Low energy scattering and cross
section data
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Z A (=) ¢ b
H 1 -3,7390(11)
1 1/2(+) 99.985 -3.7406(11)
2 1(+) 0.015 B.671(4)
3 1/2(+) (12.32 &} 4.792(27)
He 2 3.26(3)
3 1/2(+) 0.00014 5.74(7)
=1.483(2)¢
4 Of+) 99.99988 3.26(3)
L 3 -1.90(2)
B 1+) 7.5 2.00(11)
-0.261(1)i
7 a2 92.5 —2.22(2)
Be 4 9 2= 100 7.79(1)
B 5§ 5.30(4)
-0.213(2)i
10 3(+) 20.0 -0.1(3)
-1.066(3)i
1 a/2(-) 80.0 6.65(4)
C 8 B.6460(12)
12 0{+) 98.90 6.6511(16)
13 1/2(=) 1.10 6.19(9)
N 7 9.36(2)
14 1+ 99.63 9.37(2)
15 1/2(-) 0.37 B.44(3)
0 8 5.803(4)
16 O+ 88.762 5.803(4)
17 512(+) 0.038 5.78(15)
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1.7568(10)  80.26(6)
25.274(9) 1.7583(10)  80.27(6)
4.04(3) 5.592(7) 2.05(3)
-1.04(17} 2.89(3) 0.14{4)
1.34(2) 0
-2 .5(6) 4.42(10} 1.6(4)
+2.568(3)7
0 1.34(2) 0
0.454(1 U} 0.92(3)
=-1.89{(10) 0.51(5) 0.46(5)
+0.26(1)i
=2.49(5) 0.619(11) 0.78(3)
0.12(3) 7.63(2) 0.0018(9)
3.54(5) 1.70(12)
—4.7(3) 0.144(8) 3.0(4)
+1.231(3)i
-1.3(2) 5.56(7) 0.21 {?}
5.550(2) 0.001{4)
0 5.589(3) 0
—0.52{9} 4.31{14} 0.034(11)
11.01(5) 0.52(12)
2.0(2) 11.03(5) 0.5(1)
-0.02(2) 5.21(5) 0.00005(10)
4,232(8) 0.000(8)
0 4,232(8) Q
0.18(6) 4.20(22) 0.004(3)

V.F. Sears, Neutron News 3 ,1992
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Ab In fm Nnr of available bc
1<Ab <5
0.5<Ab<1
0.1 <Ab <0.5
0.05< Ab <0.1
0.01 < Ab < 0.05
0.005 < Ab < 0.01
0.001 < Ab < 0.005
0.0005 < Ab < 0.001

L. Koester, H. Rauch and E. Seymann, Atom. and Nucl. Data Tables 49, 65,1991
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Transmission (“'conventional” and resonance scattering )

Frauenhofer defraction (small angle scattering)

Refraction

Reflection Require dynamical scattering theory
Interferometry
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Absolute coherence — coherence between incoming and outgoing (scattered)
wave, therefore only elastic coherent scattering possible,
everything else is referred to as absorption

Relative coherence — coherence between outgoing waves from different scattering
centres, therefore both elastic and inelastic coherent
scattering is possible

Incoherence — variation in scattering length
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v )= euld)

V(F) Optical potential y/(?) Coherent wave

Kinematical theory — Born approximation, therefore ignoring local
field , or interparticle multiple scattering

Dynamical theory — derive potential and solve equation rigorously

To solve: Impulse Approximation — Fermi Pseudo-potential
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v )= euld)

2
2
With average potential <V> = Zﬂ Nb Refractive index becomes NN —-1=- £ =— Nb
m T

When including additional cross section for inelastic and absorption processes o,

V
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(b)

L. Koester, Springer Tract. Mod. Phys. 80 (1977)
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2R typical particle dimension
u particle layers

Reported precision from 10-3 to 102
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i-i'I'IIIHETHh:ALL PERFECT SIil) ANALYZER
cuT ASYMMETRICALLY CUT
n= 1- NA%b/2r = 1-5
Oprism—1/2 SINASIN(2¢-Ar)+ gy,
-l
FROM REACTOR

C.S. Schneider, Acta Cryst A 32, 375 (1976)

Measurement of angles of 100-500 urad with precision of up to 104

Derived coherent scattering lengths with precision of up to 104
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Fig. 1. Ansicht des Schwerkraft-Refraktometers am FRM

L. Koester, ZP 182, 328 (1965)
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N. Nuecker, ZP 227, 152 (1969)
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Precisions of 1-5 104 have been reported
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phase flag
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F.E. Wietfeldt, Summer School on fundamental Neutron Physics
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Perfect silicon crystal
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loffe et al, PRA 58, 1475 (1998)
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Precision, due to wave-length 10-3
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sin @

Precision better than 104
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To compare with scattering cross section over a wide energy range:

b, (E)=b, 01— geff )—Z(1-f(E)b.,
A Y[, kT

o, :47zbf(E)(—j (1+ b j
A+1 2AE

3

For simplicity and only guide used: bcz —I



coherent scattering length [fm]
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total cross section [b]
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coherent scattering length [fm]
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Pb-208
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total cross section [b]
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total cross section [b]
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total cross section [b]
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total cross section [b]
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A large database of precise/accurate coherent scattering lengths is available
For many light nuclei uncertainties of 10-3 are given

In general uncertainties seem to be reasonable, maybe slightly optimistic
Can give very useful constraint for fitting cross section data

0-16

Case of disagreeing coherent scattering lengths

Nevertheless they agree within 0.5%
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