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ABSTRACT 

All available neutron-nuclei scattering lengths are collected 
together with their error bars in a uniform way. 
Bound scattering lengths are given for the elements, the iso­
topes and the various spin-states. They are discussed in the 
sense of their use as basic parameters for many investigations 
in the field of nuclear and solid state physics. The data bank 
is available on magnetic tape too. Recommended values and a map 
of these data serve for an uncomplicated use of these quantities. 
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1. Introduction 

The scattering length of the neutron-nucleus system Is the basic 

quantity which describes the strength and the character of the 

interaction of low energy neutrons with the individual nuclei. 

The values vary very irregularly from one nucleus to an other 

due to their strong dependence on the details of the nuclear 

structure. 

Low energy neutrons are an important tool for the investigation 

of the static and dynamic properties of condensed matter and 

they can also be used for a detailed investigation of the inter­

action of the neutron as an elementary particle with its surround­

ing. Therefore, the scattering lengths are of fundamental interest 

for condensed matter and nuclear physics research as well. 

First measurements of this quantity have been done by Fermi in 

1947 and since this time many advanced techniques have been 

developed for precise measurements. Host of them are based on 

neutron optical phenomena where the coherent scattering length 

is the quantity of interest, while for a theoretical interpret­

ation the spin and isospin dependent scattering lengths are 

needed. These values can be obtained only by a combination of 

at least two measurable quantities like the coherent scatter­

ing length, the free scattering cross section, the incoherent 

scattering cross section or the nuclear polarization dependent 

cross section. 

In the past various tables of scattering lengths are given in 

the literature where we refer to the tables given by Shull and 

Wollan 1951, Wilkinson et al. 1961, Turchin 1965, Gurevich and 

Tarasov 1968, Shull 1971, AIP 1972, Bacon 1972, Mughabghab and 

Garber 1973, Willis 1973, Bacon 1975, NDS 1976, Koester 1977, 

Dorner and Comes 1977, Hoshino et al. 1978. The aim of this 

summary is to collect all available data of neutron-nuclei 

scattering lengths in a uniform way together with their error 

bars as they are quoted in the original literature. This allows 

a critical estimate of the reliability of the different values. 

Recommended values are given according to the best possible 

criterions available to the authors. 
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The definitions of the relevant quantities Included into the 

data tables are given in chapter 2 and the basic principles of 

measurement are explained in chapter 3. All tabulated values 

of chapter A correspond to bound scattering lengths due to the 
nuclear interaction. Second order effects due to the electro­

magnetic interaction are discussed in chapter 2 and in more 

detail by Koester 1977 and Rauch 1979. The refinement of the 

experimental methods justify the optimism to get more precise 

values in the future especially in the regime of spin-dependent 

scattering lengths. 

The authors ask all readers to inform them about all new exper­

imental values, data not included in the tables, mistakes and 

errors and about suggestions about the data representation and 

the layout of the summary. 
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2. Basic Relations 

Low energy neutrons are scattered lsotropically within the center-

of-mass system» which indicates that no orbital momentum is involv­

ed in the scattering process U * 0). This fact is equivalent to 

the statement that the range of interaction is much smaller than 

the wave lengths of the neutrons. This enables within Born approx­

imation and ordinary scattering theory the Introduction of a point 

like interaction in the form of the Fermi-pseudopotential (Fermi 

1936) 

(2.1) VI?) = *2£iaö(?) 

where n = m
n -

m j c / '
m
n
 + m j c '

 i s t h e reduced mass between the neutron 

(mn) and the nucleus (otv). a is the free scattering length which 

is related to the scattering amplitude fQ of the scattered 

spherical wave by f = -a. This definition is chosen to get for an 

infinite repulsive potential the relation a = R where R is the 

radius of this potential. The small wave-length dependence of 

fQ can be written by the effective-range (r__) approximation 

and yields (e.g. Blatt et al. 1949) 

(2.2) J- = k1 ctg6Q = -1(1 -k
2 - ^ |a]) 

where k" (= 2n/\') is the wave number in the center-cf-mass system 

and 60 is the phase shift of the scattered wave. From equ. (2.2) 

follows the definition 

tg 6 sin 60 6-
(2.3) -a = lim ., " i lira , u i lim =-£ 

k*-0 * k*+0 K k'-o 

A comparison with the Breit-Wigner formalism allows a separation 

into a potential and a resonance scattering length 

rn 
(2.4) a = a + a, = a + £ p r p r 2k' [(E' -Er) + i I] 

where the summation has to be taken over all resonances of the 

neutron-nucleus system, r is the neutron and r the total level 

width, E the resonance energy and E' the neutron energy in the 

center-of-mass system. The resonance properties for slow neutron 

reactions (|E' - E | » r , r « E . E' « E„ and r =k') allow in 
r n r r n 
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many cases a simplification to 

,2.S, a - a p - E , ^ 

For the potential scattering length a the potential scattering 

radius It* can be taken which follows from an analysis of the 

resonance cross section (e.g. Seth et al. 1958, Pineo et al. 1974) 

No rigorous calculation of the scattering length using equ. (2.4) 

is possible because thfc complete set of resonance parameters are 

unknown in most cases at least for B <0 (below binding energy) 

and deviations from the Breit-Wigner behavior exist. Attempts 

for an "a priori' calculation exist for light nuclei where few-

body calculations are possible (e.g. Alt et al. 1975, Kharchenko 

et al. 1976) or to nuclei near closed shells where microscopic 

shell-model calculations can be done (e.g. Normend 1977). 

According to the strong spin dependence of nuclear forces the 

scattering lengths for the two interaction channels 1+1/2 and 

1-1/2 (I ... nuclear spin) are a+ and a_, respectively. There­

fore/ a spin dependent scattering length is defined as 

2(a -a ) 
+ — 

ef f ~ 21+ 1 °+ T 21 + 1 a- T 2TT1 - =n 
(2.6) a ,- = -VJ-i a^ + * „ a_ + — * _ ~ 1 s 

where s is the neutron spin and (1+ 1)/<2I+ 1) =g^ and 
n " + 

1/(21+ 1) =g_ are the statistical weight factors for the inter­

action with 1+1/2 and I- 1/2 for an unpolarized scattering exper­

iment. Absorption is described by a complex interaction potential 

and therefore by a complex scattering length 

(2.7) a = a" - i a" 

where a" - af2\ which follows from the definition of the react-a 
ion cross section (Bacon 1975, chapter 5, Felcher et al. 1975). 

In this notation a includes inelastic and incoherent scattering 

processes. For most nuclei a" is much smaller than a*. 

Experiments are carried out usually with an assemble of nuclei 

within a target at position R.. For thermal neutrons the nuclei 

look rather fixed within their surrounding and therefore the 

neutron^nucleus center-of-mass systems coincide with the laborat­

ory system (k' -+k, X' ->• \), which favours the introduction of a 
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bound scattering length b related to a 'strongly* f^und nucleus 

(2.8) b = a -2-—S = a ~ - L 
mk A 

where A is the nucleus/neutron-mass ratio. A discussion about 

'strongly' and 'rigidly' bound systems is given by Sears 1978. 

In this sense we write the interaction potential in the form 

2 
(2.9) V(r) = Z M _ b „ 6(r-S.) . m_ err l x n 

This enables the definition of an average interaction potential 

<V> or of a mean phase shift for scattering < 6 n
> and therefore 

of a mean or a coherent scattering length <b> = b , which reads 

for an unpolarized system 

(2.10) b = i^i- b + 
c 21 + 1 + 21 + 1 -

The variance of these quantities (<(AV) >, <(&6 ) > = (<&Q> -

<6-> )) defines the incoherent scattering length b. 

,2.!!, b2 = i » * i ) (b - b ) 2 

1 (21+ \)* 

If various isotopes or elements with isotopic (element) abund­

ances p. are present a further averaging procedure has to be 

done which yields for the coherent scattering length of this 

element or compound 

(2.12) bc = I p. (g. + b+_ • <3L_ b._) = E p. bc. 

The volume average of the interaction potential (2.9) gives the 

mean potential V seen by the neutron within the target 

(2.13) V = ^2^-Nb m c n 

where N is the particle density. This quantity is independent of 

the internal structure of the sample. Predicted correction factors 

due to the internal structure are of the order of b /d (d ... mean 

particle distance)(e.g. Ehstein 1953, Dietze 1978) and are not 

verified experimentally up till now. Elementary calculation of 
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the behavior of the free particle at a potential step yields the 
index of refraction, which is defined as the ratio of the wave 
numbers inside (K) and outside the potential V 

KS ATf (2.14) .. - fe - . . -g 

which simplifies for thermal neutrons (E » V) and low absorption 
to 

2 N bc 
(2.15) n i 1 - \' -%£ 

The magnetic moment u of the neutron causes additional interact­
ion between the neutron and the magnetic and electric field 
produced by the nucleus and the electrons of the atom. The range 
of these interaction (>v2) is comparable to the wave length of 
thermal neutrons and therefore the related scattering effects 
are momentum (angular) dependent and can be described by suit­
able form factors f(Q) (normalized to f(0) = 1)/ where Q is the 
momentum transfer (Q=2k sin 0/2, © ... scattering angle). 
The magnetic interaction with magnetic atoms or ions has the 
potential V = -jio-B(r) where o are the Pauli spin matrices and 
B(r) is the magnetic induction within the magnetic atom or ion. 
This leads to a magnetic scattering length (Halpern et al. 1939, 
Marshall et al. 1971) 

(2.16) p(QJ = -J~^2 f
m

{:°) <^> (°S> 
mec 

where y is the magnetic moment of the neutrons in units cf the 
nuclear magneton, m the electron mass, <S> the mean magnetizat-
ion of the magnetic atom and q = h - (he)e is the magnetic inter-

~ -fr­
action vector expressed in unit vectors h in direction of <S> and 

•+ -* 
e in direction of Q. f_(Q) is the magnetic atom form factor given 
by the unpaired electrons of the magnetic atom or ion. Only the 
mean potential, which is determined by the magnetic induction. B 
within the sample influences the scattering length for the for­
ward direction where we get for the both spin states 

w m B 
(2.17) p(0) * + E _ 

2ixNfi 
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For ferromagnetic samples p is of the sane order of magnitude 

like t>c. Snail contributions exist for para- and dlamagnetlc 

substances if they are within a magnetic field H where B in 

equ. (2.17) has to be replaced by H(1 + 4nx)and where x is the 

magnetic susceptibility. 

An electromagnetic interaction arises from the movement of the 

magnetic dipol through the electric field of the atom in the 

form of a spin-orbit and the Foldy term (Schwinger 1948, Foldy 

1955) 

(2.18) V = j£|,£x£>-,£Mg em m c 2m c n n 

which yields the following contribution to the scattering lengths 

(e.g. Koester 1977, Marshall et al. 1971, Squires 1978) 

(2.19) b e m = -i S
§<JC§-2) Z (1 - f (Q)) ctgf (on) -
n m c e 

me ve2 * 
- 2 i ; < f 4 > z < 1 - f < < > > > n m c e 

f(Q) is the atom form factor of the whole electron cloud, which 

is known from X-ray diffraction. ;i is a unit vector perpendicular 

to the scattering plane. The spin-orbit contribution is imaginary 

and rather small and is not considered further. The last term is 

the Foldy term which gives a contribution of b_ = -1.468x 10 fm 

per electron charge and which could be verified experimentally 

(e.g. Koester et al. 1976). Due to the compensation of nuclear 

and electronic charge b becomes zero for the forward direction. 
em 

To get the scattering length bN of a nucleus due to its nuclear 

force and Coulomb field one has to add the nuclear and Foldy term 

(2.20) bN = b c-Zb F 

and the scattering length b of the whole atom is 

(2.21) b a = b c- Zb p (1 - f(Q)) 

Further contributions are discussed in the literature (e.g. 

