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Plasma photocathode a.k.a. Trojan Horse

Synchronized laser pulse tunnel ionizes in focus
and releases ultracold electron population

Released electrons are
rapidly accelerated and
form bunch with
ultralow emittance

Electron bunch
generation largely
decoupled from
driver driver beam

e-beam

Two plasma components,
one with low and one with
high ionization threshold

Hidding et al., Phys. Rev.
(e.g. H, and He) g g

Letters 108, 035001 (2012)

C Prospect for nm rad emittance;
brightness many orders of
magnitude beyond even state-
of-the-art X-FEL linacs

C Brightness transformer: Increase by factor up to 200000x



Trojan Horse: arbitrary geometry

C High degree of
flexibility & tunability

C Injection possible at ,
) \ particle

various angles and ! beamn
variations




FACET E-210: Trojan Horse in 90A

air
compressor

FACET beam

BPM
Be window

AN

‘ E224 probe

' Eos k=
downstream

Spatiotemporal alignment of beams is a key challenge,
Plasma channel width a bottleneck spectra |

electron |
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Generation and acceleration of electron bunches
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E-210: First density downramp injection in PWFA

C Concept of density downramp injection: H. Suk et al., Phys. Rev. Lett. 86, 1011-1014 (2001)

C Concept of laser-generated density downramp injection a.k.a. Plasma Torch :
G. Wittig et al., Phys. Rev. Acc. Beams. 18 081304 (2015)

air
compressor

A 4

C Proof-of-concept at E-210:
D. Ullmann et al., in prep.
A. Deng, O. Karger et al., Nat. Phys. (2019)
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E-210: Plasma afterglow metrology

C Versatile, robust and minimally / non-intrusive class of methods to measure beam-laser-
plasma interaction parameters

Plasma-EOSH nP-OAaRIMAa lcarus:
APl a-Pypnaon:
173 = = " p 1.0 10000
_ > S i 9000
R ’.% v 2
x - ' " 8000
=11 ¥ Atw=-22p . IAt«»,,:O.O ps . lAtaeu,=1.6 ps 4 r 7000
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C P. Scherkl et al., Plasma-photonic
spatiotemporal synchronization of
relativistic electron and laser beams,
arXiv:1908.09263 (2019)

C T. Heinemann et al., in preparation



E-310: Trojan Horse-ll

In combination with ‘

E-311: Plasma Torch

E-312: Dragon Tall

E-313: Multibunch Dechirper
E-314: lon Collapse

E-315: Plasma Afterglow

- 2002
projected B, ¢ (A/m“rad” 0.1%bw)
S ©o o o o o o
= o > 3 = © CRJD

E-316: Icarus
0.5 1 2 4 8 16 32
Electron energy (GeV)
‘ multi-kA Eurrent
C Ultralow emittance beams for HEP B :, I
6D = 75 .o ener
| E - 0. 1%0’ W gy

C Ultrabright beams for photon science s reaod
(UK-US STFC -REWRADPpPT O] ect)nmrad emlttance 01%

Friday session
Manahan &Habib et al., Nat. Comm. 8, 15705 (2017) g



. E-210: Trojan Horse at FACET

With better precision and
Incoming beams, in larger

Ultrabright blowout, in collinear geometry

injected beam



E-210: Picnic Basket, produced by RadiaBeam as part of DOE SBIR Trojan

Horse project: critical equipment for various experiments at FACET
‘Picnic Basket’ Probe Line Design Will Be Flushed Out in Plasma Sources WG

~

o1 An
Sk o1 A
-~

Comment:
Might be better to
shoot straight for

_ the table, then
have a dogleg on
the table to allow
the laser to go

under the e-beam.

E310

to rail & diagnostic
cameras

— Low energy probe pulses provide valuable diagnostic information e.g.
timing & alignment: EOS, Afterglow and plasma evolution (E-224)

Now exploitation for E-310
and related experiments




Crucial for success of E-310: Spatiotemporal injection precision

C Recipes: a) measure & minimize absolute jitter of incoming pulses; b) increase blowout
size (Deng, Karger et al., Nat. Phys. 2019, supplemental discussion)

Small blowout, large jitter:

Large blowout, small jitter:
Poor injection precision

Excellent injection precision (sub-%), and tunability?

y (um)

Figure of merit c:
laser precision/(l ;)
33% at FACET

0 60 120 180 240
& (um)

300

C Bonus: operation at lower plasma densities reduces residual energy spread
(Manahan & Habib et al., Nat. Comm. 8, 15705, 2017), and reduces requirements
on driver beam (can in turn realize kickback by further increasing stability?)

