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Motivation
Missing resonance problem
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More details with polarisation

⇒ polarisation observables give 

access to interference terms, i.e.

𝜎𝑢𝑛𝑝𝑜𝑙 ∝ 𝒜𝑖
2 vs 𝜎𝑝𝑜𝑙 ∝ 𝒜𝑖𝒜𝑗

∗

Quark model

https://commons.wikimedia.org/wiki/File:Reflection_Polarizer2.jpg

polarised

unpolarised

Narrow structure in 𝜼𝒏

PRL 111, 232001 (2013)

model from EPJA 47, 162 (2011)

https://commons.wikimedia.org/wiki/File:Reflection_Polarizer2.jpg
https://doi.org/10.1103/PhysRevLett.111.232001
https://doi.org/10.1140/epja/i2011-11162-8


Baseline & goal
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Baseline

– Crystal Barrel/TAPS at ELSA

– 𝐸𝛾 = 500 − 3150 MeV

– Linearly polarized beam with 

coherent edge at 1200 MeV

– Transversely polarized deuterated 

butanol target

Reactions

– 𝛾𝑁 → 𝜋0𝑁 & 𝛾𝑁 → 𝜂𝑁

– 𝜋0/𝜂 → 2𝛾 & 𝜂 → 3𝜋0 → 6𝛾

Beam pol. Target pol.

𝑥 𝑦 𝑧

− 𝜎0 − 𝑇 −

linear −𝛴 𝐻 −𝑃 𝐺

cicular − 𝐹 − −𝐸

d𝜎

dΩ
=

d𝜎

dΩ
0

1 − 𝛿𝛴 cos 2 𝛼 − 𝜙 + Λ𝑇 sin 𝛽 − 𝜙 − 𝛿Λ𝑃 cos 2 𝛼 − 𝜙 sin 𝛽 − 𝜙 − 𝛿Λ𝐻 sin 2 𝛼 − 𝜙 cos 𝛽 − 𝜙
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Measurement goal

– Beam asymmetry 𝛴

– Target asymmetry 𝑇

– Recoil asymmetry 𝑃

– ℬ𝒯-double-pol. observable 𝐻



Experimental setup
Crystal Barrel/TAPS setup
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Locate at the ELectron Stretcher Accelerator

of the University of Bonn, Germany

adapted from EPJA 57, 40 (2021)

Oct2018 Nov2018 Nov2021 Dec2021

Target dButanol Carbon Carbon dButanol

Time 𝐡 513 101 60 274

Events ⋅ 𝟏𝟎𝟔 2156 416 520 2327
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https://www-elsa.physik.uni-bonn.de/elsa.html

https://doi.org/10.1140/epja/s10050-020-00334-2
https://www-elsa.physik.uni-bonn.de/elsa.html


Data analysis
Particle identification
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Event selection

– Exclusive reactions

– Coincidence times

– 𝜒2 anti-cut for 𝛾𝛾𝑛 final states

Background suppression

– Invariant mass, coplanarity, 

missing mass, polar angle diff.

– Fermi momentum
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𝜋0𝑝

𝜋0𝑝

Invariant mass



Beam photon polarisation 𝛿

Target nucleon polarisation Λ𝑁𝑀𝑅

Data analysis
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𝑾 reconstruction from final state

– 𝛾 + 𝐷 → 𝑚 + 𝑁𝑃 + 𝑁𝑆

– Use 𝑊 = 𝑠 = 𝑚 𝑚𝑁𝑃

Polarisation degrees

– Beam photon polarisation

𝛿 >
!
0.1 ⇒ 𝐸𝛾 = 650 − 1750 MeV

– Target nucleon polarisation

ഥΛ𝑁𝑀𝑅 ≈ 69.9%

– Λ𝐷 → Λ𝑁 correction

– Λ𝑁 → Λ𝑁 ⋅ 𝑑 correction with

dilution factor

𝑑 =
෡𝑁𝐷
෡𝑁𝑑𝐵

=
෡𝑁𝑑𝐵 − 𝑐𝑡 ⋅ ෡𝑁𝐶

෡𝑁𝑑𝐵
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𝜂 → 2𝛾 𝑛



Data analysis
Extraction methods
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Two methods are used for extraction of polarisation

observables:

1. Asymmetry method (Asym): Calculate asymmetry 

from event yields and fit the spectra, e.g.