Koester 1977, Rauch 1979) but they are of no interest for this 



9 

stimmary because they are very small and often the experimental 
verification is still missing. 
For measurements at 0/0 beside the Foldy contribution the 
Oebye-Waller correction e"w due to the thermal cloud has to be 
considered (b+b„ e"w, e.g. Bacon 1975». 
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3. Methods of Measurement 

There are a great variety of methods for the determination of 

coherent scattering lengths because all collective interaction 

effects are influenced by this quantity. The standard methods 

are based on Bragg diffraction or on classical neutron optics, 

where the index of refraction causes the measurable effect. In 

the former case the scattering length at a certain momentum 

transfer Q is measured while in the second one the measurement 

is performed at or near to Q = 0 and therefore the Debye-Waller 

factor and most of the electromagnetic terms have no influence. 

More and more interest arises for spin-dependent scattering 

lengths, which are obtained from a combination (denoted by m in 

the data table) of the coherent scattering length with the free 

cross section, or the incoherent cross section or with the data 

from a nuclear polarization dependent study. Within the various 

subsections exertion is given to refere to a standard and a rather 

new publication of this field as a further guide for more detailed 

information. Schematic drawings should indicate the principles of 

the measuring procedure and some basic formulas should give the 

connection between the measurable quantity and the coherent 

scattering length. 

3.1 Bragg Diffraction (BD) 

A great majority of coherent scattering lengths are determined 

from the Bragg intensities of monochromatic neutrons scattered 

on polycrystalline samples iShull and Wollan 1951). Such an 

arrangement is shown schematically in Fig. 3.1. 

monochromator crystal 

Pig. 3.1: Arrangement for the 

measurement of Bragg intens­

ities from polycrystals. (The 

position-sensitive detector 

can be replaced by a single 

detector rotated around the 

sample.) 
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For cylindrical samples the intensity of the various Bragg 

diffraction lines Is given as {e.g. Bacon 1975): 

(3-D Ü*l _ A 3 v3 Nc Fhkl "2Whkl , 
Pc 8nr sin 9.., sin 2Qhkl Hikl 

where V is the sample volume« r the distance to the detector, 

j the multiplicity of the lattice plane, N the number of unit 

cells per unit volume, ©„vi the scattering angle, exp(-2WhJC,) 

the Debye-Waller factor, A„vi the absorption factor and Fj^i x 

Eb exp[-2ui(uh +vk +wl) ] the structure factor of the uiit cell 

with atomic positions at u, v, w (in units of the cell dimensions). 

For monoatomic lattices the geometrical structure factor can be 
2 

separated and the intensity becomes proportional to t>. Due to 

various extinction effects the accuracy is limited to about 11%. 

In some cases the scattering length has been extracted from single 

crystal scattering experiments (e.g. Cooper et al. 1972), but the 

extinction problem is even more serious in this case but the 

intensity is much higher. 

3.2 Total Reflection (TR) 

In the mirror-reflection technique a monochromatic or filtered 

beam of slow neutrons is reflected from the plane surface of a 

mirror. The principal advantage of this method lies in the 

direct connection between the critical angle 0 and the mean 

coherent scattering length b of the mirror material: 

(3.2) 0c f^k 
The measured scattering length is an average over the atoms 

of the mirror and is independent of the crystalline state and 

of the temperature diffuse scattering. Tha Debye-Waller factor 

is unity. Since the critical angles are small and the wave-length 

distribution in the beam can never be known exactly, the accuracy 
_2 

is restricted to the order of ± 10 Ab/b for absolute determ-

inations and ±10 Ab/b for relative determinations (Dickinson, 
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Passel and Halpern 1962). All kinds of plane mirrors and Inter­

faces are suitable for the reflection measurements. 

3.3 Gravity Refractometer (GR) 

Main Sil 

In the gravi., refractometer (Fig. 3.2) by Kaier-Leibnitz (1962) 

and Koester (1965) the fact is used that in the gravitational 

field freely falling neutrons gain an energy mg.h which is of 
2-1 the same magnitude as the potential energy <V> = 2itfl m. ib of 

neutrons in matter containing N atoms cm- . m is the gravitation­

al mass and m. the inertial mass of the neutron, ̂ f denotes the 

effective gravitational acceleration acting on the free neutron, 

and h is the height of fall. A falling neutron beam (or neutron 

wave) is reflected from a horizontal mirror if mg,h is smaller 

than <V>; otherwise the neutrons can penetrate the mirror. The 

critical height for total reflection is reached (with m = m.) at 

h according to 

(3.3) mg_h = 2Ttfi2m~1 Nb r e c 

The mean scattering density Nb of the mirror substance is 

directly proportional to the critical fall height, which is the 

only quantity to be measured. All other quantities are very well 

known fundamental constants. Thus a very high accuracy for the 

scattering density becomes possible. In practice, uncertainties 

of only (±1 - ± 3) x 10 flb/b for the scattering length could be 

obtained (Koester and Kistler 1975). This good accuracy can be 

Fig. T.2: Principle 

of the neutron-gravity 

refractometer (after 

Koester, 1965) 
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obtained only for liquid mirrors with a high content of the 

element under investigation. 

3.4 Christiansen-filter Technique (CF| 

Small-angle scattering of neutrons by mixtures of powders with 

liquids (Christiansen 1884) can be used as an indicator for a 

balance method, where the scattering does not arise when the 

scattering densities Hbc of powder and liquid are equal. In this 

technique a well-collimated beam of cold neutrons passes through 

the filter. The unscattered part is completely stopped by an 

absorber placed in front of the neutron counter, so that only 

the scattered part is detected. In this arrangement (Fig. 3.3) 

the point of balance 

(3.4) Mb (liquid) = Nbc(powder) 

can be experimentally found by changing the scattering density 

of the liquid phase and by measuring the disappearance of the 

scattering (Koester and Knopf 1971). 

Imml 
Fig. 3.3: Experimental set-up for 

Christiansen-filter measurements. 

a) Beam collimaticn; a, b slits; 

c stopper, 1 filter, 2 neutron counter 

b) cross-cut of the Christiansen filter; 

1 powder, 2 liquid, 3 glass, 4 spacer, 

5 liquid split, d= 1 or 0.5 mm (after 

Koester et al., 1977) 

Liquids of various scattering densities over a wide Nb range 

are prepared by mixing different parts of two compounds of very 

different Nbc-values (e.g. HjO/D-O) which themselves can be 

determined very exactly in the gravity refractometer. The 

Christiansen-filter technique is also applicable to filters of 

thin wires in liquids or of powders in gases under various 
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pressures. The method is useful and reliable for determinations 

of scattering lengths with medium accuracy to within ±1x10 
_2 

and 1x10 Ab/b. It Is particularly applicable to small amounts 

of separated isotopes since the filters can be kept rather small 

(Roaster et al. 1977). This method can be combined with the small 

angle scattering technique as described in charcer 3.5 (Bader 

et al. 1980). 

3.5 Small Anqle Scattering (SA) 

Diffraction, refraction and reflection occure to the neutron 

beam if it traverses an inhomogeneous material, which cause a 

broadening of the beam profile (Weis 1951). The various regimes 

are characterised by the phase shift of the neutron wave within 

one particle or precipitate (<£ = k(l-n)6, 6 ... diameter of 

the particle). In the refraction range (<£ » 2n) the broadening 

of the beam can be written as 

(3.5) H 2-H 2 = N2b2X4r/4u2 

0 C 

where H0 is tht half width without sample and r — D/5 the mean 

number of traversed particles within a sample of thickness D. 

For smaller particles (precipitates) where diffraction is pre­

dominant (<f> « 2TI) the broadening is much smaller than in the 

refraction range and independent of b 

(3.6) H2 -H 2 2; 12X2/n2S2 

For b measurements larger particles are often embeded into an 

other substance (solid, liquid or gaseous) and the relative 

index of refraction between particle and substrate is measured. 

In this case various geometric factors are cancelled and higher 

accuracy can be achieved. In any case the particle size distribut­

ion and multiple processes hinder an unequivocal interpretation 

of data. The ...«asurements can be performed with a standard neutron 

small angle camera using long wave length neutrons (Fig. 3.4) or 

a non dispersive double crystal arrangement with perfect crystals 

and an extreme high angular resolution (Fig. 3.4). 
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from cold neutron source 

/ 
"* 7 
curved neutron guide tube 

v perfect single crystals 

colliiHtors 
staple A*£ t 

velocity selector position sensitive 
detector 

Fig. 3.4: Sketch of snu.ll angle scatter­

ing arrangements using long wave neutrons 

and long flight paths (above) or a non 

dispersive double crystal arrangment (left) 

detector 

3.6 Prism Refraction (PR) 

A prism with an apex angle a deflects the neutron beam as 

(3.7) 6 = 2(1-n) t g | = (NbcX
2/n) t g | 

which is usually in the order of sec of arc and which can be 

measured with a non dispersive double-crystal arrangement with 

perfect crystals as shown in Fig. 3.4 (Shull et al. 1967). In 

certain cases rather high accuracies for a b determination could be 

achieved (e.g. Schneider et al. 1970). 

3.7 Transmission (TM) 

A collimated neutron beam (neutron energy E) is attenuated in 

material (atomic mass A) by absorption and scattering. The total 

scattering cross section o_ per atom as obtained from transmiss­

ion experiments with neutrons of an energy in the electron volt 

region can be expressed in terms of the free scattering cross 

section o_ at "zero energy" as 

(3.8) as(E) = aQ[1 + 6as(E)/o0 +oLS(E)/o0 +aB(A,E)/a0I 

The energy dependent correction terms in the bracket are due 

to neutron resonance scattering 5og(E), Schwinger scattering 

http://snu.ll
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(Obermair 1967, Lovesey 1969», and solid state binding effects 

«Wick 1951, Placzek 1952, Binder 1970). For epithermal neutrons 

and other than very light nuclei and nuclei without resonances 

in the eV-region the sum of the corrections is in the order of 
3 4 

one part to 10 or 10 . Within the region of this uncertainty 

the scattering cross section is independent of the neutron energy: 

(3.9> os(E) = o0 

The free cross section is related to the bound coherent nuclear 
scattering lengths bN and b„ . according to 

(3.10) 4TI 

(1+A) 
— < c + b N , i > 

where A denotes the nucleus/neutron mass ratio. Thus, the amount 
of the nuclear scattering length can be obtained from the measur­
ed free scattering cross section if the incoherent cross section 
is aero or is known. 

