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What is Diamond ?

The largest scientific facility to be built in the UK for 40 years

The world’s largest medium energy, “third generation”
synchrotron light source producing laser-like UV and X-ray
light beams of exceptional brightness

A series of ‘super microscopes’ for new research
opportunities into the structure and properties of matter
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What is Synchrotron Light ?

¢ Synchrotron Light is electromagnetic
radiation emitted when a high energy
beam of charged particles (electrons) is
deflected by a magnetic field

a single bending magnet
produces a wide fan of
radiation

synchrotron
Light
multiple bends in an
"undulator” or "wiggler"

magnet give higher 1.
intensity and brighter )

‘%‘
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What'’s so special about Synchrotron Light ?

Covers the Wavelength (m)
electromagnetic spectrum 10 107 107100 gi0t o f0f 0T 0 10"

i Radio waves Mimoﬁves Infrared Ultraviolet
from microwaves to hard |

X-rays: e

- can select the wavelength {N
\ Molecule Atom

required for a given
visible  synchrotron

experiment People

Extremely intense and well collimated: light light
- can be focused to sub-micron spot sizes, allows

rapid experiments on small and dilute samples

Gamma rays

Cel

Nucleus

Polarised:
- adjustable linear/circular polarisation

Pulsed time structure:

- allows dynamic studies of fast chemical or
biological processes (10 -100 ps scale)
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What can it be used for ?

Biomedical -

Medical research -

Environmental science -

Agriculture -

Advanced materials -

Engineering -

Forensic Science -

Archaeometry -

protein crystallography and cell biology;

microbiology, disease mechanisms, high
resolution imaging;

toxicology, atmospheric research, clean
combustion and cleaner industrial production
technologies;

plant genomics, soil studies and plant imaging;

nanostructured materials, intelligent polymers,
ceramics, light metals and alloys, electronic and
magnetic materials;

imaging of industrial processes in real time, high
resolution imaging of cracks and defects in structures,
operation of catalysts in chemical engineering
processes;

identification from extremely small and dilute samples.

ancient metalworking processes, identification of
production sites etc. d|am0nd



A Brief History of Synchrotron Light Sources :

Discovery: 1947, General Electric 70 MeV synchrotron
First use for experiments: 1956, Cornell 300 MeV synchrotron

1st generation:

machines built for other purposes, mainly High Energy Physics
e.g. Synchrotron Radiation Facility at the NINA Synchrotron, Daresbury
(1971-1977)

2nd generation:

purpose-built storage rings for synchrotron light

e.g. the SRS at Daresbury, the world's first dedicated synchrotron X-ray
source (1981-2008)

3rd generation:

higher brightness synchrotron light sources, using mainly
undulators as the X-ray source

e.g. ESRF, Diamond etc. diamond



The figure-of-merit is Brightness ...
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Diamond Design Criteria

° Large number of Insertion Device beamlines

°* High brightness from undulators optimised in the range
° 0.1-10 keV, extending to 15-20 keV

°* High flux from wigglers from 20-100 keV

* Cost constraint

more IDs — more cells

high brightness — low emittance — more cells —

BUT

—> increased circumference and cost

high photon energies — high machine energy — high emittance—I

°* “Medium” energy of 3 GeV

° Relatively large circumference (562 m) and no. of cells (24)

* Extensive use of in-vacuum undulators il'ld



Diamond — Main Parameters

Energy 3 GeV
“““““““ ™ —— Circumference 561.6 m
/n | ﬁ [\ l'\ —s o) /l ];\ . No. cells 24
| n\l A; \rl\l A/ﬂ | lpi\\ | Sym.metry | 6
(f\ | ' '\ Al \ I Straight sections 6 x 8m, 18 x Sm
\ Qs | | “ | | Insertion devices 4 x 8m, 18 x 5m
Wi i Jt\ / U IU V‘\ f U U V\ /% U /\y Beam current 300 mA
V \} J \v/& VK} \jx b J N\ Emittance (h, v) 2.7,0.03 nm rad
LV \] ) VUl | Lifetime >10 h
— N ottt el Min- ID gap i
T L . © % *  Beam size (h, v) 123, 6 um
Beam divergence (h, v) 24, 4 urad
nominal, non-zero dispersion lattice (at centre of 5 m ID)
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Emittance / nm rad

Comparison of 3rd Generation Synchrotrons

20
Canadian Light Source
N
18
SPEAR3 (USA)
16
14
PLS (Korea)
12 L
10
MAX-II (Sweden)
. ® ELETTRA (ltaly)
ALS (USA) = Australian Synchrotron
6
BESSY Il (Germany) gy gyiss Light Source ESRF i
. = SPring-8 (Japan)
. A CELLS (Spain)
; SOLEIL (Fr@% M APS (USA)
PETRA Ill (Germany)
0 T T T T T I ‘ ‘ ‘
0 1 2 3 4 5 6 7 8 o
Energy / GeV
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Diamond compared to SRS

SRS Diamond
Electron Beam Energy 2 GeV 3 GeV
Storage ring circumference 96.0 m 561.6 m
Available space for Insertion Devices 6x1m 4x8m, 18x5m
Beam current 250 mA 300 mA
Emittance (hor., vert.) (nm rad) 190, 3.8 2.7,0.03
Minimum ID gap 20 mm 7 mm
Electron beam sizes (hor., vert) (um) 1000, 160 123, 6
Electron beam divergences (hor., vert) 590, 60 24, 4 prad
Peak brightness* 310" 2 1020

Peak brightness* (1A)

100,000 increase in brightness

* photons/s/mrad?/mm?/0.1%bw dlamond



How does it work ?

