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The efficiency of the SACP method, using two Ge(Li) detectors (1,2) was 
demonstrated in Í'9§ investigation of deformed rare-earth nuclei, in par
ticular, of the Hf compound nucleus. Figure shows the amplitude sum
mation spectrum of coinciding pulses accumulated within ~ 200 hours by 
the two Ge(Li) detectors, the efficiency of each of them being about 1D% 
at 1332 keV. 

Fig. The 1,ijlitude summation 
spectrum of Hf. n - is the num

N ber of the channel, N - counts per 
channel. The figures over peaks cor
respond to the total cascade ener
gy (keV). 
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In the SACP spectrum there are observed 10 peaks ,as a result of the regi
stration of two-quanta cascades with the fixed total energy (each of the 
peaks corresponds to one of 10 low-Iying states). AlI the known low-Iying 
leveIs with a spin 1+ different from the compound state spin li\ by not more 
than 2, were detected and only one leveI 'with the difference equal to 3. 
~o cascade tran~itions from the compound-state to the low-Ievel one with 
the spin di fference / I f-I ~ /» 3 was observed as a peak , 

i. 

By selection of the events in each of these 10 peaks one' obtained 10 
different two-quanta cascade intensity dlstrlbutions, named differential 
spectra (OS). The peak in SACP spectrum corresponds to the re~istration 

of the fuH two-quanta energy, therefore one may choose from a11 ~ - '/ 
coincidences only the events of the full energy absorption, thus exclude 
the background coincidences connected wlth incomplete energy absorption' 
in Ge(Li) de;'79tors.· • 

In the Hf nucleus there are jetermined the energy of 1 -transi
tions and their relative intensities for 236 pairs of resolved transiti
ons (see the table in /5/1.. A par t of these transitions are placed in 
~he ~ -decay scheme according to :he algorithm, described in ,/3/. Data on 
the intermedia te leve~. energy and partial a-decay scheme are gi ven in theJ ~'JI' 
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Il~~~~X e~C»eE~BaUHI 

6&15Jf~!CTEHA_.'_. 



I~
 

Table. The sC~7~e contains 157 two-quanta cascades and the energies of 
Table. 48 levels. The Hf ~-decay scheme presented in the Table is not complete 

because: 
The two-quanta cascade intensity I~~ (per 10 decays), exciting the 1) the detection threshold equal to 520 kev was used in the experi
intermediate Em level by the E1 primary transition. E (kev) - the final ment ] 

li .. 

f 

~. 
level energy. _ ii) mainly the cascades of dipole type to a limited number of low

lying levels were observed, 
iii) the algorithm /3/ alows one to place in the scheme only cas

E~ E", cades start1ng with sufficiently intensive primary transitions and their7+910.9 1'ffi9.1 a8 8.6 intermediate level decay is followed at least by two r -transitions.4617.0 1483.1 6.0 3.5"
 
4571.4 1r:n2.7 11.6- 9.3" 12.2 2.6 3.6
 A comparison of the obtained scheme (the Table) with the known one 
4392.6 17m 5 43.1- 7.4 38.4" 15.4 .8.9 31.0" /4/ gives an idea that on the whole they are in ~ood agreement. The dif
4372.7 1771.4 312" 12.0 18.1 66.3" 17.1" 21.4" 28.4 171. ference is only in levels at 1732,5, 1814,1, 1947,7, 2071,8 2151,4 keV 
4367.6 1732.5 34.7 47.6 15.2 revealed by us, and absent in /~/. A part of known seconaary transitions 
4342.3 175'7.8 13.9 44.0- 82.7" 54.1" 34.0 50.4" 20.8" 80.7" 15.5" '19.3 is not present in the scheme either because of their low energY«5Z0 keV) 
4335.9 1764.2 " 63.9" 42.9" 23.7" 25.0 24.0 or the low intensity. Additional decay modes for known levels are estab
4286.0 1814.1 7.3 17.9 5.4 25.7 17.9 lished in our schemí7~ainly in .the energy range EH> 1.9 Me1. Above
4'Z7&7 1821.4 19.5" 5.2" EM = 2.2 MeY . the Hf decay'scheme was obtained for the first time.
4.187.1 1913.0 11.0 21.~ An analysis of the method of placing the cascades in the l-decay4'152.4 1947.7 15.6 12.0 scheme /6/ showed that false levels due to random coincidences of tran4052.2 2047.9 39.4 30.2
 
4046.4 2fEi3.7 6.3 9.3
 sition energies may be expected at EM>3. 4 MeV. Therefore, the data given 
4028.3 2071.8 9.9 12.5 10.7 11.0 in the Table should be used as a basis for the construction of a full r-de
4016.2 2083.9 12.2 25.4" 25.7" 8.1 6.0 cay scheme in a wide range of excitation energies of 179Hf making use of 
4010.6 20895 17.1 7.4 all available spectroscopic information on this nucleus.
3952.9 2147.2 9.9 5.6
 The total intensity over all possible two-quanta cascades that de

3948.7 2151.4 14.8 16.1 6.2
 termine the area under the peaks in the SACP (Figure) spectrum is 67.4% 
3915.9 2184.2 4.9 6.9 a decay of a compound ~~ate. The yield of ~he most intensive17~scades is
3883.4 2216.7 10.8 9.0 

40.5~. The two-quanta cascades to ten low-lying states of Hf are the
3870.8 2229.3 21.6 7.3 16.9 main way of the comPound state decay excited by a thermal neutron capture.3849.4 2250.7 Z7.9 26.4 10.1 11.5
 
3844.8 2255.3 11.6 11.7
 
3789.8 2310.3 10.4 9.5
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Sign • marks cascaàes placed in the /4/ decay scheme. 
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BoHeBa C.T. H ~. E3-87-538 
CneKTPOCKODH'IecKaH HHcl>opMa~HH B peaK~HH (n,2y) 
Ha npHMepe ~pa 179Hf 

flpHBOAHTCH CXeMa y-pacnaAa 179 Hf, nonyqeHHaH C DOMO
~ro MeTOAa CYMMHPOBaHHH aMnnHTYA COBDaAaro~ HMnynbCOB 
Ge (Li)-AeTeKTOpOB. llpoMeJKyTO'IH&Ie ypoBHH, B096YJK,IJ;aeM&Ie 
HaH6onee HHTeHCHBHNMH KaCKaAaMH, YCTaHOBneHbi AO ~HeprHH 
B096yJR:AeHHH 3,4 M9B. B npeAnaraeMOH cxeMe·Y-pacnaAa pag
Me~eHo. 6onee 150 AByxKBaHTOBb~ KaCKaAOB H9 236 HaOniDAae
Mb~ C DOMO~ID MeTOAa CYMMHPOBaHHH aMDnHTYA COBDaAaro~ 
HMnynbCOB AByx Ge(Li)-AeTeKTOpos. 

Pa6oTa BbmOnHeHa B naoopaTOpHH HeHTpOHHOH ~H9HKH OHRH. 

fipenpHHT 06-J.~HIU!HHOro HHCTHTYTa R,ll;epHblx HCCJieAOBaHHH. Jly6Ha 1987 

Boneva S.T. et al. 
Spectroscopic Infortiiation from 
178Hf (n, 2y) 178 Hf Reaction 

E3-87-538 

The 179Hf.y-decay scheme, obtained by the method of 
summation amplitude of coinciding pulses (SACP) is given. 
The intermediate levels, excited by the most strong cas
cades are established up to 3.4 MeV excitation energy. 

The investigation has been performed at the L~boratory 
of Neutron Physics, JINR. 
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