In suitable cases the transmission method is capable of a high 
accuracy for the determination of absolute values of nuclear 
scattering lengths (e.g. Dilg 1971, Waschkowski et al. 1976). The 
experimental arrangement corresponds to a simple transmission 
geometry but detectors sensitive to epithermal neutrons have to 
be used (Fig. 3.5). 

_EL 
IT 

i 

• I • I --

-3- •i; i3 — r 
; 3 | *> 5 

5 

3-

s 

Fig. 3.5: Arrangement 

for transmission measure­

ments with rotating 

resonance detectoi«. 

1 shield, 2 detectors 

as monitor, 3 slit, 

4 sample, 5 detectors, 

6 ß-counter (after 

Waschkowski et al. 1976) 

3.8 Dynamical Diffraction (DD) 

Dynamical-diffraction phenomena appear in perfect single crystals 

due to the interference of the forward and diffracted beam within 

the crystal. Within the two-beam approximation and for symmetrical 
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Laue-geometry the reflected intensity of a slab shaped crystal 

of thickness t can be written in an angular ccale as (e.g. Rauch 

et al. 1978) 

.2, 

(3.11) 

with 

sinÄl(nt/A0)/l *y
2] 

r- iy i 

1" " 

A o = 

«V 

1 • y 2 

- Q)nsin 20ß 

b NX2 
c 

n cos 0_ 
b ' S A 

where 0„ - 6 is the deviation of the beam from the exact Bragg 

condition and N the particle density, b" include the Debye-

Waller factor and electro-magnetic contributions which are 

Q-dependent (equ. 2.19) and which have to be taken into account 

for precise measurements. 

The Pendellösung oscillation can be observed with a higher accur­

acy by the measurement of the intensity distribution within the 

Borrmann-fan when a narrow entrance slit is used in front of the 

perfect crystal. Within spherical wave theory the intensity of 

the diffracted beam is for the symmetrical Laue-case given as a 

function of the lateral distance x from the center of the Borr­

mann-fan in the form 

. 2 r , _ W A , / , _ „2 s i n ^ U n t / A ) / l - V + n/4] 
(3.12) PIT) = " 

with r = 
/77y2 t t g 0. B 

Intensity oscillations occur near V ̂ 0 (x^O) as a function of 

t or of X, which are shown in Fig. 3.6 together with the exper­

imental arrangement (Shull 1968). Rather accurate b -determinat­

ions can be achieved with this method (Shull et al. 1972) , but 

only materials where perfect crystals are available can be 

investigated by means of this method. 
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neutron-. 
absorber 

Reflecting l£_~_-_ 
planes 

crystal 

t*5.939«i 

1.0 1.1 s ( i , 1.2 

Fig. 3.6: Experimental arrangement and characteristic Pendel­

lösung oscillation near r^O (after Shull 1968) 

3.9 Neutron Interferometry (IN) 

This technique uses the dynamical diffraction phenomena to split 

and to overlap two widely separated beams (Rauch et al. 1974). 

Monolithic silicon crystals are used to provide the required 

stability of the lattice planes (Fig. 3.7). 

NEUTRON GUIDE 
Si-MONOCHROMATOR 

(110) 

Bt-OOUBLE 
CRYSTAL 1230) 

Fig. 3.7: Sketch of 

the experimental arrange­

ment for neutron inter-

ferometric measurements 

(after Rauch et al. 

1978) 

A material introduced into the coherent beams produces a phase 

shift f= k(1 -n)AD, where AD is the path difference of the beams 

I and II within the material. Due to this phase shift the intensity 

behind the interferometer is modulated according to 

(3.13) I = -y-[1 + cos(2rtAD/Dx) ] 

and where b can be determined via the measurement of the X-c 
thickness D, = 2n/(XNb ) . Samples can be used in solid, liquid 

A C 

or gaseous form (e.g. Bauspiess et al. 1978, Kaiser et al. 1979). 

For such measurements an accurate X-determination is needed too. 
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3.10 Nuclear Polarization (NP) 

According to the spin-dependent interaction potential (chapter 

2) the neutron scattering length of a nucleus depends on the 

relative orientation of the neutron (s_) and nucleus spin (I) 
n 

in the sense («qu. 2.6) 

(3.14) b = bc
 + biS nf 

b c " 2TTT b+ + 2TTT b -

2(b - b _ ) 
b, 
"i 21+1 

A coherent average <b> over an assemble of nuclei gives the 

polarization-dependent coherent scatterina length (e.g. Lushchikov 

et al. 1970) 

(3.15) b^ = b +b. l H / 2 
c c l n n 

where the neutron polarization is P_ = 2<s > and the nucleus 
* * n n 

polarization f = <I>/I. For Bragg scattering the relevant 

structure factors have to be added and for a trans;- -3sion measure­

ment with absorbing nuclei the spin dependence of the absoprtion 

c^oss section has to be accounted 

(3.16) oa = [(1 + IPn!jo*tI(1-Pn!)o"]/(2IHI 
a n n a n n a 

and for magnetic substances additional terms appear (Schermer 

1963) . In analogy to the magnetic scattering a pseudo-magnetic 

induction B can be defined for a sample with spin-dependent 
P 

nuclear interaction (Abragam 1972, Abragam et al. 1973). 
(3.17) B = -4nN*c bifn/(2ey) 

where y is the neutron magnetic moment expressed in nuclear 
magnetons and N is the particle density. Spin precession and 

spin-echo effects can be observed due to this "B -field" which 
P 

yield information about b. and therefore about the spin-dependent 
part b+ - b_ of the scattering lengths (e.g. Glättli et al. 1979). 
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A sketch of such an arrangement is shown in Fig. 3.8. The achieve­

ment of sufficient nuclear polarization is the most difficult 

part of such investigations. 

poiarizer 

spin-flipper 

Bragg-scattering 
counter ,3 * «*» 

cryostat - W potation 
. / ^ \ counter 

sample ^ . ^ _ _ _ i 

analyzer / v 

counted transmission i 

Fig. 3.8: Experimental arrangement for the measurements of 

spin-dependent scattering lengths 

3.11 High Energy Experiments (HE) 

Potential and resonance scattering determine the phase shift and 

therefore, the scattering length at low energy (chapter 2) . 

Detailed analysis of the resonance cross section yield information 

about the potential scattering radius R' (e.g. Stieglitz et al. 

1971), but contributions to the resonance part arise from energy 

levels below the binding energy for which the resonance 

parameters are unknown in many cases. Therefore the separation 

of the potential and resonance part is rather difficult and optical 

model calculations can help in certain cases only (e.g. Koester 

et al. 1978) . 

For the understanding of nuclear forces the scattering lengths 

between the elementary particles neutron-proton, proton-proton 

and neutron-neutron are of central interest (e.g. Henley 1969). 

From those quantities only the neutron-neutron scattering length 

cannot be measured directly due to the leak of suitable neutron 

targets. As a compensation one uses nuclear reactions with a 

dominant neutron-neutron interaction in the exit channel as 
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(3.18) n+ D * 2n + p 

ti~ + D * 2n + Y 

The first reaction requires the measurement of all kinematical 

quantities of the reaction products and an analysis based on 

three body models, which can be solved approximately only 

(Faddeev-equation, Watson-Migdal model). A schematic view of 

a proper experimental arrangement using time-of-flight analysis 

and coincidence technique is shown in Fig. 3.9 (Breunlich et al. 

1974). 

tritium-target 
Ct-detecror / 

MMeV neutrons _ „ neutron detector! 

deute ron-beam 
C J O J target and 

proton detector 
(scintillator) neutron'detector Z 

Fig. 3.9: Experimental arrangement for the measurement of the 

neutron-neutron interaction (after Breunlich et al. 1974) 

The TT -D-reaction has the advantage that only the neutrons 

appear as hadrons in the final state but nevertheless theoretical 

uncertainties of the model limit the accuracy to about 3% (e.g. 

Gabioud et al. 1979). 

The available values for the singlet scattering lengths, which 

according to Pauli principle are the only relevant quantities for 

comparison, indicate 

(3.19) b__ -v. b „ >. b 
nn pp np 

From this relation a charge dependence and a charge symmetry of 

nuclear forces can be deduced, but more precise values are needed 

for a final decision (e.g. Kühn 1976). 
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4. Discussion 

All together 928 values of neutron scattering lengths taken 

from 339 different references are collected. 338 values are 

listed as recommended values in Appendix B and are given sepa­

rately in a map of neutron scattering lengths (Figure 4.1). 

This map can be obtained as a colored wall map with dimensions 

of 84x60 cm and it gives an overview about the known data for 

the various nuclei. The accuracy of the data is very different 

and a statistical evaluation of the accuracy of the recommend­

ed values is given in Table 4.1 in a semidecimal scheme. 

Table 1: Number of recommended neutron scattering lengths data 

with error bars (—) between certain limits 

b_ b+- b_ 

0 0 

1 0 

0 0 

2 0 

2 1 

15 4 

8 7 

3 13 

0 2 

Most data have error bars in the range between 1 and 5%• More 

precise values are known only for nuclei where the neutron phy­

sics requirements can be fulfilled to perform a precision mea­

surement as indicated in chapter 3 and samples of sufficient 

purity and sizes are available. Strong efforts have to t». i..ade 

in future to obtain all neutron scattering lengths with suffici­

ent accuracy. More precise values would especially be needed 

~ < 0.0001 b 

0.0001 < 4r < 0.0005 b 

0.0005 < 4r < 0-001 a 

0.001 < 4r < 0.005 
~ D — 

0.005 < -rr < 0.01 

0.01 < 4- < 0.05 b 

0.05 <. ^ < 0.1 

0.1 <^< 0.5 

0.5, f 

bc 

1 

11 

9 

40 

36 

105 

16 

7 

1 

b
+ 

0 

1 

0 

4 

3 

12 

7 

4 

0 
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for spin dependent scattering lengths where due to the recent 

successes in nuclear orientation further results can be ex­

pected. 

An updating of the values is scheduled for every year and, 

therefore, all authors are cordially asked to inform us about 

new values of neutron scattering lengths. 

Many authors gave us their unpublished data for inclusion in 

the data bank which is gratefully acknowledged. 

Figure 1.1 is avni:,. Jle as a colored wall chart with dimensions 

of 81x60 cm and a price of AS 120,--/DM 60, —/US$ 2 5 , " 

from 

H.Bittermann 

c/o Atominstitut der österr.Universitäten 

Schüttelstraße 115 

A-1020 Wien 
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l.t 

Data Description 

Record Layout 

Meaning 

ordinal number, right justified 

element designation, left justified 
exception: ' N1 for neutron 

mass number, right justified 
(only given for nuclides) 

empty 

logical record number (from 00 to 99) 

card number (from 0 to 5) 

empty 

data 

unique identifier, right justified 

The meaning of the digit position 14 - 70 depends on the 

card number: 

Digit 

1 

5 

5 

8 

9 
11 
12 

14 

71 

Position 

-

-

-

-

-

-
-

2 

4 

7 

10 

13 
70 

80 

card number 0 

14 - 41 

42 - 70 

card number 1 

card number 2 

card number 3 

card number 4 

free-f 

free-f 

empty 

B(PM) 

B+(FM) 

B-(FM) 

B+(FM) 

free-form text or empty 

B-(FM) 

14 - 21 real part of the measured value 
(decimal point at digit position 17) 

empty 

error value of the real part 
(decimal point at digit position 27) 

empty 

imaginary part of the measured value 
(decimal point at digit position 37) 

empty 

error value of the imaginary part 
(decimal point at digit position 47) 

70 empty 

22 • 

25 • 

32 • 

34 • 

42 -

45 -

- 24 

- 31 

- 33 

- 41 

• 44 

• 51 

52 
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The coordinates of the measured value 

can have a sign digit; for a coordinate 

which is not given the value of aero 

should be assumed. The error values do 

not have sign digits and indicate the 

absolute maximum error. If a coordinate 

is not given the error value belonging 

to it is also missing. Be careful: a 

missing error value in the case of a 

given coordinate should not be taken as 

zero! If a value is not given, blanks 

are inserted at the corresponding posit­

ions. 

