(HO npoBeCTH H HeCKOJlbKO HHbiM CDOC06oM 

H TeM CaMhiM DOJJY'lHTb Cpa3y Bhlpa)f(eHH.fl )1..11.fl bfn 'lepe3 0 , a l, ••. , 

an-1· no <t>opMyJJe BapHHra
18 1 

HMeeM 

1'-1+ ••• +1J.p "" - "" - "" (-1) (~) 1 s 2 s p 
I. ----- 1 <+) .... (....:Lp ) • (8) 

p. 1 I • • • 1'-p I 
1'-1+2~ + .•• +PIIp""P 

llyCTb p = fn + q , 0 < Q < n . 11Me.fl B BHAY (6) H (8 ), HY)f(HO 

OCTaBHTh J1Hillb Te CJJaraeMhie, npH KOTOphiX OTJJH'lHhl OT HYJJ.fl TOJlbKO 

HH,ll;eKCbl 1'-n' P.2n , .•. , 1'-fn , npH 3TOM ,li;OJJ)f(HO BbiDOJJH.fiThC.fl p aaeHCTBO 

(9) 

Ho npu .ino6oM Bhi6ope ~'-n• P. 2n, ••• , 11-fn neaaR: tlaCTL (9) KpaTHa n, 

a npaaaR: - He KpaTHa n. TaKHM o6pa3oM, bfn+ q "" 0, 0 < Cl < n, 

e = 0, n - 2. EcJJH q = 0, TO JJeayJO 'laCTb paaeHCTBa (9 ) MO)f(HO 

coKpaTHTL Ha n • Bao,o;.fl nepeo6o3Ha'leHH.fl .\ 1 =- p. n• A 2 = l'-2n , ... , 

Af "" ll fn, H3 (6), (8) H (9) H8XO,li;HM 

(-1).\1+ ... +.\e S A1 82 .\2 Sf Af 
bo / b = I. (2.) (-0

) ••• (-) • 
LD 0 ' I ' I 1 2 f 

Snf 
nf 

,\
1 
+ 2A!+ . •• +f,\e"" e 

"1 · ····1\f · 

a v1 a v2 a vn 1 
X (-1-) (-2-) ••• (--'!..::.!..) - , 1,n-1. 

(10) 

TaKHM o6pa30M, (11) H (7) HJJH (11) H (10) ,ll;aJOT KOHK peTHhie Bhl­

pa)f(eH~.fl )1..11.fl b fn , f "" 1, n - 1, qepe3 a()t a 1 , ••• , a 0 _ 1 • 
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...-
,lloKa3aTen&CTBo <PaKTa, qTo bit "' 0, k f. 0, n , ... , N , MO)f(HO 

nonyqHTb H oqeHb OpoCTbiM, HO He KOHCTpyKTHBHbiM CDOCOOOM. 

HMeeM 

n-1 

n P (8 8 x) 
n "' QN (x) • (12) 

8"'0 

rAe 

n.:..1 s(n-1 -k) n-1-k 
P (88 x) "' I. ak 8 x • s = O,n-1, 
n k "'o 

N 

Q N(x) I. bmx 
N-m 

"' 0 

m= o 

EcnH a (12) 3aMeHHTb x Ha 8x, TO P n (8fx) nepeXOAHT a P n (8f+t x), 

e = 0, n - 2, a pn (on-t X) nepeXOAHT B p (X). TaKHM o6pa30M, ne­
n 

BaH qacTb (12) He MeHneTcH. CneAoBaTen&Ho, AOn)f(Ho BbmonHHTbCH 

TO)I(,ll;eCTBO Q N( X) "' QN (8 X) , TO eCTb 

N- m 
bm"' bm8 , m "' O,N o (13) 

N-m 
EcnH m ':' f n . e "' 0, n - 1, TO N -m = (n- 1 - f) n. 8 "' 1, 
H <t>opMynbi (13) HHKaKOH HH<l>OpM~HH OTHOCHTenbHO bfn He AIUOT. 

EcnH, oAHaKo, m He KpaTHo n, Tom .. [m/n]n + Q, 0 < q < n, 

[ x ] '7""" uenaH qacTb oT x . TorAa N - m "' n ( n - 1 - [ m In] ) - q H, 

cneAOBaTen&Ho, (13) AaeT bm "' bmO-Q,T.e. b m"' 0. n _ 1 
Tenepb HaHAeM Bbip8JKeHHe MR H

0
(a0 , a 1 , ... , a

8
_ 1)"' I. bfn· 

C 0):\HOH CTOpoHbi, H3 (12) npH X "' 1 HaxOAHM f "'0 

n-1 

H
8 

(a 
0 

, a 1 , 0 00 , an_ 1) "' ll 
s .. o 

n-1 n-1 s(n-1-k} 
p n (8

9
) = n ( I. ak e )o 

S=Ok"'O 
(14) 

<l>opMyna (14) 3aAaeT OAHOpoAHyro <PYHKUHJO H 
8
(a 

0
, a1 , ... ,an-t) B 

<PaKTOpH30BaHHOM BH):\e. C Apyroif CTOpOHbl, MO)f(eM BblqHCnHTb btn• 

e = 0, n -1 H npocyMMHpoBaTb HX. TeM CaMbiM nonyqHM Hn(ao. a 1• 

... , a
8

_ 1) B p a3BepHyTOM BH):\e. 113 (12) HMeeM 
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n -1 n- 1 n -1 s(n-1-k) n-1-k 
II ( !. ako x ) = !. 

