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o ;gs;ff_: Recent experimental results from PITZ
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The beam already knows what emittance it
should deliver, we just have to measure it !

e =1 [x.mm.mrad] |7

Content:

* measurement setup
» cathode laser

o different guns

* longitudinal phase space
100 e transverse projected emittance

so0. ¢ cathode studies
o future upgrades of the facility
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Picture from one beamlet during scan

F. Stephan for the PITZ collaboration FEL 2007, Novosibirsk August 29th, 2007 1



‘wsst The PITZ collaboration Z

Colleagues actively participating in measurements / new deS|gn.

« DESY, Zeuthen site: « LAL Orsay
F. S'[ephan,k J. %éhrhcd BOl#\lVY(%I‘e,SH.J. Grabosch, T. Garvey**
Y. Ivanisenko*, S. Khodyachykh, S. Korepanov, . .
M. Krasilnikov, A. Oppelt**, B. Petrosyan,  LASA Milano:
;2. glhemannl, S. er'TI]'JaSenr]f II< RROSSbaCh, t P. Michelato, L. Monaco, D. Sertore
. Shapovalov***, T. Scholz, R. Spesyvtsev****, .
L. Staykov  LNF Frascati:
o DESY Hamburg Site' D. Alesini, L. Ficcadenti
K. FI'c'Jttmar,m, J.H. Han, S. Lederer, S. Schreiber ° |\/| Bl Berlin:
« BESSY Berlin: G- Klemz, 1. Wil
T. Kamps, F. Marhauser*****, R. Ovsyannikov, ° TU DarmStadt:
D. Richter, A. Vollmer W. Ackermann, E. Arevalo, W. Miller,
« CCLRC Daresbury: > Schnepp
D.J. Holder, B.D. Muratori e Uni Hamburg
« INRNE Sofia: J. Ronsch
G. Asova, K. Boyanov, |. Tsakov ° YERPHl Yerevan:
) I N R TfO'tSk L. HakObyan * on leave from IERT Kharkov,
. *x PSI, Villi ,
A.N. Naboka, V. Paramonov, A.K. Skassyrskaia oot o 1oy from MEBHI Moscow.

**** on leave from NSCIM, Kharkov,
k% now at JLAB, Newport News

o ACkﬂOWledgementS: R. Brinkmann, U. Gensch, E. Jaeschke, L. Kravchuk, V. Nikoghosyan,
C. Pagani, L. Palumbo, J. Rossbach, W. Sandner, S. Smith, T. Weiland, G. Wormser

F. Stephan for the PITZ collaboration FEL 2007, Novosibirsk August 29th, 2007 2



o, (3% Present layout of PITZ

This setup was used for the measurements to be presented:

[ momentum + momentum spread }
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[transverse projected} current

emittance
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See poster gun +
WEPPHO013 booster solenoids
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e (350) Present layout of PITZ '

Photo Injector
Test Facility
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‘w3 Photo cathode laser PIT2
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Photo Injector S
Test Facility i
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‘w35 Photo cathode laser properties il

Photo Injector S
= 4 ~N

 longitudinal profile: e transverse profile:
FWHM=20.22ps; 1t1=6.58ps; rt2=6.67ps; FTmod=6.52% :
T P . PI . P TIMORERRER e g,,: 005 — 0.6 mm
1r — measured |
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@ o ] [1] :
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50 trains Hybrid Detector: Quadrant diode + CCD matrix averaged over 200 trains
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ﬁHELMHULTZ

Dark current (LA)

|BEMEINSCHAFT E{S/{/ ) G u n S y G rad i en tS )
Gun 3.1

characterized @ ~40MV/m in Oct.” 06
—> spare gun for FLASH

Peak and average power:
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F. Stephan for the PITZ collaboration

Dark current:
o WEPPHO013

Dl .gh:x! (]
"W""v" 2 g! ”g'gg M)

Max.:
“”Nweﬂﬂ* s cathode 53.1 (Mo) %2
snamed v cathode 80.1 (Mo) 250-300 pA
e cathode 75.1 (Mo)
© cathode 58.1 (CszTe)
0 50 100 150 200 250 300 350 400

L (A)

