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THE N(a a)t o REACTION AT ho MeV
M S leman, E A. McClatchleT, and B G Harvey
Lawrence Radlatlon Laboratory
University of California -

Berkeley, California 9h720

- June 1970 2

LT ABSTRACT
'Thevlp:(a d) 0 reaction has been 1nvest1gated up to an excitation energy -
of 20 MeV u51ng a 40 MeV oa-particle beam from the Berkeley 88—1nch cyclotron.

i Angular dlstrlbutlons were obtalned for the three strongest levels at |

1h 4o * 0. 03, 1h 82 * 0. 03, and 16. eh 0. oh MeV. Wldths for these states,

with the experlmental resolution subtracted in quadrature, are 30 30, 69

‘and 125 + 50 keV, respectively. Evidence for the probable [ N(l+) + (d5/2)5+]

configuration?oflthe three states is discussed.
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INTRODUCTION
1-5

In fecént years a study of the (a,d) reaction in various mass regions
has been undertaken in order to identify certain two;particle excited states

in the final nucleus whose configuration can be described as

[J +('>§_2JJJ ,
f.

where Jt ié_tﬁe térgef spin, J 1is the spin of the shell-model state into which

the transfefréd‘nucleons are captured, and J_, is the spin of the final state

f

formed froerégﬁor cbupling Iy and J. In most of the previous work?’h the:

targéts were"eVen—even, in which case J, = 0 and oni&.a single state of the abovev

t
configuratibn was possible. However; in a few éases With Jt # 0 a multiplet of’

1,355 In particular, a triplet of states was observed in
the doubly—magic l60 nﬁcleus via thé 1hN(a,d)l60.reabtioh at Ea 3

. states was obserwved.

42 MeV.

These states ﬁére.at excitation enérgies of 14.33 £ 0,10, 1k.7h * 0.10, and
~ 16.16 * 0.10 MeV, and were tentatively assigned the spin sequence L', 6 , 5

based on the 2J + 1 rule.>

The hlghest member of the triplet, at 16.16: MeV was found to be nearly
degenerate Wlth a Lp-bh state observed by Carter et al 6 at 16.2 MeV in the

12

c(a,o )lec-resonance ‘reaction and identified by them as the 6+ member of the

0
Yp-Lh rotatidhai band ‘built upon the 6.05 MeV ot state of 16o. This left open
the pdssibility that the two reactions were actually populating the same state.
If this were trﬁe, of course, the hixing of a 2p-2h and bp-bh configuration
vmight invaiidaﬁé the 2J + 1 dependence of the cross”séétion. Thus, the questionA
of whether these states could be interpreted as belonglng to the simple configura-

tion [ N(l ) ( )5+]h+ 5+ &+ was somewhat in doubt

/2
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In order‘to help remove‘this ambiguity from tﬁe‘ﬁrevious results it was
decided to re—lnvestlgate the hN((x d)l60 reaction wlth better resolution than
the 250 keV attalned in the previous work. 3 In thisvwevae could improve the

accuracy of both the p051t10ns and the widths of the trlplet and poss1bly obtaln

more 1nformat10n on the tentatlve sp1n ass1gnments3 based on the 2J + 1 rule.

EXPERIMENTAL

The erceriment was performed;ﬁeing a 40 MeV dfﬁerticle beam from the
Berkeley 88—inch cyclotron. Two 110-deg uhiform—field magnets7 were used to
provide energy analys1s of the beam. ObJect and image sllt widths of 1 mm pro-
"~ duced a bean resolutlon, AE/E, of 0. Oh7 In order tcftake advantage of the
improved beam’resolution, a gas cell with a thin entraﬁce ﬁinaow was employed.
The cell con51sted of a stainless steel cyllnder 7.6 cmlln diameter and 2.5 cm
hlgh with an ex1t f01l of 2.1 mg/cm Havar coverlng 315 deg. The remaining
SOlld sectlon of the cell was bored out and fltted w1th a hollow brass plug cn
the end ofrwhich a 0.22 mg/cm2 Ni entrance.foil'wasiepoxied. A circular tantalum
"collimetcr 3}8'ﬁm in diameter was used to define the'beem entering the gas target.
Several antifecettering slits were -employed to furtﬁer”define the beam and tc
protect the edge of the thin entrance window. The Ta collimator was electrically
insulated from ‘the gas cell in order to monitor the ﬁntransmltted beam. By
careful attentlon to the beam optlcs it was p0551ble_to cold the beam loss to
less than l% auring the course of the run. |

