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H(e,e’p)π0 Measurements at the Δ(1232) Resonance

N.F. Sparveris et al. PRL 94 (2005) 022003

OOPS Collaboration, Q2=0.127 (GeV/c)2

Begin of the story

MIT 2004

Workshop on
The Shape of Hadrons

2004 MIT, USA
2006 Athens, GR



Bates-Mainz Data (Q2=0.127 (GeV/c)2 , W=1232 MeV)

2σ Error  Band

How to extract model independent amplitudes from experimental data?
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The signal for deformation  in the γ* N → Δ transition



Out of Plane Spectroscopy
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Out of Plane Spectroscopy
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alignment precision:   1 mm , 1 mrad

OOPS Spectrometer 
MIT-Bates Linear Accelerator

A1 Spectrometer 
MAMI – Mainz, Germany

Proposed and designed by C.N. Papanicolas



• Extracted amplitudes and their ratios (EMR, CMR) are 
characterized by statistical, systematic and model error. 

• Model error often dominates. 

• So far we have only guestimates, at best! 

Usual procedure followed:

Extract multipoles by assuming that “not known” 
multipoles are fixed by a model

A Model Independent Analysis Scheme

AMIAS

Based on statistical concepts and Monte Carlo techniques

• E. Stiliaris and C.N. Papanicolas: “Multipole Extraction: A Novel, Model Independent Method”,

AIP Vol. 904 (2007) 257-268.

• C.N. Papanicolas and E. Stiliaris: "A Novel Method of Data Analysis for Hadronic Physics",

http://arxiv.org/abs/1205.6505v1.

Model Errors



• Pseudodata

How to analyze them with AMIAS ?

•Theory: y =A0 + A1 x

Generated with:

A0 = 7.0 ± 0.8 
A1 = 1.0 ± 0.2 

{Aμ} = (A0, A1)

A  Simple  AMIAS  Example:  Fitting  a  Straight  Line



A  Simple  AMIAS  Example:  Fitting  a  Straight  Line

χ2 exp{-χ2/2}



Multipole Expansion

Chew-Goldberger-Low-Nambu (CGLN) Amplitudes

E. Amaldi, S. Fubini and G. Furlan: Pion-Electroproduction (1979) Springer Verlag



EL+ , EL- , ML+ , ML- , LL+ , LL- 0 ≤ L ≤ Lcut

F1, F2, F3, F4, F5, F6   (CGLN)

Response Functions:  RT, RL, RTT, RLT, …

OBSERVABLES



L = 0…5
Total = (36-5) Complex 

Multipoles 
{A1, A2, … A31}

Calculation of 
Cross Sections

Calculation of χ2

Experimental 
Data

Ensemble of Solutions
{A1, A2, … A31}, χ2

Results
Ai Central Value
δAi Uncertainty

Analysis
• Sensitivity
• Correlations

AMIAS Flowchart (Multipole Extraction)

Random Variation
of ALL Amplitudes Ai

(uniformly ±1σ, ±2σ, …)

- Unitarization -



A1, …  Ai … A31,  χ
2

Sensitivity on Amplitude Ai

χ2 versus Ai Plot

Ai is uniformly distributed



PROJECTION

ALL VALUES

χ2 < 200

Applying χ2 Cut on 
SENSITIVE
Amplitude Ai

χ2 < 80

χ2 < 120

χ2 < 40

Ai Distribution



PROJECTION

Applying χ2 Cut on 
NON SENSITIVE

Amplitude Ai

ALL VALUES

χ2 < 200

χ2 < 80

χ2 < 120

χ2 < 40

Ai Distribution



E0+   E0- M0+   M0- L0+   L0-

E1+   E1- M1+   M1- L1+   L1-

E2+   E2- M2+   M2- L2+   L2-

E3+   E3- M3+   M3- L3+   L3-

E4+   E4- M4+   M4- L4+   L4-

E5+   E5- M5+   M5- L5+   L5-

N FREE PARAMETER
m: fitted
n: fixed

N-m-n: randomly varying

MODEL DEPENDENT FIT
m=3

n=N-3
0 randomly varying

MODEL INDEPENDENT ANALYSIS
m=0
n=0

N: randomly varying
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Extracted Values

