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ESRF MX Beamline characteristics
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MX Experiments at the ESRF

© Experiment duration typically 3 shifts
(24 hrs), 6 shifts at weekends.

© Over 600 user experiments per year :
~ 45% of all ESRF exp'tal sessions.

<% Over 2000 user visits per year :
~ 40% of all ESRF user visits.

< Rapid turnover of experiments.

© Simplification/automation/consistency of
equipment.

¥ Above figures for academic users only -
MX BLs also host a flourishing industrial

activity.
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A common BL control GUI (mxCuBE)
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The typical MX ‘experiment’ can be
automated

Sample
Information

Sample

Safety Clearance

Preparation

Beamline configuration,
alignment, validation.

___Jiﬁ____

transport

Experiment
Database

Data

Deposition

Sample Screening

Assess crystal quality
for required experiment.

Collect Diffraction Data

L

Integrate/Reduce

N

Phase/Model Build

Mount Samples

N

Align Samples

Full automatic alignment.

N

Collect 2 images
Indexing (strategy)

N

Xanes Scan
If required for the experiment

L

Plan Experiment(s)
Use results to set-up experiment run

Automation implies
standardisation and
monitoring



Automating X-ray beam provision and
maintaining & monitoring beam integrity
on the MX Beam-lines

Experimental Hutch Optics Hutch

44.I9m Lead Wall 36.I96m 34.§4m 30.Qm

) )
Diagnostics :Diagnlostics : Diagnostics ’

/ Piezo Shutter \ Secondary 1D23-2 ID23-2
Axpe”mental \ and Monochromator ID23-1

: Slits
Table . Toroidal ) _
ADDeigcfclrs s Sshalffttzr SliAtels e AT

Diffractometer



Automating Alignment of Optics Hutch
Elements [ID23-1, ID29]

Safety

' Secondary .
Beam Shutter [neics Si(1171)

Mirror Slits Monochromator White Beam Primary

N S - SN R




Automating X-ray beam provision

e.g. Primary Slits : . o
» Initialisation using limit switches s )
- Series of scans allow proper S S N -

centering around white beam *( et Ll
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Analogous protocols for secondary slits, monochromator, mirror. Soon to be
combined into ‘one button’ procedure and ‘rolled out' to all MX BLs



Automatic Calibration of Monochromator

Initialisation using absolute encoder.
Calibration using Pt foil (transmission @ at L;;; edge)

200 -

100

DM2 15.1

I T I T I T I T I
11.52 11.54 1156 1158 11.6
Energy 15.1
Diiz 15.1 |

Validation procedure (if desired) using
scans of Fe K, Cu K, Pt L, Pt Lg, Zr K
and Mo K absorption edges.



Aligning the Mirror

Mirror Alignment :
«  Utilisation of encoders
* Preadlignement of the mirror
* In height
* In horizontal translation

980000 e B0,
L b I: o - g
~ o s R @ 1
:I i :I e :| | :I 240000
N S
<5 o W o O
= 940000 - === 3 = -
I : I ! I ! T T I T T T
2 4 6 2.5 3 3.5
Mir Height 175.1 Mir Height 180.1
@ Metz_| 175.1 | @-Metz_| 180.1 |

- Automatic optimisation of bender, tilt, yaw on-going



Automation in the experimental hutch

Minidiffractometer  2lit Box Safety
Detector (G A Beam Shutter
fluorescence detector)
SC3, YAG Screen Attenuators
< 4—:
X-ray BPM
2 diodes:

- i0 after the slits

X-ray Camera
v - i1 after the shutter

Slits: alignment in same way as PS etc.. YAG screen: allows automatic
alignment of X-ray beam to

gohiometer rotation axis.

100000
e
0 Do o ©
SES8 ©oa X-ray camera: allows
© 22 o 50 o o 50000-

automatic (and dynamic)
focussing of X-ray beam (on-
95 0 . s 9°in9)
{2v 334.1
-@-i03341 |




Automating the MX ‘experiment’

Sample
Information

Sample

transport

Experiment
Database

Data

Deposition

Safety Clearance

]

Preparation

Beamline configuration,
alignment, validation.

__ _ I __._

Sample Screening

Assess crystal quality
for required experiment.

