Diamond Light Source: Overview and Status
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Diamond is a new Medium Energy, 3 Generation Light Source,

to replace the SRS - the world's first purpose built high energy

synchrotron radiation source (now 25 years old)

The largest accelerator project, and the largest scientific

investment in the UK for over 30 years.
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Diamond — Main Parameters

IRVA

an

nominal, non-zero dispersion lattice
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Energy
Circumference
No. cells
Symmetry
Straight sections
Insertion devices
Beam current
Emittance (h, v)
Lifetime

Min. ID gap
Beam size (h, v)

3 GeV
561.6 m
24
6
6 x8m, 18 x 5m
4 x8m, 18 x 5m
300 mA (500 mA)
2.7,0.03 nm rad
>10 h
7 mm (5 mm)
80, 8 um

Beam divergence (h, v) 35, 3 urad

(at centre of 5 m ID)
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Located at the Rutherford Appleton Laboratory, on
the Harwell Science and Innovation Campus:

ISIS

(Spallation
Neutron Source)

Central
Laser

Facility

Hostel
(open Sep. '06)

Diamond
Light Source

Diamond Research Complex

(funded, for users of Diamond, ISIS
and CLF)
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1993

1997

1998

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

Jan. '07

Diamond Project Evolution

Woolfson Review: SRS to be replaced by a
new medium energy machine

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 by CCLRC

Start of Operations
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The Diamond Machine
100 MeV Linac

3 GeV Booster
C=158.4m

&

3 GeV Storage Ring —
C=562.6 m

Experimental Hall _—
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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
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Optical Functions (m)

Booster

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

- diamond
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Girders

Storage Ring Girder 2

Dipoke Magret 1 | Gader Survey Vocuurs Vessl & Qusdupole  Sentupol bt | i>eereng Magnets and vacuum

Mexnurrasn| IRt Magreis Magrsts

chambers mounted and pre-
aligned on precisely
machined girders, 3 per cell

Upto6 mlongand 17 T in

mover system allows
remote alignment
possibility
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Power Supplies Analog- Digital-

Converter

Standardisation

- minimum no. of different types

- all 1038 power supplies use the
same (PSlI type) digital controller and
ADC cards.

Maintainability and Reliability

- plug-in modules

- reduced component count

- redundancy of 24 V control power
and power modules

DSP-controller
incl. PWM generator

diamond
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RF System

. Supercon-
» ducting
| cavities (2)

IOT-based 300 kW
amplifiers

Liquid He plant |

diamond
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Both cavities conditioned above the nominal 2 MV accelerating
voltage, meeting the specified Qo:

module DLS1 - acceptance test
1E+09
A
- ‘A
5E+09: “ Aa
] m " om 4
] u - m
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M before warm-up
A after warm-up
@ specification
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Digital Beam Position Monitor Electronics
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beam current dependance [um]

(Libera, integrated in EPICS)

Resolution in 2 kHz Bandwidth:
<1 um at >10 mA

Turn-by-turn (1 MHz b.w.):
~100 um at 1 mA
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provides many different data streams, simultaneously

: SR.M—DI—EM—D? =22 " Booster Closed Orbit -
}&? Libera Status and Overview B@ﬁ J ' 20
BRO1C-DI-EBPIM-01 Overview I
Version: 044 Built:  14:2%:13 on Ape 28 2008 g o 60
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\\ :
ADC Turn by Turn Slow Acq. ¥
First Turn TTiE4 Configure - wil
| et
| ree Run TT/1024 \ EXIT (l P
AN i ( |
g uﬁmutud |
il 8 -~ Booster Closed Orbit N& ™ ¥ ; - tu*lj'““"j
" X Tunes
: § oz [t =
Tum
[ ] g, 02
::’ 04 l-"'
AT P S R N R °o ¢ 4 s o T w oz a4 18 s :I
Tum q . th um x]l]‘
TR T EPAC'06, Edinburgh, June 29t 2006




