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 THE MASS OF 30 AND THE ISOBARIC MULTIPLET
MASS EQUATION¥* '

Robert Mendelson,‘G; J. Wozniak, A;.D. Bacher, J. M.‘LOiseaux,T and J0séph Cerny
Lawrence Radiation Laboratory and Department of Chemistry
o University of California

Berkeley, California 94720

July 1970

Abstract:
The mass excess of 0 has been determined to be
- (23.107#0.015) MeV. This yields a value for &, the coefficient of
TZ3 in the isobarié multiplet mass equation, of (;0.8i3.h) keV
for the A = 13 quartet. Additional values for d, obtained from
17 2581, are also

‘new measurements bf_the masses of Ne,'elMg .and

consistent with zero.

Although the level energies of several isobafic multiplets with T = 3/
have been determined,l only the A = 9 quartet has been measured with
sufficient accuracy to observe a significant deviation from the quadratic

form of the isobaric multiplet mass equation, AM = §_+'QTZ + gTs. If this

w

deviation is éaramaterized by an additional term gp in the mass equation,

Z

then 4 has a valué2 of (9.2%3.7) keV. The non-zero value for d indicates that

a first-order perturbation treatment of the isospin-nonconserving operator

(assuming charge-dependent forces of tensorial rank two or less) is inadequate  
tofdeséribe the A = 9 quartet. BSeveral theoretical attempts to evaluate the

magnitude of d have led to conflicting results. A second-order perturbation -.
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Vcalculation,3busing.Coulomb-energy systematics to estimate the mixing of
9 .

T = 1/2 states ﬁith the T = 3/2 states in “Be and‘9B, gives a’g_coefficient

"
i)

comparable to that.observed; However, further considerations Based on the

(/

widths of the perturbing T = 1/2 states indicate that the T = 1/2 admixture v

is small and not consistent with the large value dbserved'for g,h ‘Henley

>

and Lacy,” applying a simple. nonperturbative model to the A = bn + 1 isospin

quartets, find generallyismall values’for'g_( ﬁ,lvkéV)'and, in particular,
obtain d = 0.06 keV for A = 9.

In order to inVestigate systematics that might appear in the Q

13

coefficient, we have accurately remeasured the mass of ~~0 and we report new

17 25

or improved values for the masses of Ne, 21Mg, and Si. TIn all cases the

values obtained for d are essentially consistent with zerg.'-iﬁ particﬁlar;
using’the well—known masses for the other members of £he.A-iyl3 multiplet,l no
deviationffroﬁ'the quadratie mass equation islbbéérved=within an error
comparable to the uncertainty in the A = 0 determination.

The experiments were performed with 3He'and hHe beams from the

3O mass measurement employed
semiconductor counter-telescopes to observe. the 160(3He,_6He)13

the calibration reactions 12C(3He,6He)9C and 12C(oc,6He)lOC. 3

Berkeley 88-inch variable-energy cyclotron. The 1
0 reaction and

He ‘ions, _
bombarding a CO, gas target, produced 6He nuclei corresponding to the 9C and

2
13 ' e . e 9 13 .
0 ground states. OSince the peaks due to “C and 70 were separated by

épproximately 1.4 MeV, the known ma532 for the 90 ground state provided an
accurate energy calibration. The slope of the energy scale was determined by
observing the ground state and first-excited state (EX = 3.3527.MeV)6 in loC

produced by alpha-particle bombardment of ethane.
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Two similar,fdur—counfer téiescopes (conSisting'of 11hy, 90y, 300ﬂ and
500U counters)‘and electronic systems were simultaneously empioyed at equal -

7

angles on opposite siaes of the beam axis. Two particlé—identifications were
perfbrmed and cbﬁpéred using the signals from the two successive differentiai—_y
enérgy—loss (AE).detectors and the third E detector. Subénanosecond pulse-~
éhape discrimination was'employed to reduce pile-up due to 3He's and déuterons
from the same ﬁéam burst which can produce a false‘signalbin the 6He’region of

the particle-identifier spectrum. Pulser calibrations following each event

were uséd td correct the slope and zero-poinf of the energy scale for each

'system. A split Faraday cup and the observation of elastically-scattered

. particles were used to monitor the beam position.

Five paiameters were recorded for each'event:- the total energy, two
AR 1dsses, particle ideﬁtifidation, and pile—up. Correctiohs were made and
1imits were placed on.these parameters using an off-line computer. Peak
centroids weré:determined using Chauvenet's theorem8 to-systematically set
limits on the extent of the 6Hé peaks. A-typical set of spectfa are éhown

in Fig. 1. The resolution was 200-300 keV.

The 13O'iziass was obtained by averaging the Q-values measured in each

detector system. Two independent runs at E3 = 62.6 MeV, eLab = 11.65 deg.

: ' : He _ :

and at E3 = 66.3 MeV, eLab = 12.19 deg. were combined to yield an 13O mass-
' He ' ‘

9 2

excess of (23.107%0.015) MeV based on a

C mass excess of (28.906+0.00k) MeV.
Thé uncertainty.in the mass- excess is primarily due tb‘statistical errors and f 
the uncertainty in the beam energy. Errors due to uncertainties in the
scatteriﬁg angle, the slope of.the energy scalé, counter dead-layers, gas-

target foil corrections, gas-pressure variations and energy fluctuations in the
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beam were small because of the differential nature ofvtheimeasurement. Small
corrections were made for the shifts in each peak position due to the angular

distribution of the reaction products across the solid angle (5 X 1072 sr) of

*\\.

the detectors. The mass excess obtained is in excellent agreement with the

previousiy-measured value, (23.110%0.070) MeV.”
17 25

Si, measured using similar techniques

10 17

" The masses of ~ 'Ne, 21Mg and

but with Iess preéision, are given in Table 1. For the Né measufement,

a gas target containing a mixture of 97% enriched 2ONe gas and C02 was used.

