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ABSTRACT

10_.,3 12 . : : 3 :
The = B( He,n) N reaction has been investigated at He energies of L.T

and 5.5 MeV, by using the pulsed-beam time-of-flight technique, in order
to obtain detailed information on the energy level structure of IZN. 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 distributions and theoretical curves, calculated by as-
suming 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
confirmed for the ground state (3" = l+), the first—-excited state

{Ex = _97711?2kev, J" = 2+) and the second-excited state (Ex = 1215423 keV,
JT =2 ) of N. Relative spectroscopic factors have been also calculated

for these levels.



1. - INTRODUCTION

The nucleus 12N belongs to that class of nuclei whose nresent-day
spectroscopic information is incomplete and in disagreement when comparison
is made between data obtained in different laboratories. This situation
becomes evident comparing the energy level structure of 12N with that of
the other components of the T = 1 isobaric triplet, i.e. 12C and lngl)(g)
Excitation energy, width, spin and parity of the levels are known with
good precision for this last two nuclei, whereas, in the case of 12N,
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. Comparing the level density
of the components of the isobaric triplet, we get the suspicion that,
for several experimental reasons, many levels of IZN have not been observed.
There is an original 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)
(1)(3)
are -

10 3 12

i) B( Heyn) N Q = 1.569 MeV
12 12

ii) Cc( psn) N Q = -18.126 MeV
2 3 12

iii) ¢( He;p) N Q = -17.362 MeV
14 1.2

iv) N(y;2n) N Q = -30.621 MeV
14 12

v) N(p3t) N Q = -22.141 MeV

. 16 .3 7 .12

vi) O( He; Li) N Q = -22.058 MeV
12 12

vii) N(gY) ¢ Q = 17.3L4L Mev

Using the process vii) it is possible to study only the ground state of
12N, because the positon decay of 12N leads to different levels of 120.
All the other processes, apart the reaction i) are endoergic with higﬁ
Q-value and therefore they preclude the use of Van de Graaff accelerators.
Moreover, the experimental detection and analysis of the particle groups,
corresponding to the population of the 12N levels, are complicated by
many other reactions different from the one we are studying in the exit
channel. There is only one exoergic reaction, the process 1), that can be
produced even by low energy accelerators. The study of this reaction

presents the typical experimental difficulties connected with the high



resolution neutron spectrometry in presence of a strong gamma-vackground
produced by the competitive reaction !9B(3He;y) 13N (0 = 21.638 MeV) (4)

and of a neutron background (originated by the process 10B(3Hg;n-p)llC
(q = 0.973 Mev)) (>
through the process

. However, several researchers have investigated 12N

1y (6)(7)(8)(9)(10)

, just because only with this

reaction it is possible to study this nucleus at low energies. In the

experimental works of ZAFIRATOS et al.(T), ADAMS et al.(s), BOHNE et al.

and FUCHS et al.(lol while there is a reasonable agreement for the exci-

(9)

tation energies of the levels, some width determination are quite dif-
ferent. The recent study of MAGUIRE et al.(z) using the reaction 1iii),

has confirmed the data regarding the excitation energies, but it reports
widths that differ from the values obtained before. For example, the width
of the Ex = 4,150 MeV level is twice as large as reported in previous
measurements. This situation could arise from the fact that different
reactions may populate different analogues state or, more simnly, from

the fact that because of the finite resoluticn of the spectrometers groups
of levels very close one to another appear as wide single levels., Moreover,
the experimental difficulties are increased by the faet 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 1) 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 respect to the direction of the 3He incident beam.

2. - EXPERIMENTAL SET-UP

The measurements described in this report have performed at the T MV
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 rotating around
an axis coincident with the axis of the target (see Fig. 1). The neutron
detectors where liquid scintillators NE213, 2" in diameter 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 O 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 1°B(3He;n)12N reaction,
S, and S,: neutron spectrometers,
T: 10B target.
N: liquid nitrogen trap.
Al and Az: rotating arms.
BT: accelerator beam tube.