‘Thevterget consisted of natural nitrogen (99'6%,th) at a presscre of
about 30 Torr.:‘Deuterons from the target were detectedvin 0.25 mm AE and 3 mm
E detectorelana'identified with'a.Goulding~Landis pertlcle identifier.8 ‘The rest

of the system_has been described previously.
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RESULTS
1k ¥ )16

0 reactlon at 6 = 10 deg 1is

shown in Fig vlﬁb The resolution was 66 keV (FWHM) for the narrow states of 160‘

A dguferon speétrum of the
Slnce a blased ampllfler was used to look selectlvely at the high-excitation
region of 160, the ground state does not appear at any angle and the first two
excited statésifét 6.05 and 6.13 MeV, are visible only at the more backward
angles. Theﬂpéék position is consistent with our oBsér&ing only the 6.13 MeV,
37, member df.tﬁe & MeV doublet. Iﬁ can be seen that even with this improved
experimental‘ie%olution the threé meﬁbers of thé previoﬁsly o‘bserved3 triplet
still appear_as éingle states. However, a new stateia€{15.8 MeV, which was
unresolved iﬁ'the earlier work,3 is now visibie. Thé}éicitatioh’energies deter-
mined from this work for the three largest states are ,1'h.vho + 0.03, 14.82 * 0.03,
and 16.2k t—"o'.-ol; MeV. | |

Angular dlstrlbutlons for the trlplet from 6 _=‘12'9 to 57.7 deg are

25355 the angular distri-

shown in Flg«,Q.. As was observed in the earlier work
butions tend to be rather structureless and decrease almost exponentially with
angle. Thisvfeature is related to the large angular_iﬁmentum transfer in the
reaction and,haS‘been discussed previously.3 The integrated cross sections for
these stat¢s (ffom ecm = 12.9 to 57.7 deg), after béckground subtraction, are
1.52, 2.90, and 1.91 mb. In Ref. 3 the cfoss sectioﬁ,of the 15.8 MeV state was
contributing to that of the 16. 16 MeV level. This émounts to a correction éf
about 13% to the cross section reported3 for the 16 16 MeV state. The reduced
cross sectlons,_after dividing by [(2Jf + l)/(2J + l)] are 0.51, 0.67, and 0.52 mb,

respectively. The uncertainty in the absolute cross sections is estimated to

be about 10%;'
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Widﬁhe.%ere obfained for all three states baseQQon_an average of seven
runs at five-aﬁéiee. The values for Pcmv (ﬁith thevekpérimental resolution
subtracted iﬁ'quadrature) as well as previously measafed widths for nearby T % 0
levels are glven ‘in Table I. The &ifficulty in obtainiﬁg accuraﬁe widths for
the states was due to uncertainties in the background subtractlon and to the
experimentaldresolution. The latter was particularlyyimportant for the 14.k40
MeV state, Qﬁose}width is small cempared to the resolatien. In fact; in two
of the sevea‘faas the observed width (after background-aabtraction) was eon—
sistent with’thbee of the lower energy, sharp statesfiﬁ?l60. The problem of
background subtractlon was ‘most severe for the 16. Qh MeV state since it has a
large w1dth and at backward angles, the peak shape Qas poorly defined.

Other strong states populated in the reactlon include the 8 87, 11.09,
and 17.17 MeV levels. The 6.13 MeV state was populated rather strongly at all
angles whereaippﬁas included, and'had a.differentiaiieposs section comparable
to that of tﬁe 11.09 MeV state. The "state" near 1&@6'M§v contains a contri- |
bution of uﬁkne%n amount from the 1.131 MeV level of_lSF due to the (a,d) reaction
on a small éxygen contaminant in the target. The crossusection leading to this

l8F’state (whose configuration is [160 + ( ) +]) is very large and the state

> 57275
is visible in neéarly all (a,d) experiments. Due to_this impurity it was not
possible to geﬁ'a precise value for the excitation energy of the 1k MeV state,
-since the kipematics of the two states differ only slightly and thus the apparent

energy of the5peak changes somewhat with angle. 'A sunmary of the states observed

in this experiment and their intensities is given in Table II.
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- DISCUSSION

