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. Measuring electron beam polarization with

Mgller scattering

. Hall C Mgller Overview
. Making a Mgller measurement
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Mgller Scattering

A Mgller scattering = electron-electron scattering

A This process very well understood since it involves only
electromagnetic interactions A QED
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A The electron beam polarization can be extracted via:
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Pyeam = €lectron beam polarization (~80%)
Piarget = target electron polarization (~8%)

Avgier = - 719 (at 90 degrees in the center of mass)

N~ (N %= number of events when incident electron spin
parallel (anti-parallel) to target electron spin
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Mgaller Polarimeter in Hall C

A Three main components for Hall C Mgller
I Polarized target A superconducting solenoid

I Mgller quadrupoles A transport scattered electron to
detectors

I Mgller detectors A identify good events
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Mgller Target

Helmholtz coils

magnetic field (0.01 T)

pvick-up coils
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Hall C setup
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Mrecision of earlier Mgller
polarimeters limited by knowledge of
target polarization

A Hall C uses pure Fe foil polarized
out of plane (3-4 T field)

Ararget pol. Known to ~0.25%




Mgller Quadrupoles

A 2 quadrupoles used to focus Mgller events
Mgller events on to the
detectors

A Detectors are fixed in
position, about 50 cm from
the beam line i quads must L . . . .,  Detectors
be adjusted at each beam 600 -400 200 0 200 400 600
energy

A Ooften, we ru
opticso so t
guads are always on

A Mgller events have different
scattering angle and
momentum for given beam
energy A set points do not
scale like E,.,,
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Mgaller Detectors

A Mgiller has 2 sets of detectors

to detect scattered and \
recoiling electron in — .
coincidence bﬂ |
—
A Lead glass detector measures o
total energy deposited - -
sCOpe collimator A0 Tlass

I This is what we use when
measuring the polarization
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Backgrounds

A Unfortunately, other processes
also result in signals in detectors

I Mott scattering = electron-
nucleus scattering

I Beam halo

A We suppress these backgrounds
2 ways
I Detect scattered + recoiling
Mgller electrons in coincidence
(Mott scattering involves only 1
electron)

I Use collimator system to
suppress part of Mott phase
space and halo
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Making a Mgller Measurement (Hall C)

After the beam/magnets are setup*, the Hall C side of
the Mgller measurement is pretty straightforward

1.

2.
3.

>

If the solenoid is not ramped up, ramp it up to at
least 3 Tesla

Put in a target foll (standard is 4 um thick)
Make sure detectors are on
Take some data and measure the polarization

Typically, we can measure the polarization to
1% statistical precision in a few minutes

*This is the hard part
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Setting up the Hall C Mgller (MCC)

Setting up the Hall C Mgller basically boils down to 3 main (but not
necessarily easy) tasks

A Lower the beam current

I Mgller measurements are typically done at small beam currents i
to alleviate leakage, we like to reduce current using the slit

A Beam steering:
I When making a Mgller measurement, we like to have the beam
hitting the target at ~ (0,0) and coming in pretty straight

I BPMs, 3C16, 3C17, and 3C17a are immediately upstream of the
Magller target

I Downstream of the Mgller system we just want to transport the
beam cleanly to the dump

A Magnet setting:

I If the Mgller has already been tuned for this energy, nothing or little
to do here: just set the magnets to the needed currents

I If the Mgller has not yet been tuned, then there will be some
interaction with the experimenters (see next page)
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Determining Mgller Quad Settings

A At each new beam energy, correct settings of Mgller
guads will need to be determined

A Procedure involves experimenters and MCC

I Quads will be set to starting values as estimated
from our best knowledge of these magnets (will be
provided by experimenters or as part of existing
beam line setup)

I Experimenters will take data (with solenoid on and
target in)

I Experimenters analyze data and determine how, if
at all, the quad settings should change

I This may need to iterate a few times
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Mgller Tune Plots

N Good tune

----------------------------------------------

10

Right hodoscope

.............................................

Left hodoscope

Example from GO Backangle running:
1. TRidged should Iie along diagonal I
2. Slight curvature in correlation due to very low energy (687 MeV)

3. Bad A Good = increase Q2 current by 3 Amps out of 85 (~ 3.5 %
change)
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Addi ti onal nNnstart

A In addition to getting the magnets set correctly,
experimenters may take extra time at each new
energy:

I Gain matching the detectors

I Checking signal timing

I Scanning the collimators to optimize signal to
noise

A At the completion of these tasks, may ask for small
tweaks to quadrupoles since tune plot may becomes
clearer (sometimes, background is too large to see
clean correlation)
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Precise and Accurate Polarimetry

A list of things that help us make accurate polarization
measurements

1. Current reduced using the slit, not the attenuator

A Leakage beam from other halls can lead to significant
(unknown?) corrections to our measurements

A Tests with new fiber laser indicate this is still an issue
A 10 nA of Hall A leakage = 2% correction if we are taking
1uA

2. Beam hitting the Acentero of th
angle
A Beam position and angle on target can impact the

analyzing power

Stabl eo beam

N

A Ourruns are very short: we have seen some evidence that
when the beam i s Amovingo, ei-t
elsewhere, we get funny results

3.
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Procedures

A Step-by-step procedure for Ops maintained by Yan Wang

I This document is under continuous revision i suggestions
are always welcome

I Some parts of the procedure ar
(for example, current reduction and steering constraints) A if
something seems to be taking longer than it should, or
appears unusually difficult fo
let us know

A If you are interested, you can check out the step-by-step
procedure for the experimenters at:
http://hallcweb.jlab.orgt/documents/howtos/moller_sbys

I This procedure likely needs to be updated a little, but globally is
correct
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