(in Fig. 2 the efficiency curve for this spectrometer is revorted) while
the second spectrometer was placed at a fixed angle and used as a monitor-
ing system to control the life of the target and the eventual deposits
on it.

The 1B target, prepared at the isotopic separator of Harwell with
a thickness of 100 ugr/cmz, was cooled by a stream of compressed air.
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

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

cilindrical pick-up surrounding the accelerator beam, gave the signal that,
conveniently delayed, supplied the stop for the time analysis. In both the
channels a pulse shape discrimination system was used in order to record
only the events corresponding to the neutron detection. The time spectra
obtained were calibrated observing the neutron groups from the ground
states in the reactions 12¢C(3Hejn)l%0 (Q = - 1.148 MeV) and 160(3He;n)l8Ne
(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 0° and 160°.

3. — DATA ANALYSIS
The Fig. 4 shows the 10B(”\He;n)lzN time-of-flight sSpectrum at an

energy of 3He of 5.5 MeV and at an angle of 48.11° in the laboratory
system. We can clarly observe several neutron groups, even not complete-
Iy 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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Fig., 4 - Time of flight spectrum obtained at ESHQ = 5,5 MeV, Blab = 48,11° and a flight path L = 4,6 meters.
The dashed-dotted line represents the normalized contribution of the reaction 10B(aﬂe;np}“C.

The solid line is the constant background.



by the target: it is due to the laboratory background and to the limits
of the gamma-neutron discrimination. The second contribution arises from
the reaction 19B(3He;n-p)llC, which originates neutrons with a maximum

(11)
energy

1] 2
= e ) 2
_' + l
E_ a cos g + (E_ -a’sin?g )

1
E 2
(mn m3He 3He)
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In this particular case, it is Emax = 5.699 MeV. The recorded spectrum
of the neutrons produced in the three body reaction is given by

2 2

i
B agE ME = T K <[M|>%e(E) eAE

npllc Enpllc
where
U is the reduced mass of the system 3He-10B
TK is the relative momentum of °He and !0B

<|M|> is the matrix element of the energy distribution averaged in
the solid angle 9 _11,

2(mn+m Hmil, ) (m m Mg i 1
p(E) = +1) "E -E+2aE°cosb -
m +m11C c

(m +m110) ]
_azﬂ

AE 1is the energy range corresponding to the width of a recording
channel

€ 1is the detector efficiency

Assuming the energy distribution of the neutrons as purely statistical
the matrix element <|M|> 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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in 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 cther decay channels are not
present or contribute with a negligible intensity. The spectrum of the
observed neutron rows is determined subtracting the total Tbackground
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 AE above defined, the shape reported in Fig. 5

has been obtained as standard response.

In this figure it is shown a row with a experimental width at half
amplitude of Fexp = 0.495 MeV. It can be noticed that, fortunately,
the spectrometers response in the energy scale is very simple: there
are two linear shapes both for the rise and for the decay of the row.
With reference to the parameters reported in Fig. 5, from our experimental
data it has been obtained

= 0.6061 rtot

—
I

=3
1l

0.3939 T, .

tot

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

19
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Fig. 5 - 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.

g 1
of the former is the energy range Ei-E (where E;= E =27 )
max max (2)
while the demain of the latter is E___-E; (where E, = E + 2T ).
max max

The above-mentioned functions are:

(2)

F(E) = ;—;~(§7 (Emax+2r -E)
___H B (1)
G(E) = . r(l) (E Emax+2r )

that can be unified in a single analitical expression:

2
(Emax_E)

S(E) = 1 - :
2F(1)|E—Emax|
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with S(E) 20
) o M) e pen
max
p{i) o r (2) ir g <
max

The above defined funetion S(E) is calculated in the energy scale and

for a detector with efficiency e = 1.

To transform S(E) into the experimental shape of the row sexn(E)

measured with the time of flight analysis, we have to write

= - « AR
Sexp(E) S(E) » €+ AE
The energy range AE, expressed in MeV, corresponding to a channel
of the recording system, can be related to the temporal lenght in nsecs,
At of the same channel by the function

2 _3/2 i

o=

where K = T2.3 EE.LE&KL__

and L is the flight path in meters.

