
Lawrence Berkeley National Laboratory
Recent Work

Title
THE C12(a,d)N14 REACTION

Permalink
https://escholarship.org/uc/item/4q39x24x

Authors
Pehl, Richard H.
Rivet, Ernest
Cerny, Joseph
et al.

Publication Date
1964-06-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4q39x24x
https://escholarship.org/uc/item/4q39x24x#author
https://escholarship.org
http://www.cdlib.org/


I 

UCitL-1149a 

University of California 

Ernest 0. 
Radiation 

lawrence 
Laboratory 

THE c12 (a, d)N14 REACTION 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division, Ext. 5545 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain cmrect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal 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. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



;. . , 

J 

·~ 

.. ;ro be publil;;hed in Physical Review 

,. 
• 

.~.-;-, r· . 

( 

,'. •i" • 

. ! 

illU\lERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

..'"' 

\ 

UCRL-11498 

Richard H. Pehl, Ernest Rivet, J.oseph Cerny, and Bernard G. Harvey 

~e 1964 

.t 

·.! 

' : 



,.· 

,. 
. . 

• 

'·. 

. _·;. 

.: .. ' •"·_,.' ·--~ .. ···- :. 

-iii- UCRL-11498 

·. TRE c12( ex, d)N14 REACTION·* 

t Richard H. Pehl, Ernest Rivet , Joseph Cerny, and B~rnard G. Harvey 

Lawrence Radiation Laboratory 
Department of Chemistry 

University of California 
Berkeley, California 
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Abstract 
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The energy spectra of deuterons from the c12
(a,d)N14 reaction 

have been studied up to an excitation of 21 MeV. The reaction was<: 
: '! 

induced by 53-MeV alpha particles from the Berkeley 88-inch spiral!' 
?. 

ridge cyclotron, and the reaction products were distinguished by a)i: 
r'' 
i 

new type of particle identifier. The observed selectivity of'fina~ 
<i· 

state population is correlated with the predicted configurations fdf 

14 
m~~Y N levels and.several new assignments are made. 
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1 .. , Introduction , 

'· 

... · ... _ ·- ~~· .. 

UCRL-11498 

The two-nucleon transfer, (a, d), reaction leading to states of 

· N14 t.s especially interesting for two reasons. A) A detaile.d -investi-

gat:i.on may provide the basis for an understanding of the observed selec­

tivity of final state population in a, d (or He3,p) reactions in gen~rai, 

since extensive theoretical studies of this nucleus, most recently by 

. True1 :1. provide the wave functions necessary for cross section predictions. 

The preceding paper by N. K. Glendenning2 ;. delin.eates and tests this 

12 . 14 . 
.... ~~-:'·-"possibility. B) High resolution studies of the C (a,d)N react1on, 

! . 

continuing to high excitation (> 15 MeV), can extend our knowledge of 

the N14 levels, particularly exploring states of two excited nucleons 

· around the target "core" that are inaccessible in single-nucleon transfer 

experiments. 

\ 

2. Experimental 

The c12(a,d)N
14

reaction was induced by a beam of 53-MeV alpha 

particles from the Berkeley 88-inch· ·spiral ridge cyclotron. The general 
~ 

beam optical system has been described previously3 ): measurements were · 

made in a 36-inch scattering chamber. In the present experiment no beam 

collimation was 'used after the second quadrupole doublet. Removal of the 

collimator did not affect the resolution but the background decreased. 

A block diagram of the counting equipment is presented in Fig. 1. 

Particles were detected by a counter telescope that copsisted of two Li-

drifted surface barrier counters: a 14 mil transmission . counter :backed 

by a 120 mil stopping counter. To increase the. effective counter thick­

ness the counter telescope was rotated 40° with respect to a radial line 

from the center of the scatter chamber. Deuterons of up to 37.5 MeV 

· .. · 
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could be stopped by this·system. The counters were positioned so that·the 

.two surface barriers•faced each other to lessen the·dead layer ·between 

·: •, 

.. ''.>,····.the ~ounters, since there was an approximately 3-mil dead layer on the 

• ' . ·.~ -t. mesa side of the transmission coWlter . 

,•,·. The reaction products were distinguished by a new type of parti-

. ~ · ...... 

