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The aim of this talk is to give an introduction to
synchrotrons and MX beamlines-and-how they work
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Why do you need to collect MX data at
synchrotrons?

~ Structure solution

-

& & Special Conditions
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What is a synchrotron?

» A synchrotron is a particle accelerator
(typically electrons) which provides a source
of extreme intensity light

» Can be compared to a series of ‘super
microscopes’ or a gigantic x-ray machine;

» Diamond is the UK’s synchrotron light facility
that provides intense light ranging from
Infrared to hard X-rays
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Synchrotrons ':ar,ouh_d the globe
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Synchrotrons for MX in Europe
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What is a synchrotron?

Lots of educational material online... I

www.\'\ghtsources.or_g_‘
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Episode 1. Dr. Nyan arrives at SPring-8

~ SPring-8, it' s a bit big! ~ By: Dr. TOMOTOMO

translated by: Dr. James

Episode 2. Dr. Nyan gets told off.
~ What goes on at SPring-8? ~ By: Dr.,TOMOTOMO

translated by: Dr. James

Dr. Nyan starts work at SPring8.

So what sort of fantastic
new things get made
here then?

Ah, Dr. Gao.
My new colleague.

Welcome to
SPring-8 !

SPring-8 is 36 times
as big as Koshien
stadium. Work hard,
and enjoy your new
job here.

I'm surprised you
managed to get a
job here

if you need to ask
questions like that! )

36 times
as big as...???

Does, “3 times the
size of
Disneyland” make
more sense?

This isn't a place for
making things.

It's a place where we
use "synchrotron
radiation" to study
things!

Aahhh... 3 times the
size of Disney land.
Wow, that IS big!

Aaaah, synchrotron radiation.
Now | understand.




Diamond is a 3'9 generation light source

» 1st Generation sources
parasitic

» 2nd Generation sources
dedicated machines to synchrotron radiation
emittance typically high (150 nmrad)

» 3rd Generation sources
low beam emittance
use of insertion devices (wigglers and undulators)
emittance on order of 3-20 nmrad



Brightness (photons / sec / mm?2 / mrad?/ 0.1% BW)

In this business, it's all about brightness !

1020
1019
1018
1017
1016
1015
10]4
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108
107
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B
X Ray Tube

ﬁ 60W Light Bulb

Candle

» X-rays from Diamond are
100 billion times brighter
(10*!) than from an X-ray
tube

» Or 10 billion times

brighter (101°) than the
Sun

» >10° times brighter than
the previous UK
Synchrotron, the SRS !



And Broad Continuous Spectrum!

The many COlOUrS of light

Length scale wavelength(m)
10° 103 7 11 1012 [
“ » O § % @
buildings bugs cell molecule atom nucleus  nucleon
Electromagnetic Waves photon energy (eV)
10 10% 10° 10°
radio microwaves UV VUV  X-rays T-radiation
What we measure with %
@ @ > 2/ :
radar tape measure Eye  Microscope AFM STM
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Synchrotron - main components

’ Electron gun: 90 keVI

’ Linear accelerator: 100 MeVI
’ Booster: 3 GeVI

s _s

' #"" —

Electron Gun: produces electrons Storage Ring: maintains the electron energy
and produces radiation

Linear Accelerator (LinAc): accelerates elec- [E] Beamline: set up of radiation for experiments

trons to near the speed of light

Booster Ring: further increases the energy of ﬂ Experimental Hutch: User area

the electrons



Bending Magnets curve the electron beam between
adjacent straight sections and generate synchrotron
light

Electron
bunch

Synchrotron
light
Number Wavelength (A) Electrons
of photons 10000 1000 100 10 1 0.1
1014

1013
Y //Bending \
10 / magnet

1011

w N

109 X -]

108
- / \ Sun | Il II

13 leV 10eV 100eV 1keV  10keV 100 keV
Energy

Emission spectrum




The MX beamlines at Diamond use insertion devices
called undulators

... ST

Bending magnet
Brilliance
{photons/s/mnr/mrad’/0.1%BW)

3 Undulator
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MX Village consists of 5 operational beamlines and

several under development
VMVIXi & VMXm |

= Operational 102
= Phasel

Tuneable 102, 103,
104
= Phaselll

Fixed A 104-1

Tuneable
microfocus 124
= In Development
= Phase lll

Long A 123
VMX m and i

15



Beamlines consist of an optics hutch,
experimental hutch and a control area

':- —
Booster

synchrotron

Storage ring

Beamline

16



The components in the optics hutch are used to
select the
X-ray energy and adjust the beam size

UZ1 in-vacuul m
Undulatar

P i3 IR o
neam slits
S 27.24Tm
Apertura : .

