SEMINAR

TECHNISCHER BEREICH

Datum:

Thema:

Vortragender:

Dienstag, den 09.05.2000, 14.00 Uhr

DESY Zeuthen, Seminarraum 3

PITZ - Eine allgemeinverstindliche
Einfiihrung in den Aufbau und die Aufgaben
des Photoinjektor-Teststandes |

F. Stephan (DESY Zeuthen)




Der Pho{oin;eé{or' Teststoanol in DESY 2eccthen

Pl T £

Versuch eirer Q/[Lemel'ﬂ versfoandlichen E;naluhrci;g

Te. Sem. 3. 8. 00
7'-. Sz‘ep/mn

TESLA/ 7T 7 F-FEL /n/'eh‘ar

/

+ Warum spevieller [rjekfor Ffir FEL?

rf gun P/Io{oe/fei{, Autbew in Phase 1

das Las er Sys fer

Was st ein _/(()d'!‘kd» 2
. 3aum¢/ynahmen

2



/P

e-y
electron source

damping ring

</

beam dump \

electron-positron collision
high energy physics experiments

positron source

&
damping ring

aux. positron source

e"'&

¢

linear accelerator

A
o
+

accelerator

x-ray laser

TESLA

30 km




TTF-FfEL

Accelerating
Modules #4 - #8

Accelerating
Modules #1 - #3

Seed Undulator i
Monochromator oL = <t
25 m Undulator /iy .

—

100 m

TESLA
Test Facility

H.Welse 499



electron beam

2.5kA

2 © mm mrad

0.05 mm
1.0 %o
2000

log (rad.power)

3GW

SASE FEL at the

photon beam

TESLA Test Facility |« 5

undulator
A, = 27.3mm
B,,.= 0497T
N = 1000
gap = 12mm

Apn = 6.4nm (193 eV)

av.brill. > 102 mrmeedfoiwow

pK.brill. > 107 et o
m.p.length =800 ps

nbr. of bunches < 7200

BERRNRRRRRRERNNENEEE (e <on

R

beam dump

2sm  distance

H.Weise 0407/98



TF Injector II

Train of 800 electron bunches, train length = 0.8 ms
Repetition rate 10 Hz

Bunch charge =8 nC

Bunch length =1 mm

Energy = 20 MeV

Emittance (x,y) = 20 1 mm mrad

Beam Diagnostics . RF-Gun
Energy spread Capture Cavity 1300 MH":
Bunch length Tesla 9-cell structure 1 1/2 Cells
Emittance 15 MV/m | 50 MV/m
Transvers profile
Charge

, OCEOC el
peE i i

Matching Section
Match beam to linac lattice

Bunch Compressor

HOM experiments Compress downto 1 mm ‘
Laser Cathode System
262 nm (UV) _
=5 pJd/pulse — 8 nC/bunch Material: Cs2Te
800 pulses/train (1 MH2) QE>1%

S. Schreiber 10 Hz rep. rate
14-Jun-1998
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Dependence of the gutput radiation power of
a FEL on the normalized beam emittance for
the example of the TTF FEL at 6.4 nm. The
energy width of the electron beam is 0.1 %.

The transverse beam emittanceis (1) €5 =1-
10~6m. (2) en =2-1076, (3) ep = 4-10"°m.
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RF Photoinjectors
and related Topics

Patrick G. O’Shea
Institute for Plasma Research
Department of Electrical and Computer Engineering
University of Maryland

The 2nd ICFA Advanced Accelerator Workshop on
The Physics of High Brightness Beams

UCLA
November 9, 1999




Improvement in emittance over the past twenty years
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" TTF / FEL RF Gun - Under Construction at DESY
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pulse length / £6-20 ps FWHM
shape of the micropulses / rectapgular, with short rising and
falling edges
new demand_on the rising edge of the | <l ps
micropulses
wavelength (ultraviolet) A =260 nm
energy per micropulse in the ultraviolet 20 uJ (at 1 MHz)
energy per macropulse train in the | 160 mJ
ultraviolet
length of the macropulse train 800 ps maximum
repetition rate of the micropulses 1 MHz and 9 MHz
repetition rate of the makropulse trains 5..10Hz
Table 1: Design parameters of the photocathode laser
X to
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: %?é/ltY-dUT%ed | | pulse stretcher . paran?_?tnc T pulse cathode
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BBO BBO 2. =260 nm
* Ek = 78%n1mLLJ A = 524 nm Emicro = 20 1
¢~ LBO ia < 0. LBO um
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el adaotive micropulses,
; optics
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Fig. 7: Principle scheme of the photocathode

laser for the test stand

i

et g R I
R



ystron
Zirkeletor

Spayc Detect.

|
|
|
|
|

E;?Ir{n}? I Il R I . I N N EE i

™ i
' ©
: N & Pl Ric/uf;('o,p/o ler
| ilam;:;
| ST 1.3GHz
| ‘ 0LV,
| q 14N
I CPU
: E;:EADC
A0ty RS232
1 KA P{oﬁBus
: Timer
: : Ethernet
l :
BIS :’—’. : Timing

LINAC Interl | E
| :
N

. '\ \ 2
| :)F Pulse Former
Water R 4
PS Power Supply r—l VME ("{"5 L‘-"”‘“Z““’"ﬂ)\

- Modulator T

Ci — Timing

g Mains

v/ —— RF

§ ===« Data Net ‘

= __ Interlock Klystron/Modulator Building Blocks



——Lead
Py B L Gelector|

e 7=——Vacuum Pumps

&
3
N
[/ B

L
T' -\ Buncher and
TRR : / Gain Cavities

Solenoid— il e /

. /Anode |
RF Input LN, / l /Focus‘ Electrode
\ H /V

| i Buckmg Coil

High Voltage

il
gﬁj | Ceramics

Figure 4.2.23: 150 MW §-Band klystron for the S-Band test facility ( Klystron 1)

| N4




Design Tube 1 Tube 2
Power Out 150 MW 153 MW 150 MW
Pulse Duration | 3 us 3 us 3 s
Repetition Rate | 60 1z 60 11z 060 Hz
Average Power | 27kW 27.5 kW 27kW
Beam Voltage | 535kV 527kV 508 kV
Beam Current | 700 A 630 A 652 A

‘Perveance 1.79x107% A/V3/2 | 1.78x 10~ GA/\/3/2 1.80x107¢ A /V3/2
| Efficiency 40 % 43 % 45 %
Gain 90 dB min 56 dB 57 dB

Table 4.2.4: Design and measured parameters of the 150 MW klystrons for the S-Band

test faczlzty

Both I\Iysllom tube | and 2 2, will be used al, the S-B3
The first tube is already in operation. Figure 4.2.23 shows tube 1. The total height is

and test facili

at DESY.



10 MW, L-band (1.3 GHz)
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hase and amplitude regulation loops.
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I'requency:

RI* Pulsc length:
Repetition rate:
Beam Voltage:

Beam Current (total):
Perveance per beam:
Drive Power:

Output Power:

Body Dissipation:
Efficiency:

Gain:
Bandwidth (1 dB):
No. of beams:

1300 M1lz
1500 ps

10 Hz~

110 kV

130 A
0.5-107°¢
200 W max.
10 MW peak
15 kW max.
> 70 %

48 dB |

‘3 MHz min. |

7

150 kW average

Table 3.2.10: Design parameters of the Lhomson mnullibeam-klystron
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