Dark Currents ITZ

Phnml e r. o

e Gun 3.2

characterized @ ~60MV/m in summer "07
—> first experience with long RF at 60 MV/m

« Peak and average power:

71502 35MW,900ps, Ee0 60 = standard run:
120 g 10 Hz = " F £ ~6.7 MW,
19 3 [] T MEE (NI T *° ¢ 10HZ, 140pus
160 T < S 5 > ~0.4 kW
139 g 315kW av.power, 5 27['|| 5 700

0 E 0.9% duty CyCle § 0 | | | | | | —max. gradient (1h bin)

Apr 10 May 15 Jun 20 | —RF pulse length
0 .500 1000 —forward power p ’
time (us) — reflected power e Dark Current:

8 | WMo #31.4(04.0607) oo - -

A Mo #55.3 EP (14.05.07) ‘

6 ®Cs2Te#34.6(30.05.07) -/ R
% Cs2Te #42.4 (05.08.07) |

Dark current [mA]
SN

1 2 3 4 5 6 7
_ Gun power [I_\/IW] _
- very high'! - possible reason: cavity

fabrication error in cathode region
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| GEMEINSCHAFT |

¢ Longitudinal phase space for gun3.2

PIT

Z

=
o
Photo Injector S
Test Facility i
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relative phase (deg)

FEL 2007, Novosibirsk

relative booster phase, [deg]
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fums 32: Projected Emittance Measurements: ITZ
R0 > Slit Scan Technique  |alm

Ilv N

ﬁ X X ! ‘electron beam transverse phase space distribution '
E— . . - 80
n y rms -

rms T4 I
E . 70
X Sl e
X rms - RMS size of fullbeam at EMSY station (e.g.z=4.3m <X.2> P |60
3
2 1 150
' n n F
Xrms :1\/2 W, -(XP;?mIEt)_ /Z w; -uncorrelated local divergence <x§> o \\\‘\\ 80
.1: N : 20
X beamlet s size of the beamlet image (x7) 2L b IR
rms See poster af o
L - distance from slit location to screen for beamlets MOPPHO055 j: 10
205 0 08 “‘i.s‘{‘“z]‘ 0
X, [mm

slit-mask,
10 (50) um opening

« Current standard procedure:

- take 11 equidistant beamlets over
the full beam size

- use 10 pm slit opening

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

e use camera with 12 bit signal
depth for beamlet measurements
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ﬁHELMHDLTZ

s 5% Emittance results October 2006

Gun gradient: ~ 43MV/m
Gun phase: ®%" =07 -2 deg
Momentum from gun: ~ 5.0 MeV/c
BOOSter phase: q)booster _ q)E:foster _5 deg
Total beam momentum: 12.8 MeV/c
8.0 : : : : : | | |
= 70 4 1 1 ) f ® sqrt(XY) EMSY3 - 9.9m
c ; § 7 esqrt(XY)EMSY2-6.6m
£ 6.0 - { 3 | ®sqrt(XY) EMSY1 - 4.3m
E 5o S
5 5.0 !
- 4.0 - 1 :
(o) ]
o : B
c 30 7 I | |
S f ¢ ¢ é 3
*g 2.0 - 1 C : ‘
W 1.0 nl ‘ ‘ 1 | | |
276 278 280 282 284 286 288 290 292
q)gun — q)?el-;n _2 deg |main, [A]
q)booster — q):)e(}oster _15 deg
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FEL 2007, Novosibirsk

PITZ
S 2.2 e L R /AN JENN
-‘3 ¢ Emittance (x) | {
= 2 T ® Emittance (y) |~/ L ]
€ 18+ - ASTRA I /A I
E, T |
- 1.6 ‘
2 ? I I
1.4 !
Pt
Z 12 P RS ety
S | | 1nC
LLl 1 \ \ i \ \
278 280 282 284 286 288 290
Imain’ [A]

=» for 43 MV/m we obtained
€.n=1.322£0.11mm mrad

1nC
€, ,=1.43+£0.17 mmmrad

=» emittance strongly increases
with distance from booster

See poster MOPPHO55
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Photo Injector

‘s 3i Expectations for 60 MV/m  FiT?