17.322m
130prad ¥ E0prad

mirrer shts
208.595m

=
focusing
mkrrar shts
32.014m

Storage ring

rrrrr

F
o (s
R

Optics hutch

Experimental hutch

40 m

< >
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Insertion device and front end

In-vacuum undulator |

Front endI

18



Beamline Layout

Instrumentation &
Development
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A double crystal monochromator is used to select
the X-ray energy (wavelength)

Bragg’s law:

nA = 2d sinB




One mirror is used to focus the X-ray beam
horizontally and another to focus vertically

Typically 2 = 5 mrad I

Figure errors: < 0.5 prad I

22



IDiamond — Eiffel tower: 396.21 km I IO.5 urad over 400 km: 200 mm I
IEiffeI tower (300 m): 0.75 mrad I IEarth curvature: 200 mm over 1.6 km! I

~ Measure distance
J Click on the map to add to your path

-+ | Total distance: 396.21 km (246.19 mi)

AT r




The experiment and final beam conditioning happens
In the experiment hutch

UZ1 in-vacuum

Undulatar
P i3 IR o
neam slits
= 27.24Tm
Pre horizontally
focusing
???5—'{:1 - d mirror slita

28.585
130prad ¥ E0prad "

=
focusing
H mirrar shits
Storage ring 32.014m
Huorizantally
focusing
mirror

30.88%m

Optics hutch

Experimental hutch

40 m

>
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The end-station table supports:

CRLs

Attenuators

Beam diagnostics

Slits

On-axis viewing system
Sample environment

25



Beam conditioning

QBPM 16 Foil Attenuators Diode — Shutter - Diode

’ l? PF\-J

thamln s s, = \

Compound Slits
Refractive
Lenses

26



The sample environment

PI Annealing device

Backlight
Cryojet
Backstop
SPINE
standard Viewing system
pin

Apertures

Fluorescence

Detector Scatterguard

27



Fast pixel array detectors record the diffraction
Images

e Advantages
*S/N much better than CCD
eHigher throughput
*Fine phi slicing — better data
*Beating radiation damage — go even
faster with high dose can collect more
data at room temp
*Key for CL3, protein dynamics, etc
* On all beamlines since April 2013
* 100 Hz on 103 and 124

28
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Automation!

rep loop centering using
on and OAV image
able.

ym units

) Size can be used for
'tion from crystals.

ing grid scans

30






Choose which beamline is appropriate to your
experiment requirements

P
aaaan =) Energy/wavelength?
- _I! . * Fixed energy — suitable?
I” / e Tuneable
.-/ ... *long-wavelength?

\

Microfocus?

e Use of apertures?
¢ Dedicated microfocus beamline

Special Apparatus?

e Dehydration equipment
e Spectroscopy

e Biocontainment

e |n-situ experiments

32



Use the web pages to compare the MX beamlines at
Diamond

102 MX 103 MX 124 Microfocus MX

High throughput and highly automated beamline High throughput and highly automated beamline High throughput variable microfocus beamline for
for optimised MAD and SAD experiments. for optimised MAD and SAD experiments. Capable optimised MAD and SAD experiments on crystals
of accepting CL3 type experiments on crystals of down a few microns in size.

More information... pathogens.

i More information...
Beamsize: 90 x 20 More information...

Beamsize: 5x5 - 50x40 (variable aspect ratio)
Wavelength: 0.5A-2.5A Beamsize: variable
Wavelength: 0.62A - 1.77A

Detector: Pilatus 6M-F Wavelength: 0.54 - 2.54

‘ Detector: Pilatus3 6M

104-1 Fixed wavelength MX

High throughput and highly automated fixed
wavelength SAD beamline for macromolecular
crystallography.

sed MAD and SAD experiments.

