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FUN FACT: Ex-particle-physicists
make the worst biologists.

http://abstrusegoose.com/156
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Accumulating

There is a lack of
double 7°
polarisation
observable data.
Additional
information helps
theorists refine their
nucleon models.
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Measuring ¥ polarisation observable in double 79 photoproduction
off the proton
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Basic Physics

Neutral Pion (7°)

Lightest Meson v ') 0

Mass = 135 MeV

Charge =0 _ Pr
__ ud—dd

Quark Content RV v

Electromagnetic Decay 0

Decay = 2v (99%) ™

Mean Lifetime = 8.4 x 1075 Y

70 Detection

At the speed of light a 7° would decay within 2.5 nm so impossible
to detect directly.
Desired specialised photon detector.
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Experimental Hall

High precision tagged photon experiments
Fed by continuous beam of electrons with energy up to 1.6 GeV
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Experimental Hall

Goniometer, radiators
Bremsstrahlung radiation
Coherent scattering (Bragg)
Linear polarisation

Electron Beam
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MAMI - A2

Incoherent

Experimental Hall :

Goniometer, radiators
Bremsstrahlung radiation

Coherent scattering (Bragg)
Linear polarisation

Photon Energy (MeV)
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Experimental Hall

Glasgow Photon Tagger
Indirect photon energy
352 Channels
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MAMI - A2

Experimental Hall

Liquid hydrogen target
Centre of detector system
20.5 K at 1080 mBar
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Experimental Hall

Crystal Ball

672 Nal Crystals

~ 47 photon detector
Energy resolution 2-4 MeV
Particle ID systems
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MAMI - A2

Experimental Hall

Crystal Ball

672 Nal Crystals

~ 41 photon detector
Energy resolution 2-4 MeV
Particle ID systems

TAPS

Two Armed Photon Spectrometer
Covers forward angles 0° < 0 < 20°
384 BafF, Crystals
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Beam 1.5 GeV
Coherent range 450-650 MeV
Linear polarisation up to 43%
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Asymmetries

http://arxiv.org/abs/0809.1739
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Measurements are taken at two perpendicular photon polarisations

Perpendicular .
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Photon Asymmetries

Measurements are taken at two perpendicular photon polarisations
Azimuthal phi from polarisation plane (White)
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Photon Asymmetries

Measurements are taken at two perpendicular photon polarisations
Photon angular distributions are affected by detector acceptance
N
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Photon Asymmetries

Measurements are taken at two perpendicular photon polarisations
Photon angular distributions are affected by detector acceptance
Photon asymmetries are unaffected by detector acceptance

@®Asymmetry [ >PCosgfit |
¥ P 0.2071+ 0.0004
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Missing Mass (MeV)

Analysis Procedure
m Reaction ID i TGartima (ns)
m sPlot Fitting
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Develop technique on single 7° photoproduction
m Particle ID
m Reaction ID
m Extract signal from data using weighted fits to data
m Calculate asymmetry from ¢ distribution

Repeat process for double 70 photoproduction
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Events with N or N+1 clusters taken to be an N7° reaction.
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Loop over pairs of clusters adding 4-Vectors
X2 test is performed on the differences from the 70 mass
Smallest x? identifies reaction 7%

10 Single T Invarient Mass

Events
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|
Identified vectors set to have the 7° mass
Remaining cluster assumed to be Proton; now ignored
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Prrecoit = Pr target 1 ;Y‘tagged — Nx© (2)

Missing Mass of all Events
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Distribution of the recoil vector “Missing Mass” is made of signal
and background components.
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Details

sPlot: a statistical tool to unfold data distributions (2005)
http://arxiv.org/abs/physics/0402083

Developed for B35t ST AT

Events designated weights from fitting PDFs to data

Advantages

Handles multiple event types simultaneously
No hard cuts are made
Eliminates background dilution by disentangling signal

Disadvantages

Requires knowledge of the shape of signal and background events



sPlot - Weighted Fitting - Single 7°

Events

Events

Coincidence Timing Fit Projection
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sPlot - Weighted Fitting - Single 7°
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sPlot - Weighted Fitting - Single 7°

Each event is given 3 weights from the fit

¢ Signal Invarient Mass & Background Invarient Mass " Random Invarient Mass
x
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|
Signal invarient mass is cleaned up with narrow peak at 7°
invariant mass.
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Weighted Fitting - Double 7°

Projection of Timing Fit
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Projection of Timing Fit
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sPlot - Weighted Fitting - Double 7°

Each event is given 3 weights from the fit

University

of Glasgow

Signal T° Mass Background 1° Mass Random 1° Mass
Entries 629710 Entries 3148550 Entries 3148550
80000 ntegral  7.4650+05 Integral  9.109e+05 | % Integral  1.469e+06 | ¢
Mean 1335 Meen 135| 4 Meen 1214
RMS 7404 RMS 2016] * 40000 RMS 3574| w4
30000) o .
| B
60000 o ;
:
: B 30000 - Fl
20000 ‘ £
40000~ I ' <
; 20000 - |.)
{ ' &
r" . r
20000k . 10000 : | :
. g 4 10000 : .
: i Y B ,
g F \\_‘—Q Ve .
ooty o= I I I ! vl I I \‘\d
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Mass (MeV) Mass (MeV) Mass (MeV)

Signal invarient mass is cleaned up with narrow peak at 7°

invariant mass.



s Uni 1ver91ty

Outline : ofG aSEOW

‘v i 4

.. : R
'II =
‘lA

‘l:.'_ll 077e% ““; :’,

s
2L
1"102,,. ,.7'/n~;£l
AN 20

A Results
m Single 70 ¥
m Double 70 ¥




University

Single 7° Sigma
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Single 7° Sigma
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Double 7% Sigma
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2 against CM 6 for 1385<W<1400
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3 against CM 6 for 1356<W<1371 3 against CM 6 for 1371<W<1385 3 against CM 6 for 1385<W<1400
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Summary
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|
m Single 70, ¥ observable
analysis finished.

m Double 70, ¥ almost
complete - Final checks.

m Observables /° and /€ will
also be extracted from this
analysis.

m All observables have
counterparts for p® decay
angle.
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