Therefore, the following explicit expression for the experimental

shape of the row is obtained

(E__-E)®
expE) = |1 - Er??)IE—Emaxl 288 532 (z)
with
Sexp(E) o s
r(i) = 0.6061 T if E<E
tot max
r) = o3039r,  irE2E

In Fig. 6 the function Sexp(E) is reported with the experimental points

of the row.

12
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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 position in the time-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 SexD(E) is known, depends

on the experimental total width T

tot?
r —(r2+rp)%
tot group burst
where rgroup corresponds, in the laboratory reference system (L.S.), to
FCM’ which is the width in the center of mass system (CMS) of the residuam
nucleus level corresponding to the observed neutron group. rburst is the

width of the spectrometer response for a neutron row corresponding to a

19
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nuclear level with FCMz 0. Fburst practically depends on the accelerator
burst duration, therefore it is a constant for all the time of flight

spectrum. T is defined in the L.S., then it depends on the incident

tot
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 detsrmined, by changing one ore both

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

Ttot
data has started from the neutron time-of-fiight 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 UB(3He,n)12N
reaction. The remaning rows have been attributed to the 1UB(3He,ni)12N
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 O and 160 degrees at the 3He energies of 4.7 MeV and 5.5 MeV.
Then a procedure of experimental data reproduction has sarted for the
spectra obtained at different energies and angles, by imposing the

row shapes SeXP(E) calculated 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'Universitd di Trieste. The experimental
widths Ttot have been determined@ by an iterative method assuming the
variance 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 T remains constant for each neutron row. The

CcM
relation between T and the experimental
CM groun
r 3 b T 2
1 & "group
CM Ml]éroup 2 MlEmax M2E3He qf | 2 E ) -1 E?%FQHB) (1)
max max
where M, = 1+ Mn
mi2n ) 0.3939
b = 0.6061
m3 a+b=1
M2 = 1- "'""}'I’e
mIZN
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6. - RESULTS

The energies of the row maxima have been obtained from the ex-—
perimental spectra analysis with the method described in the previous
sections, at different emission angles and 3He energies. The Q-values
and the level excitation energies Ex have been deduced from these data.
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 olser-
in the L.S. and 8., in the C.M.S. The errors re-

ela.b CM
ported in these tables are comprehensive of those due to the spectro-

vation angles

meter efficiency determination, to the monitoring system, to the
incoherent background contribution, to the 10B(3He;np)llC reaction
contribution and to the superposition of different rows. The level
widths TCM obtained in this work are reported in Tab. T: 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 level parameters

of 2B and IZC, that are the other members of the A = 12 iscobaric triad.

In Fig. T a comparison is made between the experimental spectrum
1 = = o -

(obtained at B3, = 555 MeV, 6, 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 differential cross section for thel!?B(3He;np)!lC reaction
in the neutron energy range from 0,7 MeV to the maximum possible

energy for different at E3pe = 5.5 MeV is shown in Tab. 8 and

¢]
lab
in Fig. 15. All the experimental differential cross sections obtained
in this work and presented in the tables from Tab. 1 to Tab. & are

displayed in the figures from Fig. 8 to Fig. 1k.

The experimental angular distributions, obtained at E3He = 4,7 MeV
and E3He = 5,5 MeV, for the neutrons from the ground, the first
(Ex = 97T7+lL keV) and the second (Ex = 1215+23 keV) excited state of
12N have been compared with those calculated assuming that both
direct reaction and compound nucleus reaction are present in the

10B(3He;n)!?N reaction. The direct interaction has been interpreted

16
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TABLE 1 - DIFFERENTTAL CROSE SECTIONS FOR THE YB(3He,n)'2N REACTION (ub/er)

Eige = 5. T Mev

B =0 (g.s.) | E =0.977 MaV | B =1.215 MeV | B, = 1.565 HeV

8c e
LaB a° ds 8o 4o @° do 8° do
M an cM af CH an oM d
o o k79231 0 ShlE37 0 107212 0 h2+8