𝐴𝛴 =
1

𝛿

෡𝑁⊥ − ෡𝑁∥

෡𝑁⊥ + ෡𝑁∥

= 𝛴 cos 2 𝛼 − 𝜙

2. Maximum likelihood estimation method (MLE): Event 

based minimisation of − lnℒ

this work 

(Asym)

this work 

(MLE)
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Results (preliminary)
𝝅𝟎𝒑

Nicolas Jermann | University of Basel 9

this work (MLE)

SAID MA19

BnGa 2019

CBELS/TAPS 

2019*

GRAAL 2005

MAID 2021

this work (MLE)

SAID MA19

CBELS/TAPS 

2019*

MAID 2021

CBELS/TAPS 

2015

BnGa 2019

Polarisation observables 𝛴, 𝑇, 𝑃, 𝐻 in 𝜋0𝑁 and 𝜂𝑁 | 2022 Frontiers and Careers | 

06.08.2022



Results (preliminary)
𝝅𝟎𝒑

Nicolas Jermann | University of Basel 10

this work (MLE)

SAID MA19

CBELS/TAPS 

2019*

MAID 2021

CBELS/TAPS 

2015

BnGa 2019

this work (MLE)

SAID MA19

CBELS/TAPS 

2019*

MAID 2021

CBELS/TAPS 

2015

BnGa 2019

Polarisation observables 𝛴, 𝑇, 𝑃, 𝐻 in 𝜋0𝑁 and 𝜂𝑁 | 2022 Frontiers and Careers | 

06.08.2022



Results (preliminary)
𝝅𝟎𝒏

Nicolas Jermann | University of Basel 11

this work (MLE)

SAID MA19

BnGa 2019

GRAAL 2009 this work (MLE)

SAID MA19

BnGa 2019

MAID 2021

MAID 2021

Polarisation observables 𝛴, 𝑇, 𝑃, 𝐻 in 𝜋0𝑁 and 𝜂𝑁 | 2022 Frontiers and Careers | 

06.08.2022



Results (preliminary)
𝝅𝟎𝒏

Nicolas Jermann | University of Basel 12

this work (MLE)

SAID MA19

BnGa 2019

MAID 2021

this work (MLE)

SAID MA19

BnGa 2019

MAID 2021

Polarisation observables 𝛴, 𝑇, 𝑃, 𝐻 in 𝜋0𝑁 and 𝜂𝑁 | 2022 Frontiers and Careers | 

06.08.2022



Results (preliminary)
𝜼𝒑

Nicolas Jermann | University of Basel 13

EtaMAID 2018

BnGa 2019

CBELSA/TAPS 1998

GRAAL 2007

CBELSA/TAPS 2007

this work (MLE)

CLAS 2017

CBELSA/TAPS 2020

EtaMAID 2018

CBELSA/TAPS 2020

A2 2014

this work (MLE)

BnGa 2019

Polarisation observables 𝛴, 𝑇, 𝑃, 𝐻 in 𝜋0𝑁 and 𝜂𝑁 | 2022 Frontiers and Careers | 

06.08.2022



Results (preliminary)
𝜼𝒏

Nicolas Jermann | University of Basel 14

this work (MLE)

EtaMAID 2018

BnGa 2019

this work (MLE)

EtaMAID 2018

BnGa 2019

GRAAL 2008

Polarisation observables 𝛴, 𝑇, 𝑃, 𝐻 in 𝜋0𝑁 and 𝜂𝑁 | 2022 Frontiers and Careers | 

06.08.2022



Results (preliminary)
𝜼𝒑 and 𝜼𝒏
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Summary & outlook
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Summary

– Clean event selection for all reactions

– Preliminary results for observables 𝛴, 𝑇, 𝑃 and 𝐻 are 

presented for 𝜋0𝑁 and 𝜂𝑁 final states

– Results in good agreement with existing data

Outlook

– Improvement of statistics with second beam time, 

especially for 𝑃 and 𝐻 in 𝜂𝑁

– Including data in PWA models, e.g. MAID 2021
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