Collect Diffraction Data

L

Integrate/Reduce

Phase/Model Build

Automation implies
standardisation and
monitoring



MX Beamline Sample Environment

High precision s #= G Oxford Cryostream
mini-diffractometer ' ¢ - —

E -;.. y 4 . - -
LAzw ' £

Fluorescence Detector
Fast CCD Detector

Evacuated Slitbox

Backlight & & Attenuators

Beamstop/Collimator

On-axis Camera

Sample Changer Robot




Micro- and Mini-diffractometers

Microdiffractometer specs

- Handle crystals down to 10 pm size

- High Precision air_bearing PHI axis (2um)

- On beam axis viewing video microscope

- Integrated beam shaping

- Assisted and automatic crystal alignment

- and more...




Why Do We Need Robotic Sample
Changers?




Inside the SC3

4 i /'J| ::;uuumfulﬂ

CCD comera window

Transher arm

Foom-insuloted
cover

Proximity
Fensor

CCD camera

— | CCD camera
— window

Carousel
rotation
axis

Carousel

Vial pusher
Cryo stepper
motor driving

basket rotation



How does the SC3 load/unload samples?

Gripper

Transfer arm shown
in two distinct positions




SPINE Standard Sample Holders & Vials

European SPINE standard Aty g

Full specifications at http://www.spineurope.org,
protocols menu

Datamatrix 1D Vent hole . IS e

Design based on Hampton Magnetic

Crystal Cap™ and Vial System o ',
= 22 mm fixed sample holder length L e

Ferromagnelic dise
()

» 10 Characters identification code:

Mounting face

- DataMatrix on the base of Caps (18 mm pin)
- Clear code near the DatatMatrix

Beam
| position

Sample-holder length 22 mm



http://www.spineurope.org/

Automatic sample loading/unloading &
centering in X-ray beam




Automatic absorption edge scans -

= Check before scan

Before starting this sutomatic procedure please check for collisions of
the fluorescence detector, When you are satisfied hit the Start button

= ™

energy scan

Please Wait while I perform an energy scan
Hit Stop to abort.

\ 4

I Moving undulators

STOP

oS U amater S irice et = MAD energy scan . L

Please Wait while I perform an energy scan

Hit Stop to abort. 27 | ' -\w

L »
» »: ¥ 148 |

s Quick realignment, please wait '

& 1 STOP 4

3 ] PR

§ | A 12524 12.648 12672 12.696 1272

; = MAD energy scan

E Please Wait while [ perform an energy scan
H Hit Stop to abort.
2 —’
Setting up the attenuation
| STOP
= MAD energy scan
~ MCA - Displaying MCA_DATA(8192.2) created by (opti "
o g prmmmen s - Please Wait while I perform an energy scan
4 [p— Hit Stop to abort.
= | - >
| Mewe - dovw] 1] |Doing the Escan now, please wait
5 | L
| L] JPS | 4 STOP
| =z e
! L ]
[ b
H H H [ — = MAD energy scan
DRy | Dnergy: 130
e Please Wait while [ perform an energy scan
[rrerrr—— :
[res—— ooy | Hit Stop to abort.
ey -
- | e —>
Scan successfully completed
Peipaemisi &
Crrant Callraion 108 Order | 1 STOP
ot —




Automatic absorption edge scans -

File Instrumentation Help [] Expert mode
2 Hutch [ Collect |£5 Energy scan Xfe spectrum
—Available element ~Scan plot
monoscan — —
—_ L (X:12700.172414, ¥: -210.526316) ESRF
Se - K (34,selenium) —_—
12000 Machine current
= 10000 0.0 m
Mn || Fe [[Co || Ni || Cu [ Zn As |.‘ Br || Kr n Empty
= £ 8000 .
Rb | sr | v Mo H LIl Ll
o 6000 Cryo
Ta || w|[Ref|os| ir || Pt|fau|Hg|[ T | Pb 6 4000
= [
2000 L g
Dry: unknown
0 Superdry: unknown
— — T T T T T T T T T T v R [ I | Ieing: unknown
sm || Eu || Gd Ho ¥b || Lu 12600 12620 12640 12660 12680 12700 12720 12740
energy Collect stage
u — scan 1. Preparing beamline
2. Mounting sample
— (] Parameters 3. Centring sample
4. Taking snapshot
‘ H. 5. Collecting images
L
T e 6. Unmounting sample
e- K " Accept
=) Peak: Inflection Remote: 2nd Remote
12.6520 12.6496 12.7020
T et vy | e | " e [ $€ Reser
67
+
2
0
> 2
4
5
8 _:
-0 J
T T T T T T T T T T T T T T T T T T T T T T T ]
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X
= spline = fp
Jul 23 08:50 Shutdown; End of RUN :Shutdown until 16/08
A ! % mxCuBE ISPyB E a “IX mxcuBE (opid-231) X Vacuum Viewer 1.6 [Jusers/b |
& Front End & Vaccum = @ QObject Class - Mozilla Fir R 27p772007