More information...

i More information... .
Beamsize: 90 x 40 Microfocus

Beamsize: 60 x 50
Wavelength: 0.62A - 2.48A

Wavelength: 0.92A (fixed) Sample Humidity Control Iil
Detector: Pilatus 6M-F

Detector: Pilatus 2M Mini Kappa IEI
In situ Data Collection

33 Biocontainment




Beamline 102 103 104 104-1 124 123 VMXi VMXm
Type Tuneable Optimised Tuneable p- Tuneable Tuneable Tuneable p-
fixed focus long A focus
Beamsize [um] 70 x 20 (mirrors) down 40 x 60 5-60 120 x 120 5x5 4x0.5
to 8 x 3 (CRLs)
Flux [ph/s] > 1012 101 > 1012 > 1012 > 1012 (DCM) > 1013
> 104 (DMM)
Pilatus Detector P6M P3-6M P6M P2M P3-6M Custom TBD TBD
(25 Hz) (100 Hz) (25 Hz) (30 Hz) (100 Hz) P12M
Sample changer Rigaku ACTOR (< 355s) Irelec CATS (< 45 s) Custom TBD TBD
made
Containment CL1 CL3 CL1 CL1 CL2 CL2 CL2 CL2
Humidity On request No TBD No
Controller
Multiaxis Mini- Mini-kappa Custom No No
goniometry kappa kappa
Minibeam Yes Development
apertures
In situ Soon Yes Yes Yes No Yes TBD
Crystal Washer Yes Yes Yes Yes Soon No No No
and Annealer
Remote Access Yes TBD




Technigues available on the MX
beamlines

diamond



Using fluorescence spectra to identify metals

In your sample

» All beamlines have fluorescence

detectors

» Take a fluorescence spectrum of

your sample in seconds

» Automatic identification of your

sample with summary in
webpages:

Thu May 2, 2013 - 11:13:54
20130502 11 13 15.dat

Fluorescence Spectrum
Beamline Energy: 13488.99eV Omega: 0.0
Acq Time: 1.0s Trans: 0.05%

Sample Position: (-329,-530,276)

36

Hunber of Counts

458

488

356

3680

298 -

2688 -

158 -

188 -

58

a

Fluores

cence Spectrun /dls/ie2/data/2013/nt5964-2/20130502_11_13_15.dat

h. |

a

i P i i i
2888 4888 6088 goaa 18888 12688 14888
Energy {eV}

Automated PyMca results

Element Counts Percentage

Br-K 16689.7 70.5
Se-K 68.0 0.3
W-L 40.2 0.2
0s-L 39.8 0.2
I-L 19.7 0.1
As-K 17.9 0.1

-‘.. Counts (total): 23690.0 (background): 861.0

Guide to AutoPyMCA (pdf)

160688




If there is a metal present:

dls, 122 7data, 2023 £i8P84-T fluccescence_scans 12193.det_rhoech
£ueErgy 4 1

» On the tuneable beamlines (i.e. o madF ek
not 104-1) collect fluorescence AN

scan around the edge S
» e.g. Signal from Br soaked I

Fluorescence Scan /dls/ie2/data/2813/nt5964-2/12193.dat

Iysozyme o Fe “r:’zj i \f:‘sﬂferg. - e
» Results stored in O N |
webpages/ISPyB:

Energy (e¥)

Thu May 2, 2013 - 11:02:29
12193.dat
Fluorescence Scan 1

Element: Br Edge: K o _
Omega: 0.0° Transmission: 0.0125% g j
Sample Position: (-329,-530,276) e

Energy o ' N )
Peak 13475.0eV 444 -6.9 «“ S -
Inflection 13471.0eV 242 875 hm oem oew seome ose oowo oo NS 0909090902020

37



The Mini Kappa can be used to reorientate
crystals for data collection

Optimised MAD data collection; Bijvoet pairs on the same frame

Improved high-multiplicity SAD data collection protocols

Smart data collection strategies, better completeness of data, especially P1
Reducing/avoiding spot overlap, better spot separation (long unit cell axes)
Multi-crystal data collection: collect missing data

Help in point group determination

Comparing crystals in the same orientation

v v v v v v v :

