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BaBpbiiUYK fl., MopoaoB B.A., MyMRHOB T.M., PasoB B.H.,. 

Ca>KimcKRfi SI, 

PB-5484 

l1sMepeHRe BpeMeH lKii3Hii ·B036y>KneHHbiX COCTOS!Hiill C aaeprRefi 

155,8 li 227 KSB B stnpe ~~~b90 

........ .-.!. 

MeTonoMaanep>KaHHbtX: e · -raMMa · coBnaneaRil: HaMepeHbi nepHO!Ibi nony 
'pacinana Boa6yiKneHHbiX cocTostallil:· c: aaepr11eil: 155;8 n 227 KaB B srnpe t51Jfb. 

. PaccqHT8Hbl BHyTpeHHIIll. KBanpynonbHb!ll: MOMeHT·II· napaMeTp-·jieipopMaimn 

OCHOBHOrO. COCTOS!HIIS! srnpa· 15 ~b , ... . . . 
OnpeneneHbi !jlaKTOpbi aanpeTa no onao'IaCTR'IHOli Monenll, no MonenH 

HllnbCCOH8 n no Monenll HllnbCCOH8 c yqilTOM CBepxTeKy'Ieli noripaBKII 'Ami 

nepexon·oB; . paapsr>Ka!OIUIIX cocTostaHe 227 KSB. · 

fipenpHHT. 06be,nHaeHHOrO HHCTKTYT8 · SAepHwc . HCCJleAOBaHHit. 
~6Ha, 1970 

yayry<?.C::b!J~-Xa., Morosov _ _v,A,, Murnino¢' T,M., 
'1?6-5484 

Measurement of Half-Lives of the Excited States 
· · with the Energy .of 155,8 and 227 keV 

· in the ~~~b~ 0 Nucleus 

Razov V.I.,, Sazhinsky Ya, · 
: . 

The half:..lives. of 155.8 and 227 keV excited levels of the 
. 151Yfb nucleus were measured by the e - .y delayed coincidence 

method; Intrh1sic quadrupole moment and the deformed parameter of 
. the ground state of the 155Tb nucleus were calculated. 

The hindrance factor. is determined for the single-particle mo
del, for the Nilsson model and for. the Nilsson model with the super 
fluid correction for the transitions discharging the 227 keV· state, 

'·· 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1970 



BseneHue 

B naHHoii: pa6oTe MeTOJlOM aanep*aHHblX e - y - coarranelmii: ua- -

MepeHbl rrepHOJlbl rronypacrrana soa6y)!(Jl9HHblX cocTo.IIHHii: c sHeprlfeii: 155,8 · 

H 227 K9B 0 I1pHHaJln9)!(8lUHX 155 Tb 
65 90 • 

ITepuon rronypacrrana cocTo.IIHH.II 155,8 KSB H3MepeH HaMH arrepBbie, 

aHaq~HHe rrepuona rronypacrrana cocTo.IIHH.II 227 KSB YToqHeHo, ITo 3Ha-

qeHH.IIM IipHB9Jl9HHblX BepO.IITHOCTeii: Jln.ll IlepeXOJlOB BHyTpH pOT8UHOHHOii: /" " 

IIOnOCbl OCHOBHOI"O COCTO.IIHH.II U5Tb 
65 90 

paccqHT8llbl BHyTp9HHHii: KBaJl-

pyrronbHbiil: MOMeHT, rrapaMeTp )leljlopMaUHH H M8I"HHTHbiil: MOM9HT .llllpa, 

Dnsr rrepexonoa, paapmKa!OIUHX cocTo.IIHHe 227 Ksa, rro.ncquTaHbl ·ljlaKTOpbi 

aarrpeTa rro onHoqacTHqHoii: Monenu, no ,Monenu HunbccoHa u rro Monenn Hunbc-
( 

COlla C yqeTOM CBepXTeKyqux IIOIIpaBOK, 

3KcrrepHMeHTanbHa.ll qacTb 

Dnsr· 1f3MepeHHii: HaMH. ucrronhaoaanc.ll rrpenapaT U6D 
66 :Ys9 

Hblii: IIOCne 40 MHH H8KOI!n9HH.II IIOBTOpHbiM Bbi)leneHHeM H3 tflpaKUHH I"OnbMH.II, 
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ronbMHeB8H ~p8KUMH rronyqanach B peaKUHM rny60KOrO pacmerrneHMH T8H-

