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MOTIVATION AND STRATEGY

ACO (1983-87), Super-ACO (1989-2003), CLIO (1992-)
First pump-probe two-color experiments using UV FEL and synchrotron radiation (1994)
Coherent Harmonic generation (100 nm in 1991!)

Build a Multi-color radiation with | keV FEL source for user applications
High repetition rate => Superconducting accelerator

Exploit harmonic generation and seeding schemes

Choice of the seeding source : High Harmonics produced in Gas (HHG)

-> Improved coherence and compactness, reduction of intensity fluctuations
Expertise in France in HHG (CEA-SPAM, LOA, CELIA)

Close synergy between FEL and conventional laser community in the same facility

* demonstrate seeding with HHG (coll SCSS, SPARC),

* acquire expertise on seeding with a kHz Ti-Sa laser on a SRFEL odd/even harmonics, planar/
helical undulator (coll. UVSOR)

* modular approach for ARC-EN-CIEL
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Accelerator Radiation Complex for ENhanced
Coherent Intense Extended Light
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ARC-EN-CIEL: BRILLANCE
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ARC-EN-CIEL PHASES e

Phase | :220 MeV,
LEL I, adjustable polarisation :300-30 nm

Modulator : U26, N1=200, Radiator : HU30, N2=700

-t _aEammpt O

LEL1

Phase |’ : 800 MeV, LELI :300-3 nm
IR SR

! cryomodules I
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ARC-EN-CIEL PHASES
Phase |’ : 800 MeV, LELI :300-3 nm
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ARC-EN-CIEL PHASES
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ARC-EN-CIEL PHASES

Phase 2 :

| GeV,LELI :200-1.5 nm, LEL2 planar pol.: 10-0.5 nm

low average current mode, high peak current
operation

cryomodules
EEEEEEL O

- Jo LEL1
CEEEEED i

undulators LEL2

Modulator : U26, N1 =500, Radiator : U18, N2=1000
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ARC-EN-CIEL PHASES

Phase 3BI :low <I> mode :l GeV, LELI :200-1.5 nm,
LEL2: 10-0.5 nm
high <I> mode : | GeV, LEL3 planar to helical : 40-8 nm,
HU30 spontaneous radiator

-‘_‘-\-' rh
o S
b
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VUV undulator
IR/SR
cryomodules 1 GeV
R wasthes T EEERERY O o

g . stations
undulators LEL2

LEL3 : HU30, N1=350, SpontaneousRadiator : HU30
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ARC-EN-CIEL PHASES

Phase 3B2 :low <I> mode :| GeV, LELI :200-1.5 nm,
LEL2: 10-0.5 nm, LEL4 : 3 GeV, 2-0.2 nm
high <I> mode :
| GeV, LEL3 :40-8 nm, HU30 spontaneous radiator
2 GeV : 6 U20 spontaneous radiators
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user

stations
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EpEpERY O
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T -

undulators LEL2

LEL4 : Modulator : U35 cryo, NI1=700, Radiator : UI8 cryo, N2=1000
Spontaneous radiators : U20
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ARC-EN-CIEL: INJECTORS

Low average current mode  High average current mode
<|>=]-10 pA, | nC, I-10 kHz <I>=1-100 mA, |-1300 MHz,
0.1-1 nC

Modified Zeuthen type gun

ﬂiﬂ Filber primuead 0.3 Cell TESLA Cal
W i / | DC gun (500 kV)
hodef ) . _ type J|ab/AES, GaAs

}k photocathode
7/ MeV booster

Superconducting igun(Rossendorf). s 3| cavity
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SYNCHROTRON

ARC-EN-CIEL: LINAC

He gas relum pipe bl Al
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ARC-EN-CIEL: PRE-ACCELERATION

Laser : spatial and temporal shape
Gun : space charge, RF curvature, emittance compensation, thermal emittance
Cavities : wakefield, RF curvature
Compressor : CRS, optical aberrations

SYNCHROTRON

\.JEL

Phase space

phase | : peak current 800 A, slice energy spread : 0.05%, emittance AE/E(%)
at centre : |.4 T rms pm.rad, pulse duration 300 ym (600 fs RMS)
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lll-Constituting elements : the accelerator
8 €

SYNCHROTRON _

ARC-EN-CIEL: BEAM DYNAMICS
Example :ARC-EN-CIEL Phase 2, |0 cryomodules

o T T fil ] il W0 [ 1 i i Jil AT 1

|
200

peak current 2000 A, slice energy spread : 0.04%,
emittance : |.2 T rms pm.rad, pulse duration 50
um (170 fs RMS)




