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LEVEL STUDIES OF 93Mo VIA (p; n
) REACTIONT. Kakavand, K.P. Singh and I.M. GovilDepartment of Physi
s, Panjab University, Chandigarh-160 014, India(Re
eived May 18, 1999)The ex
ited states of 93Mo have been investigated via 93Nb (p; n
)93Morea
tion with the proton beam energies from 2.7�4.3 MeV. The angular dis-tributions have been used to assign the spins and the multipole mixing ra-tios using statisti
al theory for 
ompound nu
lear rea
tions. The ambiguityin the spin values for the 2181.3, 2247.3 and 2539.3 keV levels have beenremoved. The multipole mixing ratios eight 
-transitions have been newlymeasured. The lifetimes of the levels at 2539.3 and 2642.0 keV have beenmeasured for the �rst time using Doppler shift attenuation method. Theexperimental results are 
ompared with the existing theoreti
al models.PACS numbers: 27.60.+j 1. Introdu
tionThe nu
leus 93Mo with one neutron outside its 
losed shell of 50 neutronsis des
ribed as a relatively simple �Shell Model� nu
leus. The level propertiesof this nu
leus have been 
al
ulated by Auerba
h and Talmi [1℄, Bhatt andBall [2℄, Vervier [3℄, Chuu et al. [4℄ and Itaya [5℄ on the basis of shell model,and by Choudhury and Clemens [6℄ using the intermediate 
oupling model.Most of these 
al
ulations have predi
ted the existen
e and relative spa
ingof many of the observed low-lying levels reasonably well.The ex
ited levels of 93Mo have been studied experimentally via �-de
ay [7,8℄ and nu
lear rea
tions with the light ions [9,10℄ and the heavy-ions [11,12℄. Many more levels were observed in 93Nb(p; n) rea
tion time-of-�ight spe
tros
opy by Fin
kh and Jahnke [13℄ but the limited energy resolu-tion in this experiment and also other experiments [10�12℄ made 
omparisonwith the previous work di�
ult. Rutledge et al. [14℄ and later Mitarai andMinehara [9℄ also investigated and 
onstru
ted the level s
heme of 93Monu
leus from the 93Nb(p; n
) rea
tion but the spins and parities of manylevels have not been established. The lifetimes of the low-lying levels in thisnu
leus have been measured by Gill and Jones [11℄ and Rutledge et al. [14℄using Doppler Broadened Line Shape (DBLS) method.(2767)



2768 T. Kakavand, K.P. Singh, I.M. GovilThe purpose of the present study was to provide an additional experi-mental information on the existing level stru
ture [15℄ of 93Mo and removethe ambiguities in the work reported earlier [11,14,15℄ through (p; n
) rea
-tion. In this work we have measured the lifetimes of the levels using DopplerShift Attenuation (DSA) te
hnique. The spin values and the multipole mix-ing ratios were extra
ted from the angular distributions of gamma-rays. Thebran
hing ratios for various transitions were extra
ted from the gamma-rayspe
tra re
orded at 55Æ. Finally from the measured experimental valuesof lifetimes, spins and multipole mixing ratios for various transitions, theredu
ed transition probabilities B(M1) and B(E2) were extra
ted. The ex-perimental level stru
ture and the transition rates are 
ompared with thepredi
tions of the available shell model as well as with the intermediate
oupling model 
al
ulations. Our results indi
ate that the low energy ex-
itations are 
lose to the single parti
le estimates while at higher energiesthe transitions are more 
olle
tive in nature, indi
ating the possible shape
oexisten
e at higher ex
itation.2. Experimental pro
edureA 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 45o 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 of10 
m from the target and a graded �lter 
onsisting of Pb, Cu and Al waspla
ed infront of the dete
tor to suppress the high �ux of x-rays and very lowenergy gamma-rays. A 5" x 5" NaI(Tl) dete
tor was pla
ed at -90Æ to a
tas a 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
 driftin the ampli�er gain, if any, was monitored using ba
kground photopeaksat 440, 1461, 1779.1 and 2614.1 keV. At ea
h angle a number of spe
trawere re
orded and the drift in the gain was found to be negligible. Thepeak shifts are measured by �rst moment analysis to the signi�
ant �gureswhi
h is important for DSAM te
hnique. The ex
itation fun
tions of various
-rays have been measured at 55Æ with respe
t to the beam dire
tion at 2.7,3.0, 3.5, 4.0 and 4.3 MeV beam energies to as
ertain that the 
hannel ofthe 
ompound de
ay is dominant as 
ompared to the Coulomb ex
itationat the in
ident proton energy of 4.3 MeV. The energies of the gamma-rays