15 16,99 kL5663 17.20 493475 17.25 299452 17.3 k622
30 33.85 heoxgo | 3b.25 537482 34.35 hage6d 34,4k so23
ks 50.44  L23365 51.02 5901835 51.16 269%L7 45,71 TTR2N
60 66.67 386:58 | 67.38 625285 67.55 5@s21 67.71 12k
75 82.h5  3uT455 83.24 518475 83.k2 o0 83.61 99=25
90 97.7L 2B1:h7 | 9B.53 3BGis5T 98.72 50%18 98.91 52+18
110 117.2% 320251 | 118.001 423362 118,19 313:ky 11B.37 37418
120 126,67 32952 | 127.38 Lgi467 127.55 172435 127.T1 53%21
130 135.90 307#k9 | 135.52 490+70 136.67 206hiLs 136.82 37419
145 | 1hg.bk1 27hihs | 149.88 436+66 | 149,59 255:LL 150,10 Ta:23
150 153.85 252#42 | 154.25 3BuLS9 154,35 245243 154,44 5321
160 | 162.63 209436 | 162.91 30950 | 162.97 28hLihT 163.0k L9zl

TABLE 2 - DIFFERENTIAL CROSS SECTIONS FOR THE 103(3He,n)'?W REACTION (ub/sr)

0 a 5.5
E“Hc 5.5 MeV
o5 E =0 (g.s.) E, =0.977 W&V | F, =1.215 MeV | E = 1.565 MeV
Lap 82 g A i ae do g2 dg
o an oM an cH dn cH dn
o o B91+g91 0 L1843 o u76453 0 Tht16

10 | 11.33 T93:81 11.48 528453 11.51 LU0$63 11.6 6622
20 22.63 TOOLTL 22.91 LLB#Lf 22,97 618165 23.16 B2i36
Lo | 1k,95 60762 5,k7 592460 45,59 LuTi60 45,95 55¢12
60 | 66,67 h3othh 67.38 59kt 67.55 307457 68,03 U5:9
8o B87.5% 387:zko 88.Lo  LAO+LB 88.59 152:20 89.14 22110
100 | 107.59 4202k3 | 108.h0 535:54 | 108.59 26L29 | 109.1% 17413
120 | 126.67 390:ko 127.38 566258 127.55 236427 128.03 25t8
140 | 1klb.9s 2Th29 145,47  L7hshg | 1k5.59 191223 145.95 198
160 | 162.63 194:2p 162,91 3hos3s 162.97 3542l 163,13 14

0 0 813:132 0 53h+111 o] L20=9k
15 1T T60$125 7.2 5k12109 17.3 8852156
30 33.9 603100 3.3 530£10k W4 Bipxlle
L5 50.5 566192 51.1  LhezB6 51.2 6491113
60 66.8  bL5iTR 67.h  3k6269 61.6 L53181
™ 82.5 356456 B®3 373463 83,5 37961
90 97.8B 360154 9B.6  527+77 98.8 227143

105 | 112.5  khpsg | 113.3 586#78 | 113.5 386158
120 | 126.8 3B1i48 127.h 626475 127.6 455458
134 | 1b0.5  313¢ho k1.1 6BL:7E 1h1.2  hoB453

1ho | 1i5.0 289439 145.5 610273 145.6  Lo3ash

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

derive from two different measurements.
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TABLE 3 — DIFFERENTIAL CROSG SECTIONS FOR THE 198{%He,n)?N REACTIONS (ub/sr)

