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36. SU(3) ISOSCALAR FACTORS AND

REPRESENTATION MATRICES

Written by R.L. Kelly (LBNL).
The most commonly used SU(3) isoscalar factors, corresponding to the singlet, octet,

and decuplet content of 8 ⊗ 8 and 10 ⊗ 8, are shown at the right. The notation uses
particle names to identify the coefficients, so that the pattern of relative couplings may
be seen at a glance. We illustrate the use of the coefficients below. See J.J de Swart, Rev.
Mod. Phys. 35, 916 (1963) for detailed explanations and phase conventions.

A
√

is to be understood over every integer in the matrices; the exponent 1/2 on each
matrix is a reminder of this. For example, the Ξ → ΩK element of the 10 → 10 ⊗ 8
matrix is −√

6/
√

24 = −1/2.
Intramultiplet relative decay strengths may be read directly from the matrices. For

example, in decuplet → octet + octet decays, the ratio of Ω∗ → ΞK and ∆ → Nπ partial
widths is, from the 10 → 8 × 8 matrix,

Γ (Ω∗ → ΞK)
Γ (∆ → Nπ)

=
12
6

× (phase space factors) . (36.1)

Including isospin Clebsch-Gordan coefficients, we obtain, e.g.,
Γ(Ω∗− → Ξ0K−)

Γ(∆+ → p π0)
=

1/2
2/3

× 12
6

× p.s.f. =
3
2
× p.s.f. (36.2)

Partial widths for 8 → 8 ⊗ 8 involve a linear superposition of 81 (symmetric) and 82
(antisymmetric) couplings. For example,

Γ(Ξ∗ → Ξπ) ∼
(
−

√
9
20

g1 +

√
3
12

g2

)2

. (36.3)

The relations between g1 and g2 (with de Swart’s normalization) and the standard D and
F couplings that appear in the interaction Lagrangian,

L = −
√

2 D Tr ({B, B}M) +
√

2 F Tr ([B, B]M) , (36.4)
where [B, B] ≡ BB − BB and {B, B} ≡ BB + BB, are

D =
√

30
40

g1 , F =
√

6
24

g2 . (36.5)

Thus, for example,
Γ(Ξ∗ → Ξπ) ∼ (F − D)2 ∼ (1 − 2α)2 , (36.6)

where α ≡ F/(D + F ). (This definition of α is de Swart’s. The alternative D/(D + F ),
due to Gell-Mann, is also used.)

The generators of SU(3) transformations, λa (a = 1, 8), are 3 × 3 matrices that obey
the following commutation and anticommutation relationships:

[λa, λb] ≡ λaλb − λbλa = 2ifabcλc (36.7)

{λa, λb} ≡ λaλb + λbλa =
4
3
δabI + 2dabcλc , (36.8)

where I is the 3 × 3 identity matrix, and δab is the Kronecker delta symbol. The fabc are
odd under the permutation of any pair of indices, while the dabc are even. The nonzero
values are
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1 → 8 ⊗ 8(
Λ

) → (
NK Σπ Λη ΞK

)
=

1√
8

( 2 3 −1 −2 )1/2

81 → 8⊗ 8⎛
⎜⎜⎝

N
Σ
Λ
Ξ

⎞
⎟⎟⎠→

⎛
⎜⎜⎝

Nπ Nη ΣK ΛK
NK Σπ Λπ Ση ΞK

NK Σπ Λη ΞK
ΣK ΛK Ξπ Ξη

⎞
⎟⎟⎠=

1√
20

⎛
⎜⎝

9 −1 −9 −1
−6 0 4 4 −6
2 −12 −4 −2
9 −1 −9 −1

⎞
⎟⎠

1/2

82 → 8⊗ 8⎛
⎜⎜⎝

N
Σ
Λ
Ξ

⎞
⎟⎟⎠→

⎛
⎜⎜⎝

Nπ Nη ΣK ΛK
NK Σπ Λπ Ση ΞK

NK Σπ Λη ΞK
ΣK ΛK Ξπ Ξη

⎞
⎟⎟⎠=

1√
12

⎛
⎜⎝

3 3 3 −3
2 8 0 0 −2

6 0 0 6
3 3 3 −3

⎞
⎟⎠

1/2

10 → 8⊗ 8⎛
⎜⎜⎝

∆
Σ
Ξ
Ω

⎞
⎟⎟⎠→

⎛
⎜⎜⎝

Nπ ΣK
NK Σπ Λπ Ση ΞK

ΣK ΛK Ξπ Ξη
ΞK

⎞
⎟⎟⎠=

1√
12

⎛
⎜⎝

−6 6
−2 2 −3 3 2

3 −3 3 3
12

⎞
⎟⎠

1/2

8 → 10 ⊗ 8⎛
⎜⎜⎝

N
Σ
Λ
Ξ

⎞
⎟⎟⎠→

⎛
⎜⎜⎝

∆π ΣK
∆K Σπ Ση ΞK

Σπ ΞK
ΣK Ξπ Ξη ΩK

⎞
⎟⎟⎠ =

1√
15

⎛
⎜⎝

−12 3
8 −2 −3 2

−9 6
3 −3 −3 6

⎞
⎟⎠

1/2

10 → 10⊗ 8⎛
⎜⎜⎝

∆
Σ
Ξ
Ω

⎞
⎟⎟⎠→

⎛
⎜⎜⎝

∆π ∆η ΣK
∆K Σπ Ση ΞK
ΣK Ξπ Ξη ΩK

ΞK Ωη

⎞
⎟⎟⎠ =

1√
24

⎛
⎜⎝

15 3 −6
8 8 0 −8
12 3 −3 −6

12 −12

⎞
⎟⎠

1/2
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abc fabc abc dabc abc dabc

123 1 118 1/
√

3 355 1/2
147 1/2 146 1/2 366 −1/2
156 −1/2 157 1/2 377 −1/2
246 1/2 228 1/

√
3 448 −1/(2

√
3)

257 1/2 247 −1/2 558 −1/(2
√

3)
345 1/2 256 1/2 668 −1/(2

√
3)

367 −1/2 338 1/
√

3 778 −1/(2
√

3)
458

√
3/2 344 1/2 888 −1/

√
3

678
√

3/2

The λa’s are

λ1 =

(
0 1 0
1 0 0
0 0 0

)
λ2 =

(
0 −i 0
i 0 0
0 0 0

)
λ3 =

(
1 0 0
0 − 1 0
0 0 0

)

λ4 =

(
0 0 1
0 0 0
1 0 0

)
λ5 =

(
0 0 −i
0 0 0
i 0 0

)
λ6 =

(
0 0 0
0 0 1
0 1 0

)

λ7 =

(
0 0 0
0 0 −i
0 i 0

)
λ8 =

1√
3

(
1 0 0
0 1 0
0 0 −2

)

Equation (36.7) defines the Lie algebra of SU(3). A general d-dimensional representa-
tion is given by a set of d × d matrices satisfying Eq. (36.7) with the fabc given above.
Equation (36.8) is specific to the defining 3-dimensional representation.

July 14, 2006 10:37



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


