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169 raMMa-raMMa yrnoe~e KOppenH~HH B Yb 

Bnepe~e H3MepeH~ raMMa-raMMa yrnoe~e KoppenH~HH e W9 
Yb AilH 10 KacKaAOB. Ha HX OCHOBe ycTaHOB1leH~ CnHH~ ypoe-

He~ 1463 ~ 1658 K38 KaK 7/2 ~ 5/2, COOTBeTCTBeHHO. noATBepm
AeH~ cn~H~ HecK01lbK~x ypoeHe~. OnpeAeneH~ ~nH yT04HeH~ Mynb
T~nonbHOCT~ PHAa raMMa-nepeXOAOB. 

Pa6oTa B~nonHeHa B na6opaTOPH~ HAePH~X npo6neM OH~H . 

npenpHHT 06'b8.tlHH8HHOrO HHCTHTYTS S!JlepHbiX HCCne.QOBSHHA • .ay6Ha 1979 

Budzynski M. et al . P6 - 12596 

Gamma-Gamma Angular Correlations in 169 Yb 

Angular correlations in 169 Yb have been first measured 
for 10 cascades. On their base level spins of 1453 and 1658 
keV are determined as 7/2 and 5/2, correspondently . Spins 
of a few levels are confirmed. Multipol ities of a series 
of gamma-transitions are determined or refined. 

The investigation has been performed at the Laboratory 
of Nuclear Problems; JINR. 
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BBE,l\EHHE 
169 

CBO~CTBa B036ymAeHH~X COCTOHHH~ Yb o6cymAa~TCH B o6-
30PHOH pa6oTe 111 • HccneAoeaHHH pacnaAa 169 Lu -+ 

169 Yb npo
BOA~n~cb MHOr~MH aeTopaM~, OAHaKO AO C~X nop HeOAH03Ha4HO 
ycTaHOBJleH~ CnHH~ HeKOTOpbiX B036ymAeHHbiX COCTOHH~~ C 3Hep
r~e~ BbiWe 1 M38 ~ MY1lbT~nOJ1bHbiH COCTaB y -nepeXOAOB. H3Me-

~ 169Yb peHHH yy-yr1lOBbiX KOppenH~H~ B BblnOJ1HeHbl enepBble AllH 
10 KaCKaAOB. Ha ~X OCHOBe YCTaHOBJleHbl cn~Hbl ypOBHe~ 1463,4 
K38 H 1658 K38 KaK 7/2 ~ 5/2, COOTBeTCTBeHHO. noATBepmAeH~ 
cn~Hbl YPOBHe~ 278,6; 389,5; 569,8; 647,8 K38 KaK 7/2, 9/2, 
5/2 ~ 7/2, cooTeeTCTBeHHO. YT04HeHbl MYilbT~nonbHOCT~ PHAa 
y - nepeXOAOB. 

1. METO,l\HKA 3KCnEPHMEHTA 
,. 169L 6 ~ 
r~CT04H~KH u nony4all~Cb nyTeM o ny4eH~H TaHTanoeo~ 

M~WeHH npoToHaM~ c 3Hepr~e~ 660 M3B Ha c~Hxpo~~KllOTPOHe 
nRn OH~H. nocne x~MH4ecKo~ o6pa6oTKH MHWeH~ xpoMaTorpa$H-
4ecK~ BbiAellHJlaCb $paK4~H Jl~Te4~H ~ pa3AeJ1HJlaCb no H30TOnaM 
Ha Macc-cenapaTope. ,l\JlH ~3MepeHHH yy-yrnoe~x KOppenH4~~ an~
M~HHeeaH $01lbra C BHeApeHHbiM HCT04HHKOM paCTBOPHilaCb B 0,1 H 
paCTBOpe COJ1HHO~ KHCJlOTbl B BOAe H noMe~aJlaCb B nlleKCHrllaCo
BY~ aMnyny ~ 3 MM ~ All~HO~ 10 MM. 

