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Background and Motivation

« Several recent PWA experiments have shown
promise w/ single bunches
— E-162 at SLAC: 280 MeV/1.4m, e- and e+
— ANL: ~15 MeV/30cm, >50% beam energy extracted
— ATF: .6 MeV/cm, focus and acceleration phases

« Realizations require multi-bunches
— Afterburner: 2
— NLC Afterburner: many



Building on Recent Success

« ATF Plasma Wakefield

Experiment
— Single bunch,
— low plasma density

« ATF Stella Experiment

— |IFEL-modulated
bunches at 10.6 n

FIG. 1. Schematic layoul for the STELLA experiment.  For
gize reference, the distance separating the tao [FELs is 2.3 m
and the lager beams enler the beam ling =6 m apar.



Strategy: Use 1st stage of Stella
to drive multi-bunch PWA

» Current profile from Stella stage 1:
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Linear Plasma Wake Theory

E(r,c)=Z(SR(r) E=z—ct
(&)= -4z [dép(&)cosk (&~ &)
R(r)_—j "0 | " rdrp, (MK (k| -1 )

= P (r)* p(S)  p,(E)= profile from Stella

k,~2m/10.61 (n,/1019cm3)1/2



Linear Theory Results

Wake build-up at resonance:
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3% detuning accelerates later bunches
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Beam Evolution

* Transverse --Focusing strength in wake:
_ eEk,
me (ko)

=> Ag=27/sqrt(K) ~ 3.6 mm

* Longitudinal--slippage/loss length
— 50 MeV/cm wake => few mm

Beam does not evolve in mm scale experiment

Beam evolves strongly in cm scale experiment



Self-consistent particle-in-cell

« 2-D OSIRIS

Simulations

— First 30 bunches (.5 ps rise) of Stella beam
— 10° particles followed thru 1.5 mm of plasma
— 32 processors at USC HPC
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Wakefield Evolution
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OSIRIS Simulated Diagnostic
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Final Phase space of selected bunches

Phasespace plx1 x.interpolatedi Phasespace_pix1_x.interpolatedi
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Energy gain and loss can be seen even at resonance



Experimental Design
Adapts ATF PWA setup of Yakimenko et al.:

FIG. 1 icalon.  Scheamatic dingmm of the plasma and electron
beam Lnlemotion expariment

*Plasma moved to second stage Stella IP
Capillary discharge increased from 1076 to 10'° cm-3



Modeling Plasma Density
Gradients

1.5mm flat top

1 cm ramps
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Final energy distribution &
phase space
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Long non-resonant regions cause small reduction



Plasma Source
~8-10x10'® cm, An_/n~1% L~5 mm

External

Requirements: n,

-Double discharge capillary
(Yakimenko ef al., PRL 2003,
Kaganovich et al., APL 1997)
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FIG. 1. Experimental setup and capillary design
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) ) ] FIG. 2. Fringe shifts measured for 3-mm- and 5-mm-long cap-
FIG. 1. Schematic diagram of the gas-filled slow capillary dis- illaries. The calculated fringe shift caused by the uniform 2-mm-
charge. and the associated discharge circuit. long central section of the 5-mm capillary is also shown, along with

a parabolic fit, as described in the text. The right-hand axis shows
the deduced electron density for the central 2-mm-long section.

- Supersonic gas jet (Malka er al., Science 2003)

- requires I>10'* W/cm? laser intensity for ionization



Personnel

— Pls: Katsouleas and Muggli

— Grad Students:
» 1 student (experiments)
« Suzhi Deng (simulations)

— Educational outreach

* Reid Maeda, UG (linear theory calculations)
« Bill Qullinan, LA Middle School Teacher ( “ )
« BNL+

— V. Yakimenko, |. Pogorelsky, key Stella participants



Summary

« Multi-bunch wakefields can lead to energy
exchange of several MeV in a mm scale
plasma

* Multi-ounch PWA viability can be
demonstrated

* Multi-bunch issues can be explored
— Phasing and resonance

— Self-modulation enhancement
— Hosing and other instabilities can be explored



Class homework: A multi- bunch plasma afterburner for a linear collider

EE 590
MOHAMMAD KAZEMI

University of Southern California, Fall 2002
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