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g Sequential ;\I Improve present MeV class energy e

Day#1 run #1 r

spread of LWFASs, stability, E
[BNL data

9 TW: 86 MeV/c 40 TW, 1 GeV/c,
Ap =4 MeV/c FWHM* Ap =25 MeV/c rms**
45 e/MeV/SR 3,
8 6x10™ ‘é‘
-4, 0 - S

Electron energy (MeV) 0.9 [GeV] 1.1

Many groups report 100 MeV/c-class bunches, MeV/c Ap™™**.

Simulations, experiments** imply tradeoff p, Ap, stability
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Initial optical injection” experiments” --stable beams, MeV/c Ap”*

*Geddes et al, Nature 2004, **Leemans et al Nature physics 2006, ° Esarey et al PRL 1997
ek W A(ulc-CIRCSI ***Faure et al, Mangles et al Nature 2004, others AFaure et al Nature 2006, Nakamura poster RoXLRIVENZQL0K:L:




Sequential Spectra

Bunch mages ,:\l Plasma density ramp can ey run 1
S | | control trapping for stability, AE

BERKELEY LAB

Trapping of plasma particles (1D) when -

(a/m)Ew,~v

wake

Decreasing plasma density (ramp) control:
plasma wavelength increases as the laser propagates
V Vg,driver(1 = d}\-p/dZ) < V

wake ~ g,driver

t0

Laser propagation

Decreasing density
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Decreased V... and tin threshold*

wake
Allows operation far above trapping threshold:

-low energy

-High Ap/p but low absolute Ap
NO requirement for laser modulation by plasma (unstable)

-stable beam for staging
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g Sequential ;\I Experiments” select gradient using |
Day#1 run #1 Ferreee] il i

laser focal location in thin gasjet

Experimental Setup

=

10TW, 47fs

1.6e19 W/cm?2 Laser

Interferometer

H‘P)II

Wake only large within Z; ~ 200pum of focus:
Focus location determines gradient where wake excited

Plasma profile ~ 0.7mm FWHM, n = 2.2x10'°cm-3
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Jet location (ym)
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Sequential
Bunch images
Day#1 run #1
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BERKELEY LAB |t

Scanning jet with respect to focus:
) control of trapping and acceleration

Tuning with jet position g

Unstable

10’s MeV/c
(Geddes PoP 2005)

Self modulation
& filamentation
unstable

Gasjet location (um)

Modes

--2--|CT(nC)+
——Gamma
, ——density fit, arb. units
16
laser propagation
&
4 3
5
\
. Down ramp:
.|~ Stable Q
; Q+15%rms
0 L swed=" ‘ . S\0 Lowy->lowE
1200 600 0 -600 -1200 3 nCY

Similar to input
Transmit up to =70 %
stable

Sequential Spectra
Day#2 run #1
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Sequential Spectra

Bunch mages ;\I Downramp: stable bunches with Day#2 run #1
Day#1 run #1 sereeee] il -

20 keV/c transverse momentum

Phosphor

Electron beam image @ 72 cm

g ~
- [ FWHM Divergence in X (Y) H
8 28 (14) mrad g
8 5 + 1.8 (2.5) mrad rms g
3 = =
N E :
§ & Pointing stability in X (Y) ks
N g 1.8 (1.2) mrad rms 2
2
326 Transverse momentum
-32.6 divergence, mrad 32.6 inferred ~ 20 keV/c FWHM
[ . B |
0 Bunch intensity 1
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Sequential Spectra

Bunch images ;\I Downramp: Stable bunches with Day#2 run #2
Pl R ] 170 keV/c AP, 20 keV/c stability |

October 12-13 A Magnetic Spec.
o N\ Bend angle 55°
)' B Resolution +5%
Rl Range +14%

Sequential shots _ Averaged spectrum
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0.2 0.63 1.98 6.2
0.66 p(MeV/c) 0.88 p(MeV/c, logscale)

Central momentum 0.76 MeV/c +20 keV/c rms
Momentum spread 170 keV/c FWHM = 20 keV/c rms
Divergence 20 mrad FWHM (Y), pointing 1.5mrad rms
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-33 div.(mrad) 33 Q,uncr, from correlation of phosphor & ICT ~ 0.3-1nC 0.65 p(MeV/c)0.87



g Sequential ,:\l Downramp: stability over 7 days [

Day#1 run #1

) within 20 keV/c

BERKELEY LAB

October 19
0345a.m. 0432a.m
_ Mode pellicle removed
= | i
H 5 > i
{ < >
s 2 5
- = Ef
ey F 8
g o : \‘ - © 'L ! ::.))
- 02 08 33 132 02 0.9 43 196 @
p(MeV/c, logscale) p(MeV/c, logscale)
Central momentum 0.77 MeV/c 0.78 MeV/c
Momentum spread 200 keV/c 190 keV/c
Divergence 23 mrad (Y) 18 mrad (Y)
Charge fluctuation 23% rms 21% rms

33 div.(mrad) 33 100 % injected beams w/in spec. window [EEERSURZINE:Y



;\I Simulations show downramp
— L[| trapping, nearly reproduce bunch

VORPAL" particle in cell simulations, near experimental Parameters

Plasma density downramp slows wake, inducing trapping

Laser (I>0.21,), density, Phase Laser (a>0.2a,), density, Phase
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"210 X(um) 410 ' 210 X(um) 410 510 X(um)710
Consistent with experimental data:

« bunches at MeV momenta, dp ~ 200 keV/c, Q ~0.2nC

- stable over physical parameter scans

« 10’s of keV/c transverse momentum

« order 200 fs length at THz emission surface*

510 X(um) 710

+ Bunches ~ 30fs long at formation
- suitable for LWFA injector

ANieter JCP 2004, *consistent w/ experiments - W.P. Leemas,G. Plateau poster, Thursday



Stage downramp bunch to capillary
’—m for stability, quality, 10 GeV beams

BERKELEY LAB

« Couple injector to capillary channel

Injector
na ,J
1-10 GeV
//I >
// V\\\\ /"
. > > X

accelerator 3-50 cm
n~1018-101/ cmr -3

Initial 1D simulation:

L‘(ﬁ density @ X-ux phase
(V]

S —
o ke | ! f
E 4 ©F v
= e ;r.j
= E bl
QC) o
o
© ~ 3

80 x(um) 640 480 X(um) 6z

0

v efficient post acceleration

<
Ir: |
0]

x-ux phasé
@910um

-3.5e8 gamma*vx 1.3e10

PN

: e
750 x(um)

pra
91

Experimental setup
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Injector
gas jet

Capillary accelerator gas feed
Caplllary accelerator channel

1-10 GeV
>

- Stage low energy injector and 1-10 GV accelerator modules

—Staging ~ preserves energy spread: improve emittance, stability
—10 GeV using ~ PW of laser energy and meter-scale plasma

*

* Shadwick, BAPS, 2005



Sequential Spectra

Bunch images ;\I Plasma density ramp control: stable gy
Pl el ] low Ap beams for LWFA injectors §

BERKELEY LAB

Used plasma density gradient in gas jet to control
trapping, producing bunches at 0.76 MeV

Longitudinal & transverse momentum spread, stability
one to two orders improved from conventional LWFAs

momentum spread 170 keV/c
central momentum +20 keV/c
pointing + 2mrad

divergence implies p, ~ 20 keV/c
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stability over 7 days, similar over 1+ year

Next: experiments and detailed simulations to:
stage bunches to accelerator channel
optimize injection

optimize emittance preservation

-33 div.(mrad) 33 0.65 p(MeV/c)0.87