Level Studies of 93 Mo via (p; n
) Rea
tion 2769were measured from the spe
tra re
orded at 90Æ to avoid any shift due tothe Doppler e�e
t. 3. Data analysisThe gamma ray spe
tra were analysed using the 
omputer 
ode PEAK-FIT [16℄. A typi
al gamma-ray spe
trum at 90Æ for in
ident proton energyof 4.3 MeV is shown in Fig. 1. The peaks 
orresponding to the ba
kground
-rays in the spe
trum are labelled as B, while unidenti�ed peaks are la-

Fig. 1. A typi
al gamma-ray spe
trum from the rea
tion 93Nb (p; n
)93Mo atEp = 4:3 MeV with the dete
tor pla
ed at 90Æ to the beam dire
tion.belled as U. The remaining 
-rays were assigned to the de-ex
itation of thelevels populated in the (p,n
), (p,p'
) and (p,
) rea
tions. The peaks due toAluminium pla
ed infront of the dete
tor are marked as Al. 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-
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tersti
 rise above their threshold energy. The level s
heme for 93Mo asestablished earlier [9,14℄ is shown in Fig. 2. The gamma-ray energies andthe bran
hing ratios measured in the present work are given in Table I.TABLE ISummary of level energies, gamma-ray energies and bran
hing ratios for the transitionsin 93Mo at Ep = 4:3 MeVS. No. Level Gamma Bran
hing ratios (per
ent)energy ray(keV) (keV) Present work Ref. Ref.[6℄ [7℄1 943:2 943:2 � 0:1 100 100 1002 1363:1 1363:1 � 0:1 100 100 1003 1477:3 114:2 � 0:2 0:9 � 0:01 0:9� 0:1 0:7� 0:11477:3 � 0:1 99:1 � 0:37 99:1� 2 99:3 � 0:14 1492:3 1492:3 � 0:2 100 100 1005 1520:3 1520:3 � 0:1 100 100 1006 1695:0 331:9 � 0:2 9:9 � 1:04 6:8� 0:7 6:9� 0:71695:0 � 0:2 90:1 � 2:0 82:2� 3:3 93:1 � 0:77 2142:0 778:9 � 2:2 15:3 � 0:2 13:6� 0:7 14:7 � 3:42142:0 � 0:3 84:7 � 3:9 86:4� 3:5 85:3 � 3:48 2161:9 684:6 � 0:1 100 100 1009 2181:3 2181:3 � 0:4 100 100 10010 2247:3 770:0 � 0:2 96:9 � 1:2 97:8� 0:2 96:7 � 0:5884:2 � 0:2 3:1� 0:4 2:2� 0:2 3:3� 0:511 2304:4 827:1 � 0:2 100 100 10012 2356:1 835:8 � 0:2 51:2 � 2:1 49:9� 1:5 47:6 � 2:5863:8 � 0:2 15:6 � 1:7 13:2� 1:3 15:1 � 2:12356:1 � 0:2 33:2 � 0:7 36:9� 1:5 37:3 � 2:413 2398:1 905:8 � 0:4 14:9 � 2:7 15:5� 3:1 �2398:1 � 0:2 85:1 � 4:1 84:5� 3:4 10014 2409:1 161:8 � 0:2 4:8� 0:3 6:7� 0:6 3:7� 0:5931:8 � 0:2 42:0 � 2:3 34:2� 1:0 42:6 � 2:52409:1 � 0:2 53:2 � 1:3 59:7� 2:9 53:7 � 2:615 2430:0 268:1 � 0:2 100 100 10016 2431:0 1067:9 � 0:5 2:7� 0:9 2:7� 0:2 2:5� 0:42431:0 � 0:2 97:3 � 2:4 97:3� 2:1 97:5 � 0:417 2440:4 136:0 � 0:2 0:2 � 0:04 � 1:2� 0:1278:5 � 0:2 0:3 � 0:12 � 0:8� 0:1963:1 � 0:2 99:5 � 1:0 100 98:0 � 0:218 2440:6 920:3 � 0:2 23:3 � 0:9 4:0� 0:2 21:8 � 1:71077:5 � 0:2 76:7 � 1:4 93:3� 0:4 78:2 � 1:719 2450:2 145:8 � 0:2 4:4� 1:1 5:9� 0:5 4:7� 0:6202:9 � 0:2 92:1 � 3:3 94:1� 4:0 92:0 � 1:1288:3 � 0:2 3:5� 0:3 � 3:3� 0:320 2479:0 1001:7 � 0:2 38:5 � 4:2 43:9� 3:4 35:8 � 2:61115:9 � 0:2 53:5 � 4:8 40:2� 1:4 49:4 � 2:92479:0 � 0:2 7:9� 1:2 15:9� 1:0 14:7 � 1:921 2534:5 287:2 � 0:5 14:1 � 1:4 12:8� 0:9 13:0 � 1:61057:2 � 0:3 53:4 � 4:5 54:4� 1:5 54:6 � 4:91171:4 � 0:5 12:9 � 2:2 12:0� 0:5 12:1 � 2:42534:5 � 0:3 19:6 � 1:2 20:8� 0:8 20:3 � 1:022 2539:3 1047:0 � 0:5 100 � �23 2573:1 122:9 � 0:2 76:5 � 1:2 77:9� 6:0 75:6 � 1:9143:1 � 0:5 0:4 � 0:11 � 2:6� 0:4411:2 � 0:3 23:1 � 2:3 22:1� 1:5 21:8 � 1:624 2642:0 212:0 � 0:3 29:2 � 2:9 29:0� 1:5 27:5 � 1:9480:1 � 0:3 70:8 � 21:9 71:0� 3:6 72:5 � 1:925 2667:9 420:6 � 0:2 21:8 � 5:3 26:9� 1:8 25 � 5506:0 � 0:2 78:2 � 12:1 73:1� 3:5 75 � 5
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Fig. 2. Level s
heme of 93Mo showing the ex
itation energy and high spin-parityvalues.The mean lifetimes were determined using Doppler Shift Attenuation(DSA) method from the singles gamma-ray spe
tra obtained at various an-gles between 0Æ and 90Æ. As the observed shifts were small be
ause of thelow re
oil velo
ity, the drift in the gain of the ele
troni
s was 
ontinuouslymonitored with the ba
kground photopeaks at 440.0, 1461.0, 1779.1 and2614.0 keV due to 23Na, 40K, 203Bi and 208Tl, respe
tively. The plots of the
entroids of the photopeaks at di�erent angles versus Cos� for a few tran-sitions are shown in Fig. 3. The straight line represents the least squar �t.The experimental values of the attenuation fa
tors F(�) were 
al
ulated from
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Fig. 3. Plots of photo peak 
entroid energy vs 
os � for a few typi
al gamma-raysfrom 93Mo observed in the present work.the slope of the straight line. The values of theoreti
al F(�) were obtainedusing Lindhard, S
har� and S
hiott theory [17℄ for stopping power along-with the Blaugrund 
orre
tion [18℄ for atomi
 s
attering. The details of theDSAM analysis are given in our earlier publi
ations [19,20℄. The values of
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) Rea
tion 2773the measured lifetimes of various levels are given in Table II alongwith theirrespe
tive experimental F (�) values. The mean F (�) denotes the averageof the F (�) values observed for the various transitions from the same level.In the last two 
olumns of this table the values of the lifetimes measured byRutledge et al. [14℄ are also reported. TABLE IISummary of lifetimes and F (� ) for the ex
ited states in 93Mo.Level 