HaMepeH~H npoeOAHil~Cb Ha KoppenR~~OHHOM cneKTpoMeTpe c 
Ge(Li) - ~ ABYMR NaJ (Tl) -AeTeKTopaM~ 1 4 1 • 

B Ka4eCTBe HaKon~TellR HH$OpMa4~~ ~cnonb30BancH MHOroKa
HallbHbl~ aMnllHTYAHbl~ aHallH3aTop NTA-512 B.Per~cTp~poean~cb 

coenaAeHHH y-ny4e~ C $OTOn~KOM 191 K38 AJlH yrnoe MemAY Ae
TeKTOpaM~: 90, 135 ~ 180 ° . HaMepeH~R KoppellR4~~ y - ny4e~ 
C 3Hepr~e~ MeHbWe 500 K38 npOBOA~Il~Cb C ~ellb~ yMeHbWeH~H 
BKJlaAa OT aHH~r~IlR4HOHHOrO ~3Jly4eH~R B cneKTpe COenaAeH~~. 
AJlR y rno e MemAY AeTeKTopaM~: 90, 120, 150° . UeHTpoeKa ~c
T04HHKa e Ha 4ane ecex cep~~ ~3MepeH~~ 6~na CAenaHa c T04-
HOCT b~ ny4we~, 4eM 1%, ~ KOHTpon~poeanacb e Te4eH~e ecero 
3Kcnep~MeHTa. BpeMH 3Kcno3~4~H npH KamAOM 3Ha4eH~~ yrna co-
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cTa8nRno 200 c. Pa3pewa~~ee 8peMR 6~cTpOH cxeM~ co8naAeHHH 
COCTa8nRnO 40760 HC. 

2. 3KcnEPHMEHTAJ1bHbiE PE3Y Jlb TATbl 

Pe3ynbTaT~ H3MepeHHH K03$$H~HeHT08 yy-yrno8~X KoppenR~HH 

AnR HCCneAyeM~X KaCKaA08 npH8eAeH~ 8 Ta6n. 1. npH o6pa60TKe 
pe3ynbTaT08 Y4HT~8anHcb nonpa8KH Ha cny4aHH~e co8naAeHHR, 
Ha ~eHTp08KY HCT04HHKa H 3$$eKTH8HOCTb, TeneCHble yrnbl 
Ge(Li) -AeTeKTopa 1 51 H NaJ(Tl) -AeTeKTopo8 16 1• Ko3$$H~w 
eHT~ yrno80H KoppenR~HH A44 AnR 8cex KacKaA08, nepe4HcneH
H~x 8 Ta6n. 1, 8 npeAenax norpewHOCTH pa8H~ Hyn~. 

npH o6pa60TKe 3KCnepHMeHTanbH~X AaHH~X npHHHManOCb, 4TO 
CnHH OCH08HOro COCTORHHR 169 YbJ = 7/2 1 71 

, a nepeXOA 191 
K3B R8nReTcR 4HCT~M E1. 

KacKaA /87,4- 191,2/ K3B pa3pRmaeT nocneA08aTenbHO 803-
6ymAeHHble yp08HH 278 .,6 H 191,2 K3B 8 OCH08HOe COCTORHHe. 
npHHHMaR H3 pa60T~ / 3/ AnR 3TOrO KaCKaAa nocneA08aTenbHOCTb 
CnHH08 7/2--5/2-7/2, onpeAenReM MynbTHnOnbHOCTb y-nepe
XOAa 87,4 K3B KaK: M1 + /2±1,5/% E2 HnH M1 + /99±2/% E2 
AnR o > 0. Y4HTbl8aR 3Ha4eHHR KBK 121 , MOmHo npHHRTb, 4TO 
3TOT y -nepexoA HMeeT MynbTHnonbHOCTb M1+ (2 ± 1,5) %E2. 

KacKaA [ 110,9 - (87 ,4)- 191,2] K3B ocy~ecT8nReTCR MemAY 
8036ymAeHH~MH COCTORHHRMH C 3HeprHRMH: 389,5- 278,6-191,2 
K3B H 0CH08HbiM COCTORHHeM CO cneAY~~eH nocneA08aTenbHOCTb~ 
cnHH08: 9/2 - 7/2 - 5/2 - 7/2. Hcnonb3YR pacc4HTaHHbiH K03$
$H~HeHT AnR HeHa6n~AaeMOrO HaMH nepeXOAa 87,4 K3B U = 
0,865+0,007, onpeAenReM MYnbTHnonbHOCTb y -H3ny4eHHR c 
3Hepn,eH 110,9 K3B KaK M 1 + (7 ,5+_4338 )% E2 . AnR o> 0. 

,l\nR KacKaAa (198,3 - 191,2 ) K3B 3KcnepHMeHTanbHbiH K03$-
$H~HeHT yrno80H KOppenR~HH A 32~cn =- 0,030 ± 0,022 8 npe-
Aenax norpewHOCTH cornacyeTCR c TeopeTH4eCKHM A~~op 
-0,025, pacC4HTaHHbiM AnR 4HCToro E2-nepexoAa MemAY ypo8HRMH 
CO CnHHaMH: 9/2 - 5/2. 