)§+J Levels

1k
:A. [“'n(1h) + (d5/2

Flgure l 1ndicates the selectivity of the (dfdjlreaction in populating

the various. flnal states in 160. Aside from the trlplet of states at 1k, hO
.lh 82, and 16 2h MeV, the only other strongly—populated states are those at
8.87 and 11.09‘MeV. (At backward angles where the 6. 13 MeV 1eve1 could be
observed itﬁues'elso found to be populated strongly.) In part this select1v1ty
is based on the klnematlcs of the reaction, i.e., on the fact that the seml-
classical angular momentum transfer, Q X R, is large.3_?: However, due to the-
l+ spin of the target nucleus, the number of poss1ble_Lfvalues for a given tran—
‘sition is 1ncreased with the result that selection rules allow L = 2 for all
yalues of Jf;vsexcept-o . Since the maximum angulsr;momentum transfer expected
for placingltuo,nucleons in the sd shell is L % L, this‘form.of selectivity is
'somewhat'reduced, | | | |

| 'The:otner reasonifor.selectiuely populatingecertainAfinal states is
that two—nucleon transfer reactions afe, in general;'qudte-sensitive'to the
details ofvnuolear structure. This form of selectiuityihasbbeen discussed in-
detail by Glendenning.g In his notation, the states which may be strongly popu-
lated are those with a large "strucfure factor", i.e;; those states whose wave
functions afe:nredominantly of the form [target core + -deuteron] for the (a,d)

reaction. This’implies that the final states in 166 which are preferentially:

populated should be those described as ip-1h or 2p—2h w1th respect to the 16O
core, 31nce_the target wave functlon10 is about 93% (P1/2)lf' It has been sug-

gested for'some'time that certain states in 16O exhlblt a rotational-band struc—

e +
ture6’ll based on the O state at 6.05 MeV. 'This result has been reproduced wlth



PR S UCRL-1991k

various calcuiationsl2_15 involving a mixture of hp—kh.and 2p-2h configurations

in a deformedibéSis. The nature of the lowest even-parity band is believed to

be mainly hpfhh,lh?lS

Clearly such statesvshouid no%vﬂé:strbngly populated in.
a two—particlé_transfér reaétion‘on a target which hés oqiy.about 7% admixture
of 2p~kh configﬁfations in the ground state.lo 7

Our déta;is consistent with the dominant bp-kh ipferpretatibn of the
states in léé;éssigned to the rotational band. As can be seen in Fig. 1, the
6.92 and 10.35 MeV statgé, a 2% and h+, respectively; are both populated rather
weakly. The:anguiar distributionvfor the 10.35'MeV>l§§el is Quite different
from those of tﬁe strong stateé, being relatively flat¢aé oppésed to the rather
steep envelépe‘typical of the strohgly-populatedbleveis; This result has been

255 in (a,d) reactions leading to weakly-populated final

observed prévié@ély
stéﬁes.‘ Théléﬁgular‘diétribution of the 6.92 MeV levei hés not been extracted
Since it waé obééured by the pulser at most angles;"At‘those ahgles where the
6.13 MeV 1evél a§peared, it had.a widtﬁ-consisteﬁt.witﬂ’énly a single state
being populafed}, However, assumiﬁg the 6.05 MeV stéfé_ﬁés é cross section
similar to those of the other lp-lh states (or to th;tféf the other excited O
’statel6 at ié.OSAMeV) we would not expect it to be visible next to the much
st?onger 3— ie§él. On this basis we feel that strohé population of the hp—hb
6+ state obséf#éd in the a- 12C resonance wbrk6 is highly unlikely;, |
Theaa;;lgc resonance'experir_nent6’17 yields é Wiath for the 16A2 MeV 6

state of Fé¥:=v320 * 90 keV. This is to be comparéévwith a value from_this
work of T =125 % 50 keV for the 16.24 MeV 1eve;;,'Iﬁ contrast to the rather
large width'qudted6’17'for the 16.2 MeV, kp-lh, 6" level, we note that there

are other natural-parity levels in 16O which, although unbound by a large amount,
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have very small O-widths. For example, the 12.05 MeV O  level is unbound by

. nearly S‘MeVdand.yet it.shows up as a very weak ueresonanoe with a measured width

of only l.S_ijO;S-keV,l6 while the 10.35 Mev LY state;.which is a member of the
kp-Jh band, :has,a Width of 27 + 8 kévls for a lower energy L = h a—decay. The'
O level however, is belleved to be the predomlnantly 2p—2h member of the trip-

