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4> New Light Source Project

The Cockeroft institute

C April 2008: official launch of New Light Source project by STFC

The aim is to consider the scientific case and develop a conceptual design
for a possible next generation light source based on combination of
synchronised conventional laser and FEL sources.
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drivers for a new light source and source requirements

Phase 2: define the technical solutions and produce a conceptual design
C September 2008: Science case and source requirements published

C November 2008: STFC Science Board approved the science case and gave
the go ahead to proceed with Phase 2

C July 2009: Outline Design Report published

C March 2010: Conceptual Design Report to be completed
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NLS Project:
Science Case &
Outline Facility Design

www.newlightsource.org

The science case requires a light source with
C Photon energies from THz to X-rays

C High brightness

C High repetition rate

C Short pulses

C Full coherence

The proposed technical solution is
based on a combination of advanced
conventional lasers and FELS.
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http://www.newlightsource.org/

4 NLS FEL Source Requirements

C Repetition rate
1 kHz with an upgrade path to 10 kHz - 1 MHz

C Photon energy range and tunability
3 FELs: FEL1@ 50-300 eV; FEL2@ 250-850 eV; FEL3@ 430-1000 eV

C The required tuning range of FEL3, with the choice of undulator type
(APPLE-2) and minimum gap (8 mm) => machine energy of 2.25 GeV

C Pulse length & pulse energy
20 fs FWHM photon pulse length at all photon energies with
10 photons/pulse at 1 keV ¢ (upgrade path to sub-fs pulses)

C Transverse and longitudinal coherence

C Fully variable polarisation for FEL1 & FEL2
At least horizontal and circular (R/L) polarisation over the full range for FEL3
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4 Layout of NLS

High brightness

electron gun, experimental stations >

operating gas filters A9

(initially) at 1kHz 222 GeV W R / 0
photoinjector superconductlng ki W

y . linac diagnostics
3 harmonic cavity accelerating modules spreader
laser heater C
collimation
éBC/ BC2 / BC3 /
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3 FELs covering the photon
energy range 50 eVcl keV

+ Synchronised conventional lasers 60 meV ¢ 50 eV and
IR/THz sources for pump-probe experiments
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4 Contributions from Cl

experimental stations — > ’,"‘

gas filters /

ohotoinjector IR/THz undulators / //
dia nostlcs
34 harmonic cavity - J \ ;/)/ /

accelerating modules spreader

sterheater / .
collimation
5CL-BC2 / BC3 / \ / .

T RELS
|l njector upgrade Hi gh Dbrightness,
Super conducting RF : CW operat.
Advanced concepts for FELs: B.

Undulator : design choices, wake fields (J. Clarke)
Diagnostics : longitudinal feedback, beam arrival monitors (S. Jamison)

Beam spreader : operation flexibility, fast kickers, bunch properties
Collimation, beam dumps: machine protection, layout choices
Start-to-end simulations : ASTRA + Elegant + Genesis
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. o Design Optimisation of the Facility

C Beam energy 2.25 GeV, Bunch charge 200 pC

C Need constant slice parameters on a length of 100 fs i or longer to
accommodate the seed pulse and jitter

C No residual (or very small) energy chirp

C Optimised L-band normal conducting gun (stage 1)

C CW SCRF LINAC gradient ~20 MV/m (ODR, to be reduced to new optimum

6td alOLyudz2zaKQa GI-5My/m I yR ol / X o ®c
C Magnetic bunch compressors with optimised optics to minimise the CSR

C Multi-parameters multi-objectives optimisation of the linac working point

based on the Xie parameterisation for the gain length and the FEL saturation

power

C Beam spreader/switchyard based on fast kicker to allow flexible operation

and upgrade path
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T

Cockeroft institute

Slice Analysis of Electron Beam at the FEL

Longitudinal current distribution

3D Xie gain length
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4 Undulator Parameter Choices

C APPLE-2 undulators with 8 mm magnet gap and internal aperture of 6 mm need
2.25 GeV electrons (ODR assumption)

C Detailed optimisations continued after ODR considering the wake fields effects
Fa | FdzyOQiAz2y 2F | LISNIdzZNB | YR @Saas

C Four undulator options have been studied :

APPLE-2 : Mature solution, many examples, well understood, low risk
APPLE-3 : Fields enhanced ~40%, no practical examples, restricted side access
Delta : Fields enhanced ~70%, only short prototype exists, no side access
Crossed-Planar: Lowest risk magnet, altered FEL configuration, polarisation
level vs undulator length for seeded FEL to be studied, fast switching of
polarisation

B~ wn e

C The APPLE-3 and crossed planar scheme would allow the beam energy to
decrease from 2.25 GeV to 2.1 GeV. The Delta undulator would allow the beam
energy to fall to 1.9 GeV

J. Clarke, FELO9
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4> Beam Spreader/Switchyard Design

The Cockeroft institute

C Options : RF separator and fast kicker
C Option of fast kicker and scheme like LBNL has been chosen as it
provides easy path
- to include more FELs
- to switch the required bunches (or all the bunches) to any one
particular FEL branch using a DC dipole at kicker location
C Fast kicker : need prototype, assessment of stability requirements
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Details of design of one spreader line
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4> Beam Diagnostics

C Proposed additional branch#1 for diagnostics, tuning and commissioning line.
In addition, there will a straight through diagnostics line during initial commission
C Passes through the critical elements of the spreader to measure the effect of
spreader similar to all the FEL branches.

