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Main Topics

-Overview of Photocathode Production & Shipment
* Production & diagnostic at LASA/Shipment/Use in the FLASH gun
* Database
* The cathodes under investigation

-CW QE measurements (Hg lamp)
- Experimental set-up
- Results of measurements at FLASH

-Pulsed QE measurements
- Laser energy calibration
» Pulsed QE measurement vs. iris and accelerating field
- QE maps
-Cathode handling issue
» Carrier movement
* Dark Current

-Conclusion
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Just to remind you...

The photocathode production and analysis at LASA
Pho’rocaThodes are grown @ LASA on Mo plugs under UHV condition.
Transpor’r Box |

» 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

— Pr'epar'a’r.lon Chamber' @ LASA *5 x URV transport box

1.E+02

And The TVDICCll dlagnos’rlc af‘rer' the deposmon

1LE+O1 -
_1E+00 -
2

W 1E-01

¢ 1E-02 - Spec’rml
LE03 4 1 Response

1.E-04

2 24 283236 4 44 485256 6
Photon Energy (eV) "4 2 -
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Just to remind you...

The transport box shipment

Produced cathodes are loaded in the transport
box and shipped to FLASH or PITZ keeping the
UHV condition.

Transport Box

The connection to the RF gun

and the insertion of the
cathode in the gun backplane

RF gun and FLASH li‘_ac
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Just to remind you...

Quantum Efficiency (QE)

QE(%) # 0.5*Q(nC)/E(1J)
The design asks for 72000 nC/sec

Request for FLASH

* QE required for FLASH:
>0.5 7% to keep the laser in a reasonable limit: within
an average power of ~W

+ Design of present laser accounts for QE=0.5% with

an overhead of a factor of 4 and has an average
power of 2 W (IR)

+ Cs,Te cathodes found to be the best choice

FLASH seminar -April 8, 2008 5/27 L. Monaco INFN Milano - LASA



Just to remind you...

Many of the data relative to photocathodes
(production, operation, lifetimes) and transport
box are stored in the "photocathode database”
whose WEB-interface is available at:

http://wwwlasa.mi.infn.it/ttfcathodes/

The database keeps track of the photocathodes
in the different transport boxes and in the
different labs (TTF, PITZ and LASA).

A TTF Phatocatodos Database Accose - Micragoft Intarnat Fxplarar

Fle Modfics veuskeza Freferti  Strumerti 7 "‘f
Quaws + © [N [@ G Powe foneen @ 3- 5 5 - JE S
] et prmsdarsat ek hodesi v| B va

TTF Photocathodes Database

Photocathode # 43 .2 Datasheet

Tht i the 77 cathode of phu) fumber 43,

The catnese is & Ca,Te tm, prepsced i dste 4770084
Physical Measurements
Status of the Transfer Boxes

History of the messurements performed on fhes cathode. [+]

History of the plug before deposition

depontion (TEL000) 0}

. N

Preparstion chamber - LASA

Compaents o operations (transters, loadiunload procedures).
i History of the cathode during operation
» Fipd:
e R . Short  3/5/2008-8:00 &M DESY-Zeuthen

) G are focths cots e e e Short2 | 20282008-250FM DESY-Hamburg  PITZZ Gun
: A Long!  2062008-300PM  LASA

Dute |From To | Shipmer Box Long 2 2/28/2003-1:00 PM LASS
iy et 4 b B = long3  20102008-800AM  DESY-Teuthen  PITZ3 Gun

a TIATI04 CESY . Hamburg CESY.Teuthen i 8 3

Average Cs2Te QE (DC)

# Defore shipment
— Mean: 28 %
B apershipment L]

—ptizan 1.5 %

\ ot 9 + |7
+t % M L A3 PAREL

Operation Lifetime of Cathodes

Far the calculation of this Operation Litetimes, the long shutdown perieds are removed
Select Location

Location| DESY-Hamburg v

Operation Lifetime

T 1 1T 1 1T 1 1T 1 1 T 17 1 T T [ T T ° 1T T T 1T T T T T T T
200

Days inuse
5
a2

Cathode

Wie have currently five transfer boxes for the cathode transpaortation hetween the labarstories.