TanoBoii: MMIIIeHM rrpH o6ny'!eHMM ee rrpoToHaMM c aaeprnefi E P = 660 MaB 

aa cHHxpounKnoTpoHe OHHH c nocneJlyiOIIIHM xpoMaTorpa~nqecKMM paa-

)leneaneM rrpoJlyKTOB peaKUMM. KpoMe naoTorra 1550y 
65 'TO 

, B MCTO'iHMKe 

Mornn rrpncyTcTBoBaTh naoToiThi JlMCrrpoaHH c A oT 153 JlO 157, HO oHM 

He MeiiianM M3MepeHMHM BCneJlCTBMe Manoro BhiXOJl8 STMX M30TOITCIB. 

HaMepeHMH rrpoBOJlMnMcb aa MHoroKaHanhHOM BpeMeHHOM aaanHaaTope 

C rrpeo6paaoBaTen-E!M "BpeMH-8MITnMTyJla" 1 C03Jl8HHhiM H8 6aae M8rHMTHO

llllH30BOrO 6eTa-cneKTpOMeTp8 TlliT8 cneK~IJO~e'i'p~ repxon~·~a /l I B p~>imMe 
aaJlep)K8HHhiX e- y -coBIT8Jlem{ii:. P~ape~aromad. cno~~6HOCT~ crH~K~po~eTp~ · 

B Jl8HHOM OIThiTe 6bin8 paBH8 R =3%- npn CBeTocnd~ '; ~. =4%~ .llng naMepeHHH 

nepnoiloB rronypacrraJla cocToHHHii 155,8 · II 227 KaB ~: r~M~a-K.aHane ., 
6bin B3HT y'!aCTOK aHepreTM'!eCKorci ·crreK'I"pa 2BQ 4.900 K~B .. 

-·' 

c noMomhio 'MarlinTHoro cle.ra-crleKTpoMeTpa BbiJle.nsmnci, aneKTp~oH~i' 
. ' 

38 ·( O*e) c aHeprHeii E = KSB K - 90,4 + aneKTpOH M aneKTpOHhl 
e 

nnS! 
.. ;'•• .: 

c aHeprneii E = 175 KSB c K - 227 KSB) • KS)KJloro l!ccneJlyeMoro 
e 

250 -J 900 KaB) M ( E e = 175 ~a~, Ey = 250 .. 900 KSB) I 

y'i8CTKM CfleKTpOB KOHBepCHOHHhiX aneKTpOHOB H cpparMeHT CXeMhl pacnaila 

155 Dr. 
66 88 

·· 13, KpliBOii ;pacna'Ji~ .. cocTCHtHMH 155~8 · KSB ci6ycnoBiieHo · C'oBllaJJ.eJiiuiMn aneKT-
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pOHOB 0>Ke C I'8MMa-nepeXO.!l8MII C BbiWene>KailliiX COCTOSIHIIfi ( T1j2 ~ 

:S 0,1,10 Celc) • 3KcnoHeHU118nbH8SI 'l8CTb STOff KpiiBOfi o5ycnosneHa COB-

na.!leHIISIMII ( K -90,4) ( Ey · = 250 .. 900 Kas). 05pa5oTKa aKcnepiiMeH-

TanbHbiX KpliBbiX npoBO.!llln8Cb no MeTO.!lY HaiiMeHbWIIX KB8.!lp8TOB ( .[lnSI 

aKcnoHeHUIIanbHOfi KpiiBOfi) II no MeTO.!lY MOMeHTOB. Dpll 9TOM nonyqeuo: 

aKcn. 
( 1,16;!:.0,07) .10-9 

CeK .!lmil ypOBHSI 155,8 K9B1 

aKcn. 
( ) -10 3,06;!:.0,22 .10 ceK .!lnSI ypOBHSI 227 KaB. 