Bibliographical References 

method, left justified 

reference, left justified 

year of publication 

author, left justified 
('+' at digit position 53 means: et al.) 

commentary number, right justified 

sign for "recommended value" 
{' + • or empty) 

empty 
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6.1.2 Sorting 

The data set is an accumulation of logical records. 

a) Free-form Text Records 

This sort of logical records consists only of one 

physical record with the card number 0 and always has 

the logical record number 00• For each element and 

nuclide exists one or none free-form text record. The 

blanks in the text only serve to improve the appearance 

since the free-form text is divided into groups of se­

ven characters each by the printing program. 

b) Data Records 

A data record consists of at least two and no more than 

four physical records; it contains at least ond, but no 

more than three measured values (if a (B+(FM) - B-(FM)) 

value is present then neither a (B+(FM)) value nor a 

(B-(FM)) value may be given). Moreover, every data 

record includes a physical record with bibliographi­

cal references. 

The logical records are sorted in ascending sequence of 

the ordinal number, the isotopes of an element in the 

ascending order of the mass number, the pure element 

appearing first. The logical records for an element or 

a nuclide are headed by the free-form text record - if 

existing -, the data records then follow, subdivided 

into two groups: 

1. records without a (B+(FM) -B-(FM)) value and 

2. records with a (B+(FM) - B-(FM)) value. 

In each group the data records are classified in des­

cending sequence of the year of publication. 

All physical records belonging to a logical record are 

sorted according to the ascending sequence of the card 

number and have the same unique identifier. 
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6.2 Program Description 

The following programs are required to build up and 

maintain the presented data inventory: 

6.2.1 RAINDAT 

This program serves for the acquisition of inputs. In 

the conversational mode enquiries are made about the 

individual fields, they are formally checked and assem­

bled into a logical record. Each logical record recei­

ves an unique identifier depending on a start number 

entered at the beginning. 

6.2.2 RAINKOR 

In the conversational mode corrections are acquired by 

specifying the logical record to be corrected through 

the unique identifier and the correction itself by in­

dicating the fields to be corrected and the new field 

contents. The insertion and clearing of fields as well 

as the deletion of logical records is also possible in 

this process. The field contents entered are checked 

for format errors. 

6.2.3 RAEXEKOR 

The corrections acquired with RAINKOR are carried out 

on the data inventory, keeping the old version. The 

corrections are examined for logical errors by compa­

ring the correction and the logical record to be 

corrected, and by checking the logical record after 

correction has taken place. The sequence of logical 

records remains unchanged. 
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6 .2. it RASORT 

The data are sorted according to the criteria defined 

in Data Description 2.). This is necessary after corr­

ections have been carried out with RAEXEKOR as well 

as for filing inputs which have been acquired with 

RAINDAT. The two functions can be carried out in the 

same procedure. 

Hereby updating is completed and the new version of the 

data inventory can be copied onto tape or can be pun­

ched out as a card deck. 

6.2.5 RAPRINT 

The ;otal list (see Appendix A) and the "recommended 

valves" (see Appendix B) are now generated and output 

onto paper or film. At the same time the expanded total 

list completed by the unique identifier is printed to 

allow correction. 

6.2.6 RASPEC 

This is an evaluation program which processes the data 

inventory according to diverse criteria; it primarily 

check.-, the precision of the measured values. 

Copies of the data bank (as card deck or tape etc.) and further 

information about the programs are available by KPA-Zentral-

bibliothek. 
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10.262. 
1-01 

58-CE-140 
I B8.4B 

S8-CE-I42 
I 11 .01 

4.7 1 .1 J 

- B037 -

B-IFI11 - METHOD - YEBR -BUTHOR-S NB11E - C. R. 

a.27 i 

B.3Z 1 

8.3 1 

.05 1 

.14 1 

.3 1 

B* 

B» 

- B- • 

- B- • 

6.1 

7.3 

.4 1 

.3 1 

CF 

BD 

BD 

NP 

NP 

EENB0.1 

JCP3S.19S0 

PR91.S97 

JPR40.6Z9 

PRL33.102 

71 

61 

53 

79 

74 

KOESTER 

BTOJI 

KOEHLER 

OLBETILl 

ROUQERU 

• 

• 
* 

• 

* 

4.8 

4.83 

4.B2 

4.B4 

4.6 

.2 

.04 

.06 

.06 

.2 

BO 

C-

BD 

BO 

BO 

RKF33.Z12 

EtNBO.l 

BERE-R-4939 

JCP35.1950 

PR91.597 

79 

77 

65 

61 

53 

RD1B 

KOESTER 

VALENTINE 

flTOJl 

KOEMLEH 

* 

• 

. 
• 

53 KOEMLEH 

53 KOEHlER 



59-PR-141 
1100*. 
I - 5 / 2 1 

60-ND-142 
I 27.11 

60-ND-143 
I 12.17 

60-ND-144 
I 23.BS 

60-MJ-145 
i e . sz . 
1-7/21 

60-NDM46 
I 17.22 

60-ND-148 
15.7Z. 
1-01 

BO-HD-150 
15.6Z. 
I-01 

- fl03a -

B-lFtll YERR - R U I H O R ' S HRBE - Z. *. 

4.45 I 

4.90 1 

4 .4 1 

.05 I 

.15 1 

.4 1 

CF 

BD 

BD 

EENdO.l 

JET4Q.430 

PR9I.597 

77 

75 

53 

XOESTER 

flKOPYRN 

KOEHLER 

• 

• 

* 

7.BO 1 .07 I 

7 . 6 9 1 .05 1 

7 . 5 I .1 I 

7 . 2 I .2 1 

2.4 I .1 

2.B I .3 

CF EEN80.1 

BO RCR/B31.2745 

BO JP/C6.72S 

BD P R 9 1 . 5 9 7 

BVL325 

BD P R 9 1 . 5 9 7 

7 7 K0E5TER 

75 BUECHERLE 

7 3 SCHOBINGER 

5 3 KOEHLER 

5 3 KOEHLER 

73 mjOHBBOHBB 

5 3 KOEHLER 

5 3 KOEHLER 



- R039 -

YERR -AUTHOR'S NRnE - C. R. 

61-PH-147 
IT1/2-
2.62YI 

UNPUBL.DRNL 72 KOEHLER 

62-Sn-144 
13.17.. 
I-Q! 

52-5tl-147 
IIS/:. 
I-7/2 J 

B2-SM-148 
Ill.ZZ. 
I-01 

62-5M.-149 
I13.8Z. 
I-7/21 

52-Sn-lSO 
I7.4Z. 
I-01 

62-SM-1S2 
126.7Z. 
I-01 

S3 KOEHLER 

62-SH-154 
122.82. 
I-01 

S3 KOEHLER 

6.a 

6.0 

6.3 

S.5 

e.o 

.4 

.4 

.3 

.4 

.5 

eo 

BO 

BO 

BD 

BO 

UNPUBL.ORNL 

PR 126.2262 

PR127.2I0! 

PR124.184B 

PR124.1B48 

72 

62 

62 

61 

61 

KOEHLER 

RRNOLO 

NERESON 

RRNOLO 

RRNOLO 

• 

63 



63-EU-lSt 
147.8Z. 
I-5/2 I 

63-EU-I53 
152.BZ. 
I-5/2 I 

64-G0-152 
(O.ZZ. 
[-01 

64-GD-154 
12.2Z. 
I-OI 

64-GD-155 
I14.9Z. 
1-3/21 

64-G0-1S6 
I 20.6Z. 
I-OI 

64-GD-1S7 
IIS.7Z. 
1-3/21 

64-G0-1SB 
I24.7Z. 
1-01 

64-G0-I60 
121.7Z. 
1-01 

- R040 -

B-IFHI - YEAR -AUTHOR'S NfinE - C. R. 

e.i3 i 

B.Z2 1 

B.3 1 

.12 1 

.14 1 

.3 1 

BD 

IN 

30 

UNPUBL.-ILL 

UNPUBL.-ILL 

PRL27.741 

Bl 

SI 

71 

KISCHKO 

KISCHKO 

flLS-NIELSEN 

+ 

• 

• 
• 

9.5 

11.S 

9.B 

14.0 

15.0 

.2 

1.5 

.4 

.5 

2.0 

BD 

BD 

BD 

BD 

BO 

KKH8.302 

KKH8.1Z5 

KKHB.302 

KKH7.33B 

JRP35.1045 

75 

75 

75 

74 

54 

URTRNRBE 

URTRNRBE 

URTRNRBE 

ISH1KAUA 

U1LL 

* 
* 
• 
• 
. 

• 

9.15 f .05 t 

9.15 f .05 1 

9.1 I .4 I 

8D JPR32.295 

6D PR /B5.997 

BD JAP3B.13B1 

72 KOEHLER 

72 MOON 

67 CHILD 



65-T8-1S9 
I100Z. 
1-3/21 

66-0Y-IS6 
I0 .O6Z. 
I .Ol 

66-DY-I5S 
10 . IX. 
I-Ol 

66-0Y-I60 
12. 3Z. 
1-0) 

66-0Y-16T 
I1B.9Z. 
1-5/21 

66-0Y-162 
I 2 5 . 5 / . 
I-Ol 

66-DY-163 
I24.9Z. 
1-5/21 

- R041 -

B- IFm - YEHR -flUTMOR'S NRME - C. R. 

7.28 

7.38 

7.35 

7.6 

7.5 

7.56 

.04 

.03 

.10 

.2 

.2 

.20 

B» - B- • 3.5 1.4 1 

NP 

CF 

80 

00 

80 

BO 

NP 

THESIS.VIE 

EEN80.1 

SSC1S.S57 

PR13I.15I8 

JCP35.1950 

PRI21.610 

JET42.397 

80 

77 

76 

63 

61 

61 

75 

SCHNEIDER 

KOESTER 

FUESS 

FELCHER 

HT0J1 

HT0J1 

RKOPYRN 

• 

• 

• 

17.1 1 

16.9 

17.1 

6.7 

10.3 

-1.4 

5.0 

.3 I 

.4 1 

.5 1 

.4 J 

.4 1 

.5 1 

.4 ] 

CF 

BO 

BD 

BO 

50 

Trt 

BD 

3Ü 

EEN80.1 

PR174.1553 

PSS2.K164 

PR174.1S53 

PR174.1SS3 

70MEl.FiNKll.661 

PR174.IS53 

PS!74.1553 

77 

68 

62 

68 

68 

70 

68 

68 

KOESTER 

CHILD 

BETZU 

CHILD 

CHILD 

VERTEBN1 

CHILD 

CHILD 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

http://70MEl.FiNKll.661


65-DY-164 
128.2Z. 
1-01 

67-H0-I65 
I100Z. 
1-7/21 

6B-EB-162 
1 0 , H Z . 
1-01 

6B-ER-164 
I I . 6 Z . 
1-01 

8-ER-I6B 
I33 .4Z. 
1-01 

- R042 -

B-1FM1 

45 .7 

49 .4 

Tri 7DHELS1NK1 1 .BS1 

BD P R 1 7 4 . 1 5 5 3 

YEAR -BUTHOR'S NRME - C. R. 