·,, ·. ,. . . .. . 4 .. 
· cle ident~f~er ) that employs the empirical relationship, 

.. :·;. 
Range= a E1 · 73 J . 

a: ··depends on the type of particle, and E is. the incident. energy • 
... . 

·";,,~;;;..'A typical particle-identifi~r spectrum is shown in Fig .. (2·~ The asym-

·.· metry of the proton peak was caused by high energy protons that were not 
... ··· .. ' 

stopped in the counter telescope . Total-energy pulses were fed into a 
. . 

.. ·, •. !' .·, 'I 

· · · Nuclear Data pulse-height analyzer which was appropriately gated so ·'that 

the deuteron and triton.spectra were recorded simultaneously, each 

spectrum in a 1024 channel group.· The proton-deuteron valley was also 

. ~ . . 
'· ,~; recorded in the analyzer to measure any smal~ but possible loss of 

deuterons. 
,// 

No loss was observed with the gates set as shown in Eig. ·2.. 

The average energy resolution for the deuterons was 170 keV . (Optimum 
. ·., 

resolution was 145 keV.) The particle identifier output was observed 
,· 

' continuously on another pulse-height analyzer • Since no variation of 

. ·peak or valley position occurred, the gate settings were n~t . changed 
. ' 

.. during the experiment . 
' 

The beam intensity, which ranged from 15 to 200 ~ amp depending 

' 
• ' t. I. 

on the angle of observation, was measured by means of ; a,,..,Faraday cup and ~ ": . . . .. 

;:. 

"'· ".{" 
• ·: ~ . .'f 

·. ~ ' .; . .. . 

integrating elect~ometer. An additional Li~drifted surface barrier counter, 

placed at a fixed angle (::: 20 deg), detected the alph~ .particles scattered . . . 

.. 
from the target. Measuring·the ratio of the inelastic ~eak heif!?hts to the 

general :background was useful indeterminine; tl;le "quality" of the beam. 

·, : ;, ~-

.... 

. •' ~ ' 

' : :~ ... 
. . .t. 

,., . 
. ·'·: 

. ·, 
~-~ .. ! 
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Thus the effect of changes in the beam optical system could be quickly 

·ascertained. In addition, moni taring the· elast"ic .peak provided a- con- · 

tinuous check of the target thickness and/or the beam position and angle. 

Very little variation was observed. 

Carbon targets were prepared by diluting a "Dag" solution 

(colloidal graphite in isopropyl alcohol and acetone) with ethanol and 

acetone. This solution was poured on a glass mirror and allowed to dry. 

When the mirror was submerged in water the carbon film would rise to the 

surface. The film was then collected on cellophane and the water allowed 

to evaporate. When dry, self-supporting films about 0.3 mg/cm2 thick 

and as large as 4 by 4 in. could be peeled from the ·cellophane. Most of 

the oxygen impurity was removed by heating the targets to 1400°C in a 

vacuum for ·several hours and then allowing them to cool to below 200°C 

before exposure to air. However, as noted in ~igs. 3 and 4 a small 

oxygen impurity is present. (The l .. l MeV level of F18made .by the 

o16(a;d)F
18 

reacti.on is a "giant pe~k" 5 ",. and therefore even a. very 

small impurity is observable.) 

3. Results 

Figures 3 and.4 illustrate deuteron energy·spectra at laboratory 

scattering angles of 30 and 60 deg, respecttvely.. The angular range 

studied covered from 12 to 80 deg (lab)' a..'l'ld the observable excitation in 

N14 ext~nded up to· 21 !>1eV. at small angles. 
. 14 

Lists of the N levels 

identified are presented in Tables I .·a.n:d li. 'Table I also .includes the 

integrated cross sections and dominant shell-model configurations for 

many of the levels. The absolute cross section values were obtained by 

• 
I : : 

! 
I 
! 
l 

1 
l 
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nor~lizing to the earlier (poor resolution) data 'at 48 MeV taken at the 

' ~ . . . . 
~ .. \.,;.: .. : ..... ~ .. !.: .. -:':.. .. ~;.; .. ...., ...... 

i. 