38



The HC1 device controls sample humidity and can
Improve crystal diffraction

39



In-situ crystallography:
data collection from crystals in crystallisation plates




Pathogenic samples can be studied on 103 and
124

DN "\ﬁ L \/
;‘?’L‘}' l' ) .I
103 and 124 up to level 2 biological & el

» All beamlines level 1

ls-. _ | l'ﬂ

containment Y
Cryo and in-situ samples

103 containment level 3 compliant
In-situ samples only

Request via standard beamtime
application process

41




Coming soon to the MX Village
(new developments)

diamond



Performance: Crystal preparation
500 crystals in 2-day experiment

Echo + fragment libraries Mitogen loops, IRELEC robot, loop autocentring
trays, wand ‘_"_. a1
2 i
=1

~ Soaking — wait |
evaluation (

harvesting Data collection . Data collection :

Soaking lab: >2 days Beamline — 26 hours — babysitting

Continuous data collection

500 crystals

Soaking lab: <12hrs Beamline — 20 hours — unattended

TeXRank Shifter o y
o Y '
ecent Preparation Collection (Full analysis: 2-7 days)
experiment: 200 crystals in 6 hours '

Overnight



Unattended data collection queues

________________________________________________________________________________________________________________ Sample auto-
centring: >97%

10am m 9am

B B .
Typical N Y 1T T O Y1 T TR AT
(R WO W WO W0 O

Experiencedm!” NI RINN OO ORI 010 0 0O OO OO 0 O OO0 1
O T A I oo

\I \- N =

ool T T R T T
T T IO e T

10.00

L L L P 9L

2880

LERLL LS LR




Coming soon to the MX Village
(new beamlines)

diamond






|23 — First beamline for in-vacuum long-wavelength MX

» Experimental Phasing
SAD phasing from native proteins and DNA/RNA crystals by using anomalous signal from sulphur and

phosphorus.

SAD and MAD phasing for large complexes by using enormous anomalous signals from M-edges.
» Assist model building at low resolution

» Element specific analysis

» Beamline parameters:

Energy (wavelength) range:
2.1-12keV (1-5.9A)
optimized for 3 - 8 keV (1.5 -4 A)
Band-pass (AE/E):
2x10*%
Beam size at sample:
100 - 500 pm
Photon flux:
5x 102 ph/s in 100 x 100 pm @ 4 keV




Superior background

P L1 R Wl R | 3
A T R
’ 2 2 1 11 a8 3 L R O O T
3 i 2 1
1 i i 0 O | : |
0 0 1 z I

ag 1 i
1.2 cts k! Tt B 1 1 0 2 @ [ 4 3 e ¢z 0 0 0 & 9
h - o 1 5 0 o 3 12 B ENEEE 1 1 P2 0 R 1
* - 4 i v T i 8 6 2 1 | 1 ]
C D @ 4 @ % 1 2 & %+ 3 0 1 @ 0 © & 2 @ © 1 1
4.4 cts 0.8 cts i w B T i 2 g 0§ e

d

] 4 0 1 1

' . ) 1 1 1 1 1 1 1

In-vacuum setup on 123
Every count on detector from sample (or sample mount)!

Optimisation of signal-to-noise (I/o0) by background reduction rather than increase of primary
intensity

More efficient as experiments are limited by radiation damage!



v Vv Vv Vv VvV Vv Vv v

University of
%’ St Andrews

CyaGox

10 sulphurs in 477 amino acids
P4,2,2

A=3.1A

Inverse beam 2 x 200 deg

Bijvoet ratio 2.1% (1.04% at A =2 A)

In total 48 crystals were mounted

Large sample to sample variations

coRPRPNNWWhAMG
oUIOUIOUIOUIOUIO
ls¥elelolelololelolel)

Native data to 3.2 A resolution

Anomalous data to 4.2 A resolution




Anomalous signal

Towards the edge
A=4.96 A

e—s )\ =4.96 A (400°)
e—o =496 A(90°)
—s )\ =1.38A(90°)

1]
10 9 8 7 4 3 2 1

6 5
Resolution (A)

SHELXD CC,,i/CCyeak

50
50 ¢
‘.
[ ]
® L]
40
=
S
O
20
10
-10 -5 10 15 20 25

5
cc weak

Thaumatin

Red (6.0 o) — anomalous difference
map

AN

Ny
i
= Sy Ny &
AN N
b g &




VMX: - dedicated to in-situ (plate)
crystallography

» This beamline will provide
Plate storage facility

Automated transfer between storage and beamline
Advanced laser imaging of drops (on-line and off-line)

X-ray data collection and screening (automated or
interactive)

Tuneable microfocus beam (5x5 micron — 10-25 keV)
Narrow or broad bandpass beam (2eV — 100eV)

Diffraction data available less than 48 hours after shipping
plate to Diamond - during run time...

