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Example 1: Dielectric wakefields
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Simulated GV/m Cerenkov wakes for typical FFTB
parameters (OOPIC -- Tech-X)

Experiment at SLAC searching for breakdown
(G. Travish, WG4)



Plasma Wakefield Acceleration (PWFA)
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Plasma electrons initial move
radially and counter to beam



The modern PWFA: operation
in the blow-out regime

Plasma wakefield accelerators are commonly
conceived now in the “blow-out regime” n, >>n,

Plasma electrons completely rarefied from
beam channel
No net focusing force Fren =-e€
Induced EM accelerating field E_,,, = f(r)

Uniform (?) ion density left behind, give net
linear focusing
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Matched g-function in plasma very small,
giving sub-um beam o,
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Fields inside plasma electron

rarefaction region



Plasma electron distribution (r,z) Plasma electron density (r,z)

nb,max = 20”0



Ratio of beam density to plasma density
(blowout) related to dimensionless measure

of nonlinearity . __ 0
Ry (kpGx)z

Normalized charge (beam charge in cubic

plasma skin-depth) _ y
0=—= p=4nkprer{
ny

<<1, linear regime

> 1, very nonlinear

Measure of field amplitude
Ratio of beam fields to induced plasma fields
Measure of magnetic field onset



From 1993 it was noted* in simulations that in the
blowout regime the maximum field excited in PWFA
scaled approximately as coherent Cerenkov radiation

eE_ . =eszf(n(k) —1)/n(k)dk :eszkﬁ
For finite bunch length, we must choose
k,o0,<2

Thus we have scaling with bunch length ¢k, =3

Is this linear “Cerenkov” scaling really valid in blowout?
Linear PWFA theory supports, but scenario v. nonlinear

*J.B. Rosenzwelg, in Proceedings of the 199
*J.B. Rosenzweig, et al., Nuclear Instruments and Methods A 410 532 (1998).

*N. Barov, J.B. Rosenzweig, M.E. Conde, W. Gai, and J.G. Power, Phys. Rev. Special Topics — Accel. Beams 3 011301 (2000).
* S. Lee et al., Phys. Rev. ST Accel. Beams 4, 011001 (2002).




Acceleration to > 24.3 MeV (~130 MeV/m), 60% gain.



Is “linear scaling obeyed?
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Fractional ionization
in E164 experiment



Useful field
amplitude



E_«x kaZ o k;

New plasma electron physical phenomena:
Strong initial forward longitudinal motion
Density increase (snowplow) gives coupling increase

Cancels decrease in (inductive) coupling due to
relativistic velocity saturation (J. same)



(k,0,=0.11, k ,a=0.2 for snowplow study)
ko =1.1



MAGIC simulation shows clear snowplow;
Initial longitudinal momentum is forward.



OOPIC
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Longitudinal current density J,



OOPIC
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Electron density (ambient=15)



0>20
Useful acceleration falling more
rapidly than average deceleration

Energy going into electrons that do
not contribute to accelerating field
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0 =20

Plasma electrons
“running away”
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ko >1

NOT 1/0,% scaling!

10 3 T I b I q
1TF =
001 L --e--Average sim. deceleration| |
F Linear average deceleratiop?
—1 - Peak sim acceleration ]
--+--Useful sim acceleration 1
¢ —— Linear acceleration
0001 R ol ol ol IR
0.01 0.1 1 10 10°

0

10°



Forces normalized to linear prediction

1-4 I T llllllll T T lllllll T llllllll T llllllll T —TTTT |

12 L . @% FNAL/UCLA h

- ’I \\ -

R R X :

([ S . e

I \ ]

[ @ E164 ]

0.8 ' ]

[ 5 \ ]

[ e 9 :

0.6 | N ]

- \ -

[ R ]

0.4 |- 5.\ El64* .

: &:‘~ 4

\."e T

0.2 "__ ‘u __"

O i 1 llllllll 1 1 lllllll 1 llllllll 1 llllllll 1 L1 111 -
0.01 0.1 1 10 10° 10°

0



RN
)
NS

g







nb,max = (mi/me)no



Linear field variation




Ap = kAE = k210, = \/
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Ad = 6.5!



OOPIC simulation ion ion densityinside of “after-burner” beam
(from Rosenzweig, et al., to appear in PRL)

* Density spike is >200 times ambient!
 Effect on beam matching and emittance is disastrous...



Beam field is 1.1 TV/m
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