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2.5-3.4GeV, 3 kA
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273m 58 m
z=17Tm; E=1304 MeV, | = 20A 80m 210 m 3.0 GeV 500 m
o,=871 um(2.9ps) 330 MeV, 154 A 2.1 GeV; 3 kA a5=034% 2.1- 5.8 GeV, 3 kA
T5=015% a,=124 ym (413 fs) o,=8 um (21 Eupm = 047 m T,=62 umi(21fs)
€ naioa =023 g m fs) o5 =0.006%
€ o =027 ptm Eosie= 029 1m
E gy =051 um
] Aramis:
SwissFEL parameters 1-7 A hard X-ray SASE FEL, In-vacuum , planar
e- Energy: 5.8 GeV undulators with variable gap.
e- Bunch charge: 10-200 pC User operation from mid 2017
Repetition rate: 100 Hz/ double bunch
Wavelength from: 1A-70A Athos : (2nd phase)
Photon energy: 0.2-12 keV 7-70 A soft X-ray FEL for SASE & Seeded operation .
Pulse duration: 1fs-20fs APPLE Il undulators with variable gap and full

polarization control.
User operation end 2019

http://www.psi.ch/swissfel/swissfel
L. Patthey X-ray FEL sources October 15, 2012 La3Net, Laser School GANIL, Caen (France)
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Ultra-stable gun laser in the deep- UV with beam-shaping for low emittance
Laser heater in the IR to avoid micro-bunching instabilities

Expe laser with highly tuneable output

... Seeding laser+ diagnostic lasers
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«(--{}m Photo-injector n SwissFEL

GUN 2.5 cells

RF: 2998.8 MHz.
Cavity peak acceleration: 120 MV/m
o "W T SO O 5. PO Maximum charge: 200 pC
o\ oy Peak current: 20A
5 o LT D A N Cathode: Copper
- 1 N L Pr. norm.emittance (zoopcropo): 0.275/0.114 ym
I T Thermal emittance @oopciiopo) 195/92 nm

LASER

Wavelength: ~260nm

Energy on the cathode: 60ud

Pulse length: 4-10ps with risetime <700fs
Repetition rate: 100 Hz, double pulse (28nsec)
Spot size: Variable flattop 0.1-0.27mm
Energy stability : <0.5%nms

Pointing stability/size: <1%nms

Timing jitter vs RF ref.: <40fs nms (<10fs*)

* See slide 36

Marta Divall La3Net workshop 20t February 2013 CERN, Geneva
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==

The current setup SwissFEL

« Jaguar : Nd:YLF oscillator at 1047nm +
regen+ 4" harmonic, 150uJ in the UV Shutter

* PULSAR: Ti:Sa broadband FemtoLaser I
oscillator + CPA+ 3 harmonic + stacking,
30mJinthe IR up to 1mJ inthe UV
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(= The laser systems

n SwissFEL

Jaguar Pulsar

Directly diode pumped

Pumped by diode pumped lasers

1 Regenerative amplifier stage

4 amplifier stages (3 multipass)

Short overall path length

Long amplification path

Single box solution

Individual optical stages

Good pointing stability Slow drift
SESAM mode-locking Kerr-lens ML
CLX synch and new T&S synch. Femtolock

Gaussian beam/ fixed pulse length

Pulse stacking

4th harmonic a the gun

3rd harmonic at the gun

< 1% rms stability (UV at gun)

~1.2% rms stability (UV at gun)

Low maintenance

Low maintenance

Sufficient for laser heater

Sufficient for laser heater

Could we have best of both?

Marta Divall

La3Net workshop 20t February 2013 CERN, Geneva
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(25 New gun laser

Directly diode pumped compact laser system:

* Low noise fiber seed (same as our optical reference laser)
* Fiber preamplifier

* Yb:CaF, high power amplifiers

« Compact sub-ps system

flattop
gun laser Configl | [ | diserete ©

stacking
5 sets

OneFive i DU
Origami-10 CPA ifi ‘ .
Iow:g;irzlseed r'egeir:Ec:ﬂI:er) e Compressor N Canfig 2
sync I u ‘rr‘e‘ru:hin‘A—A
500 fs gaussian
L var (3-10 ps)
BRI p s S s
1 CPA amplifier
BUT hlgher photon (regenerstive) L _‘p ‘ ‘ 1
energy In the 4th Esllzgsmnsbiw iTS
harmonic oor Wi
(See thermal rec”e'" — B [stretcher Y = 20-40 ps, 200 uT @ 1040 nm
aser
emittance)
temporal diagnostics
<100 fs, = 10 uJ @& 1040 nm
__________ I Synchronized with DUV pulses b
2 67 n m 9 260 n m : CPA amplifier : A MNon linear deley |, d):;:yr]?:tlzze " pulses oy

e === — Fl compression stage line
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(25 Thermal emittance

