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[J—__ Photoemission in 500 kV Pulser @

Laser
HL‘“T&%—'@;;
— 3 I_---“__“’E”I - e 11
_d:::}__ﬁ_:_-_ﬂ:a#"’ﬁf . T ""-'EJ:‘_:-':: —
_#__,-/ : | “M i Diagnostic Line:
= _ — - . Pinhole Array;
: e YAG; FC; WCM;
H
Cathode / Anode

Pulser (-500 kV; 250 ns FWHM; 10 Hz)
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* . Laser Transfer Line
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Laser System

Laser:
Nd:VAN Passively Mode locked

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

Firewire Camera Firewire Camera
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fomlaser B :

Laser Diagnostics
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,___ Laser Parameters at Virtual Cathode Position

Laser Pointing Stability at Virtual Cathode Position
10400——m————r———1—— 17—
1030 i
1020- i
1010r 1
1000} i

990+ -
| —— Horizontal Position on Virtual Cathode ]
Vertical Position on Virtual Cathode
980 1 L 1 L 1 L 1 L 1 L 1
0 20 40 60 80 100
17.01.08 Time (s)

Laser Pointing stability:
Axy, = Ay,, = 10 ym rms

Laser Amplitude Fluctuations
Al ~5% |

Laser max
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Laser Pulse Duration:

Oy jaser = 19-9 ps rms (with etalon)

Ofjaser = 0.9 PS rMs

w107 FINLS-TR-SCACAT - 36 A@FINEGMSLA0, charge = 45050810 (arh.)

e

5 Laser Transverse Shape
= Gaussian Distribution
By

é 15

:5; ?

g 2.9

g s

:

0.4 1 1.5 2 2.3 & 3.4 4 4.3
mean o, = 3352.0024 pm + 1.7278 pm - o, = 3361078 um
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High Voltage Pulses @

600.0

Voltage Waveform

400.0

0.0 prt—mr—r— /\
\W4

-200.0

250 ns "
-400.0 \/
6000 ‘ ‘ . S ‘

10 15 20 25 30 35 40
t,us
Laser

Cathode

Cathode (back side)
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Diamond Turned Copper (OFHC)

nm Section Topography ROUGHMESS PROFILE

B3

35

o7

21

-4.9

g

) KUGLER

FIELIZIN W4 8, 1 EW DUMERSHI
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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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Quantum Efficiency of Copper Cathode

. Cleaning effect after

1 » one month operation !

| | 'QEKugIer—_Cu>10-5 T
O DDID\
10°k D—DDDD'DD/D -
[ ]
= ]
. = .
CICJ = /*****’ .
O -6 *
= 10"k /
=
LU /*
c *
2
S 107 /
8 10 F /* —*— 16.01.08; 12 mm Gap
¢ —0—20.02.08; 10 mm Gap
5 10 15 20 g
Field (MV/m)
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266 nm, 6 uJ, 10 Hz
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— Comparison with Theory

266 nm, 6 udJ, 10 Hz

107
. Measured Reflection:
2 R, (266 nm) ~ 25 %
9 6
L2 10 ¢
IT
=
= —x—16.01.08; 12mm Gap
C -7
g 10 ¢ Theory d_ =4.77eV |
a */ —0—20.01.08; 10mm Gap

Theory @ _ =4.71eV
-8 | | L | L | L |
ue 0 5 10 15 20 25 30
Field (MV/m)

QE(w) = I-R@) (EFW){”EEF;?Z = /i*j@} Theory: Schottky Reduction

1+ ﬂ’opt T]a)‘\/q)eff 1+ (Deff 2T]6()
24, .(E,) E)? \ ne

* D.H. Dowell et al, PRSTAB 9, 063502 (2006)
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+ 3 Steps Model
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Quantum Efficiency of Stainless Steel 316L

107

Quantum Efficiency

-
P
-
-
-
-
-
-
-
-
"
-
-
-
-
.’
-

—m— Stainless Steel (316L) 08.03.18
Theory; d)ss=4.9 eV

—o— Stainless Steel (316L); 08.04.04
Theory; cDSS=4.75 eV

| 1 I/ 1 |

- =T
- -
-
-

Cleaning Effect

Hand Polished

Stainless Steel 316L
70% Fe (04Cr16Ni11Mo3Ti)

40 60
Field (MV/m)
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80
Maximum Gradient Reached:

90 MV/m at 4 mm Gap
Le Pimpec / Gough

R. Ganter



PAUL SCHERRER INSTITUT

=

Photo-Field Emission from Needle Cathodes @

0.1

Quantum Efficiency

1E-3 |

—QE

0.01F

Field Emission
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2 3 4
Electric Field (GV/m)

ZrC Single Crystal
Mip ~ 2- UM
Vi, ~ 90 kV
®,.=3.6 eV

Small Emitting Area

!

