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ABSTRACT 

10 3 IL 3 
The B( He , n) N reaction has been investigated at He energles of 4.7 
and 5.5 MeV , by using the pulsed- beam time- of-flight technique, 

to obtain detailed information on the energy level structure of 

in order 
12 

N. In 

the region of the excitation energies up to 5 . 4 MeV 28 levels have been 

identified, and their energies and widths are reported. Angular distribu

tions have been obtained for various neutron groups corresponding to the 

levels of the residual nucleus . A comparison has been made between expe

rimental angular distribut i ons and theoretical curves , calculated by as

sumlng the two-proton stripping process as resulting from an incoherent 

sum of direct reaction (calculated by means of the Distorted Wave Born 

Approximation) and compound nucleus reaction (calculated by means of the 

statistical theory) . In this way , spin and parity assignments have been 

f · (rr + ) . . can lrmed for the ground state J = 1 , the flrst-exclted state 

(E = 977:±l4 keV , Jrr = 2+) and the second- excited state (E = l2l5±23 keV, 
x _ 12 X 

Jrr = 2 ) of N. Relative spectroscopic factors have been also calculated 

for these levels . 
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1. - INTRODUCTION 

The nucleus 12N belongs to that class of nuclei whose ~resent-day 

spectroscopic information is incomplete and in disagreement when comparison 

is made between data obtained in different 

becomes evident comparing the energy level 

the other components of the T = 1 isobaric 

laboratories . This situation 
12 

structure of N with that of 
. . 12 12 (1) (2) 

trlplet, 1 . e. C and B. 

Excitation energy, width, spin and parity of the levels are known with 
12 

good precision for this last two nuclei , whereas, in the case of N, 

there is an evident disagreement for the assignment of the excitation 

energies and for the determination of the widths of the levels, not to 

mention the assignment of spin and parity . Compar ing the level density 

of the components of the isobaric triplet , we get the suspicion that, 
12 

for several experimental reasons, many levels of N have not been observed . 

There is an or:ginal reason that produces this situation: in fact, the 
12 

reactions leading to N (an unstable nucleus that can be studied only as 

residual nucleus of a nuclear reaction and not with scattering measurements) 

are 
(1)(3) 

10 3 12 
i) B( He;n) N Q = 1. 569 MeV 

Il 12 
ii) C( p;n) N Q = -18. 126 /leV 

iii) 
12 3 12 

C( He;p) N Q = -17.362 MeV 

iv) 
14 12 

N{y;2n) N Q = -30 .621 MeV 

v) 
14 12 

N(p;t) N Q = -22.141 MeV 

vi) 
16 3 7 12 

O( He; Li) N Q c - 22 . 058 /leV 
12 

N( S+) 
12 

vii) C Q = 17.344 MeV 

Using the process vii) it is poss ible 
12 

12N, because the positon decay of N 

to study only the Bround state of 
12 

leads to different levels of C. 

All the other processes, apart the reaction i) are endoergic with high 

Q-value and therefore they preclude the use of Van de Graaff accelerators . 

Moreover, the experimental detection and analysis of the particle Broups , 
12 

corresponding to the population of the N levels, are complicated by 

many other reaccions different from the one we are studyine; in the exit 

channel. There is only one exoergic reaction, the process i), that can be 

produced even by low enerBY accelerators. The study of this reaction 

presents the typical experimental difficulties connected with the high 

3 
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resolution neutron spectrometry in presence of a strong gamma-background 

produced by the competitive reaction lOB(3He;y)13N (Q = 21.638 MeV) (4) 

and of a neutron background (originated by the process IOB(3He;n-p)IIC 

(Q = 0 .973 MeV))(5) . However, several researchers have investigated 12N 

through the process i) (6)( 7) (8) (9) (10), just because only with t.his 

reaction it is possible to study this nucleus at low energies. In the 
(7) (8) (9) 

experimental works of ZAFIRATOS et al. , ADAMS et al. , BOHNE et al. 

(10) 'I th' bl t f th ' and FUCHS et al. , Wh1 e ere 1S a reasona e agreemen . or e eXC1-

tat ion energies of 

ferent. The recent 

the levels, some width determination are ~uite 

! 
(2), , 

study of MAGU RE et al. uS1ng the react10n 

dif-

iii) , 

has confirmed the data regarding the excitation energies, but it r eports 

widths that differ from the values obtained before. For example, the width 

of the E = 4.150 MeV level is twice as large as reported in previous 
x 

measurements. This situation could arise from the fact that iifferent 

reactions may populate different analogues state or , more simply, from 

the fact that because of the finite resolution of the spectrometers groups 

of levp.ls very close one to another appear as wide single levels. Moreover, 

the experimental difficulties are increased by the fact that all the 

excited states of this nucleus are unbound. For these reasons it has been 

thought that a high resolution investigation of the reaction i) could be 

interesting in order to obtain new information on the level structure of 

12N from the analysis of the several neutron groups emitted in a wide an

gular range with l'espect to the direction of the 3He incident beam. 

