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:isotopes,l considerable immediate importance2 is attached to the accurate meas-_af; o

“urement of.masses}of certain T =‘~5/2 nuclei, e.g. C 9) which complete T =‘3/2 L

experiments After energy analysis, alpha-particle (for the initial set up)

- of particle identii‘ier.3 Alpha particles of 70 MeV were used to set up the

Nuclear Data analyzer, each spectrum in a 102k channel group, and used to. o

_'cle identifier spectrum corresponding to the He6 and Li6 energy spectra,
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Besides general interest in the existence of highly neutron-deficient /:ﬂ';

isobaric spin quartets and provide a new test of the charge indepéndence of Cond L
. . ’ .

nuclear forces Ve wish to report a new nuclear reaction-—that of three-neutron Jf:

9.

pickup via (He5 He ) transitions-—permitting measurement of the mass of c’,

which completes ‘an, $sobaric quartet for the first time.

The Berkeley 88-iﬁ°h .variable-energy cyclotron vas used for these-:57~?f

or He5 beams impinged on solid targets centered in a 56-inch scattering chamber.

A 50 mg/cm aE/ax 180 mg/cm E semiconductor counter telescope fed a new type ;”

L 2k

electronics through the Mg (Heu,He )Mg and Mg (H L )Na reactions (the S

s

Li6 energy spectra were later used to provide: known reference points), and a

typical particle identifier spectrum for Mg 26 + He,4 is shown in Fig. l. Single-ilff

channel analyzers on the dE/dx counter eliminated all Heh'> 46 MeV prior to'i

identification. Total ener%y pulses for both He6 and Li6 were fed into a.

establish an energy scale. The lines 2 3 and 5-6 on Fig. 1 bounded ‘the parti-;?;f

respectively 3 Energy spectra of particles bounded by lines l 2 and 3 h were .;éfi.“;fﬂ




- reaction, ar beam of 65 MeV He

. energy scale provided the energy calibration for each run. Four to six hour;g

- runs at an analyzed beam 1ntensity of 150'mna'were required.

c scale was determined to be 28 95 O 15 MeV hence, as expected C9 is '

. set from these data due to transient difficulties in maintaining a constant

- He

obtained.

both C (He ,He )C and ot (He ,Li )B9 spectra recorded. Figure l also shows

" section is also given in Table 1. It is apparent that the C (He ,He )C9 and

. both peaking forward and reaching about l ub/sr The mass- excess of c

U e UCRLLTER

also recorded in 102h channel groups to prevent any possible loss of He6 ions.j:{ o

Good agreement with the previous investigation of'the Mg26(Hel+ He )Mg 2k reac-g”*;“

tion at 40 MeV was found and the cross’sections weré comparable to those at ff_“

" the lower:ienergy. An average He6 energy resolution of 190 keV (FWHM) vas ,fpi'“t;'"

Due to the large negative Q value (~'-52 MeV) ‘of the C (He He )09 ,f:?fN';
5 <l .

ions ‘was used However, to establish the

general properties of this three-neutron pickup reaction, the Mg (He ,He )M 23 :;;,

reaction-involv1ng known target and product nuclei——was first 1nvestigated.

6

This reaction was observed ‘with the Mg (He ,He )Mg25 (0. hh9 MeV) transmtion

dominating the ground state tran51tion at forward angles, the cross section of

the former is presented in Table- l Carbon targets were then bombarded and

the identifier Spectrum from C12 + He3 Single channel analyzers were reset to

- eliminate all He3 > 224-MeV and Heh > 28 MeV from reaching the. identifier.,nﬂ v

.

Measurement of the Li6 spectra in conjunction with a pre established pulser ;5?

..

Figure 2 presents the energy spectrum of C (He ,He )C -At presentff

only the ground state transition has been definitely observed and its cross‘.“

.‘. :.