! 
l 

-, 

I 
I 
l 

~ '. .. f 

~lL 
'late Crocker Laboratory 60-inch cyclotro:o. -~ < Although. such a normal-: - ·, ' . I 

. I 
. .. ization would not be expected to introduce a· significant error, the un-

certainty of these absolute values may be as great as ± 30%; howeYer·, 

the uncertainty in the relative cross sections of .the different levels 

Js less than lO'{o. The angular distributions of the deuterons corre • ./'' ·. 
·spending to forrnatioh of the N

14
· ground state, 3-95-, 5.10-, 5.83-, .!~~ 

6.44~, 7.03-, 7.97~, 8.47-, 9.00~, and 9.41-:MeV levels are shown in 

,,~. 

~6·12 . 
. .... •.. : . 

Figs .. 5 . through 9. 
_.<:··?.:: 

Discussion 

~~· .. 
. . f •' ,. . 

Transitions involving hie;h energy incident and ·outgolng par~~~les · 
~·i;i'i_;;; 

are eXpected to go predominately by a direct re~ction mechanism. T~~ · 

c12(a, d)N
14 

reaction should P>'eferentia11y populate those N
14 1~ve1{;;ii~ 

12 -~. -~ . A 
whose configurations are an unchanged C core. coupled to a neutron-·~· 

. ·~ 

. '',· 

; . 

I 

_;'.:·_... I 
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: , , . , I 
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.. ··. 

t 
l 
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proton pair since direct-stripping transitions involving excitationi~f, :.• ·~ 
. . t"_?;: t::~~~~. ~·> . 

the core are relatively unlikely12 •. · Further selecti ~i ty of the ( CXJl~1'f'i:t .. ;:~. ' 

reaction arises from the fact that the wave functiOn of the n:utron1ir,~~li :. ::: · 

proton pair in the captured state must have a high degree of overlap'\'(~~ . . ' 

l -; ·. I' 
. 

I 
! 
f 

with the wave function of that neutron-proton pair in the a particle2 ~. ·;.· · 

Extensive theoretical studies of the N
14 nucl~~s have been made:. 

For example,· Warburto·n ;and Pinkston 7 j .. by a ·careful analysis of experi-

mental_ data, have given shell:..model assigrurients for most· of the levels 

i~ N
14 

up to 10. 50 Me!V ~ 1. l 

True ,: has arrived at very similar results_ 

from a conventional two-particle shell~model calculation of the energies 

of the var.ious possible configurations, assum~ng that c12 
was an inert 

. ' 

.· ·• 

w t 
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I 
·I 
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,/ 
Noting Table I, in general our results are in excellent agreement 

with the shell-model assignments. 'rhe 3.95- and 7.03-MeV hole states, 

which cannot be formed by the addition of two nucleons to c12 in a (s1;
2

)
4 

(p
3

/
2

)8 configuration, are formed with relatively small cross sections. 
., 6 2 

These levels could, however, be formed through the (p
3
; 2 ) (p1; 2 ) minor 

component of the c12 
ground state13 ~ The only level that was not popu-

lated approximately to t.he extent expected was the (p1; 2 d
3
; 2 )2_ ,T 0 

state at 7.97 MeV; in addition the unassigned level at 8.47 MeV was highly 

populated. It has been specu.lated that this p1; 2 d3/~ configuration pos-
. . 14. 

sibly should be assigned to the 8.47-MeV level • However, a more ·tenable 

assignment of the 8.47-MeV level which is also in agreement with its large 

population can be made. If ... c13 is pictured as a p1/ 2 neutron moving around 

a c12 core, the resonance states inthe c13(p,')')N14 and c13(p,p)c13 re-

actions that should be observed are those having ·some p
1

/
2 

component. 

Only two of the established states between 7-97 and 10.42-MeV excitation 

have not been observed in the resonance experiments: the states at 8.47 

and 9.00 Mev
6;. (Midget resonances for these two levels were recently 

found15). In this region of excitation only two of True's configurations 

have no p1/ 2 component: the (d5/ 2 )~+' ~ = 0 state predicted to lie at 

9.32 !'1eV and associated with the level at 9.00 MeV; and the (s1; 2 d5; 2 )2+, T=O. 

state predicted to lie at 9.45 MeV and associated with .the level at 

. 1 
10.09 MeV ;. However, the latter assignment is incorrect if the spin of 

10 . 
the 10.09-MeV level is l+ as Kashy, et al. . , report. Furthermore a res-

onance corresponding to this level was 
. . . 13 . 13 

clearly observed in the C (p,p)C 

reaction
10 

:. • Thus the ( s1/ 2 d
5
/ 2 ) 2+, T = 0 configuration probably should 

be associated with the 8.47-MeV level. Determination of the parity of 

this state would be ~ost valuable in clarifying the assignment. Glen-

denning's relative cross section predictions for the (a:,d) transitions 

agree qualitatively with the suggested assignment. 

