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KaMni!CThl T •• KopMaH fl.., MopeK T ., n'eKep [I.K., ' P6 - 6723 
XapaThiM 3., XotiaauKn C.· · 

' ., • ' 211 
0 noo6y:>Knea nn Tf!BX'iazlf.'iHhix yponaeti 86 Rn.t2s np11 

EC -pacnane · 87Frz24 

HccnenonancH y -c;:neKTp, conpoBo:>KnaiOIUI!ftCli EC -pacnan 211 Fr ' 
nony'ieHHOI'O B peaKUI!liX 

197 
Au ( '18o ' 4n. '>. B peayni.TaTe nponeneHHhiX 

naMepeHHti y-y -connaneHHti HaMii npenno:>KeHa cxeMa yponaeti 211 'Rn 
' ' 0 . 28 ' ' u 18 nal!neH CHnbHhiti ·y -KaCKan 54 , 918, 1 K8B, no aHanOI'I!II C HnpOM 

09
Po ypoaeHb 540 Ka~ (5/2-.) Mhl I!HTepnpeTHpyeM 'KaK -OnHo'iaCTH'iHhiti 

HetiTpOHHhlti ypoaeHb I 5/2, ·a ypOBHI! 1458 KSB (9/2-) II 1739 K8B (11/2-) 
KaK Tp9X'iaCTI!'iHhi9 COCTOliHI!g THna p (h 9/2)4~'6 + ,n(p 1/2)-I • 

Coo611(eHHe 06be~HeHHoro HHCTHTyTa liACPHhiX HCCJieAoswndi 
,lbr6Ha, 1972 

Kempisty T. 1 Korman A. ; Morek T. 1 .. 

Peker L. K. I Hara ~ym z_. I Chojnacki s. P6 - 6723 

The Excitation of Three-Particle States 
in 211 Rn ·

211
from the· Electron Capture 

Decay of Fr· 

The ~amma rays accompanying the electron capture de
cay of 2 1

Fr produced in the reaction 197 Au(18 o, .4n) have 
been investigated. On the basis of gamma-gamma coincideri-1 
ce ·measurements the level. scheme of 2!~ Rn is suggested .We · 
have found the prominent gamma ray cascade of 540 1 918 I 
and 281 keV. By· analogy with the leve·l structure in 209Po 
we interpret. the 540 ,keV (5/2-) level .as a·sigle-par• 
ticle neutron state; 1 5/2 1 and the 1458 keV(9/2-) and 
1739 keV:(ll/2-) levels as three-particle states of the 
p (h 9/2) 4 

, n (p 1/2)-t type; · 
' .fl-,6 + _.:____. . 

Communications of the Joint Institute for Nuclear Research. 
Dubna, 1972 

•, 

;_ 

. 8 llOCJlC,UHCC Bper, 

HH H . EC.- pacna.ua 
2~~ i 

¥CHTaJlbllhiC ,UaHHbiC 0 I 
npnna.unemamHx MYJlbTH 
qJHrypaUHH p(h9/2 )2 n(j 
TaKoro Tllllfl ( c j = 1/2 
OC06CHIIO npOCTYIO C1 
samHa 6onec umpoKaH 
cne.uyeT omu.uaTh, 'Ito 
6y .UCT CYillCCTBOBa Tb. B 

na· .ocnosaHHH ananon 
207 Pb 209 p 0 I ne 
'82 , 84 

TIWJlCTa KOHqJIIrypaUIIH 
n.upe MoryT no36y~.ua1 
rnaCHO MO,UCJlH 060J104 
p ( h 9 I 2) 5 n ( p 1 /2)-? 
EC-pacna.ua 211Fr H < 

B neli Tpex'laCTHl.JHbiX y 
. 211 ' .· 

nop B Rn 6biJ11I II 

536 K3B I I 5/21 If 83 
np11 a -pac;na.ue _215Ra I 

.H 211 6 30TOll· Fr I 

B Blf,UC tPOJlhr I - 2 
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1. Baeoeuue 

B nocne,IJ,Hee npeMH BhiJBann 3HU4HTeJlhHhiH HI!Tepec nccne,IJ,ona
HHH EC.-pacna,IJ,a 2~~At 124 , KOTOphie noJBOJlHJlH nony'IHTh 'JKcnepn
MenTaJlbHhie ,IJ,aHHbiC 0 MHOrHX TpeX4a:cTH411biX ypoBIIHX H,D,pa 2~~ Po125 , 