2. - EXPERIMENTAL SET-UP 

The measurements described 1n this report have performed at the 7 MY 

Van de Graaff accelerator of the "Laboratorio Nazionale di Legnaro", by 

using the pulsed-beam time-of-flight technique . Two spectrometers, surrounded 

by hydrogenate materials and lead, were placed on two arms Totating around 

an axis coincident with the axis of the target (see Fig. 1) . The neutron 

detectors where liquid scintillators NE213, 2" in dia'lleter and 3" long, 

coupled to 56 DVP photomultipliers. The measurements were carried out with 

flight paths (L) of 2 and 4,6 meters. The arms could rotate from 0 to 160 

degrees with respect to the 3He accelerator beam. We used one spectrometer 

in order to obtain spectra at various angles and energies of neutrons 
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Fig. 1 - The target-detectors assembly used during the 
measurements on the IOs(3He;n)12 N reaction. 
Sl and S2: neutron spectrometers. 
T: lOS target. 
N: liquid nitrogen trap. 
Al and A2 : rotating arms. 
ST: accelerator beam tube. 

(in Fig. 2 the efficiency curve for this spectrometer is re~orted) while 

the second spectrometer was placed at a fixed angle and used as a monitor 

lng system to control the life of the target and the eventual deposits 

on it . 

The lOB target , prepared at the isotopic separator of Harwell with 

a thickness of 100 ~gr/cm2, was cooled by a stream of compressed alr . 

This target, provided with an electric barrier , was connected to a current 

integrator. A cooling system around the beam , close to the target, was use 

to prevent carbon contaminations. The electronic circuits coupled to the 

detectors for the time-of-flight spectrometry , were conventional ORTEC 

instrumentation: the block diagram is shown in Fig. 3 . In both the time

of-flight channels, the spectrometers gave the fast start signals and a 

5 
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NE 213 2" x 3" 

2 3 4 5 6 

En MeV 

Fig. 2 - Spectrometer efficiency E in the neutron 
energy range of the present measurements. 

cilindrical pick-up surrounding the acceler ator beam, gave the signal that , 

conveniently delayed, supplied the stop for the time analysis. In both the 

channels a pulse shape discriminat i on system was used in order to record 

only the events corresponding to the neutron detection. The time spectra 

obtained were cal ibrated observing the neutron groups from the ground 

states in the reactions 12C(3He;n)140 (Q = - 1.148 MeV) and 160(3He;n)18Ne 

(Q = -2.980 MeV). The neutron spectra were measured at the energies of 

3He of 4.7 MeV and 5 . 5 MeV , for 14 and respectively 17 points in the 

angular range between 00 and 1600 . 

3 . - DATA ANALYSIS 

The Fig. 4 shows the l DB(1He ;n )12N time-of-flight snectrum at an 

energy of 3·He of 5.5 MeV and at an angle of 48.11 0 in the laboratory 

system . We can clarly observe several neutron groups, even not complete

ly resolved, superimposed to a background arising from two contributions. 

The first contribution, continuous and constant is not directly caused 

6 
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Fig. 3 - Block diagram of the spectrometers with the associated electronics. 
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by the target: it is due to the laboratory background and to the limits 

of the gamma-neutron discrimination. The second contr ibution arises from 

the reaction lOB(3He ;n-p) 11C , which originates neutrons with a max1mum 

energy 
(11 ) 

with 

E 
max 

a = 

E = 
c 

E = 
c 

= [ a cos e + (Ec -a2s in2e 
1 

(mn m3He E3 He )2 

m3He+ml OB 

m + mIlC p 

m +m +ml l C 
n p 

Q + 
m lOB 

E3 He 
m3He+mlOB 

E 
c 

In this particular case , it 1S 

of the neutrons produced 1n the 

E max = 5. 699 MeV. The r ecorded spectrum 

three body reaction is g iven by 

where 

P (E) = 

1S the reduced mass of the system 3He_lOB 

1S the relative momentum of 3He and lOB 

£ 1S the detector efficiency 

~E is the energy range corresponding to the width of a record1ng 
channel 

Assuming the energy distribution of the neutrons as purely statistical 

the matrix element <IMI> is constant. The shape of the three body con

tribution calculated in this way is represented by the dashed- dotted line 

9 
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1n Fig. 4. For all the spectra, the constant background was assumed to be 

the incoherent contributions in the energy region where groups of neutrons 

do not appear. The total background is obtained by summing to this constant 

contribution the three body distribution normalized to the experimental 

data in the region of the spectrum where other decay channels are not 

present or contribute with a negligible intensity. The spectrum of the 

observed neutron rows is determined subtracting the total background 

from the experimental data. In order to obtain information on the energy 

of the maxima of the rows and on their widths and intensities from the 

analysis of this spectrum, the knowledge of the characteristic shape of 

the spectrometer response is required. 

4. - STANDARD SHAPE OF THE SPECTROMETER RESPONSE 

The analysis has started from those experimental rows related to 

the resolved neutron groups at various angles and energies. Converting 

the shape of the rows from the time of fligth scale (as stored in the 

channel analyzer at the exit of the time-to-amplitude converter) to 

the energy scale and correcting the experimental data for the efficiency 

£ and the energy range ~E above defined, the shape reported in Fig . 5 

has been obtained as standard response. 

In this figure it is shown a row with a exper imental width at half 

amplitude of r = 0.495 MeV. It can be noticed that, fortunately, exp 
the spectrometers response in the energy scale is very simple: there 

are two linear shapes both for the rise and for the dec ay of the row. 

