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| ABSTRACT .
The 90Zr(a,t)9le and 92Mo(a,t)93Tc reactions have been investigated

using a 50 MeV o-particle beam-from_ﬁhe Berkeley 88-inch cyclotron. Comparisons

3

are made with the results of (®He,d) experiments on the same targets in order

to locate high~spin (& > 2) levels in 9le and 93Tc. The 91Nb (4.18 MeV) and .
Te (3.91 MeV)’levelS‘are prdbable 2 = 4 levels, in contrast'to the (3He,d)"

90 21, 912r(a,t)92Nb

results. A difference in Q-values for the Zr{a,t)” Nb and
reactions of 68025 keV yields a Q-value for the 9OZr(a,t)9le reaction of
-1k ,643%,027 MeV, which is not consistent with the presently accepted mass

excess of -86.750%.06 MeV for INb,
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I. INTRODUCTION
In recent years there have been many studiesl"6 of proﬁon configurations
invthe N = 50 nuclei 91 Nb and 93Tc. The locations of these proton states are
of interest for comparison with shell model calculation37’8 and the centroid :
posiﬁions'ere_ueefui in bredicting energies of two-particle proton-neutron
states in nearby odd-odd nuclei. = The states expected in proton ﬁransfer tao
9OZr and Mo are (sﬁppreseiné radial quantnm numberS' g s & ,’/'. |
9/2* ®=T1/2° 5/2 3/2’

1/2, and possibly h The 3He a). reaction, however, preferentially

11/2°
popnlates the lower angular momentum states (i.e., 2 = O, 2). Thus, 1t is not :
avverj.efficient method for locating‘high—spin states suchlas g9/2, g7/2, or.
hll/2’ particularly if these states are.fragmented into'many-levelsr In the.
92Mo( He, d)93Tc reaction which has been studied in detail at 18 and 35 MeV 1,5
no L =4 leve;s.have been reported except’for‘the ground stsate, although_

20 L2406 mhe (o,1)

several have been seenvin the Zr(3He,d)9le experiments.
reaction, on the other hand, strengly populates the'high—spin.states.due to
the momentum.mismatch for low L-transfers (5 xR~6). A comparison of the
relative strengfhs of various states observed in both the (3He,d) and (a,t)
reactions Bhouid, therefore, give some information on the location of high-spin

(2 =4 or 5) leﬁels in Ny and 23re.



e UCRL-20466

11, EXPERIMENTAL

The experiment vas performed with a 50 MeV a-particle beam from the
‘Berkeley 88-inch cyclotron at a beam resolution, AE/E of 0. O4%. The targets
were self-supporting metal foils of 9 Zr (enriehed<to;97.8%) and 920 (enriched
to 98.3%), wnoee_nominal thicknesses'rere 0.20‘and:0.36 mg/cm?; respectively;'
- Due to large uncertainties in the target thickneeses, absolute cross Eeotions
‘for both reaetione are accnrate only to about +50%. Relative.crossrsections
V for eachvtarget nowever, should be'correct'to ilS%} Tritons were detected.
with two counter telescopes, each consisting of a 0, 25 mm phosphorus~diffused .
Si AE and 5 m Si(Li) E detector, and. 1dentified with a Goulding-Landls

'particle identifier.g.

@
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III. RESULTS

A, %) m

9 91

Since the previously réported level energiés from OZr(3He,d)

1’23h?6 indicate rather substantial discrepéncies, we remeasured

Nb
‘expefiments
them. [The ehergies reported in Refs. 1 and 6 are systematically higher than

those foundiin Ref. 2, ahd_the differences appear to increase with excitation

energy. For example, thé strongest peakrinigoZr(3He,d)9le is'assigned
excitation enefgiesvdf 3.360i.0152, 3.3951.0151, and 3.1L10£.0106 MeV].: Our
: 17 91

F (g.s.) impurity pesk and
17

spectra were calibrated with the Mb (g.s.) peak

‘as a function of angle.lo The Q-value for the l60(0L,‘t) F reaction,

-19.2136 MeV, was. taken from'puﬁlished tables. T However, recent results of _
various reactions leading to i, give conflicting results for the mass excess

of that nucleus.

