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First simulation results on laser pulseFirst simulation results on laser pulse
jitter and jitter and microbunchingmicrobunching instability instability

at SPARXINOat SPARXINO

M. Boscolo, M. Ferrario, V. Fusco, L. Giannessi,
M. Migliorati, L. Palumbo, M. Quattromini, C.
Ronsivalle, L. Serafini, B. Spataro, C. Vaccarezza
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OutlineOutline

 The SPARXINO project
 General layout
 Beam optics and working point
 First simulation results on phase

jitter
 First simulation results on

microbunching instability effects
 Conclusions
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SPARXSPARX

An R&D programAn R&D program
for a (3-10 nm)for a (3-10 nm)
X-ray FEL testX-ray FEL test
facilityfacility

   The final decision of the Research   The final decision of the Research
Ministry :Ministry :
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_ upgrade the DAFNE Linac to

drive a 3-10 nm SASE-FEL

_ beam energy : 1.2 - 1.5 GeV

_ upgrade the injector to a RF

photo-injector (SPARC-like)

_  Study group is preparing a

proposal within 2005

SPARX-SPARX-inoino
proposal:proposal:
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R&D program towards:R&D program towards:

- high brightness 150 MeV- high brightness 150 MeV
electron beam,electron beam,

- a SASE-FEL experiment- a SASE-FEL experiment

- - UltrashortUltrashort X-ray X-ray
generationgeneration

-- X-ray optics &X-ray optics &
diagnosticsdiagnostics

The SPARC project The SPARC project (approved and funded in 2002)(approved and funded in 2002)

FOR MORE INFO...

http://www.lnf.infn.it/acceleratori/sparc/
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The DAThe DAΦΦNE complexNE complex
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Linac1: Low Energy sectionLinac1: Low Energy section

RF
gun
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Linac2: High energy sectionLinac2: High energy section

Now : Etot ~ 1.2 GeV

dogleg start

Etot ~ w 4 S-band :

 1.5 GeV e-, 1GeV e+Etot ~ w 4 X-band 2 GeV e- 
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480 MeV

> 1100 MeV

SPARC PC

45 MW - RF Stations

15075 150

750 MeV

4 new S-band stations 

1 X-band station
1 new waveguide system

1 magnetic chicane

1 SPARC clone

SPARXino – 1.2 GeV  S-Band
Schematic Linac upgradeSchematic Linac upgrade 1/31/3
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4 new acc. sections

6 new stations

1 X-band station

1 SPARC clone

1 compressore (M€ 0.6)

1 new waveguide system

SPARC PC

45 MW - RF Stations

15075 150

750 300

SPARXino – 1.5 GeV S-Band
Schematic Linac upgradeSchematic Linac upgrade 2/32/3



10/19/05 11
The Physics and Application of High Brightness Electron Beams, Erice October 9-14

Schematic layout (1.2 GeV)Schematic layout (1.2 GeV)

E= .490 GeVE= .150 GeV

φ= -22°

σz~ 210 µm σz~ 90 µm

σδ < 1 Ε−3

E= 1.2 GeV

R56= 26 mm

BC
DL

X-band X-band

L0 L2L1
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Beam opticsBeam optics dogleg
to the undulator

old Linac

mag. compressor

matching
 line

SPARC
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photoinjector

exit Ipk-av≈ 450A

Two possible working points:Two possible working points:
a) a) IIpkpk  avav 450A w X-band at gun exit 450A w X-band at gun exit

final beam
Ipk-av≈ 1.1 kA
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a) a) IIpk-avpk-av 450 A w  450 A w XbandXband at gun at gun
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photoinjector

exit Ipk-av≈ 300A

Two possible working points:Two possible working points:
b) b) IIpkpk  avav 300A no X-band at gun exit 300A no X-band at gun exit

final beam
Ipk-av≈ 1.4 kA
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b) b) IIpk-avpk-av 300 A no  300 A no XbandXband at gun at gun
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Laser pulse jitterLaser pulse jitter
IIpk-avpk-av ~450 A ~450 A

reference

Δφ= -1°

Δφ= +1°
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Laser pulse jitterLaser pulse jitter
IIpk-avpk-av ~450 A ~450 A

reference

Δφ= +1°

Δφ= -1°
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Laser pulse jitterLaser pulse jitter
IIpk-avpk-av ~300 A ~300 A

reference

Δφ= +1°

Δφ= -1°
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Laser pulse jitterLaser pulse jitter
IIpk-avpk-av ~300 A ~300 A

reference

Δφ= +1°

Δφ= -1°
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L0 jitterL0 jitter
IIpk-avpk-av ~ 450 A ~ 450 A

reference

Δφ= +1°

Δφ= -1°
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L0 jitterL0 jitter
IIpk-avpk-av ~ 450 A ~ 450 A

reference

Δφ= +1°

Δφ= -1°
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L0 jitterL0 jitter
IIpk-avpk-av ~300 A ~300 A

reference

Δφ= +1°

Δφ= -1°
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L0 jitterL0 jitter
IIpk-avpk-av ~300 A ~300 A

reference

Δφ= +1°

Δφ= -1°
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First First MicrobunchingMicrobunching instability instability
simulation resultssimulation results
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from Elegant with from Elegant with NNpp=2M from the=2M from the
photoinjector exit up to undulatorphotoinjector exit up to undulator
entranceentrance

no modulation

λf =9 µm, Af= 1 %
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from Elegant with from Elegant with NNpp=2M from the=2M from the
photoinjector exit up to undulatorphotoinjector exit up to undulator
entranceentrance

λf =26 µm, Af= 3.7 %λ0 =3 µm, A0= 5 %
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λf =15 µm, Af= 30 %λ0 =5 µm, A0= 5 %
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λf =25 µm, Af= 11 %λ0 =10 µm, A0= 5 %
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λf =15 µm, Af= 30 %

λ0 =5 µm, A0= 5 %

CSR OFF CSR ON

λf =13 µm, Af= 38 %
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in detail:in detail:

λf =25 µm, Af= 11 %

λf =15 µm, Af= 30. %

λf =9 µm, Af= 1 %
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Ao=5% Ao=10%
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Summary tableSummary table
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about a laser heaterabout a laser heater……

 to increase uncorrelated energy spread

and….
 Fast (slice length determined by laser pulse length) control on the

longitudinal electron phase space
 Convert energy modulation into density modulation. Enhanced

SASE. (Ref. Zholents Phys. Rev. ST Accel. Beams 8, 040701, 2005)
 Attosecond radiation with a few optical cycle-laser slicing

technique (Ref. Zholents and Fawley, PRL 92, 224801, 2004)
 Short current spike at the bunch tail to study superradiance

regime (Ref. Giannessi, Musumeci, Spampinati, Journal of
Applied Physics, 98, 043110 (2005))

 Weak FEL detection with a modulated laser-based beam heater
(Ref. Emma et al. PAC 2005)
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ConclusionsConclusions

 The SPARX-ino project has been funded in
2005.

 A possible scheme for the DAFNE LINAC
upgrade has been proposed.

 A first layout with two working points has
been presented together with preliminary
results on phase jitter sensitivity and
microbunching instability.

 A detailed study is in progress