Phase | Insertion Devices

Beam
line ID Type Status
102 U223 In-vacuum ready for
vacuum
assembly
103 U217 In-vacuum under bake-out
104 u23 In-vacuum installed
106 | HUG4 APPLE-II ready for
installation
115 | SCW | Superconducting installed
4/ Multipole Wiggler
/H{ u27 In-vacuum ready for
vacuum
assembly
118 u27 In-vacuum under assembly

diamond
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Displacement [um]

Displacement [um]
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U23 trajectory and phase errors

Phs: Traj Correction On

Currected Trajectory XZ
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U23 field Integrals

— Vertical

—  HOrizontal
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G.m

Before Correction O After Corrgction
1.0 — mm
0.5
g
O 00
-0.5
1.0 —
| | I [ [ [ [ [
0 10 20 -20 -10 0 10 20
Centre of device after correction
0.4 — 7mm
0.2
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-0.4 —
[ [ [ [ [ e
; ; ; o diamond



Displacemsnt [um]

Superconducting Wiggler

Field 35T
Period 60 mm
No. full poles 45

Vertical aperture 10 mm

SCH Field Plot

1'111,’!!1[ M

Field [T]

i 1 1
L7 (4] = = - ] Lo

m"n. 1

0 250 500 750 io000 1250 1500
Distance [mm]

20k |

=40 F

_60 . SCW under test on the experimental hall floor

T | diamond

6, Edinburgh, June 29t 2006

o 250 500 750 1000 1250 1500
Distance [m]



ID Installation Status

In-vacuum

5m long narrow
undulator

gap vessel for
APPLEII

undulator
superconducting

wiggler

diamond
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Machine Commissioning: Linac

Installation complete: Aug. 379 2005
1st beam from gun:  Aug. 3152005
1st 100 MeV beam: Sep. 7t 2005

Acceptance test mid-Oct. 2005
complete:

diamond
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Linac Diagnostics

WCM1 YAG2 OTR1 BPM1

YAG1 FC2 YAG4 WCM2
No SHPB SHPB FC1 YAG3

1ns ) 1ns

4>

A I
W Wy

effect of the sub-harmonic pre-buncher
(wall current monitor and 10 GHz
oscilloscope)

3 L] L] L] T T T L) L) L]

emittance measurement:

25}

2F

15

05t

Qud2Tm) 2 -2 Quad 1 [Th]
0
92 94 36 98 100 102 104 106 108 110 112 alpha beta epsilonN
Energy [MeV] [mjrad] [pimm.mra
energy spread measurement Bestfit  [-0.031593 | 4.7423 | 20.0008

Richard P. Walker EPAC06, Edinburgh, June 29t Range | 0.49689 | 3.0828 | 81089




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 [%] <05 <0.2 0.2

(Same at 1 Hz or 5 Hz)

Richard P. Walker
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Booster Commissioning

- with no correctors

L] L] (] 1] ]

_m

&

First beam in the
(100 MeV, no RF)

Dec. 21st 2005

burgh, June 29t 2006

Booster
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File Vertical Timebase Trigger

BoosterDiagnostics.

Display Cursors Measure Math Analysis Uliliies Help

(Timebase -200msfTrigger (Y|
|200MS 5.0MS/s [Edge  Positive

50.0

Feb. 13th;

Beam surviving for
200 ms between
injections at 100 MeV
(RF on)

5.60 mv

han avend il
(=] o
b ¥
T

o
o e
w /-'

T

b
.

02

woeriaps of 100 dhals

Do = 1 025 e 34 a1 )

.

/ 1/e lifetime =1 s
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Offset [mm]

1.0

0.5

0.0

-0.5

-1.0

F Booster {;Insed Clrlg:t

5 o
4
=20
3
2
T =40
E 1
=] =60
=1
-2 -B0
-3
. : : : : T T T =100
20 Al G0 BD 100 120 140 160
Position [m]
Booster Closed Orhit i
—— BN;WFSX
— HNIWFSY
—— BN:WF55
20
-40 @
=)
2
o
&
&0 E
-80
-100
o 20 40 &0 1] 100 120 140 160 06

Position [m]