With reference to the parameters report ed in Fig . 5 , fr om our experimental 

data it has been obtained 

r(l) = 0.6061 rt~ 

r(2) = 0.3939 r tot 

r(l) + r(2) = ~~ 

The row 1S described by two functions G(E) and F(E) where the demain 

10 

I 
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Fig. ~ - Spectrometer response shape derived from the experimental 
data and referred to the energy scale. The quantities re
ported in the figure are defined in the text. 

of the former is the energy range Ej - E (where E = E - 2 r(l)) 
max 1 max 

while the demain of the latter is E -E2 (where E2 = E + 2r(2)). 
max max 

The above-mentioned functions are: 

F(E) 
H 

= 
2 r (2) 

G(E) = 
H 

2 

that can be unified In a single analitical expreSSIon: 

(E _E) 2 
( ) max S E = 1 - -,.::::;:"'----

2r(i)IE-E I 
max 

11 



- 12 -

with S(E) ? 0 

r(i) = r (1) 
if E ~ E max 

r ( i) = r 
(2 ) 

if E '" E max 

The above defined function S(E) is calculated ln the energy scale and 

for a detector with efficiency E = 1. 

To transform S(E) i nto the experimental shape o~ the row S (E) exp 
measured with the time of flight analysis , we have to write 

S (E) = S(E) • E • ~E 
exp 

The ener gy r ange ~E , expressed i n MeV , corresponding to a channel 

of the r ecor d i ng syst em , can be related to the temporal lenght in nsecs, 

6t of the same channel by the function 

~E = _ ~ E3/2 M KL 
1 

where K = 72 . 3 
ns (MeV)~ 

m 

and L is the flight path in meter s . 

Therefore, the followi ng explicit expresslon for the experimental 

shape of the row is obtained 

S (E) = exp 

with 

S (E) ? 0 exp 

r (i) = 0.6061 

r(i) = 0 . 3939 

r tot if E " 

r tot if E ~ 

E max 

E max 

2 ~t 

KL 

In Fig . 6 the function S (E) is reported with the experimental points exp 
of the row . 

i2 
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Fig. 6 - Calculated shape for the time of flight spectrometer 
response compared with the experimental points. 

5. - FIT OF THE CALCULATED SPECTROMETER RESPONSES TO THE EXPERIMENTAL 

SPECTRA 

The pos i tion in the t i me- of-flight spectrum of a neutron row depends 

on the source reaction and its Q- value or , in other words on the excita

tion energy of the residual nucleus relative level and incident particle 

energy. 

The row shape, if the spectrometer response S (E) 1S known, depends 
exp 

on the experimental total width r tot' 

= (r 2 
group 

+ r ? ) ~ 
burst 

where r corresponds, 1n the laboratory reference system (L.S.), to group 
rCM ' which is the width in the center of mass system (CMS) of the residuam 

nucleus level corresponding to the observed neutron group. fburst 1S the 

width of the spectrometer response for a neutron row corresponding to a 
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nuclear level with feM= o. fb t practically depends on the accelerator urs 
burst duration, therefore it is a constant for all the time of flight 

spectrum. f tot 1S defined in the L.S., then it depends on the incident 

3He energy and on the observation angle , besides on the above considered 

reaction parameters. Thus, when the positions of the rows in the spectrum 

at a certain energy and angle are determined, by changing one ore both 

of these parameters, f tot will change. Our analysis of the experimental 

data has started from the neutron time-of-flight spectrum of Fig . 7 . 

Here some neutron groups can be seen. After the identification of the 

rows arising from the target contaminations of carbon and oxigen , we 

have subtracted the background structures arising from the laboratory 

contributions that have been determined with a tantalum target with 

the same charge collection as used in the study of the IDB(3He,n)12N 

reaction. The remaning rows have been attributed to the lOB(3He,n.)12N 
1 

reaction. This assignment has been considered as definitive only for 

those rows which obey, for position and width in the spectra , the 

kinematical relations in the other 34 spectra obtained at various angles 

between 0 and 160 degrees at the 3He energies of 4 .7 MeV and 5 .5 MeV . 

Then a procedure of experimental data reproduction has aarted for the 

spectra obtained at different energies and angles, by im90sing the 

row shapes Sexp(E) calculaten in the previous section , in a best fit 

with 30 rows. This calculation has been performed at the HP2100S computer 

of the Istituto di Fisica dell'Universita di Trieste. The experimental 

widths ftot have been determined by an iterative method assuming the 

var1ance as a parameter for the goodnes of the computation . This 

procedure has been followed even for the spectrum intervals with not 

completely resolved rows. During this elaboration we have imposed the 

obvious condition that feM remains constant 

relation between feM and the experimental 

f = M f 
eM I group 

where mn 
Ml = 1+ 

ml2N 

m3He 
M2 = 1-

ml2N 

1: 

for each neutron row. The 

r 15 
grouu 

B. = 0 .3939 
b = 0 . 6061 
a + b = 1 



- 16 -

6. - RESULTS 

The energies of the row maXlma have been obtained from the ex

perimental spectra analysis with the method described in the prevlous 

sections , at different emission angles and 3He energles. The Q-values 

and the level excitation energies E have been deduced from these data . 
x 

The differential cross sections in the C.M . S . have been obtained from 

the analysis of the row intensities. These data are collected in the 

tables from 1 to 6 together with the 3He energies E3He and the obser

vation angles 81ab in the L.S. and 8CM in the C.M . S. The errors re

ported in these tables are comprehensive of those due to the spectro

meter efficiency determination, to the monitoring system, to the 

incoherent background contribution, to the lOB(3He;np)11C reaction 

contribution and to the superposition of different rows. The level 

widths TCM obtained in this work are reported in Tab. 7: as they have 

been deduced from the best fit of the row shapes to the experimental 

data . In this table our results are compared with the lev.el parameters 

of 12B and 12C, that are the other members of the A = 12 isobaric triad. 

