Generation and Characterization of High
Brightness Electron and Photon bunches



Outline of the talk

Resourcesin the lab
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— Photocathode studies

— High peak current source

— High average current source

— High peak and average current source
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Resources
Laser Systems

Laser type/ Wavelength (nm) Pulse duration's  Energy per pulse HV PU| Se Gener ators
Ti:sapphire 0.798 1.00E-14 3.00E-09
Ti:sapphire 0.798 1.00E-13 4.00E-09
Ti:sapphire 0.798 1.00E-14 3.00E-09
0.798 4.23E-13 5.00E-04
0.399 3.00E-13 2.00E-04
0.266 2.50E-13 8.00E-05
YAG 1.064 2.50E-11 2.50E-02
0.532 1.50E-11 1.00E-02
0.266 1.00E-11 1.00E-03
1.064 2.50E-08 4.50E-01
1.064 4.00E-09 4.50E-01
0.532 3.00E-09 2.00E-01
0.532 1.50E-08 2.00E-01
0.266 1.00E-08 5.00E-02
0.266 2.00E-09 5.00E-02
excimer 0.248 2.00E-08 2.00E-01
0.193 2.00E-08 1.00E-01
YLF 0.532 3.00E-07 6.00E-03
1.00E-06
¢
1.00E-07
.. . . Voltage: Uptol MV, and 5 MV
1.00E-08 . .
£ sooen . * Pulse duration: ~1ns
£ 100810+ Synchronizable to external trigger
R * Jitter: Down to 500 ps (1 MV system)
1.00E-12
e . ¢ , Field gradient: > 1 GV/m without breakdown
1.00E-14
0 0.2 04 06 08 1 12

Laser wavelenath in microns






Photocathode Research

Surface plasmon effect
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Charge [fC]

Surface Preparation
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Principle Behind Photoinjector

Charge profile at the cathode determined by the |aser

Charge profile at interaction point determined by
laser and transport



High Peak, Low Average Current Injectors

Pulsed Power Injector
Photocathode & Adjustable Anode

BPM 1, w/ High pressure Sk, Spark Gap
laser access Triggered by Excimer Laser

Transmission Line i

Pulse Generator
1MV

g O

Solenoid




520/490 mm

A /
o |

RT 500wV 02: 58: 76, 76 50005

Typical Voltage Pulse

150/170 mm
Results
Up to 60 pC, 300 fs, > 100 kA/cm?
1pC, 2.3kA/cm?, 1.2+0.7 mm-mrad
104/100 mm

0.2 pC, 85 Om, 0.6£0.4 mm-mrad
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RF injector: RF accelerating field




High Average, Low Peak Current RF Injector
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Cavity Design and simulations
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PARMELA simulation

Y CELL, 1.3 GHz CAVITY, Domed end
wall for stiffness, 3.5 mm Nb electro

formed and welded. Thickness optimized ? Transverse emittance in mm mrad,
for thermal loading.

? Longitudinal emittance in keV deg,

i Energy in MeV
Collaboration between 10, CAD, AES



ELECTRON BEAM TRANSPORT LINE
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High Average and Peak Current I njector
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Complete Assembly - 2.6 Cell, 1.3 GHz

Contin uous Wave L-Band Eleciron Gun

Dovnstream Interface
i 50 Conflat YWRESD

Vaveguide Flangs

Laser Port
$1.33 Conflat
2 Placas

Cathode Interfaca
§2.75 Conflat

Tuners 4 Placas

Pumping Port $2.75 Conflat
Pick-LIp Port §1.33 Conflat
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Detail View - Last Cell Cooling

Continuwous Wave L-Band Eleciron Gun




High Harmonic Radiation in VUV, XUV

» Conventional Approach:

» Electric field of laser is small perturbation to atomic
field

» Pulse duration is long compared to periodicity of
the laser

Consider a800 nm laser of 1 mJ energy,
20 fs FWHM, focused to 10 Om diameter

spot size
Peak optical field ~ 7*10V/m
~ 7 optical cyclesin FWHM







Expected output
| ntensity distribution
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spectrum

after 70 cm long
hollow capillary
n.3 atm Kr

input pulse
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Electron Bunch Length Measurements

Streak 0
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Collaboration between 10,Physics, CAD, Montclair, UCLA



Schematic to measure subps e bunches
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Laser Beam

CcD Analyzer Electro-Optic Crystal Palarizer



Measurement of Ultrafast Photon bunches
Freguency-Resolved Optical Gating (FROG): Surface Third Harmonic Generation
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Collaboration between 10 and Sandia National Laboratory



Active Programs in

v'Generation of High Brightness
Electron beams

v'Generation of High Brightness VUV,
XUV photons

v'"Measuring electron bunch lengths
below 1 ps

v’"Measuring photon bunch lengthsin fs
regime



