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Introduction

ULTRAFAST STREAK CAMERA DEVELOPMENT AT THE ADVANCED LIGHT SOURCE

Front field: study the ultra small and ultra fast worlds
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Ultra-fast X-ray Measurements

pump at dt before x-ray probe

L

A 4
A 4

time

time

sample
time integrating
detector

pump at time during long x-ray probe
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time
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ALS Streak Camera Program

Transmission streak camera:
- Providing ultrafast magnetic dynamics study

- improving temporal resolution

Reflection streak camera:
- Slicing diagnostic and related experiment

Dual-sweep streak camera

= Photocathode: Radiation-hard, alignment, high voltage, 25um,10um

= Photo-conductive switch: fabrication technique, mounting mechanism,
fast rise-time,

= Electron optics: large FOV, reducing fringe field

= Meander-plate: increase sweep speed, dv/dt,
deflection aberration

= Start-to-end modeling
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Ultrafast Detector: Streak Camera Principle

Photocathode
X-ra Magnetic lens 2-D Detector
y 33i3s ; Streaked imzalge
vl . T g © £
X-rays »'»ﬂ-ooo- ———————— 03-’ 8 « =
- ) i 7 =
Sample Space

Anode Mesh)
Convert fast time information into space information that can be recorded on an area detector

Features:
- good temporal resolution (at present psec, could be 100 fsec or better)

- records the whole temporal response (ps-ns)

- wide photon energy range 10ev to 10kev

- in principle could be used to record the temporal and spectrum simultaneously
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ALS Ultrafast Streak Came

Transmission
Streak Camera

Reflection
Streak Camera
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Ti:sapphire fs Laser Systems

Femto-laser Oscillator
Positive Light Legend Laser:
30 fsec, 1 mJ / pulse, 1 KHz

| Positive Light Legend Laser:
30 fsec, 0.6 mJ / pulse, 5 KHz
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Solenoid Lens Field Distribution
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3D Field Modeling: Start-to-end

initial velocities

Plot #0
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initial angles
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C&T Developed in MAFIA environment
Comp@Fifiation
ﬁ” = Photocathode-anode
1Y —User-defined initial SE distribution
o —Velocity dispersion
~1584 —PIC space charge
-2 707
St = Deflector
~ 1613 —Full 3D time-dependent EM field representation
—User-defined input pulse
) = Focussing system
Vs L e —3D field map for magnetic or electric focussing

Mon s T I PR R S R A R

Component =z
Plane at z = 3
Sample
Time

/28

1
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Maximum=-2d = 4812.38 V/m at 33.7 / 15.1976 / 3

—Lens aberrations included
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ALS-made PC Switch Performance

«— 120ps
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= Semi-insulating GaAs
—fabricated in-house

» Reliable 1kHz, 5 KHz operation at 600V

= 10-90% ramp ~t-120-380 psec
depending on cable length, switch
mounting mechanism

= Switched efficiency ~75-90%

= Saturation regime laser power: 60uj

Voltage (V)

| | i
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Power on Switch(uj)
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Optical Layout for Streak Camera Measurement
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Unfocus Beam: Measuring Photoemission Electron Energy Width
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Static Mode: Basic Performance
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High Spatio-temporal Resolution in Accumulation Mode
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Jitter Measurement
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where t,,, i the combined rise time of the switch-
generated ramping pulse and the deflection plates,
AE, /E, is the shot-to-shot laser energy fluctuation,
« is so called the sensitivity coefficient and E, the

incident laser energy.
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World’s Fastest Streak Camera
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Time Domain Pulse Measurement: Michelson Interferometer

The detected voltage will be:

V|v|| (r) oc ._OO ‘E(t)— E(’[—z')‘2 dt Mirror

Beam-

= [ E@[ +[E(t-7)] ~2Re[E(M)E(t-7)] dt  splitter detector
Delay
o0 2 o Mirror
Via (7) o 2[ [EQ)|" dt —— “reres

“Interfer-

- 2Re| E(ME’(t-7) dt— ogram

Two photons process:

V()= [ [EQ-EC-o)F “dt
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Pulse Measurement
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Application: Ultrafast Magnetism Dynamics

What mechanisms and timescales are involved in ultrafast magnetization?
- using a laser field, using external magnetic field, using spin injection

Can we engineer new materials for ultrafast control of magnetization
- control by electric fields — eg. multiferroic materials

How does energy flow in a magnetic system when changing the magnetization?
- how is energy coupled from the field to the spin system to the lattice