For X-FEL ultralow emittance is required for high brilliance:

Emittance/ Core slice Projected
Charge

10pC 0.18mm.mrad 0.25mm.mrad
200pC 0.43mm.mrad 0.65mm.mrad

Thermal emittance from the gun becomes significant

Contributions to thermal emittance:

» Cathode workfunction (material propertyf——

» Cathode surface quality (varies from cathode to cathod

» Schottky-effect (can be determined at fixed wavelength by changing gun phase or gun field or by keepin
gun parameters and scanning the well known photo energy)
\[ 2 T Sin( ) .L] \/
ep(N)—ow+ \| e +3+E -¢+p3 .E

deqregy

» Laser wavelength/photon energ

* Laser beamsiz .

eth(A,E,$,B,p3,0l):=q
3.-m-c?

One can scale photon energy to get lower intrinsic emittance at the cost of lower QE
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Wavelength tuning at DC gun

photon energy [eV]

) 4m__, 2 m e Am 2.5m , bl e
Solenoids E Dipole 3000 < > ﬁ
= > < ¢ E ] laser tuning range
==| 10 Hz: -500 kV : —e;‘i—){@ @ O IE”—I'—I'—":;{}—'G'—'G'—. £ AE=330 meV
: - = ; S £ 2000-
i o Emlttalmce Quadrupoles G. k5 ]
Ga85e  Solenoid 'I‘::j: = Monitor T g \
’ * 10003 AA o J \
O: YAG I : Faraday Cup @ : Pepperpot Mask T S
wavelength [nm]
Wavelength (nm)
285 280 275 270 265 260 255
T T I T I T I e I ' T _ .I VI . .
0.8 | [ "7 1 DC electric field 25 MV/m
. 7 - _te-ue | Solenoid field 175.9 mT
T | A /% . Beam- energy 6 MeV
D=43 € .
£ o6l 4+ R Charge density 0.42 pC/mm?
- e ey
g i o ° 1 Measurement method pepper pot
s 0T Cu ] solenoid scan
= i Mo 1
. 04 - Nb |
JEE | o Al
w 03l Bronze |
| —— thermal € @ 300K |
02 | | | | |
4.3 4.4 4.5 4.6 4.7 4.8 4.9
Photon Energy (eV)
Hauri et al. Phys. Rev. Lett. 104, 234802 (2010)
Marta Divall
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Wavelength tuning at SFITF/ method

1E-3 5

1E-4 4

Tune laser wavelength to determine effective work-function

only taking into account linear absorption contribution

~7.10042E-5

w |
o i 47008E-5
1E-5 . i ) off ~4eV
i T3.%0187E-6
: 2
QE o (h 4 _: (»beff) Effective workfunction from QE measurements
1E-6 ' 50 3.93+/-0.027 eV
- T T T T T T T 1 -V E o (hv— ¢y 2
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Wavelength (nm) EE— 48 //
< N
2 n”
& 4.6 -
U]
E 4.4 // -
o e
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4.2 //
.
4.0 T T T g T
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QEsqrt
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(5 Wavelength tuning at SFITF

Measure core-slice emittance at different wavelengths as a function of laser spot-size

Ti:Sa, 10 ps flattop (stacked);

10
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[ A ]
]
]
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0 ] L i 1
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Core slice emittance / laser size [nmimm]

B00
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500}

Nonlibear b%}havioré still to; be explained

a

0.05 0.1 0.15 0.2 0.25 0.3
Laser rms beam size [mm)]

New gun laser

266nm = 260nm

(0] Emittance/beamsize

267.5nm | 1.04e-4 584 nm/mm

260nm 1.62e-4 626 nm/mm

7% increase in g,
55% increase in QE

260nm laser is within specification

Marta Divall
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The oscillators

o

0°° Jaguar

R vs. reference
\\O

A\

Pulsar
vS. reference

Jaguar oscillator with new T&S synch

FrequencyiHz)

1.E+00 1.E+01 1E+02 1.E+03 1.E+04 1.E+05 1E+0&

1.E+07

E REQUIREMENT

: m_ = ez  Timing jitter vs RF reference & o
i J <40fs rms (<10fs*) |

w at 100Hz at the gun! iy WM/ m\)
- N x

Outsiae tne pw o tne 1000,
limited by the laser

Rainbow oscillator with Femtolock

Frequency (Hz)