B= 0 k = 0 r = o 

u,cnenosaTenbHO, 

b N-m 
= _1 __ d__ II pn (0 Bx) J.=o 

[

rn n-1 ~ 

(m)! dxrn s = o 

CornacHo cpopMyne JieH:6Hnua nMeeM 

drn n -1 
-- II P (0 8 x) 
dx

rn n 
8 = 0 

(m)! 

' ' Ao ! • •• An - 1! 1\ + ... +" 1 = rn o n-

n -1 
II 

8 = 0 

N-rn 
brn X 

, r "" 0, n -1. 
(15) 

(16) 

rne A8 ~ 0, s = 0, n -1. Ho TaK KaK cTeneHb mo6oro H3 nonHHOMOB 
P0 (0 8 X), B = 0, n - 1 paBHReTCR n , TO B CYMMe (16) OCTaHYTCR 
TonLKO Te cnaraeMbie, nna KoTopbiX As .$ n. KpoMe Toro , HMeeM 

11cnonL3YR (17), (16) H (15), nonyqaeM 

n -1 
= !. !. 

r = o A
0
+ ••• +A

0 
_ 1= rn 

o~\~n-1 

n -1 
A + 2A

2
+ .•• +(n-1) A 1 1 n-

O II a n-1-A 

8 = 0 

llpuseneM HecKonbKO qacTHbiX cnyqaes: 

H2 (a
0

,a1) =-&~ +a~, 

H
3
(a

0
,a

1
,a

2
) =a~+ a~+ a~ -3a

0
a1 a2 , 

(17) 

(18) 
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.... 

H( ) 4 " 4 4 .. 2 4 2 4 ao,al,a2 ,aS =-ao +&1 -a2+as+ 'taoalas- aoala2 + 

2 2 22 222 + 4a 1a 2 a 3 -4a
0

a 2 a: 3 +2a
0

a 2 - a 1 a 3 • 

n-1 n-2 
TeopeMa. lloJIHHOMH3JlbHaR MaTpHua P0 (X) = a 0 X + a 1 X + 

+ ... + a
0

_ 2 X + a 0 _ 1 EM , X - KOMWieKCHaR MaTpHua nopsmKa M, 
Y.U.OBJiemopHlOI.J.laR ycJIOBHlO X0 = EM, c KOMOJieKCHbiMH K03$$HUH-

n- 1 s(n-1-k) 

enTaMH a
0 
~ 0, a 1, ... , a 0 _ 1 , npH ycnoBHH, qTo I ak () I 0, 

k=o 

s = 0, n - 1, T.e. H0 (a 0
, a 1 , ... , an_ 1) ~ 0, () - n-u npHMHTHBHbiH 

KOpeHb H3 e,U.HHHQbi, HMeeT o6parny10 MaTpHUY H ee MO)I(}{O npe,U.CTa­

BHTb B $aKTOpH30BaHHOM BH,U.e: 

n-1 
[ p (X ) ]-1 = ll p (() 9 X) /H (a • a 1' ... • a 1) • 

n n n o n-
8 = 1 

(19) 

.ao1<a3aTe/lbCT60. EcJIH B ( 4) BMeCTO CK3JIRpHoro apryMeHTa X 

OOJIO>KHM X H OOJIO)I(HM, qTo X0 = E M• nonyqHM 

n-1 n-1 
n p (8

8
X) =(I bfn )EM = Hn(ao,al''"'an-l)EM' (20) 

8=o n t=o 

OTKY.U.a cne.u.y eT yTaep~enue TeopeMbi. 

3aMe'UJHUe. Ha CRMOM ,U.eJie H3 (20) BbiTeKaeT cnpaae,lJ.JIHBOCTb 

6onee o61.I.leH, qeM (19), <l>oPMYJibi 

n-1 
[P

0
(8kx)r1 = ll P

0
(8 1 X)/H

0
(a

0
,a 1, ... ,a

0
_ 1 ), k 0, n -1. 

9=0 

l~k 

BbiRCHHM Tenepb o6~u CMhiCJI $yHKQHH H0 (a0, a 1, ... , a 0 _ 1 ). 

nycTb .\ 1 • . . . • .\L - co6CTBeHHhie 3HaqeHHR MaTpHQhi X . TaK KaK 

xn =EM, TO .\r = 1, i = 1, L. Cne.u.oaaTeJihHO, co6cmeHHbie 3Haqe­

""'\ MRTI\}fQhi X - 3TO HeKOTOphie n-e KOpHH H3 e,lJ.HHHQhi, T.e . .\t'z 
= () 1 , i = 1, L , npu neKoTophiX KOHKpeTHhiX k1, 0 .$ k 1 ~ n -1. 

Co6cmeHHhie 3HaqenHR MaTpHULI P 0 (X) - 3TO P n ( .\ 1 ) , ~ 1, L . 
nycTh co6cm eHHoe 3HaqenHe .\1 HMeeT KpaTHOCTh 111, 1 "' 1, L, 111 + 
+ ... + "L = M . Tor.u.a 
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(21) 

BLipa:>Kenue ,rm.FI Hn MO)I(}{O 3anHcaTb ei.Qe TaK: 

n-1 

(22) 

1 . 
113 ycnoBH.FI TeopeMbi P n ( 8 ) f. 0, 1 = 0, n - 1, H, TaKHM o6pa-

30M, Hn (a 0 , a 1, ••• , an _ 1 ) f. 0. llocne.u.nee ycnosue .u.ocTaTo 'IHo .U.JI.FI 

HeBblpO)KJJ.eHHOCTH MaTpHQbl p n (X), TaK KaK H3 (21) DOJiyllaeM, 'ITO 

L 

n [p ((J k1 )]"1 det P (X) = 
n 1 = 1 n 

f. 0. 

