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 |etter
with alatine spelling

Theory

m octet content and properties

= octet of mesons J” =0~

d={{l/Sqrt[2] n0-1/Sqrt [6] n, np, Kp},
{mm -1/Sqrt[2]1x0-1/Sqgrt [6]n, KO}, {Km KOb, Sqrt[2/3]n}}
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= octet of baryons J” =§

T={{1/Sqrt[2] =0-1/Sqrt [6] A, =p, P},
{=zm -1/Sqgrt[2]=20-1/Sqrt [6] A, n}, {Em =0, Sqrt [2/3] A}}
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One should be careful: £ mand X are not charge conjugated

ob = {{-(Ab/Sqrt [6]) +=0b/Sqgrt [2], =nmb, Ep},
{=pb, -(ab/Sgrt[6]) -=0b/Sqrt [2], =0b}, {pb, nb, Sqrt [2/3] xAb}}
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the isospin, hypercharge and charge operators

lz=1/72{{1, 0, 0}, {O, -1, 0}, {O, O, 0}}
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= theisospin, hypercharge and charge of the octet of mesons J” =0~
nisisoscalar, (KO,K*) and (K-, Kb° ) are two isodoublet, (= °7*) is an isovector:
Sinplify[lz.a-8.12]
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+
= the isospin, hypercharge and charge of octet of baryons J° =%

AP isanisoscaar, (n,p) and (- ,Z%)aretwo isodoublet, (X, =0, £*) is an isovector:
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m Mass splittings
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m the four invariant operators

Ol=2h.QQUg;

R=zh.2.QQ

B=Th.Qz.Q

4 = @b. g;

Qo = Expand[Tr [OL]]

nnb
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OB = Expand[Tr [(2]]
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Oy = Expand[Tr [O3]]
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2ppb AAb E0Z20b 2EmEp AbXZ0 AXZOb 5X0X0b 2ZmZmb 2ZpZpb
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Tr [P ¥ blistheidentity operator:

Q d = Expand[Tr [(4]]
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nnb+ ppb+ AAb+EZ0E0b +EmEp+ Z0XZ0b + ZmImb + Zp Zpb

m 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=aOQx+BOB+yOy+560d

nnb 2ppb AAb E0EO0b 2EmZEp AbX0 AZXOb 530X0b 2EmEmb 2XZpZpb
y|— - + + - - - + - - +

9 9 6 9 9 6vV3 6vV3 18 9 9

nnb ppb AAb Z0EOb 4EmEp AbX0 AXZOb 52Z0X0b 4ZmZmb ZpZpb

—_—t —+ + + - - + + + +
9 9 6 9 9 6v3 6v3 18 9 9

nnb 4ppb AAb EO0Z0b EmEp AbX0 AXZ0b 5303X0b ImZImb 4ZpXpb

al —+ + + + - - + + + +

9 9 6 9 9 6V3 6vV3 18 9 9

o(nnb+ ppb+ A Ab+Z020b+EmMEp+ Z0Z0b+ ZmZmb + Zp Zpb)

Mp = Coefficient [M ppb]

Mep = Coef ficient [M =p =pb]
da B 2y
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M0 = Coef ficient [M =0 =0b]
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Mem= Coef fi ci ent [M =mznb]

MeO = Coef ficient [M =0 =0b]

a p
—4+—+—46
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Mem= Coef ficient [M Emzp]

Conclusion: ME m MEZ 0= MX mt MX pt Mp- Mn
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Phenomenology

-+
= Experimental data for masses (in MeV/c?) of the octet of baryons JP =%

MhE = 939. 56;
MpE = 938. 27;

MENE = 1321. 71;

MEOE = 1314. 86;

MENE = 1197. 45;

MEOE = 1192. 64; MepE = 1189. 37;

s Comparison with theory
{MenE - MEOE, MENE - MEpE + MpE - MhE}
{6.85, 6.79}
(MENE - MEOE) / (MENE - MEPE + MpE - ME)

1.00884



