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ENERGY LEVELS OF }ZN

C.F. Maguire*, D.L. Hendrie, D.K. Scott, J. Mahoney

‘Lawrence Berkeley Laboratorj+".
University of Califcrnia
Berkeley, California 94720

‘and

F. Ajzenberg-Selove*#*

Department of Physics
University of Pennsylvania A
‘Philadelphia, ’ennsylvania 19174

CA study.pf the excited states of 12N has been'mAde using the

120(3He,t)12N‘teaction'at'E(3Hé) = 49.3 MeV ‘and the Berkeléy maghetic'

spectrometer. We confirm a state of.Ex = 2415 + o.ozo,Mev; Tc.
=45+ 15 keV, an&}we'fepOrt.four new states 12N*(6.10, 7;13, 9.42, 9.90)

with Fc.'; ~p0.3, 0;5;-~.0.2 and 0.1 MeV. ”Compérison ﬁith”eafliéf

3 L . ; . e e
("He,n) work reveals some inconsistencies, and comparison with the analog
A 12 12 )
region in the mirror mnucleus B shows that 'the structure of N remains

poorly known.

NUCLEAR REACTIONS 126 e, t), E = 49.3 Mev; measured 0(8).
- T, IZN; deduced levels |

* Now at Department of Physics, Vanderbilt University,-Nashville, Tennessée.
Work supported by;the Energy Researéh‘and'Develdpment7Administration.

** Work supported by the National Science Foundation.
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I. INTRODUCTION

»2)

Comparison of the knowu states in 12B with those in the mirror

nucleus, 12N immediately reveals the incomplete nature of our understandlng
of the structure ofﬂlziz see Table 1. The reasons for this are easy

to ‘understand. While a wide variety of reactions.with convenient
characteristics (1 e., high + Q-values, outgoing charged particles)

populate 12B the situation is quite different in IZNZ- States in

12N can, for all practical purposes,be populated only by the reactions

3

( He,n) [1. 569] C(p,n) [-18.126], He, c) (-17 362] and

N(p,t) [-22. 141] [Qh in:brackets], and by’conparable'reactions‘
involving heavy 1ons. The difficulties of accurate measurements of
neutron energies and of obtaining the highly energetic monoenerg@tlc
beams of particles needed to.overcome the negative Q-values have only

recently begun to;be solved. With the exception of the. -C( He,t)

4)

study of Ball and Cerny at E(3He) = 49.8 MeV who reported'on states

with Ex < 5.3'MeVy most of the euidence on the levels»of 12N derives

from studies of-1 B( He »01), particularly those by Fuchs et als)

at E(3He) 12.5- 13 MeV and. by Zafiratos et a16)

at E( He) 4 0 and
5.8 MeV. [See Ref 1 for a more complete listing of the experiments
relating to N ] -
When a given excitation region has been studied‘in nore than one
experiment many problems have arisen:
(1) The widths for 12N*(3 11, 3.53) [energies 11sted here are from
Ref. 1] are given as 280 + 80, 270 + 80 keV by Zafiratos et a1%

and as 180 + 40 120 + 40 keV by Fuchs et als)
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while the differenee in values is not outs?de therCIeimed errors, there
is some interestvin seeing whether one or the other'ekperfment tended
‘to be biased-tduarus larger or smaller widths. .‘

(2) The Ex for IZN*(5-23) [see Table l:present work]vis gtven as 5.320+0.012MeV by
Fuchs etvals),vs 27 + 0.0 MeV by Ball.and Cernye)uehu‘as 5.13 MeV in
unpublished'work quoted in Ref. 1. =

(3) The states at - N (6.4, 6.9) [+ 0. 05 MeV] reported to be involved in.
the:seeuentre] decay of B( He,np) by Bohne et al7) _are not reported
in any otherureeetioh, although comparison [see Table-l]'with the