B qacrHOM cnyqae E = M = n, T.e. v1 = ••• = "n = 1, HMeeM, 

'ITO Hn(a 0 ,at•···• an_ 1) = detPn(X). 
JlpUMep. K KJiaccy MaTpuu, y.u.osneTsop.FIJOI.QHx ycnoBH.FIM Teope­

MLI, OTHOC.FITC.FI UHPKYJI.FIHTbl8- 81 : 

cl 02 03 c n-1 c n 

en c1 02 0 n-2 0 n-1 

R 

ca 04 05 c1 02 

02 cs 04 ... en cl 

r.u.e c
1

, c
2

, .•. , en - npoH3BOJILHLie KOMDJieKCHbie qucna. Ecnu s R 
DOJIO)I(HM C 1 "' ••• = C n- 1 = 0, Cn = 1, TO B pe3yJILTaTe DOJIY4HM 

6a3HCHbiH UHPKYJI.FIHT X' .lm.FI KOTOporo xn =En ' H o6I.QHH UHPK[JI.FIHT 

R MO)I(eT 6LITb npe.u,cTasJieH B BH.U.e R = 02 xn-l + c s x n- + ••• + 
+ cnx + olEn= pn (X). EcJIH Hn(c!,c3, •••• en ,cl) .;. 0, TO no 

<t>opMyJie (13) HaxO.U,HM 
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.... 

c1 

enos 

c es(n-1) 
2 

c es(n-2) 
a 

c 828 c OS 
n-1 n 

c1 c 2os<n-1) Gt-#Ss Gt-1o2s 
n - 1 

R-1 = 
s ~ 1 l ----------------------

c es<n-2) c es(n-S) 
3 4 

c os<n-4) 
6 ••• cl 

c os(n-1) 
2 

es(n-1) es<n-2) 
c2 c3 

es<n-3) s c
4 

... C
0
8 c1 

TaK KaK a AaHHOM cnyqae HMeeM, tJTO M = n H co6cTaeHHhie 3Ha­
tJeHHH pa3nHtJHhi, TO L = n, H AnH onpe,D;enuTenH uupKynHHTa R nony­
qaeM 

n - 1 

det R = H
0 

( c 2 , c 3 , ••• , C n , C 1 ) n p n (08 ) • 
8 = 0 
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Kpancue cootiU4tHUII OHRH N-2{15/ -89 
YJlK 639.189 

JJNR Rapid Communications No.2{15 J -89 

OBHAPY~EHHEPA~HOAKTHBHOrOPACllA~A 
23~u C BbiJIETOM .R~EP 28Mg 

* * * A.A.Orno6mm 'c.n.TpeTb.RKOBa, H.H.BeHHKOB 'C.K.JIHCIIH ' 
* * * B.JI.Muxees, C.B.llupo)I(KOB , B.A.llt~enlfH , IO.<l>.Po,nuouos , 

B.M.CeMOtiKIIH*, B.A.Illa6pos*, H.K.IIIBel.loB*, B.M.Illy6Ko* 

C ITOMOIUI>IO TBepAOTeJibHbiX TpeKOBhiX AeTeKTOpoB 3apernCTpH· 
poBaHbl ADa CJJY'IaJI paCnaAa 236Pu C BhilleTOM JIAep MarHHH. 0THOWe­
HHe uepoHTHOCTH noro KaHana pacnaAa K uepoHTHOCTH anhclJa-pacnaAa· 
- 2xl0-14. ITapUHa.rrhHbrii: nepHOA nonypacnaAa- l,Sx1014 neT. 

Pa6oTa BbmonHeHa B Ila6opaTOpHH HAepHbiX peaKUHH OMJIH. 

Detection of the Radioactive Decay of 236 Pu Involving 

the Emission of 28 Mg Nuclei 

A.A.Ogloblin et al. 

Two events of 236pu decay accompanied by the emission of mag­
nesium nuclei have been recorded by means of solid-state track detec­
tors. The ratio between the probability of this channel and that of 
alpha decay is about 2xlo-14. The partial half-life is about l.Sx i014 

years. 
The investigation has been performed at the Laboratory of Nuclear 

Reactions, JINR. 

