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. PLASMON x SPARC

Design of the Thomson Source at SPARC/
PLASMONX for incoherent and coherent X-rays

Luca Serafini - INFN/MI - on behalf of SPARC & PLASMONX Team

e The PLASMON-X Project: a marriage between the SPARC
high brightness electron beam and a high intensity laser beam

Design and acquisition of a 200 TW Ti:Sa laser system for Plasma and
IFEL acceleration exp. and a Thomson Source for monochromatic X-rays

ICFA FLS-2006 Workshop - DESY, May 18th 2006
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e The PLASMON-X Project: a marriage between the SPARC
high brightness electron beam and a high intensity laser beam

Design and acquisition of a 200 TW Ti:Sa laser system for Plasma and
IFEL acceleration exp. and a Thomson Source for monochromatic X-rays

e Coherent X-Rays at 1 A from Thomson Sources as classical
SASE-FELs or Quantum FELS (see also Maroli’s and Piovella’s talks in WG3)

ICFA FLS-2006 Workshop - DESY, May 18th 2006
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e Coherent X-Rays at 1 A from Thomson Sources as classical
SASE-FELs or Quantum FELS (see also Maroli’s and Piovella’s talks in WG3)
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(PLasma Acceleration at Sparc & MONochromatic X-rays)
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Under INFN responsibility

GOALS
Generation of 30-150 MeV e- beams
(Q, 0, &y AY/Y)
Phase 1) 1 nC, 3 ps, 1 um, 10
Phase 2) 1 nC, 300 fs, 2 um, 2:10-3
PLASMONX) 20 pC, 60 fs, 0.3 um, 2103
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Frascati Laser for Acceleration and
Multidisciplinary Experiments (FLAME)

SECOND INGREDIENT
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LWFA with self-injection + Thomson scattering

LWFA with external injection + Thomson scattering
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SPARC™

beam energy distribution at start/end

of the beam line

Data from S00S file plasmaon_x_strong_1.w1.zdhis, table 1

Cata from SDDS file plasmon_x_strong_1.out.zdhis, table 1

0.2¢ - 0.2¢

0.0l 0.0l
W 0.2 0.2
S
~ 0.4 0.4
.

0.8 _0.6

’\’,

-0.81 - -0.81 i
-20 1.5 1.0 -05 00 <5 1.0 1.5 20 -20 1.5 1.0 -05 00 45 10 1.5 20
z {mm) z (mm)
frequency as a function of z and dp/p frequency as a function of z and dp/p

60 fs bunch (initially uncompressed)
-> 10 fs with RF compression, I.e. by

combining velocity bunching and bunch-slicing
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THOMSON BACK-SCATTERING

2
» 1 pcosa 4y
Vo = RV, — ~ 4 7/21/0
S 1- fpcosd "1+ Gy
for ¢, =7 and f<<1 or 6=0
e~ (1 GeV); Ai,=1pm, EO:1-24_eV" A=6 X10-8um,
E,=20 MeV
e~ (200 MeV); A =1pum, E,=1.24 eV A=1.56 x10-5um,
E.=800 KeV —
e~ (29 MeV); A,;=0.8um, E,=1.5 eV A=0.5 x10-%um,
E,=20 KeV
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;205 best result (1

L/.

cleare

g \
o \
11800 3 2,04 | 20 3
1600 § \ 3 = 0,020
- =]
1400 = T ) £
2 = 0,016
1153 ,
E 1200% £ 17" 2 3
= o o
3 1000 3, > 3 g 0,012
5 £ 1,0 : £
= 3 3 3 o
= @ ﬁ 5 £ 0,008
g 3 £ = 2
@ j o 105
T x T3 % 0,004
8 3
40 = g
01234586 72809101112 2 0,0 +——1—T—r1—T—11———— 0,0 & 0,000 . . .
2 fm] 2 0123458678 9101112 12,280 12,285 12,290 12,295
z[m] z[m]

Side view

Front view

Longitudinal Phase—Space

o F
™ O 3
IO 8 [
T =
E o
3e 3=
a >3
o
7 2
o .
‘T O‘ u 55 ¥ P
—0.02 -0.01 0 0.01

In the 2005 simulation (autumn), playing especially with
the injection phase of the 11 TW structure (involved in
the linear correlation correction) have been possible
obtain a bunch of about 3ps (~1mm) shorter, with a
denser core

