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oo (B Present layout of PITZ

This setup was used for the measurements to be presented:
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‘ww3%  Photo cathode laser F:72

=
o
£
Photo Injector S
Test Facility i

CETT pulse shaper Schematics of the diode-

to generate temporal
flat-top pulses

1
N

||
u
modelocked lfﬁ ﬁ ;
¥ iber-coupled
Nd:YLF oscillator pump diodes

I
I k =
ulse picker
Pieim,  double-pass
am plifier fiber-coupled
pump diodes

pulse train rep.-rate: 10Hz pumped NdYLF photo

pulse rep.-rate in train: 1MHz

Ty o Lo cathode laser system

| ‘Jf Ptrain = 20W
temporal flat-top profile:

Anplified

train
Faraday
| ! e
U fromthe
| oscillator

pulse picker WEVE|E:QB‘?I Sos UV output
LR conversion stage o phom-
fiber-coupled injector
pump diodes
Beamline to photo cathode
L beam-shaping | L. L L L
in,1 Lout,1a Lout,1b aperture in,2a in,2b out,2a out,2b
f=750 mm f=-5000 f=3000mm d=2mm f=750 f=-750 f=-750 f=750mm
| <o VIS g J—— >
[ : |
| l
Gaussian  pinhole |
input beam <—-M=1:1--->
- M1 M2 M3 M4 MV Pphoto-
FWHM = 2mm ' ' cathode
<----- laser table ----- > Smmmmmmmmmmeeee shaft ----==--==---- > <-wall-> <------ optical rail ------ >
I LJ L] L) L] l L] LJ L] L) I L) L] LJ L] l L] L) L] LJ I
0m 5m 10m 15m marginal rays 20 m

F. Stephan for the PITZ collaboration XFEL Meeting, Hamburg October 10th, 2007 5



‘e2i.5% Photo cathode laser properties

* longitudinal profile:
FWHM=20.22ps; rt1=6.58ps; rt2=6.67ps; FTmod=6.52%
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ﬁ“z::szzzﬁm,ﬁezsi Guns, Gradients, Dark Currents Z

c Gun 3.1 - e Gun 3.2

characterized @ ~40MV/m in Oct. 06 characterized @ ~60MV/m in summer "07
—> spare gun for FLASH —> first experience with long RF at 60 MV/m
- Peak and averaqge power: - Peak and average power:
55 T 71502 3.5 MW, 900 us, £e60- [” 600 g: standard run:
j;_:4— 120 g 10 Hz = m § ~6.7 MW,
3] T g [] =T E [ %2 10Hz, 140ps
22 60 3 S, |lle Lo & > ~9.4 kW
s 1 -—+30 g31.5kW av. power, s 2 e
S 0 0 e 0.9% duty cycle g 0 J 1 — max. gradient (1h bin)
Apr 10 May 15 Jun 20 | —RF pulse length
0 t'sngo 1000 —forward power
ime (ps) —reflected power « Dark Current:
. . 8 WMo #31.4(04.06.07) - -
Dark current' < Mg #55.3 EP (14.05.07) ! /
. £ 6 0Cs2Te#34.6(30.0507) -~ GREERE
2 43 MVIm i g ) % Cs2Te #42.4 (05.08.07)
£ e S 4 ‘ ‘ ‘
F 0 Mg, fj,,},_ﬂ.s,‘!.ég E
% 200 ‘""""': gt tlad 53.1 (Mo) i " Max.: g ‘]
& 150 “““““. v cathodeSOl(Mo) Q‘A.L 250-300 |.IA 0 i ‘ ‘ ‘
100 i 1 2 3 4 5 6 7
50 © cathode 58.1 (CszTe) Gun power [MW]
N S0 100 150 200 250 300 350 400 - very high! - possible reason: cavity
Linin (4) fabrication error in cathode region
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i 5 3\%\’" Longitudinal phase space for gun3.2 |P II TR

o 8' : n =
S 7t — Problem with maximum momentum:
& | - measured momentum lower than
T expected from RF power readings
AT 8 NN .| - possible reason:
o/ .| SQRTAit { > power measurements
N » t odata _________ »
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brwon (292 PrOJected Emittance Measurements:
O - Slit Scan Technique

