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Motivation

Low bunch charges give smaller emittance and,
hopefully, brighter beams

How to make best use of such beams?

Some areas of concern:

e undulators enforce a high energy

« will be limited by energy spread instead of emittance
 how to get coherent output?

 short bunch length, possible chirp

Very sensitive to longitudinal emittance
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Undulator Constraints
An aggressive FEL would have a, as low as 0.5
Required beam energy is then

Some challenges:

* reaching reasonable a, for small |
— function of gap, and maximum current for EMU
— SCSS example, 15 and 18 mm period planar
— < 15 mm period challenging
— also interested in variable polarization

e tuning range at fixed energy: a,,,=0.5, range in|  is

— only depends on period, gap, and technology
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Undulator Reach

A different view from Soren’s talk

Different technologies work best at different gaps

e no conventional solution for x3 tuning, < 15 mm pd

barely tuning tuning
enough field range x3 range x10

e e
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FEL constraints on peak current and emittances

Transverse emittance

« prefer 2ke/g< 1, transverse coherence
— else Z; > b > Lg, no transverse mixing: maybe ok for seeded?
— small bunch charge, easily satisfied: diffraction more important

Diffraction hurts first for low e,

Energy spread
* s4dg<r for SASE

- for seeded, need s /g<r /Ny, harmonic # for HGHG
— EEHG, can keep N, around 8 even for ~ 100th harmonic

e result:

Slippage, need bunch s, > 6 cooperation lengths:
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Single Spike SASE Simulations

When the radiation pulse slips through the electron bunch, can get single
(or a small number) of spikes

» especially good in frequency space, monochromator will not fall in gap
between modes; transform limited

1 pC, variation with s_/L

coop

same bandwidth
as usual

optimum about s_/L

6 I 6 Aug 2010 I Gregg Penn

coop=8: good range is around 4-16




Single Spike Simulations

Longer bunch length, multiple modes

20 pC, 800 A, Gaussian s,~30L_,,,: 40 m saturation

coop*

current
FWHM
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Summary:

Ming Xie predictions within a factor of 2,
except lousy performance whens, <4 L.
A few higher power / lower bw examples.

A lot of shot-to-shot jitter from noise.

some correlation with energy spread?

O
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Seeding with low charge?

Need to overcome:
* timing jitter - long seed or long, low-current bunch
e energy spread - need ‘headroom’ for energy modulation

Emittances are already good at 50-100 pC
e current and peak power not great, < 100 MW

e very sensitive to longitudinal emittance scaling
— both at source and degradation

HHG looks promising
EEHG, need to study tolerance for variations

9

I 6 Aug 2010 I Gregg Penn



Low charge seeding: scaling
Looked at 20, 50, 100pC bunches

to seed at 12 nm
e energy 1.8 orl.5GeV

e nominal transverse emittances
0.3, 0.375, 0.45 micron

 radiate at 12th harmonic

Degraded longitudinal emittance
byl,15,2,3

e current and peak power are
forced down

« gain length and saturation
length grow longer
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50 pC HHG seeding

10 fs rms, 20 kW seed at 12 nm:
* not great contrast, needs optimization
« 250 A parabolic current profile - check effect of timing jitter
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For Discussion:

Longitudinal emittance scaling is crucial

» determines ability to go to high current,
and to do seeding

* how believable are scaling laws?

— eN s Q2/3’ Ql/Z’ Q1/3? eL s Q’ Q2/3’ levels off?

— degradation in linac needs to be studied more
D.H. Dowell et al.,

NIMA 507 (2003)

Single spike looks like a straightforward option

» slippage imposes additional constraints

 still significant jitter: power, timing, some structure

HHG seeding looks promising, control of timing is critical
» would prefer long seed laser to completely cover beam

What else can be done with low charge bunches? Oscillator?
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