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General: Compton Scattering

JLab’s Hall A Compton chicane:
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General: Compton Scattering

JLab’s Hall A Compton chicane:

Electron Detector

Supports

Scattered
Electrons ¥ To
e- beam A
target
from
Scattered
accelerator Photons

Photon Detector

Deflected Beam

PbWO,
scintillator
+

PMT

Optical Table Shielding

Source: http://inspirehep.net/record /1412123 /files/Figutes_ ComptonChicaneToday1_3.png



General: Compton Scattering

Two accumulator types:

Triggered Snapshot
° ACCO hsnap
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General: Compton Scattering

To calculate asymmetry:

1. Sort accumulator values for unique states, by “quartet” event

 Helicity, Accumulator, Beam, Laser

2. Fill histograms for a unique state (beam off/laser on) and
(beam off/laser off)

« h3YM :add both (+/-) helicity accumulator values
. hdi ff :add (+), subtract (-) helicity accumulator values

3. Fit with Gaussians to get at the mean, then calculate:

- _ o
A B haflff o ho}ﬁf
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General: Compton Scattering

Compton spectra:

4-pass (8.8GeV)
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Asymmetry Calculations

e Cuts:

* Laser cavity power (min/max)
« BCM (cuts out beam trips)

 Epics (timeout in data stream)

e Corrections:

* Run-by-run effects due to inserting HWP, changing Wien angle, etc
(accelerator physics domain)

« Within a given run: afterglow
* Scaling:
« BCM values fluctuated during run, needed to normalize relative to nominal
value



Asymmetry Calculations

» Afterglow (induced phosphorescence)

* “A study on the properties of lead tungstate crystals”, by Zhu et al describes
methods for measuring afterglow in scintillator, depending on its construction

e Lifetime of effect: 15 — 127 ms after irradiation
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Focusing electrode  Photomultiplier Tube (PMT)
Ionlzatuon track

7 ™
—
High ener ol o\ %, v W ) N W) R ]
g gy PN b iy 1y e y —
photon Low energy photons  — |
/ Connector

» Has “diluting” effe&t o, Aﬁc‘:@;ﬂﬁ‘ca eSS f)&ft &F accumulator data
near start of laser cycle to be pushed into next event

» Software testing hasn’t found significant effects (yet?), even at high
E
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Asymmetry Calculations

* Monte Carlo simulation of “ideal” asymmetry Atheo
» Aiheo == “analyzing power”

» Uses GEANT4 to simulate high energy photons impinging on
Compton photodetector (PbWO, scintillator + PMT)

 Energy, geometry, cutoft (i.e., accumulator) dependent

Asymmetry @ beam energy 11GeV, shield thickness 6mm

— AccO asym: 0.137479
Accd asym: 0.131468
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Results*:

%\ Compare AccO positive/negative fit asymmetries

4-pass (8.8GeV)

5-pass (11GeV)
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Results*:
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Results:

Can use Compton Scattering asymmetries to calculate electron
beam polarization:

P _ Al ) ~85.0% at 8.8GeV
exrp — 7
b Py X Ape ~86.4% at 11GeV

Of interest to groups who care about beam polarization
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Backup: Histogram Pedestals

« Care about pedestals when constructing sum/diff histograms:

accOSum = PosHelAcc[0] + NegHelAcc[0] + beamoffZeroO;
accoDLff = PosHelAcc[0] - NegHelAcc[O];

Double 1t = beamOffZero0 / (PosHelNSamplesO + NegHelNSamplesO);
Double t = PosHelAcc[4] + pedestal * PosHelNSamplesd;

Double t = NegHelAcc(4] + pedestal * NegHelNSamples4;
acc4Sum = posContrib + negContrib;

accdaDrff = posContrib - negContrib;

Source: Larisa Thorne (buildQuartets.C)



Backup: Afterglow
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Abstract

This report summarizes the results of a study on the properties of five large and five small size lead tungstate (PbWO,)
crystals. Data are presented on the longitudinal optical transmittance and light attenuation length, light yield and response
uniformity, emission spectra and decay time. The radiation resistance of large crystals and possible curing with optical
bleaching are discussed, The result of an in depth matenals study, including trace impurities analysis, are also presented.
The general conclusion from this investigation is that further research and development is needed to develop fast, radiation-
hard PbWO, crystals for the CMS experiment at the CERN LHC,