15

let of 0 states arising from a mixture of Op-0h, 2p-2h and kp-kn states, and

2C + al. " This interpre-

thus has a conflguratlon which overlaps poorly with- [
tation is con51stent with our data inasmuch as the 1ntegrated cross section for
the 12.05 MeV state is about half that for the 10 35 MeV level This yields a

reduced cross section-about four tlmes larger for the'O*fstate, in spite of the

fact that the O populatlon would be expected to be somewhat hindered on the

basis of the klnematlcs argument mentloned above It would seem, therefore, that
the large w1dth and the strong a—resonance characterlstlc of the 16.2 MeV level

’observed by’Carter 93_5;,6 suggest a dominant Up-lh configuration-for that state.

1k

Another;way of comparing'the large states observed in the ~ N(a,d

)160

reaction with levels of Up-bh configuration is to lookdat the results of the
Lh-nucleon transfer reactions leading to 160. These should preferentlally popu-
late hp-hh states if the reaction mechanism corresponds to a direct o-particle

12 (6 )160 reaction’ 2! and C(*Li,t) 0 reaction=’ 22 have

d)16 19

transfer. The Li,d

both been observed by various groups. The C( rO reaction shows strong

population of the 10.35 MeV h level and also shows. large cross sections to

12 (7L t)160 result520’22 are

states at about3lh.h, 14.8, and 16.22 MeV. The
essentially identical, showing'strong population of- the 10.35 MeV state and

broad structure at 14-15 MeV and 16.2 MeV. The interpretation of these results,

of course, requires some knowledge of the reaction mechanism. In the case of
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direct a~partiéie tranéfer‘the finél‘states expected>WO;ld be only naturél-parity,
T=20 1evels;'although in either reaction the seiecﬁion.rules aliow‘fofmétion

of - unnatural—parlty states and in the (7Li,t) reactibn’T;= i levels are also
allowed. Bethge et al.2l have made a cérefﬁl comparisdn'bf both reaCtions‘and
conclude that,;while the (6Li,d) reaction seems to hé&é.some compound-nucleus
contributions;'the lQC(7 ,t) 60 reaction, at leést gt.éd Mev; can be inter-
pretea as aﬁ d%é?rticle transfer'reactidn.' It appearéffhat the strongest states
observed in botﬁ.reactions can be.understood in termg of:a—particle transfer,.
This allows.ﬁépdiation of np-nh states of 160; where Ov<§n‘< 4, assuming that

the lgc'groﬁﬁdjstate‘is mainly Op-4h. A comparison of our J~'L‘l\1(oe,d)l6

0 data

| with the aboyeifesUlts indicates that both the féﬁr— and twd—bérticle transfef
regctions sho§~étrength for states at about 15.5 and‘iS;Q MeV. The 16.2 MeV
level appears very broad in the h-particle transfer data, 19,20 but no‘ﬁidths

are quoted fqr.lt.

Récéﬁfi& there has been scme new evidenéé aﬁouﬁ‘thé sté%és in this énergy
region from the 13 (6L t) 0 reaction™s at E6 = 20 MeV. The,inﬁerpretation
of this reactlon is somewhat uncertaln but Bassani et al feel that, based on
the structuré and forward—ﬁeaking of their angular;qistfibutions, there is a
significant‘diréct-reaction contribution to their déﬁa;' If this is correcf
then lp—lh,iép—2h, and 3p-3h states should be easily pépulatéd. There is a -
strong reseﬁﬁlénce between our (a,d)'daté and the (6Li,t)'data of Bassani
gi_g;.23' Bbpﬁ;show states at 14.4 and 14.8 Meras_well as a state at 16.2 MeV,
| and both show gtrong population of the 11.09 MeV'doﬁbiét, with weaker population
of the 10.35'MeV, h+, level. Other levels observed’inlboth reactions_include

the 12.05 and 12.53 MeV states. The 130(6Li,t)l60 data also gives evidence for

¢
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the existence of two different states at 16.2 MeV. At'backward angles, where -