~0 HaCTO.RI.QeH pa6oTbl 6biJIH H3BeCTHbl AeB.RTb HYKJIH.D;OB, y KOTO· 
pbiX 3KCnepHMeHTaJibHO o6uapy)l(eH cnOHTaHHbiH pacna.n; C HcnycKaHHeM 

tlaCTHI.l, npOMe*YTO'IHbiX no Macce Me)l(.n;y a-tlaCTH~MH H OCKOJIKaMH 
AeJieHH.R (14c, 24Ne, 28Mg)/1-4~ 

B pa3pa60TKax TOOpHH HOBOrO BH.n;a pacna.n;a aTOMHbiX .a.n;ep HC· 
nOJib3YJOTC.R nO.D;XO.D;bl, ODHpaJOI.QHeC.R Ha TeOpHJO KaK a -pacna.n;a, TaK H 
AeJieHH.R/ 5- 121 . <l>eHOMeHOJIOrHtleCKa.R CHCTeMaTHKa HMeJOI.QHXC.R .D;aH· 

HbiX no KJiaCTepHOMY pacna.n;y 1131 YKa3biBaeT Ha TO, 'ITO B npOTHBOnO· 
JIO)I(HOCTb .n;eneuHJO sepo.RTHOCTb KJiacrepuoro pacna.n;a ue ysenuqu­

saerc.a C pOCTOM napaMeTpa .n;eJIHMOCTH Z2/A (Z- aTOMHbiH HOMep, 
A- MaCCOBOe tiHCJIO) . C 3TOH TO'IKH 3peHH.R HHTepecHO HCCJie.D;oBaTb 

* HHcruryT aTOMHou 3Hepzuu UM. H.B.Kyp'laTOea, MocKea 
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KJJacTepHblH pac~.n n,nep c uau60JJblllHMH 3Ha'leHHHMH Z
2
/ A. Yt~eT pe­

aJJbHbiX 3KCnepHMeHTaJJbHblX B03MO:>KHOCTeH H TeopeTH'IecKHX OQeHOK 

npe.nnonaraeMOH aeponmocTH KJJacTepuoro pacna.na npHBeJJ uac K 

3aKJJIO'IeHHJO 0 nepcneKTHBHOCTH HCCJJe.IJ;OBaHHfl 288pu. 
286 Pu 6hiJJ nonyt~en npH o6nyt~enHH 288U npoTonaMH c 3HeprHeH 

30 M3B ua QHKJJOTpone 11ncmryTa aTOMHOH 3HeprHH HM. 11.B.Kypt~a­
Toaa no cne,nyJOI.QeH cxeMe : 

238U(p, an ) 238Np ~~ 236 Pu. 

TOJJI.QHHa MlfllleHH H3 238U COCTaBJJHJJa 1,3 rfc~, HHTerpanbHbiH no­

TOK npOTOHOB - Jx101 9 
. lloCJJe o6JJy'leHHH H BpeMeHHOH Bbl,D;ep)ICKH 

6biJJO npoBe.IJ;eHO XHMH'IecKoe Bbi,IJ;eJJeHHe nJJYTOHHfl. I13MepeHHe 

a -aKTHBHOC'l'H nOKa3aJJO, 'ITO BCero Bbi,neJJeHO 0,51 MKr DJJYTOHHfl C 

H30TODHbiM COCTaBOM: 66% 
286Pu H 34% 288Pu . 113 noJJy'leHHOrO 

DJJYTOHHfl H3rOTOBJJeH pa,nHOaKTHBHbiH HCTO'IHHK nJJOI.l.Ul.IJ;biO 150 CM
2

. 

,llJJH perHCTp aQHH KJJaCTepoB HCnOJJb30BaH mep,nOTeJJbHbiH TpeKOBblH 

,neTeKTOp B BH.IJ;e nJJeHKH H3 nOJJH3THJJeHTepe<j>TaJJ8Ta (JJaBCaHa) TOJJ­

I.QHHOH 0,2 MM. llo,npo6Ho MeTO.IJ;HKa pa60Tbl C 3THM .IJ;eTeKTOpOM ODH­

cana ~ pa6oTaX 1 4•141 . 3a apeMH 3Kcno3HQHH 689 CYT 3aperHCTPHPO­

aauo ,nBa Tp eKa, o6p830BaHHbiX H,npaMH MarHHfl C 3HeprHeH OKOJJO 

70 M3B. 3To 3H8'1eHHe 3HeprHH H8XO,IJ;HTCfl B xopollleM COOTBeTCTBHH 

C p83HOCTbiO MaCChi 288pu H cyMMbl Mace 20ipb H 2\tg. 
llOCKOJJbKY HCTO'IHHK DJJYTOHHfl COCTOHT H3 H.IJ;ep ,nayx H30TOnOB, 

B03HHK&et' BOnpoc, C kaKHM H3 H30TOnOB CBfl3aH BbiJJeT fl,D;ep MarHHfl. 

Teop8TH'IecKHe oQeHKH, npHae,nE!IIHbie a Ta6JJHQe, .nocraTo'IHo ua,ne:>KHo 

,IJ;IliOT COOTHOllleHHe BepoHTHOCTeH KJJ8CTepHoro pacna,na AJJfl H30TOnOB 

o.IJ;Horo 3neMeHTa. 113 Ta6.1IHQI>J BH.nHo, qro aepoiiTHOCTb pacna.u.a 
28'Pu .. 28 Mg + 208pb ua uecxomxo nopH,nKOB 6on~ollle, qeM BepO.RT­

HOCTb pacna,na no .npyrHM xananaM. H3 HalllHX ,nann&JX cne.nyer, liTo 

BepO.RTHOCTb HCnyCK&HHfl 28Mg H3 
28

'Pu no OTHOWeHHJO K BepO.RTH0-
-14 

CTH a -pacl18A8 coCTaBJJHeT - 2x10 • Haw peaymTaT no.nmep)I(Aaer 

OTM'E!'IeHHyiO B 1 131 npoTHBOnOJJO:lKH}'lO no CpaBHeHHIO CO CnOHTilHHblM 

.neneHHeM 3aBHCHMOCTh aepo.RTHOCTH KJJacTepuoro pacnana oT napa­

M~a Z2
/A. Tax, AJJfl 

232u T 1/2 Kn.uT· - 7xtol
8 neT H z2

/A .. 36,48, 
a .nJJH 288Pu T1j 2 KnacT • ..,1,5x10 . 'neT H Z2

/A .. 37,44. ,lln.R cnou­

TSHHpfo .nenenHH B cnyqae
9 

nepaoro nyKnH.IJ;a ~1>1 HMeeM T 112 on..q. -
- 10 neT, a BToporo -10 ner. 

