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Motivation & Main Goals

A Use pl as ma
ultracompact accelerators

accelerators to

obtain 1006s to

A Generate electron bunches with ultralow emittance (10° mrad scale), kA currents, brightness
values orders of magnitude beyond state of the art -- 102° Am=2 rad-?!

o o Do Do I»

light sources and enable
other applications e.g. for HEP

A Do research with these facilities!

Allow designer bunch production

Build ultracompact, high performance  Electron Sources

Combine robustness and controllability with flexibility and tuneability

Reduce chirp and (slice) energy spread to < 0.1%

Use electron beams from a) linacs and b) from LWFA to drive the PWFA stage
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quality boost through M rag

plasma photocathode

LINAC—LWFA

“external injection”

LWFA

e.g.as injector,
staging..
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Photon Science

N
X
Advanced gSe0 .
PWFA Stage S o e.g.boost FEL gain,
Pri———— N ultrashort y-pulses..



Hidding et al., J. Phys. B 47,

LWFA vs PWFA summarized special x-ray issue 2014
1 Electron bunches: drive plasma wave efficiently due to unidirectional fields

1 Lasers not straightforward to drive longitudinal plasma waves due to oscillating EM-field structure

1 Lasers can easily ionize matter, because of diffraction can do so in very confined area

1 Electron bunches can be produced with very high rep rate from state-of-the-art sources

1 Electron bunches are not good for ionizing matter

1 Electron bunches move with c, allow for dephasing-free accelerator systems

1 No dark current in PWFA systems because of high gamma

T El ectron bunches are stiff: dondt e klpngacd. distamaeh
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ionization @~10%* W/cm? (easy) ionization if E, > 5 GV/m (hard)
bubble @~1018 W/cm? (hard) blowout if n, > n, (easy)

Y- Electron bunches are ideal plasma drivers, laser pulses great for injection!



Take the best of both worlds: Hybrid Plasma Acceleration
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PRL 108, 035001 (2012) PHYSICAL REVIEW LETTERS 20 JANUART So12

Ultracold Electron Bunch Generation via Plasma Photocathode Emission and
Acceleration in a Beam-Driven Plasma Blowout

B. Hidding,"? G. Pretzler,” J. B. Rosenzweig,! T. Konigstein,” D. Schiller,! and D. L. Bruhwiler’
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9 LIT/HIT medium such as H2/He R 0 e 0L e i 1 oy 2012
91 electron bunch driver to set up (preionized) LIT blowout
1 synchronized, low-intensity laser pulse to release HIT electrons within blowout




Timeline

A épreliminary res28fth(&eedeag?20PBL 2010 fAHybri
A 2011: patent DE , 2012 patent US/PCT

A Jan 2011: sullimacoideedcPRbnfibunch generationodo, st
China

A October 2011 proposed SLAC FACET experiment, a

A 2012 PBlRidcoldie!l ectron bunch geneg
accepted for publication, 108, 035001

A Further theory research such as Xi et al., PRSTAB 2013, Li et al., PRL 2013; Bourgeois et al., PRL
2013, Yu et al., ArXiV 2013., G. Wittig et al, PRSTAB 2015, G.G. Manahan, PRSTAB 2016..

A Ramp up E210 at FACET: 2012-2016 (leap day)



E210 Trojan Horse at FACET

Proposal submitted 2011

Dramatic performance increase at FACET in last years: A

Started w/ self-ionized LIT alkali vapours, no laser \ > 4 ~Experimental Area
Electron bunch quality boosted in 2012 i / /&
10-20 TW synchronized Ti:Sa installed in 2013

First laser-preionized argon/hydrogen in 2014/15

Preionized H + He as HIT gas in 2015 (spring run) c’ompres'sorchican‘g'fgi

Synch. & time-of-arrival commissioning 2015 (spring run)
Focused Trojan laser commissioning 2015
Full blown exp. with 4 laser arms in 2016 spring run
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Pre-2012 setup: alkali metal oven, rely on FACET driver bunch self-ionization
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E210 setup: RadiaBeam i~Riicchnsicec’ chbna s knel 200TW prei@nizetion taser
integration
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setup at FACET

overview of optics setup at FACET

mmmmmmm Main laser pulse for plasma prenization
probe pulse for EOS and TH injection
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E210 setup: cube 3 vertical plasma filament diagnostics
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E210 setup: 2" laser arm. Independently tunable air compressor and upstream EOS
time-of-arrival diagnostics commissioning
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E210 setup: 2" laser arm. Independently tunable air compressor and upstream EOS

time-of-arrival diagnostics commissioning

A

probe near /far (. probe telescope

e (o= 4\,
air compressor ——
S S
_\ probe attenuator \
to E224
i 2x polarizer

PB delay

¥}

main compressor

< i

IPOTR 3

cube3_vert filament diagnostic
(looking from below)

BE window



E210 setup: 3'9 and 4t laser arm to E224 probing, downstream Trojan Horse (w/
independent delay line) and downstream EOS
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beam selfionized experiments

Setup at FACET laser preionized experiments

Trojan Horse experiment
plasma imaging experiments

upstream EOS
1 or 10 % sampler

downstream EOS and
90-deg TH injection

electron propagation direction
h _—
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E210 setup: implement vacuum chamber off-axis parabola focusing and Trojan Horse

filament diagnostics at 4™ laser arm
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E210 setup final: w/ downstream EQS (E224 probe not shown for simplicity)

A

probe near /far (, probe telescope

I USEQS delg@y

{
main compressor i - — DSEOS
q k == ¥ X
USEQS -
4 focus diagnostic °
IPOTR 3

rail far
cube3_vert filament diagnostic
(looking from below)

o > < (e
air compressor - = ‘\
N
_\ \ probe attenuator \ ‘\ f \ . > TH near
A
to E224 ‘ probe delay & %
[ :
o 2x polarizer \ / e
\ | I 2x polarizer
PB delay | P2 I P> |
s N\ ]
z '\— N
| 7 ¥
= E I | n NG D
I BE window

v—:

..most complex experiment at FACET to date..