,, 
;:· 

'. t 

' • i 

t 
f 
t 

I 
I 
I 
I 
; 
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'At no: angle. ·was a deuteron. group observed .that. correspc;mded to 

. formation of the 0+, .T == 1 lev:el ·at 2. 31 MeN. This .transition is for ... ' 

·:: ! '. 
bidden on the basis of angular momentum and parity conservation in addi- ·.·· . . . { .. ~,. ' . 

tion to i~ospin conservatiori~l-.11' None of the known T ==.1 levels that . · ~: · 

couldbe experimentally observed were populated above the general·back­

ground. · However, several of the T .~ 1 levels. lie so close to T == 0 

levels that any popula:tion .would have_ been obscured. The failure to· 

populate many of ·the levels. whose isospin is unknown cannot necessarily 

.. v•··;·-''be ·considered strong evidence for a T == ·1' assignment since the (o:,d) 
. . 

' . '~ 

~ ... 

transition probability-to states involving extreme core excitation is 

1 . 1'112·. a so very sma .~ .. · . " 

Observation ~f the 8.,47~, 9.41:..:, and 9·71-MeV states indicates 

that these levels have ·T = 0 .. Further evidence for the T = 0 nature 

. . . . 16 - 14 
of these levels. comes_ from a recent study of the o· .('d:,c:t)N reaction 

. . . . . 14-
in which these .levels were populated relatively strongly .1. A pre-· 

; '·· 

;' :· 
'. 

. ' . ~- l 

viously unreported level at 10. 7L ± 0.10 MeV was populated fairly strongly 

and thus should be assigned T .· ==. 0. The :possib:tl:tty that th~ peak ·as-·. 
-~ ' 

~ .. · ''-.. sociated with 10.71 MeV excitat:ton actually corresponds to the unobserved 

level at 10.55 .MeV is not considered likely. Such a discrepancy would 
. . .· . i . . ~ 

_correspond to a consistent error of about four chru:mels in the en.erg-:) 

·,' 

1· . ; .... 
. , .. 

. calibration. · 
.../ ~ ~ 

. As previously noted5 ~,the peak at, 9. 0 MeV excitation dominates 
'' 

.. . . 12(. ') 14 .·. . .. , 11· the enl'l:rg;y spectra. In the earlier c cx,d N. 1nvest;l.gation ) this ....... 

peak was as.sociated wit.h the 1+ level at 8.99 MeV a.nd.because:·o;r the. 

~.;. / ·large population it was suggested that this was a T = 0 level. This 

,,. I 

" ;• 

:.{ · .··:_: .. peak is now associated 'with ~he (a5/2 )~+·· T = 
0 

level that is calculated · ._..,_ 
f ' I • ' • • ' • -' :~'. . ... . .·. . 1 . 

· ·, \ . .. to lie at about 9. 32 MeV ) since such a configurat:ton' will be preferentially' . · 
,._,I 

.... .... , 

. ) 



-· ,·· ·:-; 

' ' . ·.,, ':' .. ' 16·· ...... '. 
populated. and the statistical factor 2J::+ 1 ·favors· the :f'orms.tion of a,· •. c. 

·.·.· ;· 

high spin stat~·: . Obviously no information concerning· the' nature of the_,.:'~-
. . ' ·., . . . ,· ,;·:·,;. -:... 

·',·.·' ,.· 
\.) ·-~ (,~:. 

. ·. ~ .... 