Closed orbit

within +/- 5 mm,
with no correctors
powered

First orbit correction
Feb. 17th

within +/- 1 mm
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BROMC-DI-DCCT-01
1 Beam Inlen sty
0.8
0.6
E o4
02
o
02 i T T T T T T T T 1
0 50 100 150 200
ms
Average Accumulated e T
current: US92mMA oo -0.7694 As el | [ exr |
BROGC-DI-OTR-03 and BROZC-DI-DCAM-D2
Cafraca Shiis
N2 mm Eng‘:]"? | Enablad
C-OHOTRAO3 Contral
OTRin
Ol QTR
homis =
Expeming 8
| =
Frmmpshs 50
12| 111) wiew 1024
reba]
SR Horzoeeal cordrw 1023
— I |
500 mm 0.00 mm t500mm || Vemealcentw 384
—
Camera Config | Postion Info | Groy Scale | Show Gad | Grid Ses 100

First acceleration to
700 MeV, March 10th

First extraction at
700 MeV, April 4t

diamond
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Why 700 MeV ?

Water cooling system
(part of the Buildings
contract) not available.

Temporary systems set up
for Linac, Booster RF,
Storage ring RF, but not
initially for the magnets.

diamond
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Booster optimisation
(April '06)

Parametric Current Transformer

BRO1C-DI-DCCT-01

Beam Intansity

r,..
'E'Er|-|l-rr|1|r||rr11|l1|rr11'[l-|r| s |
1] 50 100 160 200
ma

Average Accumulated |

cirrernt: 2046 mA  cirrant: 0.1776 Ah

2 mA typical, with ~ 70 %
transfer efficiency from before
injection to after extraction.
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Optics Measured response matrix:
measurements P e N Y

. ?ily;;:r”llﬂ‘ii i R

4“;4:. ,I 1 ‘ III.: II.. .IE l.a ‘_:_ e .:..

i ="
N i |h; L)

50

Predicted -beat from LOCO analysis e
within 15 % Horiz., £10 % Vert.:

Bt Deat (v @ed JD10, o @=4 1100

t \ R . e w® R __ dispersion measurement:

' 4 1\ f 1 \ ! ¢ F 1
I 4 | % | | f Meaiwred Daperacn al EFs
096 - T TN . \ | Ly . \ . ¥

B0
BPM Pastion [maten ]

Bets Bawt (v, (5)=7 1620, v (=7 1600) _ omp J
125 . E 2
=
1.2 o |
LY |
& 108l | N £ d
[ el
% ke A = fi [ 1 F\. | | "'!I i\ Ir [ . ay
x 1051 Il i | f | | | /% \ | |
- B N St T T . i | Vit AR I | o
i A [ 1/ N | | \ ] | il | | |\ | \ J [ ] \
B \/ AV [ \ ] '|; \ v\ | | 0
! |
(b ] \ l !;I \ {




Storage Ring:
Phase | Commissioning (700 MeV)

Djagnostics Camera SROLC-DI-DCAM-01
SRO1C-DI-YAG-01 and SRO1C-DI-DCAM-01

1125mm

0.040 mm—

-125mm__

1600 mm

| I

0.00 mm

Camera Status

| Enable | Enabled

_ Exposite. 1784
I

Frames's 1.7

112|111 wian

| T |
Horzontal centre. 542

| Bl
Vertical conlre. 384
| T

| Gamera Config | Position Info |

I Grey Scale | Show Grid

EXIT
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May 3rd/4th;

First beam in the
storage ring —
immediately after
the septum
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EPM Platter

Lad
(]
Intensity [dB]

May 4th/5th;
First turn!