Carbon-backed 2hMg (99% enriched) and natural S_iO2 targets were used for the

21 25

Mg and Si'measurements, respectively. The overall resolution for the

solid targets was = 175 keV.

The mass of 17N

e (16.479£0.050 MeV) is found to be in good agreement
with a previous value™t of (16.47+0.25) MeV. The new mass of
lMg, (10.88920.040) MeV, supersedes the previous measurement of (10.62+0.12) MeV

from this laboratory.l2 For the 27

Si measurement the group observed could be
composed of both the grouﬁd and first-excited states which are expected to
lie = 30 keV aparﬁ. If the first-excited sfate is populated to a significant
eitent, the d coefficient will be slightly more positive than that given in ‘
Table 1, but if will still be consistent with zero. Valués of a, b, ¢, and
x2 determinedﬂby'a linear—leasf—squares fit to thevquédratic mass equatiouu [\
érerélso given ianabie 1. With-the exception of ‘A = @ all are.éonsistent | ? e
with a value 6f X2 < 1. Values for 4 are given in the,laét column of Table i._ 

Our value for qJ(TO.8i3.h) keV, for the A = 13 quartet is significantly:
less_than the value, (9.2i3.7) keV, previously determinéd.for A =9, Since

~ additional values of d for the quartets with A > 13 are also essentially



~

to mixing of the (T
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cohéistent with;zero, there does not.appear fo’be a sysfématic increase ih'g
Withvihéreasiﬁg avéfage»charge of the multiplet. This sﬁggests that-thé non-
zero g;coefficient'for the A = 9 quértet‘is not due friﬁéiily'to charge—
dependent forces.of‘tensprial rank 3 or higher. |

_It is of pgrticular interest tO‘undérstand the Vafiation in.magnitude
of ihe g_coeffiCieﬁt in the more—accdratelyvméasﬁred A =."9'a,nd A =13 Quartets.,
Iﬁ the absencefbf-higher;order, chargeQdependént forces,_é-non—ééro:Value for 4
might arise frém level shifts due to nearby thfesholds fbr isospin-allowed |
decaysl3_or; in a perturbation tréatment (where Q_depends on the prodﬁct of

off-diagonal vector and tensor Coulomb matrix elementsl’3); it might be due

3/2, Tz'=.il/2) levels with other J" = 3/2” levels with -

either T = 3/2 or T = 1/2. A reliable test of the perturbation approach

fequires a knowledge of all of thevparameters of the appropriate T = 3/2 and
T = 1/2 levels in the T, = *1/2 nuclei. In both the_A:é 9 and A = 13 systems
it is therefore necessary to identify énd chara&terize the'(3/2_,‘T =1/2)
states predictédly to lie in the énergy range closé.to the analogue levels.

In addition, for the A = 9 system a more accurate determination of the width

_of.thelgB analogue state is-neededb

The authors wish to- thank Penny Fink for writing the off-line

computer analysis program.
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Tuble 1. Completed bn +1, T = 3/2 Multipléts, Values of a, E_and ¢ are obtained from a least squaresvfit

' -2 . - . P . : ‘
to AM = a + QIZ_+ ETZ . 4 is the coefficient of an additional TZ3 term in AM. ' Errors, in parentheses, are

co
[

in keV.
‘M::S=E;i::s Pfei?ffionc a b ¢ v d

" (MeV) (MeV) (MeV) (MeV) - (MeV) (keV)

9 28.906 (u)® 28.961 (22) 26.343 (4.0)  -1.315 ke.o) .263 (2.4) 6.16 | 5.2‘(3.7)
13 23.107 (15_)b 23.102 (14)¢ 19.257 (2.2)  -2.181 (3.1) .256 (2.7) 0.06 ~-0.8 (3;h)
17 16.479 (50)° 116.508 (23)° 11.651 (3.7) .42.878 (5.4) .238 (8.1) 10.28 4.8 (9.2)
21 10.889_(ho)b 10.9%0 (2k4) L.897 (L.8) —3.658 (6.8)7 .ol (6!&) ,1.i8 8.5 (1.8)
25 3.817 (50)° 3.796 (L42) 3.262 (8.1)  -h.387 (10.6) .216 (10.8) 0.10 ~3.5 (10.9)
37 -13.230 (50)°€ -13.198 (91) -22.886 (11.6) - -6.18; (1h.6) o.17ﬁ (14.6) 0.10 5.3 (17.3)

8Ref. 2.

bPxfesent work. For the 2°Si measurement we have assumed that only the groﬁnd;state is'pdpulatedf

“Ref. 1. | |

L, . ~ L : 1
G improved value for the }3N state (M. J. Levine and P. D. Parker. Phys. Rev. 186, 1021 (1969)) and for the =

state (K. A. Snover, E. G. Adelberger and F. Riess, Bull. Am. Phys. Soc. 13, 1662 (1968)) has been included in

the weighted average.

17

€A new value for the = 0 state (C. Detraz and H. H. Duhm, Phys. Letters 29B, 29 (1969)) has been included in_

the weighted average.

- 6266T-Td0N
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