
Electromagnetic mass splittings in 
a SU(3) octet 
Note : in Mathematica, greek letters are obtained by using the key "Esc" before and after typing the abreviation of the greek letter
with a latine spelling

Theory

� octet content and properties

� octet of mesons JP =0-

F = 881�Sqrt@2D Π0 - 1�Sqrt@6D Η, Πp, Kp<,
8Πm, -1�Sqrt@2D Π0 - 1�Sqrt@6D Η, K0<, 8Km, K0b, Sqrt@2�3D Η<<
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� octet of baryons JP =-
2

1
+

Y = 881�Sqrt@2D S0 - 1�Sqrt@6D L, Sp, p<,
8Sm, -1�Sqrt@2D S0 - 1�Sqrt@6D L, n<, 8Xm, X0, Sqrt@2�3D L<<

i

k

jjjjjjjjjjjjjjjjjjjjjjjjjjj

������������
S0

�!!!!!
2

- �������������
L

"#####
6

Sp p

Sm - �������������
L

"#####
6

- ������������
S0

�!!!!!
2

n

Xm X0 $%%%%%%���
2

3
L

y

{

zzzzzzzzzzzzzzzzzzzzzzzzzzz

One should be careful:  S m and S p are not charge conjugated

Yb = 88-HLb�Sqrt@6DL + S0b�Sqrt@2D, Smb, Xp<,
8Spb, -HLb�Sqrt@6DL - S0b�Sqrt@2D, X0b<, 8pb, nb, Sqrt@2�3D * Lb<<
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� the isospin,  hypercharge and charge operators



�

the isospin,  hypercharge and charge operators

Iz = 1�2 881, 0, 0<, 80, -1, 0<, 80, 0, 0<<
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Y = 1�3 881, 0, 0<, 80, 1, 0<, 80, 0, -2<<
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Q = 1�2 Y + Iz
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� the isospin, hypercharge and charge of the octet of mesons JP =0-

Η is isoscalar, (K0 ,K+) and (K- , Kb0  ) are two isodoublet, (Π- ,Π0 ,Π+L is an isovector:

Simplify@Iz.F - F.IzD
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Simplify@Y.F - F.YD
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Simplify@Q.F - F.QD
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� the isospin, hypercharge and charge of octet of baryons JP =-
2

1
+

L0  is an isoscalar, (n,p) and (X-  ,X0)are two isodoublet, (S- , S0 , S+L is an isovector:
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Simplify@Iz.Y - Y.IzD
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Simplify@Y.Y - Y.YD
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� Mass splittings

� the four invariant operators

O1 = Yb.Q.Q.Y;

O2 = Yb.Y.Q.Q;

O3 = Yb.Q.Y.Q;

O4 = Yb.Y;

OΑ = Expand@Tr@O1DD
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OΒ = Expand@Tr@O2DD
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OΓ = Expand@Tr@O3DD
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Tr [Y Y b] is the identity operator:

Oid = Expand@Tr@O4DD

n nb + p pb + L Lb + X0 X0b + Xm Xp + S0 S0b + Sm Smb + Sp Spb

� the relevant mass operator

Note: since Oid is proportional to Id, it does not contribute to mass differences ; we anyway expand the mass operator as an
expansion on the 4 invariants
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M = Α OΑ + Β OΒ + Γ OΓ + ∆ Oid

Γ
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∆ Hn nb + p pb + L Lb + X0 X0b + Xm Xp + S0 S0b + Sm Smb + Sp SpbL

Mp = Coefficient@M, p pbD
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Conclusion : MX m -  MX 0 = MS m -  MS p + Mp -  Mn

Phenomenology
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Phenomenology

� Experimental data for masses (in MeV/c2) of the octet of baryons JP =-
2

1
+

MnE = 939.56;
MpE = 938.27;
MXmE = 1321.71;
MX0E = 1314.86;
MSmE = 1197.45;
MS0E = 1192.64; MSpE = 1189.37;

� Comparison with theory

8MXmE - MX0E, MSmE - MSpE + MpE - MnE<

86.85, 6.79<

HMXmE - MX0EL � HMSmE - MSpE + MpE - MnEL

1.00884
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