Mg (He ,He )Mg23 (0. hh9 MeV) cross. sections are comparable and quite small
9

on the
K7 <

12

stable with respect to proton emission. Sharper energy llmits could not be

3

beam energy




and used to predmct the mass-excess of C9 to be 29 Oo 0. 08 MeV Excellentffﬁﬁ

~such a relatlon would also hold for charge dependent forces, prov1ded only that fi_

3. uemnwrre

W1th1n the framework of charge 1ndependence of nuclear forces, it can

-beshowng_’6 that the masses of an 1sobar1c multlplet are related by f~v.l;jﬂ'-ﬁ

. . .
M=a+YT +cT
. y Z . Z

Measurement of the C9 mass- excess enables us to make the 1nitial check ~vﬁ¢:

of thlS relatlon since, prev1ously, at most only three members -of an isobaricv

multlpleu have been avallable. The other three members of the mass 9, T = 5/2

quartet are L19(T = +3/2, mass-excess 2h 965 O 020 MeV), 9(T; +1/2 )
excltatlon of T =3/2 state lh 392 + 0 005 MeV), and B9(T B - l/2 excitation';,a~
‘of T = 3/2 state 14.668 % O. 016 MeV) Since the experimental error. is greatestv?

for the 09 mass, the coeff1c1ents were obtalned from the L19 Be9, B states.ff”' L

agreement between this prediction and the experimental mass is apparent. In jf

lO

fact, though. the mass equatlon has been applied ? to 1nvestigate certain

relationships between dlfferent i spin multlplets within a given A, this 18 h

the most accurate check of the equation for a speciflc mass number..

RN

Unfortunately, as has been pointed out 2 this quadratic mass relation'f:il

is not an extremely sensltlve test of charge 1ndependence due to the fact that

they are two- body forces Hence fUrther conflnmatlon of this formula for'~
5/2 quartetsor T = 2 quintets,lo5ll permlttlng an analysis of the resultlngii-

b end ¢ coeff1c1ents andﬁthelrchange with mass number (see, for: example,refer--f”

ence 12), would appear to be a most fruitful course.to evaluate accuratelytany_'53;‘

charge dependence of nuclear forces

' N : o
As thas been shown the three neutron pickup (He He ) reaction can be
used to measure the masses of the T c= - 3/2 nuclei, S0 that experimental

[

. methods are fiow availsble o complete mény isobaric guartets._ Most ofpthe_f ESERE
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T, = + 3/2 misses are known and the T = 3/2 states in tde T_ = 4.1/2 and - /2.
_ 3)

members can be readily located through (p,He and (p,t). reactions on appro- .

prlate targets. 11,15 In addition, the observation of this reaction offers
 promise that the fourth and fifth members of the A = Ln, T =2, quintets can bef;}i
measured ‘Taking the A = 16 system as an example, at present T=2 states in
+1(Nl6), and T .O(O ) nuclei are known. ll Next; bne'-*"'”

... can hope to‘locate'T = 2 states in the'T = -1 nucleus Fl6 through the F 9(He ,He )F 6:

6
the T, ="+2(c-l ), T

reaction analyzed in a s1milar manner to that prev1ously used for the T +l;0‘
isobars, since AT = 3/2 is allowed in this reaction. Lastly, if He8 is particle

BRI
_stable, the success of thi's three-neutron pickup reaction makes it conceivable
that the T 2 quintets can be completed by obtaining the mass of the T 42"’3”,
. member via a four neutron pickup reaction, in this case Ne (He ,He )Nelé.;
$

The alpha-particle energies which would be required are well within the range

of the new variable energy cyclotrons..'

2
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Table_ 1. lef él‘blal cross sections for the Mg (He5 He6) 2 (0,449 Mev) .
and ClQ(he) He

should be * 25 percent, statistical errors are indicated.

ug2O(e? e ';;- U - L c22(xe?  1e8)c?

C.M. angle, deg o, wo/sr "~,; : 'CQM. angle, deg 0, wb/sr

16.2 . Lo*o. i‘ijfi 158 . 1.6to0.4

g.s. transitions. The absolute accuracy of the cross- sectlons.

eh.6 .0 59i0 w07 o 13 toe

36.4 . 0.50% 0.16 :'f. 20.7 (see 5) 1.4 & 9.31’
o T 25.7 (see 5) 1.3 £0.2
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Figure 1.
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. FIGURE CAPTIONS

. -

. " . ' 0 . : .
Particle identifier spectra from 70 MeV Heh on Mg“§ and 65 MeV He3

on 012. Lines 1 through 6 represent discriminator settings as

6

determined from the He + Mgal data. The 'spectrum for He5 + 012

arises.when all discriminators but number 1 are set.

Figure 2. An eneréy spectrum from.cla(HeB;He6)C9 at 12 deg:. The dashed line . -

at lower channels than thec?é;s.peak mgrely_represgnﬁs an avérage |

of the scattered counts in this region.
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