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dars Some Source Properties of Interest TS

Brightness Photon Energy

Pulse Length Tunability

Flux Repetition Rate

Coherence Costs

Energy/Pulse Size
Complexity

.
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el Science Drives the Machine? %S>

0 Yes...But

« |If you already have a machine and site then you need to
determine what the capabilities of the machine is.

S0 in this case the machine partially drives the science and
then one must make a determination if the science that the
machine is capable of empowering is worth pursuing.

*|

JAIl - 12 June 2008 (S.V. Milton)



w Undulator Magnets: Resonant Condition "@55‘3"9/

) i INSERTION DEVICE (WIGGLER OR UNDULATOR)

Resonance” occurs when the  peRMANENT MAGNETIC MATERIAL |

light wavefront “slips” ahead of  Nd-Fe-B s
<

the electron by one optical
period in the time that it took the
electron to traverse the distance
of one undulator period

| 2
— 'o K
/\rad - 292 (l + /2)

Where Vis the normalized
electron beam total energy
and

K=0.934A_,[cm] B [T]

Is the normalized undulator
field strength parameter

Electrons

=~~~ Synchrotron
Radiation
X-rays

JAIl - 12 June 2008 (S.V. Milton) 5



Wavelength Reach TN

he resonant condition
ives a slope of -2 on
e log-log graph (red
nes).

eometric emittance
ecrease inversely with
eam energy in a linac.

ELs work best if the
eometric emittance is
ss that the photon
eam emittance (TEM,,

ode) A/41t(green lines)

n ]

[r

£
|£ j]
]
T
i

nes need to
alistically assess the
apabilities of the linac
nd electron beam
ource

Al - 12 June 2008 (S.V. Milton)



FEL Types: Oscillator, Seeded FEL, SASE

1 FEL D“i"ﬂtur

Light Envelope l l ] l 1 I l l ] l 1 "‘Fmr

(T TATET eI TE ATy puiee

&~ Baam Path

UNDULATOR

Self-Amplified-Spontaneous-Emission (SASE) FEL

TR e

nnn

&~ Banm Path

UNDULATOR
MNOTE: OES NOT Reguire Mirrors



ol The Start of Microbunching 5>

El‘ot(t) =k, (t)z eXp(i(bj)

Coherent sum of
radiation from N electrons ,,
200 —
100 —
0
-100 —
-200 —

-300 —

\ \ \ \ \ \ \
0 2 4 6 8 10 12
S

The SASE light consists of several coherent regions, also
known as spikes, randomly distributed over the pulse
length of the electron beam.



FERMI
@ Self-Amplified Spontaneous Emission (SASE) @"’V

Exponential Growth

A

Saturation

Microbunching Begins

Log Radiation Intensity

Distance




dam

Since they are regularly
spaced, the micro-bunches
produce radiation with
enhanced temporal
coherence. This results in
a “smoothing out” of the
instantaneous synchrotron
radiation power (shown

in the three plots ) to the
right) as the SASE process
develops.

SASE FELs gl =

Pawer [watts)

Avg. Field Powar ws. Z
I |
TeEeT Saturation
1 =
1 ~@7

1.E+@3

Exponential Gain
Regime

|

Undulator Regime I

1me = 1 me
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el The LCLS: An X-ray Laser (1.5 A) T2

The LCLS
(Linac Coherent Light Source)

RF Gun

Linac O

Linac 1

=W R \

/Tmto n

Beam Lines

Undulator

) To Electron
= Beam Dump

P —-ﬂw—\;
B Factory Rings
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Spectral coverage: 0.15-1.5 nm
To 0.5 nm in 3 harmonic

Peak Brightness: 1033

Photons/pulse: 102

Average Brightness: 3 x 1022

Pulse duration: <230 fs

Pulse repetition rate: 120 Hz

Upgrade — more bunches/pulse

JAIl - 12 June 2008 (S.V. Milton)

Capabilities

Weavelengih (nm)
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Fsﬁi'\y,
@elettra
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let

Benefits of a Seeded FEL s S

0 A “seed” laser controls the distribution of electrons within a bunch:

Q- Givi

JAIl - 12 June 2008 (S.V. Milton)

