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R&D at theR&D at the
ElectronElectron--Stretcher AcceleratorStretcher Accelerator

Main subjects (experimenters wish list):j ( p )
• high beam polarization
• high beam quality (emittance, halo)g q y ( , )
• high beam pointing and intensity stability
• high intensityg te s ty
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Polarized Electrons:
• Intensity upgrade photoinjector (100mA → 200mA, beam transport)

N l dl k t ( f 6 l h d l i )• New loadlock system (storage of up to 6 crystals, hydrogen cleaning)
• Compensation of depolarizing resonances (harmonic correction, tune jumping)
• Spin Dynamics: computer aided modeling (tracking, matrix and Hamilton codes)
Beam Diagnostics:
• RF cavity based measurements (intensity and position @ low currents)

S h t di ti it (b fil i ELSA d t b li )• Synchrotron radiation monitors (beam profiles in ELSA and ext. beamline)
• Compton Polarimetry (internal polarimeter: laser, beamline and detector)
High Currents in ELSA:
• LINAC I overhaul and upgrade (short and long pulse operation, high intensity)
• HOMs of PETRA resonators (HOM calculation, T-stabilization, fc damping)
• Active damping with feedbacks (design construction commissioning)• Active damping with feedbacks (design, construction, commissioning)
• Beam loss monitoring system (installation and read-out)
Resonance Extraction:
• Computer aided modeling (simulation of external beam properties)
• Emittance measurements (measurement of external beam properties)
• Beam position stabilizationBeam position stabilization
Beamline for Detector Testing:
• Design, construction and commissioning of the beamline

R&D@ELSAR&D@ELSA



Polarized Electrons:Polarized Electrons:Polarized Electrons:Polarized Electrons:
Source & ResonancesSource & Resonances



Source of polarised electrons @ ELSASource of polarised electrons @ ELSAp @p @
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%

New Photocathode:
• QE  factor 4 higher!
• Polarization  > 80% Polarisation: 80%

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

%
• Larger area → I = 120 mA
In Operation since Sept. 09



50 keV Beamline to LINAC II50 keV Beamline to LINAC II50 keV Beamline to LINAC II50 keV Beamline to LINAC II



Intensity Upgrade to 200 mAIntensity Upgrade to 200 mAIntensity Upgrade to 200 mAIntensity Upgrade to 200 mA

Diss. Dominik Heiliger space charge dominated beam transport: opt. focusing



New LoadNew Load--Lock: coming 2011Lock: coming 2011New LoadNew Load Lock: coming 2011Lock: coming 2011

PC iPC preparation

PC loadingg
H-cleaning

PC storage

Diss. Dominik Heiliger

g

Pressure < 10-11 mbar



Spin ManipulationSpin Manipulation
!!
Depol.
Resonances



Depolarizing ResonancesDepolarizing ResonancesDepolarizing ResonancesDepolarizing Resonances



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

m
em

en
t /

 m

In Operation since Oct. 2008
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∆zrms ≤ 80 m

Time / msDiss. Andreas Balling, FF



HarmonicHarmonic CorrectionCorrectionHarmonicHarmonic CorrectionCorrection
(Imperfection Resonances)

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



Effect of CO DisplacementsEffect of CO Displacements

Diss. Oliver Boldt, WH



Effect of CO DisplacementsEffect of CO Displacements

Diss. Oliver Boldt, WH



Phase Phase andand Amplitude ResponseAmplitude Responsep pp p

a = 4 a = 4

a = 3 a = 3

Bachelor Jan Schmidt

a  3 a  3



ImprovedImproved CorrectionCorrectionImprovedImproved CorrectionCorrection



New CorrectionNew Correction--System:System:yy
24 correction

coils
(main dipoles)(main dipoles)

30 new vert.
dipoledipole

correctors

5454 new
“pulsed”

power suppliesDiss. Andreas Balling



COCO withwith DipoleDipole WindingsWindingsCO CO withwith Dipole Dipole WindingsWindings
RMS/mm max /mmRMS/mm max./mm
3.124        6.346
0.262        0.566
0.230        0.518

Measured
05-Feb-2010E = 2.35 GeV



“Tune Jumping”“Tune Jumping”Tune JumpingTune Jumping



TuneTune MeasurementsMeasurementsTune Tune MeasurementsMeasurements



Vertical TuneVertical Tune--KickerKickerVertical TuneVertical Tune KickerKicker

400 A400 Amps

550 ns

One Turn ExcitationOne-Turn Excitation

Tune-Kicker

Diss. Maren Eberhardt



Tune MeasurementsTune Measurements

Diss. Maren Eberhardt



Beam energy:
E = 2.35 GeV

Pav ≈ 63.89 %



Beam Position Stab.Beam Position Stab.Beam Position Stab.Beam Position Stab.
RFRF--based Diagnosticsbased Diagnostics



