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Research Center Dresden-Rossendorf
Member of the Leibniz Society

Research Programs, Institutes, Research
Facilities

Ton Beam Physics and ‘Ion Beam Centre
Materials Research ‘ELBE

. . ‘Rossendorf Beamline
‘Radiochemistry L'fe. Sciences, -PET Cent
Environment and ==
Safety *TOPFLOW Facility
‘High Magnetic Field

‘Dresden High Magnetic Laboratory
Field Laboratory

DLEINTRVA = Structure of Matter

*Radiopharmacy
-Safety Research
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IR-radiation
3 -200 im
«® X-rays
10 - 100 keV
Electron
beam -
40 N\eV Bremsstrahlung Y-rad'atlon
1 mA < 20 MeV
cwW
Neutrons
\ < 30 MeV
Positrons
O - 30 keV

semiconductor physics
radio chemistry
biophysics

radiobiology
metal physics

nuclear spectroscopy
nuclear astro physics

transmutation research
material research

semiconductor physics
defects in materials
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USAGE (in 2007)

Nuclear physics

Radiation physics

"S%

42.7%

43.8%
Free electron laser (FEL)
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ELBE LINAC Beam Parameters

Thermionic Gun  SRF Photo Gun
Maximum Energy 36 MeV (CW) 40 MeV (CW)
Bunch Charge 77 pC 77pc /2.5 nC
Beam Current 1 mA 1 mA
Bunch Length 1-10ps 4 / 20 ps

(rms)

Transv. 2/10 mm mrad 05/ 2.5 mm
Emittance (rms) mrad

Max. Rep.Rate 260MHz@0.77pC 13 MHz
13 MHz®@ 77pC
Energy Spread 35 keV /55 keV
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CW-RF (at ELBE: 8.5 kW /Cavity)

B0 T 0 .cavities : TESLA DESY
N - -different from DESY:
‘thicker He-Vessel
-other Tuner

-fixed RF Power coupler
*He: all on 1.8K level
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Thermionic
DC Gun
250 kV

<= 260 MHz
<80 pC
~ 500ps

~10 mm mrad

RF Bunchers Linac Linac
260 MHz 1,3 GHz 1,3 GHz
+1,3GHz ~20MeV@10 MeV/m ~20 MeV@10MV/m
compr. ~ 100:1 cW

| Helium
SRF photo gun Liquifier
9.5 MeV INDE
<= 13 MHz -

80pC/ InC/ 25 nC 200 W @ 18K

~ 1.5-3 mm mrad
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HF window diagnostic
discharge [PM]
RF window diagnostic

temperature

RF window diagnostic
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Rossendorf 33 Cell SRF Gun - Principle

Generation of high brightness electron beams

1. direct production
of short pulses:

2. high acceleration
field at cathode:
radio frequency field

LASER i . ﬁ,"t*qi - b '
1W, 262nm )ﬁ A |, - 3. CW operation for

3 o i e d high average current:
l TN, et WIS s 8 superconducting cavity
' o L

B electron beam _ | SC NIOBIUM
ImA, 10kW CAVITY CATHODE
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Frequency Synthesis -Block Diagram

MASTER 13 MHz
=}
L
=
= User Labs
E Synchronisation (12 MHz) L F— CAVITY C1
: :
Splitter (active) i
= —|Phase CAVITY C2
1 s} S
2
o
% —{Phase CAVITY C3
= Relerence &
g Ph E-
£ 58 —IPh CAVITY C4
PLL 1300 MHz E : e
el
iy
+—Phase 1.3GHz Buncher
= Reference '
g
S SRR - Phase 260MHz Buncher
E
L
i)
Phase
PLL 26 MHz - Tharmionic GUN TIMING-Electronics
. -Macropulser
-Single Pulse Mode SHF-GUN -Frame Grabbers/TV
-26 MHz (1:1 to 1:256) -Experiments
-260 MHz | (ASIC based Electronics)
al]



PERFORMANCE OF THE RF-SYSTEM

Cavities:

Frequency 1.3 GHz

Bandwidth (3dB) 114 Hz

Phase noise related

microphonics 2...6 deg peak-peak

RF System:

Frequency stability <110-9
Phase noise < 0.05 deg rms )*
*) gradient 10MV/m, no beam

Measurements at a gradient of 10 MV/m without beam
Phase stability rms /< 1 sec 0.02 deg

Amplitude stabllity rms 2 10-4

LHe pressure stability +/- 0.1 mbar
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Wizter Load

Voltage-ctrid. Voltage-ctrld nghﬁtﬁse .