70 VERTEBN1 

68 CHILD 

B.37 1 

a.oe i 

a.s i 

.05 1 

.05 1 

.2 1 

7.0 .4 1 :o.4 .4 

NP 

BO 

1 UP 

BD 

THESIS.VIE 

RCR/R35.318 

RIP18.411 

PR110.37 

30 

73 

74 

57 

SCHNEIDER 

BOUCHERLE 

LITTLE 

KCEHLER 

* 
* 
• 

• 
• 

a* - 6- -

B» - B- -

B* - B- -

B« - B- -

B* - B- -

B» - B- -

-3.5 

-2.94 

-3.S 

-3.0 

-3.4 

-3.4 

.4 

,15 

.4 

.4 

.3 

.4 

NP 

NP 

NP 

NP 

BO 

NP 

JPR40.B29 

UNPUBL.GRE 

UNPUBL.ORE 

PHY/BB1.24S 

R1P18.411 

JPR34.423 

79 

77 

77 

76 

74 

73 

OLRETTL1 

BOUCHERLE 

BOUCHERLE 

fiBRRGRH 

LITTLE 

HERP1N 

• 

• 
• 
. 

* 

6.03 1 

7.9 1 

9.B 

12.3 

.03 1 

.2 1 

.7 1 

.6 1 

CF 

BD 

Tri 

Tn 

EEUBO.l 

PR91.597 

70HELSINK1 

70HELS1NK1 

.661 

.661 

77 

53 

70 

70 

KOESTER 

KOEHLER 

VERTEBNT 

VEfiTEBNY 

• 

• 

• 

* 

• 

• 



68-ER-167 
122.9'/.. 
f-7/ZJ 

6B-ER-16B 
IZ7.0Z. 
I-Ol 

B-ER-I70 
I15X. 
1-0) 

69-TH-169 
1100/. 
l't/21 

1Q-*8-168 
10.14*/. 
1-01 

70-YB-170 
13.OX. 
1-01 

7Q-Y8-171 
I14.3Z. 
1-1/21 

70-YB-172 
IZl .9/.. 
I-Ol 

10.2 I .5 ) 

50,9 1 .5 ) 

12.6 I .6 1 

12.90 I .07 1 

12.62 I .12 l 

R043 -

B-lFIII - METHOD - REFERENCE - YERR -AUTHOR'S NRME - C. R. 

TM 70HELS1NKI1.661 70 VERTEBNI 

Trt 70HELSINK1 1.661 70 VERTEBNY 

7.05 

7.OS 

7.20 

6.3 

6.3 

5.5 

.06 

.05 

.06 

.2 

.2 

CF 

60 

60 

BD 

60 

BO 

EENSO.I 

USNDC-3.25 

JCP5Z.6431 

PSS2.K164 

PR126.1672 

HRN27.620 

77 

72 

70 

62 

62 

56 

KOESTER 

LANDER 

RTOJI 

8ET2L 

KOEHLER 

UILKINSON 

• 

• 

• 
* 

• 

EEN80.I 

JCPS2,6-130 

PR12I.6I0 

KOESTER 

RIOJI 

RIOJI 



70-VB-I73 
118.3*. 
I=5/Zl 

70-YB-174 
131.8/.. 
r-oi 

70-YB-17G 
I12.7Z. 
1 =01 

71-LU-175 
197.4/.. 
1-7/2! 

71-LU-17B 
I 2.GZ. 
1-7) 

72-HF-174 
IQ.lBy.. 
1-01 

72-HF-176 
IS.2X. 
1-01 

72-HF-177 
i iB.sz. 
[•01 

72-MF-179 
I 27.2/. 
1>0I 

72-HF-179 
I13.BZ. 
1-9/21 

- BG44 -

B-IFH1 YEAR -flUTHOR'S NRME - C. R. 

7.3 t .2 1 BD PR121.610 

BD PR121.610 

BD BCR9.607 

61 RT0J1 

56 51DHU 



7 Z - H F - I 0 O 
I 3 5 . I X . 
l « O l 

7 3 - T R - 1 BO 
I ,0012V. 

1-0) 

7 3 - r n - i B i 
199.9BZ 
1-7/21 

74-U -1H0 
I D . ] 3 * . 
1-01 

74-U -1BZ 
125.3-/.. 
[-01 

74-U - 1 8 3 
I 1 A . 3V.. 
1 - W 2 1 

74-W - 1 8 4 
I 30 . T/.. 
1-01 

74-U -186 
128.6V.. 

- R04S -

B-IFrt) REFERENCE - YEAR -AUTHOR'S NAHE - C R . 

6 . 9 1 

7 . 0 

. 0 7 ] 

. 3 ) 

B * 

B + 

- 6 - • 

- B - = 

- 0 . 5 9 1 

- 0 . S 9 1 

. 0 6 1 

. 0 6 ) 

CF 

BD 

NP 

NP 

Z N / R 2 6 . 3 9 1 

P R B 1 . S 2 7 

J P R 4 0 . 6 2 9 

P R U 3 3 . 1 0 2 

71 

51 

79 

74 

KOESTER 

S H U L l 

G L H E T T U 

ROUBEP.U 

. . . 
• 

• 7 3 

• 7 3 • 

4 . 7 7 1 

S . l 1 

B . 3 3 1 

4 . 3 1 

7 . 5 9 1 

. 0 5 1 

. 3 1 

. 1 4 1 

.S 1 

. 0 9 1 

CF 

BO 

BD 

BO 

BO 

Z P 2 1 9 . 3 0 0 

P R B 1 . S 2 7 

Y F I 0 . 3 2 8 

Y H 0 . 3 2 8 

Y F 1 0 . 3 2 8 

6 9 

51 

6 9 

6 9 

6 9 

KOESTER 

5HULL • 

P.LEKSRNDROV 

RLEK5RN0R0V 

BLEKSflUDRDV 

• 

• 

-1.19 I .05 

-1.19 [ .OS 

BO PL/H7Z.361 

BO YF1Q.3?B 

79 RLEKSflNOROv 

69 RLEKSflNDROv 



7 5 - R E - 1 B 5 
I 3 7 . 5 X . 
1 = 5 / 2 1 

7 5 - R E - 1 8 7 
1 6 2 . 5 2 . 
[ = 5 / 2 1 

7 B - 0 S - 1 B 4 
I 0 . 0 2 Z . 

- H046 

B - i F n i METHOD - REFERENCE - YERR -AUTHOR'S tifltlE - C. R. 

9.2 1 .2 I BO ARNI1.303 61 WILKINSON 

ANL-6797.393 

PR105.21B 

63 HUELLER 

57 MEfiTON 

7L-0S-1B6 
I 1 . 67. • 
I-OI 

7E-0S-1B7 

I 1.BZ. 

1-1/21 

75-05-IBS 
I13.3Z. 
1-01 

7.8 I .3 1 BO RNL-6797.393 63 MUELLER 

76-05-1B9 
I 1 6 . I X . 
1-3/21 

1 1 . 0 I . 3 BÜ A N L - 6 7 9 7 . 3 9 3 6 3 HDELl . tR 

75-05-190 
126 .4 / . . 
I-OI 

1 1 . 4 I . 3 BO A M . - 6 7 9 7 . 3 9 3 6 3 f luELLER 

76-0S-192 
14 IX . 

60 ANL-6 79 7 . 3 9 3 6 3 MUELLER 

http://HDELl.tR


77-IR-191 
t 37 .47., 
I -3 /Z1 

7 7 - I R - 1 9 3 
162 .6 / . . 
1 -3 /2) 

7B-PT-190 
I0 .01X. 
I-O) 

78-PT-192 
I 1.7BZ• 
1-0 I 

78-PT-194 

i -a i 

78-PT-195 
i 3 3 . e x . 
1-1/21 

78-PT-196 
125 . 3Z, 
1-0 J 

7B-PT-198 
I 7 . 2 / , I 

I C O 

10 .6 ( . 3 

3 . 6 

3.5 I .3 

9 .9 t .5 ) 

R047 

Q-iFni 

PR131.1S1S 

RNL6797.393 

JHP30.13Z3 

BD PR81.S27 

T*t SNPZ2.348 

Tf SNPZ2.348 

YERR -AUTHOR'S NRrtE - C R . 

63 FELCHER • 

63 MUELLER * * 

59 StDHU • 

75 VERTEBNY] 

75 VERTEBNY1 

ID.55 I 

B.89 I 

7 . B 

.Q8 1 

.08 1 

.1 1 

8« - B- - - 2 . 3 .A I 

T « 

MP 

Tn 

i n 

SNP22.34B 

JPR4Q.629 

SNP22.34B 

SNP22.348 

7 5 

79 

75 

75 

VERTEBNYI 

GLflETTU 

VERTEBNrl 

VERTEBNY] 

• 

* 

* 

* 

• 

-

• 

• 



79-FIU-197 
I 1007.. 
1=3/21 

80-HG-19S 

1-0) 

8Q-HD-I9B 
110. V/.. 
I »Ol 

BO-HD-199 
116.9 / . . 
1-1/2) 

eO-HD-200 
123. ]/.. 
I-Oi 

BO-HO-201 
113.2/ . . 
1-3/21 

BO-HG-202 
I 29 . 77.. 
[-01 

80-HG-204 
(6.87.. 
1=01 

- R046 -

a-(Fm YEFIR -AUTHOR'S NflnE - C . R. 

7.63 1 

7.66 1 

7.7 1 

.06 1 

.02 1 

.4 1 

a» B- = -3.5 .3 1 

CF 

CF 

80 

NP 

EENBO.1 

D1PL.THE5.MUN 

PRB1,527 

JPR40.629 

77 

74 

SI 

79 

KOESTER 

UUNDERL1CH 

SHULL 

CLRETILI 

• 
• 

• 

• 

12.66 

12.69 

16.69 

12.67 

13.10 

.02 

.02 

.02 

.06 

.07 

OR 

TR 

OR 

TR 

TR 

EEN80.1 

PR174.313 

2P162.32B 

BflPB.477 

PRB2.5B0 

77 

6B 

65 

63 

51 

KOESTER 

BRRTOLINI 

«JESTER 

BflRTOLINI 

HIBDON 

• 

• 
. 

