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Long Term StabilizationLong Term StabilizationLong Term StabilizationLong Term Stabilization

Temperature Measurement

ΔT < 0.5°C



Temperature in ELSA Tunnel
moving average 100 min

in front of RF cavities
Magnet ramps 
switched off

Compton polarimeter

±0 1°C±0.1 C

SYLI beamlines

behind injection



Position Long Term StabilityPosition Long Term StabilityPosition Long Term StabilityPosition Long Term Stability

Δx, Δz < 200 μm





Improved DiagnosticsImproved Diagnostics



Tune Measurements and Tune Measurements and Tune Measurements and Tune Measurements and 
Stabilization on the RampStabilization on the RampStabilization on the RampStabilization on the Ramp

Excitation of coherent oscillations
on the fast energy ramp:

ki k tkicker magnets
RF phase jumps

Design of tune kickersDesign of tune kickers
(num. simulations with CST™)
Tune kicker power supplies
(in collaboration with co. PPT) − without correction of dyn. effects

− with correction of dyn. effects



Vertical TuneVertical Tune--KickerKickerVertical TuneVertical Tune--KickerKickerVertical TuneVertical Tune KickerKickerVertical TuneVertical Tune KickerKicker

400 A400 Amps

550 ns

One Turn ExcitationOne-Turn Excitation

Tune-Kicker



BeamBeam LossLoss Monitor SystemMonitor SystemBeamBeam LossLoss Monitor SystemMonitor SystemBeamBeam--LossLoss--Monitor SystemMonitor SystemBeamBeam--LossLoss--Monitor SystemMonitor System

• 32 Detectors
• 16 BSC’s

BSC

• 16 BSC s
• 1 Micro-IOC

Micro-IOC



0.7 m

Compton Compton PolarimetryPolarimetryCompton Compton PolarimetryPolarimetry
di l di ldipole

quadrupole
dipole

5.9 m



CountingCounting MicrostripMicrostrip DetectorDetectorCountingCounting MicrostripMicrostrip DetectorDetectorCounting Counting MicrostripMicrostrip DetectorDetectorCounting Counting MicrostripMicrostrip DetectorDetector

∙
∙
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∙∙

Detector: (BABAR 1) 6 front-end chips: amplifier shaper discriminator counterDetector: (BABAR 1)
• 768 strips
• 50 μm pitch 

resolution 14 μm

6 front-end chips: amplifier, shaper, discriminator, counter
• high rate acceptance (10 - 150 MHz, single channel!)
• digital part built in LVDS technology
• FPGA controlled

Developed in close collaboration with ATLAS pixel‐detector group of Prof. N. Wermes, PI Bonn

resolution 14 μm FPGA controlled



Linearly Polarized PhotonsLinearly Polarized Photons



Beam Pointing StabilityBeam Pointing StabilityBeam Pointing StabilityBeam Pointing Stability



Linearly Polarized PhotonsLinearly Polarized PhotonsLinearly Polarized PhotonsLinearly Polarized Photons

• Orientation ±45° without changing beam 

settingssettings

• High beam pointing stability• High beam pointing stability

• Stable position of coherent edges• Stable position of coherent edges 

• High long term overall stability• High long term overall stability

P ≈ 60%  (dependent on setting of coherent peak)



Circularly Polarized PhotonsCircularly Polarized Photons



Depolarizing ResonancesDepolarizing ResonancesDepolarizing ResonancesDepolarizing ResonancesDepolarizing ResonancesDepolarizing ResonancesDepolarizing ResonancesDepolarizing Resonances



Distorted Dipole Magnets:Distorted Dipole Magnets:
a source of horizontal a source of horizontal BB--fields!fields!

a “simple” but very useful idea?!!



Dipole ”Flattening” 2007/2008Dipole ”Flattening” 2007/2008
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Closed Orbit CorrectionClosed Orbit CorrectionClosed Orbit CorrectionClosed Orbit CorrectionClosed Orbit CorrectionClosed Orbit CorrectionClosed Orbit CorrectionClosed Orbit Correction

32 beam position monitors for 32 quadrupole-magnets32 beam position monitors for 32 quadrupole magnets
40 steerer-magnets (correctors)

measurement of beam position every millisecond
computation of correcting currents

ti f t f h tgeneration of a current ramp for each steerer



Orbit Correction on the RampOrbit Correction on the RampOrbit Correction on the RampOrbit Correction on the Ramp

Implemented since Oct. 2008

1.2 GeV 2.35 GeV

∆zrms ≤  80 μm



Harmonic CorrectionHarmonic CorrectionHarmonic CorrectionHarmonic Correction
(Imperfection Resonances)

B(s) = a sin(Q θ) + b cos(Q θ)B(s)  =  a ⋅ sin(Qsp⋅θ) + b ⋅ cos(Qsp⋅θ)