A beam of electrons is accelerated in
a linac, further accelerated in a
booster, then accumulated in a

storage ring.

The circulating electrons emit intense
beams of synchrotron light that are
sent along beamlines to the

/

L
7 tonirol cabin

>

Meray Experimencal
beam line sration

Electron beam

Electran beam
1

Linear
accelerator

Electron gun

Magnerts
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Diamond Layout
100 MeV Linac

3 GeV Booster
C=158.4m

3 GeV Storage Ring — i
C =562.6m
Experimental Hall —
and Beamlines <. j

S At peripheral

i ST e e labs.;and

B c© e offices
building |

235/ ﬁ - |
future long
beamline












1993
1997

1998

Mar. '00
Oct. '00
Apr. '02

Jan. '07
19th Oct. 2007

Diamond Key Dates

Woolfson Review: new facility needed to replace the SRS

Feasibility Study (“Red Book™) published
3 GeV, 16 cells, 345 m circumference, 14 nm rads

Wellcome Trust joins as partner
Decision to build Diamond at Rutherford Appleton Lab.
3 GeV, 24 cells, 560 m circumference design approved

Joint Venture Agreement signed (UK Govt./WellcomeTrust)
Diamond Light Source Ltd. established
Design Specification Report (“Green Book”) completed

Start of Operations
Official Opening
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Who we are:
Diamond Light Source Ltd. Shareholders

'

* ) Science & Technology 86 %

<~ Facilities Council

The Science and Technology Facilities Council is an independent, non-
departmental public body of the Office of Science and Innovation, which is part of
the Department of Trade and Industry. It was formed as a new Research Council

on 1 April 2007.
wellcometust 1%

The Wellcome Trust is an independent charity funding research to improve
human and animal health. It is the UK's largest non-governmental source
of funds for biomedical research.
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June 2003
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Sep. 2003
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June 2004
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October 2005
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Engineering Challenges —

Foundations — designed to minimise ground &
movement, and transmission of vibrations ‘
| 1
storage ring
tunnel '
\\

experimental hall
F] [FFFFFFFFFFFFL FFFFFFFTFFFFFA o ,IIIIIIII;II 0.6-0.85 m thick

\ concrete slab

\ void to isolate slab
from the ground

B | o n || «—— 1523 piles, 12-15 m deep

separate non- 600 mm diam., 3 m apart
piled foundation

for the building Q . © | Q . @
structure and \i\\ ﬁ‘A H J
plant rooms — e ——

11111




Concrete shielding walls cast to 5 mm tolerances :
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Buildings and services: designed for thermal stability:

experimental hall +/-1°C
storage ring tunnel +/- 0.5 °C

Supply air duct
ith jet nozzle

Return air at tlets distributed

labyrinth only

Local air
handling unit

Courtesy of JacobsGibb Ltd.

Piped services

distribution on M
wall at high level diamond
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Linac

100 MeV Linac of the DESY S-band Linear Collider Type Il design,
supplied "turn-key" by Accel Instruments.

(DLS supplied diagnostics, vacuum and control system
components, and beam analysis software)

thermionic gun; short (< 1 ns) and long pulse (0.1-1 us) modes

500 MHz sub-harmonic pre-buncher, 3 GHz primary buncher,
3 GHz final buncher

two 5.2 m constant gradient accelerating sections fed by
independent klystrons

n
7
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Linac Commissioning

Installation complete: Aug. 379 2005
1st beam from gun:  Aug. 31512005
1st 100 MeV beam: Sep. 7t 2005

Acceptance test mid-Oct. 2005
complete:

diamond




Linac Performance

Parameter Specification Single bunch Multi bunch
Energy [MeV] > 100 103 103

X norm. emittance <50 18 16
[TT.mm.mrad)]

y norm. emittance <50 27 11
[TT.mm.mrad)]

Charge [nC] >1.5/3.0 2.1 4.8
Pulse width [ns] <1 ~ 0.2 fwhm ~ 0.2 fwhm
Jitter [ps] <100 11 11
Energy variation <0.25 0.05 rms, 0.21 full 0.05 rms, 0.16 full
[%]

Energy spread [%] <0.5 <0.2 0.2

(Same at 1 Hz or 5 Hz)
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Booster

Optical Functions (m)

Energy 3 GeV
Circumference 158.4 m
Emittance 141 nm rad
Repetition rate 5 Hz
Lattice FODO, missing dipole

L[] — ‘ ' ; : ﬂ T ti*ﬁ . Ej’

16 - '

ol

ﬁ-.-

4 o

2

4]
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Booster Commissioning

1st turn, 100 MeV: Dec. 21st 2005
Acceleration to 700 MeV: limited by  Mar. 10t 2006

lack of water

Extraction at 700 MeV: cooling Apr. 4102006

Acceleration and extraction at 3 GeV: Jun. 9t 2006

ERO3 DCAMOZ YAG

Extracted beam at 3 GeV

L e L o,=1.5 mm
haghit contre tigma g

T | 6,=0.11 mm

= : : in agreement with theory
T (2% coupling)
wil b-;-d searel - W Fit Savg image Print