The Key Tool: Time Resolved X-ray Magnetic Circular Dichroism (XMCD)

- psec temporal resolution

- can be allied with x-ray microscopy

- gives us information per element in a multi-element system
- gives us spin and orbital magnetic moments
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Optical Layout for Magnetism Dynamics Experiment
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- IR pump beam
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ﬂ ALS EXPERIMENTAL SYSTEMS GROUP :: ULTRAFAST STREAK CAMERA DEVELOPMENT AT THE ADVANCED LIGHT SOURCE

Streaked X-ray Pulse

UV fiducials

CRPUSE  —

= Entire 50 ps fwhm captured with every laser shot
= 5 kHz laser repetition rate
= 500 MHz x-ray pulse repetition rate
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TR-XMCD: Fe L3 Edge

60fs pump pulse

Normalized transmitted
intensity

Normalized laser
dichroism*

| - spot

-] |

(|

$ 2500 4

472; 2000 X-Rays

% J

E 1500 +

§ 1000 +

a 500—- . . . .

5 . dichroic contrast is lost in

S a few pico-seconds

g % 5 20 40 60 80 100 120

time (ps)




ULTRAFAST STREAK CAMERA DEVELOPMENT AT THE ADVANCED LIGHT SOURCE
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TR-XMCD Spectra Map

X
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Ultra-fast Magnetism Dynamics: FeGd

Q Simplified Sum Rules:
g m.(Fe) ~ 3/2 (L,-2L,)
5 m,(Fe) ~ 2 (L,+L,)
: m (Gd) ~ 3/2 (M, -3/2 M)
= m,(Gd) ~ 3 (Mc+M,)

20 -15 -10 -5 0 5 10 15 20

Time (ps) Gd orbital moment vanishes

c 08 for all delay
E no transient increase
= of orbital momentum
§ After Deconvolution:
e Fe: ©=11x0.7ps
= Gd: t=24+0.3ps
€

0
Time (ps)
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Future Plan

= Short term
— Pulsed high accelerating voltage
— Robust photocathode
— Faster switch and circuit
— Slow sweep
— Laboratory 6-9ev source
— RSC optimization

= Long term
New generation of ultrafast x-ray streak camera
-correction of time chirp in accelerating area
— Ultimate temporal resolution in the X-ray range
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XFEL Application: Plasma Physics

VOLUME 89, NUMBER 26 PHYSICAL REVIEW LETTERS noeeomer 202 400NM, 150fS, 1019W/Cm2, S-pOl

cylindrical RbAP
crystals

Heating of Thin Foils with a Relativistic-Intensity Short-Pulse Laser - ‘ |3.S€-'f

P. Audebert,' R. Shepherd K. B. Fournier.” O. Peyrusse *D. Price.’ R. Lee.? PSplmgel J-C. Gauthier,' and L. Klein*
‘IJHIH;'HHJM tion des Lasers Intens r!(HJ(‘JR (U (\R‘«(}1Erm sité Paris VI-Ecole Polvt echnigue,

2Lawrence Liverme
(_H

witel, Fi
*Departmen .i!n:mH)rHrm rsity, Washington, D.C. 20059

hysics
[Recelved 5 Octuber 2001: published 11 Decembel 7007]

target Raw data  "®3t 1560x25 dslit Cs

A CCD readout
processed data - 1s2-1s2p
o
— 81 :
8,] = 1s2-1s3p
E R Tg;s 1s2-1s4p
Iz 50 nm Al foil

64 65 66 6.777

wavelength (A) wavelength

Two distinct phases: 500fs, No uniform, hot dense plasma observed, need XFEL
= Single shot ?

- space charge limits # of electrons for a certain temporal resolution and accuracy
= Simultaneous spectroscopy

- good imaging along slit needed; 2d high quality imaging
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Dispersion Corrected Streak Camera

Longitudinal Phase Space
2.4 T T T T T

. T .
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%I corrector removes

04 - straight line s e SN .