11



Plasma photocathode/torch/afterglow implementation ﬂ FACET:I

Facility for Advanced Accelerator Experimental Tests

Phase 1 solution: Gaussian focusing with OAP through window.

E: 5 mJ, w: 11.5um, 7: 40fs

; Pros:  Robust configuration,

7 no optics in vacuum,
Laser g o connects to E-210 experience,
diagnostics o works over large range of input

laser beam parameters
Cons:  Damage thresholds, aberrations

Q

Side view
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Intensities & damage thresholds: 40 mm input laser beam diameter

Assumed probe laser
pulse parameters:

40 fs, 800 nm, (up to)
5 mJ, 10-40 mm input
diameter

LI - - T - R I

LI - T I - - I

ltem | Iltem Z location | FWHM Peak Fluence | B-
# (mm) Beam Intensity | (Jcm2) | Integral
diameter | (Wcm2)
(mm)
1 15 deg OAP -646 40 9.9 x10° | 0.0004
f=646mm (f/16.1)
2 10 steer i|-388 24 2.8 x1019 | 0.001
3 CaF, 3mm -223 14 8.3 x1010 | 0.003 0.005
Window [in]
4 Focus (2w,) 0 0.023 2.9 x10%6 | 1176
5 CaF, 3mm 400 25 2.6 x101° | 0.001 0.002
Window [out]
6 0.5% Back- -446 0.023 1.5 x1014|8.52
reflected focus
(2) 0.5% Back -388 4 6.2 x10° |[<0.001
reflection on
mirror #2

OAP: off-the-shelf 15° gold, Edmund #35-603:

f/16.1, 50.8 mm diameter, 646 mm effective focal length.
For 40 mm input beam diameter, w,°11.5 pm, Z; °© 500 pm
Currently in: SiO, window with coating




Intensities & damage thresholds

: 40 mm input laser beam diameter

104E T T T T T T T |
" Main
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diameter 2 : g
@
S s
$107 G o
L
........ 4 - \""-x_h
oooooooooooo 10 F o
SISO SOSRRN| | § 6 2 3 éll 5
BESSY SEEEIRN| | ) - I I . I 1 | . | | I 1
000D O00DBOC -500 -400 -300 -200 -100 O 100 200 300 400 500
IDINENCY AN | Z (mm)

oooooooooo

oooooooooooooo
00000000000

ooooooooooooo
ooooooooooo
ooooooooooo

oooooooooooo

.............

e o o o

..........
...............
LI T ITEEI-E- B

OAP: off-the-shelf 15° gold, Edmund #35-603:
f/16.1, 50.8 mm diameter, 646 mm effective focal length.




Intensities & damage thresholds: 10 mm input laser beam parameter

Assumed probe laser
pulse parameters:

40 fs, 800 nm, (up to)
5 mJ, 10-40 mm input
diameter

oooooooooooo
LI - - T - R I
oooooooooooo

oooooooo
oooooooo
ooooooooo

ooooooooo

ltem |Item Z location | Beam Peak Fluence | B-
# (mm) diameter |Intensity [(Jcm?) |[Integral
(mm) (Wecm2)

1 15 deg OAP -646 10 1.6 x101 [ 0.0064
f=646mm /16.1)

2 10 st eer|-388 6 4.4 x101 |1 0.017
mirror

3 CaF, 3mm -223 3.4 1.3 x1012 [ 0.053 0.052
Window [in]

4 Focus 0 0.093 1.8 x10% | 73.5

5 CaF, 3mm 400 6.2 4.1 x101 | 0.017 0.016
Window [out]
0.5% Back- -446 0.093 9.2 x1012|0.37
reflected focus
0.5% Back- -388 0.9 9.7 x1019 | 0.004
reflection on
mirror #2

e 0 ¢ 5 O 0 % B0 O B0 0
LR L L

°
ﬁ.
L . *

> 8 0 0 L

LI - T I - - I

OAP: off-the-shelf 15° gold, Edmund #35-603:

f/16.1, 50.8 mm diameter, 646 mm effective focal length.
For 10 mm input beam diameter, w,°46.5 pm, Zz; © 8 mm
Currently in: SiO, window with coating



