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Introduction

The Superconducting CW accelerator at ELBE

thermionic DC gun RF buncher linac magnetic linac
250 kV 260 MHz 1,3 GHz bunch compressor 1,3 GHz
<80 pC +1,36Hz ~20MeV@10 MeV/m Rse < 500 mm ~20 MeV@10MV/m
<260 MHz ~ 500ps  compr. ~ 100:1 cW CW
~10 mm mrad
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Superconducting Radio
Frequeny Photo Gun
9.5 MeV
80pC / InC
<13 MHz ~ 5-20 ps
~ 1-3 mm mrad .
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プレゼンター
プレゼンテーションのノート
-Beside the existing injector we will install a new electron injector (SRF-Gun) in the next months.
Because of the working principle we will need no buncher
As we will see the gun will improve the performance of the whole ELBE facility


Introduction

ELBE Parameters

Parameter Present status Upgrade 2012 D

electron beam energy / MeV 8-40 8 —40
accelerating energy per cavity / MeV 10 10
average beam current / pA

- maximum 1000 1500

-typical FEL operation 800
bunch charge / pC

- thermionic injector 77 77

- SRF photo injector 100 1000
RF power per cavity / kW 8-9 16
electron beam power / kW 32 65

D klystron replacement by 2 x 8 kW solid-state amplifiers
SRF gun with new cavity (35 MV/m peak field)
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Introduction A =

ELBE operation modes

Diagnostic high current Several low current
mode Mode 1 mA mode user modes
Machine develop. Neutrons for ToF exper. (10 pA)
application setting optimiz. FELs Thomson backscattering (10 Hz)
beam measurem. gamma rays positrons (10 ... 100 pA)
cell irradiation (pulse train of def. dose)
pulsing macropulse CW CW or macropulses,
0.1...20 ms, reduced micro pulse rate
25 ... 1 Hz
additional Cathode current Cathode current
monitoring <10 pA target & apperture currents
limitation insertion devices beam loss User equipment (heat load)
(screens, EOS ...) | near undulators detector count rate, background
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Introduction A =

Possible electron beam loss at the ELBE accelerator needs systems for

 Machine protection
direct damage from the electron beam
long term radiation damage
damage in high power RF system

Mitglied der Helmholtz-Gemeinschaft

Jochen Teichert e j.teichert@hzdr.de ¢ www.hzdr.de ¢ HZDR



Beam Loss Monitors at ELBE A =

Damage due to energy deposition

1.) long time partial beam loss
( halo, dissp. section)
2.) sudden total beam loss

T=Te™"

-

dT

S

dt

CC Ie(t)_;t(T _TRT)

beam switch-off

one device with one threshold for both cases
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Beam Loss Monitors at ELBE

comparison of tested monitors (2002)

Compton detector

Photomultiplier

Coaxial cable
ionization chamber

sensitiyity ~1pA << 1lpA ~0,3 nA
dynamic range > 100 dB ~ 40 dB (13 MHz) >100 dB
260 MHz ?
timing Tise ~ 2 MS Tise ~1nS Tise ~ 0,6 Ms
NO ! NO ! YES!
Eompl_ete yes, if 3 devices/10 m yes, if 3 devices/10 m
eamline
monitoring wall openings? wall openings?

local resolution

according to detector distribution

according to detector distribution

segmentation until
physical resolution

~0,5m
expenses cheap expensive !! cheap,
(25 €/piece + cable) (600 €/piece + cable) 23 €/m + cable
references S-Dalinac Cebaf SLAC
S .
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Beam Loss Monitors at ELBE A =

Main disadvantage of photomultipliers:
saturation effect at high current beam losses
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Beam Loss Monitors at ELBE

long ionization chambers
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Beam Loss Monitors at ELBE

Heliax radio frequency cable

HJ4.5-50 TN -
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Beam Loss Monitors at ELBE
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Beam Loss Monitors at ELBE

Room 114
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Beam Loss Monitors at ELBE
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Machine Protection System

device controller monitor

slow

devices, vacuum, etc.

beam loss monitors
BLMs

Thermionic gun
gate & pulse

|

fast

Beam

on/off |™N\Q. srFgun

laser shutter

difference current monitors
DCMs

fast

RF protection system

RF mmmm klystrons

on/off

fast
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Machine Protection System

Overview MIS -

Difference Current Monitors

(Release: 30.03.2010)
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Machine Protection System A [

signal
splitter
ZN2PD-20

mini-circuits
Al14 stripline detector co-use: DCM and BPM
we) e
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Machine Protection System A [

Differential Current Measurement (DCM)
If difference is larger then set here —beam is shut off

signal proportional
to beam current
from position Z

signal from position Z +
somewhere downstream

Problems: -linearity over dynamic range
-performance below 13 MHz micropulses
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Machine Protection System
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Machine Protection System

SIMATIC Industrial Automation System

Input Software | Output
RF windows, | interrupt interrupt Klystron,
LLRF loop & group 1 | Routine 1 ' LLRF
BLM interrupt interrupt
DCM ‘g‘ group 2 | Routine 2 | HV
: Gate
Pneumatics # standard digital #
digital outputs
vacuum, inputs Grid
beamdumps Standard- ' Pulse
(other PLCs) # Programm
' Laser
SHutter
temperature, analogue . *
current, ... # inputs Laser

& Interrupt (< 2ms)

!
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LINAC 1 &2
SRF Gun

\

> Thermionic
injector

> SRF Gun

# Wired / Profibus
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Operational Experience A [

Since installation of the redundant beam loss monitor (BLM) & different
current monitor (DCM) system ELBE has been without serious damage due
device or operator failures.

But high radiation level due to CW operation:

« radiation from field emission in the SC cavities

* beam losses (halo, energy jitter & drift) in the dipole magnets

* settings are not perfect and unstable (RF phase drifts)

» beam alignment and setting optimization with high current
(beam loss in OTR screens, need more sensitive cameras)

* high dark current from the SC RF photo gun

Consequences:
* more frequent high-voltage breakdown at thermionic injector
* more frequent damage in gun electronics
» damage of vacuum valves, cables, cameras and plastic parts
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Present & Planned Upgrate A [

» Faster Response needed due to higher beam current: <1 ms

* Improvement of the DCM electronics
bunch charge 10 - 77 pC -> 10— 1000 pC
pulse frequency 13 MHz -> 125 kHz — 26 MHz

» More sensitive and improved local resolution of beam loss system
for a better identification of sources and reduction of beam loss level.

L.

’ | I
) el

Mitglied der Helmholtz-Gemeinschaft

Jochen Teichert e j.teichert@hzdr.de ¢ www.hzdr.de ¢ HZDR



Present & Planned Upgrate

| Pulse Amplifier | | Gate Voltage Ctrl. | |  Pockels-Cell* |
| I |
‘ RF Switch ‘ ‘ Gate Interlock ‘ ‘ Pulse Generator ‘

Sub
2.1

CM 110 BLM 112 BLM15-28 IE)CM‘IQ... BLM29-41 DCM 11+12
i BLM 13+14

Hardware solution
Instead of
SIMATIC interrupt

AK1 | |STF2|| DK1 | | DK2 | |STF3| | AK3
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