1 Small Intrinsic Emittance

R. Ganter
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[J—__ Photo-Field Emission Principle @

Schottky Effect =—=> Larger Electron Reservoir — Higher Quantum

for Photoemission Efficiency
E (eV)A
Metal « -~ Vacuum E (eV)
266 nm IPhotoemission
D¢ ‘R’,\V‘A /_,/ >
E, hv=4.6 eV

Field Emission

Z (distance Current (E)
normal to surface)

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

Dubridge’s model (L.A. Dubridge, Phys. Rev. 43, 1933)
27.05.08 PITZ — Mini Workshop R. Ganter
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[J—__ Laser Photo-Field Emission from Needle

Picoseconds

/V\/\/\A Laser Pulses

—

Tip Radius < 10 um

Field Emission:
==p Very High Current Density

D~4mm
|
|

Laser Photoemission: J\

==p Pre-Bunching gf electron beam |
e
N High Voltage Pulses

«— -60 kV, 2 ns, 30 Hz
35 ps

1(A)

— ™~
. 20NS |,

27.05.08 PITZ — Mini Workshop R. Ganter
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[J—__ Experimental Setup

Retractable
Phosphor Pinhole Array
Screen YAG :

B, .x=110 mT
I L =60 mm

Retractable _—

Faraday Cup [0:-60 KV]
P—— = 2ns/30Hz
aser Pulses
loon () O y10eer~16 PS; 30 Hz
90 < 0, 66 < 200 pm
Scope Tektronix <20 pJ at 266 nm

— 1GHz-10GS/s

27.05.08 PITZ — Mini Workshop



PAUL SCHERRER INSTITUT

| — ZrC Needle RF - Mount

: 500
ZrC Tip —
: . _< . Single Crystal 310 Oriented
0 2-0% | 2 Tip Radius ~ 1 ym to 5 um

Gate Iris @ ~4mm

1 GHz Vacuum Electrical Feedthrough

27.05.08 PITZ — Mini Workshop R. Ganter
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Photo-Field Emitted Pulse

UI___
40 T T u T u T T
- 60
Laser OFF: 16 pC 140
20 L 1:Iaser 20
—V,, V) 1o
4 -20
- -40
0 — -60
100 | ]
80 | N
60 | ]
40 | ]
20 | ]
of .
-20 [ 1 ) 1 M | ] ] : 1 n ] N ] n ] i
o 1 2 3 4 5 6 7 8 9 10
Time (ns)
Limited by Scope Bandwidth (1GHz)

Laser: 6 UJ / Oy ,56,=16 ps /
O, jaser—89 MM / 30 Hz / 266 nm
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kV

Electrons Time of Flight ~ 1ns
S
=
>‘;
1 .5-——{ Gaussian longitudinal Profile }7
1.0+
<
<
o
S 0.5+
O 56 pC
0.0 b :
-40 -20 0 20 40
Time (ps)
R. Ganter
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I—__ Quantum Efficiency depends on E,__, @

150 T T T T u T T I '
[ V_ =-59 kV e | aser ON: 144 pC \ ] ) )
100 [ mw e | aser QFF: 28 pC /[ | ngher Tlp VOItage (ELocaI)
50 N
0 2
150 P—+———"F—+—F+—+—1+—
100 Vi~ S0V E— Larger Quantum Efficiency

150 — | : | : | : : —
" \VV_ =-45kV | aser ON: 72 pC 1
- e | aser OFF: 16 pC ]

144 pC at 6 ud (266 nm)

Q.E. ~ 104
BUT
20 _ i : i : i : i : QEapex - QEshank
100 | Ve O e | aser ON: 28 pC |
L e | aser OFF: 10 pC -
50 | .
0 A‘:
- 1 I 1 I 1 I 1 I 1 =
Laser: 6 uJ / Oy ,56,=16 ps /
0 2 'Lll'ime (n6$) 8 10 O, jaser—89 um / 3OaSHez / 266 nm
27.05.08 PITZ — Mini Workshop ZrC tip / Vyip=-45 kV



PAUL SCHERRER INSTITUT

[J___ Photo-Field Emission Emitting Area @

—=— Measured Charge
—0—Fit: QE~102; py=2 um

—— Fit: QE~5.10";

15 py=50 um

20
Highly non uniform QE distribution

QE = QEO.eXp(ij

Lo

St ]
Exp. Cond.:
ok, . v o T 266 nm; 3 uJ; 0, 56, ~ 50 pm
-150 100  -50 0 50 100 150 O, jaser ~ 16 PS; Vy;,=-32 kV

Laser Spot position p____(um)

rtip

|

Tip /

Scan Laser
Position

c)-r,laserw 50 Mm

I aser

A

QE ~ 1
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I___ Photo-Field Electron Beam Profile

160 T - T - T

140 Electron Beam Profile

120 |-

100

80

60

Intensity (a.u.)