Metal ions in crystals: fluorescence

mxCuBE (opid291) ==

File Help
£ Huteh | [ Colest | | Eneray sc | Xfe spectrum |
[ kfespectum
’;Duntnme (in seconds) || 3: Prefix: [abb Dilecmry:lr[mp Browse. |
i spectrum

e spectum statis

Start scan

Fit of Unknown Origin from X §15.000 to 2467.000
[~ shotTal [~ LongTal [ StepTail

Function II'.\cEH)'pennE( vl
Ea::lq;murleD&a:iglnurd vl

GRAPH ITAEILE | concentrations | oiacnostics |

BT tud E |éal &

W Esca= [T Pilewp

X Isg?g ¥: I-zs.gas

I~ Strip Bk,

7 Energy

[~ Expert mode

Current: |

s [ 2|

11.9000 ke |

toszh

r——Machine current

-0.0m
Empty

g -Ud

Configurs

Took

ﬁl Dry: unknown

Superdry: unknown
leing: unknown

1000

800 —

Counts
1

400 —

— Collect stage

2 Mounting sample
3. Centring sample

Energy

= Data = Fit - Continuum

Fit Again! | Print HTML Report | Matrix Spectrum | Peaks Spectrum

@ Information messages | [ Submit feedback I

- . i usi=0
2007-05-15 23:22:64 May 15 23:22 V feedback ON Vxsi=0 G=24dB
2007-08-15 23:23.35 May 15 23:23 V feedback ON Vxsi=0
2007-08-16 00:19:44 May 16 00:19 V feedback ON Hxsi=0
2007-05-16 00:41:19 May 16 00:41 V feedback ON H and V xsi=0
2007-05-16 00:57:11 May 16 00:57 USM like

2007-0516 01:16:25 May 16 01:16 USM like - 16 bunch
2007-0516 08:13:37 May 16 08:13 USM like - 16 bunch
2007-05-16 08:13:47 May 16 08:13

2007-05-16 08:19:20 May 16 08:19 PSS tests

2007-05-16 08:19:30 May 16 08:19 PSS tests

4|

- x mxCuBE (opid-291)

iz g ]
2% iensioor @

analysis




Metal ions in crystals: fluorescence analysis

File Help

Hutzh | DCollect | mEnergy scan | Xfe spectrum |

[V fespectrum F

Count time (in seconds ) : II ﬂ Prefix: Iaﬂ

Dirsctory: I.‘tmp

Xfe spectrum

Start scan |

Fit of Unknown Origin from X 515.000 to 2457.000
[~ sShortTail [~ Long Tail [ Step Tail