8.99~MeV le;vel can be-~obtained si~ce it is completely obscured by the 
~ . ' ' 

' ... · { 

'giant peak• · A comparison of the angular distributions demonstrates that ·. •· . : . 
' ' ~ . ' 

... ·the. transition to the 9.00·-MeV .level has a dhtinctive. shape~ Further,·. ,•' 

~' ·. . .. ' 

·>:"" __ :.::.:·other (a, d) reactions exhibit a··similar,. zion-oscillatory, shape .. .A .t~ .. -:::, · · · 
... ·. ,complete ~scuOsion of these gian~ levels and their sp¢ctroscopic, coil.' . : ':,, ·· 

figuration is availab1~ elsewh.ere (Ref. 5 and 17) ; , · ' ~' ;:~ . : : .· , 
'' '•f 

The • other angular distributions presented ar.e oscillatory · · :; .· 
.. ' ' 

.-:-

fairiy. similar in _appearance .with· no app'arent char~cteristics 1 that 
. . . . '. . .. ' ,;· . ' 

·, y ·i ' ' ,· 
-~·' .· 

.. ; 
· lated:fairly strongly~- . I_n this region -~eute~ons _co~ld be 'produ~E!Ii ~r: :)i:~~~· .. 
... the break-up· otN1~ ,...c12 + d(Q.. = 10.272 MeV).-.but 'the g~neral backg)gi;fu.i:.-;;:: . ' . . . . ' . . . . . . .. . ' )~::;;~~~-~~~tq;;·<, 
· was not appreciably hig~e1;-.' Any increase. in. the .~'background" co;t~,:t~.··{{': :···· 

probably be accounted ;for by the high,er .l~vel density. .When consi~:. ··~ ... J-l:,:;~·,, 

·, ·• levels. in .this region' of ~xcitati~n ·;r
7
. ;

2 
~tate~ .should be included. \!.;.;~~~~r ·~ .· , \. 

• • ~ ,l'!J 

· · 1 · · llF r. . 
. ,·, True's published results do-not include such-states, a recent repre~~r;·, · · · 

.; '' ' ,' ' 'f. ' '• , ' ' '·. i$·<· .. ··. 
sentative cal,culation including them l'las}been made available to us .• !'_{ ~-

. -~ I 

.' . . .The: large, broad pea~ c·~nt·e~ed ~at 12. ~6 ± O.l0 1MeV. proba~ly 
' . 

r '::!:\::r~:t{., corresponds· to the same level'· (or .levels since the peak 9:ppears to .'Qe 

:··J~·).~~/~i{f"~(~.:.,dbcib:t~·i:or t~;plet) ~hat ~ache;··et a.1. 19 1dent1fied·at'l3 MeV ·rrom an·::. . ... 

t~;~~~1\ff;~~:::::::::::~:~a::;::::;~~~~:.r:•:t::na;::::.=~:~::) ~~b::~::r::.i~fl,~,,fft~· I 
:}:,;~jj;!::;.'jij (a, d) .. ~eaction. also _populat~s this level.. ,; Nagatan1 and Bromley 12 haye ·~~i~:ti~·iit~*fl 
;;.~.;r·,·; ;';(,::f'_>:·,":':;.:alsQ obser-Ved. a strong ·population to a state at: 1;, MeV. in the C (a1d)N ,,;,;·' ~-;,\"\ ••r·<·f~ft;:· 

[:f·~~s~f\~~l:i\ . ·, . ·" · . · · · · ·: . l . ' · , .. · l·:)<r::~t:,::: I 
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reaction (Ea = 42 MeV). A more likely as9ignmerit is 'a 4+, T = 0 ·state 
. . . 

of strongly mixed (d
3
; 2 d

5
; 2 )and(p1; 2 f 7/ 2 ) configuratiq~s, whic_h ~s 

calculated to fall .in this .region.· These configuration~ both possess 

large 3G c.omponents whic~ should enhance the transitio~ probabilit·y. 

(See the preceding paper for a further discussion of this state.) 

Anothe; large peak arises .at 15.1 ± 0.10 ·MeV. The. ;only .T = 0 

high spin configuration in this excitation region that has not·been· 
~·· 

correlated with a specific level is the (d5/~ f 7; 2 )
6

_;T· = 0 ~configura-
tion which is calculated to lie at about .15 MeV. 18 This c'onfiguration' 

·.is pure 3H which should also' ~nhance the transition probability; 

We are indebted to:Norman K. Glenden~ing and Wiliiam W. True for 
\ 

.·many valuable discussions. · .· 1ie also wish to thank Ffed Goulding and Don 

Landis for invaluable assistance with the electronics; 
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. · 14 . Table I'~. , . 
Comparison of the N levels observed at excitations less than 11 MeV with 

·those previously reported. a Shell-model configurations and integrated 
cross sections are also included. 