DorpeWHOCTb onpe,!leneHIISI T 1j 2 BKmoqaeT B ce5SI 1 KpoMe CT8TIICTII-

qecKOH OWII5KII1 OWII5Ky Kan115pOBKII BpeMeHHOI'O 8H8nii38TOpa, 

AHanll3 pe3yn&TaToBaKcnep11MeHTa 

Dp11 ~Hanll3e aKcnepiiMeHTan&HbiX pe3yn&TaToB Mbi IICXO.!lllnll 113 

/2/ 
cxeMbi pacna.!la 

1
:: Dy

89 
, npe,!lno>KeHHofi B pa5oTe • llaHHbie o5 IIH-

TeHCIIBHOCTSIX II Myn&TIInOnbHOCTSIX I'8MMa-nepeXO.!lOB 1 pa3pSI>K810IlliiX COC-

131 
TOSIHIISI 155,8 II 227, B3SITbl H8MII 113 pa50T 3sonbCKOI'O 1 fHaTOBII'lfi 

/4/ 
II .!lP• 

a) YpoBeH& 155,8 KaB 

YpoBeHb 155,8 K9B npiiH8.!lne>KIIT K pOT8UIIOHHotl: nonoce OCHOBHOI'O 

155 ( t 2 
/4/ 

cocToSIHIISI SI.!lpa 66 Th 90 IIHepuiiOHHbifi napaMeTp A = -- == 13,29 KSB ) • 
. . 2J 

llaHJioe COCTOSIHIIe pa3pSI>KaeTCSI .!lBYMSI nepexonaM~ c Ey,;, 90,4 Kas 

5 



H Ey = 155,8 K8B 0 nepBbiH H3 KOTOpbiX npeJlCT8BnSI9T CM9Cb MynbTHnOnb-

M1 + 5%.E2 
/4/ /4/ 

,BTopo:l!: - 'IHCTbiH nepexon THna E2 0 nap-. HOCT9H 

uHanbHbxe nepHOJlbi nonypacnana 6bmH pacc'lnTaHbi HaMH no <l>opMynaM 

TY (E2) 
t/2 . 

T (1 +a 
t/2 tot 

3nech atot = [ a ( M 1 ) + lf a ( E2) ) 
1 

1 + l)2 
nonHbiH K084><t>HUH9HT 

. /5/ 
BHyTp9HH9H KOHB9pCHH, paCC'IHT8HHbiH no Ta6nHU8M · C Y'I~TOM BKnana 

oT K-L-M- o6ono'leK. R ~ 1 - Koa<l><l>HuHeHT paapS!JlKH ypoBHSI no 

naHHOMY nepexony, onpeneneHHbi:l!: HaMH KaK 

0 m 
rne om! - CHMBOn KpoHeKepa; 0 ml = I 1 I m 9' 

.I Y- OTHOCH-

T9nbH8SI HHT9HCHBHOCTb COOTB9TCTBYIOUI9rO raMMa-nep9XOJl8o 

no 3H8'19HHIO T t/2 ( E2 ) . , nnSI nepexona c Ev 
aKcn. ' 

90,4 K8B 

aaMH onpeneneao aHa'leHHe sepoSITHOCTH E2 -nepexona,no ijlopMyne · 

B (E2) 
56.3 
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' 161 
0TKYJl8 no H3B9CTHbiM !flopMynaM 

1677 
-5-

B(E2) 
b 

- Koa$$HuHeHT Kne6ma-KopJloHa) H 

v 1 
2.102 Q 0 

----·r.--- - 1 
1,44 Z A 2 ' 3 

onpeJleneHbi aHa<~eHHH BHyTpermero KBaJlpynonhHoro MoMeHTa Q 0 

H napaMeTpa Jle$opMaUHH 8 SKCn, OCHOBHOrO COCTOHHHH H)lpa 

8KCn, 

no. 3H8'19HHJO Tt/2 (M1) JlliH nepexoJla Ey = 90,4 KSB onpeJlene-

Ho· 3Ha'leHHe B (M1 ) 

B(M1) aKcn, 

no !flopMyne 
8KCn, 

-6 
3.96.10 ------ -~~~-----

/6/ 
OTKyJla Hafi)leHa B9liH'IHHa 

2m C 

+ v 477 
3 

0+ 1) (21 + 3) B (M.!...l__ 

K
2 

(I + 1 +K) (I + 1 - K ) 

et · 
---]. 