¥ Escape [~ Piewp [T Strp Bck

Function I Mca Hypermet b l
Backgmund I Mo Bac kground vl

GRAPH |T.ﬂE|LE ICONCENTHATIONS IDIAGNOSTICS

I~ Expert mode

Current: | 11.8000 keV | 1042 A

o 8 Ihe\' I
st - = yl | ——Machine current

= " - = Dry: unknown

Ekment [ Growp |Fitara  [soma [Enemy [Raio [ Fwem [chisquae | - S?perdry: e
1 |s K 1.47348+02 | 1.868+01 lcing: e P
2 L3 1.3523102 1.71+401 2,307 08178 0430 340 Colleot stage
3 KM3 1.2105401 | 1.532+400 2484 Dos2is 0432 3
4 KL3 Si_KM3ssc 58041202 7.33-03 0,471 0.00043 0.0509 0.00 2 Mounting sample
5 KLs Si_KLassc 20060400 25301 0568 001483 0101 0.00 3. Centring sample
5 KM3 Si_K3ssc 4g7ese0s 620204 0628 00004 0402 a.00
7 KM 3 Si_KLaesc 17128201 248=02 0724 oolds o004 0.0
a8 |cl K 2.50268402 | 2228401 | |
] ks 23222202 1.99e401 2622 0.89574 0134 314
10 KM3 27031e401 | 2322400 2.816 040428 0437 338
1 L3 Si_KMassc o0@e7e02 7.80203  0.785 00003 0.103 0.0
12 KL3 Si_KLassc 31177100 267201 0.882 00133 0407 a.00
13 |KMa Si_KM3=sc 99i20s03 BS0=04 0980 000037 0.109 0.0
14 KM3 Si_KlL3ssc agress0l 290s02 1076 O0i2 0410 a.00
15 |k I 152548401 | 8.996400 | |
18 KLa 1.32982401 | B.71e+400  3.313 0.67188 0144 0.e3
17 .KMS 1.90732+00 1.2824+H00 3.090 0.12832 0147 o.77
18 KL3 Si_KMassc 44z88e03 270203 1477 000031 0417 a.00
19 .KLB Si_KLassc 1.3864=-01 9.082-02 1.573 0.01043 o119 0.00
20 KM3 Si_Kassc 55140204 361=04 1734 opoozs o421 a.00
2 .KMS Si_KlL3ssc 1.83942-02  1.212-02 1.850 0.00040 0123 1.49
22 |ca K 600478401 9.138+00 | |
23 kL3 51967e401 | 7.90400 3690 0.85%3 0149 0.8
24 KM3 808035400 1.232400 4013 043457 0433 0.0
25 |KL3 Si_KMassc 14097202 214s03  1.835 O00027 0423 1.53
26 KL3 Si_KlLassc 4go0ie0l| 743202 1851 000903 0.424 1.40
7 KM 3 Si_KN3ssc 19276203 29304 2477 co0024 0428 1.87
28 KM3 Si_KlL3ssc £.3599s02 985203 2273 000787 0.423 323
2 |Mn K 558756400 1.70e+01 | | |

Fit Again! | Print | HTML Report | Matrix Spectrum | Peaks Spectrum |

Expert command £ X mxCuBE (opid-291) |

g‘ KSnapshot |

Crystal Centering

di2 [ Q- B
-l @ E}srzo‘o? @




Automatic sample screening &
characterisation

B Do e i s il
ot

R Ut el et 1 s b d W 104 e by D By

T T ——

o g Frdem e Al
earw b e s e e, ot i frat

R e e e e I R T et
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RRILE]
B

DNA (automateD collectioN of datA),
Collaborative project involving the ESRF,
CCLRC Daresbury Laboratory, MRC-
Cambridge, Diamond Light Source; EMBL
(both Grenoble an Hamburg outstations);
Global Phasing Ltd, MRC - France (BM14)
and SOLEIL.

File Screening
DNA - automateD collectioN of data

(‘Sample Screening | Sample Ranking |~ Collect Reference Images | Auto Index | Strateay | Results |

Collect parameters Index and strategy parameters

Directory = [mpydnaTests /200707 19 test
R = — Bravas Latce = koo

PUBLIC copy of ref. images = Enabled um Desired Osdllation = [o1 |
Exposure Time = B Multiplicity = o |
Oscillation = 10 Anemalous = [ gpapled
Resolu = 2
‘ Collect Only ‘ ‘ Collect and Characterize ‘
Feedback for PROPOSAL : mx415 Control