X X r ‘electr n beam t verse phase space distribution'
= o 0 5 80
n ﬁ y rms rms g4 !
S . 70
X )
X,ms - RMS size of fullbeam at EMSY station (e.g.z=4.3m) <x.2> 2 ——s |60
2 3 1] - —50
] n n
Xyms -1 2 W -(Xbeamletj 2. w; -uncorrelated local divergence <X§> 0 NS\ =40
L\;/=1 ! rms i/ i=" -1 N 30
. . 12 B
Xf;‘;mlet - RMS size of the beamlet image (x1) - o
, 3
L - distance from slit location to screen for beamlets , 10
S e S R (-SR-S R
X, [mm]

slit-mask,

10 (50) um opening | Current standard procedure:

- take 11 equidistant beamlets over
the full beam size
- use 10 um slit opening

» ultimate resolution (current setup):
- 36um x 15.4 yrad

* use camera with 12 bit signal
depth for beamlet measurements
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w25 Emittance results October 2006 777
Gun gradient: ~43MV/m 5 00 | S ]
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w3 Expectations for 60 MV/m i

8 (optimized for current booster position) _ 2.2 ;
| | | g 1.28 mm mrad |
= I 7| —"old" ASTRA, 5ps rise/fall time E 6 3
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E . | | | E 1 3 3
- N | N e S 0.8 ] ] ‘
<4}
o 3 3.5 4 2 mp\45 5
Zs \
'E 2 } position of
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What's new in new ASTRA (spring '07)? &_ 2 St emitance (Spsl .-
= —Slice emitt
- solved convergence problem of space §§ 15 ice emittance (7ps)
charge routine for very short bunches £ = |
—> important during emission, © g ‘
- included new parameter to control time steps @ *° 3
- important when bunch just left cathode 0 i
6 4 2 0 2 4 6
Z-<z>, mm

F. Stephan for the PITZ collaboration XFEL Meeting, Hamburg

October 10th, 2007 11



b 3% Emittance for 1 nC and 60 MV/m

preliminary analysis

L
I_._
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Cathode: # 90.1 =» for ~60 MV/m we obtained

Gun gradient: ~ 60 MV/m — e For )
Gun phase: o " =o & e @1nC
Momentum from gun: ~ 6.44 MeV/c ey =127  Tots  mm
BOOSteI’ phase. o booster — o booster fOr 100 0/0 RMS emittance !

' 7 ref

Total beam momentum: 14.5 MeV/c :
=» good agreement with
prediction from ASTRA
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ﬁ",it::ﬂ:z:m-%?s’%’ Signal / Noise < RMS < Core emittance FI7%

preliminary analysis [ e B E

x-X -phase space distribution for the best emittance measurement,
purely reconstructed from subsequent beamlet measurements

m ¥ B

: : i ‘ ‘ 4 -
ot <10
10 200 400 GO0 BOD 1000 1200 1400 1600

Emittance calculated
purely from beamlet
measurements,

100 % of data

Cut at 5% of max.
amplitude (i.e. 6.5%
of “charge”) [reasons:
noise, gain, sensitivity,
| bit depth, ...]

| > €,=0.69 mm mrad

= €£.=1.1 mm mrad

[F3 0.4

-0.4 -0.2 [1] ¥ 0.4
X, [mm]

X, [mm]

Reminder: This £ # 1.25 mm mrad I:> projected emittance is reduced by 37 % !!
because the separately measured beam . Eo/ . o/ . .
size at the slit position is NOT taken into ASTRA: - 5% in particles = -38% in proj. emittance

account here.