Very high peak flux and brightness (comparable to SASE FELSs)

Temporal coherence of the FEL output pulse

Control of the time duration and bandwidth of the coherent FEL pulse

Close to transform-limit pulse provides excellent resolving power without
monochromators

Complete synchronization of the FEL pulse to the seed laser

Tunability of the FEL output wavelength, via the seed laser wavelength or a harmonic
thereof

Reduction in undulator length needed to achieve saturation.

ng:

Controlled pulses of 10-100 fs duration for ultrafast experiments in atomic and
molecular dynamics

Temporally coherent pulses of 500-1000 fs duration for experiments in ultrahigh
resolution spectroscopy and imaging.

Future possible attosecond capability with pulses of ~100 as duration for ultrafast
experiments in electronic dynamics

S
14



dleti High Gain Harmonic Generation - HGHG F@'é:'?ﬁ?f

compressor

seed laser _ HI'HI
modulator radiator A

e-beam

T T T T T

Bunching at harmonic A

—— GENESIS x 4 |

- — SASEx 10°
— HGHG

Energy (mJ (% bw) ™)
-
(== S R e N

More compact and
fully temporally
coherent source,

262 264 266 268 270
Wavelength (nm)

FIG. 4: Single shot HGHG spectrum for 30 MW seed

co ntrOI Of pU|Se (blue), single shot SASE spectrum measured by blocking
the seed laser (red) and simulation the SASE spectrum

Iength and contrOI Of after 20 m of NISUS structure (green). The average spac- Li-Hua Yu
ing between spikes in the SASE spectrum is used to esti-

SpeCtraI parameters' mate the pulse length. DUV-FEL

.
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dari FEL Seeding a Long Bunch TGS

[
0-35 I T '| T [ 0.4 I Ll LI T ' L] T L] T L] T LY L] T LB T
SASE L SASE ]
0.30 |- - ~ . :
& psl ]
. 02sf = = - .
= ~ B ]
il 1% i «<——SASE
g oasf - S5 - -
£ 4 T ]
010 - E 01k ]
o ™ -
0.05 |- 2 i ]
0.00 L s _ . | 0.0k L ]
0.6 — e o T
25 fs seed C 25 fs seed 3
05k 5 5688 | G 012 . 5 S5ee ]
S o0fF ]
& E= T T et : Seeded FEL
L= > 008[ ]
L 0.3 — E B
5 E ook E Short bunch
o | _ 5 - .
e 02 £ o004f 3
E L .
e = 0.02 | 3
0.0 L : 0.00L LN | ]
0.6 T T T 30 I | |
500 fs seed [ 500 fs seed
0.5 = .~ 25F E
o L 2]
s oal “ X 20f s Seeded FEL
g ] —
] = L ]
T o3l - g isE ] Long bunch
g 5 -
£ o2} - E 10E E
0.1 - £ 5 — 3
0.0 ] i 1 i 0 ! ""ler L 1
600 s o 1238 1239 1240 1241 1242 Courtesy of J. Corlett, LBNL
Time (fs) Photon Energy (eV)

~
o

|
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FERMI FEL Output Parameters

Fsﬁi'\y,
@elettra

Parameter FEL-1 FEL-2 (in discussion)
Wavelength range [nm] 100 to 20 40 to 10 (to 37)
Output pulse length (rms) [fs] <100 > 200

Bandwidth (rms) [meV] 17 (at 40 nm) 5 (at 10 nm)
Polarization Variable Variable

Repetition rate [Hz] 50 50

Peak power [GW] 110 >5 0.5t0 1

Harmonic peak power (% of fundamental) | ~2 ~0.2 (at 10 nm)

Photons per pulse

10" (at 40 nm)

10" (at 10 nm)

Pulse-to-pulse stability 30 % ~50 %
Pointing stability [ rad] <20 <20
Virtual waist size [ m] 250 (at 40 nm) 120

Divergence (rms, intensity) [ rad]

50 (at 40 nm)

15 (at 10 nm)

~
N
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FERMI@Elettra FEL

ELETTRA
Storage Ring FEL

Peak Brilliance (Photons/s ’mmz/mrad2/0.1%l w)

JAIl - 12 June 2008 (S.V. Milton)

FERMI Brightness

FEF"\N?
@elettra

Wavelength(nm)
00 100 10 1 0.1

P ON_2

FERMI@Elettra

10" Increase

Short W15.0

e

Bending Magnet

!