LA L aara - s e - e ~-a it s - e e = - -
Z1-Jun-2006 J1E000 EBPOGC-0I-DCAM-0Z BROSC-Di-OTR-03 camer sTatusi 1 screen seatus: 3 3
gabn: 4117176 expodure S5T.E65T frames per tecond: 5 image width: 3EL 1456  wrtual o 4329637 wirtual v 356.1104

|.r|1t-]ral:+} signal: L7%se0h maos gignal: 249 min tignal; 2 0.0% st maxamum




Storage Ring
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Vacuum System

« The 562 m circumference storage ring has to be
maintained at a pressure of 10-° mbar or lower (Ultra-
High Vacuum) to reduce beam losses from collisions of
circulating electrons with residual gas molecules.

« This sets a number of vacuum engineering challenges:

UHV compatible materials (316LN stainless steel, OFHC
copper, extruded aluminium)

Reliable joining techniques (TIG welding,electron beam
welding, vacuum brazing, explosion bonding)

Quality control (material traceability, ultrasonic testing,
radiography, helium leak testing etc.)

Clean assembly and installation




Magnets and Vacuum Chambers

Storage Ring Girder 2

Dipole Magnet 1 Garder Survey | Viatuum Vessel 8 Cusdrupole Sextupols Girder Sureey | Dusdrupcls
Masryyirain| BRI A Magrts Magrsts Moruman Magnels

... mounted and pre-aligned on
72 precisely machined girders,
upto6mlongand 17 T in
weight.

mover system for
remote alignment

... positioned to a
global accuracy of
0.1 mm



Power Converters

Type Number Current Voltage Bandwidth
(A) (V) (Hz)

SR Dipole 1 1500 530

Booster Dipole 1 1000 2000

Booster Quadrupole 2 200 421
Booster Sextupole 2 20 60
Medium Power Supplies 437 350/200/100 41/28/17
Slow Corrector Type 544 5 20
LTB Quads. 10 20 55

“PliteaRowggSuppiies 85-15,000 100-23,000

highly stable: 10ppm over 8 hours typically
built in redundancy to improve reliability

standardisation of types and modularity to reduce
repair time

common digital control interface for ease of
commissioning and maintainability




RadioFrequency System

TaFy= : :
t 1 i--‘:r."-.__'l,_'""-

Supercon-
ducting
cavities
(2+1)

FFIrTT YT,

» L

3 x I0T-based 300 kW

Liquid He plant amplifiers
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r «— vacuum —

Insertion
Devices

6 X in-

devices
APPLE-II
3.5Tslc
wiggler




Control System

1 control room

265 embedded VME computer systems
450 19” racks

~ 10,000 physical devices

~ 500,000 control and monitoring points

Timing System
Electrons contained in bunches separated by 2 ns
Storage ring contains 936 possible bunches

Timing system allows electrons to be injected
reproducibly into any selected bunch

Protection System
> 300 kW of X-rays are produced

DIP CIA

In the worst case, this could melt the vacuum
chamber in ~10 ms

960 interlocks protect the machine, and can “kill”
the beam in <1 ms.

OK
‘ PLC ‘ ‘Temp. Prot.‘ ‘ Pos. Prot. ‘

Water Flow sws Temperature sws.




Storage Ring Commissioning — Phase | (700/MeV)

limited by lack of

May 4t 2006 - first injection in the water cooling
storagering === .o o

May 5t - first turn (correctors off) z

May 6t - 4 turns / 000000 L

May 7th — 600 turns (sext. off, RF off) :E.: S

1007~

May 20th — 2000 turns (sext. on, RF off) —7

1
1111 1 —

May 22 — 0.5 mA stored beam
(no accumulation) ——

May 30t — stacking to 2 mA — >




Storage Ring Commissioning — Phase Il (3 GeV)

Sep. 4t 2006 - 5 turns, no correctors !
Sep. 5" — 120 turns, RF off .

Sep. 6" — RF on .. 2 mA stored; —>
(limited since absorber water flow 3t
interlocks not commissioned ..) N

Sep gth _ 10 mA_ 07-09-06 0330 (17-09-06 04:00 M.D?ﬂg-ﬂi}(ﬂ{:i(ﬂzmn (17-09-06 05:00 07-09-06 05:30
- J alfl 1IMme A1

(limited since orbit interlock not

commissioned ..)

Sep. 251" — 25 mA
Oct. 2" — 60 mA
Oct. 10th — 90 mA

Oct. 12th — Start of beamline ¢ .
commissioning

Nov. 11th — 100 mA o
Jan. 12th 2007 —_ 150 mA — o 20 40 ESD &0 100 120

Beam Intensity (Histon

0




orbit change

Closed Orbit

Closed orbit initially corrected to 0.7 mm rms in both planes, then
“saturated”.