4 90 9

Zr(3He,d) le experiment6 gives a Q¥value of -0.227+.020 MeV, which

is essentially identical to the pu.blish_edll Q-value obtained from the méss

table of Mattauch,vThiele, and Wapstra.12 But the ngr(p,n)gle-reaction13

o1

gives Q = -2.045%.006 MeV, which changes the mass excess of “"Nb used. in

Ref. 11 by +120 keV. Our mass of 9

Nb reactions, which were observedlh simultaneously .

le comes from the relative Q-values of the

Zr{o,t)” Nb and»ngr(a,t

9

wiﬁh a er target containing about 5% 90Zr impurity. The energy calibration

of the_912r(a;t)tdéta (using the g (g.s.) and 2°Nb (g.s.) as a function of

angle, with Q-values as given in Ref. ll)_gives a difference in Q~values'of

90

680425 keV between the 2 Zr(a,t)? Nb and “1zr(a,t)?2Wb reactions. Ball and -

15

'Cates found»a'differénce in (3He,d) Q-valuesg for the two isotopes of

6TTET keV, which is essentially identical to our (a,t) resultslﬂl‘L and has a much
15

lower uncertainty. The difference in Q-values obtained by Ball and Cates
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90

corresponds to a 7 2r( He d)9le Q-value of -0.319 MeV (using the published ~

9er( He,d)lQ-value), Which is’considerablyvdifferent from the value of

_0.227i0.020‘MeV reported in‘Refg 6. A summarybof‘the relevant Q—values-is:.
given in Table l. o

91 15

The'change in the ° Nb mass excess requlred by Ball and Cates™ ™~ and

our own data 14 is about +95 keV, whlch is sllghtly less than the value of

91 13

Zr(p,n)9 Nb data. Perhaps the discrepancy is

3 91

+120 keV. indicated by the

91

due to an error in the Zr( He d) and- Zr(a t) Q—values,ll since the

resultslh"lS from the 9er target are only relatlve to these numbers However,

the (o, t) calibrationlu is also cons1stent with the positlon of the

92 )93

Zr (0, t (g.s.) peak which would mean that this Q--valuell must also be in-

-error in order to agree with the results of Ref. 13. Based on these results,

we feel that the 9OZr(3He d)9le Q—value'determined in Ref. 6 is incorrect.

90 )91

Lr(a t)7"Nb Q-value used in our analysis is -1bh. 643 MeV. This corresponds

to the relative difference in (o,t) Q—values of 680 keV dlscussed above, and

is sllghtly less negative than the value. of -lh 665 MeV which would be inferred

91 13

from the Zr(p,n)9 Nb results

Using a Q—value of -1k, 6h3 MeV for the 9°z£(a t)9le reaction, the

91 Nb states observed in this work are given in Table II
™

The results agree, in general, with_those of Vourvopoulos_g_t_g_l__.2 and indicate

excitation energies of

'__that the excitation energies reported by Picard and_-Bassanil and Knopfle gt_al:6
are somewhat too high. Of course; our method of calibration gives.excitation
energies that_depend on the choice of Q-value for_the’gOZr(a,t) reaction. If - W

90

the published Zr(o,t) Q—valuell is used, the excitation'energies'correspond
_rather well to those of Ref. 6. The errors quoted in Teble II reflect an
uncertainty of i27 keV in the‘Q—value used in our analysis, but must be considered

in the context of any redeterminationvof-thls'Value.
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A triton spectrum of the 9OZr(d t)9le reectionvatrﬁz = 30° is shown
in Fig. 1. The resolutlon is 50 keV full width at half—max1mum (FWHM) . ‘The
Vg9/2 ground state is a factor of 15 more 1ntense than any other single level
in the spectrum. In the 90 Zr(3He d)9le data at 30.9 Mth the ground state
has only ‘about 1/3 the intensity of the 3.36 MeV 2 =2 levei. Based on the
» strength of the ground state (g9/2), the spectroscopic factors from.(3He,d)2’6
1nd1cate;that 09/2+/07/2+'~ 5 for the (a,t) reaction.

I'Figures 2 and 3 shou angular distributions ofvtritons leading to some
of the-stronger final states. The angular distributions of all strong triton
'groups“shou very 1ittle structure. One observable difference between the |
2 =14 (g.s.) and 2 = 2 (3.372 MeV) curves;vdisplayed in Figs. 2 and 3,
respectively, is the forward angle behavior: thevl = 2 curve tends to fletten
out near 10°, while the & =4 curue is much steeper. The 4.TT70 MeV leuel, which

. 9 _

'is assigned £ = 4 by the Zr(3He,d) reactionz’6 also shows a very steep angular

distribution'ateforwerd angles (see Fig. 2). The 4.179 MeV level, whose
angular'distrihution is shown in both Figs. 2 and 3, hes been assigned2’§

% = 2 (the L-value is brecketed in Ref. 2). vThe beheuior of the (a,t)bangular
distribution seems to agree better with the £ = htcurves, although the

differences are very slight.