In Fig. 7 a comparison is made between the experimental spectrum 

(obtained at E3 He = 5,5 MeV, 81ab = 48, 11° and L = 4.6 meters, and 

already submitted to the backgrounds subtraction) and the spectrum 

calculated with the parameters of Tab. 7. The numbers on the rows 

correspond to the increasing excitation energies. 

The different i al cross section for the10B(3He ;np)11 C reaction 

ln the neutron energy range from 0 ,7 MeV to the maximum possible 

energy for different 81ab at E.3He = 5 . 5 MeV is shown in Tab . 8 and 

ln Fig . 15 . All the experimental differential cross sections obtained 

in this work and presented in the tables from Tab. 1 to Tab. 6 are 

displayed in the figures from Fig. 8 to Fig. 14. 

The experimental angular distributions, obtained at E3He = 4,7 MeV 

and E3 He = 5,5 MeV, for the neutrons from the ground, the first 

(E = 977±l4 keV) and the second (E = 1215±23 keV) excited state of x x 
12N have been compared with those calculated assuming that both 

direct reaction and compound nucleus reaction are present in the 

lOB(3He;n)12N reaction. The direct interaction has been interpreted 

16 
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ThULE 1 - DIFFEP.ENTIAL CROSS SECTIONS FOR r:tE DS(3He , n)I<11 REACTION (~b/8r) 

E3He .. 4 . T MeV 

Ex" 0 (g.8,l E , ., 0.971 ~!~V , , • 1 215 H"V Ex • 1. 565 MeV 
BUB 

OeM '0 ~CM '0 BCI~ '0 BCI.j " '" ~ '" '" 
0 C L79! 31 0 54~J31 0 lOT !12 0 42t6 

15 16.99 ~56:t63 11 . 20 493!75 17 . 25 299=52 17 . 3 46t22 

30 33,,85 420±-60 34.25 537tS<1 3h . 35 1,25 166 34 . 44 50123 
4, 50.4~ 4i!3:6S 51.0<: 590:!:85 51.16 269th1 45 .11 11124 

60 66.67 386!SB 61 . 38 625=85 67.55 l21 61 .71 91!24 

T5 82 . 1,;. 347155 83 . 24 S1atT5 83 .42 0 83 .61 99125 

90 91.71 281 147 98.53 386±-57 98 .72 50118 98.91 52118 

110 117 . 2L 320:51 118 . 01 .2)1/)2 118 .19 313149 118.37 37118 

120 126.61 329i52 127.38 1191 :t61 121 . 55 172135 121 .71 53!21 

130 135 .90 3011t.9 130 . 52 49O±-10 136.67 2(;1.,.45 136.82 31119 
14, 149 . 41 214t~5 1109 .88 "36:!:66 149. 99 25S±44 150 .1 0 72t23 

ISO 153 . 85 252:!:42 15~ .25 3811159 154 .35 245143 1511.44 53121 

160 162.63 209~36 162.91 309±50 162.97 284±47 163.04 49!21 

TABLE 2 - DIFFEREIlTIAL CROSS SI.;c'l'IOlj$ roil. TIlE IOB{ jHe , n) IZN REACTION (lib/ad 

