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Kpar~cue coo6U4eHUR OH.HH N"5-84 JJNR Rapid Communications .N• -84 
YAK539.14 

Ne EMISSION BY SPONTANEOUS DECAY OF 231Pa 

A.Slndulescu, Yu.S.Zamyatnin, I.A.Lebedev! 
B.F.Myasoedov} S.P.Tretyakova, D.Hasegan2 

The first experimental results concerning a new 
type of decay of 231Pa by Ne emission are repor ted. 
The detection of Ne nuclei was performed by us i ng 
track detectors of polyethyleneterephthalatesen­
sitive to energetic Ne nuclei but not to alpha 
particles. 

The investigation has been performed at the 
Laboratory of Nuclear Reactions, JI~lR. 

CnoHTaHHbn1: pacnap; 231Pa c HcnycKaHHeM H,D;ep HeoHa 

A.C3~ynecKy, IO.C.3aMHTHHH, H.A.J1e6eAeB, 
B.Cl>.UHcoeAOB, C.IT.TpeTbHKOBa, ,[(.XaceraH 

Coo6u~aiOTCH nepBwe 3KcnepHMeHTaJibHhie pesyJibTaTbi 
no o6HapYJ!(eHHIO HOBoro B~a pacnap;a 231Pa c HcnycKa­
HHeM H,J:\ep HeOHa. PerHCTpaQHH HeOHa Ha ~OHe 60JibWOrO 
'IHCJia a -qacTHl~ npOH3BO,I:\HJiaCb TpeKOBblM ,1:\eTeKTOPOM 
H3 JiaBCaHa. 

Pa6oTa BblllOJIHeHa B J1a6opaTOpHH H,J:\epHblX peaK~HH mum. 

Recently, Rose and Jones111 reported the first experi­
mental evidence for the earlier predicted 121 new t ype of 
decay of the heavy nuclei, in which heavy clusters are 
emitted leading to residual (daughter) nuclei close to 
the double magic 208Pb. The decay of 223 Ra by 14c emis­
sion observed by Rose and Jones was later confirmed by 
experiments performed in Moscow 131 and in Orsay 141. After-­
wards, the emission of the 14C cluster was observed for 
the neighbouring isotopes 222Ra and 224Ra /5~ 

In the context of these results it is interesting to 
provide more experimental evidence for the existence of 
new types of decay particularly the emission of e,a pro­
cess for which theoretical estimations indicate t he lar­
gest branching ratios relative to the alpha decay . 

1 Institute of Geochemistry and Analytical Chemi stry 
V.I.Vernadsky, Moscow. 

2 Central Institute of Physics, Bucharest, Romania. 
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In the present paper the first experimental evidence 
for the spontaneous decay of 231Pa by the emission of 
neon nuclei is reported. 

According to the theoretical estimations161 the most 
~robable decay mode of 281Pa is its deca; into 207Tl and 

4Ne wi th the branching ratio relative to alpha decay of 
w- 10·7 and the kinetic energy ENe = 60.4 MeV; The next 
most pr obable decay mode of 28 1Pa leads to 208Pb and 2SF. 

For thi s process the Q -value is lower and the branching 
ratio relative to alpha decay is two orders of magnitude 
smaller, i.e. , 10 - 12· 7 , the kine tic energy being E F = 
'"' 51.8 MeV. 

Because of the tremendous background due to the alpha 
particle s the method chosen for the registration of the 
decay ,p rod~cts was based on track detectors of polyethy-

jleneterephthalate. ~ensitive to energetic neon but not to 
alpha particles. CNe ions of 48 and 64 UeV delivered by 
~ U-300 cyclotron of the JINR, fission fragments of 
282rhob t ained at the JINR microtron and an intense source 
of alpha particles were used for the calibration of the 
detector s. These control experiments show that polyethy-

Qeneterephthalate can be used as a good track detector be­
cause it allows to re~ister neon ions in the presence 
of a background of -10 2 alpha particles on em 2 and also 
to separa te Ne- tracks from fission fragments by using the 
length and the shape of the tracks. 

The experiment was performed \-lith a 281pa source of 
7 mg, separated from the decay products and deposited on 
a tantalum backing as a layer of 0.4 mg/cm 2 thickness. 
The 170 microns thickness trace detector was put on the 
281Pa source, at a distance of 0.1 mm. The registration 
of tracks in polyethyleneterephthalate was done within the 
angles of 20° and 70° relative to the plane of the detec­
tors. Thi s geometry of the experiment allowed the regist­
ration of 30% of the tracks due to 281pa decay by neon 
emission. In order to decrease the b2ckground due to the 
cosmic rays, during the exposure the detectors were scree­
ned by a 'shield, the thickness of which was equivalent 
to 7 m.of concrete. A blank measurement was performed by 
placing t he detector on the tantalum without source in 
the same conditions. 

After exposure times of 142 and 168 hours respectively 
the detec t ors were etched during 4 and correspondingly 

*By typing error this decay mode was not included in 
Table 2 of ref. 161 
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3 hours with a 6 normal NaOH solution at 6o~c. 12 and 13 
respectively tracks of the decay products were regi stered. 
No tracks were detected in the blank measurement. The 
track length and the corresponding etching rate al ong 
the track were measured in order to identify the decay 
products. The experimental mean value of the range is 
R = 30+3 ~m, while the expected range based on the calib­
ration-experiment for 2~e of 60.4 MeV energy in our poly­
ethyleneterephthalate is R ::: 32-33 1.1 m. The good agreeme.nt 
of the range value and the etching rate with the o es ob­
tained in the calibration experiment gives a reasonable 
support for the identification of the decay product of 
231pa as 2~e. 

On the basis of the number of the registered tracks 
one can determine the branching ratio relative to alpha 
decay of the new discovered decay mode of 231Pa a s being 
equa\ to 6· w-12 and the partial half-life equal t 
5· 10 5y. These experimental data are in quite good agree­
ment with the theoretical results. At the same time the 
absence of the fission fragments among the decay products 
allows to increase the lower limit of the lifetime for 
spontaneous fission of 231Pa from 10 16 y 1?1 to 2·10 1? y. 

The authors express their deep gratitude to Acad. 
G.N.Flerov, for continuous support during this experiment, 
Prof. Yu.Ts.Oganessian for useful suggestions and G.B.Buk­
lanov, E.Borcea, K.A.Gavrilov , L.I. Guseva, A.H.K tcher, 
V.L.Mikheev, K.I.Merkina and V.P.Perelygin for the ir aid 
in performing the measurements and the preparation of the 
source. 

References 

I: Rose H.J., Jones G.A. Nature, 1984, 307, p.245 . 
2. Sandulescu A. et al. Sov.J.Part.Nucl., 1980, 11(6), 

p.523. 
3. Alexandrov D.V. et al. Pisma v JETF, 1984, 40 , p.I52. 
4. Gales S. et al. Phys.Rev.Lett., 1984, 53, p.759. 
5. CERN Courier, 1984, 24, p.380. 
6. Poenaru D.N. et al. J.Phys.G: Nucl.Phys., 1984 , 10, 

p. L 183; J!NR, E4-84-811 , Dubna, I 984. 
7. Segre E. Phys.Rev., 1952, 86, p.2I. 

Received on December 26,1984. 

7 



Kpan cue coo6!qeHUJI OHJIH N'5-84 J/NR Rapid Communications Ji05-84 
YAK539.17 

HCCnEAOBAHHE RAEPHOrO B3AHMOAEACTBHR PEnRTHBHCTCKHX 
~PArMEHTOB 2~g C nOMOmb~ 4EPEHKOBCKOrO CnEKTPOMETPA 
3APRAOB 

H.A.ronyTs~H, H.B.rop6yHos, B.X.AoAoxos, C.H.Aonfl, 
B.E.*~n b~os, A . B.3apy6~H, A.r.Kapes, B.~ . Kap~as~H, 

B.H.n~cflKOB, 3.H.Manb~es, B.A.MoH4~HcK~~. 5.A.Moposos, 
B.A.H~K~T~H, B.B.nepen~r~H, ~.n.neTyxos, A.A.nosTopeHKo, 
A.nose , B.n.CapaH~es, B.A.Cs~P~AOB, A.H.CeMeH~WK~H, 
A.E.CeHHep, A.A.CMon~H, A.~.CyxaHos, B.B.T~xoM~pos, 

B.n.ToKapcK~~. A.r.~eAYHOB, B.C.Xa6apos, B.H.Uos6yH, 
A. H.4epHeHKo, ~.A.R~yHeHKO 
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IlpeACTaBJieHbl pe3yJlbTaTbl 3JleKTpOHHOI'O 3KCnepHMeH­
Ta no HCCJieAOBaHHID HAepHbiX B3aHMOAeACTBHA C H3Me­
HeHHeM 3apHAa 2~g H ero peJIHTHBHCTCKHX ~pai'MeHTOB 
B HHTepBaJie BpeMeHH 10-10 -10-9 C C MOMeHTa HX o0-
pa30BaHHH. OIIbiTbi BbiDOJIHeHbl Ha nyqKe aAep Mai'HHH 
C HMDyJlbCOM 4, 5 r3B/ C HyKJIOH, YCKOpeHHbiX Ha CHH­
xp~a30TpOHe na6opaTOpHH Bb!COKHX 3Hepi'HH 06~eAH­
HeHHOI'O HHCTHTyTa HAepHbiX HCCJieAOBaHHA. 0CHOBY 
3KCDepHMeHTaJibHOA ycTaHOBKH COCTaBJIHeT CeK~OHHpo­
BaHHbffi qepeHKOBCKHH cneKTpoMeTp /40 cqeTqHKOB C 
TOJI~HOH nneKCHI'JiacoBoro paAHaTopa 5 MM/. H3Mepe­
Hhl ~YHK~H DOI'JlO~eHHH B Be~eCTBe (C5H 80 2) nepBHq­
HbiX HAep H o6pa30BaBIDHXCH ti,JparMeHTOB C 6 ~ Z ,$)1 , 
IlpHBOAHTCH AaHHble 0 cpeAHHX npo6erax H BepoHTHoc-

5 THX· HX o5pa30BaHHH, OCHOBaHHble Ha aHaJIH3e - ] 0 
B3 aHMOAeik TBHH, 

Pa6oTa BbiDOJIHeHa B 0TAeJie HOBbiX MeTOAOB 
ycKopeHHa OlUIH. 

Investigation of the 2~g Projectile Fragments 
Interac tion Using the Segmented Cerenkov Detector 

I.A.Golutvin et al. 

The results of the electronic experiment on in­
vestiga tion of the projectile fragments interac­
tion a r e presented. The experiment is done at 
4. 5 GeV /c . A 2~g beam of the JINR synchrophasotron. 
The mai n part of ~he apparatus is the live target 
assembled of 40 Cerenkov counters with 5 mm thick 
lucite radiators. Charge changing reactions for 
the primary beam and secondary fragments with 
6 ~Z _sll have been registrated. The interaction 
mean fr ee path of the projectile fragments and 



probabilities of its productions based on the 
analysis of ~10 interactions are presented. 

The investigation has been performed at the 
Department of New !.fethods of Acceleration, JINR. 