Tomography section
provides the complete
6D characterisation of
phase space of electron
bunches essential for
the FEL operation

3?~%W::4 Y * 1
Diagnostics & initial
commissioning line
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4 Technology Challenges addressed by Cl

C Electron guns : stage 1 gun is a modified version of the successful DESY/XFEL
gun, optimised for low emittance at 1 kHz repetition rate (design effort by
5[{0®d {GF3IS H Tdzy o6. ® aArftAldaeyQqQa

C Timing & synchronisation system : need robust system giving long term
stability at fsec level.

C Diagnostics and feedback systems : Electro Optic Sampling beam profile
measurement and Beam Arrival Time Monitors are being worked on by CI.
Need R&D to form the basis of feedback systems.

C CW superconducting RF accelerator structuresét @ a OLYy (12 a8 KQa4
development of fully integrated cryomodule to mitigate risk, optimise
performance and reduce cost.

¥Q)

Fast kicker : switching of electron beams between FELs

¢

Undulators : advanced magnet designs, wakefields
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4> Re-circulation Linac Option

The Cockeroft institute

C Technical feasibility, and cost differential compared through straight
through Linac is under investigation.

C Presently not included in the proposal but can be considered at some
later stage if it can be shown that it :

C does not result in significantly worse FEL performance, both baseline
and future operating modes

C does not involve too high a degree of risk
C does offer significant cost saving (capital/operational)
C has the same (or better) up-grade capability

C Additional issues compared to straight through option
C Combining and separating different energy beams
C CSR and ISR in the arcs, mergers/combiners & extraction
C Bunch compression and linearisation scheme restricted
C Jitter tolerances due to extra transport?
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> : : :
¢ Re-circulation Linac Layout
Laser Collimation + beam
Linac Heater switchyard
2 modules i same as single-pass
Gun( ules) / gc1 Injection Linac ( Single-p )
30/ / dogleg (7 modules) Extraction/

B‘T - W W 5 Vi W W mspreader L3

1 Merger +

BC2

~30m

FODO + possible path
length corrector

~170m

Inject at 200 MeV, two passes through 1 GeV Linac (no energy recovery)
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¢> _Injection, Merger/Combiner, Arcs and Extraction
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C Energy spread combined with chromaticities and
second order dispersion cause emittance blow up in
Injection, merger/combiner and extraction

C Optimised locations and strengths of sextupoles using
simplex to reduce emittance growth due to chromatic
effects

C ISR in arc : BESSY-FEL arc design (both arcs give
3.4% ISR emittance growth), CSR - insignificant if bunch
length >2psec

C Present concerns : CSR in merger before 2" entry to
Linac and at 2.2 GeV extraction i undergoing studies
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> Projected Emittances for Re-circulation

No SR : optimised sextupoles 0.41 / 0.44 mm mrad in x /y
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4> Conclusions

C The single pass Linac can deliver an electron beam with the required
properties to deliver the science case for NLS

C Design has been developed for HHG seeded harmonic cascade FELs to
meet the source requirements of the NLS

C Full S2E simulations from gun to FEL indicate
C Good temporal coherence
C Short pulses: 11fs @1000eV

C Alternative FEL operating mode under consideration: single spike
operation is promising but has very serious jitter issues

C The re-circulation design option needs CSR compensation/mitigation

C Work is ongoing to improve the optimisation and to produce the
Conceptual Design Report by early 2010

C Many design and technological challenges are being addressed by the CI
staff

,ﬁ!& Science & Technology Cl SAC, 2nd-3rd November09 -

~ -~ Facilities Council




4> Further Information

C NLS Project: Science Case and Outline Facility Design published
July 2009; www.newlightsource.org

C Latest developments : NLS Contributions to FELO9

I Optimisation of a single-pass superconducting linac as a FEL driver for the NLSproject:
R. Bartolini et al

I Selection Of The Optimum Undulator Parameters For The NLSA Holistic Approach: J.
Clarke et al

I Technical design of the baseline gun for the NLS project: JH Han et al

I Jitter and tolerance study of L-band FEL injector: : JH Han et al

i StudyofanHHG-{ SSRSR | I N¥2yAO /I a0OFRS C9[ F2NJ
N. Thompson et al

I Timing and Synchronisation Considerations for the NLSProject: G. Hirst et al

I VHF High Repetition Rate Photoinjector Design For The NLSProject: J. McKenzie et al

I Single spike operation for the generation of sub-fs pulses in the NLSR. Bartolini et al

i Postlinaco SI'Y OGN} yaLR2NI yR O2ftt AYLEDABRH T2 N
Kalinin et al

I Re-circulating Linac as a candidate for the UK New Light Source: P. H. Williams et al
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