The following table indicates the last recorded operstion for the transfer box, its location and status (connected or not). Click on the box name to show the full history of the box

N B N B

1A 97 1072 Shipmert DESY-Hamburg
812 334 362  Connect
084 4054 991 Disconnect
Cathode change

1041 824 762 981 Connect

T T N N T e
Avallable pictures far this cathode

The Tolowing POt aphs re wvdsis

Status of the DESY-Hamburg and DESY-Zeuthen Guns

PITZ2 Gun in DEZY-Hamburgy has cathode 21.3 since Friday, February 05, 2008-1:40:00 Pk

PITZ3 Gun in DESY-Zeuthen has cathode 55,4 since Mondsy, Februsry 18, 2008-8:00:00 A6
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The photocathode under investigation
Cathodes measured by Continuous (CW) QE measurements

Material: SlnTer'ed Ma‘rer'lal Sm’rer‘ed Material: Sintered Material: Ar'c CasT

Polish. : LASA Polish. : Zeiss Polish. : Zeiss Polish. : Zeiss
Clean.: usual Clean.: usual Clean.: CO, Clean.: usual

Cathode measured by Pulsed QE
measurement and QE maps:

Material: Sintered This cathode has operated in the
Polish. : Zeiss FLASH gun for about 109 days (still

Clean.: usual in use)
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CW QE measuremen’rs ExpemmenTal sef- up

The experimental set-up
for the CW QE
measurements is mainly
composed by:

A towards the RF gun
towards.the
v" A high pressure Hg lamp exchange
chamber
v o,
Interferential filters
(239nm, 254nm, 297nm, cathode . ,
334nm, 365nm, 405nm, 436nm) carrier picoammeter mterffiﬁreerntlal
v' Picoammeter | ] e i Hg lamp
cathodes
v" Power energy meter A I H H
(calibrated photodiode) i \
( condenser
v" Optical components / Me pin-hole
= i i t
(1. Ie:slf 500mm, 1 mirror, 2 Taneon ;"GWPOF pover
pin-holes) S anoe  power head

FLASH seminar -April 8, 2008 8/2 L. Monaco INFN Milano - LASA



10

0.1

QE (%)

1E-3

1E-4

CW QE measurements

The CW QE measurement have been done on 4 cathodes.
This cathodes have never been used in the FLASH RF gun.

I
1| —m—#104.1
1|—=—#98.1
' #76.2
3| —m—#82.1
: _E___._d__ﬂ-f"'
1 v
; .-"..-—--

..-"
/

T : | ' | ' T 1 : !

2.5 3.0 3.5 4.0 4.2 5.0 2.9

photon energy (eV)
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CW QE measurements: data analysis (1)

+ CW data analysis with the

- Fitting of the spectral response

QE =A-lhv—(E,+E, )" +A, - [hv—(E,, +E, )™

where A and A; are constants, m and ml are related to the transition in the material, E; and
E, (Ez; and E ;) are respectively the energy gap and electron affinity of the low and the high

energy thresholds.

An example is given for the
analysis of the CW QE data for
cathode 76.2 measured at
FLASH.
In this case:

y EG+EA =13eV

° EGI+EA1 =3.6eV

!

QE®@262 nm = 6.2%

FLASH seminar -April 8, 2008

Cathode 76.2

/ __ 1
e Mkl /* 777777777777 *  Measured Data |- - 1
10" z==zz===zzEzzzzzzz=z2===zz=z2z22:2:2:: Fit Data
e e e e
10™ |
2.5 3 3.5 4 4.5 5 55
Photon Energy [eV]
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CW QE measurements: data analysis (2)

Cathode 98.1

+ CW data analysis of 0
cathode 98.1 has been ' -
done fitting only the . | [ weasureaaa |
high energy threshold 2 | =
(due to the different
spectral response
shape!) using:

QRE =A- [hv - (Eé +E, )]’" B R

Photon Energy [eV]

where A is a constant, m is related to the transition in the material, E,
and E, are energy gap and electron affinity.
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robustness of films and to validate the box storing efficiencies.

