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VII1.D.1. Relation of SAMMY/URR Radius to ENDF/B Radius

To understand the rationale for the choice of R ' as the input radius for ENDF, we consider
the value of the cross section in the limit in which the effect of resonances is negligible. From
Eq. (VIII A.2), the average scattering matrix is given by

1-(R_)LY
<Scc> = TR —<<Rcc>> 0

in which the average R-matrix is

, (VI D1.1)

(R)=R”+ ins, . (VIII D1.2)

Substituting iP for L, dropping subscripts for simplicity, and rearranging give

(5.)=e% ;1—(R°° +izs)(-iP)] _ i [1-7Ps+iPR" ]
(R +ims)(+iP)] [1+7Ps—iPR" ]

i [1—7rPs+iPR°°] [1+7rPs+iPR°°]
ip
:1+7zPs—iPR°°] [1+7rPs+iPR°°]

=e

1-2°P%* —(PR) +2iPR"

=[cos(2¢)-isin(2¢)] (Lenbs) +(PR )2

[{cos(hp)[l -’ P’s? —(PR‘” )2} +sin(2¢) 2PR°°}

iy {_Sin(zgp)[l—ﬁzpzsz —(PR°°)1+sin(2(/))2PR°°ﬂ

(1+zPs)’ +(PR°°)2
(VIII D1.3)
The cross section can then be expressed as
(0.)= 2;:2g (1-Re(s..))
_27g|,_ 008(240)[1 -7 P’s’ —(PRW)1+ sin(2¢)2PR” (VIII D1.4)
K (1+zPs) +(PR") '
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If we consider only s-waves (/= 0), both P and ¢ have the value p =ka. The expression for
the cross section then becomes

(1—2,02)[1—7z2,02s2 -p’ (Rw)2}+4p2R°°

- 2rg 1-
) k? (1+7rps)2+,oz(R°°)2
2rg (1+7zps)2+p2(R°°)2—(1—2p2)[1—ﬂ2pzsz—pz(Rw)z}—4p2R°°
K (1+7rps)2+p2(R°°)2

21 g 1+2x ps+np°s’ + p’ (R°°)2—1+7r2,02s2+p2 (R"")2 +2p° —4p*R”
K (1+7rps)2 +p’ (R“’O)2

Q

9

(VI DL1.5)

in which cos and sin have been expanded for small values of p, and terms ~p* have been dropped in
the numerator. Simplifying, we find

27[g |:27Z'pS+27Z'2,0252:|+2p2(R°°)2+2p2_4p2Rw

<O-C> - k* (1+7zps)2+p2(R°°)2
) (VIII D1.6)
dng 7rps+7r2p2s2+p2[l—(R°°)]
K (1+7r,os)2+,02(R°°)2

In the limit in which all the resonances are considered to be distant resonances, the pole strength s is
zero and the cross section becomes

(o) = 25 — kzgkzazp—(zew)]2 _ 47gR"7 , (VIIDI.7)

in which R' is defined as a(l—R“’). This is the customary low-energy formula, even in the

resolved resonance region.
We now consider the more general case, for all energies. In Eq. (VIII D1.4), assume that the

pole strength s is negligible but do not use the low-energy limit. The cross section can be shown to
have the form
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< > 2rg cos(Z(p)[l—(PR“’)2J+sin(2g0)2PR°°
O.)® 2 o 2
k 1+(PR") (VIII D1.8)

g
kZ

2

sin’ (p—¢)

where the phase shift € is given by
g=tan (PR") . (VIII D1.9)

To see this, note that
sin’® ((p - g) = (sin(p COS& — CcOos @ sin 5)2
=sin’ @ cos’ & — 2sin@ cos @ cos & sine + cos’ @ sin’ &
= %[1 - (:05(2(0)]cos2 - 2[sin(2(p)/2]cose sing + %[l + cos(2(/))]sin2 &
= %{1 + cos(Zgo)[sin2 & —cos’ g] —sin(2¢)sine cosg}

(VIII D1.10)

From Eq. (VIII D1.9) it can readily be seen that

tane = PR”
. PR”
SIin & =
1+(PR")
1
COS &€ = >
1+(PR°°)
. PR™
Sin & 0088:—2
1+(PR°°)
1-(PR*)

sin® & —cos’ & =— -

1+(PR°°)
(VIII D1.11)

Substituting these values into Eq. (VIII D1.10) reproduces (VIII D1.8) exactly.

Section VIIL.D.1, page 3 (R7) Page 525