2m C 

BeliH'IHH8 rHpoMarHHTHbro OTHOlli9HHH KOllll9KTHBHDrD JlBH:lK9HHH gR 

onpeJlensreTCH B o6o6rueHHOft MO)leim K8K gR :::; -i- H paBHa 0,42 JlliH 

17/ 
• Jila JlBHHbiX pa6oTbi 3Ha'leHHH · g R y HJlep c A = 155 t55Tb 

65 90 

nemaT B npeJlenax 0,27 ~ g R::; 0,47. DpHHHM8H· gR 0,3~:!;_0,08, Mbl 

onpeJl9liHliH 3H8'19HH9 rHpOMarHHTHOrO OTHOI:!I9HJUI BHyTpeHJiero JlBH:lK9HHH - gK, 

7 



no ~opMyne UnH pacq~Ta MarHHTHOrO MOM9HT8 OCHOBHOrO COCTOHHHH 

porauHOHHofi rronochi c MoMeHTOM Io 
/6/ · lo [ 

JLo = --- gK I o + gR 
Io +1 

H8MH OU9H9Hbl rpaHHqHbi9 3HaqeHHH MarHHTHOrO MOM9HT8 Jl.o 

PeaynbTaThi BhiqHcneHHl!, cnenaHHhiX no npHaeneHI!hiM BhiWe ~op-

MyJiaM, caeneHbi a ra6n. 

Ta6nHua 

T
1

;
2 

, B(aL)sKcn.; Qo SKcn.; [j • 
SKcn,' 

11 
SKCIIo 

rO ; 

JLo Teop, UnH nepexoUOB 0 pa3pHlK8101l!HX COCTOHHHe 155,8 KSB 

E YPOBHH ( KSB) 155,8 

90,4 155,8 

aKcn., , 
Tt/2 (ceK)· 

. -9 
( 1,16±_0,07) .10 

7/2 3/2+ /411/f 

~, 3/2 3/2+ /411/ 

aL M1+5%E2 E2 

----------------~~~--------------------~-----------·" [j 2 0,053 

a tot 2,393 0,136 

32,6±_8,2 

B (E2) s~cn.Ce 2 6apn.11,08±_0,27 0,15±_0,04 . 

. (...d.)2 

B(Ml~Kcrr. 2mc ( 2,2+0,55) .10-3 

Q SKCII, ( 6apH). 7,15±_0,88 

SKCn,· 0,24±_0,03 

0,752 g K2 9KCn; = +0,032 

JL . [....!ilL.] 
o 2mC 

· 0,9±_0,2 ~ p.
0 

> 0,049±_0,012 

0,75 reop. eii )/8,9/ 
JL (--. 0 2mc 

8 



--------------~. 

Qo - aaMM 6bma .onpe.neneaa BepoHTHOCTh E2-nepexo-

.na c aaeprneii Ey · = 65,4 KaB, paapmKaromero nepBoe cocTOHHMe poTa-

UMOHHOM nonoCbi OCHOBHOI"O COCTOHHMSI H.Qpa 1 ~55Tb 90 • C noMOIUhiO 8(E2) 

.nnH aToro nepexo.na oueaea nepno.n nonypacna.na T 112 COCTOSIHMSI 

= 65,4 K9B: T tl2 = (3,35 ) X w-9 ceK. 

6) CocTOHHMe 227 K9B 5/2 512-1532 It 

156Tb flepMO!l nonypacna.na COCTOHHMH 227 K9B B H.Qpe 65 go · 6bm onpe-
/3 10 11/ 

.nenea B pa6oTax ' ' • flony'Ieaaoe aaMM aaaqeaue T 112 

6 110,111 
aaxo.nMTCH _ 

B ny'ImeM cornacnn c .naHHbiMH pa oT • 

MynhTMnonhHOCTh nepexo.noB, paapmKaromnx cocToHHMe 227 K9B 

5/2 +I 532 It ... 312 +1 411 It, onpe.neneaa B pa6oTe 141 KaK El. TaKMM 

· o6paaoM, npMimMaH MynhTMnonhHOCTh Tima El anSI nepexo.noB c aaeprueii 

16{,4 M 227 K9B, Mbl paCC'IMTanM 9KCnepMMeHTanhHbJe 3Ha'!eHMSI napuuanhHbiX 

· nepno.noB nonypacna.na: T t/2 ( El). 