Levels Cross Previously reported levels 
identified (MeV) section (mb) energy (MeV) J7T . T 

. ·- -~ .. -

0 

3·95 

4.91 

5.10 

6.21 

6.44 

7.03 

7.97 

8.47 

9.00 

0.31 

1.64c 

1.69c 

0.32 

0.31 

L.08 

5.'67 • 

\ ' 

0 

2.31 

3.945 

4.91 d 

5.10d 

d 
5.69 

5.83d 

6.05 

6.21 

6 .. 44e 

6.70 

7.03d 

7.40 

7.60 

7.97 _: 

'8.06 

8.47 

8.63 

8.71 

8.9~ 

8.99 

9.00f 

1+ 0 

0+ 1 

1+ 0 

( 0 )- 0 

2- ·o 

1- 0 

3- 0 

1+ 0 

. 3+ 0 

2+ 0 

2- 0 

l..o 

0+ . 1 . 

'0- l 

3- ·,, 1 

1+ ( 0 )1 

5+ 0 

'2+ . l .. 

Dominant · b 
configuration 

2 
(pl/2)' 

. (pl/2)
2 

· .. 

(p3/2)-l (pl/2)-l 

pl/2 :sl/2 

pl/2 d5/2 

Pl/2 8 1/2; 

pl/2 . d5/2 

? 

( sl/2 )2 

8 1/~. d5/2 

? 

/· 

(p3/2)-l (pl/2)-l 

? 

? 
' 

. 1. 

pl/2 d3/~ 
pl/2 8

1/2 

? 

2 
( 8 1/2) 

Pl/2 81/2 

pl/2 d5/2 

? 
,, 

i' 

'. 

/, 

f. 
J.;., .. 
t 
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. . Table I 
Continued 

' .. 

. ·' · · Levels · Cross Previously reported levels 
.' :ra:entified (MeV}'·· section (mb) . ·. energy (MEN)· Jrr.- · T · · 

,, ; •',"· 

' 

·. ' ~ 

. ' 

' . ~- ' . : .. 

9.71 .. 

lQ.02 . .'· .. it·:-. 

. ' '! 
1 

.1· ·, 

,_· __ 

o.81 

0.37 

0.49 

9.41 1- h 

'9.51. 2- l 

9.71 l+ h 

'10.09. (1+) 0 

],0. 22 ' . 1:.. 

10.·43 2+ ' ·1. 

' . •. . . f . 
. . . f i 

. c., . ' . t. 
. :' '[,: 

t 

f· . ·I . 

'l ,,,.: . -, ···~··· . 
., ,l • f 

' ' . 
. I 

'.; ~ . .. f . 
. Dominant . b . . :· , r ·" -[ 

configUration ' · , . '> ~. .~ j; 

pl/2 d3/2.- ·(?) 

pl/2 d5/2: 

( d5/2) 
2 

sl/2 d5/2g 

. ? 

~- ' ' i 
,,/ t: -~ 

t 
t 

: f 
... . !' 

"' •. .... :· 
.. : f 

'·. ·:_ :' ; :-, .. , -~-. \ . t 
. ;·;··-

., .. , 
:···-.t. 

. 10.71 

&Reference 6-. 

b References 1, 7j 8. 

'·. 0.97 . ' : 
\ 

':.10.55 1-

h 

.( .. 

'-.; ,. 

'' ~ ' : . . t~ 

··f 
I· 

' t 
j: 

r 
\ 

cMembers of the doublet were not resolved but carefUl analys~s of peak position 
. ... ·r 

' ~ . 

. . 1 . ~ 

and shape strongly indicates that the transition proceeds primro;ily to the 
higher spin component. 

·' . 
d.rhe parity assignments for these levels were taken from reference 5. 

~The parity assignment for this level was·taken from reference 9. 

fReference 5. 

·. · gThe assig~ed configuration is wrong if the spin of this level is 1+ as 
recently reported, instead of; 2+ as previously thought (ref. 10) •. · 

;~he observation of. th;i.s level indicates (confirms) a r:c. = 0, .assig~Emt.·: 
···i 

The previous suggestion (ref. ll)•of a.T = 0 assignment to this level 
should be disregarded.. · · · · ·· · ··· 

·t . 

