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 Instability control through e-beam optics —an open path of research.
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| Longitudinal coherence in FELs

Independent
processes (SASE)

Slippage

SEED pulse locks in phase
different regions of the e-beam

length = N},

o
VAV, Longitudinal

e;;iffffflfﬁiﬁﬁﬁiiied e i The radiation “slips” over the electrons of a distance NA,

radiation wavelength

B. McNeil, N. Thompson, Nat. Phot. 4 (2010)
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<N i | Motivations

L Femtosecond-resolved RIXS:

probe the evolution of low energy
electronic excitations in correlated
materials.

1 Nonlinear X-ray optics:

measuring disordered systems with
higher sensitivity than conventional
linear spectroscopy

1 X-ray attosecond science

coherent phase control to build
attosecond pulse trains
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s Facilities
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Existing and planned i Longitudinal coherence
UV & X FEL user facilities /& .
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FEL spectrum at LCLS: SX-SS
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Normalized Spectral Intensity
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G. Marcus et al., PRAB 22 (2019)
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&Y -~ | Microbunchinginstability
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S. Bettoni et al., PRAB 23 (2020)
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& - | Microbunchinginstability _
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q | Laser heater

Ti:Sa laser

800 m Instability gain = amplification of bunching
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A tool to increase the (initial) beam
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linac energy spread (keV)

q FEL optimization

» The laserheatermaximizes the spectral brightness
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| Large beam envelope

L 3-Dleffects are expected at A < 47ry, [V =2 pm = within gain bandwidth!

L LSC effects are reduced at 1, = Ay /41w ~150 yum = effective at E < 12 GeV!
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Beating the shot-noise limit

Intensity per unit charge (arb.units)

1.05 [
1.00 f
0.95 f
0.90
0.85 -
0.80
0.75

0.70 1

0.65

—— 70 (MeV)
—— 64 (MeV)

1

e

7—> h R55

@
ERSG lh

Space Charge

——— 57 (MeV)
—— 50 (MeV) *
2.0 2:5 3:0 3.5 4.0 4.5 5.
Q (Cx10719)

Normalized OTR Intensity (arb. units)

—_

&
©
I

et
®

&
~J
1

=
™

- @ /
N\ / ——— 5pC, 30um spot
\ - | é 20pC, 25um spot
é} \\\ ,fl
& ol .
\‘&\\D-d \\\ //’l/
e B
= \FI"III } ; |
= @ LCLS
0 0.5 1 1.5 2 2.5

BC1 R56 (mm)

IPAC 2020, Caen, France, 10-15 May 2020

simone.dimitri@elettra.eu




Elettra
Sincrotrone
Trieste

<<

| Phase mixing

v' Large R, washes the phase space out, without addition of energy spread
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<N | Isochronous optics
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Playing with R
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&Y -~ |PlayingwithR
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&)Y -~ | Conclusions & outlook

1.

150 9001
nnnnnnnnn

Now 20 years of instability studies. Show-stopperto stable, full longitudinal
coherence — few um’s modulations harmful to soft x-rays.

. Laser heater— most powerful tool for damping. However, not a conclusive

solution for soft x-rays / high harmonic jumps: 65 < prgL/h.

. Smooth and quiet electron beams from photo-injectors get (almost) rid of

the LH, but shot-noise driven modulations survive.

. Linear optics control of the sideband instability (large beam envelope,

isochronicity, phase mixing) needs additional validation.
- complementary knob to the LH, with no addition of energy spread.
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