Some SCHUR"™ Examples: Using the RULE command

The RULE commandin SCHUR™ can be a powerful tool in implementing algebraic formulae.
Here we proceed through an advanced example, namely constructing a function that will evaluate the
branching rule for

0(35) — 0(5) x O(7) (1)

The function may then be run for any mixed spinor irrep [A; A] irrep of O(35). Changing just three lines
in the function gives results for and branching rule of the type

O(drs+2r+2s+1)—=02r+1)xO0(2s+1) (2)

The basic branching rule follows from use of the results given in the paper

R. C. King, J. Phys. A:Math. Gen. 8,429 (1975)

[A Al = > (A5 (57 fev) - (M E 0 Q) F))] < [A;((6/p) - (¢/Fp))] (3)

€,0,v,p

The above formula appears somewhat formidable and yet may be readily implemented in SCHU
using the function given below for the decomposition indicated in Eq. (1):-

rep
gr o35
enter rvi
dim rvi
setrich_spin rvi
exit
gr4o5050707
rule[3"2+rv1*#0*0]sk2with e
rule last sum skilconj3
rule last sum i2eq4
rule last sum skisk2
rule last sk2with f
contractl,2outer last
ch_spin grilast
std_o grillast
rule last sum sk2sk3
rule last sk3with f
contract2,3outer last
ch_spin gr2last
supoutpt false
std_o gr2last
dim last
stop

The numbers to the left of the function entries are solely for explanation here and DO NOT
belong to the function. Let us now look closely at the above function. The first 6 rows are devoted to
computing the dimension of the O(35) irrep. Row 1 switches SCHUR™ to the REPMODE. Row 2
specifies the group as O(35). Row 3 asks the user to enter an irrep of O(35) e.g. [A;31] would be entered
simply as s31. Row 4 computes the dimension of the irrep. Row 5 removes the spin index from s31 and
now rvl = 31. Row 6 then returns SCHURT™M to the DPMode.
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Row 7 resets the group as O(5) x O(5) x O(7) x O(7). Thus we have s = 3 and r = 2. rvl plays
the role of A in Eq. (3). Row 8 now instructs SCHURTM to do an S—function skew of the irrep of the
second O(5) group, treated as a S—function, with the S—function series E.

Row 9 instructs SCHUR™ to take the last result and skew s” = 32 with the S—function series
P. Row 10 then takes the last result and sums the effect of forming the skew of the "irrep” associated
with the first group and the conjugate for the third group. That accomplishes the sum over the variable
£ in Eq. (3). Row 11 does the corresponding sum over the variable ¢ with 2 forming the inner product.
We are now ready to carry out the sum over the variable v as in Row 12 and then in Row 13 form the
appropriate skew with the series D.

We have now completed the calculation for the two O(5) groups and must combine the re-
sulting S—functions under the operation of outer S—function multiplication to produce a list of single
S—functions appropriate to tensor irreps of O(5). The groups now appear as O(5) x O(7) x O(7). We
must now convert the O(5) irreps into spinor irreps by first skewing the S—functions with the series Q
via Row 15 and then inserting the spin index s via Row 16. This produces a list of O(5) x O(7) x O(7)
irreps with the O(5) irreps not necessarily standard. These are made standard by issuing the command

in Row 17.

The commands in Rows 18 to 23 complete the corresponding operations for O(7). Row 24
instructs SCHUR™ to print to screen all further results. Had we placed Row 24 at the start of the
function all actions would have been brought to the screen. Such an action can be helpful in testing
a function. Row 25 completes the standardisation of the O(7) irreps leaving the final result of the
decomposition.

Row 26 computes the dimension of the resultant irreps which should agree with that found at the
execution of Row 4. The final Row 27 stops the function. Below we give the voluminous output for the
case considered here as an example. Running the function, here named 618.fn, proceeds in SCHUR™™
as follows:-

(If you wish to EXIT, enter END)

(If you wish to obtain HELP, enter 7help)
DPrep Mode (with function)

DP>

->readfn1’618.fn’

DP>

->fni

REP mode

Group is 0(35)

enter rvil

->s831
dimension=23084400640
DPrep Mode (with function)
Group is 0(35)

Groups are 0(5) * 0(7) * 0(7)
Groups are 0(5) * 0(7)



where input instructions are indicated by — >. The initial output is shown and the final output
below has been produced as a table using SCHURTM’s TgX commands. NB. Note that some of the
coefficients of irreps are negative even though the dimension is computed correctly. As noted by King
in his paper ”The ambiguity in the distinction between spinor representations of O(2k + 1) and their
assoclates i1s carried over into these expressions”.