III-ConstitutinE elements : the accelerator

ARC-EN-CIEL: BEAM DYNAMICS
ARC-EN-CIEL Phase 3, ERL loops at | and 2 GeV

LEL oscillateur
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ARC-EN-CIEL: BEAM DYNAMICS
E
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1 GeV, beta function 1 GeV, dispersion 2 GeV, beta function 2 GeV, dispersion

1000 |

500 —

100 MHz

Threshold versus the strength of the quadrupoles

Threshold current (BBU).=.54.4 mA@ | MHz
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ARC-EN-CIEL: BEAM PARAMETERS

'_m_CENf,
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Phase 3. 3.
mode | | mode 2
Energy : [-2 -2
(Gev)
Rep. rate 100 - 100 -
(kHz) 10° 10°
Charge 0.2//1 0.2//1
(nC)
AT(fs rms) 500- 500-
600 600
<I>(uA) 10°-10° | 10°-10°
[pear (KA) . (0.2 |

Lpeak stice(KA) ] |

EodT  mm : 2 6
mrad)

€qice (7T MM
mrad)

Ov/ Y. : : : 0.2
(Yorms)
Ov/Y.ice 0.08

(Y0orms)
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ARC-EN-CIEL: OPERATION MODES

Operation with different beams from the two guns

kHz and beams acceleration

MHzE 10 Mel
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SYNCHROTRON

ARC-EN-CIEL: LASER SYSTEM

Laser for gun | and LELI, Laser for gun 2:
LEL2 and LELA4:

e Er-fiber oscillator

e Ti-Sa laser ex FCPA HJEWEL D-400
» Er-crsytal oscillator IMRA Americavaraible rep rate

* post-shaphing with a UV DAZZLER 1045 nm
(Faslite) 400 mWV average power

e UV regenerative amplifier (Ce:LICAF) rep. rate 0.5 MHz

synchrolock Lab. activity

- kTl Dazzler ==Gun low <k Phlam

=> Gas cell for LEL1 Institut d’'Optique (RTRA)

atomic Ti-Sa
clock  oscillator

phase
stablllsatlon

ampli
cryo

Timing:
* atomic clock
* transfer of fs timing via fibers

:

== Gas cell for LEL2

ampli

== Gas cell for LEL4
cryo
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SYNCHROTRON
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ARC-EN-CIEL: INJECTION WITH HHG

Lentille

Faisceau har |111|r1iL}|.1L~

Diaphragme Chiic va

Re-collision

Multi-
iﬂnizuﬂ{m (ATI} U|‘|’|"Cl—5hﬂr“|' (GS) XUU bUFST

oy = E.+ I,
2- Acceleration Emission time t,

ELI:IEEF “ m

' 1- Tunnel
lonization

Above-threshold Tonization 5~ Radiafive recombination

FEL 07, Novosibirsk, 07 Aug. 3|
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ARC-EN-CIEL: INjECTION WITH HHG
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HHG : SPECTRAL RANGE

To the water window :

0.575F0?
h Feutoff fpl - -

0.86A3% 1 Gy Co el

Iri,:l-: JIH

_hh"f'l: utotf (eV)

In

—In(1—p) | o

l,m orbital and magnetic quantum nber 0.8 1.0 1.2 1.4
p ionisation probablility Driving Wavelength (.m)

n* effective principal quantum number

B. Shang et al, PRA 65, 2001,01 1804 Z.Chang et al, PRL 79, 1997, 2967
Gibson, Science, 2003. Seres et al, Nature 2005

Water window (Ti:Sa 26 fs, 2.7 nm (460 eV) He, 5.2 nm (239 eV) Ne)

Tuneability :

Ti-Sa tuneability : ANA=1-0.1%
Full tunability from 220 nm to 8 nm with 1.1 to 1.6 ym pump (Ti:Sa + OPA)

Chang et al..Phys. Rev. A65 (2001)011804

~70% tunability from 180 to 18 nm with Ti:Sa + OPG Gaarde et al., J. Phys B 29, L163 (1996)
Kim et al., PRA 67 (2003)
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III-Constituting elements : laser and HHG m(w.