Honh3yHCh aaaqeaMHMM T 112 ( El ) .. 
.nnH nepexo.noB 161,4 M 9KCn. 

227 K9B0 Mbl -paCC'IMTanM ifJaKTOpbi aanpeTa 

. B (El) M. 

B( El) 
no MomKoBcKoMy: ; ( aaa'!eauSI B (El) M nony'IeHbi 

9Kcn. 
c y'IeToM cTaTMCTM'IecKoro MHO>KMTenSI S 1 (I 1 

L I t ) M 'aifJ!fleKTMBaoro' 

aapH.na £ 1 ) ; 

no Hnnhccoay: FN · 

aKcn. 

no Hnnhccoay c y'IeToM cBepxTeKy'Ieii nonpaBKM R ~ 

RY 
N 

flpn pac'IeTax 9TH X BenM'IMH aaaqeauSI B (El) N M R ~ 
- /Bl 
Ta6nnu • 

B3HTbl M3 

3aa'!eHMH IHEI) aKcn. F F 
Ml N npMBO.QHTCSI B, Ta6. 2. 
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Ta5niiua 2 
aKcn · · · 

. 3aa'ICHIIH ,0 (EI) . o II <jlaKTOpb! sanpeTa llJIH :aepOHTHOCTeii: 
9JICKTpOM8I'HIITHbiX nepeXO)lOB·, paspH:lK8101IliiX. COCTOHHIIe 

.5/2 5/2-/532/t 227 .Ka:a :a H!lpe '~; Tb90 · 

E ypo:aHH · (Ka:a) 227 

Ey(Ka:a) 16.1,4 227 

T t/2 aKcno(ceK) . -10 
( 3,06±.0,22) 0 10. 

I 1 K ~1 
[ N n z A ] I 1 5/2 5/2- /532/t 

~,K,"'[NnzA ]I, 5/2 3/2+ /411/t 3/2 3/2+/411/t 
(' ... 

aL .. El El 

a tot 0,08 0,033 

R"j' 58±.34 1,017±_0,62 

B(El) aKcno/ e 2 6apa 2 I (5,5t_3,3)o 10-8 -4 
( 1,18±_0,70)o 10 

FM (l±.0,6).10
4 

(6,5±.3,4)0 102
. 

FN (7,6±_4,5). (3,5±_2,2). 10-1 

FN R~ (6,8±.4,0) (3,2±.1,91). 10-1 

nepeXOllbl TIIna El M9:lK!lY COCTOHHIIHMII 5/2-/532/ t _. 3/2+ /4111 t 

sanpemeHbl no aCIIMnTOTII'IeCKOMy KB8HTOBOMY 'IIICJIY n z ( ~n z = 2) o 

I1s ciicTeMaTIIKII aKcnepiiMeHTaJibHbiX SHa'leHIIii: :aepOHTHOCTeii El -nepexo-

10 

i 
~. 

' ! 
i .... 
I 

i. 
'r 
I 

-~ 
I 

I 
' 

)lOB · ( ~K ·= 1) II3BeCTH01 'ITO . . . 
\ 

'IIICeJI npiiBO!liiT K 38Jl9p:>KKe 

aa eAIIHIIUY sanpeTa no cpa! 

KaK BIIAHO IIS Ta5no ·: 

no _ _oueHKaM M OliiKOBCKoro1' 

161,41!(a:a ·II· FM = 6,5 
. ',·.,., 

HOCTeii El -nepexoAOB m 

pa:aKII II 6es Hee ynyqmaeT 

eTCH H9KOT0p8H 38TOpMO:lKE 

Ha.ocHoBe auaniisa a 

IISMepeHIIHX nepiiOllOB . nony 

. MO:IKHO C)leJiaTb CJI9llYIOIIliie 

16GT • 1. · Rnpo .. 
65 

b 90 

'8: 

2. Ms :aenii'IIIHbi Ae<P 

SI!lpS. lGG Tb 
6G 90 

II MeeT 

3o ·ypo:aeHh 3/2- /41: 

HOii: nonoce OCHOBHOI'O COC~ 

A " 

QSKC 

II ~8I'HIITHOI'O MOM9HT8 !lJIS 

UI9HHOii: MOll9JibiO SI)lpa. 

