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Instruments BIODIFF at MLZ and D19 at ILL

e Both monochromatic neutron diffractometers with cylindrical detector

monochyomator Monochromator carousel
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Ewald construction and Bragg‘s Law

diffracted beam
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Myoglobin protein crystal (deuterated mother liquor) full
data set recorded with CCD

BioDiff: exposure time per frame: 20 minutes,

sample: Myoglobin in deuterated mother liquor



L </““ - Flow chart of data treatment and model buildin§/-%

Scans at varying crystal orientation
Scan := Series of detector images = =
.=
Data reduction -MOSFLM
- determination of crystal orientation, unit cell dimensions etc. -HKL-denzo
. . . . iy (comercial)
- Calculating integral of reflection intensities
- =
hkl-list for each scan:
h k | Intensity Intensity error
.=
[ Scaling of each hkl list to match each other } -SCALA (CCP4-program package)
.=
[ Unified hkl-list of measurement := complete data set ]
1 Additional information from the
[ Calculation of a first map @) solution of the phase problem
.=
Structure refinement Map-plotting
-Refinement of atom coordinates displacements - inspection of model to fit the map)
Calculation of scattering density maps (netrons) - real space changes and refinement to the model

or electron density maps (x-rays)

p—— -nCNS -XtalView
= -PHENIX |- _Coot
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Peak search with hkl DENZO
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Jilich Centre for Neutron Science.

auto-index
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Jilich Centre for Neutron Science.
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Integration of partial Bragg peaks with the
commercial software hkl-denzouptod_. =1.5 A
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The ,,old“ HKL2000 software

e Not supported,
e Running under academic licence
e Need to re-new every 6 momths

e crashes frequently, if you press the buttons in the wrong order (also
reboots the computer for you)

e No automatization, arbitrary choice of integration boxes...

e Need something new!

08.02.19 12]
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Other alternatives

e XDS: no circular detector geometry

e |IP mosflm

e DIALS: We are in contact with them...

e Mantid

e Leighton Coates: Recent Publication on 3-D

e ESS: Plans from Esko Oksanen for NMX
o ...777

08.02.19
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Outline of the problem

e \We have to integrate the Bragg spots belonging to one Bragg reflection...

08.02.19 14
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Special issues regarding neutron crystallography as
compared to x-ray
e Background much more pronounced and not so homogenous

Distance (om)

Geay Vakoo

&0
Dissance (om)
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The x-ray case for comparison

e Horizontal cut showing the background

...........................

T —" j
| \ R |
/ ff- \\\ ' | !
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New Data Reduction Software: NXStool

€ ool = W) Wed? xaa Scrvace 0 =

Al
R o ¢
{~

Allows to incorporate

Absorption correction of crystal with convex hull

Systematic optimization of integration box size by python scrippting

Pushing resolution limits

Monitoring detector parameters and detecting detector problems
To be completed...

Incorporation of a strategy software

open source, well documented

08.02.19 MLZ-Review 2018 17]
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People involved

e Laurent Chapon Eric Pellegrini Jonathan Fisher

i —y
e
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NXStool step by step

e Peak finding based on image analysis

&  nsxtool  Options

‘e o

Threshold 40|

Peak search scale 1,0000

Inegration scale 3.0000

Background begin 4,0000

Background end 4.5000

Min. size 30

Max. size 10000

Max, rumber of frames 10

Corwohstion type annular

Corwolution parameters " 10
2 10
3 0

Data P02 newer

apply threshold to preview
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NXStool step by step

e Filtering of the peaks found by the image analysis

& nsxtool  Options

v A Trypsin
» {3 so0w..

v ‘ Data
s pna.

e
V&V Refere..