For 95% RMS 9 £, ~0.8 mmmrad
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g 5. XPS investigations on photo cathodes

Te 31cilwspectrum for fresh cathode #90.1
| | | —rlneasurerlnent fl’eSh CathOde

160
1 —— background . . .
140 ’ « dominant peaks for both spin-orbit
3452 2- couplings corresponding to Te (Cs,Te)
33120 « small amounts of Te°

120
3d3/2 6+

3d3/2 2-

80
60
40

100
3d5/2 6+ plasmon peak

counts / 100

used cathode:

20-  dominant peaks for both spin-orbit
oA L A couplings corresponding to TeY
565 570 575 580 585 590 595

E (V) (metallic tellurium)
Te 3d spectrum for used cathode #92.1 only small amounts of Te? (Cs,Te)

110-
100-
90-
80-
70 3d5/20
60-
50
40
30734512 2-
20

—— measurement

—— background Confirmation from survey scan:

Te*® visible (TeO,) on fresh cathodes
but no oxidized states on used cathodes

counts / 100

plasmon peak
e — QE degradation during operation
. / . \ most probable related to change in
10 / a chemical composition
%s s s s s se  ws > transition from Cs,Te to metallic Te
E, (eV)

3d3/2 2-
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‘v 3% Thermal emittance measurements FI7z

2, measure & vs. Ocatode foOr low charge (S6pC)
o 3 c? and short pulse length (Owse=3-4ps) = Ekin

~ Expected Exin for Cs2Te cathode and 262 nm laser: 0.55 eV
meas \/gth + gSC + gRF P - ’

(thls does not consider: field on cathode, change of cathode properties during operation)

0.6 ' i T T T T T T T T T T ]
o E, = 30 MV/m 1.6 = cathode #83.3 |
,_g 14. m cathode #90.1 1
= 0.4 ] J
£ 1.2 7
Eos 1 + |
[ —
g > 1 .0 T 7
£ 0.2+ = Emittance(X) | <
lg —— linear fit 1 £ 084 1
0.1 L

= Emittance(Y)

—— linear fit 1 0.6 + + _

0.0 T T T T T T T ]
00 01 02 03 04 05 06 07 0.4- 1
rms laser size (mm) . %
S 0.2- -
1oy E,=s0mvm ] 15 20 25 30 35 40 45
T o8] E (MV/m)
£ or. Error bars not small, but
£ 07
£ 061 .. . . .
g 05 | «thereis increasing Ekin with gradient at cathode !
g 0.4- ] _ .
’gg:::: - Egﬁéﬁﬁgggg « different cathodes can behave differently !
e Emitance(y) cathode 4901 | @ Ein = 1.4 eV @E0=60MV/m =>» 2 x larger than model

00 01 02 03 04 05 06 07

e s s —> for Geathode= 0.35mm > &€= 0.47 mm mrad (~50%)
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“ux 3% Future upgrades at PITZ iz

Ph ml;et
st Facility N

this autumn:+ install improved laser system (20 ps FWHM, rise/fall time < 2 ps)

» install improved dispersive arm downstream of booster (HEDA1)
- slice emittance measurements

« condition new gun cavity to 60 MV/m

2008: « install new CDS booster and tomography section
« start experimental optimization for European XFEL baseline parameters

I a ! 0 U t : Whe mas ks Low Energy Diagnostics Section o

RF Deflector Scanner EMSY2 EMSY1 Booster
| Quads ’_‘ Spectromete E|MSY Quads L L] EMSY @uodj- 1 1 ‘ 1 ‘ & @
| N AR = Rl | LR ®A | LR
—— VA VN i B A M eV / T R AW
I R gy oy R G e 4 el B Tam=s I el VT e