g, = 505 MeV
E =2.410 MeV | E_ = 2.723 MeV | E_ = 2.801 %V | E_ = 2.983 Ma¥ | E_ = 3.108 MeV | E_ = 3.188 MeV
q?'w X x X x x X
- o dg o dg o g3 o do o do a do
fem aa Oeu an Ben ER Y in ®em n Ben an
o) ) 1548 o kg 0 18Lx21 0 191+28
10 11.78 1947 11.86  hLézo 11.9% 67410 11,99 121415 12.01 197#22
20 23.51 10:7 23.82  Lg:8 3.92 108£13 23 165+19
4o 47.20 5149 u7,33 128415 kr L8 B3I
60 66.91  1u%6 62.L6 1746 69.72 93*12 60.97 121#15 70.10 70%1D
80 90.62 16T 90.77T 126 91.07T 7011 91.36 1hesiT 91.50 69210
100 110.62  29:8 110.77 2127 111.07 119#12 | 111.36 153<18 | 111.50 135217
120 129,32 60+11 | 120,46 10+8 120,72 1ilk+16 | 129.97 2082k | 130.10 1001k
140 | 1LB.60 3629 146.91  h3£11 | 1k7.001 3L=9 147.20 148219 | 147.392 193#2k | 147.LB  ABi1l
160 | 163.51 B18 163.67 30£10 | 163.72 hLiz11 | 163.82 131+19 | 163.91 16122 | 163.97 97:16
TABLE 4 — DIFFERENTIAL CROSE SECTIONS FOR THE !UB(3He,n)!2n REACTIONS (ub/sr)
Eage = 5.5 MeV
50 E, = 3.277 MeV | B = 3.395 MeV | E = 3.3L42 MeV| E_= 3,507 MeV | E_ = 3,588 MeV | B_= 3.633 eV
HE ] o oE do g0 o oo g go ] e @
oM aq oM an cH do o an oM aa o an
0 0 12514 0 106413 Q Lz 0 149120 0 31633 a HES )
10 12.04 9Ls:12 12.09 2h827 12.16 282+30 12.18 93+12 12.20 2L3#26
20 2u.02  9r2lz2 2L,11 203te2 2h.,25 175419 2h.30 210423 24,34 1188k
Lo WT.57 11131) L7.75 52D k7.84 106213 ug.o1 3146 Lg.1c 23825 LB.18 367
60 70.22 5h48 TO.AT 102%13 70.59 Bz2s11 T0.82  L6:8 T0.94 15L+1B 71.05 6319
Bo 91.6% 95813 91.92 1Li:1B 92.06 h2+8 92.33 66:10 92,L6 192:22 92.59 746
100 111,64 6311 | 111.92 213#25 | 112,06 52#10 | 112.33 60210 | 112.46 2hi:27 | 112.59 3318
1207 130.22 901k | 130.47T 282£32 | 130.5 71218 | 130.82 Bo+13 | 130.9% 307#35 | 131.05 50%11
1ho 147,57 121 147,75 291£35 | 147.84 52412 | 148,01 99#16 | 14B.10 299:36 | 148.18 32212
160 16L.02  B86£16 | 164.11 2kh232 | 164,16 75215 | 16k.25 117£19 | 16L.30 363+kk | 16L.3%  go£19
TABLE 5 — DIFFERENTIAL CROSS SECTIONS FOR THE '0B(%fe,n)'2N REACTIONS (ub/sr)
Ejge = 5.5 MeV
E =3,T39 MeV | E_ = 3.803 MeV | E, = 3,938 MeV | E_ = 4,061 MeV' | B = 4.111 NeV
Br" x X X x x
L dg o o g do it do o o 40 do
oM an o an (o] an “CM an oM dn [} an
] 0 31633 o 6319 0
10 12.27 309132 12,31 93211 12,38
20 2h.k7 30132 24,56 6229
Lo L8.43 28030 LEI59 ko7 48.83
60 71 39 236:26 T1.61  5hed T1.93
g0 92.98 3h1237 93.23 317 93.60
100 112,98 L55:k9 [ 113,23 4329 113.60 11h,19  Tis13 | 11h,31 111:16
20 131.39 576262 | 131.61  33#11 132,45 117220 | 132.55 162:25
10 1LB,53 587:66 | 148.59 2hsl 596571 8125
160 164,47 B\11#139| 164,56 5320 5TOTT 164,89 146+39 | 16h,92 19€:h0
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TABLE 6 - DIFFERENTIAL CROSS SECTIONS FOR THE !0B(%He,n)!2N REACTIONS (ub/er)

