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Electron bunch

1
Y = >> 1
V1-—1v2/c?




Magnetic field in the undulator
B,(0,0,z) = Bpsin(2wz/Ay)

By =0
By, = Bycosh(2ry/A,)sin(2nz/Ay)
B, = Bysinh(2ry/A,)cos(2rz/Ay)



Motion of the electrons
in the lab frame

m v _ F=—eUxB
Var =77
dvy :
meY P =ev;B, = ev;Bysin(k,z)
C
—> V,(2) = cos(ky z)
Y
B
with K = °20
meck;,
x(2) = sin(k;, z)

kKuyD;



The electrons emit
in @ harrow cone with
opening angle

1
9=
Y

The fundamental harmonic
of this radiation is given by:
A, (1+K?/2)

A=Y
Y? 2
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mean speed of
the electrons:

_ 2+ K4
ﬁZ — 1 4 9
Y
external

electromagnetic wave:

E = i, E.cos(kz—wt+ Vo)



Energy gain: =—eE-v

= eE,cos(kz—wt+ ) 67 cos(ky, z)

~ eExcK
-,
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(cos((k+ky)z—wt+1g) +cos((k—ky)z—wt+wp)]
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The Importance of the FEL Parameter p

» FEL parameter p. Typical values= 107*- 1074

f.: coupling factor (~0.9 for planar undulator)
|: electron peak current
o,. transverse beam size

|,: Alfven current (~17 kA)

» Scaling of 1D theory

Gain length Efficiency SASE Spike Length Bandwidth
N A AW
Lg_4ﬂ;\/§.p PFEszIJbeam LC_4y;p o =2p

» Beam Requirements:

Energy Spread Emittance Beam Size
O 3 A 4
_Y<<p n o ﬁoptz3\/8n J'ISLg
Y Y 4t Yy A
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>Physical processes in a free electron laser

>Free electron lasers for XUV and X-Rays

>Components of a free electron laser
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Single-crystal CeB, Cathode for
XFEL/SPring-8 & SCSS Low-emittance Injector

No HV breakdown After 20,000 hours operation
for 4 years daily operation 1 crystal changed.

. 500 kV Electron Gun
b /

Operating Cathode

Diameter : ¢3 mm
Temperature : ~1500 deg.C
Beam Voltage : 500 kV

Peak Current : 1 A

R Eead Pulse Width : ~2 s
B "B jsl Beam Chopper: 1 nsec

Tsumoro Shintake
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Transversely coherent FEL radiation is generated if:

In the case of SwissFEL:

1
0L
B
e
-
.
1 L)
2 10’ ®
_ *
g
@ *._
KL, o
°10't (@ the exit of the hard E
' X-ray line o
10-2 L 1 A 1 2
100 200 300 400 500 600 700

Normalized Emittance [nm]

[1] E. Prat,et al., Phys. Rev. ST-AB 17, 104401 (2014).
[2] L. Serafini and J. B. Rosenzweig, Phys. Rev. E 55, 7565 (1997).

J

The importance of emittance

s Projected emittance (mm mrad)

Beam size (mm)

= = Fermmano point

I = = = Optimized point

z(m)

[3] M. Ferrario et al., Report No. SLAC-PUB-8400, 2000.
[4] S. Bettoni et al., Phys. Rev. ST-AB 18, 123403 (2015).

Simona Bettoni
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off-crest
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low energy
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Pole height adj (um)

Effect of the adjustements on the field errors
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Sample-flowing systems

Microdroplet Openjet Capillary Gas nozzle

l
ANy

<100fs |

Detector

~100 Hz, <100fs
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Heinz Graafsma
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Synchronized Elements

e Photocathode laser e Seed lasers
o RF accelerating cavities e Experiments
e Transverse deflecting structures

e EO bunch length diagnostics

Master Oscillator

O— O O O (P Timing Distribution O O O O 0O O O O O
® — _ — — — _ — —
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- Patrick Krejcik
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Retarded kinetic energy [eV]
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Pavle Juranic et al., JINST 9 P03006 (2014)
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Shot-to-shot characterization of the polarization

Horizontal Polarization

90

Stability most probably dominated by the statistical
fluctuations on the e-TOF signal

180

Jens Viefhaus, Eugenio Ferrari
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>Physical processes in a free electron laser

Heinz Graafsma
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_Luc Patthey
Marco Calvi

>Free electron lasers for XUV and X-Rays Nick Veasey

Peter Heimgartner

Patrick Krejcik
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>Components of a free electron laser > Royal Swedish Academy of Sciences

> Simona Bettoni
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™ Slides available at: http://www.ischebeck.net
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