B pa6oT/ 11 6b1Jl npeAJlOlKeH MeTOA 1-!CCJleAoBaHI-!R ceol:ic Te 
CI-!JlbHOrO B3ai-IMOAeHCTBI-IR peJlRTI-IBI-ICTCKI-IX RAePHbiX ~parMeH­
TOB e6Jl!-131-1 T04KI-1 1-1x polKAeHI-!R. B HacTOR~eM coo6~eH!-11-1 Mbl 
npi-!BOAI-IM •pe3yJlbTaTbl 1-!CCJleAOBaHI-IR 3TI-IM MeTOAOM eepOR THOC­
TeH ~parMeHTa~l-11-1 ny4Koeoro RAPa 2~g c o6pa3oeaHI-IeM Ko­
He4HOM COCTORHI-11-1 BTOPI-14HbiX RAep C 3aPRAaMI-1 6 ~ Z ~11 1-1 ce-
4eHI-!H B3ai-IMOAeHCTBI-IR C I-13MeHeHI-!eM 3aPRAa 3TI-IX ~parMeHTOB 
e 1-1HTepea11e epeMeHI-1 lo-9 -1o-10 c c MOMeHTa 1-1x o6pa 3oe~­
HI-IR. OcHoey 3KcnepHMeHTaJlbHOI:i ycTaHOBKI-1 cocTaBJlReT 1lKI-1BaR" 
MI-!WeHb, COCTOR~aR 1-13 40 4epeHKOBCKI-IX C4eT41-1KOB C paAI-!a­
TOpaMH 1-13 nlleKcl-lrJlaca. To11~1-1Ha paAI-!aTopa no ny4Ky- 5 MM. 
B c4eT41-!Kax peaJl!-130BaHbl ycJlOBI-!R noJlHoro eHyTpeHHero oT­
palKeHI-!R 4epeHKOBCKOrO CBeTa, H3Jly4aeMOrO ny4KOBbiMI-1 RApaMI-1 
H peJlRTI-IBI-ICTCKI-IMI-1 ~parMeHTaMI-1 /P~/, 1-1, COOTBeTCTBeH HO, 
ocy~ecTeJleH ero nollHbiH c6op. AHaJlH3 1-!HTeHci-IBHOCTI-1 4e peH­
KoecKoro I-13Jly4eHI-!R RAep n03BOJ1ReT 1-!~MepRTb 3aPRA ~pa rMeH­
Ta, KOOPAI-IHaTbl T04eK o6pa30BaHHR H B3ai-IMOAel:icTBI-!e ~par­
MeHTOB. nponop~I-!OHaJlbHble KaMepbl onpeAeJlR~T KOOPAHHaTbl 1-1 
yron BXOAa ny4KOBOro RAPa B MHWeHb-AeTeKTop. noAp06Hee 
3Kcnepi-!MeHTaJlbHaR yCTaHOBKa Oni-!CaHa B /21. 

3KcnepHMeHT BblnOJlHeH Ha ny4Ke RAep MarHI-IR 2~g C 1-!MnyJlb­
tOM p C = 4, 5 r3B/HyKJlOH. 

06pa60TKa 3KCnepHMeHTaJlbHOH 1-!H~OpMa~l-11-1 BKJ1~4aeT pewe­
HHe 4 OCHOBHbiX 3aAa4: KaJl~-!6pOBKa 4epeHKOBCKHX C4eT4 1-1 KOBj 
peKOHCTPYK~I-IR TpeKOB ny4KOBbiX RAep; onpeAeJleHI-!e KOOPAI-!HaT 
B3ai-IMOAeHCTBI-IR ny4KOBOrO RAPa HJll-1 p~ B MI-!WeHI-1-AeTeKTOpe 
/1-1111-1 onpeAeJleHI-!e A11HH npo6era RAeP 1-1 P~ e ee~ecTee Ml-!we­
H!-1/; 1-1, HaKOHe~, onpeAeJleHI-!e xapaKTepi-!CTI-!K B3aHMOAeH CTBI-IR 
RAep 1-1 P~. 

npo~eAypa KaJl~-!6pOBKH 3aKJ1~4aeTCR B nepeBOAe BeJlH4HHbl 
cpeAHel:i aMnJli-ITYAbl CHrHaJla ~3Y, nponop~I-IOHaJlbHOH 1-!HTeHCI-IB­
HOCTH 4epeHKOBCKOrO CBeTa, B eAHHH~bl KBaApaTa 3apRAa. Ka­
Jl!-16pOBKa npoBOAHTCR no ABYM T04KaM: no ny4KOBbJM RA PaM 
24

Mg 1-1 12 C.YrllePOA COAeplKHTCR B ny4Ke MarHHR B BI-!Ae 10%­
HOH npHMeCH. CpeAHee 3Ha4eHI-!e no eceM c4eT41-1KaM· cpeAHe­
KBaApaTI-14HOro OTKJlOHeHHR 3aPRAOBOrO pacnpeAeJleHHR n p~-1 pe­
rHCTpa~!-11-1 ny4Ka MarHHR COCTaBJlReT 0,26e /pl-!c.1/. 

AHaJl!-13 MaTepHaJla Ha4HHaeTCR C BOCCTaHOBJleHI-IR Tpa eKTO­
PHH nepBH4HOH 4aCTI-I~bl B ny4KOBbiX KaMepax. 0T6Hpa~TCR 

C06biTI-IR C OAHH04Hb1M nepB!-14HbiM TpeKOM B onpeAeJleHHO A1-1a­
na30He npOCTpaHCTBeHHbiX H yrJlOBbiX KOOPAHHaT /OTKJlO eHI-!e 
OT ~eHTpa C4eT4HKa R 5 5 MM, yrOJl C OCb~ ny4Ka 
0 .$3· 1 o-3 paA/. 3aTeM HCCJleAYeTCR KapTHHa COObiTHR 4epeH-
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______________ ....... 
1&o 

Puc.), PacnpeAeneHHe no 
KBaApaTy sapHAa nyqKOBhlX 
HAep, 

aooJ n z· s a 1 a 9 10 11 

20 40 60 60 100 120 140 160 z2 
400 

Pnc.2. 3apHAOBoe pacnpeAene- ~ 
HHe ~parMeHTOB C AnHHOH , 
f > 3 CM. 20 40 so so 100 120 z2 

KOBCKOM AeTeKTOpe. AnropHTM 06HapymeHH~ aKTa B3aHMOAeH­
CTBH~ H H3MepeHH~ ero KOOPAHHaT~ OCHOBaH Ha aHanH3e aMnnH­
TYAW CHrHanoe CO C4eT4HKOB - nOHCKe CKa4Ka, COOTBeTCTBy~­
u~ero H3MeHeHH~ sap~Aa ny4Koeoro ~APa HnH <J>parMeHTa. 

<l>yHK~H~ norno~eHH~ nepBH4H~x ~Aep H <J>parMeHTOB nony4e­
Ha ABYM~ cnoco6aMH: H3y4eHHeM pacnpeAeneHHH HHAHBHAyanb­
HbiX C06biT'HH no AnHHe AO B3aHMOAeHCTBH~ /onHCaHHe nocneAo­
BaTenbHOCTH aMnnHTYA 4epeHKOBCKHX C4eT4HKOB OTAenbHOrO 
C06biTH~ KyC04HO-nOCTO~HHOH <I>YHK~HeH - TOnOnOrH4eCKHH Me­
TOA/ H a HanH30M 3eono~HH sap~AOB~x pacnpeAeneHHH P<l> KaK 
<I>YHK~HH pacCTO~HH~ OT eepWHH~ B3aHMOAe~CTBH~, rAe OHH 
o6pasoeanHCb /cneKTpanbHW~ MeTOA/. 

3ap~Aoeoe pacnpeAeneHHe P<l> BToporo noKoneHH~ /nepeoe 
noKoneH He - nepeH4H~e ~A8a/ c AnHHOH npo6era 6onbwe 3 CM 
/epeM~ mH3HH 6onbwe 10-1 c I noKa3aHo Ha pHc.2. BHAHO, 
4TO <J>parMeHT~ YAOBneTBOPHTenbHO pa3Aen~~TC~ no 3aP~AaM 
e HHTepeane 6 .::;,Z ;5 11 • XapaKTepHoH oco6eHHOCTb~ cneKTpoe 
~Bn~eTC~ CABHr MaKCHMYMOB pacnpeAeneHHH enpaeo OTHOCH­
TenbHO KBaApaTa sap~Aa <J>parMeHTa Ha 1 -;- 9 eAHHH~. CABHr 
yeenH4HBaeTC~ C npH6nHmeHHeM K T04Ke pOmAeHH~ <J>parMeHTa 
H c yMeH bWeHHeM ero sap~Aa Z /pHc.3/. 3To ecTeCTBeHHO o6b­
~cH~eTc~ TeM, 4TO CTapWHH <J>parMeHT /c HaH60nbWHM 3ap~AOM/ 
conpoeOmAaeTC~, B OCHOBHOM, OAH03aP~AH~MH 6~CTPWMH 4aCTH­
~aMH, KOTOpbiX TeM 60nbWe, 4eM 6onbWe H3MeHeHHe 3aP~Aa ny4-
KOBOrO ~A pa BO B3aHMOAeHCTBHH. ,[IOMHHHPOBaHHe CTapwero <J>par­
MeHTa ~Bn~eTC~ HHTepeCHOH OC06eHHOCTb~ peaK~HH pac~enne­
HH~ ~APa . ,Qn~ npo~ecca 2~g ... B+ •.• cy~ecTeyeT MHOro sap~­
AOBwx KOM6HHa~HH, KOTOpwe MOrnH 6~ nonHOCTb~ pa3M~Tb COOT­
BeTCTBY~HH 6opy nHK Z 2 = 25. B Aei1cTBHTenbHOCTH /eM. 
PHC . 2/ Ha6n~AaeTC~ nHWb MeAneHHOe HapacTaHHe <!>OHa COnpo­
BOmAa~~HX 4aCTH~ npH yMeHbWeHHH 3aP~Aa P<J> ; H TOnbKO B o6-
naCTH Z < 5 BbiAenHTb <J>pan~eHT HeB03MOmHO. 
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PHc,3. CABHr ~eHTpa a pH~ 
AOBoro pacnpeAeneHHH ~par­
MeHTOB no OTHOWeHHro K KBaA­
paTy aapHAa ~parMeHTa KaK 
~YHK~HH eso 3aPHAa AllH ~eT­
BepToro (C4) H BOCbMOr O 
C~eT~HKOB nocne TO~KH B3aH­
MOAeiiCTBHH. 

PeaynbTaTbl H3Mepe HH~ 

cpeAHHX AnHH ~AepHoro npo-
6era 24Mg H ero P¢ BMecTe . 
C eepo~THOCT~MH pa3nH4H~X 
no aap~AY /6ea paaAeneHH~ 
no H30TonaM/ KaHanoe ¢par-
MeHTal.IHH Mg npeACTaeneHbl a 
Ta6nHI..Ie. npHBeAeHH~e 3AeCb 
3Ha4eHH~ ~AePHbiX npo6eroe 
¢parMeHTOB onpeAeneH~ KaK 
cpeAHHe An~ npo6eroe c AnH­

Hoii B HHTepeane 3 7 15 CM. npoeeAeHbl HCCneAOEiaHH~ B3a HMO­
Aei1CTBH~ P¢ B HHTepeane npo6e r oe 0, 5 Sf <;;_3 CM, rAe Ha6-
n~AanOCb 1 ~1 aHOManbHOe eaaHMOAeiicTBHe /o npo6neMe a HoMano­
HOB CM. TaK>:<e 14•5'l. 