npHlia,IJ,JlCJKUI.l.IHX MYJlhTHnJleTy npOTOH-HCHTpOHHOH TPCX4UCTH4IIOH KOH
<fmrypaUHII p(h912 )2 n(p1l2) 1; _nnH MHOr04UCTH'lllbiX KOIIrPI!rypaUHH 
TUKOrO Tlln~ ( c j =' 112) MO.D.C!'b 060J104CK n03BOJlHCT npC,Il,CKU3UTb 
oco6enuo npocTyKl cTpyi<TYPY MYJlhnmneTa 121 , no·noMy nechMa 
naJKHa 6onee umpoi<aH nponepKa :iTnx npe,D,ci<a3aHnif. B 4acTHOCTH, 
CJle,IJ,yeT 0/KII,IJ,UTb, 4TO CXO,IJ,HUH KOHcpHrypal.I,HH THna p(h 912)4 n(p1l2)1 
6y,IJ,CT CYI.l.ICCTBOBUTb B H,D,pe 2i~ Rn 

125
, . OCHOBHOe COCTOHIIIIC KOTOporo, 

na ocnonannn a11anornn c ,D,pyrnMH H.D.PUMH, c N = 125 I 28~5H~ , 
_207 Pb , 209 Po I nepoHTHee ncero, nM:eeT 1 = 112-. Yponm1 MYJlh-
·82 8~ 

nmneTa KOHqJnrypaunn P (11 912) 4 1.1= 2 ,N ( p 1 I 2) c I S. 1312 n JTOM 
H,D,pe MoryT B036yJK.D.UThCH npH EC-pacna,IJ,e 2iiFr 124 , KOTOpblH, co
rnacno MO,IJ,CJlH 060J104CK, ,Il,OJl/KCH HMCTb CniiH 912- H KOHcpnrypal.I,HIO 
p ( h 9 I 2) 5 n ( p 1 12r? · HacTomi-1a11 pa6oTa nocnHmena nccne,IJ,onamiiO 
EC-pacna.D.a 211Fr n cxeMhi yponneii 

2 ~~ Rn 125 , a Tai<JKe nonci<aM 
n nell: Tpex4aCTH4HhJX yponneii Tnna p (h 912) 4 v=2, n(p 112) 1 • ,no cnx 

. 211 
nop B Rn 6hiJlll. ll3BCCTHbl • TOJlbKO ,IJ,Ba B036yJK,IJ,CHHbiX ypOBHH 
536 KJB I f 5121 H · 832 KJB I p · .3/21, I<OTOpbie na6nm,IJ,annch ne,IJ,anno 
npn a -pacna,IJ,e, _215Ra /3/, 

2. 3KcnepuMeum 
. , 

. 211 . . . . 197 18 . 
l13oTon- Fr 6bi!J rrony4en n peaKunn Au( 0, 4n) ·. Mnrnenn 

n BH.D.e cponbr I - 2 MrlcM 2 I o6ny4annch na BhiBe,IJ,ennoM ny4Ke 

3 



llDKCJlbiX lllliiOB UIIKJlOTpOHa Y-300. ilOCJlC 06J1)'4CHHR HCTOlfHHKII IIC 

flO.UBCpraJliiCb XIIMII'ICCKOH o6pa60TKC H no HCTClfCHHH 1·,5 MHH)'Tbi 

ncpCIIOCIIJliiCb K JlCTCKTopy. l13MCpCHHR y -cnCKTpOB npOBO.IJ:HillfCh 

Ge ( Li ) -.ueTeKropoM o6bCMOM 20 CM 3 • Bo ncex cnylfaRx y - cneKl:pbi 

11'31\1 CpRJllfC b IICCKOJlbKO pa3 · B npOMCiKYTKaX BpCMCHH, npn6!1H3HTCJ1bll0 

COOTBCTCTB)'IOI.l(IIX nepno,n;y nonypacmua 211 Fr .• 

.ll.nR Hccne.n;onaunR conna.n;eunH: MC)K.IJ:Y y -KnanTaMn 6biJ1 ncnoni.-

30BaH CIICKTpOMCTp COBna,n;emiH THna KO.IJ:HpOBI.l(HKa BpCMR-aMnJlJIT)'.:Ia. 

13 KalfCCTBe .n;eTeKTopon npnMeHRJliiCh 'Ge ( Li) -.ueTeKrop o6be.MoM 

20 eM 3 11 KpncTann Na.T (Tl) pa3MepoM 1 1/2" x 2". Macconoe 'Inc no 

Fr onpe.uen.Hnoch no 113Mepeumo Bhixo.n;oB y -nepexo.uoo np11 )'MCHb

weHIIH :mepr1111 na,n;aiOI.l(HX TR)!(CJlbiX HOHOB, a TaK)f{C no 3Ha4CHIUO 

nepuo.ua nunypacna.ua. 