1E+00 TE+01 1E+02 1E+03 1E+04 1E+05 1E+06 1E+07

\
Much lower inherent noise

~43fs total integrated jitter limited by
relaxation oscillations of the laser

Limitations

Measurement

~30fs total integrated jitter, which could be
improved to 10fs with increased loop bw. by
an optical lock

The RF based phase detection can drift by ~10fs (this is not the main limit!!!)
Optical phase detection can be better ~1fs

Feedback

Relative jitter above this is higher and is determined by the laser (F.e. for the PULSAR it is ~18fs)

Bandwidth of the control determines where noise is improved (piezo-mirror-system and piezo driver)

The jitter at the gun is drift at the oscillator!! 3GHz, 80MHz and 10Hz are very different regimes!

Marta Divall
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The oscillator can perform very well to 10fs jitter, but what
happens in the rest of the system?

« Amplifier crystals (cooling, thermal expansion)

« HV electro-optical switches (Voltage change, temperature drift)
* Regenerative amplifier (cavity length changes)

« Compressor/stretcher (relative vibration between optics)

* Long transport lines (vibration, environmental changes)

« Conversion stages (single-cycle, THz, UV...)

Systematic studies are needed to understand possible impact

* Drift <10Hz, Jitter >10Hz

Marta Divall La3Net workshop 20t February 2013 CERN, Geneva
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(= Environment

n SwissFEL

Environmental parameter/

Time drift per meter in air

Ciddor equat.

Temperature variation -3.16fs/deg

At 34%hum.
Pressure 8.88fs/

10 mbar
Relative humidity -0.3fs/10%hum

At 19.7deg

Confirmed by measurements on the Jaguar laser

3

Correlation Piezo Voltage/Time Drift vs Air Pressure
T T T T T T

Piezo Voltage [V]

T
*  Datafrom 201202155

y= - 1,2% + 1,20+03

relative time drift [fs]

-3
a7z

1 1 1 1 1 1 1 1
9735 a74 9745 &75 G755 976 4785 977 9775
Air Pressure [mbar]

M. Kaiser (T&S)

Effect over total PtP PULSAR JAGUAR
beampath variation

in laser hutch
Humidity 5.5% -140fs -50fs
Pressure 10mbar 740fs 266fs
Temperature 0.83°C -220fs -80fs

Cooling water contribution in pulsar ~40fs/°C

Marta Divall
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Measurements on the gun/ method

SwissFEL

Using Schottky-slope of the RF pulse

Walue

Standard Erro

B[] —_ Intercept -471.802 0.99368
Zero Intercept = 52.4, Operating Phase = 90.4 o oo el e .
180 T T T T T 55
: - The measurement 50 -
. Phaseiinsensitive
160 ST < S SR SO - Measure charge on BPM 5
Measure all contributors: & 451
*RF amplitude % ”
140 7 *RF phase 5 |
Operational Laser amplitude 35 4 8'6pC/deg
SO IR TN W 4 L S | - 20.3%/deg
Map out correlation factors 307
Stabilize all parameters possible 25 . . [ .
o 100 - Work with fixed paramaters 58 59 60 61 62
E’ Gun phase (deg)
@
> i - . . ,
= Alm: } Residual uncorr. jitter between BPM’s
© 80 7| Estimate laser vs RF jitter at the gun
oL | % | Mapoutcorrelation to environmenta
changes ¥ ceeosms
| . . 5 65 S
40 : : -| Look into coupling between =
Phas_e sensitiv parameters S S
! ‘ E 60 -
20 : L - Q
H N
] @
: ' 2 551 2
; i ‘ w ' .
0
-50 4] 5 00 150 200 250 17fS reSOIUtlon
Gun phase / degrees 50 T T " T T 1
50 55 60 65 70
Krasilnikov et al BIW10 measurements at PITZ FINSB01-DBPM10:Q [pC]
Marta Divall La3Net workshop 20t February 2013 CERN, Geneva
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w(--]jm Measurements on the gun/ setup n SwissFeL