-Ray Present experimental F (� ) Lifetime (fs.)energy Present Rutledge Rutledge(keV) (keV) F (� ) Mean F (� ) work Ref.[14℄ Ref.[14℄Ep = 4:3 Ep = 4:6 Ep = 3:7(MeV) (MeV) (MeV)943:2 943:2 < 0:03 < 0:03 > 1000 > 1150 > 6101363:1 1363:1 0:305 � 0:030 0:305 � 0:030 120+18�14 260+110�65 152+12�81477:3 1477:3 0:025 � 0:005 0:025 � 0:005 950+150�200 > 550 1100+900�3801492:3 1492:3 0:712 � 0:141 0:712 � 0:141 25+18�14 22+5�4 20 � 31520:3 1520:3 < 0:02 < 0:02 > 1200 > 930 1450+900�4001695:0 331:9 0:338 � 0:020 0:335 � 0:025 106+9�8 80+15�10 105+15�101695:0 0:332 � 0:0302142:0 778:9 0:185 � 0:040 0:187 � 0:05 220+79�48 175+110�35 �2142:0 0:189 � 0:0602161:9 684:6 < 0:03 < 0:03 > 1000 > 800 > 23002181:3 2181:3 0:506 � 0:1 0:506 � 0:1 55+25�17 53+21�15 �2247:3 770:0 0:116 � 0:035 0:116 � 0:035 380+180�97 380+210�105 405+130�852304:4 827:1 0:097 � 0:01 0:097 � 0:01 460+60�45 470+190�100 460+180�1022356:1 835:8 0:095 � 0:011 0:093 � 0:015 480+96�27 465+185�120 �863:8 0:091 � 0:0192356:1 0:094 � 0:0152398:1 905:8 0:702 � 0:1 0:703 � 0:075 26+7�5 30 � 5 �2398:1 0:704 � 0:052409:1 161:8 0:065 � 0:020 0:066 � 0:015 690+106�75 680+140�90 �931:8 0:064 � 0:0152409:1 0:068 � 0:0112430:0 268:1 < 0:025 < 0:025 > 1200 � �2431:0 2431:0 0:23 � 0:042 0:23 � 0:042 170+50�30 175+25�20 �2440:4 963:1 0:113 � 0:023 0:113 � 0:023 390+110�72 380+425�140 �2440:6 920:3 < 0:025 < 0:025 > 1200 > 595 �1077:5 < 0:0252450:2 145:8 < 0:025 < 0:025 > 1200 � �202:9 < 0:0252479:0 1001:7 0:497 � 0:046 0:501 � 0:053 56+9�6 49+6�5 �1115:9 0:502 � 0:0442479:0 0:504 � 0:0682534:5 287:2 0:35 � 0:070 0:355 � 0:046 97+14�10 100+15�6 �1057:2 0:34 � 0:0331171:4 0:37 � 0:0402534:5 0:36 � 0:0392539:3 1047:0 0:38 � 0:03 0:38 � 0:03 88+12�10 � �2573:1 122:9 < 0:025 < 0:025 > 1200 > 260 �2642:0 480:1 0:148 � 0:02 0:148 � 0:02 290+50�40 > 260 �2667:9 420:6 < 0:03 < 0:03 > 1000 > 425 �
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Fig. 4. The angular distributions (a) and �2 �t (a') for 778.9 keV transition. Simi-larly (b,b') for 2181.3 keV transition, (
,
') for 770.0 keV transition and (d,d') forthe 835.8 keV transition in 93Mo.The angular distribution data was used to extra
t the experimental val-ues of the A2 and A4 
oe�
ients by the least-square �t for the expressionW (�) = 1 +A2Q2P2(
os �) +A4Q4P4(
os �) ;where Q2 and Q4 are the attenuation fa
tors due to the �nite solid anglesubtended by the dete
tor. The A2 and A4 
oe�
ients were generated theo-reti
ally using the 
omputer 
ode CINDY [21℄ based on the Hauser�Feshba
htheory of 
ompound nu
leus. The method of analysis of angular distributiondata has been des
ribed earlier [20℄. Figures 4 and 5 show the experimentalangular distributions for some of the observed thransitions alongwith the-oreti
al 
urves for di�erent assumed spins of the de
aying states and therespe
tive �2 �ts as a fun
tion of the multipole mixing ratios (Æ). The 0.1%
on�den
e limit was used to ex
lude the una

