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 Candidate LNF to host EuUPRAXIA (1-5 GeV)
 FEL user facility (1 GeV - 3nm)
 Advanced Accelerator Test facility (LC) + CERN
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« 500 MeV by RF Linac + 500 MeV by Plasma (LWFA or PWFA)
« 1 GeV by X-band RF Linac only
 Final goal compact 5 GeV accelerator




EGPRA)/\/GA Location of possible sites within EU

EuPRAXIA site studies:

* Design study is site
independent

* Five possible sites have
been discussed so far

* We invite the
suggestions of
additional sites
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External Injection




INEN First evidences of plasma

o wakefield deceleration
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Active Plasma Lens

ic Fi on electrons (F)
Magnetic Field (B(p) vs Force
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APPLIED PHYSICS LETTERS 110, 104101 (2017) @ o

Experimental characterization of active plasma lensing for electron beams

R. Pompm’a’M P. Anania,’ M Bellaveglia,’ A Biagioni, S Bini,' F. Blsesto

E. Brenteganl G. Castonna °E. Chladronl A. Cianchi,® M. Croia," D. Di Glovenale

M. Ferrarlo F. Filippi,’ A Gmbono V Lollo, A Marocchlno M. Maronglu A. Mostaom
G. Di Pirro,’ S Romeo,’ A. R. Rossi,” J. Scifo," V. Shpakov,' C. Vaccarezza,' F. Villa,’

and A. Zigler®

50 Discharge OFF Discharge current profile
100 100 x .
150 Magnetic Field (B ) vs Force on electrons (F
80
200 o5~ (o8- |58~ (o8
o e bunch
250 Z 60 @u
300 E RSN £, W
S 40
350 S
400 20
450
0 1
LA T L -500 0 500 1000 1500 2000

Time (ns)



Plasma-based acceleration techniques

resonant-PWFA
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*A train of three electron
bunches (driver bunches) is sent
through a capillary discharge

*A resonant plasma wave is then
excited in plasma

A fourth electron beam (witness

beam) uses this
b n, = 2x10%® cm3
wave to be A, = 300pm

accelerated Capillary Imm
Hydrogen

external injection LWFA

e-
bunch

laser
beam

*A laser beam excites
plasma waves in a capillary
filled with gas

*A high brightness electron
beam uses this wave to be
accelerated

n, = 1x10Y cm3
Ap =100um
Capillary 100 um
Hydrogen
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Optimized FEL Results

E AE/E = 0.3%

emit = 1.5 mm mrad
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w‘ X-band Linac and High Power Laser

Energy 6J
Duration 23fs
Wavelength 800 nm
Bandwidth 60/80 nm
= spot@focus 10 pm
Peak Power 300 TW

Contrast Ratio 10"
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W‘ Plasma WakeField Acceleration — External Injection
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Chapter 2. Free Electron Laser design principles

Units

Full RF case

Plasma case

Electron Energy

1

1

Bunch Charge

200

30

Peak Current

2

3

RMS Energy Spread

0.1

RMS Bunch Length

40

RMS matched Bunch Spot

34

RMS norm. Emittance

1

Slice length

0.5

Slice Energy Spread

0.1

Slice norm. Emittance

0.5

0.5

Undulator Period

15

15

Undulator Strength K

Undulator Length

12

14

Gain Length

0.5

Pierce Parameterp

1.5

1.4

Radiation Wavelength

nm

3

3

Undulator matching f3,

m

4.5

4.5

Saturation Active Length

m

10

11

Saturation Power

GW

4

5.89

Energy per pulse

wJ

83.8

11.7

Photons per pulse

x 10!

11

1.5

Table 2.1: Beam parameters for the EUuPRAXIA @SPARC_LAB FEL driven by X-band linac or

Plasma acceleration




Photon beam line
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Water Window Coherent Imaging

Energy region between Oxygen and

’:? Carbon cross-section
Carbon K-edge 2.34 nm —-4.4 nm | < — Oxygen cross-section
3 2
(530 eV -280 eV) k \\\ ~
| . SEN h
Water is almost transparent to radiation >
in this range while nitrogen and carbon are Y SO D NG B Amn i
absorbing (and scattering) 9“’
Coherent Imaging of biological samples L 200 400 500 600
living in their native state L
ot 2 ‘.o : ¢

Possibility to study dynamics

Courtesy F. Stellato, UniToV




Coherent EUV-soft x-ray FELs

LCLS

European XFEL
European

XFEL
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