CW QE measurements: Results

The measurements have been done to measure the QE of cathodes, to evaluate the

These cathodes have never been used and stays in the box for about 5

months.
Data have been fitted to evaluate: the QE @ 262nm and E.+E, at the two energies
Cathode | Dep. date QE@254nm | QE@262nm | E+E4 (eV) | Ec+EL (eV)
L (low) (high)
A | 104.1 July 31,'07 6.75% 4.3% 1.2 3.7
s |82.1 August 1,'07 9.3% 5.9% 1.3 3.6
A 76.2 August 2, '07 11.5% 6.8% 0.8 3.6
98.1 August 3, '07 8.82% 6.1% - 3.7
F Cathode | CW meas. QE@254nm | QE@262nm | E.+E, (eV) EG.+EA (eV)
(low) (high)
L (1041 | January 9,08 |5.7% 3.9% 2.1 36
A 82.1 January 9,'08 | 7.1% 4.5% 1.8 3.6
S[762 | January 9,08 |10% 6.2% 13 36
H 98.1 January 9,'08 | 6.92% 5.1% - 3.7

FLASH seminar -April 8,

2008
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CW QE measurements: Results

Comparison between the spectral responses at LASA and
the one measured at FLASH

-0-104.1 (LASA, Aug 3, 2007) -0-98.1 (LASA, Aug 3, 2007)

-=-104.1 2
1.0E+01 - 04.1 (Jan 9, 2008) _/ggi 1.0E+01 +-| #-98.1 (Jan 9, 2008) ="

1.0E+00 /g 1.0E+00 -

1.0E-01 1.0E-01 %
1.0E-02 + f’% ; 1.0E-02

S S //
w

w
© 10e03 o

1.0E-03 %
1.0E-04 10E-04 /
1.0E-05

1.0E-05 d
1.0E-06 "
1.0E-06 . : ; . . 5 5 0 1 2 3 4 5 6
Photon Ener V
Photon Energy (eV) oto ergy (eV)
-0-76.2 (LASA, Aug 3, 2007) -0-82.1 (LASA, Aug 3, 2007)

1.0E401 4 ~#-76.2 (Jan 9, 2008) ; 1.0E+01 1- —&-82.1 (Jan 9, 2008) =
1.0E+00 - : : 1.0E+00

1.0E-01 4 // 1.0E-01
1.0E-02 1.0E-02

m m
O 10E03 O 10E03
1.0E-04 1.0E-04
1.0E-05 1.0E-05
1.0E-06 1.0E-06
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Photon Energy (eV) Photon Energy (eV)
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Pulsed QE measurements: laser energy calibration
experimental set-up

The laser energy ‘ K
transmission (from the ‘
laser hut to the tunnel) has
been evaluated for
different iris diameters
(3.0mm, 2.0mm and 1.0mm)
and different energies.

" movable
mirror

The laser energy has been
measured using a
Pyroelectric gauge
(Joulemeter), varying the
laser energy using the
variable attenuator (A/2
wave plate + polarizer).
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Enengy [1d]

o
&

Pulsed QE measurements:
laser beamline transmission results

Iris ® (mm) | Iris (step) Transmission Used

3.0 16768 9.7 %

2.0 17280 4.9 % From 9 January fill now
1.0 17776 2.3 %

Transmission analysis for iris = 2.0mm

fhome tlirac Cia e Er200e—01 —0aT 204624 -0 E—-20.0al

hometiiractal/OET raremissionOE 00801 09. 1

0.07
0.06

o o o o
o 2 R &

Transmeson4.8038 % Tiesh. JMIImY ADCI0SW

Attsnuator Step

1.4 0.052 =
e Lassr Room| l;*l' &
1.2 2 0.051 [
sin” fit E | |
1 # g 005 f\g') | @
El : = ¥
208 b 5 0.048 ¥ "uﬁ ¥
& j 3 c I|I 1 |
I 0.8 3 2 0.048 & | |
w # i [
0.4 / 0.047 g |
¥ 5 . ;Gﬂ': I|I o
02 yg?" 0.046 1,,@."% \
A
] 0.045
o 5000 10000 15000 2000 4000 6000 8000 10000 12000

Atenuator Step

Tramsmission =4.6842 % Offest =00082418 ud

L]

Q.08 T
& & Tunne = & [
e sin® fit E (R II |
- \\ & go56 |I f
e
: s §oos4 |, ml
i [ : = |II |
/ 4 : E Q.052 & ';:b
i : = 0.05 ) !
5 s o 0048 s = = SN = =
0.046
5000 10000 15000 Q RO00 10000 15000
Attenuator Step Atenuator Step
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* The QE measurement procedure uses the
laser energy measured on the laser table