eptable spin and delta values.The experimental values of the A2 and A4 
oe�
ients alongwith multipolemixing ratios are given in Table III.
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TABLEIII

Summaryof
angulardistri
butionmeasu
rementsand
multipolemix
ingratios(Æ)
forgamma-ra
ysobservedi
n

93 Mo(p;n
)re
a
tionatE p=
4:3MeV.

Transitions

-RaysJ� i!J� fA 2
A 4
Multipolemix
ingratios

(keV)

Present
Ref.Re
f.

work
[14℄[15
℄

1363:1!0
1363:17 2+ !5 2+ �0:03(1)
�0:01(1)
0:5+0:9 �0:7
M10:48
(7)

1477:3!1363
:1114:2
9 2+ !7 2+ 0:02(2)
0:01(2)0:
05+0:03 �0:02
M1<1
:3

1477:3!0
1477:39 2+ !5 2+ 0:25(1)
�0:04(1)
E2E
2E2

1492:3!0
1492:33 2+ !5 2+ 0:06(1)
0:04(2)
M1M
1M1

1520:3!0
1520:37 2+ !5 2+ 0:34(5)
0:03(5)1
:2+0:5 �0:3
M11:3(
6)

1695:0!1363
:1 331:9
5 2+ !7 2+ 0:05(20)
0:04(2)
M1M
1M1

1695:0!0
1695:05 2+ !5 2+ 0:08(4)
0:00(5)
M1M
1M1

2142:0!1363
:1 778:9
5 2+ !7 2+ 0:07(2)
0:05(3)�9
:7�0:2
��
�0:04+0:01 �0:02

2161:9!1477
:3684:6
13 2+ !9 2+ �0:32(1)
0:05(1)�0
:15+0:04 �0:02�0:
11+0:03 �0:01�

2181:3!0
2181:33 2+ !5 2+ 0:04(1)
0:05(1)
M1M
1M1

2247:3!1477
:3770:0
11 2+ !9 2+ �0:34(3)
0:08(4)�
0:1+0:02 �0:03
��

2304:4!1477
:3 827:1
11 2� !9 2+ �0:02(0:3
)�0:00(0:3)
�0:2+0:12 �0:17�
0:36+0:15 �0:19
�
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TABLEIII(

ontinued)