. mirror structure in IZB certalnly suggest states in that region of . ‘2

In fact comparlson of the densnty of observed states in the mirror

nuclei !ZB‘and 12N show clearly that many states of IZN have not been
observed. Besides the problem that different reacttons mau populate
different.states and'that few reactions populate 12 N*(although the four |
reactiqus are notfunusually selective), the greater widthsfef the states, the
problembof multf—pertt;le,background subtractfoﬁ (which'mey result in sub-
stentially differeutqﬁ* and T values), the lower ihtensity:of the "'signal
from the wider peaks_uverzthe'higher multi-particie baekgreund, as well as
the experimental dir%ieulties of dealing with neutrons and with highly
endoergnc reacttons,.a]l conspnre to make the study of IZNiverY difficult;

A nucleus in whlch all the excnted states are unbound is a frustratlng »

. system to study,_at leaSt (as in 8Be) until one gets to a.reglon where decay

is inhibited by selection ru]es'and'states once again become sharp.
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: ll;d EXPERIMENTAL -PROCEDURES AND RESULTS

The C(3H t) 2N has been studied at E( He) h9 3 MeV usnng the

88-inch cyclotron. and the Berkeley QSD magnetic spectrometera). The

9) except that

detail of the’ procedures followed have been descrlbed earlner
the Et vs. channel callbratlon was made by using a carbon target and moving
the groups from l N (0 0.964) across the length of the detector b, varying
the magnetic. fleld »l

The target used was an isotopic carbon target (98 9% C) whose
thickness was ~ 800 ug/cmz; It was orlented at 30° and |ts th|ckness
3He ions. Contami-

3)
13

corresponded to an energy loss of*‘IOO keV for kg MeV

16

nation from C( He t) and from " ~0( He t) was not observed. Qm for these

two reactions are -2 239 and -15. h48 MeV to the ground states of N and

16
. This experlment was concerned with determlnlng the level structure of

e

12N with 0 < E < 10 MeV and, to some extent, the reglon wnth E < 15 MeV

Since Qh for the,b:C( He,t) N reaction is -17.362 MeV,Jwe»would be concerned

“with contaminant groups in ]3N with 14 éfex'é-zh MeV'and with ]6F states with

2 5 E. X 12 Mev. ﬁfhe level structure of 16 is Very poorly known but we have

13

searched for a1lﬁkhodn energetfcally permissible staféé due to °C and

16O contamlnatlon,'and we flnd evudence for none.

The results we have obtalned at 91 b= 10°'and 3] are shown in
Figures 1 and 2 and are dnsplayed in Table 1| where they are compared with
previous results and with the T=1 levels ‘in IZB and lzCi_d Certain comments

are in order:
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N (1.72). We see no evidence for such a state »From-the analog

.reglon‘in_‘zB‘ahd"ZC five states would be expected wnth E <'3YMeV:fonly
four are observedt ~The sharp state N (2;42) lsiprobably the analog

'23*(2.72)f;na-]_c (17.76) [0*]. The 1° state which would then be -
hissihg hasia'w}dth >.l MeV in 12C: its width and intensity above back-
ground may be such ‘as to preclude its observatlon

N (3 14 3. 55\ Our results are in good agreement;with’the.results‘

__—.—-__.__..

5

obtained earlier: the widths we report agree withvthefaverage of the results

6)

 of Zafiratos et7a11

and Fuchs et al”). ' .
. ﬁ.i. < 6 MeV .In that region we report two'states,}as do Fuchs et aIS):

however, while the AE of our two states and ‘those of’ Fuchs et al is the
same, there appears'tolbe a real effect in that_we report both states to
be ~ 106 keV lowerhthaw do Fuchs et al. There is no'question whatsoever
that the widths. we observed for the two states are twuce as large as

5)

reported by Fuchs et al Comparison with the:analog region ini

12 B suggests flve relatlvely sharp states: the lOB(BHe;r{)_and the IZC(BHe,t)
reaction may be preferentially populating dlfferent‘ahaiog-states, with

. the selectiVitv*bejhg'greater in the (3He,n) reactionf(;nd thereforet
leading to.lower;f)uwhile we see unresolved states ih;two structures at

E, = L.1s5 and.S;zéﬂMeV. The equal AE_in both experfhehtsis_suspicious

in this cohnectioﬁ'but cannot invalidate this'hypothesjs.f.
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L) 1E§f(§=lgl_zzl§l. We see states at theSe.energiesifor which no'evfdence
appears in theb(BHe n) work6) Fig. 1 of the earller ( He,t) work by
Ball and Cerhyh) shows some structures at these energles.