B TO )ICe BpeMH HalllH ,nanH&Je no 288Pu xopolllo YKJJa.nbiBaiOTC.R a 

CHCTeMaTHKY nepHO,IJ;OB nonypacna,na, nOK83aHHYIO Ha pHcyHKe. 

Ha HeM H3o6p8)1CeHa 3aBHCHMOCTb norapH<IJMoB napQHIUtbHbiX nepHo­

.noa nonypacn a,na OT norapH<IJMOB npoHHQaeMoCTeH COOTBeTCTBYIOI.QHX 

'" 



Ta611UI#L TeopeTU'lecKue Q14eHKU OTHOCUTetlbHOU 6epORTHOCTU K/la-
238 238 

crepnozo pacnaaa ' Pu 

Cc&IJIKa /5/ /7/ /12/ 

Bu.n paciUl,IJ,a 

2sePu ... 26 Mg 1x10-5 

2SIIpu-+ 28 Mg 1 1 1 
236pu ... SOMg ax1o_7 

2ssp u -+ 28Mg 1x10-5 
2x10

5 

238pu ... soMg 3x1o-5 4x10-5 6xl0 -4 

Icy1IOHOBCKHX noTeHUH81IbHbiX 6apbepOB. 3TH npoHHUB.eMOCTH Bbi'IHC-

1IeHbl B COOTBeTCTBHH C npOCTOH OAH0'18CTH'IHOH TOOpHeH a -pacna,na, 

06"bRCIDIJOI.UeH 3MnHpH'IeCKH HaHAeHHYJO 3aBHCHMOCTb r eurepa -

H3TT0118 I 151 : 

Jor~--------•• ,--------..---------.,--------,_ 

I 

70 
I 

80 -Ln(P) 

-

-

3a6UCUMOCTb oeCR TU'lHozo IIOZapurfiMa napi4Uilii&Hozo n epuoda 

nollypacna()a OT HarypflllbHOZO /IOZapUrfiMa npOHU14QeMOCT Ky­

/IOH06CKOZO noTeHI4UilllbHOZO 6ap&epa (}IIJI 3MUCCUU U3 TJIJICetlbiX 

Rdep
4 He, 1'b , 2~e ,28 Mg. llpedcraB/IeHbl Bee HYKIIUd&l, y KOTO­

pb!X K HQCTOR!J.4eMY 6peMeHU 3KCnepUMeHTa/lbHO o6Hap)'JICeH 

KIIQCTepHblU paCnaO. 
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..... 

.. z 1 z2 TA;A; r:: ,-----; 
P = exp[-0 ,629 -- J .:;.:::;._ __ (arcCosvX -vX- X2

)], 
JQ <\+A2 

r,ne X = Q/B , Q - p83HOCTb Mace Ha11aJibHOro H KOHe11HbiX a.nep B 
1/S 1/S 

M3B, B = 1 ,44 • Z1 Z2 1R, R = 1,2(A1 + A2 ) • 

llpe,nCTaaneHHaR Ha pHCyHKe CHCTeMaTHKa no3BOnReT Ha OCHO­
BaHHH y)Ke HMeiOUUIXCR ,D;aHHbiX .D;OCTaT011HO Ha,D;e)I(HO OQeHHBaTb nap­
UHaJlbHble nepHO.D;bi KnaCTepHoro pacna.na 11eTH0-11eTHbiX a.nep, eme He 
H3Y1J:eHHbiX B 3TOM OTHOWeHHH. HcnO}Jb30BaHHe 3TOH CHCTeMaTHKH 
.nna OUeHKH aepoaTHoCTH pacna.na 238 Pu-+ 28 •30 Mg .naeT aenn11HHy 
- 1<r4 oT s epoaTHOCTH pacna.na 238Pu -+ 28 Mg . 3To anonHe corna­
cyeTca C ,D;aHHbiMH Ta6nHUJ.I, Ha OCHOBaHHH KOTOpblX Mbl OTHecnu 
Ha6nro,naeMbie HaMH TpeKH MarHHR K pacna.ny HMeHHO 238Pu. 
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Kpancue coo6~qtHWI OHRH N'2{ 35} -89 
y 1JJ< 539. 172. 17 

JINR Rapid Communicatiom No.2{ 35} -89 

INVESTIGATION OF THE PARTICLE STABILITY 
OF THE ISOTOPE 26 0 IN THE NUCLEAR REACTIONS 
44 MeV/A 4Bca + Ta 

D.Guillemaud-Mueller 1 , R.An~e, D.Bazin2 , P.Bricollet, 
C.Detraz, M.Le:witowicz, C.Lue, A.C.Mueller 1 