KacKaA [291,2 - (87,4) -191,2 ] ocy~eCT8nReTCR MemAY 
yp08HRMH (569,8- 278,6 -191,2 - 0 ) K3B C nocneA08aTenb-
HOCTb~ CnHH08 5/2 - 7/2 - 5/2 - 7/2 1 1•21 • loicnOnb3yR U = 
0,865±0 , 007 AnR nepeXOAa 87,4 K3B, onpeAenReM MYnbTHnOnb
HOCTb y -nepeXOAa c 3HeprHeH 291,2 K3B KaK M1+ (2,9+ 2 ,~ )%E2 
.a< o. - 1

• 

TpoHHOH KacKaA [369,3- ~7,4)- 191,2] K3B pa3pRmaeT 
YP08HH (647,8 - 278,6 - 191,2 ) K3B 8 OCH08HOe COCTORHHe. 
B 3TOM KacKaAe nocneA08aTenbHOCTb cnHH08 cneAY~~aR: 
7/2 - 7/2 - 5/2 - 7/2. 1-'13 aHanH3a A22 no MeTOAY ApHca-BHAeH-
6eKa cneAyeT, 4TO y-negeXOA C 3HeprHeH 369,3 K3B R8nReTCR 
4HCT~M M1 HnH M1 + < 1% E2. 
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/ 1,2/ 
Cm1H ypoBHR 569,8 K3B J = 5/2 nOATBep)f(AaeT aHam13 K03<!>-

¢H~HeHTOB yr11CBOH KOppe11R~I-1H (378,6 - 191,2) K3B npH y4eTe, 
4TO nepeXOA 378,6 K3B THna M1. 

H3 aHa11H3a K03<1><!>H~HeHTOB Koppe11R~HH A11R KacKaAa 
(456,6-191,2) K3B npH nOC11eAOBaTe11bHOCTH CnHHOB: 7/2-5/2-7/2 
y-H311Y4eHI-1~ C 3HeprHeH 456,5 K3B C11eAYeT npHnHcaTb MY11bTH

n011bHbiH COCTaB M1 +(5,4 ~:·~ )% ~2, o> 0. 
YpoeH~ 1463,4 K3B e p'a6oT~ 3 1 npHnHcaHbl xapaKTepHCTHKH 

9/2- 1-1111-1 7/2-. Ha OCHOBe H3MepeHHbiX K03<1><!>H~HeHTOB KOppe11R
~I-11-1 A11R TPOHHOro KaCKaAa (1184,9- (87,4) - 191,2] K3B 
npH y4eTe MY11bTHn011bHOCTeH y-nepeXOAOB 87,4 H 191,2 K3B 
no11y4aeM nap~Ha11bHbiH K03<1><!>H~HeHT A2 (1184,9) =- 0,476±0,086. 
H3 aHa11H3a 3Toro K03<!><!>H~HeHTa MeTOAOM ApHca-BHAeH6eKa 
C11eAyeT y -nepeXOAY ' C 3HeprHeH 1184,9 K3B npHnHCaTb 
MY11bTHn011bHOCTb M1 +(0 ,9+_~·0)E2 npH noc11eAOBaTe11bHOCTH cnHHOB 
7/2- 7/2 1-1111-1 M1+>20%E2A11R noc11eAOBaTe11bHOCTH cnHHOB 
9/2 - 7/2. noc11eAHHH eapHaHT C4HTaeM Ma11oeepoRTHbiM cor11acHo 
AaHHbiM no KBK 121 . no-BHAHMOMY' C11eAyeT npHnHCaTb ypOBH~ 
1463 , 4 K3B cnHH 7/2, KaK 3TO npeAn011ara110Cb B pa6oTe 1 11 npH 
H3y4eHHH ypoeHei1 169 Yb, eo36Y)f(AaeMbiX e peaK~HH 168

Yb(n, y) 169 
Yb. 

CKopee ecero , nepeXOA 1272,5 K3B, paapR)f(a~~HH 3TOT ypoeeHb, 
He RB11ReTcR 4HCTbiM E2, KaK OTMe4eHo e pa6oTe 121 , a M1+E2-
KaK B / 11. 