5) IZN*§7.6315); ThIS state flrst reported in (3He n) is confirmed by us

within the errors quoted However, lookrng at the analog region in IZB

many analog States ‘may be broad and not readily observable in IZN.

6) 1wr(s.us, 9. 0415’ |

------------- Unfortunately we see this ex&{tetion region‘at enly
one angle: ‘the,lower state is very weakly populated; thevhigher'state
appears to h; tb»]ie at a somewhat Iower‘E*(8.86 Meﬁ)fhut the error

(+ 0.1 MeV) is large. o '

7) E > 9.1 MeV. We repert two sharp new states at E‘=# 9’#2 and 9.90 MeV

-—--—----—-

[F'v 0.2 and 0 I MeV] whuch do not seem to appear |n the (3He n) works)

but once agann Flg. 1 of Ref. h shows some approprlate structures.
Certainly IzB would suggest some five states below E = 10 MeV in IZN.
Flnally no other states have been observed up to E ;~]5 MeV (IOQ)'and

13 Mev (31° ).

In cohélhsion, this attempt to unravel the“puizle of the states of

IZN has conflrmed the exastence of one doubtful state; [ N*(Z 4)], casts

[IZN*(I N1, reports the existence of four new states, raises

(3

doubt on another
bquestions concernlng selective populetlon by the- He,n)"and (3He,t)‘react|ons,
and by compariseh wfth the analog region in 'ZB C]QBFIYtéhOWS that the level

structure of IZN is still very poorly known.
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‘We are very grateful to C. Ellsworth, U. Jahnke, L. Kraus, C.
Maples, Y. Terriéh'ahd K. Yagi for their help in this{expériment, and to

B. G. Harvey'whosé'SUpport was essential.
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ir_a_b_l_é_!_. Kﬁown T=1 states In the A=12 trlad
12, 12, TS )
. Previous results ™ _ Present results

T o T TR LA o R VR SO
(Mev). " . (kev) = - (MeV) - o (keV) . (MeVikeV) (keV) . (MeV+keV) (kev) -~ =
g.s 1t bound  15.110 1t 0.0k a.s. 1t bound gus. bound .
0.9531 2t " 16.107  2* 6.5 0.96448 = - 2* <35 _50,961»” < 20
1.6737 2" " 16.58 2~ 300 1.19219 @7 140435 . 1.190 + 20 80 + 30
2.621 1 " 17.23 © 17 1150  (1.72 +0.08) (h) |
2.723 ot " 17.76 ot 80 2.43 +ho 2.415 + 20 | 45 + 15
3.388 3" 3.1  18.36 (37) 210 3.114+15 =+ 210+50 | 3.136+ 30 240 + ho
3.759 2* 37 18.80 2t 80 3.533£lé~ (2)* 170450  3.550+ 50 150 + 100
4.302 1" s (1825 (1) 1100) |

: - | 4,25 13of) 290+79  L.150 + g0’ 650 + 100

Low37 2 broad U 5 T |
Cws2 Km0 1957 () koo

by 0 | _

- o B 5.320+12 187420 5,230 + 80" oo + 80
5.607 3t Mo 20.5 (3 a250 |
5725 Y 60 206 (3 200
5.8 (1)”  broad 6.100 + 80 300 + 100
6.6 140 (6.4)9) |



Table 1 {cont!nued)