Baye = 5-5 Me¥

Ex = k,16L Mev E, = 4,212 MeV | BE_ = 4,203 MeV | B = L, 34k Mev E, = b.L31 Mev

Q‘E.“B x x x x
o EE o ij.. o d_ﬂ o d_U o -d_"g
Feou an Oeu an Bom an Sem an fou an
0 0 B87:11 0 12841k 0 112413 0 113413 [¢] 156417
10 12.46 166416 12.65 13115 12,71  B5#10 12.78 182:20

20 25.04 5518 2h.B85 11814 25.23  96+11 25.3h  EB:11 25.48 10012
ko h9.51 76110 49.13 133415 k9,86 111413 50,07 7319 50,34 111413
60 72.86 Thtlo 72.35 118:14 73.34  99+12 73.63  L5:8 7h.00 5648
Bo 9k.66 81412 Q.08 135417 95.21 13617 95.54 G0$13 95.96 30030
100 11h.66 125+18 | 114.08 L7s12 | 115.21 147421 | 115.54 118420 | 115,96 178429
120 132.35 252+#35 | 133.34 22ks37 | 133.63 200238 | 134.00 33L:68
140 1k9.51 192:39 | 1k9.13 1k49:h0 | 149.86 163%55
160 165.0k 17657 | 164.85 13164

TABLE 7 - ENERGY LEVELS OF A = 12 ISOBARIC TRIPLET

12B 12¢ 12y (previous results) 12§ (present results)
Ex Te.m. Ex Fo.m. Ex Tc.m, Ex
{MeViKeV) a7 (Kev) (MeV1KeV) am (KeV) {MeV£KeV) Jw (xev) (MeVsKeV) F (KeV)
2.5 ;g bound 15,110 43 i L2sT ev Eoibe g bound g.8. 1t bound
0,953120.60 27 bound [ 16,106740.5 2% 6,5:0,6 | 0,06448 2" 35 kev | 0,977ak g <20
1,67360.60 2 bound 16,58 2" 300 1,19219 (2)” 140430 1,215423 &= 140430
(1,7240.08) 1,565:80 <o
2,620841.2 ;i bound 17,23 1 1150 2,l15+20 b5415 2,h10420 <50
2,723 £11 o’ bound 17,76 20 o* 8020 2,723:14 120420
2,801:80 <ho
18,13 ah) 004100 2,083:80 100460
3.11b:15 =+ 210450 3,108411 100430
(18,27+50) (u7) 257:k0 3,188:11 <ko
18,36£50 {37 210440 3,277+80 80+60
3,388h1, L 3" 3.140.6eV | 18,4060 o L3 3,395413 180430
3,4h2480 <ko
(18,61100)  (37) 300 3,507412 <o
18,71 "=+ 100 3,588:11 90£20
3,633£60 =ho
3,759 6, at 375 18,80440 2 8o+30 3.533115 ()" 170850 3,739+11 180£30
3,B803+11 <hg
3,03812 190£30
L,006+12 sho
4,061480 <ho
19,25 (1) 1100 4,111+80 sho
L, 164211 <ho
14,25 30 290 470 L ,212¢80 <40
L,302 46 1 94k 19+40 2" L5 k,293t80 <ho
b,37 2 broad 19,5T+k0 (87) 400460 1,3hke10 sho
19,69 180
4,521+ 7 5 110420 20,0 (2 90 b, 431411 100420
20,24 170
4,99 15 i 50415 20,5 (3Y)  neso 5,320412 180420 5.362420 16066
5,607 7 3 110£20 20,6 (30 200440
5,725¢ 7 3 60415 20,98 270

TABLE 7 - The data for the !B and the !2C are derived from refs. (1)(2).
The previous results from refs. (1)(2)(7)(8)(9)(10).
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TABLE 8 - DIFFERENTIAL CROSS SECTIONS FOR THE
11p(3ge,np)1c REACTION (ub/sr).