0.2 I I I I I I
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Temporal Deviation (fsec)

Energy Deviation (eV))

= 4 dipoles can be arranged to be double focusing, achromatic, zero
angular time of flight dispersion and with defined dT/dE for correction

= < 50 fsec resolution from initial simulation!
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Ultra-fast PC-switch

= Combine the high switching voltage of the larger chip with high switching speed of smaller chip
= 1.5mm switch operates in linear regime to bias 100u strip line
= Works by pulse biasing the smaller chip for shorter times than required for breakdown

= 1.4 ps rise times
= Switching of up to 1.3kV
= Efficiencies of 60-70%

= Rise time independent of electric field

- 12 Frr TTT T T e Ty
jar ey Ny ® ' T . 100 volt
=] —— 600 volt
2 — 1200 volt
to 1.3-kV e 3
gl‘.lpu-ps rise time g ;.'!
2-kV DC bias TN i E
M .
~10Q soq g :
(2] —]
Cr.GaAs Substrate LT-GaAs Substrate = .
_DE |- | l I .| | | t i1 E 111
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time (ps)
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ULTRAFAST STREAK CAMERA DEVELOPMENT AT THE ADVANCED LIGHT SOURCE

Front field: study the ultra small and ultra fast worlds
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Ultra-Fast

Nature Technology
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i H
Spin preceszes time per bit is ~ 100 ps

in 1 Tesla field +10ps
is 10 ps S

10"%s 1ps

Shock wave propagates
by 1 atom in ~ 100 fs

100fs

Water dissociates in ~10 fs

—» OO - 10fs

-15
@ 10 s " 1fs —rj\i— Shortest laser
Bohr period of pulse

valence electron
is~1fs




ALS EXPERIMENTAL SYSTEMS GROUP :: ULTRAFAST STREAK CAMERA DEVELOPMENT AT THE ADVANCED LIGHT SOURCE

Ultra-fast X-ray Measurements

pump at dt before x-ray probe

L

A 4
A 4

time

time

sample
time integrating
detector

pump at time during long x-ray probe

<

v
v

time

time resolving
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ALS Streak Camera Program

Transmission streak camera:
- Providing ultrafast magnetic dynamics study

- improving temporal resolution

Reflection streak camera:
- Slicing diagnostic and related experiment

Dual-sweep streak camera

= Photocathode: Radiation-hard, alignment, high voltage, 25um,10um

= Photo-conductive switch: fabrication technique, mounting mechanism,
fast rise-time,

= Electron optics: large FOV, reducing fringe field

= Meander-plate: increase sweep speed, dv/dt,
deflection aberration

= Start-to-end modeling
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Ultrafast Detector: Streak Camera Principle

Photocathode
X-ra Magnetic lens 2-D Detector
y 33i3s ; Streaked im%ge
vl . T g © £
X-rays »'»ﬂ-ooo- ———————— 03-’ 8 « L=
- ) i 7 =
Sample Space

Anode Mesh)
Convert fast time information into space information that can be recorded on an area detector

Features:
- good temporal resolution (at present psec, could be 100 fsec or better)

- records the whole temporal response (ps-ns)

- wide photon energy range 10ev to 10kev

- in principle could be used to record the temporal and spectrum simultaneously




Ef ALS EXPERIMENTAL SYSTEMS GROUP :: ULTRAFAST STREAK CAMERA DEVELOPMENT AT THE ADVANCED LIGHT SOURCE

ALS Ultrafast Streak Came

Transmission
Streak Camera

Reflection
Streak Camera
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Ti:sapphire fs Laser Systems

Femto-laser Oscillator
Positive Light Legend Laser:
30 fsec, 1 mJ / pulse, 1 KHz

| Positive Light Legend Laser:
30 fsec, 0.6 mJ / pulse, 5 KHz
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3D Field Modeling: Start-to-end

initial velocities
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High Spatio-Temporal Resolution in Accumulation Mode
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World’s Fastest Streak Camera
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Application: Ultrafast Magnetism Dynamics

What mechanisms and timescales are involved in ultrafast magnetization?
- using a laser field, using external magnetic field, using spin injection

Can we engineer new materials for ultrafast control of magnetization
- control by electric fields — eg. multiferroic materials

How does energy flow in a magnetic system when changing the magnetization?
- how is energy coupled from the field to the spin system to the lattice

The Key Tool: Time Resolved X-ray Magnetic Circular Dichroism (XMCD)

- psec temporal resolution

- can be allied with x-ray microscopy

- gives us information per element in a multi-element system
- gives us spin and orbital magnetic moments
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TR-XMCD: Fe L3 Edge
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Future Plan

= Short term
— Pulsed high accelerating voltage
— Robust photocathode
— Faster switch and circuit
— Slow sweep
— Laboratory 6-9ev source
— RSC optimization

= Long term

New generation of ultrafast x-ray
streak camera

-correction of time chirp in
accelerating area

— Ultimate temporal resolution
in the X-ray range
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