15,

l2C(6Li f) O 1mpur1ty peak has moved away from the 16 2 MeV excitation

region, the peak observed in the 3—nucleon transfer reactlon at 16.2 MeV is much

sharper than’that'observed in the 12 (6L' d) O rea.ction.el‘L This tends to con-

firm our bellef that there are two distinct states in- thls reglon, one of which

6,19-22

is the broad state of Lp-bh nature’ and the other‘of which is a 2p-2h state:

+ 2 : .
) + (4 .* .The fact that the L-par-

2
5/2)5+]
ticle transfer reactions appear to populate the States_at.lh.h and 1k.8 MeV

‘whose dominahtoconfiguration is [th(l

that are obsefﬁed in the (a,d) reaction may 1nd1cate that L-particle transfer

reactions cen»populate both states in the 16.2 MeV reglon, while the 15 (6L t)

and 1h N(o, d)l60 reactlons are able to strongly populate only the 2p-2h level. ’

It should be noted however that one of the triplet of states of configuration
[th(l ) + (dS)é)5+] has unnatural parity and therefore‘should not be strongly
p0pu1ated with_ah a-transfer reaction. | |

Additlooal support for our interpretafion of;tﬁe 14.%0, 14.82, and
16.24 MeV levele or 160 aé a [th(1+) + (4 /2)§+]u¥.54.6+ triplet comes from
the shell model calculatlons of Zuker, Buck, and McGrory25 (referred to here-
after as ZBM). ZBM perform a complete diagonalization in the space of up to
L partlcles in the lp1/2’ ld5/2’ and 251/2 orbitals aod'predict the existence of
very pure (2;95%) 6" and 5 states of the above conflguraxlon which essentially
do not mixzyiﬁh the 4p-Lh levels. 25 The purity of»these states is very insensi-
tive to chenées'in either the matrix elemente or the single-particle energies
used in the‘oalculation. Based on the matrix element set B in Ref. 25, the

states are predicted at 13.4 and 1k4.4 MeV, with the 6% being lower. This order-

ing is also more or less independent of the choice of matrix elements and
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Single—perticleienergies, although adjustments in tﬁeSe:éuantities doralter the
predicted excitatiom-energies'and splitting somewhat}:jThe existence of a neerby
Lp-lbh 6 stete;fcohtaihing less than 1% admixture’of}éb%Zh configuration, is
also predictea im this model. The fact that the hpeﬁhfstate is calculated to
be at 16.9 MeV;(agaln using matrix element set B)vis consistent with'the imter— ®
pretation By Carter gtﬂgl,6 of the l6 2 MeV 6" resonance as a lp-Uh state.

The Sltﬁation for‘the h state is, unfortunetely, not so clearcut. The
ZBM results predlct apprec1able m1x1ng of this state both w1th Yp-kn components
and with other 2p 2h configurations. There are two h states (referred to as
h; and hh in ZgM? expected to carry the major part ofAthe (d5/2)§+ strength,
The results‘from»matrix element set B indicate thatﬁthe‘(a d) strength would go
mainly to the upner, hh,’state at an excitation energy of 15.8 MevV. However,
this predlctlon 1s sen51t1ve to the: ch01ce of matrix elements, 51nce the wave
functions for h cand hh essentlally 1nterchange in g01ng to matrlx element set
Al, with the result that the lower h level now becomes the (expected)vstronger
(a,d) tran31t10n.. The results for the W' level would also be less certain than
those for the_S; and 67 levels if there are any effects:due to the omission of

the 4 orﬁital, since even a relatively small amoumt of (d3/2)§+ configuration

3/2 OTPLtE
would altervthe'expected strengths of the various h+ levels significantly.
The- sp1n sequence predlcted25 from this model'for'the

( 5/2)5+

energy. Ourfreduced cross sections give identical values for the 14,40 &and .

1k N(1T) + (d

] triplet is 6 s*, 4, in order of increasing excitation

16.2k4 MeV states, with the 14.82 MeV state having comparatively more (a,d)
W . _ +

strength. This is based on a spin sequence h+, 6, 5 since the observed cross

. . ., . . > > . B . . :
sections are glh.82 G16.2h °1h.h0' The application of the 2J + 1 rule
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This doublet was-also seen in the c(
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to two-nucleon transfer reactions seems rather dangerous; however, due to the'v
coherent dependence of the cross section on the wave'function.g In this case,

the cross sections of the nearly pure 6+ and 5 states will be affected by the

1k 25 .