Correctors off

Pause | | Home | Back | Fowad | Pan | Zoom | save
Storage Ring First Turn —
€ : -. J %:‘”'li 'lir:hl_i‘l “ I“.._ILLJ.[LIJ%H NIHE l'
o TRy
1:]5 Horizontal position
s Vertical position
Intensity /

] 100

pan/zoom mode pan/zoom mode

200 300 400 500
Position [m]

low intensity due to two
quadrupoles with inverted

polarity
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Tet08

1e+08

ADC rate

SR24C-DI-EBPM-07

BPM signal at the
end of the first turn

250 300

FT Sample Window

Stat |50 &0
Length: |50 50

(G [t |




Celebrating the First Turn! — 03:00 May 5t" 2006

diamond
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Pame | | tome | Back | Fowaw | | zom | sae |
Zu Storage Ring First Tumn é
=5
154 — FISL | -
101
rrde 7114 F =20
51 | =
W Y QA
E l.,ﬂﬂ*.‘{fﬂ'!l'i .-'“4}]1 ”‘1' jllﬂé ! 1Nu. h 'Ih 1‘7! 0>
£ [ (| 84 | h I " E
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-101 -50
151
.60
e 100 200 400 500 500

panzoom mode : x=5.7085¢7, y=1.0144 SR24C.DI-EBPM-07
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May 5t/6t": 4 turns

SRUTC-DI-EBPM-04

a &0 100 160 EI}L'I 250 300

3404 par dnision
A 12694389 X -1 5mm
B 15100254 Y 00mm
C w6757 o 02mm
D 15207052 8 1340137
MixADC. 387 Sbg  9EdB [overview] [ x|




Free Running Tum by Turm. - SRR
SRO1C DI EBPM 07
e Total Intensity
et 06
100000
o 600 1000 1500 2000 2500
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00 1000 1500 2000 2500
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E 3
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=1BHIT - T T T
(1] 2e00

May 6t/7t: 600 turns
(sextupoles off, RF off)
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1za | |overvew| | x|

May 19t/20t: 2000 turns
(sextupoles on, RF off)
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100000
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May 20th/21st:
106,764 turns !

May 21st/22nd;
0.4 mA, 70% injection efficiency

Parametric Current Transformer

SR21C-DI-DCCT-01

X Beam Intensity
0.08]
0.06-]
0.04-]
0.02—

0 T T ] T T T T ] ¥ T I T T 1
o 100 200 300 400
ms
Average Accumulated

current: 0-016 mA

Current
loss:  0-0002 mA/s

Lifetime: 000h

Parametric Current Transformer

SR21C-DI-DCCT-M

Beam Intensity

0&

04

0.3
% o2

0.1

o}
-ulll I'I"I'|'I"I I'I"| I'I"FI"'FI I'l"|
[u} 100 200 00 400
ms

Average Accumulated
current: 0-372 mA current: 0.0004 Ah
Currenl 50194 mA/s  Lifetime:  0.00 h BT

loss:

Richard P. Walker
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First stored beam ! ...

Parametric Current Transformer
SR21C-DI-DCCT-01
14+ Beam Intensity
12—-:
1
0.8
o
0.6
0.4
uz-_j
':'- meT o T T | T T, FEsER R T T T | T R |
0] 100 200 300 400
ms
056 Beam Intensity (History)
0
054
0E3
E 0g2
051
o
0493 T | | ' | T T T T 1
[x] 20 40 8l 1] 100 120
:- 1
Average Accumulated
current: 0-500 mA current: 0.0044 Ah Detail
Current g
R 0.0003 mAJs Lifetime: 0D50h ExiT i
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0.5 hour lifetime
at 0.5 mA
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But initially the beam did not accumulate ...

| |
4 kicker pulses

- believed to
be due to
differences
between the
Kicker pulse
shapes (which

T Diffrengesignal were not tuned
. I (1= L.LLF 1.C2=kicker 2 etc . for operation
2| || at 700 MeV)
2 I. Ha‘.‘ﬂ.’”‘.‘“;:'f“.”“."“;
f | then after an
"optimisation

procedure” .....

o P E— TR e
Timebase 160 nog Trigge EEENED
- ::'::-: I.".'.'

diamond
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Richard P. Walker

> 2 mA accumulated

Parametric Current Transformer

SR21C-DI-DCCT-01

2 Beam Intensity
. e
1
1
4]
D'|III F"I'I"I"I"]"I"1"I"I|l T 1
o 100 200 J00
ms

Beam Intansty (Hishary)

05 1 T T T T T T i T
(1] 20 40 B0 BD 100
-3
Average Accumulated
yerad® 2 115mA e 0 0087 Ah

Currenl 5 65004 mA/s Lifetime: 000 h

loss:

]
120

| Detail

|_exr |

EPAC'06, Edinburgh, June 29t 2006
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First Synchrotron Light !