020.01 0 0.010.02

ICFA FLS-2006 Workshop - DESY, May 18th 2006



)
INFN

Istituto Nazionale
di Fisica Nucleare

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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TIFF (Uncompressed) decompressor
are needed to see this picture.
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FEL resonance condition

2
1= (1+ Ay ) (magnetostatic wiggler )
W 27/2

Example : for A=1A, 4,~1cm, E=3.5GeV

pump

1 2
A=A ( ; a;” ) (electromagnetic wiggler )
/4

Example : for A=1A, 1, n=1um, E=25MeV

pump

ICFA FLS-2006 Workshop - DESY, May 18th 2006
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Toward Coherent X-rays:
exploring coherent emission mechanisms
(FEL-like) in Thomson Sources

COLLECTIVE EFFECTS IN THE THOMSON BACK-SCATTERING BETWEEN A LASER PULSE AND A RELATIVISTIC ELECTRON BEAM
A. Bacci L. Serafini  INFN-Sezione di Milano, Via Celoria, 16, 20133 Milano (ltaly) C. Maroli, V. Petrillo Dipartimento di Fisica dell Universita di Milano e INFN-Sezione di
Milano, Via Celoria, 16, 20133 Milano (Italy) M. Ferrario INFN-LNF, Via Fermi 40, 00044 Frascati (RM), ltaly

FEL-Conf. 2005

_ Laser pulse characteristics:
The physical system wavelangth =08 um, power 1TW, time duration T=5 ps
Circular polanzation, focal spot diameter w, =30 micron

Electron beam characteristics:

Conterpropagating respect the lasr puke

Energy 15 MeV (7=30), spot size q,=10 um, length L =100-
200um, charge Q=1 nc

Elcimon baam

Radiation charactaristics:

‘ Wavelength A=2.2 Ang _
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A Al
g = = p
4 7p An
Conditions to operate a Thomson Source in FEL mode
Laser length cr=10L Beam-Laser overlap R =20. CT< ZZO
3 (laser uniform in x,2) 0 0
Aa 1+a;
e T
a, A, 1+a 28,

Al, AA Crt

ot -, ezl
e A A P
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Conditions to operate a Thomson Source in FEL mode

(1+ a, + 7/292)

FEL bandwidth broadening due to beam emittance A=A A }/2
yzﬁz 12 | Mecop 1
IS e
ZR 1+ a O 0 L o 2 1
2 L, A A
L — i ZR = 472.00 - p > 2
“ Anp A L, 8770

L, 242

ICFA FLS-2006 Workshop - DESY, May 18th 2006
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Generalized Pellegrini criterion g, < Ao
2( 27

LCLS Az =1 Angstrom FEL-Thomson
y=3-10° y=30
A, =25 cm A=1 pm
~ ~ LleO m: Z,=10 m
L, :4zR 1:010 m 361 1o R
3-10"10 _ g <+/10° ~0.11 um
6% < lez ::()JZES /In1 :24Jr_7f AI
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Satisfying all conditions above implies:

A —0.068 il L. =0.44 /A
562 SR
/A“ :
P =3.1-10°/A r=15-10°1/A 7. =222/A
a,=1.12 p=0.18A |
S, =0.0181 3/5
o, =0.212/\/A

ICFA FLS-2006 Workshop - DESY, May 18th 2006
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For the case of a Ti:Sa laser we derive:

L, = 35/A [um
5,=0.14 um 147 KF : L]
ZXZ
U=037/A°[J] A _2063AX/7 [Angstrom] P =222A -
P:O-Bl/A [TW] r=1.2/A [ps] Z,=0.18/A [mm]
a,=1.12 p=1.8-10"A 3 0.03 m
0~ 2
A VA
=1.7/A/A [um]
A [%] ;1 [A]

ICFA FLS-2006 Workshop - DESY, May 18th 2006
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SPARC™