10 10'

3
3

10° 10 10°

Photon Energy (eV)
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FERMI Seed Laser: Phase| ©HiS2>

|| ; .
Main works since last MAC
-Tests HE TOPAS completed
a0 —<— FH-signal I
= ==ZH.EF.Eingd ====EH.EF ldir
20 T
T 1o Iy "\x__ /flv II
5 ELE ;-".I e II'
E J_.". I:I ]
§ a0 )I_ff'-
s o
wy - ,.-" St
/ l:'.?tl 230 ?-l':l 50 :'llilll 21 :'é[: a0 1IIII 30 3:"r 330 J-;-‘l 350
100MW level Tuning curve in UV
a0 [ 520 rmn s-cl_
=[] PWHM ACF Dasta: 845 15
. |
i :
100 ".-. ..h-_

ey ]

Typical autocorrelator trace

b iy i ]

Regen Amp

Wavalangth [nns

Typical Spectrum

Du=073 mm: Dy= 0.66mm:

Seed fibre laser

Spatial distribution at focus

Courtesy M. Danailov
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FERMI Seed Laser: Phase| ©HiS2>

—— Conter Wi o Gausmian 1l
25084 T T — 1-81 momenl of spacium
| —— Mammumi ritasity ‘WL
[-H |.
i ]l
= 5 .||| d | I
IR L'|r|| uuﬁ il
|
Ii |1 1|| !
|

Wavalangth [nm]
=
=
-7 ;
ey -
—,u—

| dsun o] wdiyers g niab =

:maum [ooizE Fvchlig
E08E | moant LO0IY 10010
WM Do urart

|+ ek J'[ !'.'1'

i o

Tunability range (nm)
Peak power (MW)
Pulse duration (fs)
Timing jitter (fs RMS)
Pointing stab. (urad)
Wavelength stab.

Beam quality (M2

240-360

100
100

<100 fs
<20
10+
<1.5

230-330

>1350
<100

TBM
TBM
<104
TBM

Wavelength stability measurement
at 250 nm (SH-SF-signal)

Center WL Gaussian fit:1x10->
First moment of spectum: 1.1x10->
Spectrum peak:9.7x10>

Assuming 100 fs
Estimated, TBM

For SH-SF-Idler

Measured performance for the 100 fs regime (1 ps not heeded!)

12 June 2008 (S.V. Milton)

Courtesy M. Danailov
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elethr Seeding with an HHG Source? F@%'?Cpf

Synchronized Ti:Sapphire Amplifier

_ : _ = 30 fsec 7
Ti:Sapphire ~ )| Pulse Shaping | _ CO I I . I cated
Oscillator E-tam * I

E=14mJ

tunable radiation in ¢ TU nabl I Ity
120 nm-12 nm range

N nhot proven
<=

* KrF Hanover 14mJ 500fs

F E |_ <:- Transport Optics

J T T Y T
100 - XeD Riken 16mJ ]
] 0 4 100mw
I 0
] | l Ar o
5 M Riken 16mJ ' ol
— 1 iken 16m i
3 1 saclay: E= 25mJ JOMW %P
B U ; 100nJ_. d \ Riken 130mJ &
I S E’@ E
CHE M "2
L ] 1 o
10nJ - e
] ] 100kW o
LOA 2mJ ]
nJ T r ' . T
80 40

-
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dars More Comments About an HHG Seed™.$>

9 Direct Seeding Option
« But now one is limited to the wavelength cutoff of the HHG
system

" 10 nm perhaps a little shorter.