“Tune Jumping”“Tune Jumping”Tune JumpingTune Jumping



Polarization Nov / Dec 2008Polarization Nov / Dec 2008Polarization Nov. / Dec. 2008Polarization Nov. / Dec. 2008

LH2:  Pav ≈ 64 % LD2:  Pav ≈ 60 %

Beam energy:Beam energy:
E = 2.35 GeV



Orbit Correction SystemOrbit Correction SystemOrbit Correction SystemOrbit Correction System
New corrector magnet & fast switching power supply

Beam pipe optimized for 
eddy current suppressionL = 260 mH

Programmable 4-quadrant
power supply with

microcontroller

20 kHz20 kHz

Implementation in 2009



Orbit Correction SystemOrbit Correction Systemyy

10 9.8 mTm

5

d 
/ m

Tm

3.2 mTm

0

ra
l B

 fi
el

d

-5in
te

gr

-10

time / ms



Increase of Dynamic RangeIncrease of Dynamic Range



High Intensity OperationHigh Intensity OperationHigh Intensity OperationHigh Intensity Operation
Internal Current Internal Current II = 200 mA= 200 mA

Reduction of Coupling Impedance

D i f C it HOMDamping of Cavity-HOMs

Active Bunch to Bunch Feedback
SFB/TR 16

Single-Bunch Operation (diagnostic purpose)

Upgrade of Beam Diagnostics

SFB/TR 16

Upgrade of Beam Diagnostics

Intensity Upgrade Photoinjector



Bunch to Bunch FeedBunch to Bunch Feed--Back SystemBack System



High Current OperationHigh Current Operationg pg p

simulation with CST Microwave StudioTM



Upgrade of Upgrade of PhotoinjectorPhotoinjector to 200 to 200 mAmApgpg jj
Main features:
• inverted structure• inverted structure
• adjustable perveance
• load-lock-system
• pulsed 200 mJ Ti:Sa laser• pulsed 200 mJ Ti:Sa laser

Main parameters:
Beam energy: 48 keVBeam energy: 48 keV
Pulse current: 100 mA
Repetition rate: 50 Hz
Polarisation: ≈80%

Load-Lock upgrade:
• short loading time
• storage of ≤ 5 crystals Polarisation: 80%

Quantum-lifetime: >3000 h
Cathode: Be-InGaAs/AlGaAs

g ≤ y
• hydrogen cleaning

Set up in 2009



Upgrade Upgrade PolarizedPolarized InjectorInjectorpgpg jj

I = 100 mA   →   I = 200 mA



New Area for Detector TestingNew Area for Detector TestingNew Area for Detector TestingNew Area for Detector Testing
External Electron Beam:
• Beam Energy:      1.0 GeV < E < 3.5 GeV

B C 1 fA I 100 A• Beam Current:     1 fA < I < 100 pA
• Beam Radius:      0.5 mm < σ < 7 mm

Tagged Photons:
• Energy: E < 3.2 GeV
• Tagging Rate: N < 10 MHz

.
• Tagging Rate: N < 10 MHz

extraction of a single electron
every 300 revolutions!



Single Pulse Injector @ LINAC 1Single Pulse Injector @ LINAC 1Single Pulse Injector @ LINAC 1Single Pulse Injector @ LINAC 1
(major components from SBTF-injector / DESY)

focusing solenoids
90 kV pulsed
electron gun

focusing solenoids

500 MHz500 MHz
subharmonic
prebuncher

3 GHz
TWBsteering coils

+ single pulse accumulation in the stretcher ring ELSA+ single pulse accumulation in the stretcher ring ELSA



ConclusionsConclusionsConclusionsConclusions
i 2 i @ SAMeanwhile 2 standard operation modes @ ELSA:

linearly polarized photons up to E - = 3.2 GeVlinearly polarized photons up to Ee  3.2 GeV

photon polarization dependent on coherent edge

polarization orientation ±45° routinely achievable

circularly polarized photons up to E - = 2.35 GeVcircularly polarized photons up to Ee  2.35 GeV

electron beam polarization higher than 60 %

photon polarization dependent on photon energy

Hi h l t t bilit f b iti d l i ti !High long term stability of beam position and polarization!



Outlook: Planned ImprovementsOutlook: Planned ImprovementsOutlook: Planned ImprovementsOutlook: Planned Improvements

Source: new load-lock with storage and H-cleaning

Polarimetry: Compton polarimeter at ELSAy p p

Polarization: new correctors and power supplies

Stability: RF-based BPM @ CB-Tagger

Optics: full accelerator tune stabilizationp

Intensity: high intensity operation (D2: 2008-2012)

T A b li f d iTest-Area: new beam-line for detector testing

Single-Bunch operation: ultra low intensity (fA!)

…