T @7 Mo Olw

51



VMX

micron

Aims

» 0.5x0.5um—-5x5um
beam

variable aspect ratio
» rapid beam size change

» 5-30keV (dependent on ID
choice)

» fast sample
exchange/delivery

\» fast crystal location

N

2014

e Technical Design Report

* Prototyping

Sub micron variable focus

4 Challenges

» sample delivery

» DCM

» optics

challenge

» sample visualization
13nrad pitch stability

facilitating fast beamsize
changes is the real

Team

e Gwyndaf Evans e
* Jose Trincao .

Anna Warren
Emma Beale




MX Village Support Team

Thomas
Sorensen

Juan Sanchez-
Weatherby ‘

James Sandy‘

Carina Lobley‘

Katherine
McAuley

Neil Paterson‘

Mark WiIIiami

Dave Hall ‘

Ralf Flaig ‘

Pierpaolo
Romano

Frank von
Delft

Jose Brandao

Alice
Douangamatl{

Patrick CoIIinsi

Renjie Zhang‘

Armin Wagne1

Kamel el
Omari

Vitaliy
Mykhaylyk ‘

Ramona
Duman ‘

Robin Owen‘

Danny Axford‘

Darren
Sherrell ‘

John Beale ‘

Gwyndaf
Evans

Jose Trincao ‘
Anna Warren ‘

Emma Beale‘




MX Village Support Team

Jon Blakes ‘
Paul Hathaway‘

Chris Sharpe ‘

Alun Ashton ‘

Karl Levik ‘

Graeme Winter‘

James O’Hea ‘

Arvinder Palaha‘

Andy Foster ‘

Martin Burt
Graham Duller |
Martin Burt
Vinay Grama |
Jon Kelly
Kevin WiIkinson‘

Geoff Preece |

Ted Cassidy

Les Clinker
AIistair Donaldson
Nick Gorringe {

Doug Scott

Nathan Sear

Paul Symes

Russell Walker {

Dave Butler

Elizabeth Shotto
] Mic Harding |

Thomas
Hartrampf |

Alex Dias ‘ Adam Prescott |
Adam Taylor |
Tim Whitewood |

Jitka Waterman‘

Mark Lunnon |




102/VMXI Scientists

55

Thomas Sorensen
Principal Beamline Scientist

James Sandy

Support Scientist

Carina Lobley

Support Scientist

Juan Sanchez-
Wetherby

Beamline Scientist




|03 Scientists

Support Scientist

P ———
Iy ow

\:i-l-il

54

ot

56

Katherine McAuley

Principal Beamline Scientist
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|04 Scientists

Pierpaolo Romano

Support Scientist

il
::::
i

Ralf Flaig

Beamline Scientist

Dave Hall

Principal Beamline Scientist

tRRR RESRE
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|04-1 Scientists

Frank von Delft
Principal Beamline Scientist

Alice Douangamath
58 s Support Scientist

Jose Brandao
Beamline Scientist




123 Scientists

- T |- »
\

Vitaliy Mykhaylyk

Beamline Scientist

12amos 44
\

.

i

Kamel el Omari

!

L

Armin Wagner Beamline Scientist

Principal Beamline Scientist

Ramona Duman

Support Scientist
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124 Scientists

Darren Sherrell

Support Scientist

. }__‘._'l L
Danny Axford

Beamline Scientist

Robin Owen

Principal Beamline Scientist

60



VMXm Scientists

i1 !":'};li. ‘
Jose Trincao I

Gwyndaf Evans
Principal Beamline Scientist
Beamline Scientist ~d
LT | : f
Anna Warren B --

Support Scientist
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The End

diamond
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