• 



81-TL-203 
I 29. SV.. 
1*1/21 

B1-TL-Z05 
[70.SX. 
1-1/21 

82 

82 

BZ 

82 

-PB-204 
I I . « . 
I -0 1 

-PB-20E 
124.IV.. 
1-01 

-P6-207 
122.1Z. 
I M / 2 1 

-PB-20B 
152.4/.. 
1-01 

B3-BI-Z09 
I10QZ. 
1=9/21 

a. fla 

8.9 

7.5 

9-40031 .00141 

9.39 I .05 1 

9.tog i .004 i 

9.40 I .01 l 

9.6 I .4 I 

4.B 

0-503 I .012 

- R049 

a - i F n i 

CF EEN80.1 

8D PR105.216 

BD PR75.975 

DR PRL36.1021 

CF ZN/R27.901 

Tri ZN/R26.442 

CR ZP227.1S2 

BD PR81.527 

QD PR71.666 

NP JPR40.629 

- YEAR -AUTHOR'S NflllE - C. R. 

77 KOESTEfi * 

57 HERTQN 

49 UINSBERG * 

76 KGESTtR 

72 KOESTER 

71 DILG 

59 NUECKER 

51 5HULL 

47 FERtl l 

79 GLflETTLl 

78 BRU5PIES5 



83-81-209 
ICONT.) 

B-Rfl-226 
IT1/Z-
1.6ZE3Y 

90 TH-232 
100V.. 
-01 

R050 -

B-LFril - "IERR -RUTHOR'S NRHE 

8. SB 1 

0.580 I 

8.5256( 

8.530 I 

9.52391" 

8.625 l 

8.9 1 

.05 1 

.OOB ) 

.0014 ) 

.005 ' 

.00191 

.004 I 

.4 ) 

B* - B- = 0.44 f .09 1 

IN 

IN 

TR 

Tn 

TR 

TU 

BD 

NP 

75GRTLINBURC 

76L0UELL 2 

PRL36.I021 

ZN26.442 

ZPZ27.152 

ZP186.23 

PR81.527 

JPR40.629 

2. 

1027 

1099 76 

76 

76 

71 

69 

65 

51 

79 

BRUSP1 ESS 

RRUCH 

KOESTER 

OILG 

NUECKER 

TR1FTSHREUSER 

SHULL 

CLRETTLI 

• 

• 

* 
* 

* 
* 

* 

10.52 1 

9.84 1 

10.00 1 

9.8 1 

.06 1 

.03 1 

.09 1 

.1 1 

CF 

m 

BD 

BO 

EEN80.I 

NP61.361 

PRS/F1274.122 

HCRI5.351 

77 

es 

63 

62 

K0E5TER 

RRYBURN 

UILL1S 

ROOF 

• 

• 



- RQ51 

B - I F I 1 I YEAR -AUTHOR'S NHI1E - C . R. 

JO.56 

10.1 

P R B 5 . 5 9 5 

P R B 1 . 5 2 7 

HIBOON 

5HULL 

UNPUBL.HARUELL 

UNPUBL.HRRUELL 

7 3 UEQGEUÜOD 

7 3 UEDCEUOQD 

a . 4 2 

8 . 4 4 

8 . 6 1 

B.SZ 

B .3B 

Q . 5 

B . 5 0 

8 . 4 

B . 7 B 

. 0 2 

. 0 4 

. 0 4 

. 0 9 

. 0 3 

. 2 

. 0 6 

.2 

. 5 6 

BD 

8 0 

CF 

BD 

BO 

BD 

BO 

BO 

8 0 

8 E R E - R 3 0 7 9 

Z K 1 4 9 . 3 3 7 

E E N 8 0 . 1 

UNPU0L.HP.RUELL 

UNPUBL.HRRUELL 

P.CRZO.507 

P R S / R 2 7 4 . 1 2 2 

P.CR15.351 

I C P 3 5 . 1 9 5 0 

79 

79 

7 7 

70 

6 8 

6 6 

6 3 

62 

61 

COOPER 

COOPER 

KOESTER 

TfiYLOR 

R0U5E 

RT0Y1 

U I L L 1 S 

R00I-' 

flTOYI 

* 
• 

• 

• 

• 

* 

9 . 8 I . 6 ) 

9 . B 1 . 6 I 

C.63 I .04 I 

8 .55 I . 06 I 

8.SO I .06 I 

BD A C R 2 0 . 5 8 7 

flÜ P R S / H Z 7 * . 1 2 2 

CF VHPUBl.tajN 

BD fiCR2O.50T 

BD P R 5 / R 2 7 « . 1 2 2 

B6 fiTOjI 

6 3 u l l l l S 

7* KQE5TER 

6 6 R T O j I 

6 3 U U L I S 



92-U -23B 
ICDNT.I 

93-NP-237 
IT1 /2 -
2.14E6Y 
1-S/-Z 1 

94-PU-239 
[T1 /2 -
Z.44E4 

94-PU-240 
IT1 /2 -
6.54E3 

94-PU-242 
m/2-
3.B7ES 

95-H11-243 
IT1/2« 
7.37E3 

9B-cn-24«: 
I Tl/2-
17.9*. 
1-7/21 

.4 1 .5 1 

RQ5Z -

8-IFflJ HETHDD - REFERENCE 

BD flCRl5.351 

YEAR -AUTHOR S NfitlE - C. R. 

10.55 i 

10.57 1 

10.SS 1 

.10 1 

.15 1 

.10 I 

50 

BD 

OG 

RCR/R30.667 

PC52B.1649 

PCS2B.1651 

74 

67 

67 

HEAT ON 

COX 

HORTON 

* 
* 
• 

• 

7.7 

7.5 

7.5 

3.5 

3.8 

B.l 

.1 1 

.3 1 

.3 1 

.1 1 

.2 ) 

. 1 1 

BD 

BD 

30 

60 

BD 

BD 

JNt134.2e! 

BCR2O.S07 

flr.R15.351 

RCR/927.2284 

JNÜ34.201 

RCR/827.2254 

70 

65 

62 

71 

70 

71 

GREEN 
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ROOF 

LRNOER 

GREEN 

LANDER 

• 

• 
* 

• 

• 

* 

• 

6.3 

7.6 

.2 1 

.1 1 

BD 

eo 

JPRL40.335 

HCK/fi30.667 

79 

74 

BOEUF • * 

nuELLER 

9.5 
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.3 1 

.2 1 

BD 

60 
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77 

74 
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• 
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HBBREVIFITIDNS U5ED IN COLUHN "METHOD" 

BD BRAGG - OIFFRACHON 
CF CHRISTIANSEN - FILTER 
DD OYNRniC DIFFRRCTION 
CR Gfc.'VJTY - REFRRCTJDN 
HE HIGH ENERGY 
IN INTERFEROMETER 
n HHNY FIETHODS 
NP NUCLERR - POLRRIZRT10N 
PR PRIM - REFRACTION 
SR 5MALL - ANGLE - SCATTERING 
Tri TRANSMISSION 
TR TOTRL REFLECTION 

- A053 -



ABBREVIATIONS USED !N COLUtlN "REFERENCE" 

I /R. /B. /C HERNS SERIES R. B. C OF THE JOURNAL I 

RCR 
RCS 
RCSR 
AE 
RECU 
AERE 
RIP 
AKE 
ANL-
RRN 

RCTR CRYSTRLLOGRRPHICH 
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 
RCTR CHEHICfi SCAND1NAV1CA 
RKTIEBQLAGET ATOMENERGIE. STOCKHOLM / STUDSVlK 
USREC REPORTS. D1V. TECH. INF., EXTINCT 
AERE - MARE1JELL REPORTS 
RDVANCE5 IN PHYSICS 
ATOMKERNENERGIE 
RRDQMNE NRTIONRL LHBORHTORY REPORTS 
RNNURL REVIEU OF NUCLEAR SCIENCE 

BRP 
BNL 
BMC 

CJB 
CR 

ERNDC 
EEN 

76CRTLINBURG 
SSGENEVfi 

78HRRHELL 
70HELSINKI 

IAEA 
ICP 
ILL 

JRP 
JCP 
JET 
J INR 
JNM 
JP 
JPC 
JPJ 
JPR 
JPRL 
JPRS 

E ET DE CRISTRLLOGRAPHIE 

BULLETIN OF THE AMERICAN PHYSICAL SOCIETY 
BROOKHRVEN NATIONAL LABORATORY REPORTS 
BULLETIN DE Lfl SOCIETE FRANCHISE DE MINERRLOG1 

CANADIAN JOURNAL OF PHYSICS 
C0nPTE5 RENDUS 

EUROPEAN - AMERICAN NUCLERR DATrt COMMITTEE 
ERGEBNISSE OER EXAKTEN NHTURUIS5EN5CHRFTEN 

FQRSCHUNGSREHKTOR MUENCHEN. REPORTS 

CONFERENCE ON NEUTRON SCATTERING. CONF-760601. ORNL 
FIRST INTERNATIONAL CONFERENCE ON PEACEFUL USES OF ATOMIC ENERGY. IREH 

INTERNATIONAL CONFERENCE ON NEUTRON PHY5IC5 AND NUCLERR DRTP FOR REACTORS HNO OTHER APPLIED PURPOSES 
CONFERENCE ON NULEAR DATA REACTORS. IAEA 

INTERNAT10NHL ATOMIC ENERGY RGENCY. VIENNA 
APPL1E0 CHEMISTRY CORPORATION. IDAHO 
INSTITUT LAUE-LANGEVIN. GRENOBLE 

JOURNAL OF APPLIED PHYSICS 
JQURNRL OF CHEM1CRL PHYSICS 
SOVIET PHYSICS - JETP 
JOINT INSTITUTE OF NUCLEHR RESEARCH. DUBNH 
JOURNAL OF NUCLEAR MATERIALS 
JOURNAL OF PHY5IC5 
JOURNAL DE CHIMIE. PHYSIQUE ET DE PHYSICOCHIMIE 
JOURNRL OF THE PHYSICAL SOCIETY OF jflPAN 
JOURNAL OE PHYSIQUE 
JOURNRL DE PHYSIQUE LETTRES 
JOURNAL DE PHYSIQUE SUPPLEMENT 

KKH 
KRI 
KIEV-1TP 

72L05 ANGELES 
"J6L0UELL 

niT 
MUN 

KRKURIKEN KENKYU HOKOKU IJRPRNI 
KR1STRLL0GRHFIYR 
ACHOEMY OF SCIENCE UKRAINIAN SSR, INSTITUTE FDR THEORETiCRL PHYSIC5 

INTERNATIONAL CONFERENCE ON FEU-PRRTICLES. PR.CEE...NGS BY NQRTH-HOLLHND HMET. 
INTERNATIONAL CONFERENCE ON INTERACTION NEUTRON NUCLEI. C0NF-76Q715 

ttfiSS. INST. TECHN. 
MUNICH 



ABBREVIATIONS USEO IN COLUMN -REFERENCE" (CONT 

NERNDC 
NB.GS.COHP. 
NDR 
NIM 
NP 
NYO-GEN 

ORNL 

PA 
PCS 
75PETTEN 
PHY 
PI-
PR 
PRL 
PRS 

RCN 
RSI 
Rnp 
72ROME 

SRC 
SJPN 
SNP 
SPC 

ssc 

USNOC 

VIE 

ZAAC 
ZK 
znp 
ZN 
ZP 
77ZUERICM 

NUCLEflR ENERGY AGENCY NUCLEAR C>̂ TA C0MMI5IDN 
NOBLE GRS COMPOUNDS 
NUCLERR DRTR FOR REACTORS - IRER 
NUCLEflR INSTRUMENTS AND METHOD5 
NUCLEflR PHYSICS 
COLUflBlfl UNIVERSITY. NEU YQRK 

