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3 simple questions:

(mainly concentrating on electrons)

e Why? ...dowe need polarized electrons?
e How? ...dowe generate and accelerate polarized electrons?

o What else? ...canbe investigated using polarized beams?
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The long sought-for scalar field
. "Fér den teorefiska upplickten av en mekanism som bidrar Hill forstéelsen av massans ursprung
and Higgs Boson! Pty Do lds v ATERE: S S st e St L
Everything is clear now concerning o e cantwas contimed tiraugh he iscoueny of th preciced

the generation of mass? ’ fundamental particie, by the ATLAS and CMS experiments at CERN's Large Hadron Collider.”




Masses of Elementary Particles:

electron e: 0.511 MeV up quark u: 5 MeV
=1 L meson : 105.6 MeV down quark d: 10 MeV
T meson t: 1.777 GeV strange quark s: 150 MeV

| neutrino v ,,small bottom quark b: 4200 MeV

Nucleon: (‘building block of matter’)
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Quarks:

charm quark c: 1200 MeV

top quark t: 170 GeV

The long sought-for scalar field
and Higgs Boson!

Everything is clear now concerning

the generation of my

| proton p: 938.3 MeV
neutron n: 939.6 MeV

Universits Litoe de Braelles, Balghum _Umdm LK,
"Fir den feoretisks upptdckien v en mekanism som bidrar Il fGrstdelsen av massans ursprung
hos subalomdédra partikiar, och som nyligen, genom upplSckien av den Bruisagds fundamentala
partikein, bekréftats av ATLAS- och CMS-axperimenten wid CERN!s accelerator LHC.”

“For the theoretical discovary of 8 mechanism that contributes fo our understanding of the orgin of

mass of subatomic pariicles, and which recently was confirmed through the discovery of the predicted
fundarmental particle, by tha ATLAS and CMS experiments at CERN's Large Hadron Colfider.”

o Wuregl Velsnseaguskademien



Baryon Spectroscopy

Atomic Physics
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Exc1tat10n with Photons:
Line Spectrum
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Hadron Physics
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Hadron: 1015 m

Excitation with Photons:
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How~

a) Source of polarized electrons



Electron Stretcher Accelerator (ELSA)
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Generation of Polarized Electrons

Functional Principle:

semiconductor
photocathode
based on GaAs

‘ circularly
polarized
‘ laser light

accelerating

Pierce & Meier, 1976

voltage

(S

Photoelectron emission from GaAs
polarization transfer from laser photons to emitted electrons




Generation of Polarized Electrons

Vacuum level
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Operation, heat cleaning and activation in extreme UHV
Lifetime 1000 h — P (H,0, CO,) < 101> mbar




Specific features:

* inverted HV geometry
e adjustable perveance

e full load lock system

e 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




lectrons

Specific features:

* inverted HV geometry
e adjustable perveance

e full load lock system
\ * H- cleanlng

Operating parameters:
beam energy: 48 keV
beam current: 200 mA
repetition rate: 50 Hz
o . w /| ‘ polarization: >80%
' quantum life-time: >1000 h
photocathode: GaAs/GaAsP




How?

b) Acceleration of polarized electrons



Spins in Magnetic Fields

magn. moment:
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Depolarizing Resonances




Depolarizing Resonances

envelope

Strong Focusing: Betatron Oscillations!

Imperfection Resonance: }-d = A, ne/
Intrinsic Resonance: y-a=n-P+ QZ, ne/z




Resonances of 1%t order
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Synchrotron Radiation:

Emission of »~Quants:

] ; e Perturbation of the Orbit
J (recoil, dispersion)

%\X/AU « Slightly tilted invariant spin axis
— Spin Diffusion!



Simulation of Spin Dynamics
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MAD-X numerical
lattice solution
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Resonance Crossing

(isolated resonances only!)
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Fast Crossmg] TR Bur ¢
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P./P.

Resonance Crossing
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Synchrotron Oscillations

(= energy oscillations of beam’s particles!)

-

Multiple crossing of

depolarizing resonances
\due to energy oscillationj

N

Oscillation frequency/tune:

> electrons (ELsA):

Q= 80 kHz < Q, = 0.04

» protons (COSY):

Q= 0.5 kHz < Q= 0.0006 _
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Crossing of Synchrotron-Sidebands

4 1 )

Full Spin-Flip no longer possible!

, , Experimental verification at ELSA:
accessible region
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Beam excitation will only cause partial spin flip — depolarization!
» Reduce resonance strength by proper centering in the quads
» Compensate resonance driving horizontal magnetic fields




Orbit Correction on the Ramp

vertical beam position / mm in stretcher during ramp E(inj) = 1.200 GeV, E(extr) = 2.350 GeV
2 l ! ! !

