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A2@MAMI

Target
Diameter 

(mm)

Mass 

(mg)

Mass 

Number

Natural 

Abundance (%)

Half-life 

(years)

Beamtime 

(hours)
40Ca 10 503.2 40 96.94 > 3.0 x 1021 120
48Ca 10 502.6 48 0.187 > 5.8 x 1022 180
112Sn 20 3800 112 - - 54

● Experiment beam time: November 2018 & February 2019
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Neutron Stars

● Remains of super-massive-star supernova

● Compact object (~10km radius)

● Heavy (1-2 MSun)

● Central densities up to 5 nuclear matter 

saturation density

● Fast rotating

● Extreme magnetic fields

● Very cold (for nuclear scales)
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Neutron Stars & EOS
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Nuclear Matter

Hexaquark Matter
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d*(2380) Observation
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D.Watts, M.Bashkanov, A.Pastore; PPT: STRONG2020 - Six quarks for Muster Mark?; STRONG2020 - INFN(IT) Mar 2021

γ𝑑 → 𝑑𝜋0𝜋0
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π0π0 Analysis
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● Invariant mass of selection on the  
𝜋0𝜋0 pairs.

● The identification of the relevant 
pions is done via selection cuts: angle, 
detector, coincidence and energy.
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Neutron Skin

● Charge formfactor (protons) is well understood; 
● Neutron skin measurement - serves as benchmark to understand the 

distribution of nucleons in the nucleus;
● Neutron skin is measured using coherent π0 photoproduction;
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C.M. Tarbert et. al.; PRL 112, 242502 (2014)D. Worthmueller – A2 Collaboration Meeting 2020
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𝜋0 Analysis
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π0

40Ca - sample data

40Ca Single 𝜋0 invariant mass 

γγ Invariant Mass [MeV]

Preliminary
40Ca Single 𝜋0 missing energy at Eγ =170MeV 

and θ ~60˚

Preliminary
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40Ca Missing Energy signal region (-20MeV to 20MeV)

Eγ[MeV]

Θ
 [

 ˚
 ]

Preliminary

𝜋0 Analysis

Simulation by D. Werthmueller
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Summary

● Positive results at this stage of the analysis;

● Neutron skin <–> compressibility of nuclear matter at 1ρ0;

● Coherent 𝜋0𝜋0 production -> nuclear matter at 3ρ0;

● Results will be followed by publication.
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Dr. Mikhail Bashkanov – Supervisor
Prof. Daniel Watts – Supervisor/Head of  Hadron Group
Dr. Andreas Thomas – Head of A2 Collaboration
Dr. Stuart Fegan
Dr. Nick Zachariou
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Special Mentions



Thank you for your attention!
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