“Beam based alignment” carried out to determine offsets between
the BPMs and quadrupole magnet centres.

quad. centre

l | | corrector is varied to
S, o — find the point that the
== beam passes through
the centre of the
adjacent quadrupole

{raw data)

A£BPYY 1]

G. Portmann, et al., “An
Accelerator Control Middle Layer
using MATLAB”, Proc. PAC
2005, p. 40009.

B ]
L5
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After the 5" iteration, the closed orbit could be corrected to <1 um
rms (using all correctors):

EPM Readings (mm) . CM Readings (rad)
Max BPMx = 0.001062  RMS BPMx = 0.00032212 Mean BPMx :6.1524e—0 hazx HCM =0.00071143 RMS HCM =0.00020664 Mean HCWM -4, 7842-06

Pax BPMy = 0.000844  RMS EPMy = 0.00024965 Mean BERMy :3.1524e—0 Max YCM = 0.00035675 RM3VCM = 3.9269e-05 Mean VCM -1.442e-07

— BPMx

sk;‘\i | V"‘ s ».‘ ’ ‘j S ‘*‘-ﬁ. .’}Q_ ‘a\“ ‘ e 5’," i

O T s T s D e D s e D e e P s s D R s st o

Closed Crhit [mm]
=
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Orbit {frm)

“Bare orbit” — correctors off

Matural Closed Crhit

BP Position (m)

rms x=4.8mm,rmsy=3.1 mm

- reasonably consistent with specified
0.1 mm quadrupole positioning error

keasured ¥
15 [ [ I I I
heasured ¥
I — — — Projected X
— — — Projected ¥
-i5 | | ] ] ]
1] 100 00 300 400 Soa GO0

diamond



Orbit stability — long term

running from MATLAB, 0.2 Hz

-3
x 10
2 I
SOFB off
—_ SOFB on
E 1.5 .
g
o
£ 1" .
5 l {
il ‘ “ I f m, - UH -
0.5 hi .
0 | | | | |
0 50 100 150 200 250 300 350 400 450 500
t[s]
-3
x 10
2 T
SOFB off
—_ SOFB on
£ L
£ 1.5
[72]
=
o "
5 1T
]
. |“
0 | | |
0 50 100 150 200 250 300 350 400 450 500

t[s]



Orbit stability — short term

10—
————— X lab test
————— Y lab test 249 HZ
X beamno FB \\\
¥ beam no FB “
16-20 Hz
«—1um R

RMS beam motion [nm], integrated 0 - f

10

10

{

Frequency, f [HZz]

4 um
Horiz.
(3% of o)

0.8 um
Vert.

{(13% of c,)

mond



Displacement PSD {pm*/Hz)

Comparison of beam motion with that of the
ground and the girders:

Haorizontal displacement PSD Graund mation
2 Girder 1
10 Girder 2
Girder 3
Beam Fa&
-5
10
-10
1 r

1] 20 40 G0 go 100
Frequency (Hz)

Displacement PSD {m</Hz)

10

10

Ground motion
Girder 1
Girder &
Girder 3

Eeam F &

Vertical displacement PSD

1] 1] 40 G0 ad 100

Freguency (Hz)
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Integrated H Displacement P50 (pm)

10

10

Integrated Horizontal displacement PsD

beam
2.4 um
magnets 0.07-0.09 um
0.018 um
ground .
Graund mation
Girder 1
Girder £
20 40 60 a0 Girder J
Frequency (Hz) Beam FA

nd



Fast Orbit Feedback - in routine operation:

Integrated beam motion

—
=]
[fi]

-l
D_A

10

—
o
ma
TT

0-100Hz: 1 umH (<1% oc,)
0.3umV (5% o)

----- X FOFB off
----- Y FOFB off
— X FOFB on (in loop)
= Y FOFBon
""""""" * FOFB on
............. ¥ FOFB on (out of loop)

inloop)

out of loop)

(
(
(
(

10 10

frequency [Hz]

nd



Gain [dB]

-15

-20

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

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

— X machine
— Y machine
Xlam = 0.87
Y lam = 0.78

11111

— Plant

Frequency [Hz]
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[ram]

Optics Analysis and Correction (using LOCO¥)

Measured Response Matrix o Reggonss Ve

e 139
Sy 105
3

105 197

1
HC Wi and VCM# 1 HEP# and VEFhi# s

Measured Response Matrices (before and after LOCO analysis)

*J. Safranek, “Experimental Determination of Storage Ring Optics Using
Orbit Response Measurements”, Nucl. Inst. Meth. A388, 27 (1997)

J. Safranek et al., “MATLAB based LOCQO”, SLAC-PUB 9464, (2002). diamond
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Harizointal Beta(s/Beta(l)

erical Beta(S)/Beta(l)

08

Beta-function — before and after LOCO correction

Bela Beal [y, (5)=27 2208, v, (0)=Z7.2256)

100 200 300 400 500
BPM Fosition [meters]

Beta Beat (v, (5)=12.3659, v, (0)=12.3632)

0.9

0.7

100 200 300 400 500
EFM Fosition [meters]

«— before correction * 40%

AR, (%)

4B, (%)

after correction 1 %

l

Beta Beat 13/01/2007

BPM Mumber

ik A bt g Al A |
) 1 kY E A ]

1 1 1 1 1 1 1 1

0 20 40 5] a0 100 120 140 160 180

BPM Murnber
L :g , i
& ¢ A L_.. b % P e %0
3 N j y ) A .ll " r' et 4% 1

.';.i-'* mad | B L i ! Ly i
1 1 1 1 1 1 1 1

0 20 40 B0 a0 100 120 140 160 180



Dispersian ()

Dispersiaon ()

