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The Origins of a X-Ray FEL

Project in Italy

e The Fasella Panel

Theinterest for therealization in Italy of a
Ultra-high BrillianceX-ray Source was firstly
formalized in Sept. 1998, during a meeting,
held at the Sci. & Tech. Research Dept.
(MURST), of apanel lead by Paolo Fasdlla.
The preparation of aproposal to the italian
government was at that time seriously
encouraged by Bjorn Wiik, attending the
meeting.

The NATIONAL RESEARCH PLAN
Funded by 10% of the money raised in the
Government Auction run last year for the Next
Gen. Cellular Network licences (UMST), it
encompasses 10 initiatives (genoma, nanotech.,
Center for climate studies in the Medit., X-ray
laser, etc.) for atotal of 1033 Mx .



The National Research Plan (PNR)

o Large Infrastructures (a section of PNR)
Funds were allocated for 2 initiatives.

1) Multi-purpose X-ray Laser at Ultra-
High Brilliance 67 Ma +5 M= (80 res. fell.)
2) Center for the climate study of the

Mediterranean 21 Mx

with the aim to drive and/or consolidate the
development of european initiatives/centers

 The Italian Gov. responded to the
recommendation by the Fasella Panel

National Res. Institutions were supposed to
prepare proposals. 67 Mz will cover the 70%
of the budget (hardware + man power). The
additional 30% has to be covered by the
selected Institution winning the call for prop.



Which Linac for what FEL A, ?

This is the first X-ray FEL initiative for
which the Linac is not available or
provided by other programs

The study group decided to start a
broad band investigation to compare
different schemes and technologies

The am was to develop a program able to reach
awavelength range of interest (i.e. with a good
scientific case), consistent with the available
budget (67 Ma +5Ma + 29 Ma)

As indicated by the Presidents of the
collaborating Institutions, the project is meant
to be evolutionary, that iscompatible to along
term upgrade expected to reach the final goal of
al A Coherent Radiation Source



The Scientific Case

In the 10 nm = 1 nm range

e High Peak Brightness (> 1030)
Ultra-short (< 100 fs) radiation pulses
are of great interest in various areas

1) molecular physics (vibrational
modes, bond breaking and formation at
| =10-1 nm, | <1 A)

1) physics of the clusters (phase
transitionsat | =10-1 nm, | <1 A)

1) surface and interfaces (real time
dynamics and phase transitions, | =10-1 nm)

1) timeresolved chemical reactions
(metastable and transition states, magnetic
scattering, confined systems, | =10-1 nm,
| <1A)

P first step at 10 and 1.5 nm,
paving theroad toward 1 A (and below)



1-10%2

11031

1-10%9

1-10%°

'—\
N
o

Brightness (photons/s/0.1%/mm”2*mrad”2)

H

X

o
N
\‘

11020

1-10%°

o % h
o, o 2 GeV
c | 3 GeV
~ 6. ¢ Il 'harm
o. O, A/
o, .
"<>. ~<>\~
— ~~0
o V harm
B 1 el
.. L eas-- H.., .
El" A R P
e g
| | | | | | |
0 1 2 3 4 5 6 7

L. Giannessi

Photon energy (keV)




Saturation Length (m)

Saturation Length (m)

100

80 | |
Q
T X 000 1GeV XXX 35GeV
60 - L O 2GeV 4 GeV |
o +++ 3GeV 000 5 GeV
“mo
40 |- Q- - .
G
X
N
20 - I ‘6. . -
® O
o
O'O@
| |
O0.1 1 10
Wavelength (nm)
80 | |
O
‘>< )
60 [ '
x"
+ . N
40 T O
§> R 4 K X 10} .
e X
»6+
0F o 000 1 GeV XXX 3.5 GeV
o 0 2 GeV 4 GeV
& +++ 3GeV 000 5GeV
0 | | | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Photon energy (eV)

L. Giannessi



Which technology for a 2 GeV

Linac with long term evolution
toward 10 GeV ?

2 GeV is consistent with A =1.5nm
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A bird view over the challenges

In generating
high brightness electron beams

 Peak Brightness demands exceed
capabilities of modern beam sources,
l.e. advanced photoinjectors (plasmagun ?)