3. Pe3y/lbmambt U3MepeHuil 

211 197 .18 211 
KaK OTMClfanoch, · · Fr 6hiJ1 nonyyeu B peaKuuu Au( 0 ,4n) Fr 

npu JllepniJI, HOHOB 86 M JB. 3Ta JHCprHR 6J1H 3Ka K K)'JlOHOBCKOM)' 

6apbepy, IIOJTOMY IIOJly'IaiOTCR IICTO'IHHKH OTHOCHTCJlhHO MaJlOH aKTI!B

HOCTII, HO llOCTaTO.lfiiO 'IliCThiC llO 1130TOnHOM)' COCTaBy. 

raMMa- cneKTp 
211 Fr H3o6pa)f{eH na pnc. 1. Onpe,!IeneunhiH HaMw 

nepuo,!l nonypacna.n;a T1 ; 2 = 3,1±0,2 MHH xoporuo cornacyeTc.H 
. . j41 

c pe3)'IlhTaTaMn pa6oT no a -pacna,!ly 211Fr I T1 /2"'3,06_±0,06Mnn ' . 

3HeprHH II HIITCHCIIDHOCTII o6napy)f{CHHhiX HaMil y - nepeXO.!lOB B .IJ:O'Iep

HCM .H,n;pe 211Rn llpHBC.IJ:CHhl B Ta6Jll!UC 1. l13MCpCHIIC y-y COBna.n;eHHH 

IIOKa3aJ10, YTO IICpCXO.IJ:hi 540, 918 H28l K3D.06pa3yiOT KaCKa.n;. ilOJlHbiC 

·.n;aHI!hiC ,- D 'laCTHOCTII, CBC.IJ:CHJI.H 0 ,n;pyrux y -)' COBna.n:eHURX, llpHBC.IJ:CHhl 

B Ta6nnue 2 11 11a pucynKe 2. 

4. 06cyJK6eHue 

.LJ.aHHbiC 06 HHTCIICHBHOCTRX CaMhiX Cl!JlhHhiX JlHHIIH Y - CnCKTpa 

B yKa3aHHOM KaCKa,n;e n03BOJ1RIOT Ha,n;C)f{HO )'CTa.HOBUTh C)'l.l(CCTBOBaHHC 

YPOBHCH 
211Rn 540, 1458 H 1739 KJB. llepBhiH ll3 HHX, HCCOMHCHHO, 

n.n;enTnlfen c yponneM 536 KJB, iia6mo.n;aeMhiM npn a -pacna.n;e 215Ra. 

Ha OCHOBaHUII ,n;aHHhiX 0 y-y - COBna.n;eHHRX II coo6pa)!(CHIIH 06 JHeprnH, 

MO)f{HO npe,n;nOJ10)f{IITCJ1hHO BBCCTII Cl.l(C Tpll ypOBH.H 2722, 2179 II 
1960 KJB. 

4 

..... 

l 

CpaBHHM Tenep 

B JTOH cno)f{HOH cxe. 

Han6onee IIHTCHCIIBHh 

nun cliparMeHTOB cxe. 

BhiDO.D: 0 TOM, 'ITO HJ 

IIMCIOT O.IJ:IIHaKOBhiC c: 

JTOH KapTIIHhi yponnn 

IIO,n;06HO COOTBCTCTBY 

HhiMH yponnRMn n 

4 
lp(h9/2 )4+v=2 

HeKoTopoe noBhiWeu 

K 21tRn BepORTHO,I 

BCTCTB)'IOI.l(IIX ypOBII( 

'ICTHhiX R,n;pax npi1 yn 

ilpe,n;cTaBJl.HCT ~ 
· O.IJ:HO'IaCTII'IHhiX ypoBI 

B 3aBIICIIMOCTll OT .. , 

y.n;anenn.H OT H,n;ep 

.O.IJ:H04aCTII4HhiX ypOBl 

. AnTophi Bhipa)f{ 

HHTepec K pa6oTe,, a · 

xopowyiO pa6oTy ycKc 

1. M. Alp.o·te.n a.nd 
.6e.a.Jz.c.h In.otlt 

2. JI.K.lle1<ep . .Jlr.J>,,4, 
3. V.F.ToJLge.JL.oon 

C2, 2309 (797 
4. K.Va.lli, E.K. 

C he.m. , - 2 9, 2 5 
5. S.G.PJz.u~4~n a. 