E3He = 5.5 MeV
GEAB %% (ub/stern)
0 1493 4+ 168
10 1603 + 176
20 1505 + 167
Lo 1309 + 148
60 872 * 110
80 918 + 112
100 733 £+ 98
120 6Ll + 6L
140 488 + 78
160 LS8 & T

in terms of the distorted wave Born approximation (DWBA). For a target
nucleus as the 10B, with J' = 3+ thi approximation does not give the spin
and parity of the residual 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
comparison between the experimental and the calculated angular

distributions has been performed by means of the relation

do = ¢ D2 2Jy+1 dg + F do (1)

dQexp (EJX+1)(2JT+1) df DWBA as CN

The expressioh in the square brake:t gives the angular distribution
= d
for the double stripping process in DWBA, the term E% represents

the differential cross section calculated by means of the statistical

20
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T
transferred angular momentum respectively. The constants CD2 and F

theory of compound nucleus. Jx’ Jy, J., are the initial, final and

dre 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

DWUCK(lg). The compund nucleus differential cross sections have been

GROUND STATE

(mb/sr)

do/d0

180°

Fig. 8 - Experimental differential cross sections and calculated angular

distributions for nmeutrons from the ground state of 12N at
Egﬂe = 4,7 MeV and EsHe = 5,5 MeV, The dashed line represents

the DWBA contribution and the dashed-dotted line the CN contri-

bution. The solid line is the sum of the two contributions.

€ 1
-fd A



Fig.

Ey = 0977 MeV Ex = 1.215 MeV
0.2 — 10 —
Esy, = 4.7 MeV
g + + Esy, = 4.7 MeV
Q.1 + 0.5 =
fo— - 1 PR
ke . /H':L\ Pty
= T~ A ~
e e e e e - N —— —
= 0 | | i 0 L4 | | |
S
°
o
0.2 — 1.0 —
E3He = 5.5 MeV By, = 5.5 MeV

9 - Experimental differential cross sections and calculated angular distributions for

180

neutrons

from the first E,=0,877 MeV and the second E;=1,125 MeV excited level of the 12N at Egpe™4. 7
=5,5 MeV. The dashed line represents the DWBA contribution and the dashed-dotted
contribution. The so0lid line is the sum of the two contributions.

MeV and E3
line the CN
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10 - Neutron experimental differential cross sections obtained from the analysis with the

row shapes for four !2N levels at the excitation energies E, reported in the figures.
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Ex = 3.395 MeV Ex = 3.507 MeV

* T

+ 01 - +
¢
0.1 +— ¢ ' +
]
T ¢ 0 l l [ |
-
= L
0 | | l
g Exy = 3.588 MeV
v T o3 - 03
W E, = 3.442 MeV
02 — 02 + +

01 + 0.1 —+

¢ ¢
” L | l I il | 0 l l I r
0° 90° 180° 0’ 90° 180°
Ocm Ocm

Fig. 11 - Neutron experimental differential cross sections obtained from the analysis with the
row shapes for four !2N levels at the excitation energies E, reported in the figures.
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Fig. 12 - Neutron experimental differential cross sections obtained from the analysis with the
row shapes for four !2N levels at the excitation energies E, reported in the figures.
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Fig. 13 - Neutron experimental differential cross sections obtained from the analysis with the
row shapes for four 12N levels at the excitation energies E, reported in the figures
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E, = 4.344 MeV

X

‘4 .

'

B | l | 1
£
0
E 04 |-

Ey = 4.431 MeV

$
\b' [
i3

s - '

02 — + +
ol ¢ f

o

o 90° 180

Fig. 14 - Neutron experimental differential cross sections obtained from
the analysis with the row shapes for two 12Ny 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 values for the entry
and exit channels have been used in the final calculations and are

relative, for the DWBA, to the optical model potential

Y

yoy  4E(x) 1.
50 I

U(r) = Uc(r)+Vf(xR)+in(xI e

y Py

&
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TABLE 9 - OPTICAL MODEL PARAMETERS USED

IN THE DWBA CALCULATION.