3aBHCHMOCTH Bepo~THOCTH KaHanOB ~AePHbiX peaKI..IHii OT aa­
P~Aa H cpeAHei:-i AnHHbl ~AepHoro n~o6era ¢pan~eHTOB cor nacy­
~Tc~ c ony6nHKoeaHH~MH AaHHbiMH 5 · 6 ~ . nony4eHHbiMH npH 3Hep­
rHH 2 raB/HyKnOH Ha YCKOPHTene B 6epKnH. CpeAH~~ An HHa 
npo6era A ~AePHbiX ¢parMeHTOB c aap~AOM Z a nneKcHrna ce 
An~ B3aHMOAei1CTBHi1, rAe 3aP~A ¢pan~eHTa H3MeH~eTC~ Ha ee­
nH4HHY ~Z2 1, y~oeneTBOPHTenbHO annpOKCHMHpyeTC~ ¢opMy­
noi1 A(z) = 52. Z- ·57 /T04HOCTb annpoKCHMal.IHH - 2, 5% a AHa­
naaoHe Z = 6-;- 26, oTKnoHeHHe A An~ ¢parMeHTOB aaoTa Oll<eT 

"A , CM 

25 

20 

15 

10 

5 

ny~ku cpparMeMmbl 
.C.Z~1 

e C.O.Mg .A. Mg 

o Fe /5/ 
DAr 

10 15 20 z 

6b1Tb 06"b~CHeHO H30TOn­
HbiM COCTaBOM/. 

Bep~~THOCTH ¢ arMeH­
Tal.IHH Mg B H30TOnbl 
3neMeHTOB C He4e TH~MH 

3Ha4eHH~MH Z /¢To p, 
aaoT I noAaeneHbl o cpas-
HeHH~ C 4eTHbiMH 3neMeH­
TaMH /yrnepoA, KHcno­
POA, HeOH/. noA06 Hoe 

PHc.4. 3aBHCHMOCTb 
AllHHbi HAepHoro po6era 
~parMeHTOB OT HX 3apHAa. 
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Bepo.IITHOCTH .PparMeHT~HH W H AJIHHa 
An.II cllparMeHTOB 24Mg H nyqKQBb~ .IIAep 
B MHmeHH H3 nneKCHrnaca (C5H80 2) , p 

Ta6nHua 

cao60AHOro npo6era A 
24Mg, 16 0 H t2c 

= 1,18 r/cM 3 

JIApo Mg 0 c 

A /MM/ 126+2 157+6 188+7 
-
~arMeH- Na Ne F 0 N c Z~5 
Thl 

A / MM/ 130+6 133+8 136+8 155+7 157+5 177+7 

w /%/ 10,6 10,0 4,9 9,9 8, I 9, I 47,4 
.:!:. 0,5 .:!:. 0,5 .:!:_0,4 .:!:_0,7 .:!:_0,6 .:!:_0, 7 .:!:. I ,4 

ABne HHe Ha6n~AaeTCA H AnA ~p3rMeHTa4HH HOHOB B o6naCTH 
HepenATHBHCTCKHX 3HeprHi1 17 . Ka4ecTBeHHO 3aKOHOMepHOCTb 
B~XOAa $parMeHTOB B peaK4HH C penATHBHCTCKHMH HOHaMH 2~g 
COBnaAaeT C npeACKa3aHHRMH MOAenH nyKbAHOBa H THTOBa 181, 
rAe ~parMeHTa4HA oObACHAeTCA Ha OCHOBe ABYXCTaAH.:iHOrO Me­
XaH H3Ma /Ha nepBOH CTaAHH npH nepH~epH4eCKOM CTOnKHOBeHHH 
C MHWeHbiO AAPO B036Y>KAaeTCA, Ha BTOPOH - pacnaAaeTCR 
CTaTHCTH4eCKH, o6pa3yR ~parMeHT~ C BepOATHOCTAMH, npo­
nOP4HOHanbH~MH ~a30B~M 06beMaM B KOHe4HOM COCTOAHHH/. 

ABTOp~ C4HTaiOT CBOHM AOnroM B~pa3HTb rny60KYIO 6naro­
AapHOCTb A.M.6anAHHY, n.r.MaKapoay H H.H.CeMeHIOWKHHY 3a 
coFeHCTBHe a.npoaeAeHHH 3KcnepHMeHTa. 
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KpaTKUe coo61.14eHWI OHJIH N"5-84 JINR Rapid Communications N"5-84 
YAK 539.172.13 

ENHANCEMEUTS OBSERVED IN THE TWO-PROTON EFFECTIVE 
t.fASS DISTRIBUTION IN THE PIONLESS DEUTERON 
BREAK-UP AT 3.3 GeV/c 

V.V.Glagolev, A.K.Kacharava: G.I.Lykasov, 
M.S.Nioradze: Z.R.Salukvadze~ J.Urban -

A sample of "non-spectatorii events in the p i on­
less break-up at a 3.3 GeV/c deuteron momentum has 
been investigated by means of a I m HBC at the 
Dubna synchrophasotron. The two-proton effective 
mass spectrum in the charge exchange channel ex ­
hibits two enhancements at masses MPP = 20IO and 
2I60 MeV/c 2• The experimental results are compa red 
with theoretical calculations supposing virtual 
" -meson production and absorption by a nucleo 
pair. 

The investigation has been perform~d at the 
Laboratory of High Energies, JINR. 

Ha6moAeHHe oco6eHHOCTeH: B crreKTpe 3qxpeKTHBHbiX Mace 
ABYX rrpoTOHOB B 6e3Me30HHOM pa3Bane AeHTpOHa 
rrpH 3,3 f3B/c 

B.B.rnaroneB HAP· 

HccneAOBanHcb 11 HecrreKTaTopHbie" co6biTHR H3 6e 3-
Me30HHoro pa 3Bana AeH:TpoHa rrpH HMrrynbce 3,3 f3 B/c, 
rronY'!eHHble Ha I 00 CM BOAOPOAHOH fiY 3blpbKOBOH KaMepe 
llB3 mum. B crreKTpe 3<WleKTHBHbiX Mace ABYX rrpoTOHOB 
B KaHane C rrepe3aPRAKOH Ha6niDAaiDTCR ABa MaKCHMyMa 
rrpH 3Ha'leHHax Mpp = 20 I 0 H 2I60 M3B/ c 2• 3KcrrepHMeH­
TanbHbie pe3ynbTaTbl CpaBHHBaiDTCR C TeopeTH'IeCKH"'H 
pac'leTaMH, y'IHTbiBaiDJJUiMH poJK,IJ;eHHe H rrorno~eHHe BHp­
TyanhHoro rr-Me3oHa Ha nape HyKnOHOB. 

Pa6oTa BtlfiOJIHeHa B lla6opaTopHH BbiCOKHX 3Hep r HH: 
OHJIH. 

In the last few years in two-nucleon systems pr odu­
ced in nucleon-nucleon and hadron-nucleus collision s new 

* High Energy Physics Institute, Tbilisi, USSR. 
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effects have been observed, which may be treated as di­
uaryon states. A search for such states is particularly 
interes ting in connection with the existence of six-quark 
bags pr edicted previously. A detailed account of experi­
mental results and their theoretical treatment have been 
published in a number of reviews, e.g., 11

•
21

. However, we 
should remark that not in all cases the resonance behavi­
our in cross sections or two· ·baryon effective mass dis­
tribut i on may be identified as a manifestation of diba­
ryon resonances 12~ 

Using a 1m HBC exposed to light nucleus beams,such en­
hancements have been recently observed in two-nucleon ef·­
fective mass distributions at 2.040 GeV/c 2and 2.140 GeV/c2 • 
Besides , these peaks have been observed in proton-proton 

b . . 13 f5! f h 411 d . . com ~nat;J.Qns • o t e ep ... ppn react~on, ~n proton-
141 b . . f h d . d . neutron com ~nat~ons o t e p ... ppn react~on an ~n 

neutron-neutron combinations of the dp ... p1lnn reactior/51. 

The question arises whether such a structure exists in 
proton- proton combinations of the dp ... ppn reaction. It 
should be stressed that in all the noted cases of the 
deuteron break-up only those events have been taken into 
account which cannot be classified as quasi-nucleon ones, 
i.e., events without spectator nucleons. The 4Hep ... dppn 
reaction proceeds mainly via the mechanism in which two 
nucleons participate from ~e and the remaining deuteron 
is a s pectator 161 The situation is quite different in the 
dp ... ppn channel where quasielastic neutron-proton or pro­
ton-proton scattering takes place in the overwhelming 
majority of evehts. In this case the events, in which the 
momentum of the slowest nucleon ("spectator") in the deu­
teron r est frame is large enough, have been conditional­
ly regarded as spectator less ones. A few boundary cuts 
have been taken as 300 MeV/c 1 51 or 350 MeV/c 1 41 . If one 
applies a cut at too low momentum values, the hypotheti­
cal structure may be hidden due to a large quasielastic 
background. On the other hand, a too high boundary impo­
verishes event statistics in the region of our interest. 

One of the ways of choosing the cut boundary may result 
from the following considerations. Let us try to select 
the clas s of inelastic scattering, e.g., with virtual 
rr -meson production and absorption 17 •91 Due to kinemati­
cal cons traints on rr-meson absorption with a single nuc­
leon, t he overwhelming majority of these events occurs 
on a nucleon pair. Figure 1 shows a plot of the effective 
mass of two slow nucleons versus four-momentum transfer 
squared from the incident proton to the leading particle. 
In our t erminology charge retention and charge exchange 
channel s mean the leading proton and neutron in the final 
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state, respectively. It can be seen that the events are in­
tensively grouped according to the quasi-elastic nuc leon­
nu.cleon kinematics. An analogous plot in the dp .... ppprr­
channel is demonstrated in fig.2. 

N 

~ 2.2 

"' -a. 2.1 

"' 

0.0 0.5 1.0 1.5 2 
ltl ((GoV/cl l 

2.0 

Fig.l. Slow proton and 
neutron effective mass 
versus four-momentwn trans­
fer squared for the charge 
retention part of the dp .... ppn 
reaction. 

2.4 

rt: 2.3 
' :: 
~ 2.2 

2.0 

1.9 

0.0 0.5 1.0 1.5 
!tl [(Ge lcl2J 

Fig.2. pprr effective mass_, 
without the leading proton_, 
versus four~omentum t ransfer 
squared for the dp .... ppp "­
reaction. 

It should be noted that from the kinematical const­
raint for the quantities put on the axes x and y such 
a plot reflects only the incident proton momentum l oss. 
Supposing that in the dp .... ppn channel the produced rr -me­
son is almost on-mass-shell, the comparison of these two 
plots allows us to select the sample of wanted events. 
They will lie above the line presented in figs.] and 2. 
Such a procedure has been also applied to the charge ex­
change channel. The momentum distributions for the selec­
ted groups of events are demonstrated in figs.3a and 3b 
for the charge retension and charge exchange channe ls, 
respectively. In the momentum distribution of the s lowest 
nucleon in the charge retension channel figure 3a shows 
two maxima which are well divided at a momentum of 
~zoo MeV/c. The first of them corresponds to a par t of 
quasi-elastic NN scattering owing to the conditiona lity 
of the lines in figs.] and 2. The second maximum corres­
-ponds to the events with 11 -meson absorption. 

Previous studies of the dp .... ppn reaction at 3.3 GeV/c 
have shmm that a high momentum tail in the charge ex­
change channel substantially exceeds that of the r e ten­
tion one. This phenomenon is explained by contribut ions 

15 



60 

' 
~so 
::. 
!:! 