0.4

0.3

0.2

0.1

-0.1

0.4

0.3

0.z

0.1

Dispersion — before and after LOCO correction

160

BPM Mumber

| A | | | | I_._Llnc:nrre:::ted Cluads
i ITI ITl 1] Model B
| |I| “ |I| \ ||| III .I- |I| |I| ||
t[\\ l i IRl A | (o f\ A 11 J| 'll ]
I i L
- N 1{ ﬂl III ‘”' ”\{ll IU _IIJM iﬂ E I)\I l]\.l' /‘\ 1.:,, “'fuﬂ]l J E b _Iﬁl; ﬁ\ "\; ‘:',, f‘:l ] J\ A{—
n ° I |
0 EIIII 4IIII EIIII BIEI 1 IéIIII 1 élil 1¢|1III
EFPk Mumber
| | | | | | —_— Cnrre:::ted Cluads
i . ? . ) 1 Model ]
:'I :ll | } .||I :II |II I. | ' ||II . | -Ill -
AR A L _\ Wiyt
| . ' | ] 1] | ' v
iﬁgiﬂﬂimﬂﬁmwQW\m\ W A LS
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Quadrupole gradient corrections:

Cuadrupole Strength “ariation Compared to Family Mean

el Up to 5 % with respect to
the nominal calibration,
but less than 2 % with
respect to the mean for
each quad. family

Strength “ariation (%)

Cuadrupale Strength Wariation Relative to Family Mean (26/01/2007)

25 1 1 1 !
a a0 100 150 200
Cluadrupole Mumber

Count

“ariation (%)



Emittance and Energy Spread agree with expectations:

Panal

-0.8 -0.6 -04 -0.2 1) 0.z 1.6
Finhole 1
148.4354 1502671 28,7001 5.8572 rotation
load &fit 1 &2
Advanced mode Results Pinh1
kgl 151.357¢ » ctr -0.26877
height 1.9413 Yy ctr 0,10513
Results: Pinh2
Panel
ca pinh01 -
) 2050697 =iy -0.87064
| SRO1C-DI-DCAM-04
ca pinh02
| SROLC—DI-DCAM—05 height 2.1634 W Tt 0.12704

ammittance and ener

emmittance

anergy s pread

2.7214e-039

0.000497567

ammittance coupling

0,00180396

-14 -1.2 -1 -0.8 -0.6
Pinhola 2
169.8491 162.2825 28.934
sigma 1| 0.12626 | 23963
rotation angle 2
sigma 2 | 0.025533 3
1
sigma 1| 0.12235 | -6.2043
rotation angle
sigma 2 [ 0.028247 3
panel
alapsed time 0.46303
flag 2

-0.4

75692

16364, 1588

0.071583

2.223%e-06

46430.3738

0.001718

2.6118e-06

4

rotation

1.2702e-12

46

1.9103e-10
59

2

fit info

quit

Automated
measurement
using two X-
ray pinhole
cameras

N

emittance 2.72 nm, energy spread 0.097%, coupling 0.18%
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Linear coupling compensation using LOCO

Soeny Guads Off: closesttune = 0.00G7T

04z
Skew-quads off: g
Tune separation = 0.0067 038}
Emittance ratio from betatron 036l
coupling at nominal WP = 0.13%

0.34
Measured emittance -

ratio = 1'3 o/o D'au.d U.IjZ U.Ij-’-l U.;Ijlr:i U.;Ijti Lf-’-l Uy

diamond

-1 -0.8 = - - 0.2
Pinhole 1 Pinhole 2



Skew Cluads On: closest tune = 0.0004

04z
Skew-quads on:
Tune separation = 0.0004 036
Emittance ratio from betatron U NP
coupling at nominal WP ~ 0% ‘
0.34
032
Measured emittance
ratlo = 0.17 % DISD.S D.I32 EI.I34 D.ISE EI.ISB Elfdl o4z

diamond

Finhole 1 Pinhola 2



Instabilities

«REM 30 Hz Marker 1 [T1 3 Vertical mstablllty visible
-75.79 dBm
Ref —10 dBm «Att 5 dB AQT 7.7 = 499 . 653030000 MHz at 17 mA for zero
chromaticity 2/2 d chromaticity, lower than
chromaticity 0/0 the predicted Resistive
Wall Instability threshold

(40 mA).

Increasing chromaticity
counteracts the instability.

Beam is completely stable
up to 250 mA with
chromaticity (AQ/Ap/p) =
Center 5@4.99121 MHz 1.067636 MHz/ Span 10.67636 MHz + 2 in both planes_

diamond



Eight Insertion Devices are Operational:

122 u25 In-vacuum

In-vac undulators are operational to an initial minimum gap of 7 mm.

Closed-orbit is corrected automatically to within 1-2 um as a function
of gap (and phase) using trim coils; fast orbit feedback does the rest.

Users have control of ID gap

No correction of focussing effects needed so far, including the
superconducting wiggler. diamond

No significant changes in lifetime.