[B] Logger
UNFUJ 108 UCT 30U 140453 LUTE Megranon rasea:

mass in Blod

[INFO] Tue Oct 30 14:02:54 2018 imegration falled:

mass in Blob

[INFO] Tue Oct 30 14:02:54 2018 inegration faled:

mass in Blob

[INFO] Tue Oct 30 14:02:54 2018 integration falled:

mass in Blob
[INFO] Tue Oct 30 14:02:565 2018 Integration faled:
mass in Blob

[INFO] Tue Oct 30 14:02:55 2018 imegration faled:

mass in Blod

EEEXII I ES

§ % & & % 8

1| @ K ™M O @ < 7%M Toe30 Oct 1405 Tobias Scheader Q. @ IE
NSXTeol version:Tue Oct 30 1357:45 2018

. ~ ® '.
* »
Y o «N® °
. -
s 0] A0S .
civcaBlides - i i
o a Peak Fiters o
P R
Remove unindexed pesks
Remove unselected peaks
Remove peaks forbidden by space group e
£ Remove peais with |/sigma less than 2,00 ‘e
Remaove peaks with raw p-value greater than 0.000100 o .
Remaove merged peaks with p-value grester than  0.9900
Remaove overlapping peaks
9 Remove peaks with d less than 1.80
£ Remove peaks with d greater than 30.00
. concel (I n e
@] Pions,. r
|
48
4
32
24
16
os
4]

0081624324 48

fi e ZPw 0Pl = s Bmmmy
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NXStool step by step

e Indexing of the Peaks, finding the right unit cell

& nsxtool Options

» 3 seoir. e o

v § om Nggh cel
s o2 olerance 0.000
v Foun.,

Number of Q vertices
Number of solutions
Number of subdivisions
Minimum call volume

Indexing tolerance

()

[@] Logger -
PIVFU) 108 UCT U 16U L.D4 ZU e noegri
mass in Blob
[NFO) Tue Oct 30 14:02:54 2018 integei
mass in Blob
[INFO) Tue Oct 30 14:02:66 2018 Integri
mass in Blob

Grubar 1oleeance  0.040000

Maximum cel dimension ‘100.00

10000

10

n

0.00

0200

Autoindex

SOGVOO.HN-‘

- -
D

- Amn-h;w dialog
a L)
54.885(0) 58.276(0)
68.47640) 67.182(0)
T79.975(0) 86.680(0)
54.802(0) 0.64300)
54.205(0) 0.308(0)
43.965(0) 0.362(0)
44.257(0) 0.24000)
53.887(0) 0.092(0)
53.821(0) 0.207(0)
43.684(0) 8.657(0)
43.968(0) 8.446(0)
44.288(0) 8.396(0)

| B K™ O @ < 7%M Tuedd Oct 1405 Tobias Schrader Q. @ IE
NSXTool version:Tue Oct 30 13:67:48 2078

¢
67.410(0)

109.474(0)
104.224(0)
59.885(0)
54.976(0)
54.039(0)
£4.060(0)
56.809(0)
56.519(0)
53.296(0)
54.061(0)
54.078(0)

a
90.000(0)

90.000(0)
80.264(0)
90.000(0)
90.000(0)
90.000(0)
90.000(0)
90.000(0)
90.000(0)
90.000(0)
90.000(0)
90.000(0)

Bl
90.000(0)

90.000(0)
87.3%0(0)
88.606(0)
92.770(0)
107.059(0)
73.200(0)
87.95000)
92.376(0)
70.785(0)
72.930(0)

L2 L R R I R R U A

73.196(0)

DINFO) Tue Oct 30 14:02:55 2018 integration falled: No P p——
mass in Blob 18

[DEBUG] Tue Oct 30 14.02:56 2018 Peak search
comgiete., found 6938 peaks. 08}
INFO) Tue Oct 30 14:05:09 2018 Filtering pesks.

o e e
[INFO) Tue Oct 30 14:06:09 2078 4455 peaks remain 0081624324 48

100 ALODD

s FEEmY
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NXStool step by step

e Selecting the space group

1| ® K™ O @ <> %M Toe30 Oct 1407 Tobias Schrader Q @ =
NSXTool version:Tue Oct 30 13:57:45 2018

. a . —
e Compatible Space Growps

Symbol Growp © Beavals Type Agreement

¢ PR 18 op 100
5 Pmm2 24 op 100
6 Pmmm 46 of 100
7 Pme21 25 op 98.9327
8 Pmmn 58 oP 68.868
9 Pma2 z7 op 98.6417
w Pmma 50 of 88.6477
N Pmn2t 30 of 68.5446
2 Pnc2 29 op 97.445
B Pmna 52 op 97.1863 - -
“ Pna2l 32 oP 97.1539 3 ::o-
B coarer 3 % Pnma & op 971539 E
UINFUJ 108 UCT W 16.U2.00 LV 10 Nl S Pan2 2 oF f7.0000 £7.4100
T&'&;mww“m:“m’ v Pnnm 57 of 97.0569 :
,found 6938 peaks. w Pre? » P o4 aRan 90.0000