! ! !
ramp start | : 1 ~ ramp stop
Imp -Res. 3 : Imp.-Res. 4 TJ Imp.-Res. 5 :

vertical beam displacement / mm

5 . | | i | ; |
450 500 550 600 650 700 750 800 850

time / ms



resonance strength |g|

Resonance Strengths

10'2: |. T T T T T T T T T | T T 3 l)f/l)i
E E=4GeV/s -
- <Az>_.=0.14 mm
[ k,=3%

10-3 E

10-% 2

10-°

beam energy / GeV



Acc. of Polarized Electrons

Integer Resonances: yu = n

Intr. Resonances: yja = nP £ Q,

precise CO correction (z,,,,< 80um)
harmonic correction:
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— scan of sin amplitude:
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small vertical beam size

tune jumping with pulsed quads
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Polarization at the Experiment

B Tune-Jump failures
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Improvements over the last years

(P — 70%, I— 200mA)

* Precise and fast beam position monitoring: A, , = um, 1kHz 4‘M

* Fast bipolar steerer system: B= 2T/sec, B-11=0.01 T'm

« Low impedance vacuum chambers y A

« Effective ion clearing (35 clearing electrodes) A
HOM suppression in accelerating cavities

* 3D bunch by bunch feedback system (Af = 250MHz)
 FPGA-based LLRF control: AA/A <3-10% A¢<0.04°
« ps diagnosis based on a streak camera system
 Cavity-based BPM for low intensities: A, , ~ 0.1mm, 100pA

Future issues

 Compton polarimetry

M

« Harmcorr based on spin-orbit response technique
* High current single-bunch injector
 New REF station and cavities




What else*

... perspectives for new measurements?




ENC@FAIR

protons electrons
(deuterons) (positrons)
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E=15GeV E=3GeV
P >70% P >80%
L>1032 cm2s!
fune j Quads,
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High Energy Storage Ring
HESR:

» R=30m, L=576 m
» E=15GeV (Protons)

» h =100, n,=5,4-10'
» &, =2 mm mrad

> P>70%

Electron Storage Ring:

»R=25m, L=577.1m
» E=3.3GeV (Qyp = 7.5)
> h =100, I.=2A

» &, =2 mm mrad

» P >80 %

Acc. Working Group: m=ux 4))iLicH @

( JZP \3 BROOKHIVEN
Mﬂ - 5 _\\ s NATIONAL LABORATORY




Electron Ring: Spin Dynamics

Concept 1: Sibirian (full) Snake

no constraints on E /

X f
i
ﬁ;
s

» FODO lattice in the arcs

» missing magnet — D = () in straights
» 1 solenoid, AS = 180°

» p.= p, in solenoid

» & =¢g,=1.95 mmrad (normg

75, =~ 7 min @ 2.8 GeV

Concept 2: Spin Rotators

s f'””/r

I/

E=3.3 GeV
(ADP=12°)

» HBA: 3 achromats a 6 dipoles

» D = 0 in straight with vert. spin

» 2 solenoid/dipole rotators, AS = 90°
> [, = B, at entrance/exit of achromats
» & =3.8, g, =3.1 mmrad (nOI’Ial:l)

r 75, > 100 min @ 3.3 GeV




Frozen Spin

Spins aligned along particles’ momentum:

AQBJ[T:_E{CI‘BJ_'F( 21 —a}ﬁXE}
m -1 ) c

Magic Energies:

 all electric (B = 0): p= m/ Ja

2
» combined (E,B#0): [ = acpy

l_aﬁZyZ

EDM would cause a development of vertical polarization!

particle p (GeV/c) E (MV/m) B (T)
R~ 30m proton 0.701 16.789 0.000
all-in-one: deuteron 1.000 —3.983 0.160

SHe 1.285 17.158| -0.051




EDM-Measurement in
Storage Rings (sSrEDM)

Challenges:

» Suppression of systematic effects (cw and ccw beams)
» High electric field gradients required (E =~ 17 MV/m)
> 1000 sec)

» Long spin coherence time (T, >

» Continuous and precise polarimetry (AP = 109)
» Precise beam positioning (10 nm)

» Sophisticated spin tracking

Julich Electric Dipole moment

Investigation, goal: 10-*° e:cm




* Polarized Electrons @

Conclusions

pulsed photo-injector with | =200 mA, P = 80%

acceleration to £ < 2.4 (3.2) GeV with Py, > 60%
development of sophisticated correction schemes
routine operation for hadron physics experiments

upgrade to 200 mA internal current

* Challenging Perspective @ FZJ:

high precision EDM-measurement of p, d, and *He in an
all-in-one storage ring with combined E/B beam deflection



Machine Development: PhD students in the ELSA control room




