Chapter 3 Appendix 2

ANGULAR QUADRATURE SETS

Joseph V. Pace, IIT
Oak Ridge National Laboratory

Listings of data for several angular quadrature sets used in ORNL calculations with
the one-dimensional ANISN code! and the two-dimensional DOT-4 code® are given in
Tables 1 to 3, Various methods used in oblaining quadratures are discussed by Carlson and
Lee,? Lee,* Lathrop and Carlson,® Carlson,® and Jenal et al.”

The ANISN Syp spherical quadrature in Table 1 5 a combination of the Sqg and S1p
half-symmetric Gaussian quadratures, where the first 12 angles are taken from the Sg; scL
The u values are the zeros of the Legendre polynomials, Pyg(p) and Pgg(re). This quadrature
sct was developed lor deep penetration problems.

The cylindrical quadratures used with the DOT-4 code are currently referred o as "level
symmetric".%" The DOT 240 angular quadrature in Table 3 is a derivative of the Sz sym-
metric angular quadrature (or DOT 48 angular quadrature) in Table 2. The DOT 240 angular
quadrature was designed o help mitigate ray effects, particularly those occurring in secondary
gamma-ray calculations ®
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Table 1. ANISN Sap Angular Quadrature

Table 2. DOT 43 Angular Quadrature®

SLAS FUNLYHAVAO AV INONY

Anglae 'll p{b Aogle 'l"III:| Fin “ld
il 0 =1 . 00000E+D 1 0 =2 . THO04E-1 -8.80200E-1
i 3. 951B1E-4 =0 99FR0E-1 2 2.530T1E=2 =] BI4ISE=]1 -5 S0280E-2
3 9. 2541264 -9, 9H3I60E-1 3 1.53071E-2 1.63435E=1 =9 . 60Z50E=1
4 1.45566E=-3 =0 95980E-1 4 i =f . 04419E-1 -1 BEGE6E-1
i 1.98085E-3 —§ B2540E-1 5 3, EE232E-2 -5, 25532E=1 =T BEEEGE-1
& 2. 50612E-3 =0 EBHDS0E=1 & 1.997X0E=2 =1.83334E=1 =7 QHEE6E=1
7 3.02643E-3 -9.82510E-1 1 1,589720E-2 1,83435E-1 =7 . 96666E-1
- 3.54654E-3 =0, T5930E-1 4 3,56232E-2 5.25532E-1 =7 96666E-1
) 4 .061B4E=3 =% . 68320E=-1 a o —58.50774E=1 =5 .25532E=1
10 4 . E72158-3 =0 S9580E=1 1ad 3.56233E=-2 =T . FEG66E-1 -5 A352E-1
11 5.0B226E-3 =%, 50030E-1 11 1.62518E-2 -5 . 25532E=1 =5,.25532E=1
12 5.58256E-3 =0, 35370E-1 12 Z.65516E=2 ~1,83434E-1 -5.15531E-1
13 T.4757T5E=2 =B . 65060E-1 13 2.655168-2 1.83435E=1 =5 25533F-1
14 1.09586E-1 =6 . T94D0E=1 14 1.62518E=2 §.25532E-1 -5, 258521
13 1.34691F-1 =4, 33390E-1 1s 3.56232F=2 T.0EEA6E-1 -5,258852E-1
16 1.47228E=1 -1.48RT0E-1 16 o -2 .83032E=-1 =1 . BI435E-1
17 1. 4TEIEE=1 1.48870E-1 17 2.53071E-2 =0 A0200E-1 =1 B343T0E-1
18 1.34691 E-1 4, 33390E=1 13 1.89T20E-2 =7 . PEE66EE=1 =1 ,.B3435E=]1
1z 1.08589E-1 A, 78400E~-1 19 2.65516E=2 -5 35532E-1 =1.83435E=1
o T.47575E-2 B.65040E-1 o 1.88401E-2 =1 .83435E-1 -1 R3435E-1
21 5. 5R2S56E=-3 9.38370E-1 21 1.8E401E-2 1.83435E=1 =1, 8343 5E=1
13 5.08226E-3 9.50030E=1 12 2.65515E-2 5. 25533F-1 -1.83435E-1
13 4 2921 58E-3 9,506 B0 E=1 e 1.99720E-2 T.96666E=1 =] BI4TIFE=1
24 £.06184E-3 2 .68320E=1 4 2.33071E=2 9.60289E-1 -1.83435E-1
25 3 S4654E-3 9. 75930E-1
:f: fom et ot g et L Skt Tyaiay Rk A A A
18 1.98085E-3 9.92540E-1 the same for Fhﬂ last 24 amgles with the signs oo the n's beiog
29 1 455EEE-3 9 95980E-1 ”'l'ﬂff'td- This is 8 half-syooetric Gavssian qoadratere, aod the p's
20 5.25412E-4 9.98360E-1 ®od n's are the zeros of the Legendre polymomials, P, () sud Py(n).
31 1.95182E-4 . 996E0E-1 -]

Weights associsted with esch direction of particle travel.