'. XA X
_|D_I O/‘! // . K
| booster) () 0 un
HEDAT LEDA g

Symbols: /o, /' OWR-/¥AG screen [ Quadiupole magnet

\ 4

1
Phase Space Tomography Module BPM ICT FC / Bearm dum
sy e °9 Matching Section T I P
Beam Scanner | Sit/ ()  Cherenkov radiator
Dump SpecTromeTer EMSY | Collimator X Steering dipole Streak readout
1 g - ] X 4
. T E . / o or ' g EH7or or oY or -
Sweeper U Kicker Kicker ~J  Kicker Kicker
bipolar
:
— |

HEDA2 <&



buamar, ;E:Sg Work to be done, problems during run
" (1)

* Dark current from cavity 3.2: although dark current was reducing
during conditioning/operation = still very high at 60 MV/m. We assume
that one main reason is a fabrication error which did not happen again at
later cavities. New cavity 4.2 was cleaned with CO2 and conditioning
will start on a separate test stand in November 2007.

« Life time of photo cathodes: only up to ~1 week in last run period.
Reason not clear. Might be related to high level of dark current, may be
In addidion related to Flour impurities in the vacuum system.

« Comparison simulation <+ measurements: although value for
absolute minimum emitttance agrees very well, dependencies on
operation parameters (e.g. energy gain in booster) are very different. 2
studies have to be continued.

 Laser system: up to now rise/fall time of 6-8 ps was possible = one of
the reasons why tails in distributions dominate emittance number. This
autumn, a new laser system will be installed which should allow 2 ps
rise/fall time. Stability and usability of the new system has to be
observed during real operation.
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o %E:S/;’ Work to be done, problems during run

\ GEMEINSCHAFT rs (2 )
* RF system (lirf and total power):
— up to now only feed-forward is possible (no regulation) - instabilities.

— currently, 60 MV/m only reached with saturated klystron - no hat-
space for regulation.

- Several approaches ongoing to allow lirf regulation and higher total
power at the gun. (klystron with > 10 MW ?77?)

« ,,Core emittance®: to measure / optimize it > particles in tails of
PHASE SPACE distributions have to be cut (not in coordinate space).
This measurements require very long & stable measurement time - can
only be done for individual cases at the moment. Next year we plan to
install a tomography module which allows phase space tomography as
standard measurement operation.

« Slice emittance: what finally counts is slice emittance in high current
part of electron bunch. According to our current knowledge, the only way to
measure it with the required accuracy is the usage of an RF deflector.
E.g. also LCLS is intensively using their RFD to characterize their injector.
Therefore, the development of the RFD for PITZ (e.g. pre-test of XFEL
version) should be continued.
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g (5 Outlook PITZ
\GEME\NSCHAFT /" g

« Optimize injector for XFEL baseline parameters:

Ingriedients:

— laser upgrade this year

— the installation of the CDS booster next year

— extension of the diagnostics beamline now and in next year(s)

- we will be able to study the evolution of the emittance for the full

XFEL baseline parameters:

- do experimental optimization
(full variation of experimental parameters,
systematic cathode studies, ..., 1-2 years)

- in parallel also requires further development of the simulations.
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s, (35 Sum mary

« Gun3.1 characterized at ~40 MV/m:

— operated with up to 3.5MW, 900us RF, 10Hz
—- &,,=1.32+0.11mm mrad

€,,=143+0.17 mm mrad

« Gun3.2 characterized at ~60 MV/m:
— operated with up to 6.7MW, 140 us RF, 10Hz

—_ Ex,n:1'25 i0.19 mm mrad

@1nC, (100% RMS)

@1nC, (100% RMS)

£ n=1.27 i0.18 mm mrad

Y,
> for 95%-RMS: €, , . #0.8 mm mrad !!

—> first demonstration of emittance required for European XFEL
— thermal emittance: Ekin = 1.4 eV

> € = 0.47 mm mrad (~50%)

« observed change of chemical composition of Cs2Te cathodes using XPS
* upgrades at PITZ are ongoing - e.g. new laser in 2007
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