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Meson photoproduction reactions

Notation used fo the resonances
                                                    

1 .To study the excitation spectrum of the nucleons by excitating them with 
electromagnetic sounds like photons or electrons.
2 .Comparing excited states of the nucleons with the ones predicted by models about the inner 
structure of the nucleon.

Elastic and inelastic scattering reactions π p were intensively used in the past

 Experimental spectrum of nucleons

Advantages
1 High cross sections values.
2) Possibility to explore the isospin degrees of 
freedom of resonances.

Drawbacks
“Missing”resonances(excited states predicted by the 
models but not observed in the cross section spectra)

http://pdg.lbl.gov/current/xsect/, courtesy of the COMPAS group, IHEP, Protvino.

http://pdg.lbl.gov/current/xsect/


Meson photoproduction reactions

Notation used fo the resonances
                             L2I2J            

Photoabsorption reactions on protons and neutrons

Second resonance region:
(P11 (1440), D13 (1520), S11 (1535)).

arXiv:nucl-ex/0306023v1 17 Jun 2003



    Two techniques used for the production of γ ray beam
            Bremsstrahlung: used at BGOOD

   Backscattering Compton :used at GRAAL

Meson photoproduction reactions



Apparatus
• Polarized gamma ray beam.
• Hydrogen or deuterium liquid 

target
•     Detection system Layrange 4 π
•     Tagging system

Description of the apparatus: general overview

Tagging system
1) 128 Cu strip
2) Two long plastic scintillators.
3) 8 short plastic scintillators



Description of the apparatus: tagging system
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• Inside the magnet .
• 128 silicon microstrip.
• Reconstruction of the energy of the gamma photons from the 

position of the scattered electrons on the focal plane(center of 
the cluster strips).

Acquisition of the events
• Coincidence between signals 

produced in   each one of the two 
longest plastic scintillator and 
any of the small ones.

• Electrons coming from two 
consecutive bunches could be 
distinguished.



Description of the apparatus: kinematics of the backscattering Compton

2/26/25              8

Gamma rays beam production
• Laser photons impacted on 

ultrarelativistic electrons.
•  Gamma photons are 

backscattered inside a 
narrow cone around .

Maximum energy at 

Gamma beam very 
polarized at high 
energy, whose 
polarizzation is a 
function of the energy.
 F.R. Arutyunian et al., 
Teor. Fiz. 45, 312 (1963).

θ=180°



Description of the apparatus: measurement of the flux of the gamma-ray beam

Acquisition of the beam events 
Coincidence of the last two plastic scintillators 
with an anti-coincidence with the first one.

Thin monitor structure
 3 plastic scintillators with an alluminium      
sheet  placed between the first and the second 
plastic scintillator(low efficiency,
Very high flux 10^{6} Hz).

Counting the number of coincidences between a signal in the tagging system and a signal in the thin monitor.

Efficiency of the thin monitor(2.68 % ±0.03) has 
been measured at low rate with the thin monitor in 
presence with the spacal calorimeter(uniform block 
of plastic scintillators and lead layers converters, eff. 
~100%). 
https:/doi.org/10.1016S0168-9002(97)85188-
1

https://doi.org/10.1016/S0168-9002(97)85188-1
https://doi.org/10.1016/S0168-9002(97)85188-1


View of a Multiwire proportional 
chambers MWPC

BGO calorimeter
450 crystals of Bismute 
Germanate(BGO) with this 
structure:
15 crystals covering the polar 
plane.
32 crystals covering the 
azimuthal plane.

Resolutions: Γ=2%,
Δθ=10%,Δφ=9%

Description of the apparatus: Central part of the 
Layrange detection system 



Identification of charged particles: 
concidence between:
• Cylindrical MWPC.
• Barell of plastic scintillators.
• BGO calorimeter.

DE/dx vs Er tecnique(MIP)

Description of the apparatus: Central part of the 
Layrange detection system 



Forward part of the set-Up

Central part of the set-Up Central Photons 
detected by the 
BGO calorimeter

Forward charged 
particles were 
identified by the TOF 
vs De/dx tecnique   

       Description of the apparatus: Layrange Detection system: Forward section

Dedx(MeV/cm) vs TOF(ns)



Coherent  η π0 photoproduction on deuteron.

Investigation of the coherent  Ƞ π 
photoproduction on deuterium
• It can access to the N* and Δ resonances which 

cannot be observed in single meson 
photoproduction reaction.

• Investigating low-energy  η-d interactions(possible 
presence of a bound state η-d 
https://doi.org/10.1016/0370-2693(88)91819-9).



Analysis of  g d→  η π0 d reaction channel : Selection of the events

1) The requirement to have 4 
photons reconstructing an Ƞ and 
a pi0 detected in the central 
region of the apparatus

2) One nucleus of deuterium 
detected in the forward region 
of the apparatus. 

Invariant mass of the reconstructed π

Invariant mass of the reconstructed Ƞ

Best candidate
pairs: the closest Mᵞᵞ
Value to the mass of  the 
mesons.