Vacuum Conditioning and Beam Lifetime

1.0E-08 | | 10000
| target
3000 mA.h =
2  1.0E-09 - 1000 <
? — < £
N g @
a, ressure
E. % _:_Eifetime ) g
© 8 1.0E-10 - | +100 @
€€ =
C = \ >
c -
> ‘ c
Qo o
1.0E11 — — — — — - —— . — 10 5
| target dP/dl—> ¢
R |
1.0E-12 | | | | | 1
0.0001 0.001 0.01 0.1 1 10 100 1000
Beam dose (A.h)
Static pressure = 3 10-1° mbar
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Time Structure

Single bunch injection allows any arbitrary filling pattern to be produced:

Bucket
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124+— “Hybrid” mode has already been delivered for initial B
1+ trials of time-resolved experiments
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Current Machine Status

Target Achieved

Energy 3 GeV 3 GeV
Beam current 300 mA 300 mA not yet with IDs operational
Emittance

- horizontal 2.7 nm rad 2.7 nm rad

- vertical 27 pm rad 4-50 pm rad coupling can be varied 0.15-2%
Lifetime >10 h 12 h at 300 mA still improving
Min. ID gap 7 mm 7 mm all 6 in-vac IDs operational

diamond




“User Mode” Operation

3000 h of User Operation in 2007, 4000h in 2008, 5000 h in 2009

current operation: 125 mA maximum, 2 injections/day

200 40
= Lifetime
mmm Current (Injection) 35
mmm Current (Physics)
150#__‘_,.# e Current (User Beam) 30
< r
,E 25 ..;
100 120 £
o -
: 155
(%
50 10
- 2: 8: - : 3

First 6 operating periods: 1944 hours of User Mode with 92% up-time
NB] injection counted as down-time ' dlamond



Under development:

Transverse Bunch-by-Bunch Feedback

n Control
System
A

500 MHz RF clock —» History buffer
4}

> \ \ Modulator

. R![: 4 " 4-way > CO:V/;[t)ers Digital Signal DA > and
ronten Splitter [—» lici “ /| Processing j /| Converter a

P seing) Amplifier

FPGA based Feedback Processor

<> > B > T S
= == —

— Diagnostics Straight (21) —

Stripling

putton !
Kicker

— | Ppickup
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Feedback tests:

Beam artificially made
unstable in both
planes:

1) no feedback
— horizontally unstable

2) feedback in horiz.
plane only
— vertically unstable

3) feedback in both
planes
— stable in both planes

diamond



Top-Up

- all systems ready to deliver top-up operationally:

ont.stp Graph

120.3 mA + 0.3 mA

{Minutes)

[« > 4 $/[r4 0 X $/[0] #|= o scroLLinG

User tests of the injection transient started

« Safety documentation being prepared

diamond



Beamlines — Science “Villages”
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Phase | Beamlines

102,3,4 3-25 keV Macromolecular crystallography

For the determination of the structure of macromolecules with rapid
sample through-put.

106 80- 1500 eV Nanoscience

To study the morphology, chemical and magnetic state of
nanostructures with <10 nm resolution.

115 5-200 keV Extreme conditions

Study of materials at very high temperatures and pressures, typical
of planetary interiors and industrial processes.

116 3-25 keV Materials and magnetism

Study of materials including magnetic systems, high temperature
superconductors.

118 2-13 keV X-ray microfocus spectroscopy

Chemical imaging and structural studies of complex
multicomponent systems with sub-micron resolution.

diamond



Proposed Phase Ill Beamline Programme:

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
HATSAXS (BM)
Long wavelength MX (U)
: SIGNS (U)
Tomographic /Medical Imaging (U)

Inelastic X-ray scattering (U)

Time resolved diffraction and spectroscopy (U)

Soft X-ray microscopy (BM)

High throughput powder diffraction (BM)

MX side station

Total X-ray scattering (MPW side branch)

| Life science beamlines |

Aims

| Physical science beamlines |

To widen the user community and the reach of
Diamond through:

* new techniques

* high throughput



External Users

Optimisation phase with “experienced users”: Jan. — Sep. 2007
First Users in Run#1 (Jan/Feb 2007): Durham, Leicester, London, Oxford
Since Jan. ~ 50 sets of experiments have been conducted

Second Call for Proposals: Apr 2007
(beamtime Oct. 07 — Mar. ’08)

diamond



Beamtime Supply vs. Demand

Summary of Demand

350
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200
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Beamline

@ Requested Shifts
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Optimisation Phase:
Jan. - Sep. 2007

First Regular
Operation Phase:

Oct. 2007 - Mar. 2008
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First Diamond Users — Jan./Feb. 2007
103: Macromolecular Crystallography

University of Oxford

? ” ,,, o= § 1 | Prof. Dave Stuart,
...-; h \3 " VR h::_ '*': ‘_: X -'II_;'I II""\I.. _'“ 'H

9 NERPAL BSEC i:‘(% " _
',."
The reSUIt - aw *:'
= -"‘v'&t
T i oA
?1‘ ‘:\Q-‘h‘a‘a A\ ,.? \\ o
h....-.:\v’«\

o

Determining the structure of a

protein molecule (ephrin) that is ST "- :
linked to the development of | -

cancer. BN \\\' \ om diff. Fourler



I116: Materials and Magnetism

Examination of new thin-film
magnetic sensors used in magnetic
storage devices

Prof. Brian Tanner,
University of Durham

DAl
"Durham

University



I18: Microfocus Spectroscopy

Dr Paul Schofield,
Natural History Museum

Examining the composition
and structure of the Santa
Catharine meteorite




106: Nanoscience

L

Prof. Chris Binns,
University of Leicester

Studying the properties of
magnetic materials with
very high spatial resolution
using a Photo-Emission
Electron Microscope.

o Leilcester



Dally Mall, Friday, February 9, 2007

It cost £260m, is the size of five football
pitches and is the most remarkable

British sclentlflc prolect in decades

Media response....