HHG TEMPORAL COHERENCE

Temporal structure : Spectral domain:

as structure in fs envelop as : harmonic train
| fs : single harmonic

quadratic phase

H17 (47 nm)
With 60 fs-1 mJ IR pulse

in Argon

Merdji et al., Phys. Rev. A 74 (2006)

18P0 SIoLLEH

= =
Dealay (fs)

Y. Mairesse et al, Science 302, 1540
Sola et al., Nature Physics (2006)
> l 1 o ] I\I 71 N 4 ()( ]




III-Constituting elements : laser and HHG
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HHG TRANSVERSE COHERENCE

SOLEIL

syncrrotRon R

Fresnel bi interferometer Young pineholes
H17/-23 Young pinholes
H13 N

61 n Mm B[ il
dans IS

| i W,
M’W d=3mm ||m' &g

Le Déroff et al., PRA61 (2000) 043802

Ne, 13.5 nm, 25 nd, DV=0.35 mrad
He, 8.9 nm, 1 nd, DV=0.3 mrad

Bartels et al., Science 297,376 (2002)
E.]. Takahashi et al.,Apply. Phys. Lett 84, 4 (2004)

Opt. Lett. 27, 2000, 1920 1.2<M2<4
Phys. Rev A 68, 2003, 023808

Y.Tamaki et al, JJAP 40,2001, L1154 Le Déroff et al., Optics Lett. 23 (1998)
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HHG SEEDING DEMONSTRATION

EXPERIMENTS |
Collaboration SPring-8: seed@60 nm Collaboration SPARC

seed@266, 190 nm, HGHG, cascade?
(EUROFEL, DS4)

SPARC
(EUROFEL)

Prototype SCSS
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ARC EN-CIEL: UNDULATORS

B=a exp(bgapﬁh) + C (gapﬁ h))
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ARC-EN-CIEL: UNDULATORS e

modulator

bl b= d || 4 =>4 |t

Wn vacuum U26

Hztj Phase |:200 periodes
t* " Phase 3:400 périodes

O

Hybrid: SM2COz7,
Vanadum Permendur

Gap = 5.5 mm, SmCol7/
(50,7.5,30)

VP (33,2.5,22)

Nper = 98

Bo=096T

K=1.8

FEL 07, Novosibirsk, 07 Aug. 3|
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ARC-EN-CIEL: UNDULATORS
APPLE-Il radiator

HU30,9a 12 m

LEL1 :accessible range versus the energy

Polarisation lineaire Polarisation circulaire
E{Gev) u26 Apple Il plan HU30 Apple Il hél, HU30

220 75-500 100-500 100-600

330 25-220 42-220 50-250

500 15-95 20-80 37-220

750 7-42 8-40 15-55

1000 13-4 3-24 5-30

2000 6-1 1-6 -7
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ARC-EN-CIEL: UNDULATORS
Short period in vac ID

100 150 200 250 300

Temperature (K)

T. Hara et al. PRST, . Chavanne, C. Kitegi- ESRE K. Tanabe BNL
FEL 07, Novosibirsk, 07 Aug. 3 1
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ARC-EN-CIEL: UNDULATORS

FEL Type Ay, ke
mim
LELI-M In vac 26 3.2

LELI-R Apple-1T | 30 P:2.16
H:1.5

[LEL2-M In vac 26
LEL2-KR In vac® | &
[LEL3 Apple-1T | 30

[LEL4-M In vac * 35
LEL4-R In vac * | &
VIV Apple-1T | 30

X In vac 20)
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SYNCHROTRON

FEL SOURCES CALCULATIONS ~
PERSEO SS/TD- GENESIS SS-TD coupled to SRW- Ff=0.]1

See O. Chubar’s talk

| |
H1

1-10°

10°

10’

{_
107 Perseo

5

Peak Power (W)
Peak Power (W)

I I I
0 5 10 15 20

10

1 :”r IIl
10 ,- N
10" : \ Sase
.|[;'I ” |: SE"E"EIEEI
100
| |
0

2 4
Z{m)

Comparaison simulation PERSEO/ Comparaison széching/SASE, Perseo,
GENESIS inclus dans SRWV, cas d’AEC Pl injection at 160 nm pour AEC Pl

1.5 kA, 1 GeV, 0.04% 1.2 pi, 0.06 mm, 0.75 nC, E=0.5-1 GeV
Und1 : period 2.6 cm, Ff=0.1, Und2 period 3 cm,Config 1-1 and 1-3
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SPECTRAL RANGE COVERED BY THE
HHH SEEDED LELI, LEL2, LEL4

1 GeV

7’
220 MeV
500 MeV
750 MeV

1.2 GeV
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=
0
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o
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10
Wavelength (nm)




