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flat and needle cathodes
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Photoemission in 500 kV Pulser

Laser 

Diagnostic Line:
Pinhole Array;

YAG; FC; WCM; 

Pulser (-500 kV; 250 ns FWHM; 10 Hz)

Cathode / Anode 
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Laser Room HV Pulser

Laser Transfer Line
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electron beam

Laser:
Nd:VAN Passively Mode locked

Firewire Camera

PIEZO

e-beam

from laser
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M
ot

or
:

Firewire Camera

Laser Diagnostics

266 nm; 6.5 ps rms Gaussian; 10 Hz
15 μJ at Laser exit; ~ 4 μJ at Gun

Laser System
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Laser Transverse Shape
Gaussian Distribution

Laser Parameters at Virtual Cathode Position
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Laser Pointing Stability at Virtual Cathode Position

17.01.08 Time (s)

 

Laser Pointing stability: 
ΔxM = ΔyM = 10 μm rms

ΔILaser ~ 5 % Imax

Laser Amplitude Fluctuations

Laser Pulse Duration:
σt,laser = 15.9 ps rms (with etalon)
σt,laser = 6.5 ps rms
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Diamond Turned Copper (OFHC)

Roughness: Ra ~ 2 nm
Peak to Valley: 20 nm

Maximum Gradient Reached:
40 MV/m at 4 mm Gap

(stable)

Le Pimpec / Gough
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 16.01.08; 12 mm Gap
 20.02.08; 10 mm Gap

Cleaning effect after 
one month operation !

266 nm, 6 μJ, 10 Hz

Quantum Efficiency of Copper Cathode

QEKugler-Cu>10-5
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Theory: Schottky Reduction
+ 3 Steps Model

Comparison with Theory
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Field  (MV/m)

 16.01.08; 12mm Gap
 Theory ΦCu=4.77eV
 20.01.08; 10mm Gap
 Theory ΦCu=4.71eV

RCu(266 nm) ~ 25 %
Measured Reflection:

266 nm, 6 μJ, 10 Hz

* D.H. Dowell et al, PRSTAB 9, 063502 (2006)
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  Stainless Steel (316L) 08.03.18
  Theory; ΦSS=4.9 eV

  Stainless Steel (316L); 08.04.04
  Theory; ΦSS=4.75 eV

Quantum Efficiency of Stainless Steel 316L

Hand Polished 
Stainless Steel 316L 
70% Fe (04Cr16Ni11Mo3Ti)

Maximum Gradient Reached:
90 MV/m at 4 mm Gap

QE316L>10-5

Cleaning Effect

Le Pimpec / Gough
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Photo-Field Emission from Needle Cathodes

1mm
50 μm50 μm

50μm

ZrC Single Crystal 
rtip ~ 2-5 μm
Vtip ~ 50 kV
ΦZrC=3.6 eV

Small Emitting Area

Small Intrinsic Emittance
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Photo-Field Emission Principle

2 nm

ΦZrC =3.6 eV

EF

0

(Field=0)

Metal Vacuum

hυ=4.6 eV

266 nm

IField Emission

E (eV)
E (eV)

IPhotoemission

Energy range from where electrons can be directly photo-emitted ! 

Field=1 G
V.m

-1

Schottky Effect Larger Electron Reservoir
for Photoemission

Higher Quantum 
Efficiency

Dubridge’s model (L.A. Dubridge, Phys. Rev. 43, 1933) 

Z (distance
normal to surface)

V(z)

V(z)

Current (E)
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High Voltage Pulses
- 60 kV, 2 ns, 30 Hz

electrons

Ø
~4

m
m

Tip Radius < 10 μm

Laser Photo-Field Emission from Needle

Picoseconds 
Laser Pulses

Field Emission: 
Very High Current Density

Laser Photoemission:
Pre-Bunching of electron beam

2 ns

I (
A

)

t

35 ps
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Retractable
Faraday Cup [0;-60 kV]

2 ns / 30 Hz

Scope Tektronix
1 GHz – 10 GS/s

Icoll (t)
Laser Pulses

σ t,laser ~16 ps; 30 Hz
50 < σr,laser< 200 μm
<20 μJ at 266 nm

Phosphor 
Screen

Retractable
Pinhole Array

YAG

Experimental Setup

Bmax = 110 mT
Leff= 60 mm
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ZrC Tip
Single Crystal 310 Oriented
Tip Radius ~ 1 μm to 5 μm 
Gate Iris ø ~ 4mm