" 10 kw to 100 kw
o Too low for HGHG seed

9 Pulse length

e Tends to be on the order of 10 fs to 20 fs, even shorter if
needed, but difficult to make significantly longer.

l\’|
N
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eleti Seeded HHG Source TGS

13 ” = R 15
A “problem” with using a HHG source as a a
seed is that the power is not that high. 1o Unseedead
The “problems” with using a plasma laser are 5
the timing stability, pulse duration, and Y S
longitudinal coherence. & 5[
g |b =
Combined however they could make an ideal | g 1o e sesd (nensiyxio) §
seed for future FELs. = 8
i 3
E ola N 2
%prepulse
:" : =:‘: ‘: A GRS G iR Y FITEITERE : g aiIc ) "
“ccp grating ] '
— =y =0 Qe
Al filter target toro d_fmirror 0

-4
30 31 32 33 34 35 30 31 32 33 34 35
Wavelength (nrm) Wavelength (nm)

# 800nm, 20m.J laser
«==| delay lina
FIG. 2 (color online). Spectra illustrating the relative intensity

FIG. 1 (color online). Schematic representation of the seeded and beam divergence for the (a) unseeded 32.6 nm soft-x-ray-
soft-x-ray-laser amplifier based on a grazing incidence pumped  laser amplifier, (b) high harmonic seed pulse, and (c) seeded

plasma. soft-x-ray-laser amplifier. The length of the plasma amplifier is
3 mm. The intensity scale of the seed pulse is magnified by
I Wang et al., Phys. Rev Lett. 97 123901 (2006) I 10 times.
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User Requirements & Science %S>

User Requirements
e 100-10 nm range (and less) - fully tuneable & polarised coherent radiation
« 100’s MW to GW'’s of peak power
« 103 to 10* photons/pulse
« 0.05to > 1ps photon pulse lengths
¢ good pointing stability
« reasonable pulse to pulse timing jitter
e good pulse reproducibility ~10% Al/I

Science

e chemical reaction dynamics

« study of the electronic structure of atoms, molecules and clusters

e biological systems

« inhomogeneous materials on a microscopic scale

e geophysics and study of extra-terrestrial materials

« material properties under extreme conditions (pressure, temperature, etc.)

e surfaces and interfaces

* nano-structures and semiconductors

« polymers and organic materials

¢ magnetism and magnetic materials

e superconductors and highly correlated electronic materials

e

JAI - 12 June 2008 (S.V. Milton) 24
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@elettra

Low Density Matter BL (Acting Coordinator: F. Parmigiani)

*Cluster and nanoparticle speciroscopy

Spokespersons: F. Stienkemeier, B. von Issendorff (Umiv. of Fretburg-I)
*Spectroscopic studies of reaction intermediates

Spokesperson: 5. Stranges (University of Rome La Sapienza)

*Atomic, Molecular and Optical Science Beamline

Spokesperson: K. Prince (Sincrotrone Trieste)

*Ulirafast processes and imaging of gas phase clusters and nanoparticles
Spokespersons: T. Moller, C. Bostedt (TU-Berlin)

Imaging and Coherent Optics BL (Coordinator: M. Kiskinova)

*Ulirafast coherent imaging at Fermi

Spokesperson: H. Chapman (LLNL-CA) | J. Haidu (Stanford Umiversity and Uppsala University)
*Full Field X-ray Microscopy and lenseless imaging

Spokespersons: M. Kiskinova (ST-Italy), B. Kaulich, (ST-Italy),

T. Wilhein, IX0O, Rhein Abr Campus Remagen, Germany

Elastic and Inelastic Scattering BL (Coordinator C. Masciovecchio)
*Timer and Timex
Spokespersons: C. Masciovecchio (Elettral - A. Di Cieco { UNICAM & Univ. Paris VI)

- G. Ghiringhelli (POLIMI)

THz beamline (Spokesperson Lupi -La sapienza Roma- under evaluation)

—

JAIl - 12 June 2008 (S.V. Milton)
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Ultrafast coherent imaging at Fermi FERMI
@lem Spokesperson: H. Chapman (LLNL-CA) , J. Haidu (Stanford University and Uppsala University) @elettra