SYNCHROTRON

SULEIL L/—ARC-EN-CIEL Iiﬁht source performances : FELs ““Cmr,

LELI, LEL2, LEL 4 SPECTRAL RANGE b

Seed 50 fs, 30 kW, LELI@ 1 GeV (1.5 kA) Seed 50 fs, 50 kW, LEL2@ | GeV (1.5 kA)
U26 : 100 to 200 periods, HU30 : 400-700 periods, U26 : 400-500 periods, U8 : 400-500 periods

R56=1.5 p R56=1.5 pm

xnﬁ b R (L~ 1 1 T T 1]

X

-x | GeV
A 1.2GeV,
B A

helical

Peak power (W)
Peak power (W)

W .‘:n-'n.:ln.:nglh (nm)

* Much more prospective,
using the 2 GeV beam
once more accelerated

* Foresees further
improvement in the HHG
seed

* Cryogenic undulators in

: ' | | | | | | |
Series 02 04 06 0B 1D 12 1.4
Wawvelength (nm)

o
I

Seed 50 fs, 50 kW, LEL4@3 GeV
U26 :400-500 periods
U18 :400-500 periods
R56=1.5 ym

Peak power (W)
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LONGITUDINAL DYNAMICS

Case LELI@| GeV :Seed 12.3 nm, 50fs, 30 kWV, conf |-1,
PERSEO TD

£
S
o
Q
Q.
-
Q
i
®©
=
©
Q
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E
S
c
Q
=
7]
Q
Q.
-
Q
=
]
©
1]
oc

0 100 200 3000 100 200 3000 100 200 300
time (fs) time (fs) time (fs)

FEL 07, Novosibirsk, 07 Aug. 3 1
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LONGITUDINAL DYNAMICS
Standard case Case LELI@1 GeV :Seed 12.3 nm, conf |-1

PERSEO TD GENESIS

T

. A —— _
|'lI 26I:f SHI:’!mS iP."I .'1-25 If'-|53 . | 200MW — Z=5.1 m
;o -' | | 21 fs rms

\.IEL

0 100 0
Time (Is)
-

H3 H3
[\ 0.009% 1 0.006%

I
| |L L=bm

2OO0MW —

o IS

., H1 1 H3 | | H5
16,015 % 0.0075% 0054%

i
|

J; i f \ i /:z=11n|

12.36 12.38 412 4125 2.472 2.476
Wavelength (nm)
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SYNCHROTRON B

DYNAMICS- LEL2
0.8-1.2 GeVY, configuration |-3, seed 38-10 nm, 50 fs, 50 kW

2 kKA, 1 GeV, 0.04% 1.2 pi, 0.06 mm, 0.75 nC
Und1 : period 2.6 cm,Und2 period 1.8 cm, Dispersive section R56=1.5 ym, Nd=130

Seed 38 nm

\.JEL

Ist Harmonic

v
0O
O

radiator pos.

radiator

an 100 100
temporal profile temporal profile temporal profile

|2.6 nm 4.4 nm 2.5 nm
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DYNAMICS- LEL2

ﬂenl{:.

|EL

1st harmonic .

Spectral width (%) [\ Few GW

| 2.585 12.59 12.595 12.6

7 (11m) )
3rd harmonic

/00MW

Pulse duration (fs)

300 I

' ' ' 4.198 4.2
—10.2 15.31 40.82 66.33

>tn Ealihic

12 MW | |

I

—102 1531 40.82 66.33 2.517 2.518 2.519 2.52 2.521
z (um) wavelength (nm)

wavelength (nm)
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TOLERANCES : SENSITIVITY TO

EMITTANCE
GENESIS PERSEO TD

— L e mracd &
=== .8 m.mm.mrad HI@4.7 nm *
p (1 i k]
I P T T

ﬂenl{:.

|EL
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2
|

+

1]
o
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Peak power (W)
I

-

|

n  HS®2.8 nm
H1&@14nm
T
]I

-
|
- [ =5l 0 2 3
Longitudinal position (fs) Emittance (m mm.mrad)

Pulse duration (fs-rms)

Pl
2
|

10GW H1@14 nm

=

)

o
|

H3@4.7 nm

[OOMW H5@Z2.8 nm
(0.8 m.mm.mrad
— 1.2 m.mm.mrad

=== ] ¥ x.mm.mrad

S A5 @
IOMW V&L = = 1.5 t.mm.mrad
/s oo B ER 5
2
E

Peak power (W)

0.05 —

1 1 |||||||
Relative linewicdth (%)

3
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| T | |
-26 -24 -22 -20 -18

Position in radiator (m)
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LEL2 config |1-3 : sensitivity to energy spread

Energy ( nJ)

| |
40 60
Slice energy spread (%)

N | .. ;_q'I:LI-I"I;_ ._.