Intensities & damage thresholds: 10 mm input laser beam parameter

40 fs, 800 nm,
up to 5 mJ,
10-40 mm

input diameter
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OAP: off-the-shelf 15° gold, Edmund #35-603:
f/16.1, 50.8 mm diameter, 646 mm effective focal length.
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T: 40fs

w: 11.5um,

E: 5 mJ,
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Plasma filaments in spe: 40 mm input laser pulse, helium

Baseline parameters:
40 s°10%, 5 mJ° 10%
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Plasma filaments in spe: 40 mm input laser pulse, hydrogen

Baseline parameters:
40 fs°10%, 5 mJ° 10%
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Tunneling ionization
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Plasma filaments in spe: 10 mm input laser pulse, helium

Baseline parameters: E:5mJ, w,:46.5um, 7 40fs
40 fs°10%, 5 mJ°10% ™% ik
10.9
1000 54
10.8
Tunneling ionization coo 07 =52
calculations (He): oz E
b= =
= 05 2 |
“ ;8
04E 35
500 S g48
0.3
e -1000 0.2 4.6
B OBGS G HOa06d 560 36 38 40 42
a3 660000000 * o 0.1 PUISQLength(fS)
B ODG DD 66666 500 -1500
¢ 6000000000060 20 0 20
e g 2(pm)
JIVSET Iy Bibd Gas He (24.6eV)
® & ¢ 4 0 0 C 20 0 CD 4 a0
oo’y P
6| Bac Density 10Y7/cc
| WD Plasma filament full-width (¢ n) 46.8 £2.8

Plasma filament length

9.4 mm

LI - T I - - I ]

Charge (nC)

233 +35 (15%)

300

280

260

240

220

Total Charge lonised (nC)

200

180

160



Plasma filaments in spe: 10 mm input laser pulse, hydrogen

Baseline parameters:
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Active tuning: Plasma yield variation by laser input diameter (iris), laser
energy (attenuator), species & density, laser pulse duration

lonization profiles for input beam diameter 40 mm, wy=11 pum, 0.5 mJ in He

E: 0.5 mJ, w,: 11pum, 7 30fs: 0.5 mJ, W 11pm, 7:60fs: 0.5 mJ, w,: 11pum, 7:90fs: 0.5 mJ, W 11pum, 7:120fs

60 fs 90 fs 120 fs

N 30 fs

1500

1000

500

=
-500
-1000
-1500

-2000

-40 -20 0 20 40 -40 -20 0 20 40 -40 -20 0 20 40 -40 -20 0 20 40
z(pm) z(pm) z(pm) z(pm)

© o o o o =
[6)] [#)] ~l [8+] w

e
~

[onisation Probability



Active tuning: Plasma yield variation by laser input diameter (iris), laser
energy (attenuator), species & density, laser pulse duration

lonization profiles for input beam diameter 40 mm, wy=11 pm, 0.1 mJ in He

E:01mJ, w:11pm, 7:30f :01mJd, wg:11pm, 7:60fs:0.1mJ, wy:11pm, 7:90fs:0.1mJd,  wi:11pm, 7 120f

120 fs

2000 [RS10, fs

1500

60 fs 90 fs

1000

500

y(pm)
o

-500

-1000

-1500

-2000

-40 -20 0 20 40 -40 -20 0 20 40 -40 -20 0 20 40 -40 -20 0 20 40
z(um) z(pm) z(pm)



Active tuning: Plasma yield variation by laser input diameter (iris), laser
energy (attenuator), species & density, laser pulse duration

y(pum)

lonization profiles for input beam diameter 40 mm, w,=11 pm, 0.05 mJ in He

E:0.05mJ, w,:11um, 7:30f:0.05mJ, Wy 11pm, = 60::0.05mJ, w,:11pm, 7:90f 0.05 mJ, wy: 11um, 7 120fs