Slow Beam Extraction:Slow Beam Extraction:Slow Beam Extraction:Slow Beam Extraction:
Beam Pointing StabilityBeam Pointing Stabilityg yg y



Slow Beam ExtractionSlow Beam ExtractionSlow Beam ExtractionSlow Beam Extraction
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Sextupole Magnets (Extraction):
Excitation of a third integer resonance

Ironless Quadrupole Magnets (Extraction):Ironless Quadrupole Magnets (Extraction):
Shift of the horizontal betatron tune close to a third integer value, “current feedback-loop“



Beam Position MonitoringBeam Position MonitoringBeam Position MonitoringBeam Position Monitoring

RF Cavity Position Syli-Monitor MB3

Photon-Camera

RF Cavity Intensity

5 Cromox-Screens

Cromox-Screen Tagger

Faraday-Cup (Intensity)



I = 0.3nA, x = 0.1mm → PRF < 6·10-19 W
PN = 4kTf ≈ 2 ·10-19 W @ 10Hz BW

Diss. Thorsten Pusch



RF ElectronicsRF Electronicsect o csect o cs

Diss. Thorsten Pusch



Beam position measured with rf cavities
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Intensity UpgradeIntensity UpgradeIntensity UpgradeIntensity Upgrade
Coherent InstabilitiesCoherent Instabilities



Iext = 1nA  ↔  IELSA = 20mA
Iext = 10nA  ↔  IELSA = 200mA



HighHigh CurrentsCurrents in ELSAin ELSAHigh High CurrentsCurrents in ELSAin ELSA

Geometry Changes → High Coupl. Impedance → Wake Fields

Courtesy of Arno Candel, 2008

y g g p p



OperationOperation withwith II = 200 mA= 200 mAOperation Operation withwith II  200 mA 200 mA
• Messung der Strahllage im QuadrupolIGP-Anschluss g g Q p
• direkte BPM-Befestigung am Quadrupol
• einheitliche Geometrie → kleine Impedanzen
• Ionensauger unmittelbar an den Quadrupolen
• vollständige Wasserkühlung
• optimiert für neue Korrektur-Magnete

IonensaugerWasserkühlung

optimiert für neue Korrektur Magnete

30x

BPM
Wasserkühlung

32x



High Current OperationHigh Current Operationg pg p

simulation with CST Microwave StudioTM



BunchBunch byby BunchBunch FeedbackFeedbackBunchBunch byby BunchBunch FeedbackFeedback



Development of 
broadband kicker cavity



Construction of a prototype 



Measurement results

Pressure: 5,4 10-7 mbar

QL = 1.168 / 0.309 = 3.78

expected RS = 387 Ω
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Prototype ready for 
installation in ELSA!
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SparesSpares



Operating StatisticsOperating StatisticsOperating StatisticsOperating Statistics
20092009



ELSA Operation 2008ELSA Operation 2008ELSA Operation 2008ELSA Operation 2008
4 CB/TAPS Runs with extended Data Taking4 CB/TAPS Runs with extended Data-Taking

28.04. – 26.06. 1420 hours @ 3.2 GeV (lin. Pol.)
04 08 31 08 650 hours @ 3 2 GeV (lin Pol )04.08. – 31.08. 650 hours @ 3.2 GeV (lin. Pol.)
29.10. – 27.11. 630 hours @ 2.35 GeV (cir. Pol.)
28 11 15 12 400 h @ 2 35 G V ( i P l )28.11. – 15.12. 400 hours @ 2.35 GeV (cir. Pol.)

 = 3100 hours

Tests in CB-Area: 290 hours (incl. H2-target testing)
Tests in B1-Area: 160 hours
Students Experiment: 60 hours
ELSA Tests: 100 hours (incl. horz. Polarization)

approx. 3700 operating hours in 2008



ELSA Operation 2009ELSA Operation 2009ELSA Operation 2009ELSA Operation 2009
3 CB/TAPS Runs with extended Data Taking3 CB/TAPS Runs with extended Data-Taking

26.01. – 04.03. 888 hours @ 3.2 GeV (no Pol.)
17 08 09 10 1012 hours @ 2 35 GeV (cir Pol )17.08. – 09.10. 1012 hours @ 2.35 GeV (cir. Pol.)
10.11. – 20.12. 976 hours @ 2.35 GeV (cir. Pol.)

 2876 h

Tests in CB-Area: 160 hours

 = 2876 hours

Ilcpol in B1-Area: 200 hours
Students Experiment: 70 hoursStudents Experiment: 70 hours
ELSA Tests: 75 hours

approx. 3380 operating hours in 2009



Bunch by Bunch FeedBunch by Bunch Feed--Back SystemBack System

© Dmitry Teytelman (SLAC) → Diss. André Roth