Setting 4A=05% and |1 =1700 A

g =014 m
U=15J
P=31TW

a,=1.12

ICFA FLS-2006 Workshop - DESY,

Classical SASE

=28

4 L= 70 zm

Ax = 5.7 Angstrom
=2.4 ps

feen b Z,=0.36 mm
_0.104

p=9-10 B, =114 mm
o, =2.4 um

May 18th 2006
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Setting 4=0.1% and | =2500 A

g =014 m
U=37J
P=06 TW

a,=1.12

ICFA FLS-2006 Workshop - DESY,

Quantum FEL

=93

4 L, = 350 um

A, =0.52 Angstrom
=12 ps

‘ i Z,=1.8 mm
_18.10°%

p=18-10 f,=18.8 mm
c,=54 um

May 18th 2006
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up to 2-10!° photons per pulse @ 6 keV,
emitted in a coherent diffraction limited radiation beam, AO=3 urad
(cmp. 10° ph/pulse in AO=3 mrad of incoherent Thomson radiation)
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Brilliance of X-ray radiation sources
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« Application of IFEL scheme as 4t generation light source driver

o Compact-size accelerator
o ESASE benefits intrinsic
— Exponential gain length reduction
— Absolute timing synchronization with external laser
— Control of x-ray radiation pulse envelope
Advanced Accelerator driven light source

SPARC linac

Design exercise aimed to extend the energy and wavelength reach of planned

Initial e-beam energy (y value)
Initial e-beam intrinsic energy spread

Initial e-beam current
Laser wavelength

Laser peak power

Nominal length of wiggler, L,
ICFA FLS-2006 Workshop - DESY, May 18th 2006

210 MeV
0.1% (10)
1 KA

800 nm

20 TW
200 cm
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pLIREEesign  SPARC™
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Sending such a beaglonrr‘cg cllg'\'lﬁr!guméor

FEL radiation @ A = 3 nm (water window). Peak power 1 GW
in 300 attoseconds

Among laser accelerators, the :su | . . .
IFEL offers best control of
the longitudinal phase space.

Preserving ultrashort pulse
structure in the radiation e I
output requires some cuates g o tach (k)
precautions in the design of  *» —

the FEL amplifier %Iiefage ol ]
problems) but can be done.

Path towards ultrashort J I
probe beams pass through fa . . .
synergy between laser and S N

accelerator worlds.

110° -

Peak Power (W)

510° -
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The results seem to be good especially for the very low longitudinal energy
spread. Keeping in consideration that the beta in the focal spot is about 5 mm, the
principal limitation is due to bunch length.
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Two additional beam lines at SPARC for plasma acceleration

and monochromatic X-ray beams
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PLASMON x _SPARC™

A 3D Model View of the buildings from outside
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LASER SYSTEM
Custom-laser
purch. from Coherent

Flat Top

/e

800 nm
50 mJ
10 Hz
100 fs

THG

Time Profile
Ise time < 1 ps

UV Stretcher |E>

266 nm
4 mJ
10 Hz
100 fs

266 nm
1,8 mJ
10 Hz
0.5-12 ps

Pqﬁl/s,efS"haping developed in house
RF-laser jitter < 0.5 ps

long term goal: 100 fs



N Schedule of the planned PAR A
INFN
s PLASMONX activity 2 ¢

Activit y/Y ear 2004 |2005 |2006 2007 [2008(2009

Setupc luster for par allel compu ting

Test experiments @ CEA -Saclay

Development of mw . PIC codes

Mod elling o f accel eration schemes

Mod ellingo f T.S.

Design of Laser Sy stem

Setup LASER LABORATORY atLNF

Setup Phase 1: 30fs, 0.1 TW M

Setup | Il am plification stage

Development of the OPCP A am plifier s 2°5 Meul'O bld 1S OngOlng
Installation of laser dia gnostics fOl‘ the FLAME laser

Phase 2: 1TW compression test M

IV am plification stage

Phase 3: 100 TWcompression test M
\
eif injection Lw § D
Externalinjection LWF A test M

Setup additional beam-line at LNF

Setupla ser beam transport to LI NAC

Set up laser beam—electron bunch interaction

QFEL experim. under study
with PLASMONKX facility

TS beam users (MA MB O, etc)
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With these parameters, 2= [ﬂi EJ =7 104,
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The gain lenth LE='I 10 micron, and the system is classic
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The 3 dimensional collective equations that describes the collective
effects are similar to the FEL equation with the SVEA approcimation
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