Remotion of the residual 
background by a fitting 
procedure.

Dedx(MeV/cm) vs TOF(ns)



GRAAL data: Yields vs C.M.  
energy 

BGOOD data: dsigma/dΩ vs C.M. energy 
             cos(θd^{C.M.})>0.8

  Analysis g d →  η π0 d:  GRAAL vs BGOOD

https://doi.org/10.48550/arXiv.2405.09392

Preliminary

https://doi.org/10.48550/arXiv.2405.09392


Dati GRAAL: Yields vs Mpi0d  
2754 MeV<= W<= 2988 Mev

      Dati BGOOD: dsigma/dΩdM vs Mpi0d:
              2754 MeV<= W<= 2988 MeV
                         >=0.8   

Analysis g d →  η π0 d:  GRAAL vs BGOOD​

Isovector dibaryon NΔ observed with Forest at the ELPH 
detector(M =2.15 GeV/c^{2}, Γ=0.90 GeV/c^{2}).

                     Gamma d →DIV → Ƞ (NΔ)→Ƞ π d

ds
ig

m
a/

dΩ
dM

https://doi.org/10.48550/arXiv.2405.09392

Preliminary

https://doi.org/10.48550/arXiv.2405.09392


dati BGOOD: cross section vs Metad:                   >0.8 
   2576 MeV<=W<=2754 MeV

 Dati GRAAL: Yield vs Metad
2576 MeV<=W<=2754 MeV

N*(1535)N bound state or a virtual bound state Ƞd like assumed 
by the Ishikawa model fit.
Observed also at FOREST detector
10.1103/PhysRevC.104.L052201

 g d →  η π0 d:  GRAAL vs  BGOOD​

ds
ig

m
a/

dΩ
dM

https://doi.org/10.48550/arXiv.2405.09392

Preliminary

https://doi.org/10.48550/arXiv.2405.09392


Investigating dibarion resonances in this reaction 
channel.

Investigate mechanisms of the reaction channel 
ᵞd → ππd 

Coherent double π0 photoproduction on deuteron.



Coherent double π0 photoproduciton channel  on deuterium: selection of the 
events

Application of the cuts
4 central photons reconstruction 2 π(same identification criterium as  for 
the Ƞ π d channel) + one deuteron detected in the forward region of 
the apparatus + un’energy of the ᵞ beam higher than the threshold.

• The condition to have  (θd-θmis_{π π})>= −20° &&  (θd-
θmis_{ππ} <=20°.

• The condition to have (Ed-Emis_{ππ})>= −0.05GeV /c2 &&  (Ed-
Emis_{ππ})<= 0.05 GeV /c.



Coherent double π0 photoproduciton channel  on deuterium:  GRAAL vs BGOOD

Yields as functions of the 
energy of the center of 
mass: GRAAL data

BGOOD data from
Thomas Jude et al  nucl-
ex 24/05/2022
Cut               >0.8
arXiv:2202.08594v3 [nucl-ex] 29 Oct 
2024

Data coming from  
ELPH  Ishikawa et al, PLB 789 
(2019) 413
https://doi.org/10.1016/
j.physletb.2009.02.036

co
un

ts

Preliminary



Conclusions
1) A complete reconstruction of  the events for the two 
reaction channels ᵞd→Ƞπd and ᵞd→ππd was made at 
GRAAL 

2) The distributions obtained from the selected events   
are similar to the distributions obtained at BGOOD for 
these two reaction channels.

3) We ignored in our analysis forward deuterons whose 
De/dx and Tof measurements falls in the overlappng  
region with protons.

4) We ignored in our analysis central deuterons which 
would be present in the region above the cut of the 
protons in the Ed/dx vs Er spectrum.

Next task: developing a machine learning program to 
identify deuterons and protons in each range of TOF 
measurements and energies and angles and which is 
able to  identify also pairs of photons reconstructing π 
and Ƞ mesons.

??

??



Thank you all for the 
attention 



SPARES



Analisi gamma d η π0 d: confronto dati GRAAL vs dati BGOOD
Proposed Feynman diagrams for the coerent Ƞ π photoproduction channel on deuterium 
by BGOOD collaboration 



Analysis on the coherent double  photoproduciton channel π  on deuterium: comparation 
between GRAAL e BGOOD

Proposed Feynman diagrams for the coerent  π π photoproduction channel on deuterium by 
BGOOD collaboration 

Sequential dybarion decay mechanismToy_pickup_model.png



Analysis of  gamma d→  0 d reaction channel : Selection of η π
the events

Difference between the missing energy to Ƞπ 
and the energy of detected deuteron

Difference between the missing θ to Ƞ and π and 
the θ angle of the detected deuteron



Analysis of  gamma d→  0 d reaction channel : Selection of the η π
events

Missing mass to the reconstructed π and Ƞ mesons



 Dati BGOOD: cross section vs Metapi0 cos(θd cm)>0.8
                  2576 MeV<=W<=2754 MeV

Analisi gamma d eta pi0 d: confronto dati 
GRAAL vs dati BGOOD​​ Dati GRAAL: Yield vs M etapi0

2576 MeV<=W<=2754 MeV



                
Cross sec. vs 
Mπ0π0 (BGOOD)
   2427 MeV <=W<=2441 
MeV                              Effetto ABC : 

risonanza ΔΔ come 
stato intermedio 

Distribuzione 
nello spazio 
delle fasi

 Yields vs Mπ0π0(GRAAL)  
2427 MeV <=W<= 2441 MeV   
  No evidence of  the ABC 
effect at GRAAL !