GANIL, BP 5027 F-14021 Caen-Cedex, France 

Yu.E. Penionzhkevich, A.G.Artukh, A.V.Belozyorov, 
S.M.Lukyanov 
Laboratory of Nuclear Reactions, JINR 
P.O. Box 79, Dubna 

V.Borrel, J.C.Jacmart, F.Pougheon, A.Richard 
Intitut de Physique Nucleaire, BP 1, 
F-91406 Orsay-Cedex, France 

Yu.S.Lyutostansky, M.V.Zverev 
Moscow Physical-Engineering Institute, Moscow, USSR 

E.Kashy 
National Superconducting Cyclotron Laboratory 
and Department of Physics and Astronomy, 
Michigan State University, East Lansing, VI 48824, USA 

W .D.Schmidt-Ott 
II Physikalisches Institut der Universitiit 
D-3400 Gtlttingen, FRG 

An attempt has been made to synthesize the extremely neutron-rich 
isotope' 26 0 in the nuclear reaction 44' MeV/A 48 Ca+ Ta. Use was 
made of magnetic separation and identification methods including 
time-of-flight and fl E, E m~asurements. With a sensitivity one order 
of magnitude higher than that predicted from the extrapolated yields 
no events attributable to the 26o nucleus have been observed. Theo­
retical analysis of the problem of the particle stability of 28, .28 0 
is being made. 

1 Present address: lPN, F-91406 ORSA Y-Cedex, France 
2 Present address: CENBG, Le Haut Vigneau, 33170 Gradignan, France 

47 



P" 

Hccne,nosrume .R,nepHOH cTa6HJll>HOCTH H30Tona 28 0 
a peaKLUIH 44 M3B/A 48 Ca + Ta 

,IJ,. f niiMo-MIOJUiep H ,np. 

8 .~~,nepHoii peaKUHH 
48 

Ca + Ta c JHeprneii 6oM6ap,nHp)'IOmeii qa. 

CT~I 44 MJ8/ A npe.nnpHIDlra nollbiTKa cHHreJa KpaiiHe Heiir­

poHoHJ6biTO'IHOro H30TOna 28 0. 8 JKCnepHMeHTe HCllOnb30BanHCb 

MarHHTHbiH cenapHp)'IOIUHH KaHan H CHCTeMa HAeHrHcl>HKaUHH Ha OCHOBe 

renecKona nonynpoBOAHHKOBbiX .nereKropoB ~E. E H reXIDIKH H3Mepe­

HHJI BpeMeHH nponera. C lfYBCTBHTenbHOCTbl01 H3 nopHAOK 6onee BblCO· 

KOH no CpaBHeHHIO C npeACK33blB3eMOH1 H3 3KCTp3llOMUHH BblXOAOB 

lfYKnHAOB B JKCnepHMeHre He Ha6nro,nanocb C06blTHH, OTHOCJIIUHXCJI 

K 28 0. llpoue,neH reoperH'IeCKHii aHanHJ npo6neMbi .~~,nepHoii cra6Hnb· 

HOCTH 28 .280. 

1. I n t r o d u c t i o n 

The synthesis and investigation of the properties of the extremely 
neutron-rich nuclei lying in the region of the light elements present con­
siderable interest in terms of both the determination of the neutron 
drip-line and the choice of the most realistic theory capable of descri­
bing the exotic nuclei adequately 11

-
41

• In the region of the extremely 
neutron-rich nuclei of the light elements new types of decay IS-lSI and 
a new region of defQrmation are predicted which may lead to a stabi­
lity enhancement in the loosely bound nuclei and to the formation of 
new shells 114- 171 

At the present time all the predicted neutron-rich isotopes of the 
lightest and light elements up to nitrogen with Z = 7 have been synthe­
sized118 - 201• For isotopes of the next element, oxygen, with the closed 
proton shell Z = 8 in most of the theoretical works 121- 261, nuclear 
stability is predicted for the heavy isotope 28(), whereas the stability 
of the doubly magic isotope 28() is predicted in the only work by Moller­
Nix121~" (table 1). 

The comparison of the experimental two-neutron separation ener­
gies 8 20 (exp.)128 •271 with the calculated ones S 20 (theor.)' 21 - 261 per­
formed for the heavy isotopes 2S, 240 with known masses shows a 
considerable underestimation by theories of the two-neutron separation 
energy ~820 = 8 20 ( exp) - S 20 (th.) ~ 2 MeV. If the indicated tendency 
in ~820 persists for the heavier isotopes, then the nuclear stability of the 
isotope 28o and, possibly, 28 0 should also be expected .. 
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Table 1. The stabilities of the neutron-rich isotopes of oxygen predicted 
by different mass fonnulae: MN - MtJI/er-Nix 1211, CKZ - Comay­
Kelson-Zidou1221, SN - Sarathy-Nayak 1 23~ T - Tachidana eta/. 1241, 
JM - Janecke-Masson 126 . Two-neutron separation energy S2n = 

= -M(A,Z) + M(A -2,Z)+2Mn 

Nuclide MN CKZ SN T JM / 27 / 
exp. 

s2n s2n s2n S2n S2n S2n 

230 7.15 9.22 - 8.0 7.55 9.2 9.59 
24o 4.91 6.16 6.78 4.2 5.96 6.98 
280 - 0.7 -0.8 - 5.3 -1,3 - 2.0 ? 
2s0 - 0.7 unstable unstable unstable unstable ? 