~ 40 
..... 
z 

30 

20 

10 

., ., . , 
fiL, 

: .... : : .. ~ 
r~ , '"' • : ~; 

n ,J1 fJ b 
r 1 I I 1 ~ .. 

: ~; lJ 

0 1 0.3 0.5 0.7 
P IGtVI<l 

Fig.J. Momentum distribu­
tion of the slowest nualeon 
in the deuteron rest frame: 
( ) for the aharge re-
tention and (- - - -) for 
the aharge exahange chan­
nels. The events are taken 
from the 'pion absorption 
region". 

of inelastic processes such 
as ~-isobar exchange or vir­
tual 11 -meson lroduction and 
absorption 18•7 considering 
the corresponding isospin 
states. Involving the above 
mechanisms has been al~o ne­

cessary in the analysis of 4rlep-+ dppn at 8.6 GeV/c 6•
91

. 
Accord i ng to the foregoing, it is not surprising that 
the second Qaximum preponderates over the first one in 
the slowest proton momentum distribution of the charge 
exchange channel (fig. 3b). 

App l ying the cut at p = 200 HeV/c for the slowest 
nucleon momentum, the effective uass distribution of two 
slow pr otons is histogrammed in the charge exchange chan­
nel. The result is shown in fig.4a. Two maxima can be 
seen. a t approx~mately the same mass values as in pn and 
nn combinations 13•4•5·&fhe admixture of the second-order 
polynom and two Breit-Wigner functions has been fitted 
to the experimental distribution with the following re­
sults f or maxima and widths: 

Ml 

M2 

2014+10 HeV/c 2 , 

2162+10 MeV/c 2 , 

rl 
r2 

63+28 MeV/c 2 , 

18+26 HeV/c 2 • 

A cut boundary of 350 MeV/c has been applied in ref. 141. 
This choice is justified whereas the admixture of quasi­
elastic events to the charge retention channel at P = 
= 200 MeV/c is fairly large as shown in fig.3a. 

/lOT The authors of ref. have not observed the quoted 
enhancements. This is connected with the following fact: 
the ef f ective mass distribution Mpn contains both 
combina tions in the charge retent1on part of the dp-+ppn 
reaction, and, m-1ing to the high cut value for the M 
distribution in the charge exchange channel, statistfgs 
becomes insufficient. 
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Fig.4. a) TWo-proton effective mass distributi on 
from the charge exchange channe 7, for both prot ons 
with momenta over ~00 MeV/c: histogram - exper imen­
taL resuLts~ fuLL curve - caLcuLated resuLt. Curves 1 
and 3 correspond to diagrams 5a and 5c, respective­
Ly. Curve 2 corresponds to eLementary p-n char ge 
exchange. b) Two-proton effective mass distribu­
tion for the charge exchange channel, for both pro­
tons with momenta over 200 MeV/c. OnLy events 
from the "pion absorption region" are taken. 

It should be pointed out that ref. 1111 confirms the ob-
served enhancement in theM distribution at 2. 140 GeV/c 2, 

The resonance behaviour 8~ the effective mass istri­
bution of two protons (fig.4a) suggests the quest i on if 
they can be treated as an evidence for dibaryon r esonan­
ces. The dp ... ppn reaction, in principle, may proceed via 
virtual "-meson production in the intermediate s t ate and 
its further absorption by the deuteron as displayed in 
fig.5. Then the analysed two-nucleon distribut{on is main­
ly determined by the behaviour of the rrd ... NN process 
cross section. This cross section has a stronA re onance­
like character observed at MNN::: 2.160 GeV/c2 21 and theo­
retically found by ~-isobar production in the i nterme­
diate state 1131. At MNN:::2.020 GeV/c 2

, what means a rr­
meson almost with zero kinetic energy, strong "- meson 
absorption by the deuteron is expected according t o the 
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Fig. 5. Dia(J!'ams used in the aa'LauU:ztion. 

1/v l aw, where v denotes the "-meson velocity, i.e., 
at these values of M NN the cross section u( "d -+ NN) 
has to grow 112

- 141. The effective mass distribution at MNN< 
< 2.020 GeV/c 2 should be decreased because of the be­
haviour of the studied dp ... ppn reaction phase space. 
Thus, t he observed peaks in the effective masses of pro­
ton-pro ton and proton-neutron systems in dp ... Pf;,D and 
also i n a neutron-neutron system in dp ... P"+nn· 4•51 

can be due to th~ mechanism of virtual "-meson absorp­
tion by a nucleon pair. The Mpp distribution of the charge 
exchange channel is mainly determined by the contribution 
from t he diagram Sa and the Mpn distribution of the 
charge retention channel from the diagram Sb. 

The two-proton effective mass has been calculated tak­
ing int o account the diagram Sa for MPP?: 2.020 GeV/c 2 , 
the diagram Sc for MPP < 2.020 GeV/c 2, and the contribu­
tion f r om elementary p-n charge exchange in both regions. 
The de t ailed calculations are published separately. The 
final r esults are shown in fig.4a. 

Figure 4b di~plays the two-proton effective mass dis­
tribution from the charge exchange channel with the cut 
on "spectator" momentum for the events lying above the 
same line as presented in fig.1 for the charge retention 
channel. As is clearly seen, only one of the enhancements 
remains in the region of masses 2.160 GeV/c 2• 

The proton-proton effective mass distribution,produced 
in the pionless deuteron break-up on proton target at 
3.3 GeV/ c (dp .... ppn) in the charge exchange channel,can be 
qualita t ively described by virtual "-meson absorption 
on the deuteron.However,the disappearance of the first ma­
ximum i n the "pion absorption region"(fig.4b)may show evi­
dence t hat the observed structure is connected with a more 
virtual "-meson or if it is of a deeper physical origin. 
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MHO~ECTBEHHOE PACnPEAEnEHHE HE~TPAnbH~X 4ACTHU 
B MOAEnH ABYX t1EXAHH3MOB 

* A.H.CHCaK~H, r.T.Topoc~H 

20 

B pa60Te CTpOHTCH MHO~eCTBeHHOe pacnpeAeneHHe 
HeHTpanbHb~ qacTH~ B paMKaX MHOT'OKOMUOHeHTHOH MO­
AenH ABYX MexaHH3MOB. llpeACKa3aHHH MOAenH c ~HKCHpo­
BaHHbWH paHee napaMeTpaMH H3 OUHCaHHH aAPOH-aAPOHHb~ 
npo~eccoB npH 3HeprHHX ISR xopomo cornaCYJOTCH c Ho­
BbWH 3KcnepHMeHTanbHbWH AaHHbWH. llpH 3TOM, He 
H3MeHHH cneKTpa KnacTepOB B ~eHTpanbHOH o6naCTH 
po~eHHH, MO~HO AOCTHqb BnOnHe YAOBneTBOpHTenbHOT'O 
cornaCHH npeACKa3aHHH MOAenH C 3KCnepHMeHTanbHbW 
MHO~eCTBeHHbW pa CEpegeneHHeM HeHTpanbHblX BTOpHqHbiX 
qacTH~ npH AOCT~MbiX 3HeprHHX. B qacTHOCTH, nony­
qeHbi 6nH3KHe K Ha6JDOAaeMbW 3HaqeHHH nepBOT'O H BTOpO­
ro KoppenH~OHHoro napaMeTpOB B rr- p .... n0 + X peaK­
~HHX npH 3HeprHH PL = 250 r3B/ c. 3TO yKa3biBaeT Ha 
KnroqeBYJO pOnb B MHO~eCTBeHHOM po~eHHH qacTH~ TH~e­
nbiX qeTbipexqaCTHqHblX KnaCTepoB, BepOHTHOCTb o6pa-
30BaHHH KOTOpb~ yBenHqHBaeTCH C pOCTOM 3HeprHH. 

Pa6oTa BbmonHeHa B Jla6opaTopHH TeopeTHqecKOH 
~H3HKH OIDIU. 

Mult i plicity Distribution of Neutral Particles 
in t he Two-Mechanism Model 
Sissakian A.N., Torosian H.T. 

The multiplicity distribution of neutral particles 
is constructed in the framework of the many-compo­
nent two-mechanism model.Predictions with parame­
ters fixed from the description of hadron··hadron 
proce sses for ISR are in good agreement with expe­
rimen tal data. A satisfactory agreement of the mo­
del predictions with the experimental multiplicity 
dist r ibution of neutral secondaries at accessible 
energies is achieved without changing the cluster 
spec t rum in the central production region. In par­
ticul ar, the values close to the observed ones are 
obta~ned for the first and second correlation para­
meter s in rr-p .... no + X reactions at pL = 250 GeV/c. 

* EpesaHCKH~ $H3H4eCKH~ HHCTHTYT 



This indicates the key role in the multiple produc­
tion of particles of heavy four-particle clusters, 
the production probability of which increases with 
energy. 

The investigation has been performed at the Labo­
ratory of Theoretical Physics, JINR. 

B nocneAHee epeMR npoMemyT04HaR cTaAHR MHomecTeeH oro 
npo~ecca BCe 6onee HHTeHCHBHO H3Y4aeTCR B pa3H~X 3KC epH­
MeHTaX / l/.3TO o6ycnoeneHO TeM, 4TO B~AeneHHe H H3y4eHHe 
nPOAYKTOB peaK~HH Ha nepBOH CTaAHH /peaoHaHC~, KnacTe pbl/ 
Aano 6~ B03MOmHOCTb OTAenHTb AHHaMH4eCKHe acneKT~ npo~ec­
ca OT 4HCTO KHHeMaTH4eCKHX 3~~eKTOB MHOmeCTBeHH~X Xa paK­
TepHCTHI< BTOPH4H~X 4aCTH~, CBR3aHH~X C pacnaAOM npoMemy­
T04H~X o6pa30BaHHH. HanpHMep, H3Y4eHHe KOppenR~HH MemAY 
npoMemyT04H~MH peaoHaHcaMH /HanpHMep, P-MeaoHaMH/ eMecTo 
H3y4eHHR TeX >:<e KOppenR~HH NemAY KOHe4H~MH nHOHaMH, 04e­
BHAHO, HaMHOrO HH~OpMaTHBHee AnR nOHHMaHHR MeXaHH3Ma pom­
AeHHR/2-41. 0AHaKO TaKHe HCCneAOBaHHR CTanKHBa~TCR C 3KCne­
PHMeHTanbH~MH TPYAHOCTRMH OAH03Ha4HOrO BOCCtaHOBneHHR . 
H HAeHTH~HKa~HH npoMemyT04H~x o6paaoeaHH171 151. TeM He MeHee 
C AOCTaT04HOH yeepeHHOCTb~ MOmHO CKa3aTb, 4TO 6onbWHHCTBO 
KoHe4H~x 4aCTH~ I -80%/ nony4aeTcR oT pacnaAOB p , w , f -
Me30HOB, H nHWb He60nbWaR HX 4aCTb POmAaeTCR B peaK HH 
HenocpeACTBeHHO 161. BMecTe c TeM e paanH4H~x ~eHoMeHono­
rH4eCKHX MOAenRX MHOmeCTBeHHOrO POmAeHHR C TOH HnH HHOH 
OAH03Ha4HOCTb~ MOmHO B~pa3HTb CBR3H MemAY npoMemyT04H~MH 
o6pa30BaHHRMH 4epe3 xapaKTepHCTHKH KOHe4H~X BTOPH4H~X 
4aCTH~. 3TO AaeT B03MOmHOCTb, HCXOAR H3 HarnRAH~X CBOHCTB 
npo~ecca, np~ynaTb MexaHH3M~ MHomecTeeHHoro pomAeHHR. 