0(35) — O(5) x O(7) decomposition for [s31]
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+ 12[s; 54][s; 17] + 26[s; 54][s; 17] + 31[s; 54][s; 1] + 16[s; 54][s; 0]
— [5:53)4[s: 4] — 2[s;53]##[s; 31] — 3[s5;53)#[s; 3] — 2[s;53])4[s; 27]
— 9[s; 53]#[s; 217 — 6[s; 53] [s; 21] — 9[s; 534 [s; 2] — 3[s; 534 ([s; 17
— 9[s; 53]#[s; 17] — 12[s; 53]#[s; 1] — 8[s; 53]#([s; 0] + [s;53][s; 6]
+ 3[s;53][s; b1] + 4[s; 53][s; 5] + 6[s; 53][s; 42] + 6[s;53][s; 417
+ 16[s; 53][s; 41] + 20[s; 53|[s; 4] + 2[s;53][s; 37 + 9[s; 53][s; 321]
+ 19[s;53][s; 32] + 23[s;53][s; 317 + b58[s; 53][s; 31] + 54[s; 53][s; 3]
+ 3[s;53][s; 2] + 18[s; 53][s; 2%1] + 37[s; 53][s; 27 — 2[s;53][s; 212 #
+ 55[s; 53][s; 217 + 105[s;53][s; 21] + 101[s; 53][s; 2] — 3[s;53][s; 15]#
+ 51[s; 53][s; 17] + 97[s;53][s; 17 + 106[s; 53][s; 1] + 52[s; 53][s; 0]
— [s; 52]#[s; 5] — 3[s; 52]#[5 41] — 3[s; 52]#[s; 4] — 4[s; 52]#([s; 32]
— 4[s;52]#[s; 317 — 9[s; 52]#[s; 31] — 12[s; 52]#([s; 3] — 4[s; 52]#[s; 221]
— 6[s; 52]#[s; 27 — 9[s; 52]#[s; 217 — 24[s; 52]#[s; 21] — 21[s; 52]#([s; 2]
+ [s;52]4[s; 1) — 12[s;52]4(s; 17] — 21[s; 52]4#[s; 17] — 26[s; 52]#[s; 1]
— 12[s; 52]#[5 0] + [s;52][s; 61] + [s;52][s; 6] + 3[s; 52][s;52]
+ 4[s;52][s; 517 + 8[s; 52][s; 51] + 10[s; 52][s; 5] + 3[s; 52][s;43]
+ 10[s; 52][s; 421] + 16[s;52][s; 42] + 21[s; 52][s; 417 + 48[s; 52][s; 41]
+ 39[s; 52][s; 4] + 5[s; 52][s; 3%1] + 9[s;52][s; 37 + 6[s;52][s; 327
+ 34[s; 52][s; 321] + 62[s;52][s; 32] — 6[s;52][s; 312 # + 83[s; 52][5 31 7
+ 131[s; 52][s; 31] + 110[s; 52][s; 3] + 11[s; 52][s; 27 — 4[s;52][s; 2°1]#
+ 69[s; 52][s; 2%1] + 90[s; 52][s; 22] — 14[s; 52][s; 213 # + 147[s; 52 ][5 217]
— 2[s;52][s; 21] + 235[s; 52][s; 21] + 181[s;52][s; 2] — 17[s; 52][5 134
+ 127[s; 52][s; 19] — 3[s;52][s; 2] + 191[s; 52][s; 17] + 183[s;52][s; 1]
+ 80[s; 52][s; 0] — [s;51]#[s; 51] — 2[s; 51]#[s;42) — 3[s;51]#[s; 417