1
23
45
6
78

2356:1!1520
:3835:8
5 2� !7 2+ 0:12(2)
0:01(2)0:
05+0:02 �0:03
��

2398:1!1492
:3905:8
5 2+ !3 2+ 0:03(0:3)
0:00(0:4)
M1
M1�

2398:1!0
2398:15 2+ !5 2+ 0:06(3)
0:01(3)
M1
M1�

2409:1!2247
:3161:8
9 2+ !11 2+ 0:02(2)
0:01(2)
M1
M1�

2409:1!1477
:3 931:8
9 2+ !9 2+ 0:08(4)
0:01(4)
M1
M1�

2409:1!0
2409:19 2+ !5 2+ 0:24(1)
�0:03(1)
E2
E2E2

2430:0!2161
:9 268:1
17 2+ !13 2+ 0:19(1)
�0:00(1)
E2
E2E2

2431:0!1363
:11067:9
7 2� !7 2+ �0:04(1)
0:01(1)�0:
03�0:01
��
1:2�0:01

2431:0!0
2431:07 2� !5 2+ �0:06(1)
0:00(2)6
:5+0:14 �0:11
E2�

2440:6!1363
:1 1077:5
9 2� !7 2+ �0:02(1)
0:01(1)�9
:7�0:12
��
0:05�0:11

2450:2!2247
:3202:9
13 2� !11 2+ �0:04(2)
0:00(2)
E1
�E1

2479:0!1363
:1 1115:9
7 2+ !7 2+ 0:02(2)
0:02(2)�0:
04�0:04
��
0:98�0:11

2534:5!1477
:31057:2
9 2+ !9 2+ 0:04(2)
0:01(3)
M1
M1�

2539:3!1492
:31047:0
3 2� !3 2+ 0:24(3)
0:01(4)1:
28+0:15 �0:14
��

2642:0!2430
:0 212:0
15 2+ !17 2+ 0:04(1)
0:03(1)
M10:0
0�0:05M1

2642:0!2161
:9480:1
15 2+ !13 2+ �0:21(4)
0:05(5)0:0
5�0:07�0
:02�0:05�
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Fig. 5. The angular distributions (a) and �2 �t (a') for 1067.9 keV transition.Similarly (b,b') for 1077.5 keV transition, (
,
') for 1115.9 keV transition and (d,d')for the 1047.0 keV transition in 93Mo.4. Results and dis
ussionThe ex
itation energies of the various levels in 93Mo were 
ompared withthe values available in the literature [9,14,15℄. The level energies measuredin the present work are in general agreement with the earlier measurements.The weak level at 2539.3 keV not reported earlier [9,14℄ in (p; n
) rea
tionbut reported in ele
tron 
apture 
-de
ay of 93T
 was seen in the presentwork at 4.0 and 4.3 MeV in
ident proton energy. The bran
hing ratios forvarious transitions are 
ompared with the reported values [9,14℄ and theoverall agreement is found to be good. As is evident from Table II, ourresults for the lifetimes of most of the levels are in good agreement withprevious results [14℄ ex
ept for the levels at 1363.1, 2440.6, 2573.1, 2642.0and 2667.9 keV. This may be attributed due to the poor resolution and the
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ien
y of the Ge(Li) dete
tor used by Rutledge et al. [14℄. We wereable to measure the lifetimes of the levels at 2539.3 keV and 2642.0 keV as88+12�10 fs and 290+50�40 fs, respe
tively for the �rst time. Lower limits on thelifetimes of 2430.0 keV and 2450.2 keV levels have also been obtained. Thespin velues for most of the levels are 
onsistant with the previous results[15℄. The ambiguity in the spin values of the levels at 2181.3, 2247.3, 2356.1and 2539.3 keV have been removed in the present measurements.4.1. The 2142.0 keV levelThis level has been reported to de
ay via two 
-rays i.e. one to theground state and other to the 1363.1 keV state with bran
hing ratios [14℄of 86.4% and 13.6%, respe
tively. Our experimental values of the respe
-tive bran
hing ratios are 84.7% and 15.3% 
onsistent with the earlier valueswithin experimental errors. The angular distribution of 778.9 keV gamma-ray from this level 
on�rms the spin of this level as 5=2+ in Fig. 4(a). Rut-ledge et al. were unable to report mixing ratio for the 778.9 keV transitionto the 1363.1 keV state. As evident from the �2 �t in Fig. 4(a'), the mixingratio for this transition is -0.04. This low value of mixing ratio indi
atesthat this transition de