Transmission to the vacuum window is
regularly measured

Transmission of the vacuum window (92 %)
and reflectivity of the vacuum laser
mirror (90 %) are accounted for

‘Laser energy is measured as a function
of the variable attenuator setting

-fitted by sin?
to evaluate the transmission
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Pulsed QE measurements: measurement analysis

The QE measurement is done following this procedure:

1. Measurement of the charge (toroid T1, Q[C]) QE[° ]_ n—el-IOO ~ QE]-Eph [eV] 100
2.Measurement of the laser energy (laser hut) E nph E.otn [T

3.Calculation of the energy on the cathode E_ ), [J] 262 nm: QE(%) # 0.5*Q(nC)/E(ud)

using transmission (considering the losses due to
1_ h . d d . 5 N LA\TTF2\QE\14-03-06\2006-03-14T181811-QE.dat
e vacuum window and mirror) —

/ ~~~~~~~~~~~~~~~~ e o
The QE value is then obtained -

fitting the charge trend @ low charge

Charge (nC)

to be sure not to be affected by the \ . /~— .. space charge
space charge - effect

Laser Energy (uJ)

v’ The relative and systematic error are in the order of 20 %.

v' The systematic error is mainly due to the uncertainty of identifying the linear part for
the fit and due to the transmission measurement uncertainty
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Pulsed QE measurements: different irises (1)

OE measurement at :1.8553MW
14 .

~ OF ~16.20% atirmm i e T e
o QF =15.94% at2mm :

12H

Charge (nC)

Pfor - 185 MW

~— QE =1653%atdmm| . .. EA e et o e T

0.06
Laser Energy (ud)

QE measurement at :2.8157 MW
T T

T T
+— QE =17.42% atimm e
o QOB =15.90% at2mm

1.4H — OF =17.29% at3mm |- o i q ............ f\. ........ e ]
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Charge (nC)

OE measurement at :2.312MW
T T

- OE ctazsnaimm|
o QE =15.62% at2mm : : ;
— QF =16.B5% SEAMM |1=+orvesoeermiieemsomimesie i, e

.................................................................................................

‘§Pfor-231 N\W

1 1
0.2 004 0.08 o.oa o.1 012
Laser Energy {uJ)

OE measurement at :3.2318MW
T T

05

-—QE 1?60“’ aﬂrnrn 3
o QE =15.32% at2mm

~— QE =16.22% at3mm | -

[Pror = 329 MW | |

1 I 1 1 I
Q 0.2 004 0.06 0.08 01 0.12

Laser Energy (ud)
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Cathode 23.1

We have
performed QE
pulsed
measurements
for the 3
irises, fixing
the
accelerating
voltage.
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Pulsed QE measurements: different irises (2)

Nevertheless we observed a strange behavior for the 2 mm iris case

QE measurement at :0.442BBNMW

At lower accelarating fields.

1.2

T T

-— QE =14.00% at1imm

o— QE =17 .67% at2mm ;
~— QE =13.06% at3mm

[=]
5]

Charge (nC)
(=]
=

£

[P 044 mw]

This effect it is not yet
understood!

QE measurement at :0.71273MW

[¥] 1 1 1 1
a 0.2 004 0.08 0.08 0.1
Laser Energy (u)
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012

Charge (nC)
(=]
(=]

0.8

T T T T I T ] T
' | —— OF =13.24% atimm
- —— QE=19.61% attmm|

QE =14.7%% at3mm . ...

 [Pazorimw]
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1 1 | 1 1 i 1
Q03 0.04 0.05 006 0.07 0.08 0.08

Laser Energy (uJ)

0.1
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Pulsed QE measurements: analysis

* RF data analysis - QE enhancement
- QE @ given acc. gradient E__ . and phase ¢
- with a given laser energy without space charge

Qe ﬂg Eacc °Sin(¢):|m1

4.1 g,

QE :Al°|:hv_(EGl+EA1)+qe°\/

where E_.. is the accelerating field, ¢ is the phase RF/laser, B is
geomeftric enhancing factor

Using the values obtained with
the fit for A, E;+E4; and ml, L6
the geometric enhancing
factor results:

Be= 10

QE [%]

