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PROTON INDUCED COULOMB EXCITATIONSTUDY OF 93NbT. Kakavandy and K.P. SinghDepartment of Physi
s, Panjab UniversityChandigarh-160 014, India(Re
eived July 30, 2001)The low-lying levels of 93Nb nu
leus were ex
ited with 2.7�4.3 MeVproton beam. The de-ex
ited gamma-rays from this nu
leus were identi�edin the singles spe
tra re
orded with a 70 
m3 HpGe dete
tor. The redu
edquadrupole transition probabilities of the low-lying levels have been mea-sured via 
oulomb ex
itation te
hnique using safe bombarding energy of3.5 MeV proton beam. The angular distributions have been used to assignthe spin of 1082.9 keV level and obtained the multipole mixing ratios ofthe various transitions. The present results on B(E2) have been 
omparedwith the reported measurements and model 
al
ulations.PACS numbers: 27.60.+j, 25.40.�h1. Introdu
tionThe low-lying levels of 93Nb have been investigated experimentally viathe de
ay of isomer 21/2+ state 93mMo (T1=2 =6.85 h) [1℄, various nu
learrea
tions [2-6℄, (n; n0) and (n; n0
) rea
tions [7�11℄ and 
oulomb ex
itationte
hnique [12�14℄. The low-lying levels studied by 
oulomb ex
itation are
onsidered to be as weak-
oupled states to the �rst ex
ited 2+ state of the92Zr 
ore. These experiments [12�14℄ reported the sum of B(E2) of the �rst�ve states from the ground state as 794 e2 fm4 [12℄, 743 e2 fm4 [13℄ and753 e2 fm4 [14℄ whi
h are equal to the �rst 2+ state of 92Zr within exper-imental errors. Also the 
entre of gravity of these �ve levels equals to theenergy of the �rst 2+ state of 92Zr. All these fa
ts support the weak-
ouplednature of these ex
ited states. But Kent et al. [5℄ studied these states andreported the absen
e of su
h weak 
oupling states. On the other hand, thisnu
leus has also been studied theoreti
ally using di�erent models [9,10,12℄and reported transition probabilities. The aim of the present experimenty Physi
s Group, S
ien
e Department, Zanjan University, Zanjan, Iran.(737)



738 T. Kakavand, K.P. Singhwas to measure the B(E2) values of the low-lying levels and to obtain theangular distribution results on spin assignments and multipole mixing ratiosof the various transitions.2. Experimental pro
edure and data analysisA self-supporting 0.55 mg/
m2 thi
k metal foil of natural spe
tros
op-i
ally pure 93Nb was bombarded with proton beam of 2.7�4.3 MeV energyavailable from the Variable Energy Cy
lotron at Panjab University, Chandi-garh. The target was pla
ed at an angle of 45Æ with respe
t to the beamdire
tion and was thi
k enough to stop in
ident protons. The angular dis-tributions were measured at 0Æ, 30Æ, 45Æ, 55Æ, 75Æ and 90Æ. The 
-rays weredete
ted with a 70 
m3 
oaxial HPGe dete
tor with a resolution of 1.9 keVfor the 1332 keV 
-ray of 60Co. The dete
tor was pla
ed at a distan
e of 10
m from the target and a graded �lter 
onsisting of Pb, Cu and Al was pla
edin front of the dete
tor to suppress the high �ux of X-rays and very low en-ergy gamma-rays. A 500 � 500 NaI(Tl) dete
tor was pla
ed at �90Æ to a
t asa monitor for the angular distribution measurements. The target with anele
tron suppresser a
ted as a faraday 
up. The signals from HPGe dete
torwere stored using a Multi
hannel Pulse-Height Analyser. Ele
troni
 drift inthe ampli�er gain, if any, was monitored using ba
kground photopeaks at440, 1461, 1779.1 and 2614.1 keV. At ea
h angle a number of spe
tra werere
orded and the drift in the gain was found to be negligible. The ex
itationfun
tions of various 
-rays have been measured at 55Æ with respe
t to thebeam dire
tion at 2.7, 3.0, 3.5, 4.0 and 4.3 MeV beam energies to as
er-tain that the 
oulomb ex
itation at 3.5 MeV is dominant as 
ompared tonu
lear rea
tion. The details of the experiments are given in our previouspubli
ations [15,16℄.The gamma ray spe
tra were analysed using the 
omputer 
ode PEAK-FIT [17℄. The origin of the observed gamma-rays was assigned by takinginto a

ount the ba
kground spe
trum with the ma
hine on. The ex
itationfun
tions of all observed gamma-rays were analysed 
arefully as a fun
tionof energy and those from (p; n
) rea
tion were easily identi�ed with a 
har-a
tersti
 rise above their threshold energy. From the observed spe
tra atvarious proton energies, the gamma-ray energies and the bran
hing ratioswere obtained. The experimental thi
k-target yields per in
ident proton forthe ex
ited levels were obtained at all bombarding energies. The theoreti-
al yields for 
ompound nu
leus formation and 
oulomb ex
itation [19℄ were
ompared and it was found that the 
ontribution from 
ompound nu
leusformation to the total yield was less than 5% at 3.5 MeV proton beam. Thetheoreti
al yields were 
al
ulated from the 
ross se
tions 
orresponding to
ompound nu
leus formation 
al
ulated with the help of 
ode CINDY [18℄.