Single pulse FEL

1 micron

JAIl - 12 June 2008 (S.V. Milton)



Qggm Schematic layout of the FERMI accelerator ‘&'

N\

st 1 Ad = E
RF Photo-injector L Chlr::ane 2 ChI:CEIrIE
: L1 and L2: L3 and L4
x Laser g : -
Isrg:?tsogrg Heater 2/3n Travelling Wave 3/4n Backward Travelling Wave

Acc. Struct. Acc. Struct. Acc. Struct.
/ /\ FEL1

By yemmsjemn \—- e \-——

x-band longitudinal . . FEL2
' linearizer ' :
E,= 100 MeV E, =220 MeV E,= 600 MeV E,= 1200 MeV
| =60 A (10ps) Rgs=-0.03m R, =-0.02m | = 800A (700fs)
cf.=35 cf.=3.0 | = 500A (1.4ps)

“Short” bunch  “Medium” bunch  “Long” bunch

Bunch length 200 fs (flat part) 700 fs (flat part) 1.4 ps (flat part)
Peak current 800 A 800 A 500 A
Emittance(slice) 1.5um 1.5um 1.5 um

Energy spread(slice) <150 keV <150 keV <150 keV
Flatness, |d2E/dt?] <0.8 MeV/ps? <0.2 MeV/ps?

~_ QA=
) N/tl Mostly FEL1 Mostly FEL2




FEll?MI
W Conceptual layout of the FERMI FELSs, @ew
transport line, spreader and beam dump

g EOS . .
. Seed «
| Ieor(s) < ps FEL-1(21m) ~20 m
X .......... > D =l /\ i N -
| /
i ! R om | Front
; DS Delay DS FEL-2 (38 m) ends
NG > Las A —— e
TL | M1 R \ M2  R2 \
. . | 1
.~ First stage Second stage
Beam-.. 5° % | EPUs
spreader
Future expansions 33;";
2 hi-res BPMs with no optics
inside for BBA (min. sep =5 m) Description:
- undulator axes separated by 2 m
FEL-2 Configurations - transverse/energy collimation incorporated
« Fresh bunch Y P
« Whole bunch - space for matching optics, BPMs, EOS, other diag.
« HHG seeding - small angles to CSR effects: ~ 6 deg total

B ————————————
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el Limitation s =

n: harmonic number

Bunching at the nth harmonic:
Oy. relative energy spread

D: dispersive section strength

b, =exp —;nzaﬁDz Jn(nDAy)

Ay: relative energy modulation

bn significantly different from zero only if:

_ 2 / 2
On the other hand: (0' )tot = /0 +Ay® o,/1+n" <p
mmmmm)  Limitation on maximum n

Is it possible to reach shorter wavelengths (i.e., 10 nm) in a single stage?

the seed wavelength is reduced
yes, but only provided that: and/or

- the total relative energy spread is reduced

JAIl - 12 June 2008 (S.V. Milton) EUU”Egm 29



W Cascaded HGHG F@Eﬂyf

2-Stage cascade HGH

electron beam Mo Ao/5 Ao/S )»0152
-“Q ~250 nm ~50nm 3 ~50nm ~10nm ,a
N ”n ' i v r
synchronized__~— poH \m . .
seedin ulse '
}\? i PR S FEL output

'HGHG output

| Z"geed

seedin ulse
aPT=e, IK e.g., 50 fs 4!‘
‘wasted part of

electron beam the electron beam

Here one upconverts the frequency by a
very large amount. In this example by 25.

But at a price...complexity.

If only the seed wavelength were shorter...