E1
He 

" 5.5 ~:eV 

"x c 0 (It . s.) E, = 0 . 977 ''',.v , . , .ns !o!.v , , '" 1.565 ~v 

&~B 
, 

'0 e~r \ '0 eel! do eel" do eer_! '" dii dii dii 

0 0 891:!:91 0 418t 43 0 476~53 0 74:1:16 

10 11 . 33 793:!:81 u . 48 528±53 11.51 440±63 11.6 66122 

20 22 . 63 l00t71 22 . 91 4481:"" 22.97 61B:!:65 23.16 82:.36 

40 44 .95 607162 45 . 47 592160 45 . 59 447160 45 .95 55:1:12 

60 66 . 67 430t44 67 .38 1.59±41 67 . 55 307157 68 .03 45!9 

80 81 . 59 381!.40 8!Li.0 460:!:48 88 . 59 152120 89 . 14 22:1:10 

100 107 . 59 <lro!43 108.40 535!5" loB . 59 264129 109 . 14 17t13 

1'0 126 . 67 3<;10±1.0 127 . 38 566158 1:>7 . 55 236127 128 . 03 25t8 

,"0 144.95 274±29 11.5.47 474~49 145.59 19H23 145.95 19~8 

IGO 162.63 194!2Q 162 .91 34(~3' 16?97 354±41 163.13 lH 

0 0 B13!132 0 534!l1l 0 420:94 

" p 760tl25 17.2 ;H.:.lo<} 1.7.3 885:.156 

30 33 .9 603HOO 34 . 3 5jG±104 34.4 812~ 1 42 

'5 50 . 5 ~66_·92 51.1 1142186 51.2 6~9t1l3 

60 66 . 8 1045112 61 . 4 346~69 61 .6 453!81 

75 82 . 5 356:!:56 8: .... 3 37-:1'63 83.5 319161 

90 97 .8 36o:!:5 ij 98 .6 527111 98.8 227143 

105 112 . 5 1o~0!. 59 .. 13 . 3 586118 113.5 386!58 

120 126 .8 38l>~3 127 . 4 626f75 12-{.6 ~5S!,.,8 

13~ 140 .5 ]1]t40 141.1 684'70 1<>1. ;> 408~"'3 

14:) 145 .0 289139 1- r . ,., 61 '~7] 1 ~ ~ . 403!,.,4 

TABLE 2 - The data of neutron differential cross sections here reported 

derive from two different measurements . 

17 
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TABLE 3 - DIFFERE NTI AL CROSS SECTIOliS FOR " HE I DB( 3He , n) 121J REACTIO!'S (\.Lb/sr-) 

E3HI! • 5 5 J:eV 

Ex • 2 . 1110 1.: .. V E .. 2 . 723 MeV E , • 2 . 801 'j"V Ex • 2 . 983 !~eV Ex • 3.106 1·: .. '1 E • 3 .188 ~ll!V 

lJUS 
, , 

" " " " d, d, 
SCM '" SCM on SCM d1 9C)' '" SCM '" eC~l d;; 

0 0 15±8 0 4H9 0 184i~1 0 19l.! 28 

10 11 . 18 1917 11 . 86 ~6!9 11 . 94 67.:':10 11 . 99 12H15 12 . 01 191:.22 

20 23 . 51 10:!:7 23 . 82 ~9±8 23.92 108.':13 23 . 97 165'"19 

40 47 . 20 5l!9 47 , 39 128n5 47 . ;'8 83 .:':11 

" 66 .91 1416 69 . 46 1716 69 . 72 93!l2 69.91 12l!15 70 . 10 70~10 

80 90 . 62 16 ±T 90 . 77 1216 91.07 70±11 91 . 36 1 42.:':17 91 . 50 69!:O 

100 110 . 62 29.:':8 110 . 71 21±1 111.07 ll9H2 111 . 36 153.:':18 111 . 50 135~ 17 

120 129 . 32 60 .1:11 129 . 46 19±8 129 .72 114n 6 129 .97 206:!:24 130 . 10 100:1 4 

140 146. 60 36!9 1116 . 91 43!l1 147 . 01 31±9 11l7 . 2O 148n9 147 . 39 193±24 1"7 . 48 Lant. 

160 163. 51 818 163 . 67 30±10 163 .72 4~±1l 163 . 82 131!19 163 .91 161±22 163 . 97 97!16 

TABLE 4 - DI? FERE:rrIAL CROSS SECTIONS feR THE lOBI lH~ , n) 12U REACTIO:lS (Ilb!sr) 

E3He • 5 . 5 t!eV 

BLAB 
E .. 3 . 277 ~leV E )( ,. 3 . 395 )~eV Ex .. 3 . 34~2 Me'l Ex ,. 3. 507 MeV E)( a 3 . 58S I>'.eV Ex • 3 .633 tie" , 

d' d' "- " do d, 
e~:.l '" e~M '" e~!.: " e~!: on e~M '" e~M dii 

0 0 125 t l ~ 0 106!l3 0 44:, 0 l. ~9!20 0 316t 33 0 lI>R! IQ 

10 12 .04 94±12 12 .09 21,S~27 12 . 16 2S2±30 12 .1S 93!12 12 . 20 243f26 

20 2~ . 02 97!12 24 . 11 203~22 24 .25 17 5d9 24 . 30 210~23 2~ .34 nBfl4 

40 1.7 . 57 111!11. 1.7 . 75 5~:9 47 . S4 106!13 4S .01 3l!6 4S .1C 238!25 ~S . IS 3617 

60 70 . 22 54±8 70 . 1'7 102il3 70 .59 82:Hl 70 . S2 46~8 70 .94 15411S 71.05 63±9 

80 91 . 64 95:13 91.92 14t!lS 92 .06 42t S 92 . 33 66: 1.0 92 . ~6 192: 22 92 . 59 1±6 

100 111 . 64 63111 111. 92 213t25 112 . 06 52!10 112 . 33 60:H0 112 .46 24l±27 112 . 59 33~S 

120' 130 .22 9O!l4 130 . 47 282t32 130 . 59 71tlS 130 . 82 80t13 130. 94 307:35 131.05 50t11 

1 40 11'7 .57 121~17 147 . 75 29lt35 147 .84 52H2 11,8 . 01 99:H6 11,8 . 10 299~ 36 148 .18 32~12 

,60 164 . 02 86t16 164 . 11 24:" t 32 16~ . 16 75il5 164 . 25 111!19 16~ . 30 363t:.,1; 161. . 31.. 9O!l9 

TABLE 5 - DIFFERENTI AL CROSS SECTIONS roR THE ICB(3He .,.)I2N REAC'lIONS ( Ilb/er) 