'' 

. . '' 

r ~I 
' ' 

' ., 

~ •. 

-~- . .; ~ :~ . ·-. - . . . . ~ .. 

•· l 

.<·I" 
• t· .. 

-· ' ' 

' ' ' •• 
' 
' !· 
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14 Table II. 
Comparison of the N le.vels observed at exc.i tations greater than 11 MeV 

with those previously reporteda 
··r 

• Levels Previously reported levels . b 
identified (MeV) Energy (MeV) JlT T Intensity 

I 

11. o6 (?) 11:06'· 1+ 0 Very weak ~ 
t 

/ l 11.23 3- 1 

r1.29 
2-

~} 
Very _small, broad 

11.40 11.39 ( 1 +) peak arises at 

11.51 3+ this excitation 
[ 

11.6G . I 
{ 11.74 } 

l· 
1+ I 

11.75 ·(?) Very weak f 
I 11.80 (2+) f 

I ' l .. .I 

11.97 (2-) 
I 

l 12.05 

r-21 3- \ 
12.29 

I 
12.30 

J ' 
Weak I 

l 
12.41 4- j 

t 
f 
I 

12.52 ! 
I 
I 

12.61 3+ I 

I 12.69 3- Large .{2. 74 mb), ' ' 
12.76 12.80 4+ broad peak arises · 

f 
i 
l 

12.83 4.:. . at this excitation ! 
12.95 (4+) I 

'' l 
13.17 0- ~ ) I 

' 

' 
13.23 

13.30 

" 
13.45 (?) Very weak 

; 13.72 3 
14.22 

. , '". . . . . · . ...... 
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Table II: 
(Continued) 

. . 

ucRL-11-498 .'.: ~-- .: :·.· -·~ 

' ,; 

.. ,..,.., -....----------------------------------------....,.---
·~ .... " ... ·.·. ·-

r· .. 

-. ·.' 

·. 1. 

Levels "· 
identified (MeV) 

,;. 

·>' 

14.7 

1.5.1 
. ; . 1.5. 5 

16.0· 
... · ... 16.3 
I' 

17.1 

17.7. 

~eference 6. 

Previously reported levels 
Energy (MeV) JTI' .T 

·{~~:~4 
. 14.91 

1.5. 00 ·. 

1.5.5 

' \ 

' 
' .. ; 

} 

·•··. 

Intensity0 

Small, '):>road peak 

Large; sharP peak 

Weak 

Weak 

Medium 

Medium·.·: 

Medium 

~ .. , . 

• f. 
·r ,. 

j ,. 
• I 

i 
t 

. r 
! 

'<i: .,< r 
....... t 

--~ 
... , .. 

r . I 
I 
! 
t 0Level classified weak corresponds roughly to· a cross section slightly less than '". ·. ' , .. j 

the cross section to the 3·95-, 7.03-, and. 7.97-MeV levels, whereas medium in- \ 
d.icates an equal or slightly larger cross section. , 
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/ 
· · Figure Captions 

Figure 1. .. Block diagram of counting equipment for recording energy 

spectra. 

Figure 2. Particle identifier spectrum'at a scattering angle of 15 

deg (l,ab) from bombardment of c12 with· 53-MeV alpha parti-. 
·~·-· 

cles. The discriminator settings are represented by lines 

1, 2, and 3. 

. Figure 3. 
12 14 . 

Deuteron energy spectrum from the C (a,d)N reaction • 

Figure 4. 
12 .. 14 

Deuteron energy spectrum from the C (a,d)N reaction. 

Figure 5 •. Angular distributions of deuterons from formation of the 

ground state arid 6.l~4~~·1eV levels of N14. The latter in-

eludes a smali contribution from the 6.23-MeV level. 

Figure 6. Angular distributions of deuterons from formation of the 
. . 14 

5.10- and 5. 83-MeV levels of N • Small contributions .. 

/· 

from the 4.91- and 5.69-MeV levels, respectively, are included. 

Figure 7.· Angular distributions of deuterons from formation of the 
14. 

3. 95- and 7. 03-MeV levels of N ..• 

Figure 8. Angular distributions of deuterons from formation of the· 

8 4 4 Of Nl4. 7. 97-, • 7-, and 9. 1-Me V levels , 

Figure 9. Angular distribution of deuterons fTom formation of the 9.00-

. 14 . 
MeV level of N . 