[}

A more serious discrepancy with the & 2.assignment:of thevh.l79 MeV -
_ ievel comes fromfthe strength of the state. The'spectroscopic'factors given
for this.level'predict it to be weaker than the 3.372 MeV level by a factor

| of'between 14 (Ref. 6) end‘20 (Ref 2), while the relative cross sectlons of
,the'leveis seen in the (a t) data (Table II) show a difference of only a factor
. of 2.. Thus, the h 179 MeV level is between seven and ten times too strong to‘
2,6

be cons1stent with the 2 = 2 spectroscoplc factors of previous work.
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The‘level'observed here at 4.892 MeV is presumebly the same as the
% = 2 level at 4.912 MeV seen in the 18 Mev °zr(3He,a)% Wb experiment.® In
this case as wéli; the (a,t) angular distribution (not:shown) corfesponds_'
more closely to the & = 4 shape:and the strengthvis too lafge.reiatiue to the
'3.372 MeV levei by a significant factor; The 6 0l MeV L= level2’6 is
obseured hy'the Tr (g.s.) impurity peak at most angles.»rHowever, it appears
to’have an intensity about equal to that of the'hf179 MeV state;vi.e.,vabout
" half that of the h.??o MeV L = L state. : | |
In the exc1tation energy region between 2.5 and 3 MeV there are.

:sevefal levels observed'in the (o,t) which appear ‘either weakly or not at

'ailgfh'in thei(3ﬁe,d) data; The many levels which are populated by both
reactions_makeshit seem likely that these "new“ proton levels, e.g.,'2;301;
2. 393‘ 2.526, 2-613 2.770, 2.889, and 3.014 MeV are appearing in the |
90z, (a, t)9 Nb spectrum due to angular momentum reasons. That is, they are
small fragments of, say ., g9/2 or g7/2 (or f5/ or f7/2 hole)vstates and thus
would have an. extremely low cross sectlon in 'a reaction Wthh does not populate
hlgh'angular momentum states easily. The 1ntensities_of these states correspond

to about 1-2%'that of the g9/2 ground state. In the highest energy 90

Zr(3He,d)
_ experiment,h’at 30.9 MeV, this. intensity would correspond to a pesk cross
"section'of about 30-60 ub/sr which would be difficult to observe with the _

~short exposufe times used in that experiment.
B, AMo(a,t)?3rc
.vA-triton spectrum of the 92Mo(a,t)93Tc reaction at_ez:= 15° is shown
in Fig;'h. The resolution is 55 keV. (FWHM) The intensity of the ground

state (g9/2) level is again much greater than that of any other level in the
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93

spectrﬁm. A summafy of the levels 6bserved'in the 92Mo(a,t) Te reaction

92 (3 1,5

compared with the Mo He,d) results is given in Table III. ThelspeCtra

93

were calibrated using the g (g.s.) and “°Tc (g.s.) peaks as & function of

angle, with Q-values obtdined from Ref. 11. Aé can be.seen from Table III,

'the‘eicitétion ehergies determined in this work agree with those found

previously,l‘s with very few exceptions. The largest discrepancy occurs for

the level observed in our daté at 3.095 MeV. This level may correspond to

the state observed at 3.170¢.02 MeV' and 3.1L7£.015 MeV’ in the (°He,d)

expefimehts‘bﬁt the different Values for the excitation energy could also be
caused by population of & high-spin (e.g., 2= 3 or 4) fragment near. the
3.17 MeV state. - The preference for large angular momentum transfers of the

(a,t) reaction would enhance the cross section of the high—spin lével relative -

to that of the £ = 2 level observed in the (3He,d) data. The & = 2

spectfoécopic fa_ctor5 for the 3.147 MeV level is only 1/23 that of the
3.3&3 MeV levél.- The 3.095 MeV level observed in the 92Mo(a,t)93Tc.reaction'
is weaker than the 3.36 MeV (2 = 2) level by about a factor of kL.