HanpHMep, e ~eHOMeHonorH4eCKOH MOAenH ABYX MexaHH3MOB, 
pa3BHTOH e 17-8/ Ha OCHOBe OnHCaHHR 3KcnepHMeHTanbH~X AaH­
H~X no MHOmecTBeHH~M pacnpeAeneHHRM 3apRmeHH~X 4aCT H ~ 

e aAPOH-aAPOHH~x npo~eccax, 6~no CAenaHo cneAy~ee aaKn~-
4eHHe o MexaHH3Me POmAeHHR: Ha nepeo171 CTaAHH npo~ecca 
B ~eHTpanbHOH o6naCTH POmAeHHR o6paay~TCR 4eT~peX4aCTH4-
H~e He171TpanbH~e KnacTep~, KOTop~e aaTeM pacnaAa~TCR Ha 
4eT~pe nHOHa 4epea npoMemyT04H~171 pacnaA Ha napy P- eao­
Hoe. BKnaA 3THX 4eT~peX4aCTH4H~X KnacTepoe B KOHe4HOe 4HC­
no 4aCTH~ B ~eHTpanbHOH o6naCTH COCTaBnReT- 95%, 4TO ro­
BOPHT 06 HX Kn~4eBOH ponH B OnHCaHHH HMe~~HXCR 3Kcne pH­
MeHTanbH~X AaHH~x. 

C HaKonneHHeM Hoe~x AaHH~x Ha SPS-Konna171Aepe H c Hc­
nonbaoeaHHeM Ha HeM, TaK me KaK H Ha lSR, HOB~X rH6PHAH~X 
YCTaHOBOK, n03BOnR~~HX He TOnbKO 4eT4e BOCCTaHOBHTb npo-
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Me*YT04 HYO CTaAH~ MHO*eCTBeHHOrO npo~ecca, HO H $HKCHpo­
BaTb HeHTpanbH~e KOHe4H~e 4aCTH~~. 803HHKaeT B03MO*HOCTb 
AanbHeHWeH B~6opKH $eHOMeHonorH4eCKHX MOAeneH MHO*eCTBeH­
HOrO o6paaoaaHHR. 

Cpaa HeHHe npeACKa3aHHH a~weynoMRHYTOH MOAenH ABYX Mexa­
HH3MOB AnR MHO>KecTaeHH~x xapaKTepHCTHK pp -peaK~HH npH 
VS = 540 r3B noKaaano, 4TO HMeeTCR anonHe YAOBneTBOpH­
TenbHOe cornacHe 191. B 4acTHOCTH, AnR cpeAHeH MHO*eCTBeHHo­
CTH 3a pR*eHH~X 4aCTH~ MOAenb npeACKa3~BaeT 3Ha4eHHe 
<nc > MOA = 27,7~3,0, 4TO AOCTaT04HO XOpOWO COOTBeTCTBy-
eT 3KC nepHMeHTanbHOMY 3Ha4eHH~ <n > = 27,4+2,0 3TOH 
aenH4H H~/10/. c 3Kcn -

0TMe THM TaK>:<e, 4TO KaK noKa3~BaeT p03~rpbiW C06biTHH no 
M~TOAY MOHTe Kapno, cpeAHRR MHO*eCTBeHHOCTb KnacTepoe npH 
yS = 540 r3B,TaK *e ~~K H npH ISR-3HeprHRX, COCTaBnReT 
<k38p > - 2+3 4aCTH~bl 1 ~ 3TO 3Ha4eHHe HaXOAHTCR B 04eHb 

XOpOWeM cornaCHH C MOAenbO ABYX MeXaHH3MOB, rAe < ~ap>MOA = 
= 2,5. 3TOT $aKT CBHAeTenbCTByeT 0 TOM, 4TO OCHOBHbiM Me­
XaHH3MOM KaK npH ISR-, TaK H npH SPS-3HeprHRX RanReTCR o6-
paaoaa HHe KnacTepoa a npoMemyT04HOH cTaAHH npo~ecca. 

B Aa HHOM coo6~eHHH AaeTcR cpaaHeHHe npeAcKaaaHHH MOAe-
+ ± • 

nH AnR K ,- H TT p -peaK~HH npH PL = 250 r3B/c c 3KcnepH-
MeHTOM1 12 ,a TaKme pa3BHBaeTCR CXeMa AnR npeACKa3aHHH MHo­
meCTBeHH~X pacnpeAeneHHH HeHTpanbH~x 4atTH~ 6ea npHene4e­
HHR AOnOnHHTenbH~X CBofiOAHbiX napaMeTpOB 11 3/. 

PacnpeAeneHHe no MHomecTaeHHOCTH 
HeHTpanbH~X 4aCTH~ 

1. MoAenb HCXOAHT H3 paCCMOTpeHHR ABYX OAHOBpeMeHHO 
H He3aB HCHMO APYr OT APYra AeHCTBYO~HX MeXaHH3MOB MHOmecT­
BeHHOro o6pa30BaHHR: a/ AHCCO~Ha~HH HaneTa~HX 4aCTH~ 
H 6/ He3aBHCHMOrO HCnycKaHHR pa3H~X COPTOB HeHTpanbH~X 
KnacTepo a a ~eHTpanbHOH o6nacTH. 

B cny 4ae, HanpHMep, npoToHa,MomHo orpaHH4HTbCR KaHanaMH 
AHCCO~Ha~HH: 

P-+P, p -+ prr0
, p-+nrr+, p ... p2~. p-+nrr+~. p -+ prr+rr-. 

-B ~eHTpanbHOH o6nacTH paccMaTpHaaeTcR PO*AeHHe cneAy~-
~HX THnOB KnacTepoa: 

+ -1 I a -KnacTep~ a ... ( rr rr ) , ( ~rr 0), 

2/ w -KnacTep~ w .... ( rr+rr-ir 0
), 

3/ B -KnacTepbl B .... (rr+rr-2rr 0 ), (2rr+2rr-). 
PacnpeAeneHHe no MHomecTaeHHOCTH KamAoro 

pOB HMee T nyaCCOHOBCKHH BHA: p ( <n >) = e - <n> 
n 

THna KnacTe-
..3!.~~ 114(Tor­
n! 

Aa pacnpeAeneHHe KOHe4H~x 
CR TaKHM o6pa30M: 

4aCTH~ no MHOmeCTBeHHOCTH CTPOHT-
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5 

~ w . w . II Pn (<nk>) x 
i. j, 1 J k=l k 
nk /1/ 

x8 · jX 8 i j 
nc,2n 1+2n3 +2n 4 +4n 5 +e; +fc n0,2n2 +~+2n4 +f 0 +f 0 1 

rAe wi /w j , i, j = 1, ... ,6/ - sepoRTHOCHI i -ro I j -ro/ 
KaHaJla Al-1CCOI..Il-1al..ll-11-1 HaJleTaiOIIIeH 4aCTI-11..1bl /4aCTI-11..1bl MHWeH!-1/, 
ni - 4!-1CJ10 i -ro THna KJlaCTepOB B l..leHTpaJlbHO~ 06JlaCT!-1. 

2. CyMMHPYR /1/ no nc• nony4aeM pacnpeAeileHHe no 4HCI1Y 
HeHTpaJlbHWX 4aCTI-11..1 B nPOI..IeCce 

[~] 
00 2 2 

W ~ W = (1 -a- {3) ~ Pn(c) Pn -2n (d) + 
no n = 0 nO,nc n=O 0 

c 

[~] 
2 

+ 2a(1-a- {3) ~O Pn(c)Pn - · 2n_ . 1(d)+[2{3(1-a-f3)+ c~ x 
n= 0 

n -2 n0 - 3 
[_L_] [_] 

n0 -4 /2/ 
[_] 

2 2 
x ~ Pn (c) Pn -2n-2 (d) + 2af3 ~ Pn (c)~ -2n-3 

n=O 0 n= ·O 0 

• 2 . 

(d)+ {3
2 ~ P (c) x 

n= 0 n 

x f-n - 2 n- 4 (d) • 
0 

rAe 
u = w2 + w3 , {3 = w 4 + w 5 , 1 - a - {3 = w 1 + w 6 . 

na~aMeTpW C 1-1 d HMe~T CMWCJl cpeAHHX 41-1Ceil CJleAY~~HX 

Tt.1nos KilacTepos: 

c = <n :> + <n + 0 > , 
211" rr rr- 2rr 

CpeAHRR MHomecTBeHHOCTb HeHTPailbHWX 4acTHLI npM 3TOM 

HMeeT BHA 

<no > = 2c + d + 2a + 4 {3. 

BeHHOrO pacnpeAeJleHHR aapRmeHHWX 
[nC2] 

4 

y2 ~ 
n=O 

n -4 
[_<l_] 

P (b)P 
n n -2 

.....c.__ . _ 2n 
2 

(a) + 

n -6 
[-L-] 

/3/ 

/4/ 

/5/ 

!6! 

+2y(1-y) 
4 
~ 

n=O 

2 4 
Pn (b) Pn _

4 
(a) + (1 - y) ~ P (b) P 6 (a) 

...:J:..- . - 2n n= 0 n ~ - · 2n 
2 2 23 



napaMeT pbl 

y == 1 - ·(L) 6 ' a=.<n +-':>+.<n + _ >+<n+ _ >, b"' <n + >/71 
TT TT TT TT tf> TT TT 21f" 2TT 2 TT-

B paCCMa TpHBaeMOH MOAeflH ABYX MeXaHH3MOB 6blflH 3a$HKCHpoea­
Hbl npH onHcaHHH 3KcnepHMeHTanbHbiX AaHHbiX ISR-3HeprHH. 
/S~CXOAR H3 /3/, /4/, /7/ H COOTHOWeHHH napaMeTpOB a H 

b 1 MO>K HO Bblpa3HTb HOBble napaMeTpbl a, f3, C H d 4epe3 
3a$HKCHPOBaHHble y , a , b. 

8/S/ 6 blflH nony4eHbl COOTHOWeHHR 

<n + > = 2b, 
TT TT -21f" 

.!.. = 2,13. 
b 

<n> 
TOrAa , HCnOflb3YR COOTH.OWeHHe <n0> = 7 ·· HaXOAHM 

2 4b + <n .2 
c = a + b - ·d = rt+"rr d=O 13b - < > 

2 2 ' ' OTT+TT- • 

/8/ 

191 

KaK BHAHO, o6a napaMeTpa C H d Bblpa>KaiOTCR 4epe3 b 
H cpeAHe e 4Hcno <n"+ "->. Ceo60AHbiH napaMeTp <nrr+- rr-> , 
B CBO~ 0 4epeAb, onpeAeflHM CfleAYIO~HM o6pa30M. Ha /7/ H /8/ 
HMeeM 

<n + -> + <n + -2 o> = 0,13b. 
TT TT TT TT TT 

/10/ 

OTHOWeHHe cpeAHHX 4Hcen 
<n"+ "~ 

O~eHHM H3 OTHOWeHHR 
. <n TT+TT-tr<f> 

ce4eHHH o6paaoeaHHR p 0 H w-MeaoHoB B rr p -peaK~HRX npH 
3HeprHH PL = 40 r3B/c 

1151
: 

(O + -> nufnO 0\ 
TTTT :::~ 

< n + - o> u ( w) 
TT TT TT 

(7,9 ± 0,7) M6 

(7;2 ± 0,8) M6 

0TCIOAa OKOH4aTeflbHO HaXOAHM 

c = 2,034b , 
A2 

d = 0,096 b, b = A
1
(1nS/S

0
) , 

/11/ 

/12/ 

rAe S - KBaApaT nOflHOH 3HeprHH CTOflKHOBeHH~ B C.~. H., 
S 0 = · (m 1 + m2 ) 2, a 3Ha4eHHR A1 , A2, HaHAeHHble npH onHcaHHH 
MHO>KeCT BeHHbiX pacnpeAeneHHH aAPOH-aAPOHHbiX CTOflKHOBeHHH 
npH ISR- 3HeprHRX, npHBeAeHbl e Ta6n.1. 