overlap of thejsmall 2p~-kn com.ponentslO in TN with the Yp-Uh components®” in

16O while the:cross section of the 4" state dependsfnot‘only on these admix-
5 /2 5/21/2)
which can be populated dlrectly through the dominant part of the ;hN ground
25

do 1ndlcate the exis-

tures but also on the other 2p—2h components, e. g.,,( )3+ and (a

3+s
state. Thus; whlle the;results of therZBM calculatlon
tence of a relatlvely pure trlplet of states of conflguratlon

[ (1 ) + (d5/2)5+]h+ 5+ 6+ in the energy region of .our observed states, any

orderlng of the states based on the relatlve cross sectlons3 is highly uncertain.

’ B. Other Levels

The only other strong positive-parity peak observed in this reaction is

the 11.09 MeV doublet. These states, at ll 080 and ll 09h MeV, were both observed
)16 18 . +

in the N( He, 0 reaction - and the 1ower member_was assigned g = 3 in

1k

the ~ N( He,p Yy) 6O reaction.z6 The upper member was observed in the

c(a,ao)IQC'reactionl6 and assigned J" = 4 with a width I, =0.3%0.1 keV.
120(%1,a) ana 12C(7Li-t) reactionsl9’21 and,

as mentioned above, was the most intense triton group observed in the

. 21 .
13 (6L t) O react10n.23- our reSults, as well as those of the C(TL ,t)° and

13C(6Li,t) 3 reactions, seem to indicate that it is mainly the upper member of
the doublet‘whieh is being populated, based on the observed energy of the peak.

In the (TLi,t)_reaction the cross sections for exciting other unnatural-parity

states are essentially zero21 so that a 1arge contribution of the. 11.08 MeV
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level to thevobserved-peak would seem unlikely. The two- and three-nucleon
transfer reaétiohs-are not forbidden to populate unnatural parity states and

hence a contrlbutlon from the 3 member of the doublet cannot be ruled out.

1y 3.0 16 v

The fact that bothostates of the doublet were observed in the N(~He,p)

reactlon18 is not necessarlly a good indication of what w111 be observed in the

114(

N a,d)l 0 reaetion, since the former work was done at'such a low energy

(B5 = 3.7k Mev).
He .

’

2> predict a pair of levels with J" = 3%, 4" which

The ZBM'calculations
appear rather-'cvl_‘o‘se together (E3+‘= 13.39 MeV, E)+ = 1302 vaeV) although the
order is inverted and the energies are too high. Theee'etates both contain -
large amplltudes of the 2p—2h configurations (d5/2 si/é}3+ and (d5/2)§+ ﬁhich
have fairly large L=2 structure factors9 for formation in the th(d,d)l60 reac-
tion. If the assoc1atlon of these levels with the observed doublet at 11.09 MeV
is correct, the peak should contain comparable contrlbutlons from both levels,
but our resolublon is not adequate_to determire whether.or not bhls is true.
The weak pqpqigtion of the h+vlevel iﬁ-the (7Li,t) feaqtionzl and the small
a—widthl6.are_both consistent with‘a dominant_2p—2h’oonfiguration for this lerel.
The ﬁegative-parity levels in 16O which are strongly populated in the
ll}l\l(oc,d)l60'r'e'raction should be those with a lp-1h configuration;‘ The 6.13 and
'8.87 MeV levels, 37 and 2~ respectively, are both described ae having large ampli-
tudes of thei(pi?z d5/2) configuration,25’27 whichonerlape we119 with the
[target core'+ deuteron] structure expected for bhe strongly—populatedvievels
in the (a,d}'reaction. Both levels were exeited with an £ = 2 transition in

the 15N(3He,d)l60 reaction,28 in agreement with this picture. The other nega- ’

tive-parity state excited in our work, at 12.53 MeV, has also been observed in
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It was observed recently by Comfort gg.gi. - in the

anda J" = (17, 07, 2
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the 15N(3He;d)160 experiment28 and is described as beiﬁg mainly a (pl}g d3/2

level. Fulbrighf‘gﬁ;gg,es have shown that nearly all of the d3/2.proton strength

)o-

can be accbuntedvfof in this one state; this is consistent with the weak popu-—-

17 (

lation of the level in the ~'0 p,d)160 éxperiment.zgnghis state would also be

expected to be popu1ated in the (a,d) reaction basedﬂon Glendenning's structure
factors.g

The spln and parity of the 15 80 MeV level have not been established.

