'y Experimental procedure
and data reduction:
Neutron Diffraction

Gabriel Cuello
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@ Structure factor
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Elastic scattering
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Typical experiment

Required measurements

¥ Sample + container + environment
¥ Empty container + environment

¥ Empty environment

¥ Vanadium + environment lve (Q)

M Absorbent + container + environment Iace(Q)
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@ Background subtraction

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

F(Q) = bgon (S(Q) + P(Q) + bire (1+ P(Q) Ty AR R 98
o1 [(1sce(Q lce(Q) I£(Q)
R gy | (o2 Maee(@) 1 Rete) (M Mee (@)1 Rat2) (5501 Me(@))
£ (2! _ 1 ' Ac sce(2!) Aece(2!)
R1(2') = N Assce(2!) RZ(”):/ZCC’,SCC—E((;!')) Ro@) = ary Aesee@)! =00 o
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Attenuation factors

I m(Q) — Am,l\/l (29) I ;65160((2) H. H. Paalman and C. J. Pings

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

. - 1)Y= "# (1) = " (Hacn + Haps(!
Agsce(20) Ac,sce(20) Agscr(20) ut) ()=" bs())
AC,CE(QG) AE,CE(QH) In CW experiments, these coefficients are
AV’VE(QQ) AE’VE(29) wavelength dependent because of inelasticity
I Agpr(20) | In TOF experiments, these coefficients are

naturally wavelength dependent

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

¥ Elastic scattering approximation
1 ! # - ¥ 2D calculation
_ " ¥ Not fully illuminated cylinders
Y= | |
Am,M (2) Vin v dVim exp Hk ’f(#’ 2') ¥ Uniform beam
m E!' M
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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) MEg(Q)

M(Q)=A1:(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) = beon (S(Q) + P(Q) + bine (1+ P(Q) e Py 28 2 CF
1 | | |
R gy | (o2 Maee(@) 1 Rete) (M Mee (@)1 Rat2) (5501 Me(@))
£ (2! _ 1 ' Ac.sce(2!') Agce(2!)
Ri(2)= NAssce(2!)  Re(2)= /i\ifcc—Eg!')) Ra(2)= z—mry Aesce@)! == =5

A 20
e (2)! en @)

Ay ve (21) Ny 2oy [1+ R (Q)]+ Mye (Q)! 5580 Me(Q)

Strongly attenuating samples or complex sample environment

a(2!) =

| 0 - Still needs to be
IS(Q) = lgcg ! AS,SC (2! ) | AcE (Q) + (1 ! AS,SC (2! )) | ce (Q) corrected by auto-

attenuation and m.s.

V7 /4
19/03/2019 ADD2019 B17-22 March 2019 BDG. Cuello THE EUROPEAN NEUTRON SOURCE NEUTRONS



Example D4: Li; ,Al, sLasZr,

Raw data
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Solid electrolytes
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10000

8000

6000 j)\. T ol
A ot

4000
2000
0
0 20 40 60 80 100 120 140
Scattering angle
/[ 4
17-22 March 2019 THE EUROPEAN NEUTRON SOURCE NEUTRONS

FOR SOCIETY



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

2019
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Example D4: Lig ,Aly 2La3Zr2

2019
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15(Q) =lsce ! Assc(2!)lace (Q)+ (1! Assc(2!)) Ice(Q)
y /
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After CORRECT

Auto-attenuation
Multiple scattering
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/% Example D4: Lig ,Al, ,LasZr,
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Inelasticity

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

) 2,
SQ=1+ =~ 1+ = [1+P(Q)

CcO CcO
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@ Placzek’s expansion

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

_ Met. Phys. 18, 2345 (1988)
S(Q)_1+ !Obzh : bzh [1+P(Q)]

co co
212
I E Q7 kg T
P(Q)=!Cyl + Cyl%! C3I" + —(1 +" | = =fe¢ - 2M = —
Coefficients for Placzek correction
EffICIency (Yarnell et al., PRA 7, 2130 (1973))
wf . ' ' ' ' _
e!Black detector, %E) = 1 A _——
e!1/v detector, RE) ) E-1/2 e S
e!Exponential detector, %¥E) = 1 — exp{- * (E/EA}/2} ol o A
For an exponential detector /S e
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Cp=1! ——  Cp= ! ———= C3= 5+ T Ty
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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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J4 Example D4: Lig 4,Aly ,LasZr,

BAIOp2_natLi_300K.corr.q.pla®——
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J4 Example D4: Lig 4,Aly ,LasZr,

PDF: G(r), D(r)
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Example D4: Li; ,Al, sLasZr,
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Summary
lsce(Q) 1ce(Q) 1e(Q)

¥ At least 4 or 5 measurements lve (Q) Iace(Q)
¥ Correction programs: CORRECT, GUDRUN, GO, ...

(not to be used as black boxes)
¥ Consistent normalisation, in! and #spaces

¥ Patience, perseverance and imagination

Thanks for your attention!
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