6.8

. 7.55

7.84
7.94
8.1
8.12
8 .24

8.38 |

8.58.
_f;8;71_ 
903

9.18 )

9.43

9.59

976
(9.83)

10.00

12

(I)_+_r' '

>0

>0

>

>1

-]

.
(c)

broad

60
27
900+200

65
ho

75

85
60

100

12

)

12

€99 -

©7.629+20

8.446+17

(9.2)9)

9035412

16420

12

74130+ 100

200+40

90+30

f)

' 7.480 + 100

9.420

9.900

+ 100

+ 100
(k):

(8860 + 100)))
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500 + 100

180 + 80

S oa100

"~ 200

N

100 + 50

f)
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Table 1 (continued)'

2
b)

c)

d)

f,and probably for N (3 53) The other states are shown lnsted |n llne with that state |n ~B ;_'f“‘

e)

f)

)

From References l and 2

The analog assngnments of the fxrst seven T-l states can be made wnth consuderable confldence

Analog assignments shown here for higher states are based on reasonable AE and on uncertain

J7 assignments. Many T=] states with J" = 17, for instance, have been reported in»lzc but their

analogs in ]28 have not been established: see Ref. 1.

T=1 states with Ex.> 10 MeV 'in ‘28 and > 25 MeV. in ‘ZC have been observed: see Ref. 2 and 1,

respectively.

The states with E_ < 3.6 MeV have been reported in several experiments: see Ref. 1 (Tables 12.25,.

12.26 and 12.27).  The higher states come primarily from the B( He n) N study of Ref. 5.

Correspondence thh analog- states in ,28 and ]ZC is establnshed only for the farst three states

b 12

which has mos t closely the same. E ;bv

The widths listed here are.derived-from Ref. 5 and 6. It should be‘noted that we have used a

“revised set of widths from Ref. 5 (seefTable 12.26, Ref. 1) for which we thank T. G. Masterson

(private communication).
May be due to unresolved states.

See Ref. 7.

bt
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Table 1 (concluded)

We see no evndence for this state.

;The AE of the 5. 23 and h 15 MeV state |s the same as for the two states 5 32 h 25 observed by

Fuchs et aIS) but the absolute values appear to be really |00 keV Iower [our errors are conservative]

Our Ex’ when_comparable,_for the higher states always tend to be-lower:jfor.lnstance 7.48 - 7.63.
In the case of the 4.15-4.25 and 5.23-5.32 states the widths we observe are substantially larger:

the (3He,t) reaction may be exciting additional (unresolved) states.

Has been observed only at one angle (3]?),

No other states are observed up to Ex = 15 Mev (10°) and 13 M?V.(3]°)'

Used for calibration.
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Figure Captions

Figure 1. Speetruolof the tritons from the ‘ZC( ,t) N reactlon at
81ap = 10°, E(3He) =49.3 Mev “This eomposite figure shows the
results from four runs: Run 3830 [32 152 MHz, 0. 235 mC], run 3860
[30.010 MHz 0 407 mC], run 3920 [29.302 MHz, 1. ]4 mC] and run 3890
[26 000 MHz, l 30 mC] [frequency of spectrograph, InC|dent charge].
A complete plot of run 3890, and a plot of run 3900 [23 499 MHz, 1 0 mC]
show no other groups |n 12N W|th E <15 MeV' see the dlscu5510n lnvthe
text. The ordlnate shows the average number of counts |n a four-
: channel b|n statlsttcal errors are shown for four pounts The
,abscussa shows E rin ]ZN (in Mev)
Figure 2. Spectrum of the trltons at 6] b= 31°. | Thie»oomposite figure
shows the resu};s from run 3930 [30.753 MHz, 1.09 ﬁc], 3940 [28.296
MHz, 1.37 ht]rend 3950 [26.301 MHz, 3.63 mC]. Pﬂotseof_runs_3960 and
3970 which équer,lo <E <13 Mév in IZN show no’o;her'groupe. See

also caption.of Fig. 1.
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