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A A Diffraction math
s, + s =d*=RGCBh
h  Miller index (h,k,/)
B Crystal orth. matrix (a,b,c,a,p,y)
C Crystal orientation matrix
G Crystal goniometer matrix
R Rotation axis matrix
c Detector d* Reciprocal lattice vector
Isol = Is| = 1/A \ s, Direct beam wavevector
So+s=d=RGCBh s  Scattered beam wavevector
s = f(Px,yv ¢s Detector posmon) Leading With Innovation Leading With Innovation
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What you do

Pick up crystal in loop, plunge into LN,

Put crystal on magnet on goniometer head
and optical align

Take a diffraction image or two

Look at image(s) and decide whether to
proceed

Collect images, index, integrate, scale
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' R'“:"‘"' Detector - Calibration ' R'“:"‘"' Reflections (from images)
Stanton, et al. (1992) J. ‘ .
Appl. Cryst. 25, 549-558. . F_'”SY \ F:feRi':‘;tt a/nS:nfjtegy
Dark current « Index « Completeness
Non-uniformity of response . Unit cell « Integrate
Spatial distortion = Qrientation = hkl, Intensity, o,
Bad pixels « Refine = Profile fitting
. = Crystal « Scale
ngers = Detector = Rmerge
= Source = |3
—— |
Leading With Innovation Leading With Innovation
Rigaclicuws I Rigaclcuws . e
ntegrate Direct beam position
e g e P

* Predict reflection position
» Put box around reflection

Direct beam shot
* Powder rings

« Assign pixels to Peak and Background ’ 'Sce ri"gf
* Sum Peak, subtract Background ymmetry
* Profile-fit
* Apply correction factors
o Ty o Ty
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! > dtdisplay overlay ! > Refine

Detail of 454 Angstrom axis Systematic absences and 2-fold
& 5. 2
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* s, +s;=RGCBh =d
Min XZ = 2w, (si,obs - si,calc)2

= ZW[S; obs - (RGCBh - s,)1?
Crystal (B, C): a, b, ¢, o, B, , Rot1, Rot2, Rot3
Detector (s; ops = f(Det, X,Y, ¢, R))
= Beam center, Distance, Rotations (20)
Source (SO)ZDirection, wavelength

o
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Integrate

Predict reflection position
» Put box around reflection

 Assign pixels to Peak and Background
* Sum Peak, subtract Background

* Profile-fit

* Apply correction factors

=
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Integrate - Predict

* = x, = RGCBh
Rocking curve
R; = 2L[Ad*cos6 + (81/L)d*sinB]
Lorentz factor
L=11.0/(%,«(rqyxsg) |
Polarization factor
p= 1 '[Pn*(s 'sn)2+(1_Pn)*(s 'np)z]
Oblique incidence correction factors
0, = (1 - exp(f,)) / (1 - exp(f,y/ cOScr)
O, = exp(fo)) / exp(fyy cosa)

X.- S = s > P(x,y)

Kabsch (1988) J. Appl. Cryst. 21, 916-924.
Zaleski, Wu & Coppens (1998) J. Appl. Cryst. 31, 302-304. =
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Integrate - Put box around
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Integrate - Put box around
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I @ end of image
sartofimage \, @)

Sphere

detector

I intensity in each image
Tzaa4

A fully-recorded spot
is entirely recorded
on one image

<N end of image
start of image
Sphere
detector
o e
image 1 image 2

intensity in each image

1234

Partials are
recorded on two or
more images

Elspeth Garman, Oxford

S end of images
Sphere

start of images
detector
image 1

image2  imaged  imaged

. intensity in each image

1234

“Fine-sliced” data has spots
sampled in 3-dimensions

Perhaps best processed with a 3D

*
program lgee dgn gTV%i]érgfn)r?oDvgi?i on

g Integrate - Background

r

—

[

E

i—/,/ % -
Background: Least-squares fit to a plane Leading With Innovation
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Rocking curve

R, =2L[Ad*cosO + (5A/L)d*sinb]

— [ «——FWHM

FW baseline

Refine (crystal mosaicity)

<+—— FWHM

Rigalicus

Refine (crystal mosaicity)