Test Facility i

8 (optimized for current booster position) 2.2 |
| | 1 g 0] 1.28 mm mrad |

= 7 71 —"old" ASTRA, 5ps riseffall time E L |
@© . . 0
= 6 | | —newASTRA,5ps riseffall time = ]
£ 5 - —new ASTRA, 7ps rise/fall time g 12 ‘ /
£ | | | g 11 3
q)" 4 B | [ e . 08 T } T
g 3 3 35 4 z,[m]\4'5 5
= \
E 2 | position of
ol | i EMSY1

O I i I I I

0 2 z, [m] 8 10" Transverse slice emittance at z=4.3m
’ 25 ‘ ‘ ‘
What's new in new ASTRA (spring '07)? &_ 2+ _S:ice emittance (5ps). -
o — i itt 7

- solved convergence problem of space E© 951 lce emitiance (7ps)

charge routine for very short bunches £ i .
—> important during emission, © £

& 05

- included new parameter to control time steps
—> important when bunch just left cathode

o
|

F. Stephan for the PITZ collaboration FEL 2007, Novosibirsk
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‘wi 3% Emittance for 1 nC and 60 MV/m

preliminary analysis

Emittance, [mm mrad]

2.9 —— Emittance (x) _ 19 —e—Emittance (x)
2.7 - | -m-Emittance (y) E,.«IB . -®-Emittance (y)
i N |+ Emittance (x*y) | g L, Emittance (x * )
51 | | 3 E 7777777777777777777777777777777777777777
1.9 - — 4t xF 38
1.7 - zoom o Ny >N ——— ] |
15 - ‘ RPN e Si—
1.3 R O T e e R
1.1 - ‘ fEtwo0++ Kt
09 } e ALACALL LI TP LY PP PEPRRPESY .
365 367 369 371 373 375 377 371 372 373 374 375 376
I main, [A] Imains [A]
Cathode: # 90.1 = for ~60 MV/m we obtained
Gun gradient: ~ 60 MV/m n n
un un € X n — 1.25 1_0.19 mm mrad
Gun phase: o *" =0 % - @1nC
Momentum from gun: ~ 6.44 MeV/c ey =127  Tots  mm
pooster for 100 % RMS emittance !

Booster phase: o " =¢ >

Total beam momentum: 14.5 MeV/c :
=» good agreement with

prediction from ASTRA
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ﬁ",itr:t::m-%%t Signal / Noise «» RMS « Core emittance PITZ

reliminary analysis [ "e& sy B
P y y

X-X"-phase space distribution for the best emittance measurement,

purely reconstructed from subsequent beamlet measurements

. : i : H 2 H il
0 200 400 GO0 BOD 1000 1200 1400 1600

Emittance calculated
purely from beamlet
measurements,

100 % of data

= €£,=1.1 mm mrad

0.4 -2 [] 0.2 0.4
X, [mm]

& X [rr:ra

Cut at 5% of max.

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

| > €,=0.69 mm mrad

[

X, [mm]

Reminder: This € # 1.25 mm mrad I:> projected emittance is reduced by 37 % !!

because the separately measured beam
size at the slit position is NOT taken into

ASTRA: - 5% in particles = -38% in proj. emittance

account here. For 95% RMS = gx’ - ~ (0.8 mm mrad

F. Stephan for the PITZ collaboration FEL 2007, Novosibirsk

August 29th, 2007 13
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\ GEMEINSCHAFT / A" )

Te 3d s

counts / 100
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01—
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—— measurement
—— background

1 3d5/2 2- 3d3/2 2-

3d3/20

3d3/2 6+

3d5/2 6+ plasmon peak

/X',

I ' I N I I N
570 580 585 590

E, (eV)

—
575

595

XPS investigations on photo cathodes "7 "%

pectrum for fresh cathode #90.1

See poster WEPPHO048

fresh cathode:

e dominant peaks for both spin-orbit
couplings corresponding to Te (Cs,Te)
e small amounts of Te®

used cathode:

« dominant peaks for both spin-orbit
couplings corresponding to TeY
(metallic tellurium)

Te 3d spectrum for used cathode #92.1 * only small amounts of Te? (Cs,Te)

counts /100
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100-
90
80
70-
60
50
40-
30734512 2-
20
10
04—
565

—— measurement
—— background

3d5/20

plasmon peak

3d3/20
3d3/2 2-

?27?7?