YpoeeHb 1658 K3B c npeAno11araeMbiMH cnHHaMH 5/2, 7/2 pa3-
pR)f(aeTCR B OCHOBHOe COCTORHHe ABYMR KaCKaAaMH 
(1379 - (87,4)- 191,2] K3B H (1466,9-191,2) K3B. Ha-3a 
HeAOCTaT04Horo pa3peweHHR Ge(Li)- AeTeKTopa np~-1 o6pa6oT
Ke pe3Y11bTaTOB H3MepeHHH K03<1><!>H~HeHTOB K0ppe11R~HH TpOHHOrO 
KaCKaAa ( 1379 - (87 ,4) - 191 ] K3B y4TeH BK11aA npRMOrO Kac-
KaAa (1374,~191.2) K3B COr11aCHO HHTeHCHBHOCTRM H MY11b
THn011bHOMY COCTaBy y -nepeXOAOB H KBaHTOBbiM xapaKTepHCTH
KaM B036y)f(AeHHbiX COCTORHHH. H3 aHa11H3a nap~Ha11bHOro K03<!><!>H
~~1eHTa Koppe11R~HH A 2 (1379) = +0,44 ± 0,16 no11y4aeM HH<!>OpMa
~H~ o MY11bTHn011bHOCTH Y -H311y4eHHR 1379 K3B - E 1 npH noc11e
AOBaTe11bHOCTH cnHHOB 5/2 - 7/2 1-1 E 1 + < 80% E2 - npH noc11e
AOBaTe11bHOCTH CnHHOB 7/2 - 7/2. npHHHMaR BO BHHMaHHe 3Ha4e
HI-1e KBK 121 , HCK11~4aeM noc11eAH~~ B03MO)f(HOCTb . 

Ko3<!><I>H~HeHT yr11oeoi1 Koppe11R~HH AJ1R KacKaAa 
(1466,9 - 191 , 2) K3B xopowo cor11acyeTCR c TeopeTH4eCKHM 3Ha-
4eHHeM A22 =-0,057 npH noc11eAoBaTe11bHOCTH cnHHOB 5/2-5/2-7/2 
H A11R AHn011bHbiX nepexoAOB. Ec111-1 ypoeeHb 1658 K3B HMeeT cnHH 
7/2, TOrAa nepeXOA C 3HeprHei1 1466,9 K3B A011)f(eH 6b1Tb CMeWaH
HbiM, npH4eM npHMecH M2 A011)f(HO 6b1Tb 6o11bwe 30%, 4TO He cor11a
cyeTcR c AaHHbiMH KBK 121. Y4HTbiBaR paccMoTpeHHble Bblwe apry
MeHTbl, MO)f(HO OAH03Ha4HO ycTaHOBHTb CnHH A11R ypOBHR 1658 K3B 
KaK 5/2. 
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3. 3AK11104EHHE 

Pe3y11bTaTbl HaW HX HCC11eAOBaHHH yy -y r110BbiX KOppe11R~HH 
169 

70 Yb 99 no3 B011H11 H: 
1. YcTa HOBHTb cnHHbl ypoeHeA: 1463 , 4 1-1 1658 K3B Ka K 

7/2 H 5/2, COOTBeTCTBeHHO. 
2. noATBePAHTb 3Ha4eHHR CnHHOB AJlR B036Y)f(AeHHbiX COCTO

RHH H: 275,6 ; 389,5; 569 , 8; 647,8 K3B KaK : 7/2, 9/2, 5/2 H 
7/2, COOTBeTCTBeHHO . 

3 . YT04HHTb MY11bT Hn011bHbiH COCTaB PRAa r aMMa-nepeXOAOB . 
HaAO OTMeTHTb xopowee cor11ac1-1e B onpeAe11eHHH MY11 bTHn011b

HOCTH raMMa- nepeXOAOB C pe3y11bTaTaMH, n011y4eHHbiMH 1-1 3 H3Me
peHHH KBK 1 1- 21 • HawH H3MepeHHR no3B011H11H yT04HHTb MY11bTH
n011bHbiH COCTaB y -nepeXOAOB : 87 , 4 ; 291,2; 456,6 ; 1184,9 K3B , 
H3 H3MepeHHi1 yr110BbiX Koppe11R~Hi1 A11R y -nepeXOAOB, pa3pR)f(a
IOIIIHX B036Y)f(AeHHble COCTORHHR C Ey > 1 M3B H )f(eCTKHX y -nepe
XOAOB, MO)f(HO n011Y4HTb ~eHHY~ HH¢0pMa~H~ Aa)f(e B C11y4ae TaK 
xopowo H3BeCTHOro RAPa KaK 169Yb . 

B 3aK11~4eHHe aeTOPbl Bblpa)f(a~T 611aroAaPHOCTb T.M.MyMHHoey, 
H. A. oOH4-0CM0110BCKoi1 3a no11e3Hble o6cy)f(AeHHR 1-1 C. lia~eey -
3a HHTepec, npORB11eHHbiH K AaHHbiM HCC11eAOBaHHRM. 
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