E3He = 5 . 5 !·:eV 

Ex " 3. 739 MeV E)( " 3 .803 MeV E)( " 3. 938 !~eV , , • 4 . 00 ~eV " • :. . Q(.1 ;\e': E , • ~ . 111 !'"V 
aLAB 

" d, " do d, " e~M '" e~!.1 '" e~!1 d7 eC!' dE eC~'1 dii eel' dii 

0 0 316t33 0 63±9 290!31 19f5 U4fl· 0 13f 5 

10 12 .27 309!32 12 . 31 93±H 12 . 38 249:27 12 . 4u 10. '2 12 . SO 152:11 

20 24 . 41 301±32 ;?~ . 56 62!9 ;?L .68 239~26 ~~.81 37±6 24 .89 107!1) .. ~ . 92 ~<;·5 

40 48 . 43 280:30 liE . 59 40 t7 48 . 83 2115 ±26 4Q .06 6~ t9 49 . 21 63 ! 9 ~9 . 2P 39±T 

60 11 39 236t 26 71 . 61 5Lt8 71.93 259:211 T; . 25 83:11 7: . 45 3l±6 7: .55 103!1] 

80 92 . 98 341J 31 93.23 3b7 93 . 60 36o!39 93.96 89~1 ;> 911. 19 5(1,9 91' . 31 103!lt. 

'00 11 • • 98 455!1.9 113 . 23 1.3!9 113 . 6c ~1j9!~J 11: . 96 61 :1~ U 9 71 : 13 114 . 31 d~16 

>20 131.39 576!62 131. 61 33!1l 131.93 523t59 132 . 25 05 H 8 132 . 45 117 : 20 132 . 55 162!25 

'"' 148 . 43 581±66 148 . 59 24 ! 14 14e.S3 596t71 149 .06 72~;:O3 14Q.?1 8U25 

,Go 161. . 41 131H139 164 . 56 53!20 164 . 6S 579'17 164 .81 104!33 161"/19 146!39 164 . 92 t9t:!q9 

18 
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TABLE 6 - OIF'FEROiTrAL (;flOSS SECTIO~S FOR THE IOS(3He , nJl 2n R£ACTlOti3 {ub/srl 

E3He .. 5.5 MeV 

alAB 
Ex .. 4 .164 ~!eV , 

• .. ~.212 MeV Ex = 4.293 ~l;eV Ex .. 4 . 3H MeV Ex .. 4 . 431 MeV 

" 
d, 

" 
d, 

" !!P-
" " " 

d, 

'" dii '" dii eM '" eM dii eM dii 

0 0 81tll 0 128~11i 0 1l2H3 0 11]113 0 156.117 

10 12 . 46 166!"18 12 . 65 131H5 12 . 71 oS±IO 12 .18 18u zo 

'0 25 .04 55±8 24 .85 118114 25 .23 96t H 25 . ]4 faUl 25.48 100112 

'0 49 · 51 7611.0 49.13 133t15 49 .86 Illtl3 50 .07 13±9 50 . ]4 1ll!-13 

60 72.86 74no 72 . 35 1l8.!:l4 13 . 34 99tl2 73 . 63 4StS 71. . 00 56±8 

80 94.66 al!.l2 9~.08 135.117 95 .21 136!11 95.54 9Otl3 95 . 96 3001)0 

100 114.66 125!:lB 114.08 4T±lZ 115 . 21 147t21 115 . 54 11.8120 115. 96 11S:t29 

120 132 . 35 252±35 133 . 34 224!::31 1]3.53 2(}}±]8 134 .00 33!a68 

"0 149 . 51 192.139 1~9 . 13 149:!:~O 1119 . 86 16)155 

160 165 . 04 116:-57 164 . 85 131164 

TABLE 7 - ENERGY LEVElS OF A .. 12 ISOEARIC TRIPLET 

'" "e 12M (previous results) 12M (present r esll lta) 

E • 
I 

fe .m. 

("'~:.'V) I I 
fe .J". E 

I J' I 
fc .m . E, r c .m . • 

(Jl.eV.tKeV) J' (KeV) J' (KeV) (1·:eVtKeV) (KeV) (~!eV tKeV) J' (KeV) 

g . s . 
,. 

bound 15 . 110 :t3 ,. 42t7 eV g . B. 
,. bound g.". ,. 

oo=d 

O, 953ltO.60 ,. 
boll"' 16.1067:tO.5 ,. 

6 . 5!O . 6 O. 964±8 ,. <35 KeV O,977t14 ,. .20 

1 ,673610 .60 , - b"\ln~ 16.58 , - ,00 1.19219 (,) - 1401) 0 -1 , ~1~123 , - 1 11 0.1]0 

(l ,72:tO.08) l , 565t80 ,!'40 

2,620811.2 1 
-

bollIld 17 ,23 1 
-

1150 2, 415120 4h15 2 , 410i20 ;::50 

2 , 723111 0 
. 

