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EaraeB B .11. li ap. P4 - 10232 
BnliHHHe aeaKC1i8RbHOCTii Ha CBepxroHKoe KBaapynoRbnoe 
pacmenneHiie B MJOOHHOM a roMe 238 U 

B paMKax Moaenli >KeCTKoro poraropa llaBhiAOBa-<PiinHnnoBa paccMorpe
HO BRH HH!Ie He8KCii8RbHUX aetjlOpM81.{HH Ha CileKTpbl 11- 238 U. B bi'IIiCReHbi 
CABHI'H ypOBHeli 11- -Me308TOM8 ilpH p83ITH'IHbiX 3H8'IeHiiHX napaMeTpa He8K
Cii8RbHOCTH yo nyreM Cp8BHeHiiH 9KCilepi!MeHT8RbHOI'O CileKTpa C paC'!eTHbiM 
onpeaeneHbi napaMeTpbi KBaapynonbHoli aetjlopMaUiill f3 H y, Koropbie oKa3anucb 
COOTBeTCTBeHHO p8BHbiMii 0,260 H 13 ° o 

Pa6oTa BbinOnHeHa B na6oparopnli TeopeTii'!eCKOli tjli!3UKii Oli5H1. 

flpenpHHT 06be,nHHeHHOrO HHCTHTyTa ~l,[lepHbiX HCCJie,liOBaHHH 

)J,y6Ha 1976 

Bagaev V.I. et al. P4 - 10232 

Non-Axiality Effects in Quadrupole 
Hyperfine-Splitting in !4uonic 238 c 

The quadrupole h- f -splitting in muonic atoms with 
nuclei having no axial symmetry is calculated within the 
rigid asymmetric rotor model. The x-rays emitted in 4F-3D 
and 3D-2P transitions in 11- 238 lJ were measured with 
high resolution and an analysis of the spectrum was 
performed to find the quadrupole deformation parameters 

Res u 1 t s : (-! ~ 0.260°; y ~ 13". 

The investigation has been performed at the Labora
tory of Theoretical Physics, JINR. 
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C) 1976 06-..e()uHeHHWU &lHC•u•y• Jf()epHWX &lCC.IIe()oea H&lU ){y6Ha 

CneKTp MIOOHHbiX. a TOMOB C .D,e<i>opMHpOBaHHbiMH H.D,paMH 

o6na.D,aeT CHllbHbiM CBepX.TOHKHM KBa.D,pynOllbHbiM pac

l.l{enneuueM, no3aonHIOI.l{HM uccne.D,oaaTb .D,eTanu pacnpe.D,e

neHHH 3apH.D,a B H.D,pax./J/.3.D,eCb paccMaTpHBaeTCH BllHHHHe 

ueaKcuanbHOCTH ua caepx.TOHKoe KBa.D,pynonbuoe pacl.l{en

neuue B 11- 238 U. Ilpoae.D,eno cpaaueuue c 3KcnepHMeuTanb

HbiMH .D,aHHbiMH, llOlly'leHHbiMH Ha CHHXPOUHKllOTpOHe 0115111. 

AuanH3HpyeMoe peuTreuoacKoe H3nyqeuue ucnycKanocb 

B pe 3YllbTaTe B3aHMO.D,eHCTBHH JL- C MeTallllH'IeCKHM ypaHOM 

H H3Mepsnocb Ge(Li) - .D,eTeKTopoM 6onbUJoro o6'beMa, 

o6ecne'IHBaiOI.l{HM THllH'IHOe pa3peUJeHHe 2,8 IC3B npH 

1,3 M3B. 

Kanu6poaKa 3Hepruu 6blna npoH3Be.D,ena c noMOI.l{biO 

y- KBaHTOB pa.D,HOaKTHBHOrO HCTO'IHHKa 56 ( O ,perHCTpHpye

MbiX B cny'laHHbiX COBlla.D,eHHHX BO BpeMH npoBe.D,eHHH BCero 

3KCnepHMeHTa. 

KaK noKa3ano pauee, 3KcnepuMenTanbHbie I 1/ cneKTpbi 

3aMeTHO OTllH'IaiOTCH OT TeopeTH'IeCKHX, llOlly'leHHbiX ua 

OCHOBe poTaUHOHHOH MO.D,enH C KBa.D,pynonbHbiM B3aHMO.D,eu

CTBHeM. 