30 lh ( ,p) O reaction and

their data sgggéSted aT=0 assignment, since no analogfin 16N is known. A

‘30

preliminary analysis of the (3He,p) data” . yielded a'#iath of about k40 keV for

the 15 80 MeV level but no L-value was ass1gned fﬁé a§pearanée of this state
in our N(a d) 0 data conflrms that it is a T = O.ievel. Wé obtain avwidfh
for the 15 80 MeV level of approx1mately 60 keV, but the low cross section and
the p031t10n of" the peak preclude anything but a rough estimate of this quantity.

The hlghest sharp state observed in this work 1s at 17.17 * 0.0k MeV.
15

States in thls_reglon have also been observed in theva— 2C and p- ~ “N resonance

6’31 at 17.10 and 17.14 * 0.015 MeV, respectiﬁély, in the 1hN(3 160

reaction30 at l7flh £ 0.02 MeV, and in the N( He d)l60 reaction28 at 17.12 MeV.

15

reactions He ,p)

The state observed in the p-

v S+
ch = 335 keV.31 It is assumed to be the T = 1 analog of the 4.32 MevV, 1 ,

N resonance was assignéd’J = 1 and has

level in l6N, based on the fact that its observed width is much less than that

of the T = Offésbnance observed by Carter gglgl.é_at 17.10 MeV with ch = 110 keV

. The th(3He,p)l6O data>0 yield a value of T ™ 80 keV

for the lY,ltheV level. It would appear that this level has a much larger width

than that of.the known31 T = 1 resonance. Our data indicate a width of
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 approximately TO keV for the:lT.lT MeV state,vbut this is'rathef‘uncertain due

to background_Sﬁbtraction. If the 1T7.1T7 MeV level ob$ervéd here is identical
‘ 30 y .

to that obserVed-By Comfort et al. at 17.1k4 MeV thehia:T =0 assignmenﬁ is
. : : S 2
1k .3 16 : L - ‘
requlred and the N(“He,p)~ 0O reactlon would proceed-by an S = 1 transfer.
N s
ThlS would allow a final state of J =0, l+, or 2 (assumlng the L = 0 assign- J

ment is correct) The 17.12 MeV level observed by Fulbrlght et al.28 in the
N( He d) O reactlon is believed to be a negatlve—parlty state, since 1ts
strength would be inconsistent with a p051t1ve—par1ty a531gnment. However,‘no

f-value was determined in that work.

e
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CONCLUSIONS
We haﬁéidempnstrated that the selectivity observed in the (a,d) reaction
can be understbéd; aﬁ least qualitatiﬁely, in termsﬂéffdléndenning's two-nucleon
transfer forméliém.g The states of knéwnAconfiguratipn;Vhich.afe.pépulated can
all be descrfﬁedias having mainiy lﬁ—;h or 2p—2h'compbnéﬂt§. ‘The final states
which are beiié#?d to be rotational (4p-4h) in nature are excited very weakly.
The 16.2L MeViié#el observed in thé 1hN(a,d)l66 feaéti6n has a much smaller width

that the Lp-Lh state observed by Carter. et _g,_l_.6 and is believed to be a 2p-2h

state whose major configuration'is [th(l+) + (d5/2)§+]; The 4p-kh 6" level

would not be'ékpected to be strongly excited based on<fhe observed cross sec-

tions for the low-lying 4p-kh states. A narrow stateﬂat:fhis energy has also

6 23,2k

been observed:réCently in the }3C( Li,t)l60 data of Bassani et al. Recent

shell model: calculations by Zuker; Buck, and McGrory25 also lend support for the
existence of a multiplet of very pure states which contain nearly all of the
)

(a + st;engfh. The h+ member of this multiplet is predicted to contain

2
fairly large admixtures_of other 2p-2h and Up-4h components which may greatly
affect the obsefved 2-nucleon transfer strength. Appliéation of the 27 + 1

rule is, therefore, believed to be inappropriate for.thesé levels.

Two excited states at 15.80 + 0.0k and 17.17 * 0.04 MeV, can be identi-

fied as T = 0 levels by this work. The 17.17 MeV level may be the same as that

observed by'Comfort gﬁ_g;.3o in the th(3He,p)l6O reaction and tentativeiy

identified by them as T = 1.
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Table I. . Widths of Levels Observed in 'N(a,d)™°

UCRL—19913

0 as Compared

1o Previously Measured Nearby T=0 Level Widths.