+

*

N
o
|

H1
N N H5

Relative linewidth (%)

RMS pulse duration (fs)
3 3
| |

.
.
% o R %
I I ]
40 60 100x10 "
Slice energy spread (%)

I I I
40 60 0
Slice energy spread (%)

0 100 A 3000 100 A0 30 0 100 A 300

Time (fs) FEL 07, Novosibirsk, 07 Aug. 3 1
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SYNCHROTRON

IV-ARC-EN-CIEL Iiﬁht source Eerformances : FELs ‘ﬂ
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LEL2 config |1-3 : sensitivity to peak current

RMS pulse duration (fs)

0 100 200 3000 100 200 300 0100 00 300
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SULEIL IV-ARC EN-CIEL |Iﬁht source Berformances FELs L
"~ LEL2: study vs spectral tuning

seed 14 nm, 30 kW, config. |-3

Aseed-Ares=-0.33 nm, non symetrical
e. start to escape from separatrix (lower energies)

0.5 GeV - Config 1-3

+0.01 /-0.013 for 10%
intensity variation

1 GeV - Config 1-3 1 GeV - Config 1-1

#0.025 for 10% intensity +0.011 /-0.016 for 10%
variation intensity variation

0.10
Désaccord (nm)

Aseed-Ares=+0.35 nm Aseed-Ares=+0.9 nm

power optimum radiation vanishes,

(H3x100, H5x10) e. escape from speratrix

O 10 0 300l ;0 w0 0w e 30 glisht reduction of gulse widths
Time (i) FEL 07, Novosibirsk, 07 Aug. 3 |




SULEIL MRC-EN-CIEL licht source performances : FELs

SYNCHROTRON

LEL2: study vs synchronisation

+200 fs

+35 fs for 10% intensity variation

| | | | | |
-40 20 0 20 40 60

Time delay (1s)

AT=-126 fs (seed before e.), the pulse moves further forwards

AT=30 fs (e. before seed), the pulse moves backwards
AT=183 fs, the pulse moves further backwards

\! e bunch 200fs rms, laser 100 fs FWHM, Seed 14 nm, conf | -3

0 100 X0 30 0 100 200 300 g 100 :mosm FEL 07, Novosibirsk, 07 Aug_ 3]
Time: (55} Radiator




ssten . YI-ARC-EN-CIEL project : undulators and FEL wCour

SYNCHROTRON _
\.IEL

ARC-EN-CIEL: RADIATION FROMP3
FEL oscillator

100+

- cavity length 32 m, 4.5 MHz
- waist minimizing the mode volume along ‘,
the interaction ;

L ]

104 "
i §
X L ]

H}{} = 'JL””J}L/QJI‘\/E * | ® published data

Reflectivity [9%6)

& Unpublishied data from GARLD dalabase

=> cavity length 32 m,4.5 MHz L m_Unpubliched dats WomLCFID ____
. o« o o o 0 10 20 30 40 al B0

- waist minimizing the mode volume along P

the interaction -

Rc= 16 and 29 m takeon | :40-26 nm (0.8-1.2

- hole extraction : 10 % efficiency

. GeV) peak power |5-100 MWV, average power
- 2 kW maximum power absorbed 50-150 W (IOW Q) 200-400 (hlgh Q)

cryogenics cooling (cf SOLEIL beamlines) :13-8 nm, peak power
- deformable mirror 7-70 MW,/ 20-120 MW average power 30-300
W (low Q) 100-600 (high Q)

=> further analysis with a longer resonator
model of cooling




SULEIL &ARC-EN-CIEL Mrce performances : FELs swCor

ARC-EN-CIEL: RAYONNEMENT
TH2Zz Radiation

\.JEL

aimant 17"
B=n.1&5T

1=2m
L1=2Zm

Phase 1:1nC, 1-10 KHz

Phase 3 : 20mé de courant moyen

R

———Phase 2 (Chicane)] "\ |

R e R e T T LR e EEETE) N R e R PP e E e DEP R R T EECEE ERPET EEE EEE SR B —

I | N\ |Phase 3 (Arc 1 (reV)