4. na paMeTpbl a H {3, xapaKTepH3Y~He AHCCO~Ha~HIO Hane­
TaiO~HX 4aCTH~, He YAaeTcR OAH03Ha4HO Bblpa3HTb 4epea aa$HK­
cHpoeaHHble napaMeTpbl a , b H y. 3TO CBR3aHO C TeM, 4TO 
Y = 1 - w6 3aTparHBaeT TOflbKO BepORTHOCTb WeCTOrO KaHana 

+ - f3 AHCCO~Ha~HH p-+ prr TT , TOrAa KaK a= w 2 +W3 , = w 4 + w 5. 
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-pp 

0,047 
::._0,004 

A
2 

I ,655 
::._0,085 

pp 

0,047 
::._0,004 

I, 630 
::_0,090 

0,028 
::_0,002 

I ,894 
::._0,076 

0,028 
::._0,002 

1,868 
::._0,081 

Ta6Jm~a I 

0,016 
::._0,001 

2,038 
::_0,070 

0,016 
!_0,001 

2,012 
::_0,075 

4To6~ npo~cH~Tb CHTYa4H~, eocnonbayeMc~ ycTaHoene HH~MH 
B 116 / COOTHOWeHH~MH Me>K,qy BepOSlTHOCT~MH KaHanoe $pa rMeHTa-
4HH cTanKHBa~~Hxc~ 4aCTH4. HanpHMep, An~ npoToHa: 

~ = 0,28 
3 

rAe BepO~THOCTH ~. COOTBeTCTBy~~HX KaHanOB $parMe Ta4HH 
1 

YAOeneTeop~~T HOPMHpoeKe I~. = 1, 4TO oaHa4aeT peHe6-
i 1 

pe*eHHe KaHanaMH, rAe HeT nHA~PY~~HX 6apHOHOB, H aHanaMH, 
rAe ABa eaneHTH~X KBapKa $parMeHTHPY~T B ABa OTAenbH~X 
6apHOHa. 

KaK nerKo BHAeTb, ~i ce~aaH~ c HaWHMH wi cneAY~~HMH 
COOTHOWeHH~MH: 

w1 = ~1' w2 + w3 =a = (2, w 4 + w5 + w6 = /3 + w6 = ~ 3" /13/ 

0TC~Aa, nOACTaBnR~ 3Ha4eHHe w6 = 1 - y H3 IS/' Ha XOAHM 
3Ha4eHHR a H f3 An~ p P-H p p -npo4eccoe: 

a = 0,41, f3 = 0,06. 

+ + 
An~ Me30H-npOTOHH~X (K - p, rr- p) -peaK4V.~, 

aHanorH4H~X pac4eTOB, HaXOAHM, 4TO f3 = 0 /a 
B 3TOM cny4ae $opMyna /2/ An~ MHomecTeeHH~x 
HHH HeHTpanbH~X 4aCTH4 ynpo~aeTc~: 

/14/ 

HCXOAR H3 
= 0, 41/. 

pacnpeAene-

2 
(1 - a) 

[~-] [~.2.] 
2 2 

n= ·O 

n:O Pn(c)Pn0-2n(d)+ 2a(l-a) n:oPn(c) Pno-2njd)+ 

pn (c) pn -2n- 2 (d)· 
0 
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• 
5. KaK yme oTMe4anOcb, npeACKaaaH~R MOAen~ no ~opMyne 

/6/ xopowo cornacy~TCR c pp-3Kcnep~MeHTanbH~M~ AaHH~M~ 
np~ yS = 540 r3B. H~me np~BOA~TCR on~caH~e TO~ me ~opMy­
no~ /6/ , 6ea ~aMeHeH~R BXOAR~~x B Hee napaMeTpos, ~ ~opMy­
no~ /1 5/, c ~~Kc~posaHH~M~ on~caHH~M s~we cnoco6oM napa­
MeTpaM~ , HOB~x 3Kcnep~MeHTanbH~x AaHH~x no K+p-~ "±P -
CTOflKHOBeH~RM np~ P L = 250 r3B/ C ll2! 

'hn,j r\ W''\ 
Kt-p n+p 

+ 
'Wnc W'nc. 

o.,ost- \ -i 0,05 

2. 6 H> 1't 18 22 2.6 n, 2 6 10 1't 18 22 26 t1c 

\V~,I 
I I I ! I I I I I I I 

I I ........ 
r-i\ ~ 

PHc.l 

n-p 

0,10 rl \ Wnc. ]~, 
l+n n-p 

0,15 

1/' 11\ 
0.10 lt- ~ 'Wno 

I 

I I I I I I I ~~~~ I I 
2 6 10 i't 18 22. n,. 

0,05 

PHc.2 • 0 2. 4 6 8 10 no 

Ha p~ c. 1-2 np~BeAeH~ on~caH~R MHomecTseHH~x pacnpeAe-
fleHH~ 3apRmeHH~X H He~TpaflbH~X 4aCT~~ ~OpMynaMH /6/ ~ /15/. 
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B Ta6n.2 npHBOAHTCH 3Ha4eHHH cpeAHHX MHomecTaeHHOcTe~ 
KaK 3apR}KeHHbiX, TaK 11 Hei1TpanbHbiX 4aCTH~, npeACKa3 aHHbiX 

B MOAenl1 AnR 3Heprl111 PL = 250 r38/c. npi1BOARTCR Ta Kme 
3Ha4eHI1H Koppenn~HOHHoro napaMeTpa f ~ = <n0 (n 0 - 1)> - <no>, 
KOTOPbiH B AaHHOM cny4ae 11MeeT B11A: 

0 2 
f 2 =2c-2a. /16/ 

KaK B11AHO 113 Ta6n.2 11 p11c. 1-2, HMeeTcR anonHe YAOBneT­
BOPI1TenbHbe cornacHe MOAenH c 3KcnepHMeHTOM. 3Ha4e HHH 
BToporo KoppenR~HOHHoro napaMeTpa MHomecTBeHHoro pacnpe­
AeneHI1R HeHTpanbHbiX 4aCTI1~ B MOAen11 nony4aOTCH HeCKOnbKO 
MeHbWe, 4eM B 3KCnepi1MeHTe. Ho B npeAenax OWI160K, KaK 
3KCnep11MeHTanbHbiX, TaK 11 B onpeAeneHI111 MOAenbHbiX a eni1-

411H /eM. Ta6n. 1/, 11x 3Ha4eHI1R nepeKpblaaoTc.R. Heo6XOA11MO 
OTMeTI1Tb TaKme, 4TO B ~eHTpanbHO~ o6naCTH MOryT p OmAaTbCH 
MHOr04aCTI14Hble o6pa30BaHI1R, COCTOH1!111e TOnbKO 113 He~Tpanb­

HbiX ni10HOB, BKnaA KOTOpbiX nOBbiWaeT 3Ha4eHHR KOppe H~HOH­
HbiX napaMeTpOB, He MeHRR nrH 3TOM XapaKTepHCTHKI1 3 apnmeH­
HbiX 4aCT114 /MHOmeCTBeHHble pacnpeAeneHH.R, KOppenR4HH, sa­
PHAOBO-HeHTpanbHble Koppen.R~I111 11 T.A./. 

Ta6~a 2 

K'"p (250 l'&!Vc) II'"p (250 raB/cl Irp (250 raa/c) 

&Ken. 8,28 :!: 0,13 8,44 :!: O,IO 8,43:!: 0,06 
(r'</ 

8,69 8,42 8,65 ..,,~~, 

~c aKcn. 7,57 :!: 0,60 8,09:!: 0,48 8,66 :!: O,II 

z. MDJI, 9,21 7,00 8,25 

·-· 3,52:!: 0,39 
<n.) 

3,55 3,27 3,39 -· 
·t 

IIJU)JI, 3,3:!: 1,0 

z MDJI, 2,36 2,06 2,18 

B saKno4eHI1e nOA4epKHeM e~e pas, 4TO a paMKax MOAenH, 
11CXOAHI!Ie~1 113 HarnRAHbiX 11 npOCTbiX npeACTaaneHH~ 0 ABYX Me­
XaHI13MaX /A11$paK~110HHOM 11 ~eHTpanbHOM/, OCHOBaHHbiX Ha Bbi­
BOAaX 3KCnepHMeHTanbHOrO aHanl13a, AOCTI1rHyTO corna c11e 
npeACKa3aHHH MOAenH C HOBbiM11 3KCnepHMeHTanbHbiMH Aa HHbiMI1, 
He 11CnOnb30BaHHbiM11 paHee npH onpeAeneHI111 napaMeTpOB MOAen11 · 

Xo4eTcn oco6o OTMeTI1Tb cornac11e c 3Kcnepi1MeHTOM npeA­
CKa3aHI1H MOAen11 An.R xapaKTepi1CTI1K HeATpanbHbiX BTOP H4Hb1X 

4aCTI1~, He HBnHOlJ.II1XC.R npOCTOH 3KCTpanonH~11eH MOAen bHbiX 
<!>OpMyn Ha 6onee Bb1COK11e 3Heprl111. 

AanbHeHwee ycoaepweHCTBOBaH11e MeTOA11KH 3Kcnepi1MeHTanb­
Horo 11CCneAOBaHI1H npOMemyT04HbiX o6pa30BaHH~ /pe30HaHCOB, 
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KnacTepoa/ s npo~ecce, a TaKHe ~ccneAoaaH~R KoppenR~~H 
MemAY H~M~ BO MHOrOM npORCHRT npo6neMy B~ReneH~R MeXaH~3-
MOB MHOmeCTBeHHOrO pOmAeH~R. 
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PENETRABILITY AND LIFETI~ffi PREDICTIONS 
FOR SPONTANEOUS El1ISSION OF HEAVY IONS 
FROM ATOMIC NUCLEI 

D.N.Poenaru~ M.Iva9cu! A.S~ndulescu, W.Greiner 2 

Up to now only penetrabilities, which are not 
measurable quantities, have been used by exper imen­
talists to choose the most likely sp~¥kaneous ly 
emitted clusters. On the example of 1Ra, 232Th, 
236 ,23Su , 244pu, 248cm , 252cc , and 254 Fm parent · 
nuclei it is shown that sometimes this method can 
lead to wrong predictions in comparison with t he 
lifetime calculations, in the framework of the mo­
del developed by the authors. 