— 3[s; 51]#[s; 41] — 3[s; 51]#[s; 4] — 2[s; 51]#([s; 37 — 6[s; 51]#[s; 321]
— 6[s; 51]#[s; 32 — 9[s; 51]#[s; 317 — 18][s; 51]#[s; 31] — 9[s; 51]#[s; 3]
— 2[s; 51]#[s; 27 — 9[s; 51]#[s; 221] — 15[s; 51]#][s; 2% + 3[s; 51]#[s; 217 #
— 27[s; 51]#[s; 217 — 30[s; b1]# [5 21] — 22[s; 51]#[s; 2] + 3[s; 51]#[s; 1% #
— 21[s;51]3(s; 17] + [s;51]#[s; 174 — 31[s; 51]4#[s; 17] — 21[s; 51]#[s; 1]
— 9[s; 51]#[s; 0] + [s;51][s; 617 + [s;51][s; 61] + [s; 51][s; 6]
+ [s;51][s; 53 ] + 4[s; 51][s; 521] + 4[s; 51][s; 52] + 8[s;51][s; 517
+ 14[s; 51][5 51] + 8[s;51][s; 5] + 4[s; 51][s;431] + 4[s; 51][s;43]
+ 4[s; 51][s; 427 + 21[s; 51][s;421] + 32[s; 51][s;42] — 3[s;51][s; 412 #
+ 49[s; 51][s; 417 + 60[s; 51][s; 41] + 42[s; 51][s; 4] + 3[s;51][s; 3%2]
+ 12[s; 51][s; 3%1] + 18[s;51][s; 37 + 15[s;51][s; 327 — b[s; 51][s; 321]
+ 84[s;51][s; 321] + 89[s; 51][s; 32] — 15[s; 51][s; 31%)# + 138[s;51][s; 317
— [s;51][s; 31])# + 184[s; 51][s; 31] + 112[s; 51][s; 3] — 2[s;51][s; 25| #
+ 30[s; 51][s; 27 — 14[s; 51][s; 221]# + 124[s; 51][s; 221] — [5;51][s; 27%)#
+ 136[s; 51][s; 27] — 36[s; 51][s; 213 # + 247[s; 51][s; 217 — 6[s;51][s; 21]#
+ 294[s; 51][s; 21] + 196[s; 51][s; 2] — 35[s;51][s; 1%]# + 186[s; 51][s; 17]
— T[s;51][s; 1%]# + 234[s; 51][s; 17] — [s;51][s; 1]# + 182[s; 51][s; 1]
+ 72[s;51][s; 0] + [s;5][s; 617 + [s;5][s; 61] + [s;5][s; 531]
+ [s;5][s; 527 + 4[s; 5][s; 521] + 4[s; 5][s; 52] + 9[s;5][s; 517
+ 8[5 5][s; 51] + 4[s; 5][s; 5] + [s;5][s;432] + 4[s; 5][s;431]
+ 4[s; 5][s; 43] + 5[s; 5][s; 424 — [s;5][s; 421)# + 25[5;5][5;421]
+ 21[5;5][5;42] — 3[s;5][s; 417# + 39[s; 5][s; 417 + 43[s; 5][s; 41]
+ 21[s; 5][s; 4] + 3[s;5][s; 3%2] + 14[s; 5][s; 3%1] + 12[s;5][s; 37
— [s;5][s; 324 # + 19[s; 5][s; 327 — 6[s;5][s; 321]# + 70[s; 5][s; 321]
+ 67[s;5][s; 32] — 18[s; 5][s; 31%)# + 116[s; 5][s; 317 — [s;5][s; 31]#
+ 115[s;5][s; 31] + 64[s; 5][s; 3] — 3[s;5][s; 2°]# + 27[s; 5][s; 2]



