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» Cs,Te photocathode production

* Analysis at FLASH and PITZ

— cw Quantum Efficiency (QE) measurements
— pulsed QE measurements
— QE maps
— optical inspection
 Summary
* Qutlook
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o, (3% /v~ Cs,Te photocathodes

« UHV Vacuum System - base pressure 1010
mbar

* 6 sources slot available

» Te sources out of 99.9999 % pure element

» Cs sources from SAES®

* High pressure Hg lamp and interference filter
for online monitoring of QE during production

» Masking system

* 5 x UHV transport box

— Pr'epara‘rlon Chamber' @ LASA " L. Monaco FLASH seminar, April, 2008

After preparation transport to FLASH or
PITZ under UHV conditions
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Preparation of the Cs2Te film l“}

: A = 254 nm d)
>0k T = 120 °C 1

* substrate: polished Mo-plug & F ]ﬂ
« during preparation plug stays at 120 deg C =
« deposition of 10 nm Te e |
» starting Cs evaporation ‘5 . II
» during Cs deposition monitoring of QE a 107
* max. QE — Cs evaporation stopped h

I B

Cs nominal thickness [nm]

P. Michelato et al., NIM A 393 (1997), 464

S}

for each cathode diagnostic after deposition:
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L. Monaco FLASH seminar, April, 2008
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PR Analysis at FLASH and PITZ
1. cw QE measurements - -

Measurements of the spectral response of the Cs,Te cathodes in the transport box

set-up (comparable to LASA)

* Hg lamp

» band pass filter for photon energy selection
 photodiode to determine light power

» Pico ammeter to measure current of emitted electrons
* some optics for focusing

S. Lederer, DESY Characterization of High Brightness Beams, May 28th, 2008
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L) 1. cw QE measurements

QE = A(hv-W)" + A (hv-W,)™
with W, =Eg +E,

105 T T T T T T T T T T T
cathode #123.1, unused 13
data taken 2008-05-20 :
at FLASH —_
S 0.1-
L ]
W,=24eV o
W,=3.7 eV '
0.01—E
QE @ 254 nm =2.4%
1E-3 .

2.5 3.0 35 4.0 4.5 5.0
photon energy [eV]
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cathode #91.1, unused
data taken 2008-05-20

at FLASH
W, = 1.8 eV
W,=3.7 eV

QE @254 nm =3.2%

at LASA:

QE @ 254 nm = 9.75 %

S. Lederer, DESY

- Analysis at FLASH and PITZ
1. cw QE measurements

QE = Ai(hV_Wl)ml T Az(hV_Wz)m2
with W. = Ec +E,

105 T y T y T

.
S PITZ

Photo Injector
FLASH Test Faj:iliky

1E'3 T T T

! |
2.5 3.0 3.5

4.0

4.5

photon energy [eV]
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o 1. cw QE measurements

—O—7é.2 (LASA, IAug 3, 200I7)
1 0E+01 1| ™ 76.2 (Jan 9, 2008) A
1OER0 LASA FLASH
oo / 2007-07-02 | 2008-01-09
/ QE@254nm | 11.5% 10%
@ 1.0E-02
> % QE@262nm 6.8% 6.2%
O 40E-03
E+E, (eV) 0.8 1.3
1.0E-04 (low)
E+E, (eV) 3.6 3.6
1.0E-05 (h|gh)
1.0E-06
0 1 2 3 4 5 6

Photon Energy (eV)

S. Lederer, DESY Characterization of High Brightness Beams, May 28th, 2008



brman /@ Analysis at FLASH and PITZ

DESY

.
S PITZ
FLASH R ® f

\BEME\NSCHAFT = &
* 2. pulsed QE measurements
FLASH PITZ
charge measurement toroid (3GUN, 1.125 m Faraday cup (FC1, 0.78 m
CInC downstream of cathode) downstream of cathode)
[nC]
laser energy measured in laser hut 1) measured in laser hut
measurement or
E[u] 2) on laser table in tunnel by

energy meter or PM

laser energy at cathode | calculated from measured | in case of 1) calculated from

E [l transmission of laser beam | measured transmission of
ca . .

line laser beam line

S. Lederer, DESY Characterization of High Brightness Beams, May 28th, 2008
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FLASH || Photo injector i

9> 2. pulsed QE measurements
Example QE measurement at FLASH
OE = Ny Cathode #123.1 2008-05-22
N, 5

wor = 3.3 MW Phase 38 deg, iris = 3 mm
o] —100 ACERIEV]

= [Jy QE = 4.25 % -
cath 1ok _________ _____________________ _________ o ___________ S i
QE[%]~0.5 Q[nC]

‘ Ecath[,UJ] 1ﬂ

/homefttflinac/data/QE/2008-05-22T205051-QE.dat T=0.0777

o
e

6‘; .................................................... P N e P -
@ 262 nm gl N < S ]

charge trend at

low charge fitted p space ﬁchargfe

effect
7
OD 0.02 0.04 0 06 0.08 D.l‘l Cl.|12 Cl_|14 0.116 0.18
Laser Energy (uJ)

S. Lederer, DESY Che
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QE measurement at :3.6927 MW

QE =5.44 at! mm
o— QE =5.52 at2 mm
QE =4.50 at3 mm

Charge (nC)

P

for .
% 0.02 0.04 0.06 0.08 0.1 0.1z 0.14 0.16
Laser Energy (uJ)y
QE measurement at :1.367MW
08 I -
| QE =455 at1 mm
o— QE =4.76 at2 mm
ogn QE =4.08 at3 mm |
a7
06}
5 :
e o
5 5
for .
0 002 004 008 008 04 012 014 016 01