OAK RIDGE NATIONAL LABORATORY 

PHYSICS ABSTRACTS 
PHY5IC5 AND CHEMISTRY OF 50LIDS 
NEUTRON DIFFRACTION CONFERENCE RCN-REPORT 
PHYSICA 
PHYSICS LETTERS 
PHYSICAL REVIEW 
PHYSICAL REVIEU LETTER5 
PROCEEDINGS ROYAL SOCIETY OF LDNDON 

REBCTOR CENTRUM NEUERLAND 
REVIEU OF SCIENTIFIC INSTRUMENTS 
REVIEW OF MODERN PHYSICS 
SYMPOSIUM ON PRESENT STATUS AND NOVEL DEVELDPEMENTS IN THE MANY BODY PROBLEM. ROME 1972 

CEN SflCLEY 
SOVIET JOURNAL OF PARTICLE AND NUCLEI 
SOVIET JOURNAL OF NUCLEflR PHY51CS 
SOVIET PHYSICS - CRYSTALLOGRAPHY 
50LIO STATE COMMISSION 

REPORTS TO NUCLEAR OflTA COMrtlSION 

VIENNfi 

YROERNAYR FISlKfl 

ZEITSCHRIFT FUER ANORGANISCHE ALLGEMEINE CHEMIE 
ZEITSCHRIFT FUER KRISTALLOGRAPHIE 
ZEITSCHRIFT FUER ANGEUANOTE MATHEMATISCHE PHYSIK 
ZEITSCHRIFT FUER NATURFORSCHUNG 
ZEITSCHRIFT FUER PHYSIK 
INTERNATIONAL CONFERENCE ON HIGH ENERGY PHYSICS RNO NUCLEAR STRUCTURE. BIRKHRUSER-VERLBG. BRSEL-STUlTt^Rl 



MEANING OF NUMBERS IN COLUMN "C. 

CORRECTED FOR NEU B-VALUE OF 1-H - 2 
OBTAINED FROfl SIGMA SCHTT. AND THEORY 
OBTHINED BY fi COMBINATION UITH PL/B9:.200 I 19601 
USE VALUE FOR 2-HE 
FOR B+IFm AND B-IFMI THE VALUES 3.9 AND -5.2 ARE POSSIBLE TOO 
THE OTHER SIGN OF THE VALUE IS POSSIBLE TOO 
FOR B+IFH) AND B-(FH) THE VALUES 5.39 I .151 AND 2.8 I .41 ARE POSSIBLE TOO 
SMALLER THAN 0.7 FM 
SMALLER THAN 0.4 FM 

21 : SIGN CHANGED 
22 ' FOR B*IFH) AND B-IFM1 THE VALUES -3.5 ( .2) AND 6.8 I .31 ARE POSSIBLE TOO 
23 > USE VALUE FOR 23-V . UITHQUT CORRECTION FOR 23-V - SO 
32 i CALCULATED FROM CROSS SECTION DATA 

CALCULATED FROM CROSS SECTION DATA 
VALUE DEPENDS ON LAMDA 
NON RESONANT CONTRIBUTION FOR LAMDA = 1.067 A 
U1TH0UT CORRECTION FOR 73-TR-lBQ 
CALCULATED FROn A 90.1'/. ENRICHED U -IB6 SAMPLE 
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EXfRRCteO FROn fl SUMMARY Of ALL RVRILRÖte EXPERIMENTAL VALUES 



0- N- 1 
IT1 /2 -
10.6 
MIN. 
1=1/21 

1-H - 1 
(99.9E5 

1-H - 2 
10.0149 
*/. 
1-1 I 

1-H - 3 
IT1/2' 
12.26Y. 
1-1/21 

2 - M E - 3 
I 1 . 3 E - 4 

2 - H E - 4 
11007 . . 
1 - 0 ) 

- BOO I -

B - I F f l l - METHOD - REFERENCE - YERR -RUTHDR '5 Nfi t lE - C. 

- 3 3 . 8 I 1 . 2 - 3 3 . B 1 1 . 2 1 HE P L / B 8 0 . 1 8 7 7 9 UITSCH 

-3.74091 

-3.74Z31 

6.674 1 

5.10 1 

4.94 1 

.0011] 

.00121 

.006 I 

.10 1 

.08 ) 

10.817 1 

B+ - B-

9.53 1 

4.94 I 

.005 1 

58.2 

.03 1 

.30 1 

-47.420 ( 

( .4 

0.975 1 

4.34 1 

.014 

1 

.060 

.BO 

OR 

rrt 

NP 

n 

IN 

i n 

ZP/R272.189 

UNPUBL.HUN 

JPR40.629 

EEN30.1 

ZP/A302.323 

ZP/H302.328 

75 

79 

79 

77 

81 

81 

KOESTER 

KOESTER 

GLRETTLl 

KOESTER 

HAMMERSCHMIED 

HAMMERSCHMIED 

• 

-
• 

* 
* ia 

3 . 2 6 I . 0 3 

5 . 7 4 I . 0 7 

IN Z P / R 2 9 1 . 2 3 1 79 Kf l tSER 

. 5 1 8 . 0 I 1 . 4 ] IN ZP/P, 2 9 1 . 2 3 1 
- I 5 . 9 2 5 

- 2 . 0 3 I . 0 5 CF E E N B O . l 

79 KAISER 

77 KQE5TER 



3 - L I - 6 
I 7 .5 ' / . 
1-1 I 

3 - L I - 7 
I 9 2 . 5 " / . 
1=3/21 

4-BE- 3 
uoox. 
1=3/2) 

5-B - 10 
I 19.4/1 • 
1-31 

5-B - 11 
IB0 .2Z . 
1-3 /2) 

6-C - 12 
1 9 6 . 8 9 

6-C - 13 
I 1 . 1 1 ' / • 
! = 1 / 2 1 

- BOOZ • 

B - I F r i l - METHOD - REFERENCE - YEAR - A U T H O R ' S NRtlE - C . 

1 . 8 7 i 
- 1 0 . 2 6 

- Z . 1 9 7 1 

. 0 5 1 

. 0 1 0 1 

0 . 4 1 

B* -

- 4 . 1 9 

8+ -

( 
B-

B-

. 0 7 

= 

-

1 

- 3 . 8 

- 4 . 5 

4 . 8 1 1 

1 . 5 

1 . 1 3 

1 . 2 

. 0 6 

1 

1 

1 CF 

HP 

CH 

HP 

UNPUBL.MUN 

P R l . 4 0 . 7 4 B 

IMPUBL. t tUM 

J P R 4 0 . B 2 9 

7B 

7B 

7B 

79 

K0E5TER 

CLRETTL1 

KOESTER 

GLRETTLI 

• 

• 

* 
• 

7 .79 [ .01 TM UNPUBL.MUN 78 UHSCHKOuSKl 

5 . 3 5 1 

0 . 0 0 1 

6 . 6 5 8 1 

. 0 6 1 

. 2 2 1 

. 0 2 0 1 

- 3 . 9 

5 . 3 2 

5 . 2 

B.9P 

CF 

CF 

CF 

E E N 8 0 - 1 

E E N 8 0 . 1 

UNPUBL.r iUN 

77 

77 

78 

KDESTER 

KOESTER 

KOESTER 

* 

* 

* 

5 

6 . 6 4 8 4 1 

6 . 6 5 3 5 1 

6 . 1 9 I 

. 0 0 1 3 1 

. 0 0 1 4 1 

. 0 9 ) 4 . 8 

B + 

I 

8 -

. 5 1 

- 1 . 2 

1 0 . 2 I 

l . 2 

1 . 6 

' 

&R 

DR 

1 CF 

NP 

2 P / B 2 7 2 . 1 8 9 

Z P / R 2 9 2 . 9 5 

Z P / R 2 9 2 . 9 5 

J P R 4 0 . 6 2 9 

75 

79 

79 

79 

K0E5TER 

KDESTER 

K0ES1ER 

OLf iETTL l 
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- »003 -

a-iFni ncTM» - mrimmt • nm -MIMM'S Ma - c. 

9.21 [ 

9 .37 1 

S.44 1 

.02 1 

,02 1 

.03 1 

ID.7 1 

8.43 1 

.2 1 

.03 1 

8.5 1 

1.41 1 

. 3 

. 0 1 

• 0 

1 CF 

i cr 

n M / t s t . i i n 

ZP7W77.77 

IFVW77.77 

7» 

71 

7» 

T n C M M M I 

KSESTf* 

<KHI I 

• 

• 

• 

S.Wffi 1 

S . M S 1 

5 . 7 1 1 

5.14 1 

.004 1 

.005 1 

. I S 1 

.07 1 

a* - a - • 0.3S 1 .12 1 

II 

n 

•0 

w> 

CF 

z p / m t . t f 

ZP/fl Z K . I C 

mm « (770 

M V H i * ni i i iT 

xr/n ztz.ss 

7 t 

71 

M 

• 1 

71 

KOCSttft 

Kamen 

vmmriMj 

fML I«J* IK I 

KOtSTCt 

• 

• 

• 

» 

5 . « 4 I ,012 ) 5.332 I .010 I S.717 I .010 I CF 2PVP) 212,M 

• • - a- - -a . is i .02 i w> JP» 40.sis 

7i «scare* 

TS SUKITLI 

4.S47 I .011 I CF NCMIOC/I'IITU.M «0 KStSIC« 



10-ME- 20 
190.S"/. 
1-01 

1 0 - « - 21 
10.21°/.. 
1-9/21 

10-NE- 22 
19.2%. 
1-01 

ll-NF.- 23 
1100)!. 
1-3/21 

12-116- 24 
n$.r/.. 
I«01 

12-116- 25 
I10K. 
1.5/21 

12-110- 2« 
111.0%. 
1.01 

13-Ht- 27 
1100Z. I 
•S/21 

- BOO« -

B-IFni - METHOD - REFERENCE • YEM -AUTHOR'* WME - C. 

4.531 1 

6.66 1 

3.B7 1 

.006 1 

.19 1 

.01 1 

7(1 

i n 

TU 

rn M I . 1303 

Mt 141.1303 

M Ut.1903 

H 

H 

M 

KROHN 

KROHN 

KROHN 

» 

• 

» 

3.63 1 .02 1 

6.42 1 .04 

B.;>- B- -

1 

7.1 

-1.00 1 

1 .3 

.05 

1 

i n 

CF 

NT 

ir/n 2t2.i« 

ZN/KM.M1 

JFR 40.12» 

71 

,72 

71 

« K i r n 

KOEIIEt 

CLMTTll 

* 
* 
• 

5.375 1 

1.41 1 

3.12 1 

4.92 1 

.004 1 

.11 1 

.14 1 

.15 1 

4 . 1 .4 1 2 . 7 .5 

IN 

M 

i n 

• 0 

M 

«in 1I7.4M 

NCR/« 21 .471 

ZFVR 2 t 2 . « 

RCR/K 21.473 

RCR/F) 21.47) 

71 

72 

71 

72 

72 
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K0E1K* 

MU.--IHIIIL 

mui.-i««ii. 