{

?2?7?

|

I ! I N I N
580 585 590

E, (eV)

I ! I N
570 575

F. Stephan for the PITZ collaboration

595

Confirmation from survey scan:

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

— QE degradation during operation
most probable related to change in
chemical composition

— transition from Cs,Te to metallic Te

FEL 2007, Novosibirsk August 29th, 2007 14



T
furn. 3% Thermal emittance measurements FI72

Phuml njector g
st Facility i

oE. measure &un VS. Ocathode for low charge (s6pC)
8 :O' kin
i cathode§ 3y 2 and short pulse length (Ows=3-4ps) =» Ekin

~ Expected Exin for Cs2Te cathode and 262 nm laser: 0.55 eV
meas \/gth + gSC + ERF P < °

(thls does not consider: field on cathode, change of cathode properties during operation)
0.6 ] T T T T T T T T T T
E, = 30 MV/m

o
(&3]
1

I
EN

o
N
1

m  Emittance(X) -

1.64 m cathode #83.3 7
See poster 14_- m cathode #90.1 _
WEPPHO012 [ ;
—— linear fit

1.0+ +
= Emittance(Y) ]

— linear fit E 0.6 + 4
0.0

00 01 02 03 04 05 06 07 0.4
rms laser size (mm) E %
1.1_ N T N T N T N T N T N T N T ] 0.2 T 7

1 _ 1 T T T T T T T T T T T T
(1)-2-_ E, = 60 MV/m ] 15 20 25 30 35 40 45
z 0:8_: E (MV/m)
E 0.7
e ]
£ 067
o 05
g U1
S 044
£ 034
O 0.2

emittance (mm mrad)
o
w

o
a

Error bars not small, but

1 <thereisincreasing Ekin with gradient at cathode !
emuancer) cahoce #8231 o (Jifferent cathodes can behave differently !

= Emittance(Y) cathode #83.3 |
0.1] = Emittance(X) cathode #90.1 1

o emitance(y cathoce 1901 1 @ Ein = 1.4 eV @Eo=60MV/m =» 2 x larger than model
00 01 02 03 04 05 06 07

e o - for Ocamode= 0.35mm > E€n= 0.47 mm mrad (38%)
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‘e iy Future upgrades at PITZ  rive

Photo Injecto
Test Fa Ity N

this autumn:e 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

. streak
| ayou t . ., mas kS, . Low Energy Diagnostics Section
RF Deflector Scanner EMSY2 EMSY1 Booster Gun
Quads Spectometel EWSY]  Quads 1 EMSY Quads T X X
L gm | Leall, gyt L |8 —_, &5, I
—— R i =1, sk o — B8 [~ Bin | LK ,....:,‘IE(\; M
: X
" | /7 <
o _D_I L/ A ov >
| Y] “or . streak
booster) (= ) T
HEDAT — LEDA
b » Symbols: / o / v OIR- / YAG screen [] Quadrupole magnet
Wire Phase Space Tomography Module Matching Section # BPM i ICT O . FC / Beam dump
Beam EMSY3 scanner | it ()  Cherenkov radiator
Dump Spectromewer EMSY | Collimator g Steering dipole . Streak readout
NVl 112 : —
T X or
Sweeper Kicker Kicker J Kicker Kicker
b|p0|or
See poster WEPPHO013

HEDA2 <&



/HELMHDLT ‘
e Summ ary

e Gun3.l1 characterized at ~40 MV/m:
— operated with up to 3.5MW, 900us RF, 10Hz

— €yp=132 1011 mm mrad

@1nC, (100% RMS)

Eyn =143 £017 mm mrad

Y,

 Gun3.2 characterized at ~60 MV/m:
— operated with up to 6. 7MW, 140 us RF, 10Hz
- &,,=1.25+0.19 mmmrad

1nC, (100% RM
€, ,=127+0.18 mm mrad @1nC, (100% RMS)

— (for 95% RMS: &,,,~0.8 mmmrad )
— thermal emittance: Exkin = 1.4 eV

> €= 0.47 mm mrad (38%)

« 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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