1
e 30 fs 60 fs 90 fs 120 fs 0
1500 0.8
1000 0.7

500 0.6
0 05
-500 0.4

-1000 0.3

-1500 0.2

-2000 01

o

-40 -20 0 20 40 -40 -20 0 20 40 40 -20 0 20 40 -40 -20 0 20 40
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Tonisation Probability



Passive: Stability of laser-only plasma afterglow signal at FAGET

Charge ionized by laser pulse (nC)
5.4 T T T T —T

o R © o | AtFACET: detection of plasma recombination
> : -7 1 afterglow signal via bandpass filter and CCD
52 P e o Laser pulse ~60 fs, ~5 mJ

251} '@“H /// //’/ l

= o & P e P Known laser pulse energy (5 mJ°10%) and

g ° e - 1 duration (60 fs® 10%)) jitters calculated to

g 49 Al 1 produce a 5.5% standard deviation in

. 4.8 & - ~ ~ ///—

produced charge in He

47 / P P P @/
a5 7 d N
46 e | P | /
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E-beam enhanced plasma afterglow FACET

b 1.0 . 1.0
1.5 1.51 e-beam
| n —
1 laser = Ié
- L axis [ . 0
c 0.0 c = T
-]
5 | 05 3 5 05 3
X | - X ©
s S :
Y = e
' - =0 . , . -
-3 0 .3 -3 0 .3 00
z (mm) z (mm)

delay stage

0.01-5mJ

_60fs
~a.  parabolic mirror

4 Z-y camera .
> z-x camera He band pass



SLAE FACET E210 plasma afterglow
C Plasma photocathode requires spatiotemporal precision injection \’Slm

C Developed and demonstrated powerful plasma afterglow avalanche method
for beam metrology and spatiotemporal synchronization and alignment

B I >° Atyick = — 3.00 ps

102 5
80041 BN Qout(r=wg)=0.00 nC
Qin(r<wg) = —0.00 nC
4 -40 1014
-4
400
. = 100-
L3 o L 30 ol I
= E = 3 -
E S R :
3 o 9 ‘; e 10—1_ 2
= £ = © =
L2, Jl20 £ 2
- 10_23
—400
1 10 10-3 4 rl
—800
Atyick = -3.0 ps 10=4 = = e i 60
400 800 2000 2400 ° 0 10 10 10 10 10

Eyin (V)

Transition from laser-only afterglow to
enhanced afterglow is robust observable
and allows various laser, e-beam and
laser vs. e-beam metrology

Umversttyof@

TEcxH-)' /A radiasoft @\ uNVERSITY TEXAS Strathclyde

Mya=1.9ps

aYs cdicbeam
UCLA "‘TECHNOLOGIES




Plasma afterglow metrology: FACET
spatiotemporal synchronization & alignment

C Temporal data: C Spatial data:
74 1.0 .
- 3 e ¢ g 1Ta R b - 4
E | % - R = = S N E 2
s 0 ' = ) E ol ® @2 L ’
X : 0.8 5 ‘ ,
-11 Atsesy = 0.0 Atsssy = 1.6
L 50 B B T i -1 Ay =-514 pm Ay =542 pm
= - o -20 2 =2 0 2 20 2
z(mm) z{mm) 0.67 z (mm) zZ (mm) z (mm)
Tx 0.50
1.04 d s —— mean integrated counts (exp) | 1.0 Q d © transf. beam energy (sim) | 1.0
o8 S o o integrated counts (exp) : ﬂ ++ integrated counts (exp) 3
© transf. beam energy (sim) e
0.5 H0.8 6. § 0.251 0.8
E 00 0.6 5 = 0.6 ~
s - S 0.00] =
) -05 0.4 02 % 1 0.4 8
Laser late |, —0.25] .
-1.0
. . . 3 2 . L 0.0 0.0 ER T ° e @ 0.0
-2 -1 0 1 2 3 4 ' —-0.50 ‘ ‘ , : ;
At (ps) —-400 —-200 0 200 400
delay Ay (um)

Red: experimental (which takes into account experimental jitters at FACET),
yellow: simulations of energy transfer from beam to plasma (no jitter)
Very good agreement!