Proton Indu
ed Coulomb Ex
itation Study of 93Nb 739The redu
ed transition probabilities were determined from the 
ompari-son of theoreti
al and experimental gamma-ray yields using 
oulomb ex
ita-tion theory of Alder et al. [19℄. The Table I shows the bran
hing ratios andthe redu
ed transition probabilities B(E2)" while the 
omparison of B(E2)values with the previous results is shown in Table II for the ex
ited levels of93Nb. The 
omparison of experimental and theoreti
al redu
ed quadrupoletransition probabilities along with the mixing ratios (Æ) for the various tran-sitions are given in Table III. From the angular distribution data, the typi
al�2-�tting 
urves using various possible spins for two transitions from the lev-els at 979.4 and 1082.9 keV are shown in Fig 1. The 0.1% 
on�den
e limitwas used to ex
lude the una

eptable spins and delta values. TABLE IBran
hing ratios and B(E2)" values for the levels of 93NbLevel Transition 
-ray Bran
hing B(E2) "(keV) (keV) (keV) ratios (%) e2fm4744:1 744:1 ! 0 744:1 100 168 � 10802:2 802:2 ! 0 808:2 100 155 � 10949:4 949:4 ! 0 949:4 100 265 � 15978:4 978:4 ! 0 978:4 100 175 � 151082:9 1082:9 ! 0 1082:9 22:5 � 3:0 20 � 31082:9 ! 744:1 338:8 77:5 � 2:0 � TABLE IIComparison of B(E2)" values with the previous results in 93NbLevel Spin-parity Measured B(E2)" (e2fm4)(keV) J� Present Ref. [12℄ Ref. [13℄ Ref. [14℄744:1 7=2+ 168 � 10 188 � 10 180 � 13 168 � 8808:2 5=2+ 155 � 10 153 � 8 167 � 12 157 � 8949:4 13=2+ 265 � 15 236 � 13 247 � 17 230 � 11979:4 9=2+ 175 � 15 186 � 10 127 � 11 172 � 91082:9 9=2+ 20 � 3 30:6 � 2:1 21:9 � 2:6 26 � 2 TABLE IIIProperties of the ex
ited states of 93NbLevel J� Transition B(E2)# B(E2)#/B(E2)w.u. Mixing(keV) J�i ! J�f e2fm4 Present Ref [12℄ Ref [12℄ ratios(Æ)Expt. Expt. Weak 
oupl.744:1 7=2+ 7=2+ ! 9=2+ 210 � 13 8:4 9:4 6:4 0:14 � 0:12808:2 5=2+ 5=2+ ! 9=2+ 258 � 13 10:3 10:2 6:3 E2949:4 13=2+ 13=2+ ! 9=2+ 189 � 11 7:6 6:8 6:3 E2979:4 9=2+ 9=2+ ! 9=2+ 175 � 15 7:0 6:2 6:3 2:1 � 0:3�0:4 � 0:31082:9 9=2+ 9=2+ ! 9=2+ 20 � 3 0:8 1:2 6:4 �0:21�2:47
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Fig. 1. Values of �2 as a fun
tion of mixing ratios for various spin values for (A)979.4 keV and (B) 338.8 keV transitions.3. Results and dis
ussionThe �rst �ve levels at 744.1, 808.2, 949.4, 979.4 and 1082.9 keV wereex
ited in the present experiment and the bran
hing ratios, redu
ed tran-sition probabilities for the ex
ited levels, multipole mixing ratios for vari-ous transitions and spin values were obtained. The B(E2) " values mea-sured in the present work are shown in Table I. A 
omparison of presentB(E2) " values with the reported experimental values [12�14℄ are given inTable II. The Table III shows the 
omparison of experimental and theo-reti
al B(E2)#/B(E2)w.u. values along with the mixing ratios of varioustransitions in 93Nb. Our measured values of the redu
ed quadrupole transi-tion probabilities B(E2)" are in 
lose agreement with the values of Stelsonet al [14℄ for the levels at 744.1, 808.2 and 979.4 keV while the values of Kre-gar and Seaman [13℄ are mat
hing with ours within experimental errors forthe 949.4 and 1082.9 keV levels. The results of Yoshizawa et al [12℄ slightlydi�er from ours for 949.4 and 1082.6 keV levels. The B(E2) values in termsof w.u. are in 
lose agreement with the weak 
oupling model 
al
ulations[12℄ex
ept for the level at 1082.9 keV.



Proton Indu
ed Coulomb Ex
itation Study of 93Nb 741Our angular distribution data have 
on�rmed the existing spins of thelevels. Yoshizawa et al. [12℄ have predi
ted the spin of 979.2 keV level onthe basis of experimental lifetimes [14℄ of this level. From the analysis ofthe present data in terms of �2-�tting, the spin of this levels is found tobe 11/2 as shown in Fig 1. The spin of 1082.9 keV level was not uniquelyassigned in 
oulomb ex
itation experiment [12℄ but it was adopted as 9/2.In the present experiment the �2-�tting of stronger transition (338.8 keV)1082:9 ! 744:1 has assigned the spin to this level as 9/2. Hen
e the valuesof multipole mixing ratios (Æ) extra
ted in the present experiment from the�2-�tting of angular distribution data may be more reliable in 
omparisonto the previously reported values.The authors thank the Cy
lotron 
rew for providing an ex
ellent protonbeam for the experiment. One of us (TK) also thanks the Ministry of Cultureand Higher Edu
ation, Iran for �nan
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