Spatiotemporal alignment between e-beam driver, upstream EQOS, H2
preionization laser & plasma channel, He Trojan Horse laser crucial

Example for jump in y-position of incoming e-beam vector (on BPM 3156) which killed the
laser-triggered injection




Alignment between e-beam driver and preionization laser

Calculated plasma profile =
obtained from Axilens - o
laser intensity profile & IEY ' i ==
tunnel ionization rates I I~ ]
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Alignment between e-beam driver and preionization laser

Preionization laser has to be exactly aligned with electron beam axis.

Laser
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and electron beam just right:

PE delay /f mm

—_—

N

o
T

100
105
002
1001
105

001- 002- 00E- 00

0

|

(66961 19seiRp) 4 11v uo (vopoaloid) ajoid jassag

A

Measured Bessel profile of axilens laser (meters long, but ~150 Eim wide)



Alignment between e-beam driver and preionization laser

Preionization laser (or e-beam) slightly off:
Already if blowout touches walls at some point, the blowout collapses!

One wants to have a large plasma wavelength e.g. due to timing issues

This is a real bottleneck!
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Measured Bessel profile of axilens laser (meters long, but ~150 Eim wide)



Normal procedure: evacuate plasma chamber, realign laser beam (at low intensity) to
electron beam axis (takes 1-2 hours w/safety procedures).. Then re-fill chamber with
gas and hope alignment stands for a while
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Advanced procedure in 2016: Make use of downstream BPMs and plasma
reeosrpeoinfiscealighineent fi.é. avdid “alfaiag mameandtker(i . e. avoi d

e-beam Pointing alter IP Area

y angle in mrad

y angle in mrad

x angle in mrad

New diagnostic tool made life considerably easier, even allowed data taking after
sunrise (thermal drift) because realignment could be done online.



Alignment and timing of e-beam driver & preionization laser with 90ATrojan
injection laser:
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3D PIC-simulation w /' Vsim (high laser intensity case)
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3D PIC-simulation w / Vsim (low laser intensity)
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Experimental: Laser-triggered injection very robust: charge
injected each shot



Correlated Trapped charge on Spectrometer & DS BMP
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After solving alignment and timing issues, data taking was boosted (best results were obtained
on leap day Feb 28th!) and laser-triggered injection works surprisingly stable

More details see talk Aihua Deng, Wednesday 1200
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Energy spread can be a killer e.g. for FEL -- can we move the Trojan further to
the left in the plot, i.e. can we reduce energy spread?



TH energy chirp
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energy spread is of the order of 1%

Reason for energy chirp is the small
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Yes we can: TH energy chirp reduction

150

100!

Zace = 14.8cm

E-field [GV/m]

TH witness bunch

Electric field lineout

Driver beam

100 200 500 600 700
§ [pm]
a) 120 ' '
Before dechirping Zace = 14.8 em
950.0 ! ' ' ‘
l-’
940.0 i 1.12 %
Eggg,o bunch head
2
29200
i
Q
=
= 910.0
900.0 ~
. o’
I
45 -30 -15 00 15 3.0 0 25 50 75 100
Time [fs]

>
‘¢
&/)/

Before dechirping After dechirpingo@

Zwe 148010 22.9cm
Q 8pC 8pC
o, 2.6 um 2.6 pm
I 922 MeV 1404.3 MeV
og 1.12% 0.033 %
€, 40nm -rad 43 nm - rad
b) 120f
90t
N 6o
30
0
After dechirping Zace = 22.9cm
14045 , -
A .
LT
;1404.0 i 0.033 %
o e v‘?ﬁ;g‘
= 14035 *;;.;E( i
5 S
£1403.0 ALY
= %
<) «
14025 |
14020t bunch head ol
45 30 15 00 15 30 0 41 S0 120 10
Time [fs]

More details see poster Fahim Habib
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Full 3D start-to-end simulations

TH-PWFA plasma stage

TH laser pulse(s) FEL simulations:
T~ 4 , | A desXie
W / 4 ' . A Genesis
' g | A Puffin
=
P P
. — L N . handshake between PIC
Ve o . T N (HDF5) and transport code
;’.‘V\A‘(; T-I| P hial : handshake transport
iV e code to FEL tools

~
s~~
~

-~
~~~
-~
® S~
~—
-
lm _____________

PIC simulation using Gaussian
drive beam shapes or
macroparticle input from full
beam optics simulations such
as ELEGANT etc.
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catch beam from plas}ﬁa
modeled with Elegant

model optically en‘gineered
downramp for emittance |
preservation, include into PIC

(Elegant)



Ultrahigh T- now 6D i- brightness transformative to hard x-ray FEL?
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More details see poster Fahim Habib
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