SPARC: fasci di elettroni ad alta brillanza
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Experimental Demonstration of Emittance Compensation with Velocity Bunching
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THz RADIATION FROM HBEBs
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Laser Comb: a train of THz bunches

|

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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- P.O.Shea et al., Proc. of 2001 IEEE PAC, Chicago, USA (2001) p.704.
- M. Ferrario. M. Boscolo et al., Int. J. of Mod. Phys. B, 2006 (Taipei 05 Workshop)




Contents lists available at ScienceDirect

Nuclear Instruments and Methods in
Physics Research A

journal homepage: www.elsevier.com/locate/nima

Laser comb with velocity bunching: Preliminary results at SPARC
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The technique used for this purpose relies on a birefringent
crystal, where the input pulse is decomposed in two
orthogonally polarized pulses with a time separation
proportional to the crystal length.

The crystal thickness is 10.353 mm
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Observation of Pulse Separation in Overcompression Regime

Time [a.u.]
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Orizontal dimension [a.u.]

After a tuning of the VB injection phase we observed on the screen
downstream the RF Deflector two distinct pulses separated by ~1 ps
with oy, = 0.24 ps and o, =0.29 ps respectively.

The charge unbalance was ~ 40%.




Measured Longitudinal Phase Space and Energy Profile

LONGITUDINAL TRACE SPACE Energy Profile
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The energy profile shows an energy difference between the two
pulses of ~ 2 MeV with a final average energy of 111 MeV.
The rms energy spread of the two pulses was 0.3 % and 0.7 %




Slice emittance Measurement

The slice emittance
measuremenet is the only
way to get realistic
information about the
transverse beam quality of
the two pulses. Notice that
the higer current pulse is
probably better matched
and results to have the
lower emittance.

The total projected
emittance under  this
condition was ~ 4 mmrad
In both planes

Slice length70 um
T

T T T
+ normalized horizontal slice emittance(mm®*mrad)
* bunch charge profile







THE SPARC THz SOURCE

Pulses Rep. rate: 2 mm (7 ps) < 0.15 THz
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THz RADIATION FROM COMB

Two pulses train electron beam
Velocity bunching (over-compression)

By changing the over-compression
factor, the pulses spacing can be
adjusted in order to emit at the THz

scale.
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THz RADIATION FROM COMB

Two pulses train electron beam
Velocity bunching (over-compression)
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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
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= Bunch spacing/plasma density condition:
Az=)\, (resonance) o,<< A,

N7 ~ (m+1/2)x m=0,1,2 ..
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Plasma wavelength: A-,, Plasma angular ( 2 )1/2
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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




150 pC/pulse x 4 pulses

Az [um]

200 MeV in 18 cm




e Resonance works well
e SPARX example gives 3 GV/m

Example:

# pulses=4
N,=1E8
n,=3E22 m3
A,=190 um
Q~,=0.117




USC MULTIBUNCH PWFA snomii

Bunch Train @ Resonance Ramped Bunch Train’
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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~1.51,,

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

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