&
®Weights sssociated with each direction of pactisle Cosines of the apgles between the direction of particle travel
travel. and the radive of the cylinder,

d
Cozines of the aggles between the direction of perticle travel
and the sxisz of the eylinder.

hfminu of the sngles between the direction of particle
travel mod the radivs of the sphere. Thiz isg a ecmbiontion
of §,, and 3,, half-syeoetric Gapsslan quadratures, where the
first 12 sngles arc from the 5., set, the mext § frem the §,,
sef, snd the rest froa the 5., set. The p's nre the zeros of
the Lepgendre polynominls, P,‘[u] and ¥,.fqu
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Table 3. 240 DOT Angulbr Quadrature®

Azgle wlh -EE nid Angle 'l'll.h -IE qld

1 [i] -6,41230E-1 -0 _57%41E-1 61 T.16550E-3 7.95106E=1 =5.2B122E=1

b 1.02900E=-3 =4, 21 F82E-2 =0 57541E-1 [ Li] =§.B5025E~1 -4 ,63R2EE-1

k] 1.02500E=3 4.215820=2 =9 578420=1 63 T.A50L5E-3 =B.295B2E-1 -4 EIH1EE-1

i a =1,42963E-1 -9 B%7IRE-1 64 I, 4020ER-3 =5 ATI48E-1 =4 HIE2EE=1

5 J.07E15E=3 =9, 39823E-3 -0 _BSTIEE-1 65 5. 55055E=-3 =1.31013E-1 =4 B3IH1EE-1

3 3.07825E=-3 ¥.39513E=2 =9_BS7IEE-1 111 5, 559E5E=-3 1.91013E-1 -4, 6381BE-1

7 L =1.18252E~1 ~=9.733&47E-1 67 3, 40298E-3 54714681 -4 63HIEE-1

£ 5,10200E-3 -1.50724E-1 -9.7336TE-1 L] T.45905E-3 B.2§5HIE-1 -4 .6381EE-1

b 5. 10200E~3 1.507240=1 =0 . 713367E=1 (1 Q -9, 17R50E-1 -3 ,5908535E~1
10 o -3.15291E-1 ~-9.4B995E-1 T T.75565E-3 —-B.30514B-1 =3.56335E-1
i1 T.OR4I5E-3 -Z.0725IE-1 -9 4B995E-1 71 A 53E3IE-3 =5.66051E=1 -3.5¥6835E-1
12 T.0B425E=3 T.072018-1 =9 . 48095E-1 T2 1. 7RO64E-3 =1.9TRISE-1 =3 .96335E-1
13 a =3 . 903 49E=1 =R 1E6THRE-1 T3 5. TBOS4E=-3 1.9T005E-1 -3, 562331E-1
14 B.013508-1 -2 62555E-1 -9,18T93E-1 T4 3.531825E-3 L.EEDFIE-1 =] . %6EISE-L
15 P.013150E=3 1.62188E-1 =5, 16793E-1 73 J.75565E-3 B.59514E=1 =3.96E35E-1
15 o =4 JITREE=1 =, B1172E-1 TE 4] =9.44812E-1 -3.17613E-1
17 5. 6IEA9E-1 -4 11037E-1 ~=8,81172E=1 77 4 BO468E-3 =8 22054E-1 =J.2741)E-1
18 3.15131E=-3 =1 41488E-1 -0.81172E-1 T4 3 BEIEXE-3 =T.E5692E-1 =3.27E13E-1
17 3.156131E-3 1.43488E=1 =B.E1172E-=1 T8 §.13536E=3 =5.05055E=-1 =3.276138-1
4 3,63869E-1 4.11087E-1 =-B.F1171E-1 BO J.64389E-3 -1.75303E-1  -3,37413E-1
21 o =5 3TO4EE-1 -B.43553E-1 BL 3 _S43E5E-3 1. 7&303E-1 =3.27413E=1
22 6i.413850E=3 =4 HE05IE-1 =B.43533E-1 b §.13536E=3 5.05099E=1 =3.27613E-1
13 3.59590E-3 -1.81938E-1 ~-B.43553E=1 B3 3.B8281E-3 T.ESG51E-1 =3, 176138-1
i4 3,50550E-13 1.62988E-1 -B.43553E-1 B4 4. E9468E-3 9.21954E-1 -3,176130-1
25 . 41I85E-1 4 G5052E-1 -B.43533E-1 a3 o =0 EE490E-1 =2 . 55704E~-1
{7 o =5 . 9B17T40=-1 =B.0121TE-1 BE §.00L02E-3 =2, 44130E-1 -1,56704E-1
2T 7. 14576E-1 -5,10275E-1 -8,01217E-1 a7 3. 94674E=3 =T.BI160E=1 =1.56704E-L
I8 4 00E49E=-1 =1 . BigooE-1 -8,010317E-1 a8 g X4603E=3 =5, 16630E~1 =3, 56704E-1
3 4 O0ES9E=-3 1.B1800E=1 =B.0Q217E=1 1] 3. 71I06E=-3 =1.ED34HE-1 =1,.56704E-1