. cathode

with E .. = 40.9 MV/m and the 08 (2006 accelerator studies)
phase ¢ = 38° from the
experimental measurement. Mo s w0 1w

25 30 35 40 45 50

Eacc [MV/m]
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Pulsed QE measurements: different accelerating field

QE @ zero field=4.7 %
EGI+EA1 =3.8¢eV
B.e =27

QE vs Accelerating Field

QE [%]

1
0 5 10 15 20 25 30
E ccat emission [MV/m]
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25

23

QE (%)

17 -

15

11-Jan-08 12-Jan-08 13-Jan-08 14-Jan-08 15-Jan-08

21 -

19 -

Pulsed QE measurements
QE increases in time 1?2

We observed an increase of the QE from 12 to 13 January !

iris = 2.0mm
® 12-Jan 3 3 25
©13-Jan. . 23
———————————————————————————————————————— :\? 21
3, 19
o | 7
| | 15

date

iris = 3.0mm

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

11-Jan-08 12-Jan-08 13-Jan-08 14-Jan-08 15-Jan-08

date

The two measurements have been done in the same condition
(accelerating field at the emission of 26.4 MV/m)
using irises 2.0mm and 3.0mm.
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QE maps: a tool for laser beam centering

* Nearly a shift dedicated to have the laser beam
center on the cathode and able to scan the full 5 mm
photocathode spot area (to be ready for the fresh
cathodes).

2008-01-10T172323-QE dat 2008-01-10T204613-QEdat

0.18

y postion [mm]
|
w position [mm]
| 1

x pasition [mm]

At the beginning of the After the alignment
alignment procedure procedure
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QE maps: the cathode uniformity

+ QE maps at different accelerating fields show a similar
uniformity.

2008-071-10T20461 30 Edat

2008-01-13T182807-QE dat

v pastion [mm]
| 1
v postian [mm]
| 1

¥ pesition [mm)

Pfwd = 0.44 MW, iris = 17798 Pfwd = 3 MW, iris = 18032
The QE value cannot be compared due to the different dimension of the laser spot
size used and missing beam line calibration for tiny spot size
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Carrier movement issue (1)

After the CW QE measurements of the four
cathodes stored in the transport box the
movement of the carrier into the transfer

chamber was not possible.

From the visual inspection from outside the
reason might be a lower sliding block
misalignment.

In the past, this carrier was used many times
at PITZ without problem.

Now it is at PITZ and it moves with some
noise (friction).

On the contrary, no problem in the
preparation chamber at LASA.

Is it due to different tollerances between the 3 systems?

Problem during the transportation (it would be the first time)?
FLASH seminar -April 8, 2008 24/27 L. Monaco INFN Milano - LASA



Another issue... the dark current (2)

High dark current of fresh cathodes produced for FLASH
(February '08).

Analysis (photos) done at PITZ shows that the reason could be the
presence of dust particles on the cathode surface.

Dust particle sources:

« LASA (missed N, flushing of the plug before the
loading in the carrier, dust in the system?)

« DESY (from the transfer system at FLASH or from
the GUN?)

We are comparing the photos of cathodes just affter the cathode
production ad LASA and the ones taken at PITZ.

It would be useful to know the dust particle nature to
understand their origin.
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Ano’rher iIssue... the dark curren’r (3)

S T— Cathode 71.1 BT -

after the deposition at LASA after the usage in FLASH gun

Green circles: the dust coming from LASA (no N, flushing, system?)
Pink circles: the dust coming from FLASH (gun? fransfer system?)
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Conclusion

CW QE measurements:
- Experimental set-up in the tunnel
- The CW QE of 4 cathodes has been measured @ FLASH
- QE stable in time: validation of the transport box environment

Pulsed QE measurements:
- Laser beamline transmission calibration at 3 irises
- QE vs. irises and accelerating field
- Analysis of the pulsed QE measurements:
* E,.., RF phase, etc.
- Still to be completed with comparison with simulation
- QE maps used to check the centering between the laser spot and the
photoemissive film. It is also used to control the uniformity at different
accelerating field.
Carrier movement issue & dark current
- Analysis of the sliding system
- Sources of dust

For the future

- We need to further study the influence of the field on the QE
measurements and understand the behavior at low fields (2 mm iris case).

- Error analysis
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