+ 12[5 43][
+ 24[s; 43][s;
[s:

+ 12[5;43][
- 13[5;43][5
+ 266[s; 4
+ 274[s;4
— A[s; 42)# [5 1]
— 19[s; 42]#[s; 41]
— 28[s;42]#[s; 32
— T[s; 42]4[s; 27
— 92[s; 42]#[s; 217
— 80[s; 42]#[s; 17]
— 58[s; 42]#]

+ 4[s; 42][s; 6]

+ 13[s;42][s; 517
+ 7[s; 42][s; 431]

+ 73[s; 42][s; 42]

+ 120[s; 42][s; ]

+ 29[s; 42][s; 327
— 22[s;42][s; 314 #
+ 807[s: 42 3)

+ 253[s; 42][s; 221]
+ 506[s; 42][s; 217]
~ 560 120[s; 174
[ 2[s: 1#
35, A1][5: 57
~ s 41]]s. 43
- 31[5;41]#[5 41]
— 8[s; 41]#[s; 327
— 68[s; 41]#[s; 317

+ 3[s; 43][s;
+ 3[s;43][s;
+ 59[s; 43][s; 41]
+ 6[s;43][s; 327
+ 100[s; 43][s; 317
— 4[s; 43][s; 2°1]#
+ 188([s; 43][s; 217
— 17[s;43][s; 1%]#
+ 275[s; 43][s; 1]
— Afs; 42]#(s; ]
— 22[s; 42]#[s; 4]
— 35[s; 42]#(s; 317
— 33[s; 42]#(s; 2%1]
— 141[s; 42])#[s; 21]
1 o 4215, 1714
1 [5:42][5; 67
1 [5:42][5:53)
+ 32[s; 42][s; 51]
+ 11[s; 42][s; 43]
— H[s; 42][s; 4124
+ 5[s; 42][s; 3%2]
— 9[s; 42][s; 321
+ 279[s; 42][s; 317
— 4[s; 42][s; 23]#
~ 95425, 27
— 8[s;42][s; 21]#
+ 388[5 42]

s
5;62
$:53

T [ 42
+ 36[s; 4%][s; 217
+ 35[s; 47)[s; 1
= [5:43)4[s: 5]
— 9[s; 43]#[s; 317
— 15[s; 43]#][s; 2%
+ 2[s;43]4[s; 13
— 33[s; 43]#][s; 0
+ 4[s;43][s; b 2]
+ 10[s; 43][s;
+ 53[s; 43][s;
+ 39[s; 43][s; 321]
+ 176[s; 43][s; 31]
+ 83[s; 43][s; 221]
~ [ 43][5; 21]4
+ 169[s; 43][5 19]
+ 125[s; 43][s; 0]
— 9[s; 42]#[s; 42)
— 5[s; 42]#([s; 37
— T8[s; 42]#([s; 31]
— 58[s; 42]#(s; 27
- 121[5;42]#[5;2]
— 131[s; 42]#[s; 12
+ [s;42][s; 617
+ 6[s; 42][s; 521]
+ 26]s; 42][s; 5]
+ 8[s;42][s; 42 ]
+ 92[s; 42][s; 417)
+ 25[s; 42][s; 321]
+ 168[s;42][s; 321]
— 2[s;42][s; 31]#
+ 60[s; 42][s; 27
+ 318[s; 42][s; 27
+ 701[s; 42][s; 21]
— 11[s; 42][s; 1%]#
+ 211[s;42][s; 0]
— 4[s; 41]#[s; 51]
— 13[s; 41]#[s; 42]
— T[s; 41]#[s; 321
— 53[s; 41]#[s; 32]
— 65[s; 41]#[s; 3]

; 17]

+ 91[s; 5][s; 27
+ 191[s;5][s; 21]

U‘

6]
+9[5;43][5 51
+ 19[s;43][s;4
+ 6[s; 43][s; 32
+ 78[s;43][s;3
+ 154]s; 43][s;
+ 120[s; 43][s;
+ 324[5 43][

+9s; 42][
+ 9[s;42][s;
+ [5;42][5;42]

+ 39[s; 42][s; 421
+ 145[s;42][s; 41]
+ 44[s; 42][s; 37
+ 211[s;42][s; 3
+ 434[s; 42][s;
— 22[s; 42][s;
— 60[s; 42][s;
+ 519[s; 42](
+ 560[s; 42][s;
= [s; 41105 61]
— 4[s; 41]#[s; 5]
— 15[s; 41]#[s; 417)
— 9[s; 41]#[s; 37
+ 6[s; 41]#[s; 317 #
— 14[s; 41])#(s; 27

2]
31]
21]
2124
i

1]



+ T[s; A1) [s; 2°1]4
— 124[s; 41]#[s; 214
+ 20[s; 41]3#[s; 1°)4#
+ [s;41]#(s; 1]#