• > 

. •:. 

. ' 
i 



Cave area r _ _:. ________ -, 

1 Scattering 1 
1 chamber 
lj-----, 
I I I 
I I 

Incident 1 1 1 
------TI<r--• I 

particles 1 1 I 

:I E I 
1 I counter 1 

1 
·: ~~:_a~n~!:....J · 1 
L-------7"--_j 

-16-

MUB- 3251 

Fig. 1 



-17-

... 10~ 
,-, 
I \Protons I 

C12 +53-MeV a I \ 
I \ 

l5°(lab) I \ 
I \ 

10 3 I \ 

I \ 

I \ 

I \ 
\ Tritons 

Q) I \ c: I c: I \ 
0 I .c. I 
(.) 

10 2 I I I 2 "- I I 
Q) 

\ ~ I 
c.n I 

\ - I c: I \ ;:, 
I \ 0 

u I 3 
I 

10 I 
I 
I 
I 
I 
I 
I 

'o 40 80 120 160 200 

Channel number 

MUB-3252 

~ 

• 

Fig. 2 



-18-

480 

400 20 

C 12 (a, d) N14 

30°(1ab) 

320 Ea=53MeV 16-
~ 

Q) ~ c 
c -o· 

.s:; 
* o:t 

u CD z ..... 
240 LL. 12 Q) c a. 

"'0 c 
(/) 

~ - ~ 0 
c - -~ 1.0 0 
0 - -u 0 > u Q) )( 

160 0~ 8 w 
c --: 
0-

:;::· I ·--(/) 

0 
a.. 

80 4 

Channel number 

t 
MUB-3253 

Fig. 3 



-19-

+ 
480 

400 20 

cl2 (a, d) Nl4 

60°(lab) 

320 
Ea=53 MeV 

16 

-
Q) > (i) -c: 

~ >a; c: 
0 . ~ .s=. 240 I 12 -u -'- * Q) !! v 
~ LL z rn -- "0 c: c: .. 
:::J 

160 
~ c: 0 - 8 u ~ .9 

0 -0 -0 ·u 
)( 

c w 
.2 

80 - 4 ·u; 
0 

Q.. 

! 
0

200 
0 

300 400 500 600 
Channel number 

MUB-3254 

• 

Fig. 4 



-II... 
(/') 

' ..0 
E -
~· 0.1 
'"0 

' b 
'"0 

0.010 20 40 

-20-

C12 (a,d)N 14 

o Ground state 
l:l. 6.44- MeV level 

60 

Bc.m, (deg) 

Fig. 5 

80 100 

MUB-3248 



-.... Cl) 
........ 
.0 
E -

<:::: 
"'0 
........ 
b 

"'0 

-21-

0.1 

C 12 {a,d) N 14 

o 5.10 -MeV level 
A 5.83-MeV level 

0.01~~--~--~--~--~--~--~~~~--~--~ 

0 20 40 60 80 I 00 

8 {deg) 
c.m. 

MUB-3249 

Fig. 6 



-"-
(/) 

........ 

.c 
E -
q 0.1 
-c 
........ 
b 

-c 

-ZZ-

C .12 (a,d} N 14 

o 3.95- MeV level 
A 7.03- MeV leve I 

0.01~----~----~----~----~----~----~~~----~~~~~~ 

0 20 40 60 80 100 

8 c.m. {deg} 

MUB-3247 

Fig. 7 

_,., 



(i 

-~ 
(/) 

....... 

..0 

E -
q 0.1 
"'0 
....... 
b 

"'0 

20 40 

-23-

cl2 {a,d)NI4 

o 8.47-MeV level 
ll 9. 41- MeV level 
o 7.97-MeV level 

60 

Bc.m. (deg) 

80 

Fig. 8 

100 

MUB-3246 



-"-
~ 
..0 

E -
c; 
~· 1.0 
b 

"0 

0 

0 

0 

0 

' _; 

0 

-24-

0 

C 12 (a,d) N 14 

9.0-MeV level 

0 

0 
0 

0 0 

'I ,,, 

0.1 L---L-~L-~--~--~--~~~--~--~---L--~ 
80 100 0 20 40 60 

Bc.m. (deg) 

MUB -3250 -'1 

Fig. 9 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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