bound 17 ,16120 o· 80±20 2 ,723;tl4 120:t20 

2 ,801~0 ;::40 

18 ,13 (1+) 6OO~100 2 ,983:t80 100M 

3.11 l1 i15 .. . 210±50 3 , lo8i11 1oot30 

(18 , 27150) (4 -) 257 ~ t.O 3 , 188t11 ;::40 

18 , 36150 (3-, 210140 3 ,277180 80160 

3 , 3884n . 4 , - 3.UO.6eV 18 , 40160 0- " 3 , 395113 180t30 

3 , 442180 ;::40 

(18 , 61100) (3-) '00 3, 507112 ;:: 40 

18 ,71 .. . 100 3 , 588111 90120 

3 . 633180 .5 40 

3 .159 16. ,. 3·[t5 18 ,80t40 ,. 80130 3. 533t15 (2) +- 170150 3.139i11 180130 

3 .803Ul ;:: 40 

3 ,938H2 19Dt30 

4 ;006112 , '0 

4,06u80 .!' 40 

19 .25 (1-) 1100 4,H U 80 • ' 0 

4 , 164111 ;:: 40 

4, 25 130 290 flO 4 , 212180 .s 40 

4 , 302 16 1 - ", 19±40 (2+) " 4 ,293180 ~ 40 

4 . 37 , - broad 19 , 51140 (4-) 4oo!60 4 , 344110 "0 
19 , 69 150 

4, 5211; 1 " 
- 110±20 20 ,0 (2+) ,0 4 .431Hl 100:1:20 

20 ,24 170 

4 , 99 115 ,. SOn5 20 , 5 ( 3+) "1.250 5 . 320112 180120 5. 362120 160160 

5,601t 7 ,. 110120 20,6 (3- ) 200140 
-

5 ,725t 7 l 60115 20,98 270 

TABLE 7 - The data for the 1 2B and the 12C are derived from refs, (1 ) (2) , 

The prevlous results from refs. (1)(2)(7)(8)(9)(10) . 
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TABLE 8 - DIFFERENTIAL CROSS SECTIONS FOR THE 

I IB(3He , np)IIC REACTION (~b/sr). 

E3He = 5.5 MeV 

e~B 
do 

(~b/stern) dP. 

0 1493 ± 168 

10 1603 ± 176 

20 1505 ± 167 

40 1309 ± 148 

60 872 ± 110 

80 918 ± 112 

100 733 ± 98 

120 641 ± 64 

140 488 ± 70 

160 458 ± 77 

in terms of the distorted wave Born approximation (DWBA) . For a target 

nuc l eus as the lOB, with In = 3+ thi approximation does not give the spln 

and parity of the r esidual nucleus levels . In fact , the shape of the 

calculated angular distributions for the two- proton transfer is depending, 

in the DWBA, on the value of the transferred total angular momentum ; 

therefore the DWBAdoes not permit an unique spin determination for the 

levels of the residual nucleus if the target nucleus has spin different 

from zero . Further information are then required for the assignement. The 

comparlson between the experimental and the calculated angular 

distributions has been performed by means of the relation 

do 
d(J 

exp 

do 
d(J 

DWBA 
+ F 

do 
d(J CN 

The expression ln the square brake~ glves the angular distribution 
do 

for the double stripping process in DWBA , the term d(J represents 
CII .. 1 

the differential cross section calculated by means of the statlstlca 

2U 
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theory of compound nucleus. J x ' J y , J T are the 

transferred angular momentum respectively. The 

initial, final and 
2 constants CD and F 

are the parameters that best fit the calculated angular distributions 

to the experimental differential cross sections . For the determination 

of the double stripping angular distributions with the distorted waves 

we have used the zero range option of the DWBA computer programme 

D CK
(12) . . . • ru . The compund nucleus dlfferentlal cross sectlons have been 
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Fig. 8 - Experimental differential cross sections and calculated angular 
distributions for n-eutrons from the ground state of 12N at 
E3He • 4,7 MeV and E3He = 5,5 MeV. The dashed line represents 
the DWBA contribution and the dashed-dotted line the eN contri
bution. The solid line is the sum of the two contributions. 
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Fi g. 10 . Neutron experimental differential cross sections obtained from the analysis with the 
row shapes for four 1 2N levels at the excitation energies Ex reported in the figures. 
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Fig. 14 - Neu tron experimental differential cross sections obtained from 
the analysis with the row shapes for two 12N levels at the 
excitation energies Ex reported in the figure. 

calculated by means of the programme MANDy,( 13) taking into ac-

count the contribution of 86 extra exit channels. The best agreement 

between the experimental and calculated data 'has been reached using 

the optical model parameters of Tab. 9. These valMes for the entry 

and exit channels have been used in the final calculations and are 

r el ative, for the DWBA, to the optical model potential 

U(r) = U (r)+Vf(x-) +iWf(xr) +V 
c ~ so 

df(XB) 
dr 

27 
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TABLE 9 - OPTICAL MODEL PARAMETERS USED 

IN THE DWBA CALCULATION. 

l OB + 3He l2N+n 

V(MeV) 173. 35 . 

ro(fm) 1.07 1. 25 

~(fm) 0.82 0 .65 

r (fm) 1.4 1.25 c 
W (MeV) 18.6 o. 
r6(fm) 1. 72 1.24 

a 'r(fm ) 0.76 0.65 

W' (MeV) o. 20 . 

V (MeV) 
so 2.5 5.5 

sphere of 

Coulomb potential U (r) is glven for a uniform charged 
c 

radius R = r Al/3 The function f(x.) has the expression 
c 1 

f(x.) = l+exp 
1 

r-R . Al/3 
01 

a. 
1 

-1 

The factor describing the Thomas spin orbit term has been 

taken equal to 25 MeV in all calculations. 