Collection status: REady I — submit Feeaback) [

Processing status: Indexing: ref-testscale_1

Executive Output | MOSFLM Output |

75 mC ®9.82 ©5.21 0§5.0z 59.39 SO0.51 §2.08 =
73 mC 89.82 89.Z1 550z SO0.11 9061 §5.92
45 tP 55.02 58.36 57.00 S0.39 8857 50.54
4z oC B0.55 81.32 57.00 S0.51 50.05 B5.65
40 mC B1.32 B0.55 £7.00 S0.05 90.51 B5.65
3 mC B1.32 20.55 57.00 29.84 S0.G1 B4.35
8 5P 55.02 5936 57.00 S0.29 B5.67 50.54

mP 55.02 55.35 57.00 S0.39 8857 50.54

mP 55.02 67.00 5936 ©0.39 90.5d4 BI.67
59.35 5502 57.00 89.67 90.35 50.54
ap 55.02 G§5.15 57.00 $0.35 E8.57 50.54
ap =5.02z S55.36 57.00 B9.51 BE.5T B9.45

20070719 1Z:46:
20070719 1Z:46:
20070719 12:16:
20070715 12:46:
20070719 12:16:
20070719 1Z:46:
20070719 1Z:46:
20070719 1Z:16:
20070719 1Z:46:
20070719 12:16:
20070719 1Z:46:
20070719 1Z:46:

anuwa
Fl
o




Automatic data collection, reduction
& scaling

" |DNA Expert System
File Screening
DNA - automateD collectioN of datA

(‘Sample Sareening | Sample Ranking | Collect Reference Images | “Auta Index | Strategy | Results |

-Source Reference Images

Directory = [jtmp/tnaTests/200707 15/1est

Prefix = |tests:a\e

| Browse

Start Run Number = |1

| Start Auto Index and Integrate ‘

Expert System auto-i| ¥ LEGITIE

A The program BEST has calculated the strategy to resolution: 1.98 A

This is the resolution that will be used if you choose to start a data collection.
a= 54.81
BEST has calculated that it should be possible to collect data to 1.26 A from this sample.
If you want to calculate a new strategy for data collection to this resolution you
must first recollect reference images at this resolution ("Collect References Images” tab).

alpha= 50

Feedback for PROPOSA

pmit Feedback -

Collection status: |
Processing status: Ready

Executive Output | MOSFLM Output |

20070719 12:47:10

20070719 12:47:10 : Strategy results:

20070715 12:47:10 : Completenes: 100.00
20070719 12:47:10 : Multiplicit: 315
20070719 12:47:10 : Bhi =tar 118.00
20070719 12:47:10 : Bhi end: 202.50
20070719 12:47:10 : Bhi width: 2.25
20070719 12:47:10 : Exposure time: 0.10
20070719 12:47:10 : I/sigma: z.70
20070719 12:47:10 : R merge: 1z.z0

20070719 12:47:10

: Ranking resel: 1.26
20070719 12:47:10 : .

File Screening
DNA - automateD collectioN of datA

(‘Sample Screening ["Sample Ranking | Collect Reference Images | Auto Index_ | Strategy | Results |

DNA Reference Strategy Data Collection Strategy

Fhi Start [Increment|_ Time [ Images [1stImag..[Resolutian Phi Start [Increment|_ Time | Images [Lst Imag...[Resolution|
1180 [2.25 0.1 28 1 [1.98 118.0  [2.25 0.1 28 1 |1.98

‘ Calculate Strategy H Collect Data H Collect & Integrate Data H Quick Scaling Statistics |

Feedback for PROPOSAL : mx415

Collection status:  Reaty I —
Processing status: REady

Executive Output | MOSFLM Output |

Control

] St sanac

20070719 12:47:16 : Ranking resclution returned by strategy: 1.26 =
20070719 12:47:16
20070718 12:47:16
20070719 12:47:16
20070719 12:47:16
20070715 12:47:16
20070719 1Zz:47:16
20070718 1Z:47:16
20070719 12:47:16
20070719 12:47:16
20070718 12:47:16
20070719 12:47:16

: Tha program BEST has calculated the strategy to rescluticn: 1.98 R
: This iz the rescluticn that will be used if you choose to start a data cellecticn.

: BEST has calculated that it should he possible to collect data to 1.26 A from this sample.

: If you want to caloulate a new strategy for data collection to this resclution you
: must first reccllect reference images at this rescluticn ('Collect References Images' tab) .