• 

• 
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• 

t> 

3.449 I .005 I 

3.20 I .01 I 3.60 I .12 I t l {FY* 212.15 

IN Nin 1 5 7 . 4 » 

71 (KITE* 

71 •MOPIEM 
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4.106 1 

4.7. 1 
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.006 1 
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.08 ) 
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.15 ) B.t .4 

00 

Cf 

1 CF 

cr 

FW. » f . 171 
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71 

71 

71 
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• 

« 

• 14 

* 

5.13 I .01 1 xrt» m.ii 

UHPUtL-MC 

71 «OCCTC* 

ii menu B> - B- - 0.7 • I I 

2.B47 1 

2.BO« 1 
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.001 1 

.002 1 

.19 ) 

s» - 8 - • 3. i a . i 
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CF 

er 

Cr 
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ZF/fow.an 

7BHMUELL 

71 

71 
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71 

TMieirtor 
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• 
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16-S - 34 
[4.ZK. 
1-0] 

16-S - 36 
[0.013V: 
.I-QI 

I7-CL- 35 
I75.77Z 
>3/21 

17-CL- 37 
' IZ4.23Z 
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I B - « - 36 
10.34'/.. 
1-0! 

u-m- *• 
10.07/.. 
1>01 

IB-All- «0 
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1-01 
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B - i f n i ItCTHOO - «FERENCE - YtK» •RUTHM'C WME - C. 

3.46 I .03 I CF 2P/II2M 33S 7i «cite* 

9.57921 

11.70 1 

3 .08 1 

.OOOBI 

.09 1 

.06 1 

16.3 1 .2 

B* - B- • 

3.10 1 .07 
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1 

13 .0 

1 

0 .4 
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1 1.0 

3.05 1 
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1 CF 

NT 

1 CF 
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Z P / M 7 2 . 1 M 
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77 
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• 
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1 . M 4 1 
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.OS 1 
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19-K - 39 
193.3/.. 
1-3/21 

ta-K - 40 
10.012/1 
.1-4] 

19-K - 41 
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1-3/21 

20-Cd- 40 
196.94«! 
1-01 
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1-01 

ZO-Cd- 43 
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1-01 
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• »007 -

t-irni - HETHOO - utreiame - itm •rntin»'» mm - c. 
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3.79 1 
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6.0« 1 .03 1 

g« - B- • »3.0 

2.31 1 .0« • 
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BO 

1 V 

HP 
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7« 
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2 2 - T 1 - 46 
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ABBREVIATIONS USED IN COLUIW -METHOD-

DD BRAGG - DIFFRACTION 
CF CHRISTIANSE« - FILTER 
DD OYNAfllC DIFFRHCTIDN 
GR GRAVITY - REFRACTION 
HE . HIGH ENERGY 
IN INTERFEROW-TER 
n IWHY HETHOOS 
Nr NUCLEBR - POLARIZATION 
PR RRlfl - REFRACTION 
SH SHALL - ANCLE - SCATTERING 
Tn TRANSMISSION 
TR TOTAL REFLECTION 

- »037 -



ABBREVIATIONS USED IN COLUMN -REFERENCE' 

/R . / B , /C HERNS SERIES R. B. C DF THE JOURNRLI 

HCR 
ncs 
RCSfl 
RE 
RECU 
HERE 
RIP 
RICE 
RNL-
ARN 

BAP 
BNL 
BI1C 

CJB 
CR 

ERNOC 
EEN 

7GGRTLINBURG 
55GENEVA 

7BHBRUELL 
70HELSINKI 

I HE« 
ICP 
ILL 

JHP 
JCP 
JET 
JIN« 
JNtl 
JP 
JPC 
JPJ 
JPR 
JPRL 
JPRS 

KKH 
KRI 
KIEV-ITP 

7ZL0S ANGELES 
76L0UELL 

HIT 
HJN 

RCTR CRYSTALLOGRHPH1CA 
JOURNRL OF THE AHERICHN CHEHICRL SOCIETY 
RCTR CHEnlCfl SCRNDINRVICR 
RKTIEBOLRGET ATOMENERGIE. STOCKHOLM / STUOSVIK 
USREC REPORTS. D1V. TECH. INF.. t-HNCT 
RERE - MAREUELL REPORTS 
ADVANCES IN PHYSICS 
ATOHKERNENeRGIE 
RRGONW NATIONAL LRBORRTORY REPORTS 
ANNUAL REV IEU OF NUCLERR SCIENCE 

BULLETIN OF THE AMERICAN PHYSICAL SOCIETY 
BROOKHRVEN NATIONAL LABORATORY REPORTS 
BULLETIN OE LH SOCIETE FRANCHISE DE CIINCRRLOGIE ET DE CRISTRLLOGRAPHIE 

CANADIAN JOURNRL OF PHYSICS 
COHPTES RENOUS 

EUROPEAN - AMERICAN NUCLEAR DFITA COMMITTEE 
ERGEBNISSE DER EXAKTEN NATURWISSENSCHAFTEN 

FORSCHUNGSRERKTOR nuENCHEN. REPORTS 

CONFERENCE ON NEUTRON SCATTERING. CONF-760601. ORNL 
FIRST INTERNATIONAL CONFERENCE ON PEACEFUL USES DF RTOtllC ENERGY. IAEA 

INTERNATIONAL CONFERENCE ON NEUTRON PHYSICS HNO NUCLEAR DATA FOR REKTORS HMO OTHER APPLIED PURPOSES 
CONFERENCE ON NOLEHR DATA REACTORS. IAEA 

INTERNATIONAL ATOMIC ENERGY RGENCr. VIENNA 
APPLIEO CHEMISTRY CORPORATION. IDAHO 
INSTITUT LAUE-LANGEVIN. GRENOBLE 

JOURNAL OF APPLIED PHYSICS 
JOURNAL OF CHEMICAL PHYSICS 
SOVIET PHYSICS - JETP 
JOINT INSTITUTE OF NUCLERR RESEARCH. DUBNR 
JOURNRL OF NUCLEAR nATERIRLS 
JOURNAL OF PHYSICS 
JOURNRL DE CHIItlE, PHYSIOUE ET OE PHYSICOCHlnlE 
JOURNRL OF THE PHYSICAL SOCIETY OF JAPAN 
JOURNAL OE PHYSIQUE 
JOURNRL DE PHYSIOUE LETTRES 
JOURNRL OE PHYSIOUE SUPPLEMENT 

KRKURIKEN KENKYU HOKOKU IJRPRNI 
KRISTRLLOGRRF1YR 
ACADEIIY OF SCIENCE UKRAINIAN SSR. INSTITUTE FOR THEORETICAL PHYSICS 

INTERNATIONAL CONFERENCE ON FEU-PARTICLES. PROCEEDINGS BY NORTH-HOLLANO ABET. 
INTERNATIONAL CONFERENCE ON INTERACTION NEUTRON NUCLEI. C0NF-7E07IS 

MRSS. INST. TECHN. 
MUNICH 



ABBREVIATIONS USEO IN COLUMN 'REFERENCE- ICONT.I 

NEHNDC 
NB.OS.CORP. 
NOK 
Nil* 
NP 
NYO-OEN 

ORNL 

PCS 
75PETTEN 
PHY 
PL 
PR 
PRL 
PRE 

RCN 
RSI 

SBC 
SJPN 
SNP 
SFC 
SSC 

USNOC 

NUCLEAR ENERGY ROENCY NUCLEAR OATH COfHIISION 
NOBLE GRS COHPOUNOS 
NUCLCRR OATA FOR RERCTORS - IRER 
NUCLERR INSTRUMENTS RNO METHODS 
NUCLERR PHYSICS 
COLUMBIA UNIVERSITY, NEU YORK 

OAK RIDGE NATIONAL LABORATORY 

PHYSICS ABSTRACTS 
PHYSICS AND CHEMISTRY OF SOLIDS 
NEUTRON OIFFRACTION CONFERENCE RCN-REFORT 
PHYSIC« 
PHYSICS LETTERS 
PHYSICAL REVIEU 
PHYSICRL REVIEU LETTERS 
PROCEEDINGS ROYAL SOCIETY OF LONDON 

RERCTOR CENTRUM NCOCRLANO 
: REVIEU OF SCIENTIFIC INSTRUMENTS 
REVIEU OF MODERN PHYSICS 
SYMPOSIUM ON PRESENT STATUS AND NOVEL DEVELOPMENTS IN THE MANY 

CEN SACLEY 
SOVIET JOURNAL OF PARTICLE AND NUCLEI 
SOVIET JOURNAL OF NUCLEAR PHYSICS 
SOVIET PHYSICS - CRYSTALLOGRAPHY 
SOLID STATE COMMISSION 

REPORTS TO NUCLEAR OflTR COMMISION 

VIENNA 

BOOY PROBLEM. ROME 1172 

YF YROERNAYR FISIKR 

ZAHC ZEITSCHRIFT FUER ANORGANISCHE ALLGEMEINE CHEMIE 
ZK ZEITSCHRIFT FUER KRISTALLOGRAPHIE 
ZHP ZEITSCHRIFT FUER ANGEWANDTE MATHEMATISCHE PHYSIK 
ZN ZEITSCHRIFT FUER NRTURFORSCHUMG 
ZP ZEITSCHRIFT FUER PHYSIK 
77ZUERICH INTERNATIONAL CONFERENCE ON HIGH ENERGY PHYSICS AHO NUCLEAR STRUCTURE. BIRKHAUSER-VERLAG. BASEL-STUTTGART 



HERN INC OF NUMBERS IN COLUr.N "C ." ICOnMENTI 

lfl 
IB 
Z 
5 

13 
14 
15 
17 
21 
22 
Z I 
12 

CORRECTED FOR HEU B-VALUE OF 1-H - 2 
OBTRINED FROH SIGH* SCRTT. BND THEORY 
OBTAINED BT A COflBINRriON UITH PL/B91.200 119801 
USE VBLUE FOR 2-HE 
FDR B»[FM1 RNO B-IFHI THE VALUES 3.9 RND - 5 . 2 RRE POSSIBLE TOO 
THE OTHER S10NI0F THE VALUE IS POSSIBLE TOO 
FOR B«IFRI AWJS-IFI1I THE VALUES 5.33 ( .151 RNO 2.8 1 .41 RRE POSSIBLE TOO 
SHALLER THRN 0.7 FR 
SmLLER THRN fi.4 FR 
SICN CHANKD // 
FOR • » I F t l l B»iO 1- IFRI THE VALUES - 3 . 5 I .21 ANO 6 .8 I .31 ARE POSSIBLE TOO 
UfC VALUE rO« 2J-V . UITHOUT CORRECT I ON FDR 23-V - 5 0 
CALCULATED FROH CROM SECTION DATA 
CALCULATED FROM CROSS SECTION DATA 
VALUE OErfNM ON LAROA 
DON RESONANT CONTRIBUTION FOR LAAOA • I .0S7 A 
UITH0U1 CBAMCTION FOR 73-TA-1K) -
CALCULATED FROH A M.T/. ENRICHED U - I t » SABPLE 
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