The 0.675 MeV state, which was populated weakly in both (3He,d)

experiments;l’5 appears to be made more easily (see Fig. 4) in the (a,t)

experiment, which suggests a high angular momentum assignment. Even in our

experiment, however, the state is still quite weak, havihg only about 1% of
, . ‘ 3

1

the ground.state intensity. Another weak level in the 18 MeV (~He,d) data;

at 2.130 MeV, also appears more intense in the (a,t) data. In this case, the

5

level is assigned & = 3 (f-,,) by the 35 MeV (3He,d) experiment,” which is

5/2
consistent with the stronger population in the (a,t) reaction. Two other

levels, unreported in the (3He,d) experiments,l’5 are those'at 1.42 and 3.58 MeV.
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The former may be absent due to problems with resolv1ng it from the 1. 509 MeV
state but the latter level would presumably have been observed unless it was -

an unfavorable (high‘%—transfer) transition, The level observed in the

92, )93

Mo(a t Tc.experiment at 2.59 MeV probably corresponds to that seen at

2. 56 MeV in the (3He d) data. Tt seems clear from our data that this level
is in fact a multlplet but our resolution is insufficient to adequately

separate the states

,92 90 91Nb (see

In the Mo (a t)93Tc date, as was the case with Zr(a t)
above) there is one - level at 3 908 MeV whose strength is inconsistent with
the & = 2 a.ssignment1 from the (3He,d)'reaction. (The 3.890 MeV level is
given a tentative L =2 assignment in'Ref. 5 as well, although it does not -
have a typical 2”= 2 angular distribution.» This may be.an:indication that
there exist two closely spaced levels at this energy but ‘Kozub -and Youngblood5

found no combination of two 2—values which would yield the observed shape )

The angular distribution of the 3.908 MeV level which is seen in Figs. 5 and 6,

shows a forwardaangle behav1or similar to that of the ground state (2 = h)

it does not appear to flatten out at forward angles as does the 3.359 MeV

91

level in 93Tc (and the 3. 372 MeV level in “"Nb). As mentioned above, this

'difference-in angular'distrlbutions is very slight and would'certainly not

allow a determination of the L-transfer by itself. The spectroscopic factors_ »”

2 predlct it to be weaker than

for this-leveiifrom the (3He,d) experiments
¢ the 3.359‘Mev level'by a factor of abouti?, while ratio of (a,t)-cross
‘vsections is about 1;6. The 3.908 MeV level observed in the 92Mo(a,t) dats
‘is, therefore, about four.times too.strong‘to be-consistentkwith the L =

1,5

assignment of previous work.
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In the region near h 5 MeV there are a number of 1evels observed in

(3He d) data 132 46 which no 2—values are assigned. As canvbe seen in

~ Fig. h these levels (mostly doublets) are excited'more strongly in our (a,t)
_data than in the (3He,n) reaction, which indicates that they are reached with

~ large Z-tranSfers (2 > 2). The appearance of g7/2 levels st sbout this

935

Tc seems in agreement with the existence of L= h transfers2

(e.g.; thevh.770 MeV state) in b in this energy,region. The angular

'distributions of the 4, 366 and 4,898 MeV states, shown in Fig. 5, also appear

to be similar to that of the £ = LI ground state transitlon

The 5.978 MeV level seen in Ref. 5 probably 1s the same as the 6 01 MeV

blevel seen in our (a,t) data. Figure 4 shows, however, that this state is

part»of'a multiplet. These states do appear to stand out in the (a,t) data

and could be 2 5 fragments as suggested tentatively in Ref. 5.. Information
1 .
Tr (g.s.)

1mpur1ty peak obscures the 6 MeV region beyond about 35° (lab)
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IV. DISCUSSION
A 2%r(0,0)%m
A comparison of relative strengths of levels observed in both the.

1,2,k,6 experiments on 90 Zr indicates +hat the L. 179 MeV

(a t) and ( He ,d)?
level observed 1n:(a,t) is 7 to 10 times too strong to he consistenth1th an
L =2 assignment (bssedxon its intenSity compared»to the 3.372:MeVi£ =

level). This discrepancy seems rether laige'since i1t has been verifiedl6c‘

that (d-t) spectfoscopic factors ere, in general, the.seme as those obtained
from ( He a) experiments (within about a factor of two). Additional ev1dence :
for the existence of a high—spin state in this region comes from a recent

91, 17

study of the Bndecay of “"Mo. This work indicates a level at h.179i.001 MeV

in 2

Nh which would be expected to have a spin of 7/2 s 9/2 R 11/2+ if _
populated with an allowed B—decay from the 9/2 ground state. The shell nodel.:
rules out an ll/2 level if it isvstronglx_populated in a proton‘transfer |
, reaction'end the'high.excitation~energf of the leveiifnvors & &5 nssignment o
ga;though 39/2 cennot bevruled'out.b A.snmhary‘of the lefels observed injthe 3‘
B ~decay is included in Table II. | | |