The investigation has been performed at the La­
boratory of Theoretical Physics, JINR. 

llpeACKa3aHHe npOHH~aeMOCTH H BpeMeHH ~3HH 
AflH CllOHTaHHOH 3MHCCHH TH~eflb~ HOHOB 
H3 a TOMHbiX HAeP 

~.H.llo3Hapy H AP· 

~0 HaCTOH~ero BpeMeHH 3KCnepHMeHTaTOphl HCllOnb30-
BanH TOnbKO pactleThl npOHH~aeMOCTH /KOTOPble npeACTaB­
nHIOT co6oH HeH3MepHeMbie BenH'lHHbi/ AnJI Bbi6opa caMb~ 
BepOHTHOC THb~ Knac TepOB, CllOHTaHHO HCriYCKaeMb~ 
HApaMH. Ha npHMepe POAHTenbCKHX HAep 222Ra, 232Th, 
236,238 u , 244Pu, 248Cm, 25!t:f H 254Fm noKa3aHo, 'lTO 
HHOrAa 3TOT MeTOA MO~eT npHBOAHTb K HenpaBHnbHb~ 
npeAnono~eHHHM no cpaBHeHHIO c pactleTOM BpeMeHH 
~3HH B paMKaX pa3BHBaeMOH aBTOpaMH MOAenH. 

Pa6oTa BbmonHeHa B ITa6opaTopHH TeopeTH'leCKOH 
!l>H3HKH OlUUi. 

At the beginning of this year, Rose and Jones 111 from 
Oxford University discovered the 14C radioactivity of 
223 Ra. In a run of 189 days they have observed II events, 
leading to the branching ratio relative to the a decay 

1 
Central Institute of Physics, 76900 Bucharest,Romania. 

2 Johann-\volfgang-Goethe UniversiUit, D-6000 Frankfurt 
am Main, FRG. 
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of (8.5+2 . 5) I0- 10 and to T-10 15 s half-life against this 
process-for 223Ra. There are two -confirmations of this 

. . f 121 d 0 131 . h. h exper1ment , com1ng rom Moscow an rsay , 1n w 1c 
the time of measurement was reduced to -30 and 5 days, 
respective ly. 

This i s the first evidence for one of many kinds of 
d d d . d · I98o 1451 14C · · new ecay mo es pre 1cte s1nce • em1ss1on 

from 222 Ra and 224Ra parent-nuclei (which are present 
among other examples in Figure 7 of ref. 141 ) has been re­
ported recently by Price et al • .IS/ The shell effects in 
the region of the double magic 208Pb daughter are respon­
sible for these phemomena occurr:lng with maximum inten­
sity in t r ans-lead parent n~7ei. Nevertheless it is also 
met in the trans-tin region · .where the next double ma­
gic daught er 13~n plays the major role. Almost all nuc­
lei are me tastable with respect to several decay modes, 
but if the lifetime is longer than 10 30s, one can say that 
from the practical point of view, the corresponding nuc­
leus is s t able. 

For a very asymmetric splitting 

A- A1 A2 
Z. _, Z 

1 
+ Z 

2
, ( I ) 

where the daughter has the subscript I and the emitted 
cluster 2 , we have made predictions 141 across the nuclear 
table on t he basis of penetrability calculations. In the 
same time , a closed relationship for the lifetime was 
found 151 by using the assumption that the emission pro-

. . . . . . h /8 9/ cess 1s a superasymmetr1c f1ss1on p enomenon • It 
was possible to derive this formula after a successful! 
application of the numerical methods used in fission 
theory/10,111 to the a decay,/81. In 1983 it was improved 
to account for angular momentum and small excitation ener­
gy effect s and . w~s used to predict ~e and ~-delayed ~e 

d . . . 112/ . h . "b . ra 1oact1v1ty w1t a zero po1nt v1 rat1on energy, 
Ev = 0.51 t1eV, obtained from a fit with experimental data 
on 376 a - emitters. 

When t he branchin¥ ratio for the 14C radioactivity of-
22~a \<las available1 1

. the relationship Ev = 0.1275 A 2 
could also account IS / for the new experimental point 111 

Recently 17 •131 we found that a better fit could be ob­
tained fo r 380 a-emitters and 14c radioactivity, if we 
use the f ollowing equation: 

A -4 
Ev = Q[0.056+0.039exp( :

5 
-)]; A2 > 4, Q > 0, (2) 

where Q is the released energy computed from the new 
experimental mass tables 1 141 
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The purpose of this paper is to compare the penetra­
bility with the lifetime calculations. 

The half-life of a metastable system is given by 

T =.firn2/r, (3) 

where r is the disintegration partial width. In the re­
lationship 

(4) 

used in
2 

the R -matrix theory of a -decay, the reduced 
width Y is proportional to the cluster preformation pro­
bability. For a particle one can compute this quantity 
by using microscopically determined wave functions, but 
for heavier ions the similar procedure is not developed 
up to now. Due to this fact, only the penetrability P' 
was computed in refs/ 1- 41 by assuming that the emitted 
cluster is reduced to a point going by quantum-mechani­
cal tunne l ing through the potential barrier which is main­
ly due to the Coulomb repulsion. By using the semiclassi­
cal \~ theory, one has: 

Rout 
P' = expl- ~ f y2p[V(R)- Q] dR I, 

-tf R 
t AA 

where p is the reduced mass p = .l.-? m; 
A 

(5) 

m is the nucleon 

mass; V(R) is the potential barrier; Rt is of the order 
of the touching point distance: 

R . = r 0 A~13 
(j = 1,2) 

J J 
(6) 

and Rout is found from the equation V(Rout) = 0. The dis­
tance Rt depends on the adopted value of the radius con­
stant r

0
• Hence Rose and Jones 111 have obtained 3 diffe­

rent P ' values for ro = 1.15; 1.20 and 1.25 fm. At a dis­
tance R 2 Rt the contribution of the strong interaction 
is small in comparison with that of the Coulomb f ield. 
In this region one has only the tail of the optical poten­
tial determined from scattering experiments. 

In fission theory 1 111 the disintegration width is ~iven 
by 

Ev 
r = -1\v.P = -P, (7) 

w 
17 

2Ev 
where v = -2 = -- represents the number of assa lts on 

TT h 
the barrier per second (the characteristic frequency of 
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the collective mode) and Ev = -n; · is the zero point vib­

ration energy. This is a phenomenological quantity ob­
tained by fitting the experimental half-lives data. 

Now t he WKB penetrability 

P = exp( - K) 

can be expressed as a product of two terms due to the 
fact tha t in the action integral 

Rt Rb 
2 

K = K 0 v + K 8 =- ( J dr + J dr) v'21L[E(r)- Q'] 
-It R a Rt 

(8) 

(9) 

one has not only the term K8 corresponding to separated 
fragmen t s but also the contribution of the overlapping 
region K

0
v which is not present in P~ In this equation 

one has 

Q' = Q + Ev; E(Ra) = E(Rb) = Q'; (10) 

The energy barrier E(r) can be computed by the Stru­
tinsky macroscopic4microscopic method 1101 adapted for the 
superasymmetric splitting 181 by using model parameters 
obtained from a fit with experimental data on masses, 
fusion and fission barriers, electron scattering expe­
riments , etc. The emitted cluster is no longer a point in 
a potent ial, it has a spatial extension .with a radius R2 
and E{r) is the . deformation energy of the two bodies. 
For a decay K is only a small percent of K

8
, but it 

increases wit~vincreasing mass number A
2
• Consequently, 

the zero point vibration frequency Ev from eq.(7) does 
not play the role of the preformation probability y 2 of 
eq.(4). · 

For a set of experimental data on 376 d -emitters 1151 

we have found that the variation of Ev with the neutron 
number N 1 of the daughter nucleus is much smaller than 
that · of y 2

. This "stability" of the parameter Ev is 
a useful property when the method is employed to predict 
the life time for a new decay mode. It is the consequence 
of the f act that in eq. (7), when Ev is increased, P 
increases exponentially through eqs.(8), (9), and (10). 

The comparison between the two methods employed up 
to now i s illustrated in the Figure for the spontaneous 
emission of various even-even heavy ions from some even­
even par ent nuclei. 

The decimal logarithm of the penetrability spectra 
is taken from Fig.7 of the Ref. 1 41 where the half of 
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the natural logarithm(~ lnP ') has been ·plotted. The 
lifetime spectra are calculated with the analytical rela­
tionship given in Ref. 15

•
9

•
121 and eq. (2). The vertical 

scales of log P' and log T(s) curves are chosen in such 
a way that the experimental a -decay lifetime T is at 
the same level with the corresponding penetrability ~~r 
corrected for 2y! f 1 MeV: logTexp = -21.34-logP-log(2y~. 

From the measured branching ratio 11 - 31 for the 14c ra­
dioactivity of 223Ra relative to the a decay: 

r Ta y2 P' Ev P 
r;-=rr= r:. P; =Eva Pci (11) 

which was of the order of 10-9 and the computed pe etra­
bility ratio P '/PQ'::: J0-8

• one has the preformation pro­
bability ratio y 2/r; ~ 10-6 and it is expected that this 
ratio will be much smaller for emitted ions heavier than 
14c. But if we use a more realistic interaction bar rier 
including also the overlapping re~ion of two fragments, 
one obtains the larger ratio (y 2/ Ya ) • 

By using Coulomb plus proximity potential barriers, 
a value of the ratio P/Pa very close to the exper i men­
tal branching ratios for i4c emission from· 222,223,22~ 
(which means that E = (1.4+11.3)E in this model) 
has been reported 116~In our case the ~orresponding zero 
point vibration energy ratio is of the order EviEva"' 3.5 
because we use very high barrier heights. In the f r ame­
work of Y +EMplus shell correctionsS•5•131 we obtai n 
Ev/Eva ~ 1/12 compar~ble with 1/11.3Y16This has to be 
compared with y 2/ r! ::: w-6 111• in order to see the sta·­
bility of the parameter E v . 

The argument used by some experimentalists 11-31 that 
they found the maximum of the ratio P'/Pd. does no t im­
ply necessarily that the branching ratio r;ra wil l also 
have a maximum value. From the cases shown in the f igure 
one can see that sometimes the penetrability spectr a in­
dicate the same cluster emitted with maximum ~robability 
as the lifetime spectra (example: 14c from 22 Ra , 34 Si 
from 238U and 48 Ca from 254 Fm). But there are many cases 
in which from the two spectra one gets different r e sults, 
like for example from 244 Pu, instead of 46 Ar and 50ca of 
penetrability spectra one has 40S in the lifetime spectr:a. 

In the same time there is a trend of increasing of the 
value of log P' when A2 increases which is not present 
in the lifetime spectra. Uoreover~_quently one can 
meet the situation in which the penetrability P' f or 
a given heavy ion emission is even larger than that for 
a decay, from which by no means one can say that t he 
branching ratio r;ra should be larger than unity . 
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In conclusion, the penetrabilities do not hinder the 
spontaneous emission of heavy clusters and in a small re­
gion of emitted nuclei they could be used to get a rough 
information about the new decay modes. But in order to 
estimate the branching ratio directly measured in t he 
experiment, one can use the lifetime spectra comput ed 
with our analytical relationship. The good selectivity 
of the lifetime spectra is well illustrated for al l pa­
rent nuclei studied in this work. 
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B3AHHOAE~CTBHE B~COK03HEPfETH4ECKHX HOHOB 
C MHWEH~MH H3 T~*En~X 3nEMEHTOB 

B.C.6apaweHKOB, n.r.nea4yK, *·*·MycynbMaH6eKOB, 
A.H.COCHHH, c.~.WMaKOB 

Pa3paooTaHa CTaTHCTHqecKaH MOHTe-KapnOBCKaH 
MOgenb AnH OllHCaHHH HgepHO-~H3HqecKHX npo~eCCOB 
B MllllleHHX H3 TH>KeJ'IbiX ::meMeHTOB, o6nyqaeMblX B nyqKe 
HOHOB C 3HeprHeH BllnOTb gO HeCKOnbKHX f3B/HyKnOH. 
B3aHMOgeHCTBHe HOHOB C ngpaMH paCCMaTpHBaeTCH Ha 
OCHOBe K~CKaAHO-HCnapHTenbHOH MOgenH C yqeTOM ge­
neHHH. YqTeHbi q,parMeHTa~oHHbie npo~eccbi, Pe3ynbTaTbi 
B3aHMOgeHCTBHH HOHOB 4He H 12C COllOCTaBnHIOTCH 
C COOTBeTCTB)IlOIIUfMH gaHHbiMH AnH UyqKOB npOTOHOB 
n g e il:TpOHOB • 

PaooTa BwnonHeHa B lla6opaTopHH BbNHCnHTenbHOH 
TexHnKn H aBTOMaTn3a~HH O.IDIH. 