Zero Intercept = 52.4, Operating Phase = 90.4
T T T

#E StripTool Graph Window

(0-2000) UAL- 288

e L FINDI0O- DEPMIB:G
Phase 'nsenslimm - % 8 fw EOE&O) VAL«#0.9763
160 [ . 504 c -03 - ss%‘c?ﬂ-ﬁmﬂ 0:CAV-POWER-AVG)
i k = =1 o (0. 25) VAL-17.765
“r Operational i 45 E 9 | lmmmnwno:mv-mc-mm
= S e, ST
[ | B 2
[ 1004 - () o] C_ES
fém— :r ] . S__G é} GNJ
| s &  z RF?edback OFF
I| = "(7‘) 55
i i c n
60 f ol G)
40 l E
'Phasesensi‘tilF tE _— > CLX
20 b l ©
‘ 4 ™ Neéw T&S syna
O R 3 ——
0 — Mar 15, 2012
ld- » 4+ 3 O]XT 4 0+ = A scrowns
 Laser amplitude stabilization running
» Charge is measured on 2 BPM’s
* RF parameters measured at gun+ RF feedback
* New synch unit available
 New commercial Femtolock for PULSAR
* Pointing stabilization available
T. Schietinger
Marta Divall La3Net workshop 20t February 2013 CERN, Geneva
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(I Measurements on the gun/ results SwissFEL

RMS values over 1 hour RF with RF RF feedback ON Pulsar
feedback ON CLX Feedback OFF new T&$S New T&S synch. New Femtolock

Charge jitter 26.5% 8.4% 3.3% 2.37%
Relative phase jitter from charge 1.2ps 374fs 150fs 190fs *
Laser amplitude 0.78% (36fs) 1% (46fs) 1% (46fs) 1.16% (87fs)
RF Amplitude 0.29% (13 fs) 0.34% (16fs) 0.32% (15 fs) 0.21% (15.8fs)
Phase of RF 48fs 335fs 65fs 57.3fs
Residual jitter of the laser oscillator+ ~1.19ps 159fs 126fs 158fs
beamtransport
Oscillator jitter ** 43fs 43fs 35fs
Estimated jitter of beamtransport 153fs 118fs 154fs
(detector noise contribution TBC)

* Different RF slope measured on this day ** Measured offline at different times (TBC)
Charge measured at 10deg from rising edge of Schottky slope

Jaguar

4000 I\J \

3000

Counts

2000

1000+

0-

3.3% rms
RF and laser feedback ON
T&S new synch
[ 8.4% rms
Laser feedback ON, RF feedback OFF
T&S new synch
[ 26.5% rms
RF and laser feedback ON
CLX synch

Charge (pC) over 1hour

] FIND100-DBPM10:Q [pC] (pC)
24/03/2012 18:50-19:50

RF fedback OFF

Pulsar laser new Femtolock

10deg slope

8000 4

4000 -

Counts

2000 4

Pulsar

68

ﬂ'? | 24%ms ||
70 7z

Charge (pC)

We are in the 150fs range with beam transport jitter!
What could we do with feedback?
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(13 Measurements on the laser / Setup

Oscilloscope (LeCroy WaveMaser 81 GZ| A
- Sampling Rate: 40 GS/s a3
- Bandwidth: 16 GHz

Photodiode (UPD-50-UD)
-Rise Time < 50ps

e R S S LeCrany
‘__..,.n" -;-'._"_..:-"""-'?:j_ s
Photodiode Signal dT A
delayed o -
Photodiode Signal > - -

* Histogram of the relative jitter at 10Hz

TR T T T o1 A Iy ey P I | Ul b LR [ -\I. i I ik )
i | | __IIII I]l._ I ! 1 ]

ur Fa@ECT FZ hadedF 1] P30 C4

Measure P4 hadew(FZ) PShmeaniF1) P&Rmean(F) PTRET1 PEhsdeviF3) PShmeandF3) PI0Treqih . P11 dpec@iv. . P2 dpeniSi
VakH T5ps 106 ps T8 ps i TiiZps

Migan TS81ps 10838 g3 Tr.70ps TOSTs 17 T24B pa

i T2ps 106 pa s T Tiips

i B0 P4 106 8 Thpe T TI12 68

Sy 1.03 ps - Tois

s 12.608+3 15T 33 1

Flals W W v o

90fs resolution
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Measurements on the laser/ results