JAI - 12 June 2008 (S.V. Milton) 30



WFEL'Z (40-10 nm): fresh-bunch configuration "55‘1"9/

resn punc rea

A
seed laser Afn /\ A/n AM(nxm)
\

_/
First Stage Sta Second Stag_
2nd Stage Modulator Dispersive section Radiator
Parameter Value Parameter Value Parameter Value
Type Planar Rss ~ 6.4 pm (at 10 nm) Type Apple
Structure One segment Length ~1m
Structure Segmented
Period 6.5 cm
Period 5cm
K 24-4
Length 2.08m Segment length 24 m
. K 11-28
Courtesy G. De Ninno
Break length 1.06 m
Total length 19.7m
Total length FEL-2 ~ 37.5 m
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w FEL-2: Results at 10 nm (fresh bunch) F&?W

Output power profile Output spectrum
0.9 - - 8e+11
0.8 Laser seed:
. 100 MW 7e+11
0.7 250 fs rms 6o+11 k
= i >
& 00 £ Se+t1 f
¢ 05} ~
z £ de+tt |
Q 04 g
3 £ 3e+ll |
a
g o3¢ 110 fs rms b
o |
oo | 2e+11
01 F i 1e+11 | J
0 1 1 0 IR P IA  , , _ PE 1 1 el PEEY. IIINT |
-800 -700 -600 -500 -400 -300 -200 -100 0 123.85 1239 12395 124 124.05124.1 124.15
1 {(fs) photon energy (eV)

10%% photons (93% in single transverse mode)

5 meV bandwidth (rms) (1.5 x transform limit)

Courtesy G. De Ninno
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el FEL-2 : CDR configuration TGS

“fresh bunch” break

A
seed laser Mn /. \ An M (nxm) :

. J _/
' ~ N
First Stage Second Stage

Is it possible to cover the FEL-2 tuning range in a single stage?

(as similar as possible to FEL-1)

seed laser A M(nxm)
I &
/ But from before remember that this requires
. either smaller energy spread or shorter

D
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Using HHG as a Seed?

FE"‘i'\p
@elettra

Trying to reach shorter wavelengths...
with enhanced e-beam parameters

Electron-beam energy: 1.5 GeV
Peak current: 750 A
Energy spread: 100 KeV

Shortest wavelength: 50 nm
Peak power: 1-5 MW

Limit at the 9t harmonic

™

o
=
=]
=

-
L]

400 =

300 —

200 —

100 —

Oufput power at 5.5 nm (W)

5 10 15 20 25 1]
Radiator lenght (m)

i (5.5 nm)
60
g i - /
2404
= -
[5] T .
E L]
a 204 .,
0- | I 1 1 I I | . T
2 4 G 8 10 12 14 16
Harmonic number
Power along the radiator
Sensitivity to energy spread
| Radiator period: 4.5 cm s00x10° -
2 oo
E
3 a0
§ 200 —
5 100
]
u_

T
100

T T T I
150 200 250 300
Energy spread (keV)

JA

I -
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el Switching Gears TS

9 |.e. Semi related topics
9 Enough for the current FERMI thought process
9 What About the Future

9 Two Thoughts
« Wavelength Shifting using beam gymnastics
« Attosecond pulses

w‘
(S
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eleltri Wavelength Shifting s S

Basic Idea
« Modulate in energy at a fixed wavelength the electron bunch

« Compress the bunch and create a density modulation at a
different wavelength than the seed

« Remove any unwanted energy chirp
 Pass the beam through an undulator tuned to the new
wavelength
Advantages
 Allows one to seed with a well controlled fixed source

« Allows one to set up the major part of the system and then
leave untouched

w‘
(3]
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el Wavelength Shifting: Graphically F%.S2>

4 Modulated
beam Imprint an energy modulation onto the
27 beam. This is identical to the first step in
0 A A ANEVAN HGHG, i.e. combine an electron bunch
NN V] NN . o .
. with a laser seed pulse within the field of
an undulator resonant at the seed
7 wavelength.
\ \ \ \
20 10 0 10 20
50
40 | Histogram of
the above

7 At this point there is no density modulation

20 on the beam and so the beam is not yet
suitable for coherent emission

10

Modulator
Undulator

——(IImm————— |
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dam

Chirped beam
in red

50 7

40

30

20

10

10

Histogram of
the above

20

——(IImm————— |

\
0

Accelerator
one

Wavelength Shifting: Graphically F@%Ri"pf

Now pass the beam through an
accelerator and add a correlated energy
spread to the imprinted beam.

At this point there is still no density
modulation on the beam and so the beam
is still not yet suitable for coherent
emission.