FPhase Shifter
Attenuator (rernote ctrl) Circulator

I__I_l Switches
Main RF

Loop openiclose
Coupler

AMP AP
Gradient Setting
(from DAC)

LF

Filter
P System Phase

Filter
Fine Tuning

System Phase
Shifter
(remote ctrl)

Splitter

Meas Pickup

1.3 GH
Input ‘ FPhase-Det.

Lirniter —
I |

Oir Coupler Attenuatar
(Lewvel-Matching)

Lowlevel - Controller
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Klystron

VKL78115t (CPI)
6-klystrons running
(3000...9000 hrs)

PS: SMPS 15 kV:2.BA
Water: 46 |/min, 6 Bar

Amplification s, /dB

KLYSTRON VKL7811
SN:1010

T L I T T
1.294G 1.206G 1.298G 1.300G 1.302G 1.304G
Frequency/Hz

1.308G

SN1010 (after repair)
U=7.5V. 1=42A
U =15 kV, 1,.=2.02A
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t_') ﬁ i PS: 12V 10A Current Regr Windows Discr..
E o~ SR3-5A 12.521-31.01
-
| Kabel, KL1{Netz)| i Working Point
' +  Isolation trafo |

240/240V,3A ‘

Z.-Nr.: 12.521-35.01

Heater Power Supply Z.-Nr.:12.521-30.01
on -15 KV high voltage , shielded

KLYSTRON AMPLIFIER-Overview
Hartmut Buettig /ELBE-RF

Kabel KL 12(HWV)
Kabel KL13 (Koax)
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SMPS
FuG-Rosenheim
-15kV, 25 A
Remote control
(homebrew
using Simatic )
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Remark on Beam Matching for CW
___Using Macro Pulses

=+ beam matching at full bunch charge
* results in cw-matchable RF-load
* allows maloperation without damage

-Beam-ON Time: 0.1ms....36ms
-Duty Cycle. 40ms....1s
-..Diagnosemode” enables

beam matching at full bunch charge
but at an average (cw-comparable)
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120mV

Yellow: macropulse J

Red: Pfor'war'd - i
] !

Green: Pr'eflec’red\‘ -—J o

N

(sampling of the
power meter)
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Some remarks on bad experiences with CW

Be aware that ..Murphy" is always present |

or a bit more optimistic

Sometimes .Murphy" helps to find the best
diagnostics |
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Murphys Attack Nr.1
RF-Waveguide Window Crash 1

Reason: CW (1-st day pwr RF)
-without windows diagnosis
-bad /unknown vacuum at the
warmwindow

.. e s | Result:
o R - -beamline vacuum not broken
Rexolite, WR650 (MEGA) -waveguide window replaced
-window diagnosis added
20.Jan. 2001 -since that time ok
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C'Dld INNER COAX

. |window .
:_' | CERAMIC

Photomultiplier Tes?t LED |
RF Window —>»

Infrared
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Jil Nitrogenport Heliumport

n

|| L] L] [ [°

LA1-RC.01 LA1-RC.11

Ll N L

LA1-DT.12 T g E T LA1-DT.13
o 200 c fﬁb o 26.7]°C

71 5¢-006] mb de-
1.8e-000 LA1-DW.02 LA1-DW.03 2.48-006] mber

Reset Light

RF On | RF off| RF On | RF off|
Test Light
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Murphys Attack Nr.2
RF-Waveguide Window Crash 2

Reason:
-self-excitation of a klystron

Result:

‘RF (1.3G6Hz) interlock fired
beamline vacuum not broken
-waveguide window replaced
-circulator added at klystron
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Murphys Attack Number 3
Vacuum Leak at a Klystron

L)
= &

A\ l -klystron has shown

2y multipacting earlier, cured
-vacuum leak (detected at
CPI)

Result:

-complete burn out of cathode
because: klystron-PS switched
to CC-mode (200V, 2.5A),
-ensure switch off at Imax,
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Murphys 4-th ,Stroke" with
ELBE (First try to operate CW)

Result: - Hole in a bellow flange
- 2 cavities polluted
- In between: New diaghostics (BLM, DCM)

S, = 20MeV 20...40 MeV Electrons

le = 1mA — Range 1,5..4 cm (St.Steel)
c = 450J/Kg K

m= AVc= 63mg
(dpeam=1mm, r= 10mm)
T,=1400 °C

daT _ S
= () - A(T-T,
= - AT -Ty)

L.~ 2 mMS
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DCM: Difference Current Monitoring
Based on Beam Profile Monitors (BPM)

