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R&D @ ELSA: Goals

Polarized Electrons @ 3.2GeV:

reliable operation (source, ELSA)
suppression of beam depolarization utilizing novel correction schemes
efficient polarimetry (Mgller, Compton)

ngh Intensity Operation of ELA:

3D bunch by bunch feed-back systems

powerful LLRF for amplitude- and phase stabilization
sufficient RF power (new RF system)

low impedance chambers, HOM suppression, vacuum upgrade
high current (single bunch) injector

Low-Intensity Beams for Detector Testing:

reliable low-intensity operation of ELSA
new dedicated experimental area with flexible magnet optics

High-Performance Non-Invasive Beam Diagnosis:

Cavity-based low-intensity and position monitoring
3D ps-Diagnosis with Streak Camera
Low-intensity monitoring using synchrotron radiation
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Highest possible polarization @ 3.2 GeV



Specific features:

* inverted HV geometry
» adjustable perveance

o full load lock system
 H-cleaning

Operating parameters:
beam energy: 48 keV
beam current: 200 mA
repetition rate: 50 Hz
polarization: >80%
quantum life-time: >1000 h
photocathode: GaAs/GaAsP
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Hydrogen Cleaning

Hydrogen Filter

63203 +@—> GagO +2H,0 1 Sump port
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thermocouple
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heating wire

water cooling
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Hydrogen filtering and inlet

piezo piezo
gauge gauge tungsten copper
leak leak capillary collimator k
valve heated photocathodef
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reservoir H
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® Highly purified molecular hydrogen (99.9999%) from a gas bottle flows through a
leak valve towards the heated palladium tube. The pressure is measured with a piezo )
gauge. ceramic
® Because only hydrogen passes through heated palladium, hydrogen without any adapter
impurities accumulates on the baked-out vacuum side of the tube. The pressure in
this reservoir is measured with a piezo gauge.
® A calibrated leak valve is used to adjust the hydrogen flow through a capillary heated

by electron bombardement up to 2000 K. There it is cracked into atomic hydrogen

Ua Uy tungsten

filament

and is directed to the photocathode.




Acc. of Polarized Electrons

Integer Resonances: ya = n

Intr. Resonances: ya =nP % Q,

e precise CO correction (z,,,.< 80um)

 harmonic correction:
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small vertical beam size
tune jumping with pulsed quads




Fast Steerer System
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Harmonic Correction

(simple approach)

- v design orbit quadrupole
A

B(s) = a-sin(Qg,0) + b - cos(Qy,0) )

achieved distribution
wanted distribution

resulting kick angles ago + gy
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Harmcorr Optimization

corr

a,, = A-cos(2zn/24)+B-sin(27wn/24)

(a) Polarisationsoptimierung bei ay = 3 (b) Polarisationsoptimierung bei ay = 6



Spin-Orbit Response Technique
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Cgmpton Polarimet S
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ELSA tunnel

-
vacuum

Si microstrip detector

768 channels, 50 pm pitch

EHE [} | % plates

—"| | beamsplitters
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LINAC:

Thermionic Gun:
U=90kV

modulator
waveguides
hybrids
EKS
prebuncher
timing

20 MV 3GHz TW structure (constant gradient)
ongoing overhaul of modulator and waveguides

| =800 mA (1-2us) / 2 A (1ns)

Bunching:
500 MHz prebuncher

Energy Compression System:
3-bend magnetic chicane

3 GHz TW buncher (4 cells) 3GHz TW structure

Coming 2014




(3D Bunch by Bunch Feed-Back J
| in a fast ramping machine NS

System Layout:
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RF Control & Stabilization

O pen/ closed loop control
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Accelerating Voltage

overvoltoge factor

n.c. resonators type PETRA:

o 5-cells: Q, = 104 R = 12 MQ
e 7-cells: Rg = 17MQ : ‘_
« Input-Coupler: P, <120 kW — 2 3% 47T s

energy / GeV

with four 7-cell resonators E<4.3 GeV @ =1 min




Vacuum and Impedances
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ps Diagnosis: Streak Camera \/

Beamline
m J m

| -
Water-cooled |
shutter

Aperture defining /
slit system /

Safety beam shutter

IGP vacuum pumps

NEG vacuum pump

containing the diagnostic equipment

FEM deformation analysis
of the primary reflecting mirror

.

An ultra-high vacuum
~_environment protects the
primary reflecting mirror
from blackening

Optically sealed box

Streak Camera Setup & Application
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Test-beam with intensities down to < 1 fA
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New Area for Detector Testing
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External Electron Beam: |
e Beam Energy: 1.0 GeV <E <3.5GeV |
e Beam Current: 1fA<1<100pA

e Beam Radius: 05mm<o <7 mm

o

Low-Intensity Operation:
extraction of a single electron
every 1000 revolutions!
Successfully offered to
COMPASS and SiLab
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ELSA

control system
current threshold

Injection
inhibit

VME CPU
50 Hz read out/
comparator

VME
counter module|-

v ¥

" - photomultiplier

attenuators

Synchrotronlicht wahrend eines ELSA-Zyklus

Countsx 1 ®

e extraction event rate
2 kHz

ELSA current < 35 nA

Itugrationsmit jweeils 1 ms.
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Conclusions

Status:

 reliable operation, fulfils all actual requirements

Ongoing work:

o preparing for pole- @ 3.2 GeV
e upgrade to high intensities (energies?)
 setting up a variable low-intensity test-beam and area

|

... laying the basis for a future beyond the TR16 ?!
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