ays predominately by M1 transition. The lifetime ofthis level was found to be 220+79�48 fs.4.2. The 2181.3 keV levelFrom the angular distributions of the 2181.3 keV gamma-ray from thisstate to the ground state we have assigned 3=2+ as the probable spin forthis level (Fig. 4(b) and (b')) while Mitarai and Minehara [9℄ have reported1=2+, 3=2+ as two probable spins for this level.4.3. The 2247.3 keV levelThis level has been reported [9℄ to de
ay via two bran
hes to the 1363.1keV and 1477.3 keV states with bran
hing ratios as 3.3% and 96.7%, re-spe
tively. We have measured the respe
tive bran
hing ratios as 3.1% and96.9%. Mitarai and Minehara [9℄ have assigned 9=2+, 11=2+ as the probablespins for this level by analysing the neutron yield ex
itation fun
tions in thevi
inity of the isobari
 analogue resonan
es of odd-odd parent 94Nb nu
leus.Rutledge et al. [14℄ have also reported the 9=2+ and 11=2+ spins for thislevel. The angular distributions of the 770 keV transition de-ex
iting the2247.3 keV level to 1477.3 keV (9=2+) level in Fig. 4(
) suggest 11=2+ spinto this level with mixing ratio of -0.1 in Fig. 4(
'). The lifetime measuredfor this level by us is in agreement with the value available in literature [14℄.
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tion 27794.4. The 2356.1 keV levelThis level was reported to have three bran
hes one to the ground stateand other two to the 1492.3 keV and 1520.3 keV states. In the presentexperiment the respe
tive bran
hing ratios are measured as 33.2%, 15.2%and 51.2% whi
h are in good agreement with the values reported earlier[9,14℄. Rutledge et al. [14℄ have assigned 3=2+, 5=2+, 7=2+ spins for thislevel. As evident from the Fig. 4(d) the angular distributions of the 835.8keV transition de-ex
iting 2356.1 keV level to 1520.3 keV (7=2+) level, assignsspin as 5=2� to this level. This assignment is in good agreement with Mitaraiand Minehara assignment as 
ompared to Rutledge et al. [14℄. The mixingratios of 0.05 in Fig. 4(d') indi
ates the transition to be purely E1 with verysmall mixing, if any, of M2 
omponent.4.5. The 2431.0 keV levelThis level was reported to have two bran
hes, one to the ground stateand othe to the 1363.1 keV state with bran
hing ratios of 97.3% and 2.7%,respe
tively [14℄. Our experimental values of bran
hing ratios are also thesame. The angular distribution of 1067.9 keV transition de-ex
iting this levelto the 1363.1 keV level suggests 7=2� as the spin for this level in Fig. 5(a)with multipole mixing ratio as 1.2 Fig. 5(a').4.6. The 2440.6 keV levelThis level de
ays to 1363.1 and 1520.3 keV levels via 1077.5 and 920.3keV 
-rays. The bran
hing ratios measured in this experiment are 76.7%and 23.3%, respe
tively. These values are in good agreement to the valuesreported by Mitarai and Minehara [9℄. As in evedent from Fig. 5(b), theangular distributions of 1077.5 keV transition propose the spin value as 9=2�to this level with mixing ratio of 0.05 as shown in Fig. 5(b') indi
ating it tobe pure M1 transition. 4.7. The 2479.0 keV levelThis level is reported to have three bran
hes, one to the ground stateand others to the 1363.1 keV and 1477.3 keV states with bran
hing ratiosof 14.7%, 49.4% and 35.8%, respe
tively. In our experiment the respe
tivebran
hing ratios are found as 7.9%, 53.5% and 38.5%. Rutledge et al. werenot able to assign any spin to this level. The angular distributions of 1115.9keV transition in Fig. 5(
) assign the 7=2� spin value to this level with 0.98or -0.04 as a mixing ratio Fig. 5(
'). The measured lifetime for this levelis 56+9�6 fs whi
h is in good agreement with the value 49+6�5 fs reported byRutledge et al. [14℄.