+ [s;41][s; 62]

+ 2[s;41][s; 531]

+ 22[s; 41][s; 52]

+ [s;41][s; 4%1]

+ 26[s; 41][s;43]

+ 108[s; 41][s;42]
+ 126[s; 41][s; 4]

+ 64[s; 41][s; 31
— 93[s; 41][s; 321]#
— 56[s; 41][s; 314 #
+ 350[s; 41][s; 3]

+ 444[s; 41][s; 221]
+ 733[s; 41][s; 217
+ 562[s; 41][s; 2]

+ 650([s; 41][s; 17]
— [s;4]#[s; 42]

— [s; 4] [s; 37

— 10[s; 4]#[s; 31]
— 11s; 4]9#[s; 27
— 15[s; 4]#[s; 2]

— 21s; 4]##[s; 17]
+ [s;4][s; 62]

+ [s;4][s;532]

+ 16[s;4][s; 521]

+ 13[s;4][s; 5]

+ 19[s; 4][s; 431]

— 3[s;4][s; 421]#
+ 118[s; 4][5; 417)
+ 18]s; 4][s; 3%2]
— 6[s;4][s; 3273
— [s:4][s; 32]#

— 6[s;4][s; 31]#

+ 102[s; 4][s; 27
+ 289[s; 4][s; 27
+ 533[s; 4][s; 21]
+ 340[s; 4][s; 17]
+ 268]s;4][s; 1]

— 5[s; 3% ]4¢[s; 42]
— Afs; 3%)#[s; 3]

— 69[s; 41]#[s; 221
+ 4[s; 41]9[s; 21]#
— 103[s; 41])#([s; 19]
— 114[s; 41)#[s; 1]
+ 2[s;41][s; 617

+ 2[s; 41][s; 53]

+ 30[s; 41][s; 517
+ [s;41][s;47]

+ 20[s; 41][s; 427
— 9[s; 41][s; 417 #
+ [s;41][s; 37]

+ 68[s; 41][s; 37

+ 297[s; 41][s; 321]
+ 457[s; 41][s; 317
— 14[s; 41][s; 27 #

~ 65 41fs; 224
— 24[s; 41][s; 21]#
— 110[s; 41][s; 134
— A[s; 41][s; 1]#

— [s;4)4[s; 417

— 4[s; 4]#(s; 321]
— 5[s; 4]#(s; 3]

+ 3[s; 4] [s; 2174
+ 3[s;4)3E[s; 1)
— 15[s; 4]#(s; 1]

+ 3[s;4][s;617]

+ 2[s;4][s; 53

1]

+ 13[s; 4][s; 52]
+ [554][s:4%1]
+ 16[s; 4][s; 43]
+ 79[s; 4][s; 421]
+ 123[s; 4][s; 41]

= s 4][s 3]
+ 73[s; 4][s; 327
+ 216[s; 4][s; 37]
+ 349[s: 4[5 31
= 55[s; 4][s: 1)
— 100[s; 4][s; 2194

[ 4l 204
— 19[s; 4][s; 1%]#
+ 98[s; 4][s; 0]
— 8s; 3%]4¢[s; 417]
— 12[s; 344 [s; 321]
— 55[s; 37 #[s; 3]
+ Afs; 374 [s; 2174
+ 5[s; 379 [s; ]#
— 110[s; 37]4¢[s; 1]
+ 2[s;3%][s; 6]
+ 7[s;3%][s;517]
+ 7[s;3%][s; 43]

[hamyiam

S
S

— 75[s; 41]#(s; 27
— 171[s; 41]#([s; 21]
+ 5[s; 41]4F[s; 17)9#
— 47[s; 41]#[s; 0]
+ 5[s;41][s; 61]
+ 3[s;41][s; 522
+ 39[s; 41][s; 51
+ 4[s;41][s; 432
— 3[s;41][s; 421]#
+ 146[s; 41][s; 417
+ 15[s; 41][s; 3%2]
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— 108[s; 12][s; 31%)# + 718[s; 1%][s; 312] — 15[s; 17][s; 31]# + 757[s; 12][s; 31]
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