Bates-Mainz Data (Q2=0.127 (GeV/c)2 , W=1232 MeV)

Probability Distributions

E2+ vs L2+

L0+ vs L1+

Correlations



Bates-Mainz Data (Q2=0.127 (GeV/c)2 , W=1232 MeV)



Mainz  W=1232  Photoproduction Data

Model Predictions:

 SAID (PR15):  -2.2
 SAID (CM12):  -1.9
 MAID07:          -2.1

Model Independent Analysis

Lefteris Markou (CyI)

Jlab Hall A  Data Vasileios Hantzikos (UoA)



Correlator

AMIAS  and  Lattice  QCD

C. Alexandrou, C.N. Papanicolas and E. Stiliaris: A novel fitting scheme – Nucleon excited states,
PoS (Lattice 2008) 099

Spectral decomposition of the hadron propagator  → QCD Correlators

Conventional Fit

How many terms?

Correlations?



AMIAS  and  Lattice  QCD

AMIAS has been successfully tested in the determination of hadron excited 
states in Lattice QCD applied to the nucleon.

C. Alexandrou, C.N. Papanicolas and E. Stiliaris: A novel fitting scheme – Nucleon excited states,
PoS (Lattice 2008) 099



AMIAS  and  Lattice  QCD

AMIAS has been successfully tested in the determination of hadron excited 
states in Lattice QCD applied to the nucleon.

C. Alexandrou, T. Leontiou, C.N. Papanicolas and E. Stiliaris: A Novel Analysis for Excited States in 
Lattice QCD – The Nucleon Case, Phys. Rev. D91 (2015) 014506



AMIAS  and  Lattice  QCD

AMIAS Correlations

C. Alexandrou, T. Leontiou, C.N. Papanicolas and E. Stiliaris: A Novel Analysis for Excited States in 
Lattice QCD – The Nucleon Case, Phys. Rev. D91 (2015) 014506



AMIAS  in  the  Emission  Tomography

The usual solution: Radon Transform

Sinogram



Tomographic Reconstruction

Algebraic Reconstruction Methods

Ri
NP: Number of Projections (Angles)
NR: Number of Rays
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AMIAS  in  the  Emission  Tomography

AMIAS ART MLEMPHANTOM

Background = 0.5 %

Loizos Koutsantonis (CyI)



Nuclear Imaging Technologies in Tomography

1st γ-Camera System
(Resistive Chain Technique)

Lab-Prototype

WP1
Mechanical Construction

& Electronics

Clinical Prototype
(Breast Imaging)

• PhD Thesis (Zioga)

• Patent Application

2nd γ-Camera System
(PSPMT Individual Anode Readout Scheme)

WP2
Improve Sensitivity

WP3
Add Optical Modality

Prototype
Compton Camera

• PhD Thesis (Mikeli)

• Lab Prototype

Dual-Modality
SPECT and Optical 

Computed Tomography

Dual-Panel
PET Detector

• PhD Thesis (Rapsomanikis)

• Lab Prototype

Clinical Applications
• Planar Breast Imaging (LAIKO & IATRIKO Hospital of Athens)
• Positron Emission Mammography (PEM)

Coincidence Electronics Interface  /  Development Readout and DAQ System

WP4
Construction 

Two-Head PET Detector

SPECT  Lab
Athens



Conclusions

The AMIAS Method is demonstrated to:

• Be model independent.

• Extract maximum information for all available 
Multipoles, without any bias; it is capable of ranking
them in order of significance.

• Account for the correlations amongst the contributing 
Multipoles, and to provide an easy visualization of them.

• Yield uncertainties which have a precise meaning, in 
terms of confidence levels.

• Be numerically robust, regardless of the data base.



Thank You!

One-Day Workshop on New Aspects and Perspectives in Nuclear Physics
September 8, 2012

University of Ioannina, Greece


