Emittance control in the presence of
collective effects in the FERMI@Elettra
FEL linac driver
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Sincrotrone

electron beam

(1 Compactness and high intensity of FEL require high 6-D e-beam
brightness, Q/(e, €, €,), on the scale length of the FEL slippage:

Zﬁ Z(}ﬂjl/3 _ yﬂ/
P, (z)~e? ~e'\" “n =" cs<p | However...

q FEL requirements for

7

coordinates (i.e., projected emittance growth) that affect the FEL
wavelength and bandwidth [G. Andonian et al., PRL 95, 054801 (2005); G.Penn et al.,
ST/F-TN-06/01 (2006)] .

» Control of e-beam size and angular divergence requires optics
matching (i.e., projected Twiss functions).

» Collective effects may establish correlations between slices

Control of FEL and e-beam slice parameters is inferred
by the measurement and control of e-beam projected
values.
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q Sources of transverse

Sincrotrone

emittance growth

COLLIMATORS
BC1 ﬁ j >
QV%DVQV—X—X—/ eR,

SMALL IRIS LINAC g
f f f voF f

oTW *
GTW GTw CSR

Particle distribution is assumed to be locally kicked by A?=<Ax’?>.
The perturbed emittance is estimated with the beam matrix:

o4l et el ) o

[M. Dohlus, T. Limberg, PAC’05; Emma, ICFA 38 (2005)]

It may work for CSR in a dipole and GTW in a collimator .
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Transverse emittance preservation during bunch compression in the Fermi free electron laser

S. Di Mitri,* E. M. Allaria, P. Craievich, W. Fawley, L. Giannessi, A Lutman, G. Penco, S. Spampinati, and M. Trovo

Sincrotrone Trieste, Trieste, Italy
(Received 28 July 2011; published 13 February 2012; publisher error co

rrected 16 February 2012)

CSR in magnetic
compressor (BC1)

Assume g-growth is dominated by CSR in the last dipole magnet.
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Cancellation of Coherent Synchrotron Radiation Kicks with Optics Balance
8. Di Mitri,' M. Comacchia,'
L Elettra-Sincrotrone Trieste 5.CpA., 34149 Basovizza, Trieste, ftaly

*University of Nova Gorica, SI-5000 Nova Gorica, Slovenia
(Received 6 Aupust 2012; revised manuscript received 24 September 2012; published 2 January 2013)

Sum of CSR kicks in all dipoles finally cancel
by virtue of optics balance along the line.
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Influence of longitudinally tapered collimators on a high brightness electron heam G Tw i n c o I I i m a to r

S. Di Mitrd, L. Froehlich, and E. Karantzoulis

Sincrotrone Trieste, 34149 Basovizza, Trieste, ftaly
(Received 23 March 2012; published 13 June 2012)

A?in Eq.1 is here the GTW'’s rms kick, A = hQk

rms

/E

FERMI 2mm
, iris radius K = 220 V/pC'/mm

[P. CraieWw
ﬁ:Infmgap I <@' U F/O @) Ko <4V /pClmm pontoiy,

185 mm 85 mm 185 mm Kieor = 2.19 V/pC/mm
1.05 F
"l . 500pC, ,.
FLASH £ v 2.4psrms v {‘
200 mm 100 mm 200 mm & %\ .
£ oosf ' ‘
g v ¥
Krrasu £ . ‘
_ S oot . !
Krrasy § . .
T oesl Ve i-— ‘
[A. Tsakanian et al., NIM A 659 (2011) 9] e o 0 i 2

EFM Offzet [mm]

S. Di Mitri, E-ST FEL'13, NY - MOOCNOO1 | 8



=/

Elettra
Sincrotrone
Trieste

GTW in RF Linac

Trajectory bumps along last linac section (small iris structures)
allow control of banana shape (i.e., projected emittance) at the
linac’s end.

251

—
- [&)] Av]
T T T

Vertical position on screen [mm]

o
(%)
!

Banana shape vs. BPM offsets

—— offsat=-1 :
‘ offset=-0.9 |:
— offset=-0.8 |
i = offset=-0.7 |
e Off56t=-0.6 |
m— offset=-0.5 |
— pffset=-0.4 |
offset=-0.3 |:
e pffset=-0.2 | :
— ffset=-0.1 |

— pffset=0

m— offset=0.1 |:

offset=0.2 |:
m— offset=0.3 |:
e pffset=0.4 |:
m— offset=0.5 |
| — offset=0.6 |
m—— pffset=0.7 |:
e offset=0.8 |:

offset=0.9 |:

— offset=1

0
-1

-0.5
Centroid position [mm]

[E. Ferrari, O. Kalberg,

G. Penco, 2013]

Final Emittance vs. working point

—a— X
61 —-——==Y |

2 500pC, CF>10
I

yein TLS [um rad]
o

350/500pC, CF<5

0 90 100 130 200

Day (Jan - Jul 2012)

S. Di Mitri, E-ST FEL'13, NY - MOOCNOO1 | 9



PHYSICAL REVIEW SPECTAL TOPICS - ACCELERATORS AND BEAMS 16, 050701 (2013)

) )
Maximlim brightness of linac-driven electron beams in the presence of collective effects 4-D Br ’ gh tn ess ’ n pr es en ce
Elettra-Sincrotrone Trieste SS'C]?AB,’L];?I‘@ Basovizza, Trieste, Ttaly Of CSR and G TW

(Received 7 Decermnber 2012; published 7 May 2013)
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There must be an optimum (compressed) bunch length
» that minimizes the combined effect of CSR and GTW on
the final ¢, ;.

| > Longitudinal dynamics and effects on FEL in the next talks by
Penco, Ferrari and Allaria.
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Sincrotrone

q Elettra Current FERMI Linac

emittance budget
BC1 COLLIMATORS >
PC GUN T N
RBADER
500pC f SMALL IRIS Ly‘.
=0.7-0.9 um H-gap =2 mm
H-gap =2 mm
COLL: Agy < 0.05 um
CF<15 COLL: Agy < 0.05 pm E<1.5GeV N g
CSR: Agy< 0.3 um WAKE: Agy< 0.1 um CSR: Agy < 0.1 pm

(] Best 500pC projected norm. emittance is 1.5 pum in front of
undulator. Slice emittance is estimated at 1 um level. This meets
the FEL requirements and allows lasing within users’ specs.

d Interplay of residual CSR and GTW effect still requires manual
tuning to minimize the final emittance. Annoying, but not critical.

J 4-D brightness model agrees with experimental data and promises

further optimizations of FERMI’s working point.
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