In the present work an attempt was made to synthesize the isotope 
28 0 in order to verify its nuclear stability experimentally. For this pur­
pose we used the reaction of an intermediate en erg}' 48 Ca beam which 
proved to be very efficient for the production of neutron-rich nuclei 
with 6 :5 Z ~ 18 1281 . 

2. E x p e r i m e n t a 1 p r o c e d u r e 

A 48ca beam has been produced using the ECR Minimafios source 
of GANIL. Metallic 48ca was produced from a mixture of enriched cal­
cium and aluminium powder. The. mixture was compressed in a cylin­
der, and then loaded into a tantalum crucible fixed at the end of a tanta­
lum rod. The rod was approached from outside to the hot plasma in the 
core of the ECR source. This procedure allowed one to produce high­
intensity 48ca beams with an energy of 44 MeV/A. The projectile-like 
fragments were collected at 0° by the triple-focussing magnetic analy­
se.r LISE 1291 . The LISE facility is a double achromatic spectrometer 
consisting of two dipole magnets D and the associated quadrupole focus­
sing elements Q, as shown in fig. 1. It has two focal planes, the first F1 
being the momentum-dispersive one on which particles which different 
Bp-values are focused at different positions, and the second F 2 - the 
achromatic one where all the particles are collectd into the same position. 
It is possible to collect all the fragments in a rather small spot and to 
install 41T-detectors of reasonable size for the decay studies. 
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Fig. 1. Configuration of the analysing magnetic line QDQDQ (spectrometer LISE). 
q1 -q4 are quadrupole lenses of the transport channel for the 48ca projectile. 
Q1 -Q10 are quadrupole lenses of the spectrometer LISE. D 1 and D 2 are the LISE 
magnetic dipoles. F1 and F2 are dispersive and achromatic planes. tJ£

1 
, ER are 

a semiconductor detector telescope. 
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For the detection of the exotic nucleus 26o with a very low yield 
a four-state semiconductor telescope consisting of two 300 p. m ~E 1, 

~ E.z, one 1 mm M 3 and 5.5 mm Si(Li) residual energy detectors ER 
· is mounted inside a small vacuum chamber connected to the exit 
of LISE. The flight time of the fragments collected is measured between 
the initial (at the target) and final foci of LISE (telescope position). 
The time signal STOP is produced by an R.F. pulse from the last cyclo­
tron and the time signal START comes from the ER detector. The cons­
tancy of the correlation between the R.F. and the time of incidence on 
the target is monitored by a neutron detector mounted clo e to the 
primary beam catcher at the exit of the first dipole magnet. The time 
resolution obtained for the beam used in this experiment is better 
than 1 ns. 

To avoid pile-up effects and ensure food energy and time resolu­
tions the counting rate on the detectors was limited to some lOS events 
per second. This was done by limiting the momentum acceptance of the 
LISE spectrometer by means of movable slits in the intermediate focal 
plane F 1 . A 5.3 mgfcm 2 Al foil was placed in order to suppress the 
low-intensity components of the incompletely stripped fragments. 
This Al foil served also as a degrader for improving iso,topic separat~on. 

The fragments were identified in a redundant way: the two first 
·detectors independently allowed double Z determinations, the mass 
was derived from the total energy and the time of flight or from the 
magnetic rigidity and the time of flight. This method provides the clear 
identification of the atomic number and mass of exotic nuclei. 

3. R e s u 1 t s a n d Di s c u s s i o n 

It was shown / SO/ that the yield of the neutron-rich isotopes at an 
intermediate energy was strongly dependent on the N/Z ratio of the 
target. In the present experiment the yield of the known neutron-rich 
isotopes 22 •2S,2'\) was obtained in the interaction of a 44 MeV/A 
48 ca beam with 9Be, 6~i and 181 Ta targets (fig. 2). In fig. 2 it is 
seen that the maximum yield of the heavy isotope 24 0 is produced on 
the Ta target. From an extrapolation of the yields to extremely heavy 
isotopes of oxygen one should expect the ratio 24 0/ 26o t o be equal 
to -16. A 173 mg/cm2 Ta target corresponding to an - 10% energy 
loss was chosen. The spectrometer was set to the magnetic rigidity Bp = 

= 2.88 T m optimized for heavy isotopes of the elements with 6 ::; Z ::; 
:S 11. Figure 3 represents the two-dimensional plot (energy loss versus 
time of flight) obtained under these conditions after 40-hour integra-
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Fig. 2. Comparison of the experimental 
yields for the isotopes 22,23 •2"o pro­
duced in the interactions of 44 MeV fA 
48ca ions with 9Be 84Ni and 181 Ta . 
targets. The arrow indicates the extra­
polation yield of 280 for the most 
promising 181Ta target. 

tion with an average intensity 
of 150 nA. The heaviest known 
isotopes 19s, 22 C, 29 F and the 
new super heavy isotope 32 Ne 
( 4 events) are clearly visible. 
The unstable isotope 26 0 is 
obviously absent but no counts 
due to 28 0 are seen (broken-
line rectangle). 

In this run a total of 220 counts due to the isotope 240 were obser­
ved and using the ratio of estimated yields, 24 0/ 28o, one should have 
observed more than ten events for the 280 exotic nucleus. Nonobser­
vation, in the present experiment with this sensitivity, of the 28 0 events, 
can be evidence for its possible particle instability. 