TABLE 10 - RESULTS OF THE DWBA AND CN ANALYSIS AND FIT PARAMETERS. 

E3 = He 4.7.14eV E3He = 5.5 MeV 

E JTf JT Configurations CD 2REL F CD 2REL F x 
(MeV) 

0 1+ <' 1 P3/2+1 Pl/2 1 0.239 1 0.121 

0 .977 2+ 2 1 P3/2+1 Pl/2 0.992 0.262 0.382 0.237 

-
1.215 2 1 1 P3/2+1 d5/ 2 0 . 677 0 . 061 0 . 355 0 . 207 

28 
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For the two-proton transfer reactions the DWBA does not deter

m1ne the spectroscopic factor and the calculated angular distributions 
2 

are in arbitrary units . The parameters CD and F are obtained f r om 

the experimental data best fit by means of the equations (1) , then 
. 2 . . 2 

the result1ng values of CD have been normal1zed assum1ng CD = 1 

for the DWBA angular distribution of the ground state neutron group. 

On the contrary, the compound nucleus calculation results are 1n 

absolute values and the F coefficient arises directly from the compa

rison between the experimental differential cross sections and the 

calculated data, without any normalization. In Tab. 10 the values 

of these coefficients together with the level spin and parity hypothesis , 

the transferred total angular momenta and the adopted configurations are 

reported. 

The comparison of the experimental differential cross sections 

with the calculated angular distributions for the neutron groups from 

the ground, first and second excited states of 12N at energies 

E3n = 4,7 MeV and E3He = 5,5 MeV is reported in Fie . 8 and Fig . 9. He 
The dashed dotted line and the dashed line represent the CN and DWBA 

loSeHe: n _p)l1C 

2 -
~ 
-" 

t E 

t t t 
E3He = 5.5MeV c: 

" 

1~ ';;-
" 

+ 
+ + 

0 1 1 I I I 

0° 90° 180
0 

aLA8 

Fig. 1~ - Neutron differential cross section forthe 'OS(3He;np) " C reactio n 
in the neutron energy range from 0,7 MeV to the maximum possible 
energy for different 6lab at E3He = 5,5 MeV. 
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contributions respectively, and the solid line represents the sum of 

the two contributions. 

1) The ground state of 12N . 

data 

This state 
+ . = 3 ) . From 

the value 

is reached starting from the ground state of the lOB 

the comparison of the calculated data with the experimental 

J
T 

= 2 has been obtained for the transferred total 

angular momentum. This transfer is possible adding to the target 

nucleus an (1 p 3/2; 1 p 1/2) proton pair. The comparison of the 

measured quantities with those calculated assuming a non coherent sum 

of the J T = 2 DWBA and the compound nucleus contributions with the 
. . + TI + 8 transItIon sequence 3 + J + 1 IS shown i n Fig. . 

2) The fi r st excited level at E = 977 14 KeV. 
x 

This J = 2+ level too is reached assuming an J; = 2 transferred 

total angular momentum with a proton pair configuration (lp 3/2 ; lp 1/2) . 
. + n + . 

The compound nucleus sequence IS 3 + J + 2 . The comparIson of the 

calculated data with the experimenoal data is reported in Fig. 9. 

3) The second excited level at E = 1215±23 KeV. 
x 

This is the first odd-parity level (Jrr = 2- ) for the residual 

nucleus. It is possible to reach this level adding to the target 

nucleus a proton pair with the (lp 3/2 ; ld 5/2) configuration . The 

transferred total angular momentum is J
T 

= 1, and the CN transition 
. + rr - . 
1S 3 + J + 2 . The comparIson between the calculated and the ex-

perimental data i s reported in Fig. 9. 

7. - CONCLUDING REMARKS 

By means of the neutron time- of- flight spectrometry the 

IOB(3 He ;n)12 N reaction has been studied at E3
He 

= 4,7 MeV and 

E3He = 5,5 MeV . The neutron rows In the spectra obtained , at various 

angles between 0 and 160 degrees In the L.S . have been analyzed 

under the hypothesis that the IOB(3 He ; np)IIC reaction contributions 

are described from a constant matrix element for the mean energy 

distribution. The rows whose position and width at different angles 

30 
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and energles obeyed the kinematic relations of the reaction have 

been assigned to the 12N. In these conditions, as it results from 

the Fig . 16, the level scheme of 12N undergoes a considerable increase 

of level number if compared to the data as yet reported in the li

terature. On the other hand the analysis of the spectra obtained 

with 4,6 meters of flight path, shows evident structures corresponding 

to the nuclear levels . Moreover the shape analysis of the spectra 

obtained by means of 2 meter flight path, even if insufficient in 

resolution, becomes worse whenever one of the other decay schemes 

reported in Fig . 16 is chosen . At this point it is indispensable to 

perform a high resolution measurement to obtain the maximum experimental 

separation (in the limits of the level widths) of the different rows 

resolved by means of a procedure of shape analysis in the present 

experilllent. 
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This report -naS been written to describe the results as yet obtained 

ln the expectation of a nanosecond pulsed source availability for the 

hi gh resolution measurements . 
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