FW baseline
0] ¢
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® Not inimage, ® Not inimage,
not predicted not predicted
® Foundin image, ® Foundin image,
not predicted not predicted
O Notinimage, O Notin image,
predicted predicted
@ Found inimage, @ Found inimage,
predicted predicted
Mosaicity Mosaicity too
just right: narrow:
Found spots Some spots
predicted not predicted
<« lmagewidth <« lmagewidth
(P Leading With Innovation (P Leading With Innovation
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Mosaicity
just right:

Found spots
predicted

i

@ Not in image,
not predicted

® Foundin image,
not predicted

O Notin image,
predicted

@ Found inimage,
predicted

i

Leading With Innovation

Mosaicity too

large:

Too many

spots "/ _
predicted « lmagewidth

@ Not in image,
not predicted

® Foundin image,
not predicted

O Notin image,
predicted

@ Found inimage,
predicted
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Rigalcuws Rigalcus
® Not inimage, ® Not inimage,
not predicted not predicted
® Foundin image, ® Foundin image,
not predicted not predicted
O Notinimage, \ O Notinimage,
predicted predicted
@ Found inimage, @ Found inimage,
predicted predicted
Mosaicity Refinement
just right: wrong:
Found spots Spots shifted
predicted )
. in @ .
<« lmagewidth <« lmagewidth
(P Leading With Innovation (P Leading With Innovation
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/

N
Refinement wrong-:/E\
Spots shifted in ¢

Increase mosaicity

to get found spots  _|

predicted E

<« lmagewidth
(p—b

@ Not in image,
not predicted

® Foundin image,
not predicted

O Not in image,
predicted

@ Found inimage,
predicted

S
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@ Not in image,
not predicted

N

Mosaicity just right: f\

Found spots predicted

No excess predicted

Mosaicity at a minimum

® Foundin image,

not predicted
O Notin image,
predicted

@ Found inimage,
predicted

i

<« lmagewidth

(p—P
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« Poisson counting
Quantity Q, var(Q) = Q, o(Q) = Q"2

+ Simple integration
Intensity = X(Peak - Background)
var(Int) = var(Peak)
+ var(Background)

Images - Expectations

snoo

Peak

=i

ound
Phi rotation

1image
2images

3images
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Two major assumptions

1. Reflections have the same
profile:

Same shape
Same distribution

2. Reflections are predicted
accurately

Diamond (1969) Acta Cryst A25, 43-55.
Ford (1974) J Appl Cryst 7, 555-564.

Rossmann (1979) J Appl Cryst 12, 225-238.

Kabsch (1988) J Appl Cryst 21, 916-924.

Integrate -

Profile fitting
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Integrate -

Profile fitting

Integrate -

/*
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Profile fitting

/*
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Integrate - o

Profile fitting Integrate -

Poor predictions

= Poor superposition
- *
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Profile fitting

Reference profile = Superposition of pixel values

Good predictions

= Good superposition
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Integrate - -

Profile fitting

Integrate -

Two major assumptions

1. Reflections have the
same profile:

Same shape
Same distribution

2. Reflections are
predicted accurately

/*
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Profile fitting

/*
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Figalcs ntegrate - Profile fitting Il

Rigalcs ntegrate - Profile fitting Il

Bad predictions = Bad reference profile '
= (p._[C)2
| A
BAD! 3‘ o '5
e : R B yhe
- V.
1 prof= L p2
>33
( |
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Variations

Integrate in 2D, later post-refine and sum partials
MOSFLM, denzo, HKL2000

Integrate in 3D, refine as you go along
XDS, MADNES, d*TREK

Box & spot size — user input or automatic; fixed or

More details

How much are Bragg peaks rasterized?
What about powder rings such as from ice?
Wide slice 5 degree images?
Or fine slice 0.3 degree images?
Or 0.5 degree images?
What about systematic and erratic errors?
Bad pixels, shadows, moving shadows — mask them out
Zingers
Ko,/Ka, at high 26 - shift vectors are calculated and applied
Scale and get statistics as you go along
Update refinement continually
Detector gain

plastic Spot overlap
Which bottle has naturale water and which has sparkling?
Leading With Innovation Leading With Innovation
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Scaling

» Correction of systematic errors
+ Outlier rejection

+ Validation of sigmas

O-Zdj = (O-inEmul )2 + (]in add )2

Leading With Innovation

Scaling

Correction of systematic errors
o different crystal volumes
o different exposure times
o different detectors
e radiation damage
e wavelength dependent factors
o different or fluctuating source intensities

o different absorption due to different paths
through the crystal and other matter

Leading With Innovation





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