£260m project on

time and budget

The Abingdon
Herald Feb. 8th 2007

By Chris
Buratta

The Guardian 7th February 2007

Diamond’s brilliance
lures top scientists

3610
Synchrotron is UK’s most
expenswe science project

Most brilliant light source
known to science

James Randerson
Science correspondent

It is the most expensiv@ publcly funded

s{.u:uu. pleGC!. in the country and
itwill shedlight

thing fram the inner workings of cells to

the way planets form.

Research at the Diamond synchrotion
got under way in earnest yesterday in
sourh Oxfordshire, withscientists quening
up Lo use its state of the art facilities.

At about a million times brighter than
its predecessor, Diamond is the most bril-
liant E@:Lsourcekmwnto science, witha
greaterspect per-bright light than
anything in the universe.

It is this dazzling glow that will allow
scientists to peer in much greater detail at
riny structures.

Firstin the queteare researchers inves-
tigating the fine structure of meteorites,
amolecular switch on the surface of cells
that could be used to combat cancer, and
super-magnetic materials that could be
used to improve computer hard disks.

What all these projects share is the
need for unimaginably bright radiation
to investigate the molecular structure of
materizls in grear detail.

Diamond does this by accelerating
packets of 10m electrons to close to the
speed of light and whizzing them round
amagnetic ring more than 500 metres in
circumference.

As they spin they give off electro-mag-
netic radiationsuchas visible light, x-rays
and infra-red radiation. These beams are

used to make out details of tiny struc-
tures.

The £380m project has been funded
mainly from public money, with a chunk
from the Wellcome Trust charity.

Dave Stuart at the University of Oxford
iz one of the first to use the facility.
team is examining a pair of molecules
embedded in the outer membrane of
human cells.

When they come together they release
a signal into the cell that controls how it
divides and develops.

“The puzzle is tounderstand how they
interact and whether that gives you clues

to how the signalling is started, " he said. .

The signalling mechanism is crucial
in, for example, the formation of brain
tissue, but it also has a hand in forming
blood vessels around cancer tumours. If
theresearchers can work outhow to stem
that growth they could starve a tumour.

To determine the structure of the
signalling molectiles Professor Stuart’s
team first needs to make a crystal of the
proteins and then bombard that with
x-rays. The problem in the past was that
mey needed to transport the fragile crys-

insouth-

ron in Grenobl

eastem France.

Proteins that span the outer mem-
brane of cells are notoriously difficult to
crystalise in large quantities, but because
Diamond 15 so powerful, even a small
amount will do.

Another of the first users is Paul
Schofield in the department of mineral-
ogy at the Natural History Mussum. He
is studying the molecular structure of a
meteorite, Santa Catharina, which was
discovered in 1875 on theisland of Sac
Francisco off the coast of Brazil.

Scientists believe the lump of rock is
part of the remnants of a planetoid that
blew apart around 140m years ago and
dropped to Earth between 10,000 and
100,000 Years ago.

Anartist’s impression of the view down the Diamond synchrotron in Oxfordshire

Y ONE reckoning
this picture shows
the most powerful
torch in the world —
a device that can
create the brightest
light in the known universe,
ten billion times more
lmll.iaz'\t than the sun.
L can produce a ml‘ln mnde
bcmn ol’\’adtntlun 50
it would be visible the nthersldc
of the cosmos, If it were Lo be
pointed in the right direction.

Welcome to Diamond — the
k st selentific iInstrument to be
built in Britain for decades.

Cumtnwwd on the site of the

RAF Harwell airfleld in
Oarurds re (from which the
Pathfinder missions for D-Day

ool cost — 50 far —
s:znnmmmn

And four JEE!‘S in
metructlnnlthnsﬂn ly opened
{({\r busmi.ss mmienmtas ar:ed.

e
projects Lhn\'. wm
astumilang capabilities to ahed
new light — quite literally — on
the wnrld around us.

Over the next 30 years, it is
hoped that Dlumnmi wi1l mvn]u
tionise everything fro way
that mmpm,er micmnhim are
built to the manufacture of new
drugs.

8o what exactly is this giant
bullding — the size of five faotb:
itches — that sits like a beached

Ang saueer, near Lhe little town
of Dideot?

Well, to properly lm(lﬂslmld
how the machine works y
really need a degree in pllyslcs —_
preferably a doclorate.

Its official name is a sﬁlmhru-
tron microscope' — the biggest,

el 3 il 511/
Magic doughnut: The new Oxfordshire lab will be able to study atoms in extraordinary detall

YOU CALL THAT
AMICROSCOPE?

#3| by Michael
¢/| Hanlon

SCIENCE EDITOR

most cx'pnnslve nnd musl. puwer
ful of its kind on the

Butche wery basic prtm:ipl.v.-» are
simple enough. In essence,
Diamond is a combination of a
super-powerful  torch
microseope.

It works by firing electrons,
the BubAELOnIiL pnrnlclea :hnt
carry elect arg
vast ring nbour. 1, HOO.{L m clr
cumferenee. Inside this ring,
they are then accelerated br
ggm\m powerful magnets until

they are lravolllng ul uroumi
600Tnillion mph — nearly the
speed of light.