The B—decay experiment also provides an explanation for.most of the
levels near 3 MeV which .are seen very weakly 1,6 in the (3He,d) data. Of the
six levels seen in the (a,t).experiment between 2,39 and 3.011MeV,'only the
2,899 MeV level’was not repoftedvin the‘B—decsy study. This supports our
contention that these levels are high-spin states having at least somebsingle;
perticle structure. -

' The 4. 892 MeV level observed in the (a t) experlment corresponds to a

' doublet at h 85 and 4.90 MeV to which no E—values are assigned in Ref 2. A
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level at h 912 MeV Qas obser?ed in a lower energy exper1ment6 and assigned
L=2 As discussed above, the’ spectroscopic factor for this level would
correspond to a cross section relative to the 3.372 MeV 1evel of 1/16 as
compared to the observed intensity ratio of 1/2.3, i.e., the h.892 MeV level

is 7 times stroogef than its & = 2 essignment6 would indicate. The ratio of

(2 = 2) spectroscopic factors for the 4.230 and 4.912 MeV levels given in

Ref. 6 agrees‘qﬁiﬁevwelliwith the relative intensities of the.twovlevels is
(a t), 80 that.both 1evels.are too strong by the same factor. Unfortunetely,
the" B-decay of - Mo(9/2 ) can only populate 91Nb levels up to about L.k MeV"‘
80 it‘provides‘no additional information about the 5.892 MeV state.

| ' fhe 5.144 MeV level seen in (a,t)vhes'a strength which is roﬁghiy
consistent with the 5.24 MeV 2 = 2 level, but the discrepanc& in excltation
energy.is larger than the‘estimated uncertainties. Due to the.large numbefT
of reportedz’élleVelslin this region 1t 1s difficult to associate the 5.14k MeV
level with;a speeific (3He d) state. The.otsersed2’6 levels at this energy, v.
however would not be as strong as the state seen here.

_ The'intensity of the 2 = h'levelg’6 near 6 MeV seems_retﬁer low in the
(a,t) deta. Knopfle gt_§£.6 show a cross section ratio o (6.04)/c (L.82) ~ 2
while our date.give o (5.95)/0 (4.77) = 1/2. Unfortunately, the 6 MeV region
of the spectrum is not visible at forward angles, so the intessity of the
5.95 MeV level is only epproximate. ‘Whether this apparent differeoce is

related to the fact that the upper level is slightly unbound cannot be

".determined without DWBA calculations.

The appearance of these probable high f-value levels is con51stent"

with the general plcture of the proton states in 9;Nb. As was pointed out in
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Ref. 2, the number of 37/2 levels observed is much smaller than expected
compared. to the considerable fragmentation of the L =0 and & = 2 levels.
However,ethe two observed2 transitions already account for over 90% of'the
total &r/2 strength:so the ‘appearance of these "extra" levels‘would require
a‘renormalization of’the'spectroscopic strength if they are, in fact, g7/2;

.fragments.

B. 92Mo(a t)93Tc

In this case no high-resolution ( He d) data ex1sts, 80 & detailed

comparison is not possible. The strong levels in (a, t) at 3.908, L. 366 h 67, )

4.77, and L, 898 MeV are probable candidates for % = : 14 levels based on their

intensities relative to the 3.359 MeV £ = 2 level. As mentioned above, the

p

| behevior of the 3.89 MeV level in the 35 MeV (e, a) data’ may indicate a

93

doublet at this energy in 7~ Tc. The strength of the 3. 908 MeV level in

'.92Mo(a t) suggests that at least one of the states at this energy has a high
spin. The tentative £ =5 assignment made by Kozub‘and Youngblood5 for the

5.98 MeV level is in qualitative agreement with the observed group of strong

levels in 92Mo(d§t)93Tc near 6.01 MeV. The (3He,d) experiment5 finds the

a analog state at 8.4 MeV, which corresponds to a splitting between T, and

5/2 , _ ,
T centroids of about .7 MeV for the d

< 5/2
18,19

experiments show the existence of an h neutron level at 2.30 MeV.

11/2

Assuming the same splitting between T> and T states for the hll/2
93y,

e would then give 6.0 MeV as the expected location of the T<_2 =5

configura-
'tion-in-
levels.i‘The predictedvg7/2 centroid would be about 5‘2'MeV (vased on the

neutron single-particle centr01d from Ref. 18) which is somewha+ higher than

is 1ndicated from the strong levels observed in our'data. The data of

configuration. Recent 92Mo(d;p)93Mo:'

{u
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Vourvopoulos et al 2 1ndlcate that the T - T< sPlittihg;is'about l MeV larger
o 1n oL

for" the g7/2 states than 1t is for the d5/2 states in -Nb:and a similar

93,

difference in. Tc would predlct a g7/2 centr01d in reasonable agreement w1th

93Tc between 3. 9 and 4.9 MevV.