TeoepeTH'IeCKHe ouenKH, Bbmonueuuble MapUJaneKOM 121, 
llOKa3biBaiOT, 'ITO 3TO OTKllOHeHHe HeB03MO)I(H0 06'b.IICHHTb 

H3MeHeHHeM <i>opMbl H.D,pa, Bbi3BaHHbiM ero Bpal.l{eHHeM. 

reKCa.D,eKallOllbHa.II 'laCTb B3aHMO.D,eHCTBHH HMeeT O'leHb 

cna6oe BllHHHHe Ha 3HeprHIO nepeXO,!J,OB 3D- 2P, llOCKOllbKY 

OHO 3aTparHBaeT TOllbKO 3D-ypOBHH. Ha nepeXO,!J,bl 4F-3D 

Cyl.l{eCTBeHHO BllH.IIIOT KaK HeaKCHallbHOCTb,TaK H reKCa.D,eKa

llOllbHOCTb. Ilo3TOMY H3y'leHHe nepeXO,!l,OB 4F-3D H 3D -2P 
MO)I(eT llOKa3aTb ponb Ka)I(,!J,OrO H3 3THX 31}xileKTOB. 
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)J,JIJI OnHCaHHJI Ha6JIIOAaeMoro cneKTpa MLI o6o6UUIJIH 

TeopeTH'IeCKYIO OCHOBY 06bi'IHOH MOAeJIH, npeAnOJIO)J(JIB, 

'ITO JIApa HMeiOT CTaUHOHapHyiO HeaKCHaJILHYIO Ae~OpMa
UHI0/3/. 

MoHononLHaJI qacTL KynoHoBcKoro B3aHMOAeicTBHJI 

MIOOHa C JIAPOM onpeAeJIJieTCJI, KaK 06bi'IHO /4/, 'IHCJieHHbiM 

pemeHHeM ypaBHeHHJI )J,HpaKa C UeHTpaJILHOH 'laCTLIO Kyno

ROBCKOrO cpeAHero IIOJIJL )J,JIJI MaTpH'IHbiX 3JieMeHTOB KBaA

pynOJILHOrO B3aHMOAeHCTBHJI HaMH noJiy'leHo: 

<A Ij n k; FM I H fLN Q lA 'I' j 'n 'k'; FM > = 

F+Yt Y. F I j j 2 j' _ 
= (-1} [(2j + 1)(2j, + 1)(21 + 1)(21'+1>] I 2 j, I,! ( h 0 -h) X 

1 f+ f' 2 
x2[1+(-1} ]e x[Q2ofdr<Fnk(r)Fn'k..(r) + 

I 2 I' 
+ Gnk (r)Gn'k'(r))f 20 (r) xk ~o <_K OK) A<AIK>A<A'I'K)+ 

+ Q22 Jdr (F nk (r)F n'k ,(r)+ Gnk(r)Gn'k,(r))f22 (r) x 

I 2 I' 
x lk~ 0 v'1+Bko <_K_22 K>A<AIK+2>A<A'I'K>+ 

I 2 I' 1 I' 
+( )(-U + A<AIK>A<A'I'K+2>1]

8 K 2 - K-2 

3AeCL Q 2m H f 2 m(r) - COOTBeTCTBeHHO KBaApynOJILHLie MO

MeHTLI H npOHBKaiOIUHe ~YHKUHB, BLI'IHCJieHRLie B npeAnO

JIO)I(eHBH, 'ITO pacnpeAeJieHBe 3apJIAa HMeeT DBA 
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) 

I 

.J 
) 

p(;) = 
p6 

4ln3 
1 + expl--<r<l- {3cosyY'}J) 

T 
{3 sin Y (Y + y H-cl 

- 22 2-2 
v'2 

rAe c , t - o6bi'IHble napaMeTpbi, orrpeAeJIJIIOIUHe paAHYC 

JIApa H AH~y3HOCTL ero nouepXHOCTH. )J,Ba napaMeTpa, 

{3 H y, orrpeAeJIJIIOT Ae~opMaUHIO JIAepHOH nouepXHOCTH. 