An analysis of particle stability for the neutron-rich isotopes of 
oxygen within the framework of the quasi-particle Lagrangian method 
(QLM) ~as been cauied out / Sl-S4/ . This method proved / Sl,SS / to 
be efficient in describing the properties of the isotopes lying near the 
line of stability both for magic and ordinary nuclei. In work / S21 it was 
shown that the QLM method also ensures sufficient reliability in the 
prediction of the properties of nuclei far from the line of stability. In our 
calculations we applied the same f.arametrization of the efficient Lag­
rangian, as that used in work131 • 41 . Nucleon pairing with the para­
meter of the re-normalized amplitude equal to 1.4 MeV was also taken 
into account . This choice of the parameters provides the best agreement 
between the theoretical and experimental values of the one-neutron and 
two-neutron separation energies of the even-mass isotopes of oxygen 
with A alB - 24 (table 2). 

The r.m.s. errors calculated by the standard method are relatively 
small, namely, < 880 > = 0.54 MeV and < BS2n > = 1.15 MeV. The cal­
culations for the one-neutron and two-neutron separation energies were 
carried out both for spherical and deformed shapes of the oxygen nuclei. 

The problem of the possible existence of deformation shapes for 
neutron-rich nuclei arising at Z = 11, N ~ 20 has first been discussed 
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Fig. 3. Two-dimensional distribution of the events ( !lE res. TOF) due to the Li, Be, 
B, C, N, 0, F and Be isotopes, which were detected during 40 hours of exposure at 
the magnetic rigidity Bp = 2.88 T m of the spectrometer LISE. Four events due 
to the new 32Ne isotope are observed for the first time. A total of 220 events has 
been recorded for 24o. The place for the isotope 26 0 is shown by a broken line. 

in work 114- 171 . However, the problem of the possible occurrence of 
deformation in the oxygen nuclei with proton structure tability (the 
closed proton shell Z • 8) and the possible influence of the deforma­
tion effects on the particle stability of 26 •2Bo was open u til recently. 
In the present work we study the separation energy of one and two 
neutrons for the oxygen nuclei both deformed and spherical QLM calcu. 
lations. The analysis showed that equilibrium shapes of all even oxygen 
nuclei are spherical ones. In our calculations the isotope 26o is stable 
against one-neutron emission Sn ( 260) ~ 0.69 MeV. The two-neutron 
separation energy was obtained to have a negative value and approxima-
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Table 2. The QLM calculations for the one-neutron, ~ , and two-neutron, 
S 2D' separation energies of the even isotopes 18,20, ,24 0 

Sn (MeV) S2n (MeV) 
Nuclide 

QLM exp. QLM exp. 

180 7.92 8.04 12.67 12.19 
200 6.87 7.61 10.61 11.56 
220 6.09 6.70 8.79 10.50 
240 3.59 4.09 5.85 6.98 

tely zero: S2n ( 26 0) = -0.01 MeV. Apparently the 260 nucleus is uns­
table againts two-neutron decay. However, in the presence of the cent­
rifugal barrier for two outer neutrons in the d-subshell with a rather small 
negative value of S2n two-neutron emission would be delayed conside­
rably. It can possibly lead to the formation of the quasi-stationary sta­
tes of the system 240 + 2n. It is interesting to try to observe two-neu­
tron emission from the ground state of 26 0. Earlier 1961 the possibi­
lity of two-neutron emission from the ground state was discussed and 
two-neutron emission from excited states in 6 He isotopes was obser­
ved1361. The ,g-delayed emission of two neutrons was calculated in 
work1121 . Studies of neutron emission from the ground state are now 
in progress: 

The superheavy isotope 28o is also relatively stable against one­
neutron emission, Sn ( 280) = 0.51 MeV, whereas two-neutron separa­
tion energy has a rather large negative value: S 2n ( 280) = -0.8 MeV. 
The isotope 28 0 seems to be unstable against two-neutron emission. 

It should be noted that the nuclear stability of the extremely neu­
tron-rich isopotes 26• 28 0 was recently established in work /3? 1 in the 
deformed Hartree-Fock calculations using Skyrme 3-force and BCS 
pairing. It is shown that the 260 isotope is very loosely bound, and the 
28o isotope is a particle unstable one. 

4. C o n c l u s i o n 

In the present experiment using a high-intensity 48Ca beam with an 
energy of 44 MeV fA in the nuclear reaction 48 Ca + Ta a total of 220 
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24o nuclei have been detected. No events due to 260 were recorded 
whereas in the case of its particle stability from the extrapolated ratio 
240; 26 0 more than ten events attributable to the 

28
0 nuclei could be 

observed. This experimental result is likely to indicate the particle ins­
tability of the neutron-rich isotope 26 0. 

The calculations of the neutron separation energy for 2& •28 0 per­
formed within the framework of the QLM method in considering the 
potentials of both spherical and deformed nuclei have shown that the 
extremely neutron-rich isotopes 26• 280 are unstable agai st two-neu­
tron emission in their ground states. It is possible that if the centrifugal 
barrier exists for two outer neutrons in the system 24o + 2n, a long­
lived quasi-stationary state may be formed which would be a candidate 
for two-neutron decay from the ground state. In our experiment a new 
extremely neutron-rich isotope 32 Ne (four events) has been observed for 
the first time. 

The authors express their gratitude to Prof. Yu.Ts.Oganessian for 
advice and discussions. 
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