It is interestlng to note that the 9OZr( ,p) and (a 3He) react10ns20
11/2 centr01ds;at the same energy in 91, Zr, vhlch would

suggest the existence of’T< £.=_5 states neet”S to.6'MeV-iﬁ Qle aS'well as

93Tc, although’hone have beenvobserved (The 6 MeV levels observed in Q;Nb

93,

are not as strongly excited with (a t) -as those in Tc and have been as31gnede

= l by the ( He,d) reaction.2’6)'f
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V. CONCLUSIONS

90 92

Zr(a t) and 7“Mo(a, t)'reactions have been used to search for

hlgh—spin (2 > 2) levels in 91Nb and 93Tc. Based on relative intensities of
91

_levels seen in both the ( He,d) and (a,t) reactions, ~ Nb states at 2.39, 2.53,

2.61, 2.77, 2. 90 3.01, 4.18, 4.77, h.89,vand (5.14) MeV are probsble
candidates for levels with 2 = 3 or L, The 4.18 MeV level‘is assigned L =
’from ( He d) but the large (a,t) strength and B—decay of 9lMo 9/2 )
1nd1cate a 7/2 or 9/2 for this level. Levels near 6 MeV appear rather

. (3 .

weakly in (a;t)'although a strong £ = L leVel was observed in the (“He,d)

experiment5256 et 6.01 MeV. From the pOSltion of the h neutron centroid

91

11/2
Zr 1t 1s expected that & = 5 proton levels may also exist in the 5 to 6

MeV region of 91

in

levels observed in the (a,t) data in this region.

93,

Pos31ble high—spin levels in “°Tc include the 0 68 (3.58), k4.37,

(h.hY); (4.67), 4.77, %.90, 6.01 (hultiplet),.S.lT,’and 6.4k MeV states. The

states above 6 MeV.may‘be_l ='5 levels based on tentative resuits from the

5

(3He,d)iexperiment of Kozub and Youngblood.” The 3.91 MeV level, assigned

1,5

2 = 2 from the (3He,d) studies is populated too strongly in (a,t) to be

consistent with the‘measured spectroscopic factors and is believed to have
> 2,
The Q-value used in our analysis of the Zr(a t)9l

91

Nb reactlon,

'—lh.6h3.MeV, corresponds to a change in the “ Nb mass excess of +95 keV. This

91

change is roughly consistent with a new Q-value’ determlned for the Zr(p,n)

13 9OZr(3 )91

reaction but contradicts a recent measurement of the He,d

91

, which confirms the Nb mess excess of Mattauch Thlele, and Wapstra 12

Nb, which could'provide an explanation for some of the stronger

Nb Q—valueé_
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Table I. Summary of Q-Values for Reactions Relating to 91Nb

Resction . ° . Measured Q-Value Published Q~Value® Wb Mass Excess® . D
eaction - (Mey) (Mev) (MeV)
Nyr(pe,a)m —  0.35840.011  emm '
912r(a,t)92Nb - — | -13.963:0.011 D e
91, - i i | o
Zr(p,n) 5 - = 2.045%0.006 ~1.92520.060 -86.630%0.008
'9°z ( He, d)9l - 0.227%0.020 - = .0.225%0.060 ~86.7480.020
" - 0.31920.013° " . -86.6560.01L .
.9OZr(a,t)91Nb N _ —lh.6h3io}027f | ~14.545£0,060 -86.6520,027
®Teken from Ref. 11, which uses a mass excess for My (from Ref. 12)‘of L

-86.750+0.060 MeV,
bCalculatéd'frOm.the difference between the ieasured and published Q-values.
CRef. 13. | |

dRef. 6.

eRelative to o1 Zr( He d)92Nb Q~value listed above. Q—value difference from
Ref. 15. {(See text).

Relatlve to 9er(a t)92 Q—value listed above. Q~value difference from-
Ref. 1k, (See text) ‘ :




. Table II. Levels Observed in thé_gOZr(a,t)

le Reaction at 50 MeV

91

| (a,t) (3He,d) Mo (g.s.) Decay
T Levels ‘ Levels - d a
No.: _ Observed™ Intensityb Observed®’“ L c%s Levels Observed®
(MeV) (mb) (Mev). - L 0 {Mev)
1 0.0 3,441 0.0 ! ” fo}élsf' —
2 | :.(5.103)f 0.1kk 0.103 1 - 0.L30
3 1.291 0.0388 1.31 1 0.048"
o | 1.581
. 1.600 0.073 1.60 - B 0.078" 1.637
| - 1.791
5 1.820 0.0698 1.8k 3 0.058" |
6 1.950+.0k Weak 1.96 B 0.01L"
7 2.301 0.0k3? 2.3k 1 0.007"
; 2.393+.03 Vesk | (2.301)7
9 : 2.526 0.032" 2,531
10 2,613 0.023% 2,622 Veak® S 2.631
11 2.770 “0.012 2.792:
"“ 127f?‘ 2.899 0.07k >.92% Weak”
' - ' ‘ “(continued)

...6I_ .