JAIl - 12 June 2008 (S.V. Milton)
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el Wavelength Shifting: Graphically F%.S2>

15
10 . Compressed
beam in red The beam now is passed through a

chicane and the high energy tail of the
beam catches up with the low energy head
of the beam.

-5 4

-10

-15

\ \ \ \
-20 -10 0 10 20

Histogram of

the above Done correctly there is now a significant
density modulation on the bunch, but now
it is at a different wavelength than the

20 JUUUMK seed. This wavelength is dependent on the
\ \ \

50
40

30

seed wavelength and the depth of the
initial modulation. The beam is now ripe for

‘ coherent emission.
-20 -10 0 10 20

10

Dispersive
Section

——(IImm————— | | (e —
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el Wavelength Shifting: Graphically F%.S2>

157 Final WSed

107 beam in red A second accelerator running off crest is

5 used to remove the energy chirp. Note

0 NNy A some of this energy chirp could be left on
5 the beam for further use in compressing
10 - the optical pulse duration.
15 \ \ \

-20 -10 0 10 20
o Histogram of
the above
40
The beam is now ideally bunched at the

307 new desired wavelength. All that was

20 needed in addition to that needed for
10 HGHG are two additional accelerating

structures.
0 \ \ \ \
-20 10 0 10 20
Accelerator Final Radiator
Two Undulator

—TI—____—— | | T
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Rough Wavelength Shifting Experiment BNL %5"39

Tank 4 phase offsets.
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W Attosecond X-rays TGS

] 800 nm 800 nm o-dum
% modulator UMd' I2nm chicang.  Srelnm radiator s
HC FEL modulator radiator
= | g | e, <
2 nm x-rays photon stop attosecond x-rays experime

Figure 1: A schematic of the components involved in attosecond x-ray pulse production.
fr—,—— 17— T

15 [ : g ﬁ\\
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FIG. 2: The calculated energy modulation of the electrons FIG. 4: (Color) Predicted attosecond pulse power at 1-nm
along the electron bunch produced in the interaction with a wavelength from a radiator with Ng = 80 (top line) and N =
few-cycle, 800-nm laser pulse in the wiggler magnet presuming 45 (bottom line) using Eq. (7). Both curves were normalized
an instantaneous electron beam energy spread op = 0.3 MeV. te the peak intensity of the Ng = 80 simulation results (dots).

A.A. Zholents, W.M. Fawley, Phys. Rev. Lett., 92, 224801
(2004); LBNL-54084Ext, (2003).
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W Back to Reality TGS

9 We do not have immediate plns for either
« Wavelength Shifting
e Attosecond pulses
« But they are still in our minds

9 Status of the FERMI Project
 Next few slides

e
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Summary FERMI WBS TS

Major Areas Major Phases

Q Managemelnt 0 PIanning

9 Beam Physics

2 PC Gun 9 Research and Development
A Linac 9 Design Engineering and

2 Controls Prototyping

2 Diagnostics 9 Production and Construction

2 Timing and Synchronization

9 eBeam Transport System

9 Undulators

2 Photon Transport and Beamlines
9 LDM Experiments and End Station
2 DiProl Experiments and End Station Note: We are still missing a key hire for

2 EIS Experiments and End Station leading up the Low Density Matter
Experiments and End station.

9 Integration and Installation
9 Commissioning
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gletiri FERMI Summary Schedule s>

New master schedule generated.

The previous one was grossly out of date and overly

optimistic.

FAPLs asked to create bottoms up linked schedules for
their respective areas.

Shown above are the major areas that are either on the
critical path or very close.

At present we are in the process of logically linking all
schedules together, but we already have enough

information to make a good estimate of the critical path.

JAIl - 12 June 2008 (S.V. Milton)

Some Notes:

Some technical items are
very close to driving the
critical path.

The duration for the
undulators (driven by the
FEL Il undulators) is
longer than we want and
so we will need to do
something to shorten this




FERMI Critical Path %Ry

The critical path to first light is
dominated both by delivery of
buildings and the linac. In the
case of the linac the dominant
items are the modulators
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JAI -

et FERMI Civil Engineering ~ %<2

Undulator Bid.
-Undergr. hall
-Overground Servlce gallery

General design layout 1/4

Utility Bid.
- mechanical
- electrical

Prefab. Bid.

