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Experimenters Wish List 
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Photoproduction Experiments: 
• quasi continuous γ beam (107 γ/sec, GeV) 

• high and stable linear and circular polarization 

→ quasi continuous electron beam (1-10 nA, GeV) 

→ high polarization, beam pointing & reliability 



Different Ways to ≈3 GeV Electrons 
Linear Accelerator (LINAC): 

…                               …                               … 

nc: 1 MeV/m → L ≈ 3 km,  sc: > 20 MeV/m → L ≈ 200 m 

20 GeV 



Different Ways to ≈3 GeV Electrons 
Linear Accelerator (LINAC): 

…                               …                               … 

nc: 1 MeV/m → L ≈ 3 km,  sc: > 20 MeV/m → L ≈ 200 m 

Recirculating LINAC: 

20 GeV 

Bonn: 
1 nA / 3 GeV 
= 3 Watts!!! 



The „Bonn“ Approach: 
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Polarized Beams? 
„High“ Intensities? 



Source of Polarized Electrons 
Specific features: 
• inverted HV geometry 
• adjustable perveance 
• full load lock system 
• H-cleaning 
• P > 80% @ E = 48 keV 
• I = 200 mA @ τ = 1µs 
• QE-lifetime > 1000 h 
 
 

Cleaning of PC @ 450°C: 
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≤ 10mA 

≤ 1nA 

Acceleration of polarized electrons 

≤ 20mA 
(200mA) 
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→ Spin-Tune: Q = γ a 

Lab frame: factor γ ! 

magn. moment: 

Acceleration of polarized electrons 



Depolarizing Resonances 
Quadrupole Magnet 

Imperfection Resonance: 
Intrinsic Resonance: 



Acc. of Polarized Electrons 



Depolarizing Resonances 

Imperfection Resonance: 
Intrinsic Resonance: 

kin. Energy / MeV 

Univ. Bonn 
(P = 2) 

beam injection 

Situation at ELSA: 

73 ms 



BPM 
Water Cooling 

Ion Clearing 

32x 

• BPMs at the Quadrupoles 
• BPMs fixed to the Quadrupoles 
• Smooth Geometry → low Impedances 
• Clearing Electrodes close to the Quadrupoles 
• Water Cooling 

32 New Pick-Up BPMs 



Fast Correction System 
Programmable 4-Quadrant PS: 

 
 
 
 
 

      Correction Coils: I = 400 A/sec  ↔  B = 2 Tesla/sec 



Harmonic Correction 
(simple approach) 



Spin-Orbit Response Technique 

2 Contributions: 
 

  Harmonic Correction Matrix: 
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Spin-Orbit Response Technique 

HCM 



„Modified“ Froissart-Stora Formula: 

Univ. Bonn 

γa = 5 

2 fit parameters only! 

Resonance Crossing 

Beam excitation will only cause partial spin flip → depolarization! 
 Reduce resonance strength by proper centering in the quads 
 Compensate resonance driving horizontal magnetic fields 



Harmcor (sine) of γa = 3 



Beam energy: 
E = 2.35 GeV 

Pav ≈ 64 % 

Polarization at CBELSA/TAPS 
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Tune-Jump failures Latest Achievements: 
(March 2014) 

• P @ 2.35GeV:  (71 ± 1)% 

• P @ 2.92GeV:  (62 ± 2)% 

November 2008 



Coherent Bremsstrahlung 

Linear polarization 

Beam energy: 3.2 GeV 

λ=15nm 

λ=30nm 

λ=45nm 
λ=60nm 

λ=75nm 
λ=90nm 
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Elsner et al. 

 



Slow Beam Extraction 

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

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

QA
m∆

∆




Intensity & Position Stabilisation 

Lin
. 

Pol 
g 

extr. quads 

~ 0.5 nA linpol γ 
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Photon Camera 



Position Measurement in the pA-Regime 

∆x < 50µm @ I = 100 pA, dx = 1mm 

lock-in 
technique! 
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High Intensities 

Accelerating Cavities: 

Beam-Pipe Discontinuities: Generation of wake-fields 
→ excitation of beam instabilities 

Countermeasures: 
• Suppression of acc. cavities’ HOM 
• Reduction of coupling impedance 
• Active damping of instabilities 

 



Impedance Reduction 

BPM 

Water Cooling 

Ion Clearing Water Cooling 

32x 

30x 

Flange for IGP 
• BPM at the Quadrupoles 
• BPM fixed to the Quadrupoles 
• Smooth Geometry → low Impedances 
•Water Cooling 
• Optimized Aperture for Corrector Magnets 

PETRA HOM Damper 

Bridging of Ceramic Brakes 

48x 



frequency / GHz 

HOM Suppression Acc. Cavities 

1.46 GHz 

w
ak

e 
im

pe
da

nc
e 

/ a
.u

. 

PETRA HOM‘s: 

TM021 

TM011 

TM010 

M = 274 

HOM @ 1.460GHz ↔ Mode 252 



Bunch-by-Bunch Feedback 

System Layout: 

©DIMTEL, Inc. 



Broad-Band Kickers 
(developed and constructed in-house) 

Longitudinal: Kicker Cavity 

ν  = 1.13 GHz 
 

QL = 3.78 
 

RS = 387 Ω 
 

BW = 255 MHz 

f = 0 - 250 MHz 

Transverse: Stripline Kicker 



Feedback Performance 
Damping of instabilities: 

Coherent Signal: 
 
 
 
 
 
Bunch Length: 

Measurement of the Tunes: 

Allows stable operation of ELSA with currents up to 200mA! 

E = 1.2 GeV 

FB on 

s 
 
 
 
x 
 
 
 
 
z 



RF Control & Stabilization 



Feedback Performance 
Damping of Instabilities: 

Coherent Signal: 
 
 
 
 
 
Bunch Length: 

Stabilization of the Tunes: 

Allows stable operation of ELSA with currents up to 200mA! 

E = 1.2 GeV 

FB on 

ResExt 



List of Research Efforts 
(P → 80%,  I → 200mA, reliable operation) 

• Source of polarized electrons with full load-lock 
• Precise and fast BPM system: ∆x,z ≈ µm, 1 kHz 
• Fast bipolar steerer system: B = 2 T/sec, B∙l ≈ 0.01 T∙m 
• Harmcorr based on spin-orbit response technique 
• Low-impedance vacuum chambers 
• Effective ion clearing (35 clearing electrodes) 
• HOM suppression in accelerating cavities 
• 3D bunch-by-bunch feedback system (∆f = 250 MHz) 
• FPGA-based LLRF control: ∆A/A < 3∙10-4, ∆φ < 0.04° 
• 3D ps-diagnosis based on a streak camera system 
• Cavity-based BPM for low intensities: ∆x,z ≈ 0.1mm, 100 pA 
• Mott, Møller and Compton polarimetry 
• Beam loss monitoring system 
• Optimization of tune settings and slow extraction 
• Numerical simulation of spin dynamics 



Bye, bye, SFB/TR 16! 

We had a great time filled with 
impressive R&D @ ELSA! 
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