[INFO) Tue Oct 30 14:05:09 2018 Filt

[INFO] Tue Oct 30 14:05:09 2018 4455 y— —— pe
[INFO) Tue Oct 30 14:07:20 2018 Retrieving reflection list 24 '

for space group calculation.... 18t Chemical Formula

[INFO) Tue Oct 30 14:07:20 2018 Evaluating 230 space

groups based on 3092 peaks 08} z 1

[INFO) Tue Oct 30 14:07:21 2018 Done evaluating space 0 bt

Qroups, 008162432 4 48 Indexing tolerance 0.20

08.02.19 22
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NXStool step by step

e Selecting the integration method

Il KM O @ < %M Tue30 Oct 14:08
NSXTool version:Tue Oct 30 13:57:45 2018

[@] Logger
IMass N 500
[CEBUG] Tue Oct 30 14:02:56 2018 Peak search 48
complete., found 6938 peaks.
[INFO] Tue Oct 30 14:05:09 2018 Fitering peaks... 4
[INFO] Tue Oct 30 14:05:09 2018 4455 peaks remain 32
[INFO] Tue Oct 30 14:07-20 2018 Retrieving reflection ist
for space group calculation... 24

[INFO] Tue Oct 30 14:07:20 2018 Evaluating 230 space 18
groups based on 3092 peaks
[INFO] Tue Oct 30 14:07:21 2018 Dome evaluating space os

Qroups. 0
[INFO] Tue Oct 30 14:07-58 2018 Reintegrating pesks... | 0081624324 48

1I0O0BRPTLODT Ko

08.02.19 23



MLZ

Heinz Maker Lotz Zertnam

NXStool

step by step

e Refinement of beam position and direction and other instrumental

parameters

& nsxtool Options

Il & K™ O @ < 73%M Tue30 Oct 1413 Tobias Schrader Q @ 1=
T
NSXTool version:Tue Oct 30 13:57:45 2018

A Trypsin
v {3 sioDn.
P o

{

-

@ o
"Dnu

v

Unit-Coll refinemant

v pna.
-'t Refine lattice paramaters (B) Rafine detector offset
v Peaks
7 Foun... Refine sample position Refine detector orentation
A notece Refine lattice/sample crientation Refine Ki '
1 maximum frames per batch 20

Q .- 4
ogge Plotier 10 Property

JEBUG) Tue Oct 30 14:02°56 2008 Poak search
smplete,, found 6038 peaks.

NFO] Tue Oct 30 14:05:09 2018 Filtering peaks...

NFO) Tue Oct 30 14:05:09 2018 4455 peaks remain
NFO] Tue Oct 30 14:07:20 2018 Retrieving reflection list

AASLE 4 T2 N
o——y (o 17044 8 (TTT )
O (o TV S (1501

= 24p

¥ SPOCH Group calculation £ el

NFO) Tue Oct 30 14:07:20 2018 Evaluating 230 space 2 ot =™
"oups based on 3092 peaks s UAF

NFO) Tue Oct 30 14:07:21 2018 Done evaluating space oHN N
oups 0B F

NFO) Tue Oct 30 14:07:68 2018 Reintegrating peaks.
NFO] Tue Oct 30 14:08:20 2018 Integrating 4455
paks

NFO] Tue Oct 30 14:06:20 2018 Integrating 4455

16 F

Intensity

2.8 M,
COUmIDA §72 06
Frame (a.u.)

=P w

2 Pef ) «=Es ImEmy
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NXStool step by step

e Building a shape library for profile fitting

& nsxtool Options

A Trypsin
v 3 wooir..
P o

v Q sam.

-

LoQer

NEUJ TUR UCT 3V 16 1/7.49 LU18 Uone, IMean Dearson is

n
[RROR] Tue Oct 30 14:17:20 2018 Errer, no reighboring

‘ofiles found.

