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Asymmetries and Beam-induced False Asymmetries
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A: Ye+p' Ye+p -DA/A ~ 5% where A ~ 10°- 10"
N SRV A = systematic effects must be tightly
Yerp™ Yesp controlled!!

- Helicity correlated changesin beam conditions induce false asymmetries
depending on how sensitive the spectrometer isto such changes.

Helicity correlated differences
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Detector sensitivity to changes
In beam conditions. (i.e
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2 basic methods for reducing beam-induced false asymmetries:
1. Reduce the helicity correlation in the beam.

2. Use multiple linear regression to eliminate the fal se asymmetry.



Source of Helicity Correlation in Beam

Primary helicity devices are: Helicity (Polarization) Pockels Cell, IA cell, PZT
mirror.

There are several sources of helicity correlation:
1. Residual linear polarization of laser + cathode analyzing power. ™

2. QE gradient of cathode + helicity correlated laser motion.

: . . L . Black Box
3. Differential scraping of beam (primarily in the injector).
: - measurethe
4. Beam loading effects + charge asymmetry. summed effect in
5. Other? the Hall!

Much of the helicity correlation comes from the source =» Measure the TOTAL helicity
correlation of each beam parameter in the Hall, and null them out at the source.

3 main optical elements used to null out the
helicity correlation:

Primarily used to null out charge asymmetry

-Rotatable Half wave plate
- 1A Cell } Used as part of a charge and position
- PZT mirror feedback system



Beam Feedback (Hardware)

| A (intensity attenuator) cell and PZT (piezo-electric transducer) mirror to
modulate the laser intensity and position at the cathode in a helicity-correlated

manner. _
Downstream Linear

Polarizer
Upstream Linear ‘ Pockels Cell /

Polarizer \
H H ‘ PZT Mirror
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| /4 waveplate

|A Cell | Insertable half
waveplate

Helicity Pockels' Cell

ThelA isused to artificially induce charge asymmetry,
and the PZT isused to induce position differ ences.

| Rotatable half
However ... waveplate
=>» caution: both devicesinduce both charge asymmetry ~L-
and position differences. Cross-coupling terms must be To Cathode

accounted for (3x3 feedback system).



Beam Feedback (Softwar e)

3x3 feedback algorithm to include cross-terms

- Problems seen with stability of feedback parameters (especially when the diagonal
elements become too small).

- Calibration of IA/PZT to see how much charge asymmetry/position differences
they induce isrequired. Calibration was seen to be very sensitive to injector and
accelerator tune. =» occasional calibration required.

- Thanksto the Jab Accelerator group for their hard work!



Beam Feedback Results

Helicity correlated differencesintegrated over a few hours.

| Integrated helicity correlated differences: Feedback I
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- Position differences induce charge asymmetry through scraping.
- Charge asymmetry induces energy and position differences through loading.

- Position differences “appear” as energy differences at the dispersive point.
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Beam Achieved “Specs”
Parameter (IN-OUT)

Charge -0.28 £0.28 | 1 ppm
asymmetry | ppm

X position 6 +4nm 20 nm
differences

y position 84 nm 20 nm
differences

X angle 2*0.3nrad |2 nrad
differences

y angle 3+0.5nrad |2 nrad
differences

Energy 58 +4 eV 75 eV
differences

All parity quality specs have been achieved!!




Multiple Linear Regression

- Residual helicity correlations remain =» eliminate by correcting the yields through
multiple linear regression. Assume alinear response of the yields to the 6 beam
parameters.

Thecorrectionto theyieldis:  Ycorrected = Ymeasured - é %(Pi - <Pi >)

\

Find the slopes!!

Take into account the full correlation between beam parameters when determining
the slopes.

86%9? M ((dv*dp)
edPi g \

6x6 correlation matrix of the beam parameters

Basic assumption that the main sources of changes in detector yield come from the
fluctuations in the 6 beam parameters. =» not necessarily true (there are other
sources of yield fluctuations which must be accounted for).



Detector Sengitivitiesto Beam

2 basic methods of determining the slopes.
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Char acteristicsChecks of Slopes

Spectrometer is made up of 8 azimuthally symmetric octants.
=» Diametrically opposing octants should have opposite (in 3 2
sign) slopes for position and angle.

1

| Slopes vs octant: Detector 1 |
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Characteristics/Checks of Slopes continued...

Slopes should be stable over time. =» Octant dependence seen consistently over
time.

Individual colors represent

| e I different octants.
i t,
:, =- % L essons learned:

-Stability is highly dependent on
the stability of
beam/el ectronics/detectors.

3 §°

g | a L = Any instability that causes

Ihhalag Lade H yields to change in a manner

" _’ rac i f;r@»-ﬁ*” uncorrelated to the 6 beam
s e R parameters would cause large

excursions in calculation of
slopes.

- Further analysis pending =>»
expected to remove sources of
fluctuations in slopes over time.




False Asymmetries

The helicity correlation in the beam parameters are seen to have arelatively small
contribution to the overall uncertainty.

False asymmetry vs detector: LinearRegression
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- Total false asymmetries of order 108,

-Error dominated by uncertainties in beam

parameter differences.

-False asymmetries NOT statistically

distributed over detectors dueto

correlations between detectors. Analysis
pending to eliminate further correlations.

-Largest contribution to false asymmetry

from charge asymmetry.
Parameter False
asymmetry
Charge 108
Position 10
Angle 108 to 10-°
Energy 10-°




Summary / Lessons L earned

Beam Feedback:

- Fully coupled 3x3 feedback was necessary to reduce the helicity
correlation.

- Calibration of IA/PZT (feedback devices) was seen to be very
sensitive to accelerator/injector tune.

- All parity quality specifications were met during the GO Forward
angle measurement.

Multiple Linear Regression:
- Octant/azimuthal dependence seen for position and angle slopes.

- Slope measurements seen to be very sensitive to many aspects of the
apparatus (beam, electronics, detectors, etc).

- False asymmetries were seen to be of order 108. Azimuthal
symmetry suppresses false asymmetries due to position motion.



Reducing Helicity-correlation in Beam

6 beam parameters monitored for

helicity correlation:

Beam “Specs” Noise
Parameter (over 700

hours)
Charge <1ppm < 2000 ppm
Position (X,y) <20nm <20 pum
Angle (X,y) <2 nrad <2 purad
Energy <75eV < 30 keV

> Manipulation at the source to control helicity
correlation.

- Improve transmission and laser stability to
reduce noise.

All “ specs’ have been met!!