176 (1968). 
6. 3.XapambiM, T.K:J, 

HQIJI<U. IfpozpaMM< 
cneKmpocKonuu u 



riY'ICHHH HCTO'IHHKII He 
CTC'ICIIHH 1~5 MHHYThl 
fiCKTpOB ripOBO)J,HJIH C b 

1cny'laHx y -cneKlphl 
M:CHH, npu6nH3HTCflhi!O 

:naHTaMn 6hm ncnonh
!Ka BpCMJI-aMllJIIIT}';Ja. 
) - )J,eTeKTOp 06beMOM 
x 2". Macconoe qucno 
nepeXO,!lOB npll YMCIIh" 

TaK)KC no 311a'leHIUO 

. 197 ~8 211 
:uuu Au( 0 ,4n) Fr 
IH3Ka K KYJIOHOBCKOMY 
HTCflbHO Manon aKTIIIl" 
'cTany. 
:. Onpe.neneHHhiH naMn 
xopolllo cornacyeTcH 
;i-'-'3,06_±0,06MHH I 4 I. 
y - nepe X O)J,OB B )J,O'lep
pe11ne y-y conna)J,eHnn 
.3yiOT KaCKa)J,. IlOJIIIbie 
BTia)J,CHHHX,llpHBC)J,CHhl 

HhiX. JIHIIHH Y - cneKTpa 
onHTh cymecTnonanue 
i H3 HHX, HeCOMHeHJIO, 
pu a -pacna)J,e 215Ra. 
>6pa)KenuH: o6 3Hepruu, 
rpOBHH 272~, 2179 H 

' i 

CpaBHHM Teneph 3TH )J,aHHhie co cxeMoii pacna)J,a 40~At • 405Fo . 
B 3TOH cno:»moii: cxeMe 111 TaK)Ke oqeHh 'leTKO Bhi)J,enHeTCH KacKa)J, 
Han6onee HHTeHCHBHhiX y -nepexo)J,OB /eM. puc. 3/. Ilpn conocTanne·
nnn qiparMenTon ex eM ·pacmi)J,a 209At n 211 Fr /puc. 3/ nanpaumnaeTCH 
BbiBO)J, 0 TOM, 'ITO HX CXO)J,CTBO He cny'laHHO, H ananorH'IHbie ypOBHH 
nMeiOT O)J,HHaKOBhie cmmhi, 'leTHOCTH n cxo)J,nyro cTpyKTYPY· B paMKax 
3TOHKapTHHhiYPOBHH 211Rn 1458K3BC/ =9/2- H1739.K3BC/ =11/2, 
TIO)J,06HO COOTBeTCTBYIOIUHM HM ypOBHHM 209Po, HBflHIOTCH Tpex•IaCTH'l" 
HhiMH ypoBHHMH II npnua)J,fle)Ka T K MYJibTIIllJieTy KOHcPJirypaunn\ 

lp(h9/_2 )~+v=2; n(Pti2;-
1

J H lp(h9l2)
4

v=2; n(Pti2 F
1

J·; 

HeKon)poe nonhilllenne 3Heprnii: 3·Tnx yponHeii npn nepexo)J,e 209po. 
K 211'Rn BepOHTHO, MO)KHO COllOCTaBJITb C llOBhillleUJieM 3Heprnii: COOT" 
neTcTnyromnx yponueii: c 1 = 4+, 6+ KondJnrypau:nn p(h 9 I 2)" B 'leTHo
'leTHhiX H)J,pax npn ynenn'leHnn OT n = 2 )J,O n = 6 /Ta6n. 3/. 

Ilpe)J,cTannHeT TaK)Ke JIHTepec conocninneHne )J,aHHhiX o6 3HeprnHx 
O)J,HO'laCTH'IHhiX ypOBHeii: f 5/2, p 3/2,~ 9/2, i 11/2 1130TOllOB c·N = 125 
B 3aBHCIIMOCTH OT .lJHCJia llpOTOHOB. 11:3 piiC. 4 BII)J,HO, 'ITO flO Mepe 
y)J,aJieHJIH OT H)J,ep . C 3anonneHHOH npOTOIIHOH o6o.JiO'IKOH :meprHH · 
.0.1lHO'laCTII'IHbiX ypOBHeH B TaKJIX cny'laHX 06hi'IIIO llOHH)KaCTCH. 

. ABTOpbl Bhlpa:>!<aiOT 6naro)J,apHOCTh aKa)J,eMIIKY r .H.<l>nepony 3a 
HHTepec K pa6oTe, a TaK)Ke rpynne unKnoTpoHa Y-300, o6ecne'IHBllleii 
xopolllyiO pa6oTy ycKopnTeJIH. .. 
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raKe-nepexo,;y, conpDBDX.ItlUllltHe pacmu F r • 

--------------------------------------------------------------: E 
1 

: 22! : 28! I 440 : 540 1 76J : 9!8 z 9U:J 

-f------~-----'---~--1------J------~------~-------~---------~- . 
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=-=--~-==~~g_[~L_:_::~B~L§L ___ :_~:~B~Lz[_~ 
2+ : II&p : 1272 : IJBI 

: 4+ : 1425 z !500 : I6J7 : 
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