~ r 3 diab UH (] 5 ol Universit of@
UCLA PRSrees TEcxH_), Aradiasoft (ff: SSHS™ TEXAS Strathelyde




Plasma afterglow metrology:

w/o EOS time stamps

spatiotemporal synchronization works also standalone

FAGCGET

sorted by EOS time stamps

NN W
o u o

counts (x109)
=
n

Ta va, 8
t‘ o;t:’; 0.’
-3 LS B
LR e

.
ooooo

counts (x10°)
=
(8]

w
o

N
&)

N
o

=
o

o
u

.
2 - ..
’.3 “X* el .

:,s«»
A

1.0 :
051 ,
L
0.0 ’:‘:“““‘0 oooooooo L T Y Y YL tesnsees
o 0 1 2 3 4 5
At (ps)

Accuracy: 55 fs

o
o

-2 -1 0 1 2 3 a4 5

Accuracy: 16 fs

Slope steepness determines limit of diagnostics (no errors): can do
significantly better for better stability of incoming beams

C P. Scherkl et al.,

a¥s adicbeam
"~TECHNOLOGIES

UH -

x /A\radiasoft

TECH-X

Plasma-photonic spatiotemporal synchronization of relativistic
electron and laser beams, arXiv:1908.09263 (2019)

ot University of @

TEXAS Strathclyde

SR
£ 47 UNIVERSITY
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Plasma afterglow

lonization profiles for experimentally expected implementations
as discussed implemented into PIC (VSim), e.g.:

Helium40.dat

E:5mJ, 7: 40fs

Hydrogen40.dat

w, 11,;m E:5mJ, 72 40fs

Wy 11;;m

y(pm)
o
y(pm)

z(pm) (,um

Extensive parameter scan, e.g.:

Overdense regime: From FACET
we know observed plasma
afterglow is proportional to beam-
plasma energy transfer in PIC

500 1 500
400 0.9 400 .
300 0.8 300 X
200 0.7 200 A
100 06 E 100 A
0.5 '2 " 0 X
-100 0.4 é . -100 .
200 05 -200
4300 02 -300
-400 01 -400
4500 500

¢/8 FACET:II

Facility for Advanced Accelerator Experimental Tests

Helium10.dat Hydrogen10.dat
E:5mJ, w, 45;“11 7: 40fs E:5mJ, wg:46um,
500 1 500 11
400 0.9 400 0.9
300 0.8 300 0.8
200 0.7 200 0.7
100 0.6 fé 100 0.6 é
E 0 05 :i E 0 0.5 :i
) -100 0.4 g ) -100 0.4 é
-200 0.3 : -200 0.3 )
-300 0.2 -300 0.2
-400 0.1 -400 0.1
-500 0 -500 o 0
z(pn) z(pm)
Beam energy 10 GeV

Beam charge

1nC

Beam width, length

20 um, (207 50) pm

Beam Density

~ 1018/ cc

Plasma density

1015/ cc, 10%7/ cc

Plasma column radius

~ (10 - 50) um




Plasma afterglow: exploring energy transfer processes " FACET Il

Facility for Advanced Accelerator Experimental Tests

Kinetic energy of particles vs. energy stored in fields by integrating EM energy density

1 1
U= — (E{}Ez -+ —BE),

2 Ho
10 T
—— Beam KE —— Plasma lons KE --- Beam Field energy ~—-— Beam KE + Sum Field Energy
——— Plasma Elecs KE —— Beam KE + Beam Field Energy --= Sum Field energy --=- Total Energy

Total Energy Gain (u))
o

-10

A lot is going on as regards physics, and numerics...
Sanity check: total energy conservation g

Energy transfer in total: very low! Minimally intrusive diagnostics..