ZrC Needle RF - Mount

500 μm

1 GHz Vacuum Electrical Feedthrough
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Photo-Field Emitted Pulse

Limited by Scope Bandwidth (1GHz)
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Laser: 6 μJ / σt,laser=16 ps / 
σr,laser=85 μm / 30 Hz / 266 nm

ZrC tip / VTip= -45 kV

Electrons Time of Flight ~ 1ns

tlaser
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VTip= -41 kV   Laser ON: 49 pC
  Laser OFF: 18 pC

 

VTip= -36 kV   Laser ON: 28 pC
  Laser OFF: 10 pC

 

VTip= -50 kV  Laser ON: 123 pC
 Laser OFF: 25 pC

 

VTip= -45 kV  Laser ON: 72 pC
 Laser OFF: 16 pC
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Higher Tip Voltage (ELocal) 

Larger Quantum Efficiency 

Laser: 6 μJ / σt,laser=16 ps / 
σr,laser=85 μm / 30 Hz / 266 nm

ZrC tip / VTip=-45 kV

144 pC at 6 μJ (266 nm)
Q.E. ~ 10-4

BUT
QEapex >> QEshank

Quantum Efficiency depends on Elocal
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Tip

Exp. Cond.:
266 nm; 3 μJ; σr,laser ~ 50 μm
σz,laser ~ 16 ps; VTip=-32 kV

rtip

σ r
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0 
μm

Highly non uniform QE distribution

QE ~ 10-5
QE ~ 1rTip ~ 1-5 μm

Photo-Field Emission Emitting Area
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Photo-Field Electron Beam Profile

Electron Beam Size: 150 μm rms

Laser: 12 μJ at laser; 266 nm; σt,laser=6.5 ps; 
QPFE=60 pC; 50 keV; BSolenoid = 40.7 mT
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Pinhole Array Beamlet Profile
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50 keV; Q= 35 ±  5 pC; Bsol= 41.3 mT
E266nm= 6 μJ; σt,laser= 6.5 ps;

Beam size at Pinhole Array:
σx (pinhole) <  1 mm (Pitch = 0.5 mm)
Beamlet divergence:
σx’(pinhole)= σx(screen)/Lpinhole-screen

=0.4 mrad (+/- 6%)

Normalized rms Emittance:
εnx,rms = βγ.εrms

< 0.18 mm.mrad
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 Vertical Projection

Photo-Field Electron Beam Emittance
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Vertical Projection

Trace Space

Normalized rms Emittance :

εnY,rms = 0.2 ± 0.1 mm.mrad
50 keV; Q= 50 ±  10 pC; 

E266= 6 μJ; σt,laser= 6.5 ps; BSol=37.1 mT

Unfocused beam: several beamlets
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20 shots Acquisition !
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Normalized rms Emittance :

εnY = 0.3 ± 0.1 mm.mrad
50 keV; Q= 50 ±  10 pC; BSol=35.7 mT

E266= 6 μJ; σt,laser= 6.5 ps;
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50 keV; Q= 60 ±  20 pC; BSol=40 mT
E266nm= 6 μJ; σt,laser= 6.5 ps;

Beam size at Pinhole Array:
σx (pinhole) <  0.8 mm (Pitch = 0.4mm)
Beamlet divergence:
σx’(pinhole)= σx(screen)/Lpinhole-screen

=1 mrad (+/- 6%)

Normalized rms Emittance (rms):
εnx,rms = βγ.εrms

< 0.35 mm.mrad

Photo-Field Electron Beam Emittance
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Photo-Field Emission Emittance 

Laser: 6 μJ ; 266 nm; σt,laser=6.5 ps; 
50 keV; 35 mT < BSolenoid < 41 mT

Pinhole Array Images

20 40 60 80 100
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

 

 

N
or

m
al

is
ed

 rm
s 

Em
itt

an
ce

 (m
m

.m
ra

d)

Charge (pC)



27.05.08     PITZ – Mini Workshop R. Ganter

Summary

Pulser (500 kV; 200 ns) + Polished Cathode:

- QE of Diamond turned Copper: 2.10-5 at 25 MV/m (40MV/m max)
- QE of Hand Polished Stainless Steel : ~10-5 at 45 MV/m (90 MV/m max)

Pulser (100 kV; 2 ns) + Needle Cathode:

- Highly non-uniform QE(ρ) distribution (QEapex >> QEshank)
- Small emitting area radius ρ < 50 μm; 
- Photo-Field Maximum Current: 2.9 A (140 pC) 
- Photo-Field Beam Normalized Emittance: 0.2 mm.mrad at 40 pC
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