Beam switch-OFF at
5% difference current

standard deviation. um

200 400 600 800 1000
Average beam current, pA

1D1300 VNA25  ADS8313 LT1630 LT1630 AD783

\\\\\\ ‘-4( \\\\ \\\\\ ‘[ \\\\\\ AD C
/> //:\% //;/ ///>—(T)
" CPCI510

8MHz  20dB 13GHz  offst  gain S®H 12 bit
BW gan to DC
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Overview MIS - Difference Current Monitors (Release: 26.11.2007)

DCM 10 R°°m114R°°m123

. c W Target
DCM7 5 (NL)

U 100

U 27

Ph-
Target |
(NL) |

~ ] DCM 9
L

R°°m111a

L DCM 13 .

¢ DCM 14
S

';Hamhurger

: ._ 260 MHz Macro-
Buncher pulser

EPOS-
Target
{NL)

complete current
{total currentd

i BD
: (RP)

@ Striplinesensor

© cumentdifferencemodule | goomog T2 . Room 112
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Observations during CW Operation
Gradient drifts

RF Power drift LINAC 1 cavity 1 Beam energy drift due to power drift of cavity 1

3,10 4

{MeY) calculated

8,00 4

790 4

E_Beam

780 4

7o

i i i 0 &0 250
100 150 200 250

—+ P forw ©1  —=—P hackw C1  ——fit forw  — fit_backw |j ——E cac —fit E time (min)
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‘Beam Energy Stabilisation using SIMATIC tools
Input: BPM x -Signal ( dispersive part of the
beamline)

-Output: changes setting of a gradient

B HEA ML MG @
PID_out F_out F_in
939 0109 5009

400
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Field Emission and Cavity Training

™71 r T *r T T 17
October 17 & 18, 2006 ; etabit| 1418, 2000

. . rf power dissipation
field emission

C1

B c2

—mC1 | C3
e C2 i v C4
A C3(x10) ] 1

—w—C4 (x10)

dose rate / mSvh”

s, SRS
L yo-prdvi—te av s omEF 3
4 5 6 7 8 9 10

E__/MVm’
cC

a
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Cavity Training With Pulsed RF

Feldemission vc. C1 Gradient

® vor Training

® - 1. Tag nach Training

® 2. Tag nach Training
—®— 8 Tag nach Training
—B— 55, Tag nach Training

2.5 MW/m

=
=
w
E
Il-__.
=
=
()]

ya e ’- 4
B L

LA DL I R L L | T T 17T 77T 7717 7717 7T
65 70 75 80 85 90 95 100 105 11.0 11.5 120 125 13.0

C1 Grad (MV/m)
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HOM-Heating at CW
Cavity C4

T Sensor: DT.08 RF Pickup

HOM 2

T-Sensor: DT.09
Main RF Coupler

T- Sensor DT.14

Fe-Rh Thermometer ¥

BODY: DT.01

GRADIENT DT.08 DT.09 : DT.16

HOM (CPL) | HOM(Tuner) ' Beamtube
14.0 11.4 : 4.6
16.4 12.3 : 4.6
36.4 23.7 : 4.6
60.0 43.2 : 4.7
75.5 58.3 : 4.8

CONDITIONS:
BEAM OFF
STEADY STATE (20 min)




HOM Temperature vs. Time

Sensor LA2-DT.08 Hom 1,
(Main RF Coupler side)

e
~
b}
—
=
p—
«©
@
Q
€
@
-

—ml— after RF-ON
® after RF-OFF

Ny
* o o
¢ *® 900004

10 15 20
Time / min
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Summary

-In 1995 all of the ELBE staff were beginners, we are
greatful fo our friends at DESY ,BESSY, HEPL,JLAB
MAMI, Novosibirsk and Darmstadt.

- The problems mentioned had always been solved promptly,
- We learned a lot and improved the availability of ELBE

Machine Development

%
5.8%

13.3% 2007

ELBE Operation

Internal Users
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-High Power CW Operation Require:

- proper designed components and systems

- redundancy to make service practicable

- good and highly reliably diagnostics

- Macro puls mode to match the beam

-Test benches to make components better and
to check them independently of the Linac-Op.

(Example:
G.Staats: Resonant Ring Presentation ,Friday)
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Resonant Ring
(200 kW with a 10 kW klystron)

Matched Load

RF - INPUT Vacuum - Port
(evacuated WG)

Directional Coupler

RF - Windows
(to be tested

s NG . » o ﬁ"’"
1.3 GHz (WR 650) N = Phase Shifter

Thank you for your attention, enjoy your meal |
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