Laser Energy (uJ)
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at FLASH and PITZ

2. pulsed QE measurements

QE measurement at :3.2635MW

QE =5.10 at1 mm|
o— QE =6.97 at2 mm

QE =4.25 at3 mm

08;

=]
@

Charge (nC)

0.4+

P

PIT

Photo Injector
Test Facility

Cathode
#123.1

For each graph
P, Was fixed
and the iris
varied

for .
% 002 004 006 008 01 012 014 016 018
Laser Energy (uJ)
QE measurement at :0.6053MW
QE =2.91 att mm|
> QE =2.82 at2 mm
1 QE =3.07 at3 mm
05! . ; ;
0.4}
03} R
0.2
a1
_ for .
0 I 1 f 1 T T T I
o] 0.02 0.04 0.06 0.08 01 012 014 016
Laser Energy (uJ)
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e 2. pulsed QE measurements

QE:A[Eph W +qe\/qe'ﬂ'g'Eo'Sin¢j

S PITZ
Fuasn | s i

4'72.'80

HE vs Accelerating Field

From the fit of QE versus
electric field at the cathode
one gets information about
the work function and the
geometric enhancement
factor

W =3.65eV
Be =16
QE @ zero field =1.6 %

il ! I I I I
o a 10 14 20 2a 40

E_cc at cathode [MY/m]
S. Lederer, DESY Characterization of High Brightness Beams, May 28, 2008
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1) charge measurement at
first toroid

2) Iris 0.5 mm

3) scanning over cathode
by moving iris and mirror
together — the laser is also
moved over the vacuum
mirror

S. Lederer, DESY

3. QE maps

FLASH

Analysis at FLASH and PITZ

L

PIT

FLasH

to 2.0 mnjto 1.5 mn

Characterization of High Brightness Beams,

estore Defaul .
Fostore befaviy Laser Beamline
Iris Mirror: Linear Translation
mgiu:rz v ¥ motor
PO up
ivzéégéﬁ AA&&&AE
Nl -.233792 233792
733344 steps don ==
measspe%oglgsq tion
encoder v + is up
measuie?SpEEI tion ??E?r -1.1375 mm
_3-198 mm AAAAgAAA:
— 125088 use steps of ~1000
vvvvfl':f:vv:
—125088steps
7] motor
encoder left —p
measured position A o o i o
+ 1is right :vlééggg 132992
Iris 1.7825 mm h right =3
Diameter encoder—
s measured position
+ 16912 16912 / + is right
TrrrTE 0.80750 mm
|Set Iris to 3.5 mn|
to 3.0 mn|te 2.5 nn iris diameter
0 1 2 3 4 5 nin

May 28", 2008

then N
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Test Facility B
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3. QE maps

PITZ

PITZ2 laser beanline

DESY

" ‘.".

‘GEME\NSCHAFT

1) charge measurement at
first faraday cup

2) beam shaping aperture
0.2 mm

3) scanning over cathode

PITZ

-_
Photo Injector 3
FLASH Test Fajclliky ~

B

‘

YaCLLm

E-Meter in

Icathode

Splitter isEq
PUSH IN

by rotating the wedge
plates — the laser is also
moved over the vacuum
mirror

S. Lederer, DESY

tunnel

WP Raster SCah

£
/

set to mirror
C2

ol ) ]
Wedge Flates my amera ON

—

_ Mirror 1'n/

SET L0 quartz

sef Lo guartz

set to mirror . . /
__Mirrar 1n

—

APERTURE

FINHOLE PHZ

MIRROR My !

I MIRROR M4

/
X) g

E-Meter out
mirror to E-nmeter out

\

Eutter i5 upE

photo puadrant
multiplier i ode camera ON]

MONE QUADRANT DIODE AND

Characterization of High Brightness Beams,

May 28", 2008
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y position [mm)]
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°* 3. QE maps
L]
2008-05-21T213240-QE . dat 2008-05-21T213240-CE .dat
1 :
01
0.
0.09
-1t = 1008
~0.07
_2.
- 0.06
— - 006
_3 | . .
1005 i o8
1
L | | 0.04
|| .
| 0.03
-5 [ | ]
0.02
-6 - 0.01
1 L 1 1 O
-2 -1 0 1 2 3 4 5 8

X position [mm)
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¥ position [rnm]

cathode #123.1 2008-05-21
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B 3. QE maps

FLASH

-2 - 10TH5E38-Q Edad

cathode #92.1

2007-02-10

y poston [mm]

= posifian [mmj
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<) 3. QE maps

.
S PITZ
FLASH R ® f

PITZ

QE map. Laser transmission=100%; BSA#10

cathode #90.1

2007-08-20

-0.6

10.8

S. Lederer, DESY Characterization of High Brightness Beams, May 28th, 2008



bromon /987 Analysis at FLASH and PITZ

DESY

e 4. photos
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Photos taken in transport box connected to the gun, Cathodesmu_pused

cathode #123 after
6 days of usage

S. Lederer, DESY Characterization of High Brightness Beams, May 28th, 2008
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first shot, light source and focus not proper adjusted
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* Analysis after production at LASA
— cw QE / spectral response
— cw QE maps
— Photos
— All after production and after usage

* Analysis at DESY

— cw QE / spectral response

— Pulsed QE

— Pulsed QE maps

— Photos

—All before during and after usage possible

S. Lederer, DESY Characterization of High Brightness Beams, May 28th, 2008
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« Continued QE studies
« Cathode preparation at DESY

* Field emission microscope to identify field
emitters right after cathode production

« XPS set-up for chemical analysis

S. Lederer, DESY Characterization of High Brightness Beams, May 28th, 2008
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