Analisi canale di fotoproduzione coerente di 2 pioni pi0 su 
deuterio​



Analisi sul canale gamma d pi0 pi0 su deuterio: selezione 
degli eventi
Selezione degli eventi:
1. 4 fotoni centrali che ricostruiscono 2 pi0 e un deuterone rivelato in avanti.
Definizione di una matrice 
3 x 4: 4 fotoni 
int indexes[3][4]={
        {0,1,2,3}, //first index 
from 0 to 2 first couple first 
pi0 second to the second 
one
        {1,2,1,3},
        {1,2,0,3},
        {2,0,1,3},
 };

float mass =  
0.1349768 
GeV/c^{2}

In un ciclo for 
troviamo la 
combinazione che 
minimizza 
la somma dei 
quadrati delle 
discrepanze tra le 
masse delle coppie 
di fotoni e le masse 
dei 2 pioni.



    Yields vs Mpi0d: dati GRAAL
  2576 MeV<= W<= 2754 MeV

dsigma/dΩdM vs Mpi0d : dati BGOOD
   2576 MeV<= W<= 2754 MeV
           cos(θd^{C.M.})>=0.8

Analisi gamma d η π0 d: confronto dati GRAAL vs 
dati BGOOD



Δ-N?​

Analisi canale di fotoproduzione coerente 
di 2 pioni pi0 su deuterio​

Dati GRAAL: Yield vs Mpi0d
2523 MeV<=W<=2628 MeV

dati BGOOD: cross section vs Metad: cos(θd 
cm)>0.8​
2523 MeV<=W<=2628 MeV



 Dati BGOOD: cross section vs Metapi0
                    cos(θd cm)>0.8  

     Dati GRAAL: Yield vs Metapi0
       2754 MeV<=W<=2988 MeV

Analisi gamma d η π0 d: confronto dati GRAAL vs dati BGOOD​​



  Dati BGOOD: cross section vs Meta cos(θd cm)>0.8 
2754 MeV<= W<= 2988 MeV

Analisi gamma d η π0 d: confronto dati GRAAL vs dati BGOOD​

N*(1535)N

 Dati GRAAL: Yield vs Metad
2754 MeV<=W<=2988 MeV

A bound state N*(1535)N or a virtual bound state  
Ƞd near the threshold like assumed by the 
Ishikawa model 



dati GRAAL: Yields vs Mpi0d 
2628 MeV<=W<=2705 MeV

dati BGOOD: cross section vs Mpi0d: cos(θd cm)>0.8 
             2628 MeV<=W<=2705 MeV

Analisi canale di fotoproduzione coerente di 2 pioni pi0 su 
deuterio​: confronto dati GRAAL e dati BGOOD

Δ-N?​
Δ-N?​



Analisi canale di fotoproduzione coerente 
di 2 pioni pi0 su deuterio​: confronto dati GRAAL e dati 
BGOOD

dati GRAAL: Yields vs Mpi0d 
2705 MeV<=W<=2771 MeV 

dati BGOOD: cross section vs Mpi0d: cos(θd cm)>0.8 
2705 MeV<=W<=2771 MeV 



Analisi canale di fotoproduzione coerente di 2 pioni pi0 su 
deuterio​: confronto dati GRAAL e dati BGOOD

Dati GRAAL: Yield vs Mpi0pi0
2523 MeV<= W<=2628 MeV

Dati BGOOD: cross sec. vs Mpi0d cos(θd cm)>0.8 
                 2523 MeV<= W<=2628 MeV



Dati GRAAL: Yield vs Mpi0pI0
2628 MeV<= W<=2705 MeV

Dati BGOOD: cross sec. vs Mpi0d cos(θdcm)>0.8 
                  2628 MeV<= W<=2705 MeV

Analisi canale di fotoproduzione coerente 
di 2 pioni pi0 su deuterio​: confronto dati GRAAL e 
BGOOD



Dati GRAAL: Yield vs Mpi0pi0
2705 MeV<= W<=2771 MeV

Dati BGOOD: cross sec. vs Mpi0d cos(θC.M>0.8)
              2705 MeV<= W<=2771 MeV

Analisi canale di fotoproduzione coerente di 2 pioni pi0 su 
deuterio: confronto dati GRAAL e dati BGOOD
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