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Talk Outline

Aim is to present the status of the NLS source design, with respect to FEL
Seeding & Harmonic Generation

Source Output Specification:

I and what that implies for source design
Seeding and Harmonic Generation Options

I Comparison of laser seeding and HHG seeding
Seed power requirements

I for seeding at fundamental and for harmonic schemes
Seeding Choice for NLS

Potential layout of FELs

Example case study

I Harmonic FEL scheme @ 1000eV

Summary
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NB Work in progress: the length of your undulator may go up or down, specification subject to change without notice.....



From NLS Science Case:

High brightness coherent light source
coverage fromTHz to ~1keV

Smooth tuning across spectral range
With pulse durations ~20 fs
High degree of transverse coherence

High degree of temporal coherence to as
high energy as possible

Update following December 12th Science
Coordinators meeting

The full tuning range should be 50 eV
to 1 keV. The suggested split is into 3
FELs:

A FEL1: 50-300eV

A FEL2: 250-850 eV

A FEL3: 430-1000 eV

A (FELO (upgrade option): 5 50eV)
Polarisation Control Required

Source Output Specification

Require
- seeded FEL(s)

Need beam energy

~2.25GeV and variably
polarising undulators




Seeding options
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Choice for NLS is
Laser Seeding or HHG Seeding.



Laser and HHG Seeding for harmonic schemes
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Laser Seeding vs HHG Seeding

Laser seeding

HHG seeding

Seed tunability easy.
Seed source simple.
Single stage demonstrated.

Multi-stage cascade required to reach 1keV:
A Multi-stage not demonstrated

A Cascading complicated (e.g. fresh bunch
chicanes)

A Longer e-bunch (so lower peak current)
required for fresh bunch technique

A Propagation of errors: jitter in early stages
leading to instability of output

Seed tunability not so proven.
Seed source more complex.
HHG seeding only demonstrated at fundamental.

Seed source reaches far shorter wavelengths
Can seed at fundamental over much of range.

Only single harmonic upconversion required to reach
1keV.

Potential to seed at fundamental at 1keV as HHG
technology advances.

Seed itself is useful attosecond source.

There are proposed techniques to retain attosecond
pulse structure during amplification in FEL.




Seed Power Requirement

A For temporal coherence of seed to be retained during amplification in FEL the seed power must
dominate the shot noise power.

A For seeding at fundamental need at least P,,,;>100X P, ..
A For harmonic schemes, to retain signal to noise ratio at input through to final output need
P.eeq>100x n?2x P__ ... Where n is total harmonic ratio between seed and final output.

....SO need at |least
20kW for seeding at
fundamental,
and more for harmonic
schemes
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Figure 2: Approximate shot noise power as a function of FEL wavelength and

peak current. For all wavelengths a,, = 1.0, A, = 30mm. £, = lmm-mrad and
5 = 10m.



Choice is HHG Seeding

A From these considerations:
I analysis of seeding options
I analysis of seed power requirements
I analysis of predicted capabilities of lasers and HHG...

A The choice is HHG seeding
A To quote NLS Science Case.....

wide range of the NLS science objectives. Conventional HHG has been shown to be efficient for
photon energies approaching 400 eV and so we can anticipate seeding being effective for FELs at up
to 10 kHz operating towards those photon energies. For shorter wavelength seeding down to 1 keV or

A Expert analysis predicts HHG sources will be available up to 400eV with

power 1000 x electron beam shot noise power
I For photon energies < 400eV (FEL1 and FELO) HHG seeding at the fundamental

resonant wavelength can be done
I For photon energies > 400eV (FEL2 and FEL3) harmonic generation in the FEL

will be required:



What NLS Seeded FELSs could look like

NLS
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Genesis 1.3 Simulations of FEL3:

Seeding at 333eV + then 3" harmonic upconversion to 1000eV



Beam slice analysis (straight-ahead linac option
NLS ysis ( g P )
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Modulator Length and Minimum Seed Power
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Need case where (1) P, is high, (2) L., is low, (3) harmonic bunching is high
enough to give coherence in radiator, (4) induced energy spread is small
enough to give exponential growth, (5) seed power as low as possible

Radiator L, [m]
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Effect of adding chicane
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NLS

Genesis Steady State Results
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15t Genesis 1.3 Time Dependent Results

A First simulations of this scheme in time dependent mode show good agreement for final
output power with steady state results.

25)(109 LIIIIIH|IIIIIIIH|IIIIIIIIIIIIIIIII T rrrrfrirrrrray
20x10° — time dependent —
3 15%10° =
o 2 =
1.0x10° [— steady state —
50x10° — —

0 :IIIIII IIIIIIIIIlIIIIIIIlIIIIIIIllllIIIIIIIIIIIIIIIIE
0 10 20 30 40 50 60

z [m]

A However, although spectrum looks good (single line) pulse temporal profile is more noisy
than desired. Possibilities:

I Seedpower of 100kWnot quite high enough (maybe not sc
own criterion P4>100x n?x P_ .. which says we need ~200kW.

I Chicane not properly tuned up: maybe should be stronger to enhance bunching more
I Numerical issues e.g. not enough electrons per slice

A Further results soon........



Summary

A Source output requirements dictate we need
I aseeded FEL
I with beam energy ~2.25GeV
I and variably polarising undulators
A Choice made
I to seed with HHG to highest possible photon energy

I then upconvert to higher photon energies using harmonic generation in
FEL

A Simulation studies of a highest photon energy case (1keV) predict
output pulses with peak power ~1.2GW (1.5x 10! photons/pulse)

A Work ongoing to optimise pulse profiles and determine minimum seed
laser power.



Thank You



Extra material follows
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