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Experimental Demonstration of Emittance Compensation with Velocity Bunching
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Laser Comb: atrain of THz bunches
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M. Boscolo et al. / Nuclear Instruments and Methods in Physics Research A 593 (2008) 106-110
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Fig. 1. Evolution of a six bunches electron beam train: the columns from left refer, respectively, to (a) the cathode, (b) the end of the drift at 150 cm and (c) the end of linac
at 12 m far from cathode. The rows from top refer, respectively, to longitudinal profile and to energy modulation AE (MeV).
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- M. Ferrario. M. Boscolo et al., Int. J. of Mod. Phys. B, 2006 (Taipei 05 Workshop)
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Laser comb with velocity bunching: Preliminary results at SPARC
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Longitudinal field
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Afterburner experiments with SPARC

e Accelerating field (at different times), energy gain (+170 MeV [final]) & momentum spread
(~ 3.5% [final]) of the witness
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Plasma wakefield
multibunch excitation

* Space charge of drive beam displaces plasma electrons
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* Plasma ions exert restoring force => Space charge oscillations



MULTI BUNCH PWFA

Az —»i 1 +— —>‘

==1]] i A
| \VI '

0 02 04 06 08 1 1.2 14
Time [ps]

=) Bunch spacing/plasma density condition:
Az=\, (resonance) o,<< A,

AZ'=(m+1/2)\,, m=0,12 ...
27 Plasma angular ( 2 )1/2

ne

e

Plasma wavelength: Ap = . _
w,  frequency, density n,-w,, =

80me

m) Wake fields add up (linear theory):
E ~ N xE

z N bunches z 1 bunch

=) Finite energy spread AE/E<<1, beam acceleration

P. Muggli, HBEB Workshop, 11/17/09
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150 pC/pulse x 4 pulses
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Transformer Ratio: R=E,/E_ Energy Gain: < RE,

2D Linear Calculations: o,=125 ym, n.=1.8x10'6 cm3 E,: incoming energy

Q=30 pC/bunch, Az=250 ym~h,, AZ’=375 pm~1.5A,,

= R=7.9 => gain 8x incoming energy a single PWFA stage!
=) Linear regime, theory (n,/n,, on./n,, E,/Eyg<<1)

P. Muggli, HBEB Workshop, 11/17/09




USC MULTIBUNCH GENERATION

Muggli, PRL 101, 054801 (2008).

To Plasma

Correlated =
energy chirp

from linac
g Quadrupole

: Quadrupole Nguyen, NIMA 96
Dipole P. Emma, PRL 04

=) Choose microbunches spacing and widths with mask and beam
parameters: N, Az, o,, Q

P. Muggli, HBEB Workshop, 11/17/09




TRAIN FOR PWFA

Mask with non-equidistant “wires”
Measurement in energy plane
Equidistant
Drive Bunches

Energy

Az=150-400 pm, Az'=225-600 ym r,= plasma wavelength
- Generate “ideal” train for resonant PWFA
ﬂ Select number of drive bunches (high energy siit): Choose 3D+1W

‘ Typical bunch separation: Az=~300-400 ym
‘ Expected plasma resonance: A,.(n,)=Az, n,~1.2-0.7x10"° cm™

P. Muggli, HBEB Workshop, 11/17/09
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LASER CONDITIONING

wavequioe

gr—

main shlenoid

—

e —

electron

AN
W

o) beam

'\ mirror

laser
beam




T T T T T T T T T
0.00230 0.00231 0.00232 0.00233 0.00234
z[m]

Normalized density profile ‘

' | T T T T ' T T
0.00723 0.00724 0.00725 0.00726 0.00727
z[m]
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Laser IR 0.8 micron

EO =500 MV/m @ 72 Deg
Bunch radius =5 micron
Laser pulse length = 2 ps
Injection phase= 29.1 Deg




Gun table

IR optical transfer line

bs W | Tothe
‘Jj cathode

O : m 2 | Tothe
Motorzed | cathods
alenutor

m = hr mirtor 45 deg 266 nm

bs =thin beam splitter
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SPARC energy up-grading

S-BAND Station

Present layout 2856 MHz - 45 MW
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N°1

-

l HIGH GRADIENT_S/E_CTION = 120 MeV l
" N

B e T T ACC.STRUCTURE § ACC.STRUCTURE | ACC.STRUCTURE SESINeElll]
~10 MV/m
-30 MeV -

E=150 + 160 MeV

ENERGY
COMPRESSOR

@ Klystron

N°2
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SPARC energy up-grading

C-band

COMPRESSOR 2856 MHz - 45 MW
C-band !! Klystron
Station N°1
5712 MHz - 50 MW
>C -><-
l HIGH GRADIENT §ECTION = 120 MeV i
D — o v | o sucne: MY
/ C-band acc. structures
35 MV/m
E =230 MeV E =105 MeV
ENERGY
Up-graded layout COMPRESSOR
Klystron
i N°2
AE = + 70=80 MeV _
S-BAND Station
2856 MHz - 45 MW



SPARX phase O ==> SPARC upgrade
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S-band injector with VB ==> C-band linac option
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GUNwSLED

' |
GunPowerSLED : Integrate:
SUNEXMEINEELES . Area Under Curve = 11.0214 J

Pin=] 5.9MW

Integrate:
Area Under Curve = 21.3538 J
Pin=| 10.7 MW