As the eleetrons reach these
astonishing velocitics, they are
vi
causin em throw
lntense nnd lilghly I.'orused

eams of radiatiol ether in
the form ol\dsible llght inlkn-red
beams or X-rays.

‘These beams, just a fraction urn
millimetre across, are then chan
nelled away from the main rlng
down into_adjacent research
rooms, just like water being sent

jown Aqueducts, where they are
then used by scientists to liumi-
nate whatever sample they want

— for & xnmp]e, human
c!llar:ll.lr\y dust particl

Imrih' bllis super-

mluht Il%u nﬂow:s rusﬂucheri to

probe the it fundamental

pm‘:h. rhies of I.Ilt object being

studied, right down to an atomic

Dmmomi Is certainly a versatile

y mom mngnets. 4

instrument. The first experiment,
belng conducted by seientists
from Dunmm Unluerslty is using
enerated by the
nd new ways of
building _ silicon _ ehips” for
machines like the

In future pmjcch thc Nnuunl
History Museum has booked
time to peer into the insides of
memml:es while police forces
will m: ablv.- o use Diamon

the owerful forensic
inktr\lmelll. in history.

A minute spatter of blood or a

microscopes may have missed
Because Dial monu cmlylgz-crvdlh

such precision,

invaluable tool l'or archaeologlsts.

CIENTISTS at Cardiff
Uniyersity plan to exam-
ine the Domesday Book,
um uLh-cemury orman

and, to sce

of Engla
WhﬂL}ies buneam the visible text.
Dead Sea Serolls

mysl.eﬂons Biblical-era texts, wil
also fall um!er Diamond’s neédle-
eyed scruth

Jointly funded by the nrlahh
xrtﬂnﬂﬂnu?la

st, it will

er and by

Similar, less powerful, mm:hlms
abroad havé already bee
develop Alds drigs, ana 1t 18
hoped that Diamond will be able
to help analyse and develop
vacelnes and retroviral drugs.
istand costly ns it may be, this
is alandmark that has ushered in
a whole new chapter in British
selentific exploration.

Daily Mail, 9th February 2007




The Public Response ...

Now this is what we should be spending money on, not the Dome, or an out of
control Olympics, but cutting edge science.

Remember when Britain had something to be proud about, when we led the
world in Industry and Science?

- Dino Fancellu, Epsom

What a nice change! Something the British can be proud of. Well done you
boffins.
- Chris., Harlow, U.K.

Nothing short of a triumph. It's a great day for Britain and science.
- Steve Barker, Chippenham, Wiltshire

Probably built on time, to budget, and it works. That must mean

an MP wasn't in charge of this project.
- Tony, Pontefract, West Yorkshire, UK

diamond



103/104 Feb-Sep. 2007 — 25 experiments performed

A multidrug efflux pump from pathogenic bacteria
Imperial College London and Diamond Membrane Protein Laboratory

Bacteria that develop resistance to drugs cause great problems in the
treatment of infection and disease worldwide. An early success at
Diamond Light Source has been with crystals of a multidrug efflux
membrane protein ...

Inhibitors of Aurora-A Protein Kinase for the Treatment of
Cancer

Institute of Cancer Research, London
Aurora-A is an essential enzyme, which is required for human cells to

multiply. Aurora-A has higher activity than normal in many human
cancers and is a target for the development of anti-cancer drugs

Crystal structure determination of Superoxide Dismutase
from C. elegans.

University of Leeds, University of Malta
Superoxide Dismutase (SOD) is a key enzyme that is responsible

for removing harmful oxygen radicals from cells by catalysing
their breakdown into hydrogen peroxide and water ....




106: Nanoscience - 9 User Groups

Loss of long-range magnetic order in Fe
nanoparticle thin films

C. Binns, Univ. Leicester

Such films should find application in the recording industry ...

Pd Nanoclusters and Nanowires grown on TiO2
G. Thornton, University College London

Conducting nanowires will form crucial components in
nanoscale electronics ...

Cr Clusters grown on W
R. Bennett, Univ. Reading
Chromium is important as an adhesion layer and the

oxides find use in magnetic recording media, catalysts
and gas sensors ...




"M ‘Super-scope'tosee &gk iy
NAVEEE hidden texts A Ao g

By Liz Seward

R .
Science reporter, York i O E { Ef £q 1

Last Updated: Thursday, 13 September 2007

The hidden content in ancient works could be
illuminated by a light source 10 billion times brighter
than the Sun. The technique employs Britain's new facility,
the Diamond synchrotron, and could be used on works such
as the Dead Sea Scrolls or musical scores by Bach.

Intense light beams will enable scientists to uncover the text
in scrolls and books without having to open - and potentially
damage - them.

The research was presented at the British Association
science festival.

“There are some parts
of the Dead Sea scrolls
which have not been
unrolled”

Professor Tim Wess

Diamond synchrotron to use Xx-

Eelegtaphcouk rays to examine Dead Sea Scrolls

By Nic Fleming and Roger Highfield
Last Updated: 5:01pm BST 12/09/2007

more: http://www.diamond.ac.uk/News/LatestNews/press_release_ 13Sept.htm



diamond ... the Future’s Bright !

Pioneering research into materials, medicines
and the environment.

mm-trugt @ Science & Technology

Facilities Council

http://www.diamond.ac.uk
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