99702=THIN



: ,f Ta5l§ II ~(continued)

S e Cre 0 7o (g.s.) Decay
‘- Observed. R Intensﬁi’ty - O,bserv_ed,?;?.,, P TR B o Levels: Observed
Coe (Mev) L e (b)) (MeV) . (Mev)

. : : - 3.07 e : R
1h 31201014 Wea.k ,. 3.11}‘; | ., ) 31149

| '>}flél;;.;ﬂ;f Lo3.6sue0h 0;0273, 7*ﬁ,f'-'3;66- 3¢.;H.;;[2h-:T'fviwi'o.623h " e

e
3,886

Coome® T wesx® 3916

AL 00055

e

A8 (2 . 0020 L wamee

w23 (ey o ow08

S W30 2. o 10.023

 99n02="Ta0n -

| -&}39f{:5;f;”f:1¢ R 0160 - i



- . <y
Table IT (continued)
(a,t) (3e,d) Mo (gas¥).Decay
_ 'Lwﬂs&  o Levels . vd  L - .
No. Observed - Intensity Observed > L C™s Levels Observed
: (MeV) (mb) - (Mev). P : - (Mev)
g 2 o.ok3
L.61 2 - 0.013
k.70 | 2 0.033
18 4.770+.03 0.2328 V7)o . 0.343
| h.so} E
4.85
FURERE 4.892¢.03 0.0968 k.90
4.95) (0) 0.055
4.99 } - |
20 5.020%.03 Weak S 5.04 0 ' 0.040
21 5.1hkt.03 0.067* 5,17 (0) 0.080
ﬁ | 5.24 2 0.133A'
22 5.341%.,03 Weak 5.33 0 © 0.090
B o 5.k 2 0.165
5.57 (o) 0.035
5.6 o 0.060

" {continued)

99102c—Td0N



(a,t) - E (3He,d) . My (g.s.) Decay.
. Levels N : o b Levels d : - é d. v', : ' '
" 'No. . Observed Intensity ' Observedc" - & o cs ' Levels Observed®
. (M) (mb) Mev). B (Mey)
5.7k o . 0.2
5.0 0  0.20
| 5.86 o 0.045
23 . 5.95¢.05 (0.1)° ‘ 6.01 '; o 0.500
2b . 6.09:.05. . Weak 6.09 2 - 0.075
6.17 2 0.103
6.2150 ) Weak"

Table II (continued)

Bpxcitation energy + 20 keV except as noted. = The Q-value for the reaction was assumed to be —lh.6h3'MeV.

-except g.s. are assumed g7/2

‘(See text).

bIntegrated from 6 eom. 12.5 to 57° except as noted.

Excitatlon energy * 15 keV.

dTaken from Ref. 2 excépt'as noted. All £ = 2 levels up to 5.44 MeV are assumed d All & = b levels

5/2°

STaken from Ref. 1T7. Only those levels believed to be populated in the g.s. (9/2+) décay are included.

'All energies * 1 keV or less. The upper limit for the decay is about L. h MeV.

fNot resolvedf

€Integrated from 6 =12.5 to 52°.

(COntinuéd)

'99402-THON



Table II (continued)

hTaken from Ref. 4., All £ = 1 levels except 0.103 MeV are assumed p3/2.:”The-l,85 MeV level is assumed f5/2.

1 Integrated from ec = 12.5 to 36.5°.

IThe existence of this level was uncertain.

kIntegrated frbmrec = 12.5 to L42°. -
lTaken from_Ref. 1.
“ntegrated from 6. = 12.5 to 42°.

UPaken from Ref. 6.