Nurmber of cells

Plasma afterglow: exploring energy transfer processes n FACET:I

Facility for Advanced Accelerator Experimental Tests

Energy distribution of kicked seed plasma electrons:

/plasma_pyro/overdense/bunch_length= 50um/ener§¥ analyss/plasmaElectron energy_spectra_waterfall
Cross section (x 10
0 1 2 3 4 6 7 8

30 —T150
40 40
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> "
o w)
o 30 v 302
=N
g I < >
L] S £
g I S
5 w
o © 20
S b=
g 2
& a
o )
10
10
0
0 200 400 600 80O 1000 0
Plasma Electron KE (eV) 100 200
Xp = Xp (HM)
/plasma_pyro/overdense/bunch_length=40um/energy_analysis/EFieldSum_field_strength_spectra_waterfall
107 10 108
10 107
-~ 8
3
10 § 106
10° =
£ 6 10°3
o
10* 5 .
I 100y
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, . £
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10° =
3 102
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10t 2
10t
10%
0 4 i} 8 10 0 L Lq00
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Plasma afterglow pyro @ FACET:II

Facility for Advanced Accelerator Experimental Tests

B 70
o overdense
E
= 60
(U]
> 55
Ay =0pum 2
e ‘Y s0
Laser early mode =
S 45
Beam length variation (all 5
other parameters 35
o
assumed constant): .
20 25 30 35 40 45 50
NOte 1OX |argel‘ energy RMS Bunch Bunch Length (um)
transfer in overdense s derd
regime = underdense
c 2.90
8
> 2.85
o
Can be used to measure 5 280
beam duration with high B 575
¥
accuracy? ® 270
E: 2.65
'9 2.60
2.55 : ’ . ’ : v v
20 25 30 35 40 45 50

RMS Bunch Bunch Length (um)



Plasma afterglow pyro

Energy transfer — Camera signal

e an

Assuming FACET o

level diagnostics &
light collection:

Bunch Length

Assumptions

Converting from energy transfer to pixel counts
1eV = 5e-10 counts [taken from FACET data/simulation pairing]

. Minimum detectable change in the camera
707 counts [taken from FACET cube3vert background]

/¥ FACET-II

Facility for Advanced Accelerator Experimental Tests

o Vo,

. Completely free of random errors

Al e

Theoretically
Hydrogen Detectable
change 600 | S x  Hydrogen_10mm_overdense
teeper »  Hydrogen_40mm_overdense
40mm input e S|ope x  Helium_10mm_overdense
x  Helium_40mm_overdense
laser better
. % 400 -
10mm input 0.016 ym a
laser Q
£ 300
. ©
Thonraticallhvy U
1 IICUICLIbaIIy [aa]
Helium Detectable 200 |
change
: 100 -
40mm input 0.17 um X
laser 20 25 30 35 40 45 50
Bunch Length (um)
10mm input 0.10 pm
laser




Plasma afterglow alignment % FACET:-l

A

Facility for Advanced Accelerator Experimental Tests

Energy transfer — Camera signal

ASSLI,IY(;'I.Ing FA(_: ET& Assumptions
leve |agn05t|05 . Converting from energy transfer to pixel counts
|Ight collection: - 1eV = 5e-10 counts [taken from FACET data/simulation pairing]

. Minimum detectable change in the camera
707 counts [taken from FACET cube3vert background]

. Completely free of random errors

6001 . —— Hydrogen_10mm_overdense
i Hydrogen_40mm_overdense
500 - i Helium_10mm_overdense
i Helium_40mm_overdense
Few um alignment 5400
precision, in case of 2 |
300 '
good shot-to-shot y
stability much better &
2 200+
1001
0,

—200 ~150 ~100 —50 0 50 100 150 200
Misalignment (um)



E-210/E-315: Plasma afterglow metrology

é3 FACET:II

Facility for Advanced Accelerator Experimental Tests

C Potential for attosecond bunch metrology. In agreement with predictions from P. Scherkl

et al., Plasma-photonic spatiotemporal synchronization of relativistic electron and

laser beams, arXiv:1908.09263 (2019)

0.9

e experiment
e simulation
fit

56 58 60 62 64 66 68

All kept constant but transverse
e-beam size scan:

26 nm transverse bunch size
measurement limit -

Plasma afterglow yield highly
sensitive, but highly sensitive on
number of parameters!