: waiting for new coemand




ISpyB (http://ispyb.esrf.fr)

Communication  of  information
concerning individual samples
(description, bar-code, location,
known unit cell dimensions, space
group, ‘'diffraction plans’) from
crystallographers in the home lab to
those performing the experiments at
the ESRF. Real time monitoring of
data collections: diffraction images,
crystal snapshots, harvesting of
output from DNA

"4 ISPYB

Ittt oy
¥ Samples » View » All samples ¥ fsort.do
shipment | Samples | Prepare experiment | Data collection | Feedback | Help

¥ Create t
* Hew sample [ Mmeeing Dundi
* Hew erystal form Sipping Dt 0060641
! View ik to i St
* Prateing and crystal
farms
* Unassigned Samples
* All samples lq;‘
¥ Search i Eyport a3 POF (s0rt by aCromym/sample name
* Protein
* Sample
} Update D

atabase EL Protein Ei

0900 %00

* View sessions
} Search data

collections

_smm |

=
a8 Eaport 3 FOF




The Data Collection Pipeline (DCP)
strings automated procedures together

Sample
Information

Sample I____m____
transport | Sample Screening
Assess crystal quality

Data
Deposition

Safety Clearance

L

Mount Samples

Preparation

Beamline configuration,
alignment, validation.

N

Align Samples

Full automatic alignment.

L

for required experiment.

Xanes Scan
If required for the experiment

]

: Collect Diffraction Data

Collect 2 images
Indexing (strategy)

N

[

Integrate/Reduce

Plan Experiment(s)

Use results to set-up experiment run

-

____Eﬂ.___

Phase/Model Build




What the DCP does

Sumreming Seastegy

* Scans of the contents of SC3 robot, compares these to ISpyB
LIMS, displays the data matrices, associated sample
information, postion of the sample in the SC3. Then for each
sample selected

* Mount the sample

« Centres the sample in the X-ray beam.

* Takes two diffraction images at 90° in phi to each other for
use by DNA

Rasking s

* Carries out the DNA characterisation of the crystal mounted
‘Writes the results to IspyB.

s | e |  Attempts to rank the crystal and suggest an order for data
: collection for crystals of the same type

- Dismounts the crystals from the goniometer head.




MxCuBE & DNA together

[& Process | 8 Results |

—Available samples

| Acronym

Name | Barcode Location w Space group abcahfpy Min.res. Basket sl
- TrypsinQl tryp HADDAIB492 Undefined 340340340777
- Trypsind2 tryp HADDAIB493 Undefined 340340340777
- Trypsin03 tryp HADDAIB494 Undefined 340340340777
- Trypsin04 tryp HADDAIB495 Undefined 340340340777
- Trypsin5s tryp HAODDAIB496 Undefined 340340340777
- Trypsin06 tryp HADDAIB497 Undefined 340340340777
HADDAIB498 Undefined 3403403407277
- Trypsin08 tryp HADDAIB499 Undefined 340340340777
- Trypsin09 tryp HADDAIBS 00 Undefined 340340340777
- Trypsinll tryp HADDAIBS 0L Undefined 340340340777 [+
[[] Show only the samples inside the sample changer {109 samples) Group by:| no grouping | »
Directory: |,rrmp,fgabadjnho;externaﬂmxd-lslfz 007082 0/ryp/Trypsin07 | Browse |Prefix: |tryp—Tryp5in0? Run number: [+]1
— 1ststep: Take reference images
Template: |.ﬂmp,fgabadinho,fexternal,-’mxd-lS.E 007082 0ftryp/Trypsin07 fref-tryp-Trypsin07_1_#&&.img
Oscillation range (deg): |1,0 Exposure time (s): 5.0 Default resolution (A): 3.0
— [] 2nd step: Index reference images
— [ 3rd step: Calculate strategy
| | & 0

— [] ath step: Collect and integrate

dna

Status: not logged!
Execute steps

—Current results

Results file: |

Go to Results tab

Space group: |

|a|pha:|

| beta: |

|gamma:|




EMBL/ESRF Mini-Kappa




Thaumatin - tetragonal
(ESRF: ID23-1)

¢ Adxy - Imntdirect/_data_id23eh1_inhouse/sandor/test-09102004/thau_3_004... (= |[B][X]

¢ Adxv - Imntdirect/_data_id23eh1_inhousefsandor/test-09102004/thau_1_001... [= |[B)X]

Omega Kappa Phi
2.4 60.6  -74.7
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