Thigiwork_A. A | PreQioﬁsly’Measuredé
Ey _ ; :3_ | chb By “_~' Tem
(Mev) . (keV) (Mev) - - (keV)
14,340 o.oj?:ﬁ;; 30 30 o |
G | e 400
14.82 ¢+ o.o377> i 69 30 W8 40-60
B | Iih.85=ﬁ :“' 75
15.h2 60
i 15,7 525
15.80 £ 0.0k (60) 15.8 © 300-00, & ko°
16.2L * 0.0k f°l£ " 125 * 50 6.2 | 320%
I -16.&1‘ ". 60
| - 1710 110
17.17 + o.oﬁ7fi, ~ (70) 17.14 n ~ 80°>°

®Taken from Ref. 6 unless otherwise noted. -

b

cRef. 31.

With experimental resolution (® 75 keV) subtractedfin quadrature.

éThis value was changed from that in Ref. 6 by Ref. ;7;”

®I'his state is possibly a T=1 analog to the l6N(1+.3'2'MeV) level.
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- Table II. Comparison of 160 (T=0) Levels Observed in
;fi j‘th(a;d)l6O With Those Reported Pre&iously.

7 e T=0 : SRR o I , :
Levels Observeda- : Levels Previously \Jﬁgﬁ o IntensityC
- S Reportedb I

(MeV * keV) (Mev) o (mb)

4 e 0.0 o o*
.052 , o0

6.13 .131 | 3T - 0.78

[o) (o)) (o9

6.92 .916 . ot weak

T.12 115 IR weak

g

8.87 | ;;”- | 8. 870 | 27 0.62.
- | » 9.61k ' ‘}'i"

9.85 . ‘;_:  ;: | 9.8A7 ' : if2-f B - 0.0

10.35 .> ‘ff_” ; 10.353 BRI 0.6

| 10.952 - | f;ib

| 11.080 5t

11.09 ‘11’f' | 11.096 - | I 1.01

S 11.260 - -»'o | |

11.52 - Py | 11.521 ."2' | | _o.2h*

| " 11630 B

12.05 * 30 .*f: o 120053 | - ot 0.088

o 12.437 - | jl | |

12.53 f,:l' | 12.528 o 0.27

Mainly'

(continued)



21— - : g UCRL-19914

Table II. Continued

T=0 | b

17.

Levels Obserﬁédaf; Levels Previously ' l.J“17 Intensityé
' N Reported? o
(MeV * keV) e )
13.869 - _ .Lf
(o)t 13.975 - o
14,10 * 30 fif5f‘ o 1.52
| lh.6i _ _ gvéﬁi
1h.72 |
| 1. 78" o tan?
182 £ 30 1k.81 | ot 2.90
ih.asi ,.. ”
14,922 oo
15.22 | - ST
15.26 - .
15.k2 3"
15.7 3
15.80 + 4o 15.80 S o.059
16.2h + 40 16,2 S 1.91
16.3 BN
16.45 o
_ 17.10 | (17,2%,0h)t
11Tt k0 1713 R 0.45
= 30 o |

(continued)
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Table IT. Continued

fp11 energiesvg“iS'keV unlesé otherwise spécified.

bInformation is faken from T. Lauritsen_ana F.‘Ajzénbéfé;Seiove, Enefgy Levels
of Light Nuéiéi;iNuél. Data Sheets, May, 1962 and Ref. l8, unleés otherwise
noted. \ . | - | .

cIntegrated'éfqés secfion from ecm = 12.9 to 57.7vdeg;eX¢ept,as notgd;

d'I'he ground’éﬁafé was not observed due to the»experiménfél conditions,

30.5 to 5k4.3 deg.

n-

eIntegrated‘ffdm‘O
v S cem

fRef. 16.

12.7 to 49.9 deg.
16

gIntegrated.from.G _
TS Tem .
h . . . ' 18 . : N
Contains contaminant peak due to the 0(o,d)" F reaction.
'Ref. 6.

JIntegrated.frbh\ecm = 13.0 to L5.1 deg.’

L
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FIGUREvCAPTIONS _'

o, d) O reactlon at 62 —:lO'deé;
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1cal'significance.
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