40

0- " 1 P -
5
X (mm)

Electron Beam Size: 150 pm rms

go ! Laser: 12 pJ at laser; 266 nm; 0, ,,.,=6.5 Ps;
| Q-==60 pC; 50 keV; B =40.7 mT

Solenoid

27.05.08 PITZ — Mini Workshop R. Ganter
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Photo-Field Electron Beam Emittance

—

e

E/>/\‘ <||:J Pinhole Array Beamlet Profile

Distancepi,;hole_Phosphor=25.5 (+/-0.5) cm

140 - . - . - .
l— Measure ‘
Gauss Fit 6 =120 um J
120 ‘ -
=
L 100
2
2
o 80
—
£

60

X (mm)

Normalized rms Emittance:
Beam size at Pinhole Array: £ = By.€
o, (pinhole) < 1 mm (Pitch = 0.5 mm) nXx,rms rms
Beamlet divergence:

Ox’(P‘”ho'e):oci(fncr;e;?}’/%%ng/g)e-screen 50 keV; Q= 35 + 5 pC; B,,=41.3 mT
. E266nm= 6 ”J; O-t,Iaser= 6.5 PS,

<0.18 mm.mrad

27.05.08 PITZ — Mini Workshop R. Ganter
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Photo-Field Electron Beam Emittance

Vertlcal PrOJectlon

2
‘M‘W‘ — Vertlcal PrOJectlon
3 I
> |
s o
| \
g [ N‘J Y /(\\Aw I A \\\}
b 1L \“ ‘\ M“‘ V\V“‘\A ‘M\/W J /H\/“MM\«\‘ \‘J_
a T
: -y
£ ,e‘
g M /f\/
‘\\‘,‘ 'v
% 0k N ‘/“ ﬂ‘ ‘;\/_,J \ JM ‘J
O *N\ff\/
v Iy )

Y (mm)
Trace Space

1.0
0.5

0.0 /

-05}+

e

10}

Divergence Centroid (mrad)

-1.5 L 1 N 1 " 1
-1.0 -0.5 0.0 0.5
Centroid Normalized Positions (mm)

27.05.08 PITZ — Mini Workshop

Pinhole Array Image

Unfocused beam: several beamlets

Normalized rms Emittance :

€y ms = 0-2 £ 0.1 mm.mrad

50 keV; Q=50 = 10 pC;
Esg6= 6 UJ; Oy jaser= 6.5 Ps; Bg,=37.1 mT

<. saliel
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[J___ Photo-Field Electron Beam Emittance

Vertical Projection

RN
N
T

— Vertical Projection

RN

o
—
1

oo
— T
1

Intensity (a.u.)
()]

I
—

ol |
o .'
3 4 5 6 7 8 9 10
Y (mm)
Trace Space
o[ ————— — X (mm)

20 shots Acquisition !

i l/ ] Normalized rms Emittance :

€,y =0.3%+0.1 mm.mrad
50 keV; Q=50 = 10 pC; Bg,=35.7 mT
EZB6= 6 “‘J; Ot laser™ 6.5 PS;

-1.0 . -0.5 0.0 0.5 . 1.0
centroid positions (mm)

Dievergence Centroid (mrad)
o
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Photo-Field Electron Beam Emittance

300 ; T ; T ; T ; T

Horizontal Projection

—— Gaussian Fit 6=247um +/- 10pm
250 L ussi It &° w o

)

u
)
o
S

T

150 -

100 -

Intensity (a.

5 6 7 8 9
X (mm)

Beam size at Pinhole Array:

10 11 12

o, (pinhole) < 0.8 mm (Pitch = 0.4mm)

Beamlet divergence:
o, (pinhole)= crx(sc:reen)/Lloinho,e_screen
=1 mrad (+/- 6%)

27.05.08 PITZ — Mini Workshop

Normalized rms Emittance (rms):

gnx,rms = BY"‘:I’mS
< 0.35 mm.mrad

50 keV; Q= 60 = 20 pC; Bg,=40 mT
E266nm= 6 “‘J; o-t,Iaser= 6.5 PS;

R. Ganter
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[J—__ Photo-Field Emission Emittance

ogk T T 7 T ]
= 0.7 - ]
C - .
e 0.6 F |
LIUJ) g 0.5 _ -
c & 04} |
5 £ o3f | | ]
0~ - 1 _
'®© 0.2} : il
£ i |
(@) 0.1} il
Z - |

0.0 ' ' - ' - I - l

20 40 60 80 100

Charge (pC)

Pinhole Array Images

Laser: 6 uJ ; 266 nm; 0, ,.,,=6.5 ps;
50 keV; 35 mT < Bg o0ig <41 mMT

27.05.08 PITZ — Mini Workshop R. Ganter
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Summary

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

- QE of Diamond turned Copper: 2.10-° at 25 MV/m (40MV/m max)

- QE of Hand Polished Stainless Steel : ~10-° at 45 MV/m (90 MV/m max)
Pulser (100 kV; 2 ns) + Needle Cathode:

- Highly non-uniform QE(p) distribution (QE,., >> QE )

- Small emitting area radius p < 50 um;

- Photo-Field Maximum Current: 2.9 A (140 pC)
- Photo-Field Beam Normalized Emittance: 0.2 mm.mrad at 40 pC

27.05.08 PITZ — Mini Workshop R. Ganter
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