== SwissFEL
600 20
§ £ 400 — -
8 , . 155
OO o % Ro o ? o % fo i 2]
= o f o %\ o d o e
52 i 1 A, T 1 thé/ Wi“‘? ° 1\11\2\(/ *f% %AJWMY LM,,J 5% o \[ﬂy"[&ﬂ L,j\#\rf % S 1
o c o i[ \g Jlo \J d X’ X[ & o )
E 3 20y \ o r
= C Sk
E § —AOOT 7
600 S S S S S S S S S I 1 S S 0
0 5 10 15 25 -600 -400 -200 0 200 400 600
Measurement time [s] Rel. time difference between pulses [fs]
600 —— 80
8L ool :
S92 o[- o = 110fs
£ 3 g
T Q g AOf
2 e &
= 20}~
25 :
—%OO —40; -200 0 200 400 600
Measurement time [s] Rel. time difference between pulses [fs]
600 — 120007
8 £ 400 10000%
S 9 F o =119fs
g2 H\MUH\ U TRt M A g %
=2 ‘ (LT A R S ook
e i Hiln R H\H‘
EQD. H ‘ 1l A il L O ool
< % 7 2000
x o o

Measurement time [h]

Pulsar Signal vs RF

Drift period 1: -169 fs/hour Drift period 2: -29 fs/hour

— Data
Moving average over 50 shots

==Linear fit period 1 (fist 9h 20min)

— —-Linear fit period 2 (last 4h 45min)

10 12 14

Rel. time difference between pulses [fs]

Peak to peak on running averag
I

1 2.2ps
[ [ ‘T [

Measurement time [h]

Rel. time difference between pulses [fs]

ok
-600 -400 -200

0

200

400 600

Rel. time difference between pulses [fs]

Pulsar Signal vs RF

peak to peak onrunning average: 744fs

Drift period 2: 8 fs/hour

Drift period 3: -316 fs/hour

—Data

Moving average over 50 shots
——-Linear fit period 1 (fist 1h 12min)
——-Linear fit period 2 (from 1h12 to 5h 33min)
——-Linear fit period 3 (last 30min)

‘ 1 1 1 1 ‘ 1 1 1 1 ‘
1 2

3
Measurement time [h]

5 6

Marta Divall
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Timing jitter measurement/ future plans

Correlate optical reference against gun laser

Amplified
Pulse
(1 kHz)

Oscillator

Pulse

(119 MHz)

%

f=150 mm

A7)

10
0.5]0+0'Eh-:-»ﬁ
] [} |
:<_ [
O.SIO’j% R
p I

~
|
Q
rﬂ
+
)
ﬂ\!

Miura et al, Timig stabilized regenerative amplifier with spectral-resolved cross-correlation techniqgue OSA TOPS vol.50 ASSL p517-521 (2001)

800nm vs reference —
| intensity | |
T T T T T T 2.5x10* +.0E-3-
3000 50fs gteps
i ~2fs resolution 3.5E-3
2500 o) O// with HR spectrometer L5 ox10 % 0E-3 /’\ f/_\\
£ 2000 & 5 5Ea ﬂ 4 /\
o - £ SE-
2] E AV Balance needs to be
= 15004 F1.5x102 € 2 5 nE-s L
E ] _ ~4fs resolution g = // |/\ \ ; \ found t.)etween
2 1000 with HR spectrometer 5 LEE TN T AU resolution and range
@ [ 1.0x10% & 1.0E-3 2 : !
Lo JH A
] SFG in BBO cut at 22.2deg 5.0E-4 —.
o - 1550nm, 180fs 5 . // _’_)Q })é
800nm (27nm) stretched in BK7 [ 5-0x10 0.0E+0 -5 : ,
5 10 15 20 25 30 a5 40 540.0  535.0 5300 5250 5200 5150
Stretching factor wavelength
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* Timing stability

» Other activities of the group
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(= THz generation in organic crystals

CO, laser
THz 01 1 10 \ 100 1000

J

\
_optlcal r_ectlflcatlon DFG lasers Ti:sapphire lasers
In organic crystals

4  DAST DSTMS and OH1

PM
I WP
1
GaP QWP

pump - probe

‘/

~

DAST 15F
5 1
S 0.5}
= 0
© I
.05
T
0 1 5 DAST (4-N,N-dimethylamino-4’-N’-methyl stilbazolium tosylate
time [ps]
- /

Hauri et al, Appl. Phys. Lett. 99, 161116, (2011); Ruchert et al Opt. Lett. 37, 5 (2012); Ruchert accepted for PRL
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o= THz streak camera

- Use a THz streak camera concept to measure the arrival time and length of the photon pulse.

