'y Experimental procedure
and data reduction:
Neutron Diffraction

Gabriel Cuello
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CW and TOF experiments
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Typical experiment

Required measurements

Sample + container + environment
« Empty container + environment
« Empty environment

« Vanadium + environment

. Absorbent + container + environment Iace(@)
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/% Background subtraction

2 P. S. Salmon et al., J. Phys. F:
F(Q) = bon (S(Q) + P(Q)) + e (1 + P(Q)) e
_ 1 ISCE(Q) ICE(Q) IE(Q)
FQ) = iy | (2~ Mscn(@)) - Ra(20) ("5~ view(@)) - atzo) (L)~ M) )
Ao som (26 o Ac.sce(20) Ap.cr(20)
R1(20) = N Ag scg(20) Ry(20) = A(;SSE((;H)) R3(20) = Ann(20) (AE,SCE(20) _ ¢ SCAQCE(QQ;D )
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Attenuation factors

Im(Q) — Am,M(Qe) I;Gr?eo(Q) H. H. Paalman and C. J. Pings

J. Appl. Phys. 33, 2635 (1962)
M = [S,C,Eq,Es,.. ]

- - A) = po(A) = p(Ogca + Tabs (A
Asscr(20) Acsce(20) Agscr(20) ) = po(A) = ol bs(A))
AC,CE(QG) AE,CE(QH) In CW experiments, these coefficients are
Av VE(26) Ag VE(29) wavelength dependent because of inelasticity
I Apr(20) | In TOF experiments, these coefficients are

naturally wavelength dependent

Generalised by P. F. J. Poncet
PhD Thesis, University of Reading (1976)

1
A m(20) = v / dVi, exp <— Z Pl (7, 29))
m Vm

keM

Elastic scattering approximation
2D calculation
Not fully illuminated cylinders

Uniform beam
V /[ 4
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m.s. and attenuation

I. A. Blech and B. L. Averbach, e MSCE(Q) MCE(Q)
Phys. Rev. 137, A1113 (1965) ,«9 MVE(Q) ME(Q)

M(Q) = A L(Q)

Nuclear Instruments and Methods 178 (1980) 415-425
© North-Holland Publishing Company

MULTIPLE SCATTERING AND ATTENUATION OF NEUTRONS IN CONCENTRIC CYLINDERS:
I. ISOTROPIC FIRST SCATTERING

Alan K. SOPER * and P.A. EGELSTAFF
Department of Physics, University of Guelph, Guelph, Ontario N1G 2W1, Canada

CORRECT, GUDRUN, GO, ...
I/ /4
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Background subtraction

P. S. Salmon et al., J. Phys. F:

F(Q) = b2, (S(Q) + P(Q)) + b2, (1 + P(Q)) et Phys. 16, 2345 (1989)
_ 1 ISCE(Q) ICE(Q) IE(Q)
FQ) = iy | (2~ Mscn(@)) - Ra(20) ("5~ view(@)) - atzo) (L)~ M) )
R1(20) = N Ag scr(26) Ry (20) = %((229)) R3(20) = Ann(20) (AE,SCE(20) _ 4ac SCAC’CE(QQf >

A 20
Iy (20) — SEE00) I (20)

Ay vu(260) Ny 12,y [1+ Po(Q)] + Myn(Q) — 22289 ppy Q)

Strongly attenuating samples or complex sample environment

a(20) =

, - - Still needs to be
IS(Q) = Iscg — AS,SC (29) [ACE(Q) + (1 — AS,SC (29)) [CE(Q)] corrected by auto-

attenuation and m.s. ; ¢
V(4
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Example D4: Li; ,Al, sLasZr,

Raw data
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Example D4: Li; ,Al, sLasZr,
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Example D4: Li; ,Al, sLasZr,
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Raw data

19/03/2019

Example D4: Li; ,Al, sLasZr,
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Example D4: Lig ,Aly 2La3Zr2

2019
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After CORRECT

Auto-attenuation
Multiple scattering
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Inelasticity

2019
P. S. Salmon et al., J. Phys. F:
Met. Phys. 18, 2345 (1988)

PO (1 )1+ pio)
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S(@Q) =1+
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Inelasticity

Ema) 1
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These effects are closely associated
to the detector efficiency
I [l
e Taylor expansion of S(Q;,®w) around (Q;,w) — S(Qy;,®)
e Expansion of Q;? - Q;?, ¢(k”) and k’/k in powers of ®/w4x
e Energy integration
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Placzek’s expansion

2
S(Q)=1+ fég) — <1 + gmc) 1+ P(Q)]
0Ycoh coh
P(Q) = —Cl5+025 035’Y+ 2M(5‘|"7)

Efficiency

e Black detector, ¢(E) =
e 1/v detector, ¢(E) « E~1/2
e Exponential detector, ¢(E) = 1 - exp{- o(E/E")1/2}

For an exponential detector

a/2 3 a(a+3) ala+1)
1 Cp=2— 12 Cy =
Ci=1-37 2T TR (e ) 3T T =)
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P. S. Salmon et al., J. Phys. F:
Met. Phys. 18, 2345 (1988)

| Bee B9 L= kT
 E E E

Coefficients for Placzek correction
(Yarnell et al., PRA 7, 2130 (1973))
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Example D4: Li; ,Al, sLasZr,

Inelasticity
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/4 Example D4: Lig 4,Aly ,LasZr,

Normalisation
in Q-space

Limiting value:
bound cross section
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Q (A-1)
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Number density
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J4 Example D4: Lig 4,Aly ,LasZr,

’AIOp27n'atLi7300K.corr.'q.pIa’
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J4 Example D4: Lig 4,Aly ,LasZr,

PDF: G(r), D(r)
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/4 Example D4: Lig 4,Aly ,LasZr,

RDF
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Normalisation in real space
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Summary
Isce(@Q) Ice(@) Ie(Q)

* Atleast 4 or 5 measurements e(Q) Iace(Q)
* Correction programs: CORRECT, GUDRUN, GO, ...

(not to be used as black boxes)
* Consistent normalisation, in Q and r spaces

e Patience, perseverance and imagination

Thanks for your attention!
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