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Wigner 9 coefficients

A Mapleimplementation. Maple V12
These procedures are derinad the C program described by William J. Thompso
Williagn Thompson, Angular Momentum: An lllustrated Guid

to Rotational Symmetries for Physical Sysge
John Wiley and Sons Inc., 1994

TheWigner 9 symbol:
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elements in each row anelach column of the 9] matrix satisfy the tringiles,

la-b|< c< (a+Db)
[d-e|< f< (d+e)
|9 -hl< i< (g+h)
la-d|< g< (a+d)
Ib-e|< hs (b+e)
lc-fl<i< (c+f)

The equation is impleneehin procedures E9j() and E6j() as,
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> TriangleBroken=proc( X, Yy, 2)

local sum

sum:=trung 2 ( x+y-+2)); #print(sum ;

if ((typg sumodd)) or (y < abgx—2z)) or (y > x+2)) then
printf ("\n!! (%a,%a,%a) breaks triangle rule: try again¥qy, z);
return 1;

elsereturn Oend if;

end proc:

> A:=proc(a,b,c)

return[/ (atb—c)l(atc—Db)!(b+c—a)! );
(a+b+c+1)!

end proc:



> E6j:= proc(al, a2, a3, a4, a5, a6
local max| minl, n, §
k, kmax kmin p,
t0, t1, t2, t3, t4, t5, t6;
# Normalization
n:= A(al, a2, ay-A(al, a3, ap-A(az, a4, ap-A(a3, a4, ap, # print(Norm=evalf(n));
# Minimum summation indéomin

minl := [ 0, al+ a4— a5— a6, a2+ a3— a5— ab];
Kmin := max minl); # print(" E6j kmin ", kmin);

# Maximun summation indé&max

maxl:= [al+ a2+ a3+ ad+1,al+a2— a5, a3+ ad4— ab, al+ a3— a6, a2+ a4— ab|;
kmax:= min(maxl ]); #  print"E6j kmax ", kmax;

# The sum

p := al+ a2+ a3+ a4,

t0:=al+a2+ a3+ a4+ 1;
tl:= ab+ab—al—a4;

2 := ab+ab—a2—a3;
t3:=al+a2—ab;

t4 := a3+ a4— ab;

t5:= al+a3—ab;

16 := a2+ a4 — ab;

kmax
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return (n-s);
end proc:

" This procedure isamodified ssmplify() function

> SP:=proc(n)
local sign, c;
if (evalf(n) < 0) thensign:=-1elsesign:= 1endif;
¢ = simplify((nn));
return (sign-yc):
end proc:




> E9j := proc (x1, x2, X3,
X4, X5, X6,
X7, X8, X9

local jlist, kmin kmaxk, s

#Minimum summation inddemin
jlist :== [abg x1—x9), abg x8— x4), abg x2— x6) ];
kmin:= max(jlist); # print( "E9j kmin =, kmin);

# Maximun summation indéxmax
jlist :== [x1 + x9, x84 x4, X2+ x6];
kmax:= min( jlist); # print( "E9j kmax = ; kmax;

# The sum of W6j Products
s:=0;
for kfrom kmintokmaxdo
s:=s+ (2k+1)-E6j(x1, X9, x2, X6, k, X3 -E6j(Xx2, x6, X8, x4, k, X5 -E6j(x1, X9, x4, X8, K,
X7);
end do;

return (s);
end proc:

> W9j := proc (j1, j2, j3,
4, j5, j6,
i7,i8, P

local CoeffW,
printf ("\nAngular Momentum: 9 j coupling coefficients yn"

if (j1 <0) then
printf "\nEnd 9j couplingefficients\n");
return O;
end if;

# Testing for zero coefficient
if (TriangleBrokeljl, j2,j3) # Oor
TriangleBrokeifj4, j5, j6) # 0 or
TriangleBrokeij7, j8, j9) # 0 or
TriangleBrokenj1, j4, j7) # 0 or
TriangleBrokef(j2, j5, j8) # 0 or
TriangleBrokeij3, j6, j9) # 0) then
printf ( "\n");
else
Coeff:= E9j(j1, j2, j3, j4, ]5, |6, |7, 8, |9);
W= Matrix([[j1, j2, j3], [j4, 5, j6], [7, j8,]911);
print('9 j coefficient of’, W =SP Coeff);
printf (" T
printf (" = %6f \n\nGoeff);
end if;
end proc:




R Examples:
W9j(j1,j2,j12,j3,j84,j13,j24,J)
i . 33,1 1)
> W9](2,1,2,2, > Lo 2,1),
Angul ar Monentum 9 j coupling coefficients
2 1 2
ERER
9j coefficienof, | 2 2 :—E\/E
1 1
= =1
2 2
= -0.040825
i . 3 3.1 1)
> W9](2,2,2,2, R 2,1),
Angul ar Monmentum 9 j coupling coefficients
2 2 2
33,
9j coefficienof, | 2 2 :%\/ 210
1 1
2 2 1
= 0. 048305
i . 73,1 1)
> W9](4,2,5,2, 4 2,1),
Angul ar Monmentum 9 j coupling coefficients
4 2 5
73,
9j coefficienof, | 2 2 =—21
180
1 1
2 2 !
= 0. 025459
i . 73,1 1.
> W9](4,2,2,2, >4 2,1),
Angul ar Monmentum 9 j coupling coefficients
't (2,4,1) breaks triangle rule: try again




> W9j(3,3,2,2,2,2,3,3,P
Angul ar Monmentum 9 j coupling coefficients
332
. - _ 157
9j coefficienof, | 2 2 2 |= 14700
332
= 0.010680
> W9i(1,2,1,2,2,2,1,2, L
Angul ar Monmentum 9 j coupling coefficients
121
: - _ 1
9j coefficienpf, | 2 2 2 |= 150
121
= -0. 006667
> W9(3,3,2,3,3,23,3,2
Angul ar Monmentum 9 j coupling coefficients
332
9j coefficienof, | 3 3 2 - 17 6
J ! 4410
332
= 0. 009442
> W9j(1,1,1,1,1,2,1, 1, L
Angul ar Monmentum 9 j coupling coefficients
111
. - 1
ff fll112|=—2
9] coefficienof, 18
111
= 0. 055556
> Woi(1,1,1,1,1,1,1, 1, L
Angul ar Monentum 9 j coupling coefficients
111
9j coefficienof, | 1 1 1 (=0
111
= 0. 000000