4. Coc.TOHHIIH 5/2 51: 

O!lHO'I8CTH'IHbiMII HHJibCCOHO 

B saKnro'leHIIe a:aTopb 

TeMaTH'IeCKIIX H~YK K.H. f] 



m! BepOSITHOCTefi 

( COCTOSIHHe 

' 227 

227 

.·.. -10 

.0>22). 10. 

3/2 3/2+ /411/t 

El 

0,033 

1,017;!:.0,62 

. . -4 
( 1,18;!:.0, 70). 10 

i ·•. (6,5;!:.3,4). 102 

. 

) -1 ', ( 3,5 ;!:.2,2 • 10 

. . . -1 
(3,2;!:.1,91). 10 " 

- + : /532/.t ... 3/2 . /411/ t 

:ny n z ( ~n z = 2) • 

poHTHocTefi El -nepexo-

.QOB · ( ~K ·= 1) H3BeCTH0 1 'ITO aanpeT no O.QHOMy H3 8CHMnTOTH'IeCKHX KB8HTOBbiX 
' 2 

'IHcen npHBo.QHT K aa.Qep::>KKe BepogTHocTefi El -nepexo.QOB npHMepao B 10 paa 

Ha. e.QHHHUy aanpeTa no Cp8BlleHHIO C. O.QHO'I8CTH'IHbiMH OUeHK8MH. 

KaK BH.QHO Ha Ta6n. ·2, aanpeT .Qnll BepoHTHOCTefi El -nepexo.QoB. 

no oueaKaM MoliiKOBCKoro, cocTaBnlleT F M 1,104 
.Qnll nepexoa&& 

161,4 KaB H, FM · 6,5, 10
2 

.QnS! nepexoaa 227 KaB. Pac'leT BepoliT-

aocTeli El -nepexo.QoB no MO.QenH HHnbccoaa c yti~ToM: cBepxTeKy'lelt non

paBKH H 6ea aee ynyql!IaeT cornacHe TeopHH c aKcnepHMeHToM, XOTll ocTa

eTcll HeKOTOpag 38TOpMo::>KeHHOCTb .Qnll .Q8HHbiX nepeXO.QOBo 

Ha ocHoBe aHanHaa aKcnepHMeHTanbHbiX peaynbTaToB, nony'leHHbiX npH 

· IG S... 
H3MepeHHSIX nepHO.QOB nonypacna.Qa BOa6y::>K.QeHHbiX COCTOSIHHH li.Qpa 

6 
~~ b 

90 
, 

MO::>KHo c,qenaTb· cne.QyxomHe aaKnxo'leHHH: 

liBnlleTCSI CHnbHO .Qe~opMHpOB8HHhlM 

8 aKcn. = 0,24 ± 0,03 · . 

2. llfa BenH'IHHbi .Qe~OpM8UHH 8 cne.QyeT, 'ITO OCHOBHOe COCTOSIHHe 

li.Qpa. HG Tb HMeeT KBBHTOBbie xapaKTepHCTHKH 3/2+ /4111 t. 
6G 90 

3. YpoBeHb 3/2- /4111 t c E = 155,8 KaB OTHOCHTCll K pOT8UHOH;:. 

HOH nonoce OCHOBHoro COCTOSIHHSI, 

A = , t 2 
= 13 29 KaB 2J • • 

QaKcn. = (7,15:!:,.0,88) 6apH, 

aKcn, 
P.o (0,8;!:.0,1). 

3Ha'lemiH BHyTpeHHero KBa.QpynonbHoro aneKTpH'IeCKoro MoMeHTa Q 

aGTb 6 ,H j\.{8rHHTHOrO MOMeHTa .Qnll 6G go XOpOl!IO OnHCbiB8IOTCll 0 o6-

meHHOH MO.QenbiO li.Qpa, 

4. CocTOHHHll 5/2 5/2- /532/t H 3/2 3/2+ /411/t MO::>KHO C'IHT8Tb 

O.QHoqaCTH'IHhlMH HHnbCCOHOBCKHMH COCTOSIHHSIMH, 

B aaKnxoqeHHe aBTOpbi Bbipa::>KaiOT 6naro.QapHOCTb .QOKT6py ~H3HKo-Ma

TeMaTH'IeCKHX H~YK K.H. fpoMoBy aa HHTepec K pa6oTe, 
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