B JIAepHble BOJIHOBble ~YHKUHH HeaKCHaJILHaJI 'laCTL BXOABT 

qepe3 K03~HUHeHTbi A(AIK) ux pa3JIO)I(eHHJI no aABa6aTu

'leCKHM KOMnOHeHTaM. 

CTpyKTypa COCTOJIHBJI MIOOHHOrO aTOMa OIIpeAeJIJieTCJI 

AHaroHaJIH3aUHeH raMHJILTOHOBbiX MaTpBU C MOHOnOJILHLIM 

H KBaApynoJILHLIM B3aBMOAeicTBHeM. TaKaJI npoueAypa 

6Lina npoAeJiaHa AJIJI fL- 238 U. Ilpu paccMoTpeHHH yqu

TLIBaJIHCL TpB HB)I(aHWBX JIAepHbiX ypOBHJI, 3HeprBH KOTO

pLIX 6panucL H3 AaHHhlx 3KcnepHMeHTa. 

KaK MLI BRAHM Ha puc. J, HeaKCHaJILHLie Ae~OpMaUHH 
HMeiOT CHJILHOe BJIHJIHHe Ha ypOBHH 3HeprHH MIOOHHOrO 

aToMa. HanpHMep, HeKoTopbie H3 2P -ypouuei CM.eiUaiOTCJI 

Ha BeJIH'IHHY OKOJIO 100 K3B, KOrAa y MeHJieTCJI OT 0 AO 

60 °. HHTeHCHBHOCTH JIHHHi TaK)I(e 3aMeTHO MeHJIIOTCJI 

B 3aBHCHMOCTH OT y •. 
OnTHMaJILHoe 3Ha'leHHe napaMeTpou {3 H y nonyqanocL 

MHHHMH3aUHeH X 2, npH 3TOM Y'IHTbiBaJIHCL 3HeprHH H HH-

TeHCHBHOCTH 17 HaH60Jiee CHJILHLIX JIHHHH. IlapaMeTpLI c H 

t 6panucL H3 I 4/. Ha puc. 2 3KcnepHMeHTaJILHLii cneKTP 

rrepeXOAOB 3D-2P cpaBHHBaeTCJI C TeopeTH'IeCKHM. 

BKJIIO'IeHHe Y B nOArOHO'IHYIO npoueAYPY yMeHLmaeT 

X 2
Ha MHO)I(HTeJIL nopJIAKa 2 no cpauueHHro co cnyqaeM, 

KorAa y ""0°. OnTHMaJILHoe 3Ha'leHHe napaMeTpou: y 

= 13 ± 2°' {3 = 0,260 ~ 
BeJIH'IHHa y, nony'leHHaJI u uameM npu6JIH)I(eHHH, AO

cTaTO'IHO 6JIB3Ka K TOH, KOTopaJI nonyqaeTCJI noArOHKOH 

3HeprHH nepBLIX Tpex poTaUHOHHLIX ypOBHeH B paMKaX MO

AeJIH )J.auwAoBa -cllununnoua (r=12')/3/. 3To AenaeT npHMeHe-

Hue AaHuoi MOAeJIH u onucaHHH fL- 238 u caMocornacouaH

HLIM. 
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Puc. 1. 3a8ucuMoCmb 3Hepzuu ypo8Heil Me3oamoMa om na
paMempa HeaKcua/lbHocmu y. H/Ka/la omc'lema 3Hepzuu ypo8-
HR yKa3aHa cmpe/IKOU. Uutfipbl 8 cKo6Kax o6o3Ha'la10m yzAo-
8oil MOMeHm yp06HR. 
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COUNTS 

500 
_2lllu 

~ 3d-2p 

1.00 

3220 3260 3300 keV 

Puc. 2. 3KcnepuMeHma/lbHbJil cneKmp y- U3/ly'leHWl 11-
238u 

8 cpa8HeHuu c meopemu'leCKUM. Teopemu'leCKue 3Ha'leHUR 
coom8emcm8y10m onmuMa/lbHbJM 3Ha'leHURM napaMempo8 oe-
tfiopMal.lUU Ropa 238 u. 
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