Tolerable jitter <100 fs

Resolution <10 fs

Electrons
X-ray Beam

electron TOF

-Pulse Arrival Time @ End Station
-Pulse Length @ End Station
(DCR, Laser transport, THz in Tunnel)

IR Beam/THz Field

KEelectron = Ephoton p= Binding Energy W

Experiment planned with XUV from HHG and THz from organic crystals

P. Juranic, P. Peier
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== IR pulse compression by filamentation

s
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Trisorio et al Opt. Lett. 37, 2982 (2012)
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w Filament cathode

multi-ﬁlam_entarg,f
cathode wire A=JE66 nrm
a=h.2 ps
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(frequency-
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o
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© 8 i C
5 L2 ]
| ettt P ] High charge/ high QE ~0.9%
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A. Anghel et al. PRL 108, 194801 (2012)
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«m» HHG development - towards seeding at short A

1
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- PM in capillary up to 8.8nm (140 eV)

* Eqcer 1 MJ in capillary
-1 kW in 5% BW @ 140 eV (TL)

- Improvements required for seeding

- (peak power, cutoff extension)
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(= The group

Group leader Beam dynamics/ opertion
Christoph Hauri Simona Bettoni

Eduard Prat
Group members Bolko Beutner
Fernando Ardana-Lamas Masamitsu Aiba
Christian Erny Thomas Schietinger
Clemens Ruchert
Alexandre Trisorio Diagnostics
Carlo Vicario Rasmus Ischebeck

the whole SwissFEL team
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o= Backup slides SwissFEL
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((Ij= Why is the timing jitter requirement so tight? n wissEL

4 )
Arrival time and bunch energy at *Reference distribution
compressor chicane entry is “Laser
crucial for good compression *RF at the gun
g ,
N
4 22 ~ (R56 a_A)2_|_(C—1)2( ¢ )2 I (l)zzg )
tt co A C 27 frE C (2
timing jitter cavity field cavity phase injector timing
after . . . .
amplitude jitter jitter jitter
compressor
\_ \ 2
Photocathode
% Laser
12 GHz Soectromet
DS 3 GHz Accelerating Structures Agire:;:itrl: o TDS - %"E N
\\'U.I.IJ.LLLU' TLUr T g e Bunch Compressor FODO Cells

Spectrometer

TDS: Transversely Deflecting Structure

Marta Divall FODO: Focusing - Drift - Defocusing - Drift I'he laser can ﬂ§ﬁep\ﬁoﬂ{§|lésaoqmu%?y?&_I?EM?I&I&%&QFS



=--{jw Sensitivity to mains power n SwissFEL

sLaser energy and phase are both affected
by the mains

7610312012 19302030 *Triode heater for high voltage EO switch

new triode heater supply was not stable
— T T T 1 T 17— 4000

sy | [ voage - 3900 *External DC powersupply solved the

—m— Laser energy in laser room
- problem
(]
1 L 3700
= L

- 3800

*Measurements on machine confirm, that
phase jumps are also gone

- 3500

Mains voltage (V)
Laser energy (au)

- 3400

228 I
3300

———— - 3200
0 500 1000 1500 2000 2500 3000 3500

Time (s) *To study these effects an independent
online measurement of the laser phase is
needed (LAM)

*What can we do without a LAM or BAM
on the test injector?
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pE

Mode cleaning in the UV

n SwissFEL

F1

In vacuum

transfer line Gun

F1

In vacuum filtering

—

BBO non linear Aperture Cathode
crystal plane plane plane
N A
Y YT
4-f Imaging Imaging
ﬁAfter TH crystal \ ﬂfter 4 mm diamter aperture \
E=250ud Angular RMS=0.77 E=63 uJ

Beam ellipticity=091  Radial RMS= 050

[ P R e

Beam ellipticity= 1
Angular RMS=0.90
Radial RMS= 0.76
" e

* relay imaging 2f-2f throughout
whole laser system

« spatial filtering conical capillary

» deep UV laser propagation

in vacuum transfer line (1e-6 mbar)

» keep same intensity in THG
for sake of stability

1 3
K
S ST

On the cathode

E=32 uJ

Beam ellipticity= 0.98

Angular RMS=0.90
_Radial RMS= 0.73

E=190 uJ

Beam ellipticity= 0.99
Angular RMS=0.91
Radial RMS= 0.41
TEMOO

Marta Divall

La3Net workshop 20t February 2013 CERN, Geneva



FAUL SCHERRER IMSTITUT

=]

Ti-Saph laser ‘ Plateau distribution in longitudinal

S. Bettoni

‘ Gaussian profile in longitudinal

Jaguar laser
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https://elog-gfa.psi.ch/SwissFEL+Injector/120413_121555/Simona.png
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==

Projected emittance at high charge

PULSAR
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