- from the visible Synchrotron Light
Monitor

First use of the streak
camera;

500 ps

35 us

SROC-DI-SAM-01 and SROC-DI-DCAM-03

188 mm

12 miM—

—
@ o

o, ~ 24 ps

o

Intensity (a.u.)

o N b~

0 100 200 300 400 500
time (ps) diamond
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500 ps

Richard P. Walker

3.5ms

EPAC'06, Edinburgh, June 29t 2006

centroid (ps)

synchrotron
oscillations
at injection

I
500

I
1000

1500 2000 2500 3000 3500
time (us)
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Response matrix
measurement
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D& taamnz|eE| 0E -

Horronksl orbl responts

40 T T T T T = gt
!l L i d
| ) '
o ,r-;. A LA
E AR AR
£ 4-.",-"“ "' i | J] Vi L ,,r’ 'q, ol 1 “'-J,r rlu.:-\.-il ] ,‘JII I R .j
20[- : \f .
40 ] 1 ] i L i |
f 0 44 &0 ] 100 120 140 160 180

s tunes generally
S e within 0.4-0.5 of the

oo fomofo oA o A T model
M MMM M g
3 2 fod bl " 11'.", b .I." | : | { ,,.- '. ." h“r 1\'(-' Y -4
20 wW oW W oy WA AT N i
1 /| | /| |

L.
40 i | [ ]
] 20 a1 &0 -] 100 120 140 L] 160
BFM rrumbar




Closed orbit correction

Best achieved: 6, = 1.3 mm, Oy = 0.9 mMm

- reasonable given the uncorrected girder and BPM positional errors

0y N
Py

Offsat [mm]

¥ ]
—_——
——— =

-G

BPM Plotter
Pause | LINAC-PRE delay HBTs)|[0 +| | Home | Back IFmedJ Pan | Zoom [ Save |
Storage Ring Closed Orbit
—— B
& —_— EWEY
——  BNWFS
4

--20

-3
o

-80

300
Position [m]

o 100 200

Zoom 1o mect mode Joom 10 rect mode

400

500

&

fntensity [dB]

-100
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Vacuum: first observations of photo-stimulated desorption

1 0E-08 500
b en 400
10608 ittt M 200
5 =
L o
E Rl E
o feea 200w
3 §
3
&
0E-10 100
it oo
TEE-” B H b . ) H H I i ¢ } H ) 4 \ : B ' i H B ) IDD
0.00 050 1,00 150 200 250 3.00

Average base pressure 5 10-1° mbar
Dynamic pressure 1.5 10° at 2 mA

Consistent with desorption rate of 10-3 molecules/photon
(as expected for a pre-baked, stainless steel system)
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Booster 3 GeV Commissioning (June '06)
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Closed orbit
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Closed orbit can be
corrected during
the ramp, but is not
needed.

After 400 MeV
stays constant,
within £ 3 mm.
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Extracted Beam at 3 GeV
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0,=1.5 mm
Gy=0.11 mm

in agreement with
theory (2% coupling)
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Booster is now ready to inject into the i
storage ring at 3 GeV. |

Stability has however deteriorated, and has .| '_ M‘H\ M WM
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Summary and Future Plan

Phase | storage ring commissioning at 700 MeV has been a
success:

- all systems operational
- beam stored and accumulated
- optics in reasonable agreement with theory

Booster commissioned at 3 GeV - ready for the next stage
Installation of IDs and FEs in progress

Storage ring commissioning will resume in September, when
water cooling is expected to be available.

Beamline commissioning in parallel during October-December

Start of Operational Phase - first external users, assisting with
beamline optimisation - as original target: January 2007
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Thanks to the Machine Construction and
Commissioning Teams,
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& thank you for your attention.
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