®Observed at only 3 angles. The average differential cross section ratio to the 4.179 MeV level (v 0.9) was
used in obtaining the intensity. ' : : ' _ . :

_EZ—

9970Z~T4oN



(&,t) (3H_e,d)a
_Levéis o - Levels . o € Levels. o €
No. Observed .Intensity Observed L. ~.CcTs. Observed cs
L (MeV) (mb) (Mev) P | (MeV) |
1 0.0 | 709  _o.o L 0.67 0.0 050
2 . 0Q385 : '.118-.. 0.3961.010 1 0.30 | 0.396%.005 0.28 .
3 :'0.675  | .040 0660+ .020 Week (0.66) Weak
N ' 1.180: .019 1;1901;015 1 0.03,0.01 ' i.zl_i.oéo, 0#03h,0.015
5 1.42:.03 0.037 | | | |
6 . 1.509 .0kk 1.500%.015 1 0.10,0.0k4 1.500+.010 ©0.12, 0.052
T 178 :0557 1.780%.020 1 0.12,0.05  1.788:.010 0.11, 0.048
8 '2.1ho : .097 2.130.020 Weak .2}l3ht.015' '_O-Ohﬁg.
9 2.59+.0k4 .082 2.5651.020 2 0.04,0.02 2.556+.015 0.037,0.019
‘lQ  3.005 ).001 e o |
3.170+.020 'F(Q) ,3;1&71,015 .:0.03h,0{018 |
11 3.359 '.390 | 3.366#.020- 2 0.78,0.38 3.3h3i.015 0.78, 0.41
12 3.58k | ‘.o6§.' | |
13 ' 3;908 245 3.910+.020 2 6.09,0;05 3.89 +.020 (0.11, 0.06)
| 4.110¢.020 (0) .~ (0.15) - h.oé +.030 0.23
' ’ o a 5 (continued) -

Table III. Levels Observed in the 92Mo(a,t)93Tc Reactidn_at 50 MeV

_qa—
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0

L

Teble ITT (continued) :
ast) Ghe,a) Gre.a)
 Levels | : Levels . e Levels e
No. Observed® Intensity®  Observed . &_. s © Observed N c3s
(MeV) (mb) (MeV) P - (MeV) P :
1k h.15%, 0k | o.ngf'
15 4.366  0.192° b3 4.39 +.040
16 b.47h 0.066" |
17 M.67£.03  0.07t
18 L.77+.03 , o.bBTi k.79 k.76 +.030
19 4.898 0.166% k.92 4.88 £.030
| '_ _ 5.02 C
20 5.20£.03 - 0.097" 5.18 5.170+.015 1 0.23, 0.083
| | 5.33 5,302,015 2 0.059,0.032
5.49 5.50-;.Qho (2) (o.o5i,o,¢28)
5.65 5,64 +.040 2 0.035,0:019 -
o 5.01¢.O3 0.16% 5.98 +.040 (s (0.079)% .
22 6.17:.03 017" 6.24 040
23 6.44x.04  0.11" . ,
(continued)

_ga_

99N0Z=THON



Table III (continued)

béTaken from Ref. 1.
bTaken'from Ref. 5.
Excitatlon energy

"dIntegrated from 6

No spectroscopic information is given for levels:above h.;lo MeV.

20 keV except as noted.,

.

= 12. 5 to ST° except as noted

When two’ values are llsted the first corresponds to J= 2 - 1/2 the second to J =4 +1/2.

_fIntegrated from ec

-sAssumed'f

1Integrated from.eé

'jAssumed h

5/2°

11/2

.

-'-_'hIntegrated from ©
S - c.m

12.5 to 52°.

12.5 £o 36.5°.

15.5 to 52°.

994t 0c—THIN
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FIGURE CAPTIONS

Fig. 1. Triton énergy spectrum from the 9OZr(d,t)9le reaction at 6, = 30°.

QOZr(u,t)9

Fig. 2. Angular diétributions:of tritons from the le reactiog
'leading to the 0.0, h.l79; and 4.770 MeV levels. Statistical errors are

shown for each point. The curves have nc theoretical significance.

 Fig. 3. Anguler distributions of tritons from the 9OZr(a,t)9le reaction

leading to the 3.372 and 4.179 MeV levels. Statistical érrors aré'shown
for ‘each pqint. The curves have no theoretical significance.

Fig. 4. Triton enérgy spectrum from the 92Mo(a,t)93Tc reaction at 0, = 15°.

Fig. 5. Angular distributions of tritons from the 92Mo(a,t)93Tc reaction

leading to the 0.0, 3.908, L4.366, and 4.898 MeV levels. Statistical
errors are shown for each pOinﬁ. The curves have no theoretical
significance,

Fig. 6. Angular distributions of tritons from the °Mo(a,t)”>

Tc reaction
leading to.the 3.359 and 3.908 MeV levels. Statisticai errors are'shown

for each pdint. The curves have no theéretical Significance.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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