 No cooling mechanism is available in a
Linac for the rms normalized transverse
emittance g,

* Need of adevice to boost the brightness via
bunch compression (peak current increase over
the natural 50-100 A delivered by the source)



Continue on challenges

Three Major Tasks to accomplish

1) Minimize all mechanisms leading to
degradation of the rms normalized
transverse emittance e,

2) Peak current enhancement by afactor 20-100

3) Damp the beam energy spread below the
threshold Dgg<r



DESIGN CRITERIA

e 1) Optimum Emittance Correction accom-
plished in initial 150 MeV (laminar regime)
a) matching to Invariant Envelope
b) Ferrario work. point to tune emitt. oscill.

o 2) Optimum Magnetic Compressor Design
a) minimize R = dL / (Dg/g)
b) integrate bunch compression into
laminar regime using velocity bunching

o 3) Control Dg/g viashort range longitudinal
wake-fields and adiabatic damping

KEY FACTS:
A) Brightness scales up with RF

frequency of photoinjector
B) Emittance growth due to CSR
scales up with R,




Maximizing Brightness In

Laminar Beams
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TWO OPTIONS:

S-band Room-Temperature
L-band Super-Conducting

150 MeV 1 GeV 2 GeV
700 A 700 A 2 kA
Magnetic
S-band Photoinector Compressor
with RF Compressor 17 SLACTW Pressor 17 stacTw
RF Gun +4 SLACTW  Acc. Structures Acc. Structures
E... = 18-20 MeV/m 240 m
>
6 MevV 3 TESLA 7 TESLA

L-band RF Gun 50 A Criomodules Criomodules

M.C.

150 MeV 500 MeV 2 GeV
800 A 800 A 2 kA
S-band Photoinector

with RF Compressor
RF Gun + 4 SLAC TW



L-band injector + Linac
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COSTS

« Costs are expected to be restricted to:

Linac 34 Mgn
Undulators 10 Mmgn
Radiation beamlines 10 Mo
Contingencies 13 Mz

e Linac’'sCost Estimates are:

L-band option 23 Mx
(CW operation) (33 M=)
S-band option 21 M=

+ acommon component
| njector 5 Mg
Diagn. + Opt. + Control 8 M=z



Beam Time Structure

e S-band option

RF Pulse 350 ns
Bunch per Pulse 1-10
Rep. Rate 10-100 Hz

* L-band option

e« S-bandinj.

RF Pulse 1 ms
Bunch per Pulse 10* (10%secin Cw)
Rep. Rate SO Hz

+ L -band option

RF Pulse 5 NB
Bunch per Pulse 1-40
Rep. Rate 10-100 Hz

Max rep. rate from freq. Match 4 MHz with
nat. freq. (260 MHz with 2860 and 1300)



Conclusions

The budget isconsistent with the goal to
reach 1.5 nm

We have an innovative solution for the Linac
lay-out which appears to relax the criticality
of beam compression

We have identified two possible options:

1) S-bandLinac
IS technologically smpler and less expensive

2) L-band Linac with add. S-band injector
requires a stronger effort and larger cost
but offers more flexibility w.r.t. the
evolution toward 1 A in terms of:



Conclusions (cont.)

Stability in energy jitter

Multi-user facility (higher RF duty cyle,
beam duty cycleislimited by laser /
photocathode system performances)

Better suited for future potentialities of
Super-Conducting Photoinjectors

Compatible with additional S-band injector
(this offers higher flexibility to the system

and it could be built using additional R&D
funds (4-8 M= ) under assignment)

L-band SC Linac is more evolutionary but
more punitive for budget demandsin the
Initial phase






Transverse Dynamics of a

laminar beam subject to
Velocity Bunching

 Assuming a current growing at the
same rate as the beam energy
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the envelope equa?tlon becomes
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and the new (exact) solution Is

1 |O RF Compress. Inv. Env.
ORrrc — ¢\ 2] No beam confinement
VW AY 0 without external focusing

with same plasma frequency as the IE
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