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36. Clebsch-Gordan coefficients 1

36. CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS,
' AND d FUNCTIONS

; JJ
Note: A square-root sign is to be understood over every coefficient, e.g., for ~8/15 read —/8/15, Notatlon: _—
1 i My, M3
1/2x1/2 5 % Y 951
1 4r x1/
+1/2 172|231
SPer R =
-1/2 +1/2 Y=~ = nfe
|-tr2-172 = "
- =5 (5es0-3)
1x1/2] 372 .
+3/2) 3/2 1/2 15 . :
[ wi7g] 1172 4172 Yi=- = fin fens '
+1-172| 173 273] 372 172 45 3/2x1/2
0+1/2|:2/3=173 —112—!!2 Yzz i l fﬁ sin? §2i% Gz aziT
e A 1V aa ¥z 172 1
+1/2 +1/2 |37 0 0
2x1 -1l 2
o [F2 g ~1/2 +1/2|] :
+2 0 -1/2 -1
[Z] 52 372 1/2
1x1 +2| 12 -1/2 -1/2
|+| +1| 1
1 01, r 5/2 3/2
0+1 iizl-3se -3r2

Yt_m — (_l)myfm.

3/2x3/2

{rdzmimg| iz JM)
= (=1)7=01=32(jojymam |j2jy TM)

43 = (=pym-—m'gJ =dd 1 _ 1/2 _ 8 1 _ l+cosé
mm = (1) . mam' = Eom,-m! e dog=cosl  dijpp= sy . dpg=—p
2x3/2 |12 |+3fz+1fz 1/2 0 sinf
e ainl 1
[r2+372 0 ;:g-l-g;é +1/2+3/2[EWZSB| 412 = sng dyg=-— 7z
' - 3/2-1/2
+2+1/201 377 Nznse 1+coad
+1+3/211477 -1/243/2 1. Ay =—3
— 72 sz a2z z| |
2x2[3 12 a1z 412 a2l [H18
[+
[+2 +2{FA] -3/2 o
EVZERY +1/2-372]
ﬁ :}: Hrah 121 |-12-12|
T -3/2+172]
1/2 -3/2];
-3/2 -1/2]!
T3 1+cosf 8
ds,!z,a/z =T g 83
3z _ 1+cosf 8
da}n,l}a = “’,—Tf‘mg
3/2 _ ml-—cosgd @
d3ya, 12 = V3—3 %
3/2 _ ' l—cosf . 8
ds/z,—s;z =TT seg
3f2 3cosf—-1 & 3 K
dlfz,ue SeyTs g d§|_1 o sinf diu = —\/; sin@ cosf
3f2 _ 3cosf+1 . 8 2 1—cosf\2 2 1—cosd 3 1
difs sp= -5 —snz  d}_,= ( > ) dl =5 Qoosf+1)  dig= (5 o2 — E)

Figure 36.1: The sign convention is that of Wigner (Group Theory, Academic Press, New York, 1959), also used by Condon and Shortley (The

Theory of Atomic Spectra, Cambridge Univ. Press, New York, 1953), Rose (Elementary Theory of Angular Momentum,

Wiley, New York, 1957),

and Cohen ( Tables of the Clebsch-Gordan Coefficients, North American Roclowell Science Center, Thousand Osks, Calif., 1974).
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4 Symmetries
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Fig. 4.6 Total cross sections for 77 p (solid line) and nTp
(dashed line} scattering. (Source: Gasiorowicz, S. (1966)
Elementary Particle Physics, John Wiley & Sons, New York,
p- 294. Reprinted by permission of John Wiley and Sons,
Inc.)

occurring particles fall into the fundamental (three-dimensional) representation of
SU(3), as the nucleons, and later the K’s, the Z’s, and so on, do for SU(2). This
role was reserved for the quarks: u, d, and s together form a three-dimensional
representation of SU(3), which breaks down into an isodoublet (4, d) and an
isosinglet (s) under SU(2).

Of course, when the charmed quark came along, the flavor symmetry group of
the strong interactions expanded once again — this time to S U(4) (some SU{4)
supermultiplets are shown in Figure 1.13). But things barely paused there before
the arrival of the bottom quark, taking usto S U(5), and finally the top quark, SU(6)
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