Inte raction of High Energy Ions 
with Targets Consisting of Heavy Elements 

V.S . Barashenkov et al. 

Statistical Monte-Carlo model for description 
of nuclear processes in targets consisting of heavy 
elements and irradiated by ion beams with energy up 
to s everal GeV per nucleon has been developed. Ion­
nuc l eus interactions are considered in the frame­
work of a cascade-evaporation model taking into 
account the fission process. Fragmentation processes 
are taken into consideration. Results of interac­
·tion s produced by 4

He and 12C ions are compared 
with corresponding data obtained for proton and deu­
teron beams. 

he investigation has been performed at the La­
bora tory of Computing Techniques and Automation,JINR. 

3KcnepHM~HTanbH~MH H TeopeTH4eCKHMH HCCneAOBaHH~MH MHO­
rHX aBTOpOB /CM. 0630p~ /l, 2/, rAe npHBeAeHa nOAP06Ha~ 6H6-
nHorpa<)ll-1 ~/ 6blno noKa3aHo, 4TO MHweHH H3 Aen~uterocR aeutecT­
aa, ypaHa 11n1-1 TOPI1~, o6ny4aeMble ny4KOM a~coK03HepreTI14e­

cKI1X 4aCTI1~, MOryT cny~I1Tb I-1CT04HI1KOM HenTpOHOB, no MHOri1M 
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napaMeTpaM cpaBHHM~M, a no HeKOTOp~M p;a~e Cy~eCT BeHHO npe-
/ 3 4/ 

BOCXO.OR~HM MOI.UH~e HMnyJlbCH~e peaKTOpbl. B pa60TaX ' nyTeM 
MOHTe·-KapJlOBCKOrO MOAeJlHPOBaHHR MelK"bRAepHOrO KaCKaAa 
B 60JlbWOM 6JlOKe ecTeCTBeHHOro ypaHa B~4HCJleHO cpe AHee 4HC­
Jl0 HeHTpOHOB, pomAaeMbiX OAHHM nepBH4HbiM npOTOHOM C 3Hep­
rHeH T = 1 r3B' < n > = 89+4*. AnR TOpHeBO~ MHWeHH 3TO 
4HCJ10 paBHO 55~3. -

MHorHMH aBTopaMH BbiCKa3~Banocb npeAnonomeHHe, 4TO Bbi­
XOA HeHTPOHOB 6yAeT 60JlbWe B ny4KaX YCKopeHHbiX HOHOB. 
Pac4eTbl noKa3aJlH 14•61 , 4TO B o6JlaCTH T ::; 1 r3B 3 a MeHa 
ny4Ka npoTOHOB AeHTpoHaMH AeHcTBHTeJlbHO ysenH4HB a eT noToK 
HeHTpOHOB npH6JlH3HTeJlbHO Ha 10-15%. 

HaMH paapa6oTaHa MOHTe-KapnoscKaR MOAeJlb MelK"bRA~PHbiX 

KacKaAOB B AeJlR~eMCR Be~ecTse noA AeHCTBHeM ny4KOB 6onee 
TRmen~x HOHOB. AnR onHcaHHR HeynpyrHx cTOJlKHoBeH HH RAep 
HCnOJlb3yeTCR npH6JlHmeHHe BHYTPHRAepHbiX KaCKaAOB C y4eTOM 
KOHKYPHPYIOIIIHX MemAY co6o~ npOI..IeCCOB HCnapeHHR H AeJleHHR 
B036ymAeHHoro OCTaT04HOrO RApa. B o6JlaCTH T ~ 1 r3B/HyKJlOH 
H AJlR He CJlHWKOM TRmeJl~X HaJleTaiOIIIHX RAeP TaKOH nOAXOA xo­
powo corn acyeTcn c on~ToM,oco6eHHO KOrAa pe4b HAe T. o cpeA­
HHX xapaKTepHCTHKax B3aHMOAeHCTBHR 17•81. Ynpyroe pacceR­
HHe RAep OnHCbiBaeTCR B AH¢paKI..IHOHHOM npH6JlHmeHHH. noJlHble 
Ce4eHHR ynpyrHX H HeynpyrHX RAePH~X B3aHMOAeHCTBHH U6 f 
H ain Bb14~1CJ1RIOTCR B npH6JlHmeHHH BHYTPHRAepHbiX Ka CKaAOB 
H C nOMOI.UbiO OnTH4eCKOH MOAeJlH, napaMeTp~ KOTOPOH nOA06pa­
H~ H3 cpaBHeHHR C H3BeCTHbiMH 3KCnepHMeHTaJlbH~MH AaHHbiMH. 

npH B~4HCJleHHRX npocnemHBaiOTCR KaK Me3oH-HYKJlOHHble Kac­
KaA~, TaK H KaCKaAbl, HHHI..IHHpyeMble B BeuteCTBe 6one e TRme­
Jl~MI1 ¢parMeliTaMH, o6pa3yiO~HMHCR npH CTOJlKHOBeHHRX RAep. 

B OCTaJlbH~X AeTaJlRX B~4HCJleHHR MallO OTJlH4aiOTCR OT CJly-
4aR npoTOHHoro HJlH AeHTPOHHoro ny4Ka. 

B Ta6JlHI..Ie pac4eTH~e AaHHble AJlR a -4acTHL1 H HOHOB 12c 
COnOCTaBJlRIOTCR C COOTBeTCTBYIOIIIHMH AaHH~MH AJlR ny 4 KOB npo­
TOHOB H AeHTpOHOB**.AnR YA06CTBa cpaBHeHHR npHBeAeHbl AaH­
H~e, nOAeJleHHble Ha 4HCJ10 HYKJlOHOB B HaJleTaiOIIIeM RApe npH 
OA~1HaKOBOH 3HeprHH T = 1 r3B/HyKJlOH. 

KaK BHAHO, B~XOA HeHTpOHOB HeCKOJlbKO B03pacTae T npH 
nepexoAe K ny4KY AeHTPOHOB. AnR a-4aCTHI..I OH npaKTH4eCKH 
TaKOH me, KaK AJlR npOTOHOB, a npH HCnOJlb30BaHHH ny4Ka HO­
HOB l2c B~XOA He~TpOHOB CHHmaeTCR n04TH Ha 4eTBepTb. Co­
OTBeTCTBeHHO yMeHbWaeTCR H ~~CJlO RAepHbiX B3aHMOAei1CTB~H 

* IlJIH3Koe 3HatieHHe 6b1JIO nonytieHo c!>.A.ncMHJlJlepoM 
151. 

**PaCCMaTpHBaJiaCb Ta lKe MHIIleHb, 'ITO H B/
3

•
4

•
61: ,IJ;JlHHa 

MHI!IeHH 90 CM, p;HaMeTp 120 CM, IIY'!OK tiaCTHIJ; nonap;ae T B oce­

BYIO ~eJib rny6HHOfi 26 CM. }hfmeHb COCTOHT H3 HeTaJIJIH'leCKOro 

npHpOp;Horo ypaHa. 
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Ta6JIH~a 

XapaxTep HCTHKH nsaHMOAeHCTBHR npoToHOB H nerKHX 

RAeP c 1-fHIIIeHbiO H3 ecTeCTBeHHoro ypaHa B pactieTe 
Ha OAHH HyKnOH HaneTawmero RAPa npH T c I rsB/HyKnOH. 

YxasaHbi cTaTHCTHtiecKHe norpeWHOCTH pactieTa 

P a cL f2c 

lJHCJIO HeynpyrHX 
B3aHMOAeACTBHA B 340+17 355+18 3!7+16 240+30 
MHmeHH npH:J'<I0,5 M3B 

- ----
4HCJIO 3aXBaTOB B238 82+4 94+5 82+4 61+6 
4HcJio saxBaTOB B235 0,90+0,05 1,J0+0,07 1,20+0,06 0,9~0,2 
YTe'IKa HeATpOHOB - - - -
H9 MMmeHH 6,1i0,3 8,0=0,4 5,7=0,3 4,7=1,3 

noJIHbiA BbiXOA 
HeATpOHOB 

TenJIOBbiAeJieH~e ) 
B TOM 'IHCJie:lr3B 

89+4 

4,6=0,25 

!03+5 89+4 67+8 

5,1~,25 ~.a:o.25 3,¥,5 

HOHH3aUHR 0,60+0,03 0,47+0,03 0,59+0,03 
AeJieHHe npH~>10,5M3B*0:90+0,05 1,00+0,05 0,90+0,05 
AeJieHHe npH1<10,5M3B*3,10~0,15 3,60~0,18 3,30:0,16 
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*r - KHHeTH'IeCKafl SHeprHfl KaCK~HOH tiaCTH~. 
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T[M38/f1yx.1J 
3He prHH, npH KOTOpOH npOHCXOAHT nepsoe flAepHOe 

CTOnKHOBeHHe HaneTawmeH tiaCTHI~bl B CpeAe, fie> OCH op­

AHHaT OTno~eHa BepOflTHOCTb CTOllKHOBeHHH /%/. 



KaCKaAH~X 4aCTH4 BHYTPH MHWeHH, rnaBH~M 06pa30M, B HH3K0-
3HepreTH4eCKOH o6nacTH r5 10 M3B. TaKoe noeeAeHHe xapaK­
TepHCTHK OTpamaeT KOHKypeH4H~ MemAY yeenH4eHHeM noTepb 
3HeprHH nepBH4HOH 4aCTH4~ Ha HOHH3a4~m cpeAbl I- Z 2/ M, rAe 
Z - 3aPRA 4aCTH4~. M - ee Macca/ H yMeHbWeHHeM AflHH~ 
npo6era 4aCTH4~ AO Heynpyroro B3aHMOAeHCTBHR (_1/~0 ). 
CpeAHRR 3HeprHR, npH KOTOPOH nepBH4H~H npoToH Hcn~T~eaeT 
nepeoe RAepHoe cTonKHOBeHHe a cpeAe, pasHa 760+30 M3B; 
HyKnOti~, BXOAR114He B COCTaB nepBH4H~X HOHOB 2 D :- 4He H 12C , 
nepeoe RAepHOe B3aHMOAeHCTBHe HCn~T~Ba~T, COOTBeTCTBeHHO, 
npH 3HeprHRX 920+10, 830+30 H 630+40 M3B /CM. pHCYHOK; 
yKa3aH~ CTaTHCTH4ecKHe norpeWHOCTH pac4eTa/. 

ArJR 6onee TRmenbiX HOHOB CliH>:<eHHe B~XOAa He~TpOHOB e114e 
6onee 3aMeTHO. 
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