10 + 3He 1204n
V(MeV) T3 35,
r, (fm) 1.07 1.25
aR(fm) 0.82 0.65
rc(fm) L it 1.25
W (Mev) 18.6 0.
r!(fm) 1.72 1.2k
a'I(fm) 0.76 0.65
W' (MeV) o3 20.
VSO(MeV) 2:5 B

where the Coulomb potential Uc(r) is given for a uniform charged

sphere of radius R = r,

The factor describing the

173

f(xi) = l+exp

taken equal to 25 MeV in all calculations.

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

Thomas spin orbit term has been

The function f(xi) has the expression

Egg, = 4.7.MeV [ Egp = 5.5 MeV
E, Jp  Configurations CD?REL | F CD?REL| F
(MeV)
0 2 1pytlp g, 1 |0.239 1 0.121
0.977 2 1 paptlpygs 0.992 |0.262 0.382 | 0.237
1.215 1 1 g p*l ds s 0.677 [0.061 0.355 | 0.207

L)
co
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For the two—proton transfer reactiens the DWBA does not deter-

mine the spectroscopic factor and the calculated angular distributions

are
the
the

for

in arbitrary units. The parameters CD2 and F are obtained from
experimental data best fit by means of the equations (1), then
resulting values of CD2 have been normalized assuming CD2 =1

the DWBA angular distribution of the ground state neutron group.

On the contrary, the compound nucleus calculation results are in

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

E3He

The

Fig.

ground, first and second excited states of 2N at energies
= L,7 MeV and E3He = 5,5 MeV is reported in Fig. 8 and Fig. 9.
dashed dotted line and the dashed line represent the CN and DWBA

"°B(*He; n -p)”C

= 2
5
= 1
c + + + Egy = 5.5 MeV
=
L)

by 5

o | ] l | |
0’ 90° 180°
BLAB

15 - Neutron differential cross section for the !°B(?He;np)!!C reaction
in the neutron energy range from 0,7 MeV to the maximum possible
energy for different elab at Egye = 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.

This state is reached starting from the ground state of the 10B
(JTT = 3+). From the comparison of the calculated data with the experimental
data the value JT = 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 JT = 2 DWBA and the compound nucleus contributions with the

gAL + + . : .
transition sequence 3 = J" > 17 is shown in Fig. 8.

2) The first excited level at Ex = 977 1L KeV,

This J = 2' level too is reached assuming an J; = 2 transferred
total angular momentum with a proton pair configuration (1p 3/2; 1p 1/2).
. + + i
The compound nucleus sequence 1s 3 JTT + 2 . The comparison of the

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

3) The second excited level at Ex = 1215423 KeV.

This is the first odd-parity level (J1T = 2 ) for the residual
nucleus. It is possible to reach this level adding to the target
nucleus a proton pair with the (1p 3/2; 1d 5/2) configuration. The

transferred total angular momentum is J,, = 1, and the CN transition

T
. + = .
T T 32 . The comparison between the calculated and the ex-

perimental data is reported in Fig. 9.

T. — CONCLUDING REMARKS

By means of the neutron time-of-flight spectrometry the
108(3He;n) 12N reaction has been studied at EaHe = 4,7 MeV and
E3He = 5,5 MeV. The neutron rows in the spectra obtained, at various
angles between O and 160 degrees in the L.S. have been analyzed
under the hypothesis that the 10B(aHe; np)llc reaction contributions
are described froma constant matrix element for the mean energy

distribution. The rows whose position and width at different angles
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and energies obeyed the kinematic relations of the reaction have

been assigned to the !2N. In these conditions, as it results from

the Fig. 16, the level scheme of 2N 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

experiment.

E, MeV
& 1 PRESENT PREVIOUS
Exy MeV | s
3 20 RESULTS RESULTS
5725 3 Ey MeV E, MeV
5.607 ? 3" LR SN R P () |
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Fig. 16 - 3He level diagram obtained in the present work up to Ey = 5,362 MeV
compared with the diagrams of the 2B and !2c¢ (1)(2)and the results
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This report hasS been written to describe the results as yet obtained
in the expectation of a nanosecond pulsed source availability for the

high resolution measurements.
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