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BINDING ENERGY FOR NUCLEARSUPERMULTIPLETS IN LIGHT NUCLEI� ��S. Szpikowskia;b and L. Pró
hniakbaInstitute of Plasma Physi
s and Laser Mi
rofusionHery 23, 00-908 Warsaw, PolandbInstitute of Physi
s, Maria Curie-Skªodowska Universitypl. M. Curie-Skªodowskiej 1, 20-031 Lublin, Poland(Re
eived January 21, 2003)A simple three-parameter supersymmetri
 mass formula has been ap-plied to binding energy 
al
ulations of nu
lei in the s�d shell grouped intosupermultiplets. The earlier suggestion of instability of 26O has been 
on-�rmed and binding energies of other exoti
 nu
lei have been predi
ted.PACS numbers: 21.10.Dr, 21.60.Fw1. Introdu
tionA

ording to the Intera
ting Boson Model [1℄ (IBM) valen
e nu
leonsof nu
lei are 
oupled to pairs with L = 0 and L = 2 to form approximatebosons. Besides, there are one or two unpaired nu
leons left whi
h, togetherwith bosons, form a boson�fermion system with an assumed supersymme-try. The unitary�unitary supersymmetry group, U(mjn), has been applied,wherem(n) is a number of single parti
le states in the boson (fermion) spa
e.Details of our model and of adopted notation have been given in [2, 3℄.Ref. [3℄ 
ontains also �rst results in evaluations of binding energies of even�even nu
lei belonging to a given supermultiplet N , where N is a total numberof valen
e bosons and fermions. For even�even nu
lei N = 1=2(A � 16),where A is an atomi
 number and 16O is a 
ore.We will exploit, in what follows, the fundamental property of the su-persymmetri
 model in whi
h even�even as well as even�odd and odd�oddnu
lei belong to the same supermultiplet with the same supersymmetri
parameters.� Presented at the XXXVII Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 3�10, 2002.�� This work has been partly supported by the Polish State Committee for S
ienti�
Resear
h (KBN) under 
ontra
t No. 2P 03B 115 19.(2295)



2296 S. Szpikowski, L. Pró
hniak2. The supersymmetri
 model for binding energiesFollowing the previous 
onsiderations [2,3℄ we have 
onstru
ted the bind-ing energy formulaEsup = E00 + aNf + bNb + "T (T + 1) ; (1)where E00 is given from 
onsiderations of ground and ex
ited states of thes�d shell nu
lei. It readsE00 = E0 + �J(J + 1) + 
Tf (Tf + 1) ; (2)where E0 � Eexp(160) = �127:62 MeV, J is the total nu
lear spin of theground state, Tf is the isospin of unpaired nu
leons. (Tf = 0; 1=2; 1) and� = 0:08 MeV, 
 = �0:82 MeV for the supermultiplet N = 5. However, wewill adopt the same parameters for N = 3 and 4 whi
h 
an 
ause a negligibleerror 0.1�0.2 MeV.The new binding energy parameters a, b and 
 are given in Table I.TABLE IThe binding energy formula parameters (in MeV).N a b "3 �7:00 �20:94 2:354 �7:60 �21:54 2:275 �8:20 �22:14 2:41It is interesting to note very regular 
hanges of the parameters a and b.The parameter " has been taken from [3℄. At last, Nf (Nb) is the numberof valen
e fermions (bosons) and T is the total isospin of a nu
leus. Forthe supersymmetri
 binding energy the Coulomb energy must be added to
ompare with experimental data:Eth = Esup +EC ; (3)where we have adopted EC a

ording to [4℄ (Table II). TABLE IIThe Coulomb energies (in MeV).nu
leus 8O 9F 10Ne 11Na 12Mg 13Al 14Si 15P 16SEC 18.29 21.83 25.91 30.24 35.10 40.18 45.77 51.28 57.33
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al energies are 
ompared with the experimental data inTable III(a), III(b), III(
) for the supermultiplets N = 3, 4 and 5 respe
-tively. In Table IV we give the predi
ted binding energies for exoti
 nu
leifrom these supermultiplets. In the present 
al
ulations, improved and mu
hmore 
omplete than in [3℄, we 
ome on
e again to the 
on
lusion that 24Ois the last stable oxygen isotope. The 
on
lusion is visible from the bindingenergies of oxygen isotopes (Tables III, IV). TABLE III(a)Comparison of experimental [5℄ and supersymmetri
 binding energies (in MeV)for supermultiplets N = 3.8O14 10Ne12 12Mg10 9F11 11Na9�Eexp 162.03 177.77 168.58 154.40 145.98�Eth 162.24 178.12 168.93 153.84 145.43� 0.21 0.35 0.35 �0:56 �0:558O13 9F12 10Ne11 11Na10 12Mg9�Eexp 155.18 162.50 167.41 163.08 149.20�Eth 155.85 164.06 167.43 163.10 150.79� 0.67 1.56 0.02 0.02 1.59 TABLE III(b)Comparison of experimental [5℄ and supersymmetri
 binding energies (in MeV)for supermultiplets N = 4.8O16 10Ne14 12Mg12 14Si10 9F13 11Na11�Eexp 168.48 191.84 198.26 172.00 167.73 174.15�Eth 168.38 192.54 196.97 172.68 168.78 174.63� �0:10 0.70 �1:29 0.68 1.05 0.488O15 9F14 10Ne13 11Na12 12Mg11 13Al10�Eexp 164.77 175.27 182.97 186.56 181.72 168.70�Eth 164.64 176.35 183.62 186.50 181.64 169.75� �0:13 1.08 0.65 �0:06 �0:08 1.05
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hniak TABLE III(
)Comparison of experimental [5℄ and supersymmetri
 binding energies (in MeV)for supermultiplets N = 5.10Ne16 12Mg14 14Si12 9F15 11Na13 13Al11�Eexp 201.60 216.68 206.05 179.13 193.52 183.60�Eth 201.78 216.69 206.02 179.14 193.71 183.77� 0.18 0.01 �0:03 0.33 0.01 0.179F16 10Ne15 11Na14 12Mg13 13Al12 14Si11�Eexp 183.48 196.02 202.53 205.59 200.53 187.00�Eth 182.80 195.99 203.31 205.68 200.60 187.78� �0:68 �0:03 0.78 0.09 0.07 0.78TABLE IVThe predi
ted binding energies (in MeV) of exoti
 nu
lei from the supermultipletsN = 3; 4; 5.8O17 8O18 13Al8 13Al9 14Si8 14Si9 15P9 15P10 16S10�Eth 165.05 166.02 134.35 149.43 134.76 152.42 149.69 170.86 170.37The problem of an oxygen stability (26O and 28O) had been very oftendis
ussed. However, the majority of other theoreti
al predi
tions showed thestability of 26O and even 28O. In Table V we give some re
ent theoreti
alresults for oxygen binding energies.It is 
lear from Table V that only in few 
ases the instability of 26Owas predi
ted whi
h is also our previous [3℄ and present result. It is also
ru
ial to note that in the two experimental publi
ations [10,11℄ the parti
leinstability of 26O has been 
on
luded from the experimental observationsthat the lifetime of 26O must be mu
h shorter than 188 ns in the �rst workand mu
h shorter than 140 ns in the se
ond one.
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