{RROR]Tue Oct 30 14:17:34 2018
lalogProfilefit-deanframe(): invalid frame value
{RROR]Tue Oct 30 14:17-34 2018
InlogProfilefit-drawframe(): invalid frame value
[RROR] Tue Oct 30 14:17:35 2018
lalogProfileFit-drawFrame(): invalid frame value
IRROR]Tue Oct 30 14:17:35 2018
lalogProfilefit-drawframe(): invalid frame value
{RROR)Tue Oct 30 14:17-35 2018

lalogProfilefit cramframe(): nvalid frame value

|| = KM DO R

NSXTool version:Tue Oct 30 13-67:45 2018

e o Dialog
detector coords

sigma D
sigma M
min i/sigma

min, d

Buld Shape Uibrary '

Calcudate Mean Profile Dackground becha

background end

subdivide

R Concol  CLIND y

0.7387
0.3006
300
0.00
99.99
300
300

450

1000.00
2000.00
50.00
£00.00

30.00

' v U P —
-8 |
2.4 Lbebasiasbondanda.
E8UmDR 52126
Frame (a.u)

73

s ImEmy

Tue 30. Oct 14:17 Tobias Schrader Q @ IE
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NXStool step by step

e Result of the integration

dmax dmin nobs nmerged redundancy Rmeas Rmeas(est.) CChalf
19.78 4.19 1612 1153 1.398 0.166 0.016 0.853
4.19 3.33 1187 859 1.382 0.167 0.019 0.837
3.33 2.91 630 484 1.302 0.146 0.022 0.855
2.91 2.64 203 158 1.285 0.177 0.028 0.787
2.64 2.45 100 81 1.235 0.169 0.029 0.818
2.45 2.31 68 58 1.172 0.382 0.056 0.509
2.31 2.19 41 33 1.242 0.104 0.035 0.889
2.19 2.10 18 13 1.385 9,135 9.033 9.866
2.10 2.02 6 5 1.200 0.899 0.054 nan
2.02 1.95 5 4 1.250 0.230 0.040 nan
19.78 1.95 3871 2845 1.361 0.165 0.019 0.842
e Result of HKL2000, the old Software in use:
Shell Lower Upper Average Average Norm. Linear Square
limit Angstrom I error stat. Chi**2 R-fac R-fac Rmeas Rpim CC1/2 CC*
50.00 3.23 7052.9 216.6 166.1 1.593 0.034 0.117 0.043 0.026 0.942 0.985
3.23 2.56 3943.3 243.3 226.3 1.403 0.061 0.058 0.077 0.046 0.991 0.998
2.56 2.24 2919.6 321.9 315.4 1.505 ©0.099 0.101 ©0.128 0.080 0.968 0.992
2.24 2.04 2634.7 384.7 380.1 1.418 ©0.123 0.123 ©0.161 0.103 0.950 0.987
2.04 1.89 2324.2 416.1 412.6 1.160 0.141 0.132 0.188 0.123 0.946 0.986
1.89 1.78 1894.2 422.0 419.7 1.211 0.173 0.167 0.235 0.157 0.905 0.975
1.78 1.69 1596.5 407.5 405.8 1.154 0.194 0.185 0.261 0.173 ©0.894 0.972
1.69 1.62 1284.7 376.6 375.4 1.211 0.222 0.211 0.294 ©0.191 0.871 0.965
1.62 1.55 1003.5 335.2 334.4 1.187 0.263 0.253 0.348 0.225 0.814 0.947
1.55 1.50 732.3 289.9 289.4 1.203 0.314 0.316 0.417 0.272 0.714 0.913
All reflections 2847.7 332.0 320.6 1.368 ©0.085 0.114 0.111 0.070

08.02.19

26



Current status

e Programme runs on our Mac-Computers

e Support available from Eric Pellegrini at ILL

e Python scripting available but not rolled out to Andreas and me

e R-factors are still a bit worse than in the old denzo/HKL2000 case

e New programmer is needed to remove all remaining bugs and to do some
more testing...

e Close contact and many discussions with this programmer is
needed

e Ideas: To use McStas Calculations for improving the prediction of the
centre of the predicted reflections

e Better absorption correction by using the convex hull of the crystal in
correcting the Bragg intensities

08.02.19 27]
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Thanks

e Jonathan Fisher

e Andreas Ostermann
e Eric Pellegrini

e Laurent Chapon

e Joachim Wuttke

e and you for the attention to my talk!!
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