70 72

1.6

« Assuming imaging quality as used at
FACET (707 CCD counts detection
threshold) and stable, tunable beams:

23 nm bunchlength | i mi t . NPl

1.4

0.6

e experiment
e simulation
fit

10

20 30 40 50
or (um)

60

35

i



Plasma afterglow signal at FANCET

Charge ionized by laser pulse (nC)

54

At FACET: detection of plasma recombination

Experimental:
10% standard
deviation in
afterglow signal

Experimental:
5% standard
deviation in
afterglow signal

& & W e
531 N e
afterglow signal via bandpass filter and CCD
;\\o{\ Lt ! Laser pulse ~60 fs, ~5 mJ
@ S st e ' »
N 2 / - x
S i - D.b'/
6@ ; & @// e ////_ Known laser pulse energy (5 mJ°10%) and
P e ) duration (60 fs° 10%) jitters calculated to produce a
47 . - ) P © . : . ]
wf T ) 5.5% standard deviation in produced charge in He
” ” ” Pulse chr:gth (fs) ” *
o x10% ,
‘g 32 C} o © o E:;perigpnt:f)ata {20
o 3+ an Signal
£ «wv Standard Error
@ g 2.3‘00 o . . S 0 R ET §
RN T 26 ° ° ° 04,
IS s oo . ° o 1%
Q § g 24 o &
(92) ), = & g o e 40
Q Q} Q22 oo
G F g °
N4 2 2 : 1-20
\ 5 10 15 20 25
Shot #
—  x10%
Z [0
Q311 o
N o o s
s@ g 3 o Q 65" 5 Oo & oo . g
S o
s L an ) =
@Q) N L 29} ° ° 5 o o o 00 :%
I 5§28 ° 1s©
S s o 5
~ Q0 T 27
\Q) § 30 35 40 = ;
(04) 30 35 40 45 50 55 60
z (mm) Shot #



Afterglow collection plans n FAC ET ||

C Allow much straighter path than at FACET, collect more light
C 3D topography of afterglow desirable (asymmetries)

C Spectrally resolve (multi-lines), investigate dynamics with fast photodiodes...

C
n
« A ‘< 2 _I i
ZAN Laser Path A "
M : %‘%4? ot | 1 Far-side View
AN | N i r—
) AR 1!
;N (I
RN 11
(zzoees) I AN [
N 1\
(2% 10.31) ﬂ : \\ A Pl
& 1 ~% 4‘ Electron Path 1!
i — ), P
y I v (.
I I ’ P
’ 1
Y = T R = ¥ 1 7/ 1
I ’ I vav
mﬁ ﬁ Electron Path I // Electron Path It >
{2055) (19.70) ﬁu | 7 Py A
T 7
7 1
o y Mirror X
B B —r-
MOTES: v
1 INTFRMAI SURFACF ARFA =7 B2 m2
Rough Scale Laser Path

37



Strong synergies with other experiments & building blocks

C Use plasma afterglow to find coarse timing range of EOS (as in E-210)
C Use EOS to time-stamp incoming timing jitter for plasma afterglow

C Cross-check both vice versa

to rail & diagnostic

E cameras scale:
o] 0.14
 p— ~+—-Ja;a’5_~ —
th ‘
N |
. )% U [ A
u B_x M LI §
Measure & 1 ‘
Measure

horizontal offset EOS

Holed mirror Two EO crystals 2
mm apart
(adjustable)

Signal difference of
two EO crystals
$» measures transverse
offset with ~ 5um
resolution

~
- l. -..’vd
M  stgas”’ D A
A T 50
dd. °
ii » ©O0
(¥ © o0
.@ P o u_?_)

Analyzer A jll Analyzer B

See presentation by
Mike Litos
Wednesday 11:00AM

Useful also for E-300,
E-301, E-320...?

vertical offset




Measure double bunches with plasma torch

C Timing and duration:

Single bunch Witness bunch (and distance)
5! m 50 501 0.00
-4 40 301 1 -1.00
F3 30 = __ 1004 -2.00
L2 W% 20 —100 -3.00
F1 10 —301 1 -4.00
) Atyick = -3.0 ps
400 800 1220<() i 2000 2400 ° ° —201 200 401 601 802 1002 >°
" Xsim = 0.55 mm E (Lm)
C Transverse offset (vertical easier)
0.9 mm
- :
1.1 mm
v

p (x10% m~3)