~ \«{Phase I (Chicane)] |

10 100 1000
8
Wavenumber [cm |

Spectral Energy per Pulse [pJ/cm




SULEIL ﬁARC-EN-CIEL IiLht____source performances : FELs

SYNCHROTRON

ﬂenl{:.

|EL

ARC-EN-CIEL: RADIATION FROM P3

Undultaors in spontaneous emission on the ERL loop
pulse duration <| ps

U20-1 GeV o HU30 plan-1 GeV

1017 _

< N
9
o°. ,
2 5
3
1
6 7 8 9 | 2 3 4
3 4 5 6 789| 2 3 4 5 6

[ERN
o

Ph/s/0.1%bw/mm /m

2 2
Ph/s/0.1%bw/mm /mr

T 1000
1000 Photon Energy

Photon Energy

TS : HU30 hel-1 GeV
U20-2 GeV "N s o

2 2
Ph/s/0.1%bw/mm /mr




SYNCHROTRON

ssten V-ARC-EN-CIEL light source performances : FELs wCop

\UEL

ARC-EN-CIEL: THZ RADIATION

Vertical Position

0.00 0.05 0.10 (.15m
Horizontal Position

(.00 0.05 0.10 0.15m
Horizontal Position

Ph/s/0.1%bw/mm~ !

Phase 2 (edge radiation@ | THz)

O. Chubar

0

-20

Vertical Position

-40

-60mm

| [ | |
0.00 (.05 0.10 0.15m
Horizontal Position

.

Ph/s/0. 1%bw/mm”~ >

N LY L Y YV VVIWVW
L]
0.00 0.05 0.10 0.15m
Horizontal Position

Phase 3 (edge radiation@ | THz)




ARC-EN-CIEL

B f‘R_CEN(',

CONCLUSION

Experimental demonstration od seeding with
HHG, in coll with SCSS team
=> confidence in our scheme

French roadmap on Large Scale Facilities
ARC-EN-CIEL CDR to be submitted

Next step : TDR, according to the result of
the French roadmap and R&D in parallel




ARC-EN-CIEL

a— B icmf.

TEMPORAL PROFILES
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SULEIL &ARC-EN-CIELMrce performances : FELs swCor
DYNAMICS- LEL2

\.JEL

Seed |2 nm, conf |-1,50 kW
Dependance versus the pulse seed duration

i

. 40

2 0

i

10

400

(a) 100 fs

201 300 400
(hy 50 fs




SULEIL ﬁARC-EN-CIEL IiLht____source performances : FELs mcw_
SN

DYNAMICS- GENESIS CALCULATION

Standard case Case LELI@| GeV :Seed 12.3 nm, conf |-

RMS Size of Radiation Power Density Distribution




SOt EIL III-Constituting elements : laser and HHG

syncrrotRoN IR

ARC-EN-CIEL: SYNCHRONISATION

AR(EH {:‘

LEsal
Wenzal = w0 e orplfisr
SM-10137 REV B

100 MH=

System of frequency stabilisation dof
the Ti:Sa oscillator with a reference
given from an atomic clock

Under study in CEA- EUROFEL
see poster O. Gobert

Femiosecond
Cieciliator

F. = 74 Wz T Fiber transmission

| - L
PicoMotor
@:=_=:3 |

<+ |

fiber laser
transmission

gun klystron »H
T 4§ ——
high level RF

.

Réseau optique

laser for
guni —

lasar for
gunz

synchro for
UsSers




SYNCHROTRON

SULEIL &ARC-EN-CIELMrce performances : FELs icm ,

\.JEL

3 GeV BRANCH, seed 4 nm, 100 kW, 10 fs

1st Harmonic 3rd Harmonic

After Modulator

HI@4 nm, 0.06 pj,
5 fs rms, 0.028%

After Radiator

HI@0.8 nm, 60 nJ,
5fs rms
H3@0.26 nm
H5@0.16 nm

Further analysis on transverse coherence

1.5 kA, 3 GeV, 0.02% 1.2 pi, 0.06 mm, 0.75 nC
Undl : period 3.5 cm, K1=6 (4), N1=200 (seed 10 nm) - 400 (seed 4 nm), Beta =2.6 m,Ff=0.1
Und2 period 1.8 cm, K2=3.6 (2.73), Lambda2=1.9 nm, N2=1000, Beta =2.6 m, Ff=0.1

Config 1_5, Dispersive section R56=5e-4,,Nd=130
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