20 T.14876E-3 $. 2037 5E-1 =3.01117E=1 0 3.72I06E-3 1.50348E-1 -3, 56704E-1
31 4] =& SG401E-1 —7 . 5441281 o1 X I4E03E-3 f.A6588E-1 =1 . 56T0ME=1
ki T.B4547E=3 =5.70T19E=1 =7 . 544121E-1 03 J_24ET4E=D T.BII60E=1 =2.5&704E-1
33 4. 37E53E=-3 =1.95111E=1 =T7.544121E=1 03 S.M102E-3 F.44L30B-1 -1,.58704E-1
34 4. A9ESIE-3 1.99111E~1 =T.54411E=1 L] L1 -9, BZB47E-1 -1 .844215E-1
35 7. B454TE-2 5.70729E=1 =7 . 5441 2E~1 bk 5.085EQE=3 =P 60L08E=1 =1 E4425E~-1
as L] =7.110348-1 -7.0313%E-1 26 4.01365B-3 -T7.96516E-1 -1 ,.B4423E-1
a7 8,57520E-3 -&,18231E-1 =7 . 0JL5EE=1 o7 £ 335ETE-3 5. A5433E-1 =1 .Bd425E=L
3z 4 B0TTIE-3 =2, 157%1E-1 =7.0J15EE=1 28 3.78617E-3 =1, B3400E-1 =1 . Edd25E=1
13 4.307T10-1 1.1570IE=-1 =T.0315E8E-1 ok ] 3. T86170-3 1.83400E=1 =] .B4425E-1
40 B.575I0E=3 6, 158231E-1 =T . 0315EE=1 000 L. 135RTE=-3 £.15433E-1 -1 B4425E=01
41 ] -7.6156TE-1 =6 4E0BSE=1 101 4.01365E-3 T.96516E-1 -1 . B4425E-1
42 &, 42075E-1 -7.131318-1 =6.480B5E=1 102 £, 08580E-13 9 E0i0EE-1 =1.84425E=1
43 2.93289E=3 =4,70418E=1 =&,.4B0B&E-1 10% i) =9 . 33BL5E=1 =1.11045E~1
44 4. TR1I64E=3  =1.64201E=1 -&, 480 REE~-1 104 5. 154T4E=3 =8, 70823E~1 -1,11045E-1
45 4, TH164E-3 1.54201E-1 & 490BEE-1 108 4. 05805E-3 -B. 05£05E-1 -1.11045E=1
{8 1.93289E-3 4, TO428E-1 =6.48086H=1 106 §.408208-1 =5.31297E=1 =1.11045E=1
47 6. 4187 5E-3 7.13133E=1 =8.49086E-1 167 J_E3750E-1 =1.B5447E=1 =1.11045E-1
4B 1] =%, 0756TE-1 -5,85776E-1 108 3.E1750E=3 1.85447E~1 =1,.11045E-1
48 G.B1415E-3 =7 .58207E-1 =5.88776E=1 109 §.40820E-3 $.31297B-1 =1.11045E=-1
£a J.10E72E=2 =4, 9EE4IE-1 ~—S5.890176E-1 110 4 J§EDGE=-3 B.05405E-1 =1.11045E-1
51 S.0TESOE~-3 ~=1.T4115E-1 -5.E3VV6E-1 111 F.15474E-3 9.70813E-1 -1,11045E-1
13 £ O0TEDOE-3 1. 74115E-1 =5 . E3TT4E=-1 i1z o =3 893130-1 =3.70540E=2
13 J.10ETIE-] 4. 9BE43E=1 =5, E0776E-1 113 §S.1TIOFE=3 =0, T61%40=1 =3,.70540E-2
54 6.01415E-3 T.56207E-1 -3 B9TTEE-1 114 4.08084E-3 -8.09860E-1 =3, 705408-2
55 (1] -8B, 45108E-1 =5.18222E=1 115 £ 41534E-3 -5, 34236B-1 -3.705400-2
5a T.165508=1 =T.95106E=1 =5.10222E=1 116 J_BASGESE=3 =] B4 7IE=1 =3.T0540E=-2
57 3.,26501E-3 -5, 24503 E-1 -5 1HI3AE-1 117 J.BAPGSE=-3 1.86473E-1 -3,70540E-2
5E 5. 3407TE-1 =1.830TSE=1 =5.108222E~1 118 §_41334E-3 §.342360-1  =3.70540H=2
59 5.3407TE=3 1.830TSE-1 -5, 20232E-1 11% 4 _JB0F4E=3 E.09260E=1 =3.70540E-2
&0 3.1£6501E-1 £.24501E=1 =5.18111E=1 124 £ 1T107E-3 9. TE194E-1 -3.70540B-2

" oina helf of geadraturs in shows, The w's, p's, and n's wre the same for the Qact 110 snplca

with the sigms on the n's being

reversed.

h'tilhll gggoclated with each direction of particle travel.

“Cosines of the sngles between the dircetion of particle travel snd the radive of the cylinder.

I!E!ullluu: of the sngles bhetween the directicn of partiele travel snd the axls of the exlimder.
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