Electric Field

Same setup will also be used for Icarus

E'210 E_310 g 3x10"
A .
e-beam delaystage  iiiisiiiiis : B
~ } oooooooooooo lonisation Ratio
‘ \\ 3 001-5 mJ ooooooooooooo
- _ 60fs 0ggp00c0005d)
EOS - - ~a. parabolic mirror “H_“ °°°°°° p .
el > SR
H/Hegas _— - RS
e-beam field L Q\\ - SRS |
’ zycamera B N\ . N
z Z-Xxcamera He band pass '
lonisation Ratio ning
E-210: laser itself ionizes in focus, but S L I
additional Icarus hump after focus: : i
- 10000 g our .
2t 9000 T8 o N ]
" Laser
8000 - : = 3 -024- 1
4t 7000 - Jocu - -
@» 2 -0.48 - .
E-' 6 L 6000 I —EILB — —CI!.4 — l!' — 0.‘4 — O.IEI I
1)) 5 10 15 20 25 30 X [mm]
= 5000 X/ mm
- p— [ T | T T T ‘ T T T T T T | T T | T ]
g 8 i 4000 048~ ]
3000 - o ]
_6 £ r ]
10+ 2000 £ R— EE S ]
N4 £ =
1000 "3
12 3 -0.24:— —
5 10 15 20 25 30 -048 — —
X/ mm AR N S T T N TN Y NN S SN TR NN SO SR MY

-0.8 -0.4 0 0.4 0.8



Z [mm]
(e-beam direction)

duration

spot size

Q
Delay

Hydrogen (H2)

60 fs (rms) 30 fs (rms) 50 fs (FWHM) Laser energy = 400
10 um (rms) 10 um (rms) 50 pm (1/e3?) J

1.5nC 0.5nC --

0 -300 fs -500fs

Electric Field lonisation Ratio

Vim
5x10'0

n/ng
1.0

|08

E x10"

Z [mm]
(e-beam direction

E x 1010

x 1010

-0.4 -0.2 0 0.2 0.4
X [mm] X [mm]



Z [mm]
[e-beam direction

duration

spot size

Q
Delay

Hydrogen (H2)

60 fs (rms) 30 fs (rms) 50 fs (FWHM) Laser energy = 400
10 um (rms) 10 um (rms) 50 pm (1/e3?) J

1.5nC 0.5nC --

0 -250 fs -500fs

Electric Field lonisation Ratio

Vim

ning
1 5x10" 1.0
4x1010 5&8

[ 3x10™

Z [mm]
[e-beam direction

| 2x10™

1x10"

-04 -0.2 0 0.2 04
¥ [mm] ¥ [mm]



Hydrogen (H2)

duration 60 fs (rms) 30 fs (rms) 50 fs (FWHM) Laser energy = 400
spot size 10 um (rms) 10 um (rms) 50 um (1/e?) J
Q 1.5nC 0.5nC --
Delay 0 -200 fs -500fs
Electric Field lonisation Ratio

Vim n/ng
1 5x10" 1.0
4x10" |08

E x10"

Z [mm]
(e-beam direction)
Z [mm]
{e-beam direction)

11010

-0.4 -0.2 0 0.2 0.4
X [mm] X [mm]



Z [mm]
(e-beam direction)

Hydrogen (H2)

duration  60fs (rms) 30fs(rms) 50 fs (FWHM) Lﬁser energy = 400
spotsize 10 pum (rms) 10 um (rms) 50 um (1/e?) H
Q 1.5 nC 0.5nC =t
Delay 0 -150 fs -500fs
Electric Field lonisation Ratio

Vim nimg
1 6x10™ (10
Lax10" 08

E x 1010

7 [mm]
(e-beam direction)

| 2x10™

x 1010

-0.4 -0.2 0 0.2 0.4

X [mim] X [mm]



Hydr ogen,

duration

spot size

Q
Delay

60 fs (rms)
10 pum (rms)
1.5nC

0

30 fs (rms)
10 um (rms)
0.5nC

-100 fs

A [° A0ngnanpud lkeanm s

Hydrogen (H2)

50 fs (FWHM) Laser energy = 400
50 um (1/e2) uJ
-500fs

lonisation Ratio

ning
1.0

| 0.8

Z [mm]
(e-beam direction)

-0.4 -0.2 0 0.2 04
® [mm]