2780 T. Kakavand, K.P. Singh, I.M. Govil4.8. The 2539.3 keV levelThis level was seen only in 43.5 min ele
tron 
apture de
ay of 93T
 byPodkopaev et al. [22℄, but was not reported in (p,n
) work [9,14℄. However inthe present experiment at 4.0 and 4.3 MeV proton energy we 
ould 
learly seethe 1047.0 keV 
-ray de-ex
iting this level to 1492.3 keV level. The angulardistributions of 1047.0 keV 
-ray assign 3=2� as possible spin to this levelFigs. 5(d) and (d') with mixing ratio of 1.28(15). The spin assignment is ingood agreement with the assigned values (1=2; 3=2)� in literature [22℄. Thelifetime of this level dedu
ed from the present data is 88+12�10 fs Fig. 3(
).4.9. The 2642.0 keV levelThis level de
ays to 2161.9 and 2430.0 keV levels via the 480.1 and 212.0keV 
-rays with bran
hing ratio of 70.8% and 29.2%, respe
tively. Thebran
hing ratios measured and the spin assignment of this level are in goodagreement with the values quoted in the literature [9,14℄. We 
ould measurea unique value for the lifetime for this level as 290+50�40 fs while Rutledge etal. [14℄ 
ould pla
e only a lower limit of 260 fs.5. SummaryThe purpose of the present study was to provide additional experimentalinformation on the existing level stru
ture of 93Mo through (p; n
) rea
tion.We have measured the 
-ray energies, bran
hing ratios, lifetimes of the ex-
ited levels and multipole mixing ratios of various transitions in 93Mo. Wehave also dedu
ed the redu
ed transition probabilities i.e. B(E2) and B(M1)values for some of the transitions observed in the present experiment.The level stru
ture of 93Mo has been predi
ted on the basis of theshell model 
al
ulations by Bhatt and Ball [2℄ and Vervier [3℄ using the(�g29=2; �d5=2) 
on�guration. Auerba
h and Talmi [1℄ also made shell model
al
ulations 
onsidering the (�p21=2; �g29=2; �d5=2) and (�g49=2; �d5=2) 
on�g-urations. All these 
al
ulations failed to reprodu
e the experimental levelstru
ture in the energy range 2�3 MeV. Chuu et al. [4℄ used the 
on�guration(2p21=2; 1g9=2) for four protons and (2d5=2; 3s1=2; 2d3=2; 1g7=2) for an a
tiveneutron outside the 88Sr 
ore. This model predi
ts reasonable agreementwith the observed energy levels in the low-energy region but fails to repro-du
e the experimental observations in the energy range 2-3 MeV. The 
al-
ulations of Kumar et al. [23℄ based on weak 
oupling approximation withinthe frame work of nu
lear shell theory and exa
t shell model 
al
ulations ina model spa
e 
onsisting of 2p1=2; 1g9=2 proton orbits and 2d5=2; 3s1=2 neu-tron orbits outside the 88Sr 
ore, are in reasonable good agreement with theexperimental observations. The 
al
ulations of Choudhury and Clemens [6℄
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tion 2781TABLE IVSummary of redu
ed transition probabilities B(E2) and B(M1) values for a few transitionsin 93Mo 
al
ulated with the predi
ted Æ-values.Level 
-ray Multipole Redu
ed transition probabilities (w.u.)(keV) (keV) mixing Present work Ref. [14℄ratios B(E2) B(M1) B(E2) B(M1)�10�3 �10�3943:2 943:2 E2 21:8 � 10:9 � < 38 �1363:1 1363:1 0:5� 0:8 10:8 � 3 85� 12 � 83 � 51477:3 114:2 0:05+0:03�0:02 � 150 � 25 � 170� 851477:3 E2 4:6 � 3:5 � 4:2� 2:0 �1492:3 1492:3 M1 � 380+70�10 � 480� 701520:3 1520:3 1:2+0:5�0:3 1:2 � 0:7 1:7� 1:2 � 6:3� 2:41695:0 331:9 M1 � 810� 110 � 590� 851695:0 M1 � 56 � 5 � 59 � 72142:0 778:9 �0:04+0:01�0:02 0:13 � 0:2 83� 27 � �2161:9 684:6 �0:15+0:04�0:02 2:4 � 1:5 48� 24 < 93 �2181:3 2181:3 M1 � 56� 21 � 60 � 202247:3 770:0 �0:1+0:02�0:03 3:0 � 1:9 180+80�40 10 � 5 160� 402304:4 827:1 �0:2+0:12�0:17 7:0+1:7�4:8 1:3� 0:1 � 1:5� 0:32356:1 835:8 0:05+0:05�0:03 84:3+11:1�8:6 0:56 � 0:06 � �2398:1 905:8 M1 � 980� 320 � 220� 552398:1 M1 � 36 � 9 � 65 � 112409:1 161:8 M1 � 580 � 35 � 630� 115931:8 M1 � 33 � 5 � 20 � 32409:1 E2 0:23 � 0:03 � 0:35 � 0:06 �2430:0 268:1 E2 6:4� 0:33 � � �2431:0 1067:9 1:2� 0:01 12:9 � 3:5 0:28 � 0:1 � �2431:0 6:5+0:14�0:11 2:0 � 0:5 0:27 � 0:06 2:2� 0:03 �2440:6 1077:5 �9:7+0:12�0:13 5:7+0:6�1:9 0:046+0:005�0:002 � �2450:2 202:9 E1 � 0:037 � 0:002 � �2479:0 1115:9 �0:04 � 0:04 � 200 � 30 � �2534:5 1057:2 M1 � 150 � 20 � 150� 152539:3 1047:0 1:28+0:15�0:14 45:14+17:1�10:5 29+13�8 � �2642:0 212:0 M1 � 910� 355 � �480:1 0:05 � 0:07 10:1 � 2:8 910� 260 � �



2782 T. Kakavand, K.P. Singh, I.M. Govilwithin the frame work of intermediate 
oupling model are in better agree-ment with our results up to 2 MeV ex
itation. However, in the ex
itationrange of 2�3 MeV our results seem to be in better agreement with Kumaret al. [23℄ 
al
ulations.The Table IV shows the redu
ed transition probabilities B(E2) andB(M1) for the transitions observed in the present work along with the re-sults of Rutledge et al. [14℄. From these results, it is evident that the statesat 2356.1 and 2539.3 keV are 
olle
tive in nature while 943.2, 1363.1, 2431.0and 2642.0 keV states have mixed stru
ture and the rest of the states havesingle parti
le 
hara
ter.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
ial support in the form of resear
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