- labs Experimental

- offices Bld.
1 - main hall
- facility annex
Linac Bld.

- extended tunnel L=191m
- undergr. area for laser & other labs
- extended klystron gallery L=185 m
- control room, labs. and offices annex

Zero Impact
Works

- MM BId.

- Nitrogen plant

- Main sewage plant

: . Area netwnrks

-Parking area extended

MAC Meeting - April 21, 2008
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i S
@elettra

Main buildings 3D view 1/10

undulator
service Qallerv

linac
switchboard
annex

: |
klystron gallery
: undulator hall
pit - tunnel =

component
main entrance

linac tunnel

linac tech. annex

linac bld. main entrance

\ control room & labs. annex
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et FERMI@Elettra gy =1

Civil Construction
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eletirs Civil Construction FERMI

Linac Underground Concrete Work Complete
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el Civil Construction TS

And it has already been put to “good” use!

ELETTRA SPRING PARTY -

22 waggio 2008 are 15.00
eificio Linsc Undirgrouwnd

LiNAD UNDERGROUND GEGLERN-
DO | FALLOMDINI FOBTI LUNGD

EEEEEEEEEEEEEE

TRAZIONI VINDENTI
AFMI IS08IZIOM DURANTE IL
MISLIORE OLAGSIFICATO O DM

FEEET WINMERT.
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el The LCLS: An X-ray Laser (1.5 A) T2

The LCLS
(Linac Coherent Light Source)

RF Gun

Linac O

Linac 1

=W R \

/Tmto n

Beam Lines

Undulator

) To Electron
= Beam Dump

P —-ﬂw—\;
B Factory Rings
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dami

9 Comparison to the LCLS

The Challenge

Fsﬁi'\p,
@elettra

FERMI LCLS
Linac-Based FEL Linac-Based FEL
Seeded Operation SASE

1 PC Gun and Drive Laser

1 PC Gun and Drive Laser

1 Laser Heater System

1 Laser Heater System

1 X-Band RF System

1 X-Band RF System

7 New Accelerating Systems

2 New Accelerating Systems

All New Modulators

No New Modulators

Compete Rebuild of Linac

Moderate Linac Upgrades

2 Bunch Compressors

2 Bunch Compressors

1 Spreader Line

1 Transfer Line

2 FEL Lines

1 FEL Line

JAIl - 12 June 2008 (S.V. Milton)
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W The Challenge F@%Ry

9 Continued Comparison to the LCLS

FERMI LCLS
Multiple Undulator Types with Movable Gaps Single Undulator Type with Fixed Gap

2 Photon Transport Lines and Optics System 1 Photon Transport Lines and Optics System

3 Starting Experimental Programs 1 Starting Experimental Program
New Linac Building, Und. Hall, and Exp. Hall New Und. Hall and Exp. Hall
Complete New Plant Infrastructure Moderate Plant Upgrades

Storage Ring Tradition Experienced Linac-Based Laboratory
ST plus Collaborations 3 National Laboratories Participating
Short Timeline Longer Timeline

L
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eletirs The Challenge: Conclusion %S>

The LCLS is nothing
more than FERMI...

...But on a smaller scale!



Even Shorter Wavelengths? =2

Al - 12 June 2008 (S.V. Milton)

Although we have
promised our user
community 100 nm to
10 nm we will design
FEL Il in a manner that
will allow us to press
down to 3 nm on the
fundamental. We make
no guarantee here, but it
will be our stretch goal.




el FERMI Summary s =

0 Construction
« Underway

0 Recent Technical Success

 1st Photoelectons
" Done in collaboration with MAX Lab and INFN Frascatti

9 Schedule
« Aggressive but plausible

9 Goals
« 1st Light by end of 2009 beginning of 2010
« Operations begins Start of 2011
e 100 nm to 10 nm promised
« 3 nm (fundamental) stretch goal

I
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