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Meson photoproduction reactions
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L, : Experimental spectrum of nucleons
1 .
?'1._; : H f'.".’ Notatlon used fo the resonances N* Status 5U(6)®O(3)\Parity| A* Status 5U(ﬁ)®0(3)
L"?’I')I P11(938) *++* (56.09)] | + |P33(123)) *++ (56,01)
N N =S S11(1535) **** (70.17)
S11(1650) **** (70,1°) S31(1620) **** (70.17)
D13(1520) **** (70,17) — | D33(1700) **= (70,1°)
D13(1700) *** (70,17)
D15(1675) **** (70,17)
1 .To study the.excitation_spectrum of the nucleons by excitating them with Pus0) o+ [G607)] Pigers) e [G62)]
electromagnetic sounds like photons or electrons. it S L) P3101835) (1007
2 .Comparing excited states of the nucleons with the ones predicted by models about the inner P11(1975) (20.1%)
structure of the nucleon. P13(1720) **+*  [(56.07) P33(1600) *** (56.07)
P13(1870) * (70,0%) P33(1020) *** (56,2)
P13(1910) (70,2%) + | P33(1985) (70.27)
P13(1950) (70,2%)
Elastic and inelastic scattering reactions 1t p were intensively used in the past FEeEY 201D
- . F15(1680) **** (56,2%) F35(1905) **** (56.2%)
;'ﬁ‘ Advantages _ Fis00) (r02) F35(2000) (10
§ "E= _
TN e L T 1 ngh CI’OSS sections Value_s. ) F17(1990) ** (102%) | | F37(1950) ***x (56.24)
R A /19 2) Possibility to explore the isospin degrees of
‘ freedom of resonances.
Tt Drawbacks
= 1 \‘; 1] H H ” . H
A Hﬂ.‘ A — e — Missing”resonances(excited states predicted by the
il f|f*"c.,,;:! ?-um_‘* | - models but not observed in the cross section spectra)
A s, ;
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http://pdg.lbl.gov/current/xsect/, courtesy of the COMPAS group, IHEP, Protvino.
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Meson photoproduction reactions
Experimental excitation spectrum of nucleons

N* Status  SU(6) ® O(3) | Parity AT Status  SU(6) @ O(3)
1_2 -.':r m . l ‘
L[ r." P11(038) *=** (56.00)] | + |Pa(1232) *xe= (56,07)
T - ~" | Notation used fo the resonances sugse) o [0r]
1—I ‘_.' S11(1650) **** (70.17) $31(1620) **** (70.17)
] a* D13(1520) **+= (70.1°) — | D33(1700) *e= (70.1)
D13(1700) *** (70,1)
L2I2J D15(1675) **** (70,1)
P11(1520) **** W P31(1875) **+* M
P11{1710) *** (70.0%) P31(1835) (70,07)
P11(1880) (70.2+)
P11(1975) (20,1+)
P13(1720) *** (56.2+) P33(1600) *** (56.0%)
P13(1870) * (70,01 P33(1920) *** (56.2")
. . P13(1910) (102%) | + | P33(1985) [70.27)
Photoabsorption reactions on protons and neutrons P o2
600 0.5 1.0 15 20 25 0.5 1.0 15 20 25 T Fasons) o (820
FI15(2000) ** (70.77) F35(2000) ** {70.2%)
i 4 F15(1995) (70,24
ad % (y! p) T 1 ('}/,n) - F17(1990) ** (rozt) | | Fazios0) *=+=  [(56,27)

| i . Second resonance region:
(P11 (1440), D13 (1520), S11 (1535)).
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Meson photoproduction reactions
Two techniques used for the production of y ray beam

Bremsstrahlung: used at BGOOD

l beam dump .
e detectors bremsstrahl tagging

A e’ detectors

\17

e -beam

1 [ target
radiator l I \
Backscattering Compton :used at GRAAL
radiawr ’ I ‘\

| laser backscattering

vbeam

[ target

laser



Description of the apparatus: general overview

GRAAL(Grenoble Anneaux
Radiation Acceleratour Laser)
Esperiment conducted at
accelerator facility
ESRF(Grenoble) France

Trigger System

* Acquisition of physical events
« Acquisition of beam events

Apparatus
* Polarized gamma ray beam.
Hydrogen or deuterium liquid
target
Detection system Layrange 4 i
Tagging system
n .
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Description of the apparatus: tagging system

26/02/25

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).
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Figure 2.6: Schematic view of the TAGGING detector.
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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.
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Description of the apparatus: kinematics of the backscattering Compton

Gamma rays beam production

Laser photons impacted on
ultrarelativistic electrons.

Gamma photons are
backscattered inside a
narrow cone around .

4"}/2EL
]_ _+H 4L?%;Fii[, _+_ f?zgffig J

E, =

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

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

Thin monitor structure
3 plastic scintillators with an alluminium

plastic scintillator(low efficiency,
Very high flux 106} Hz).

sheet placed between the first and the second

Acquisition of the beam events

with an anti-coincidence with the first one.

Coincidence of the last two plastic scintillators
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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%).
rlwttps:/doi.org/lO.101650168-9002(97)85188—
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https://doi.org/10.1016/S0168-9002(97)85188-1
https://doi.org/10.1016/S0168-9002(97)85188-1

Description of the apparatus: Central part of the

Layrange detection system

2 cilindrical Multiwire proportional
chamber (MWPC)

1 Used for tracking central charged
particles.

2 Angular resolutions: 1.5% 08, 1.9
% O.

Stripped cathodes with anodic wires,
emedded in a gas mixture 80 %
Argon, 20 % ethanol.

Barrel of plastic scintillator
DE/dx measurements of charged
particles.

BGO calorimeter

« Measurement of the energy
and angles for central
photons.

* Energy measurements for
central charged
particles(residual energy of
protons).

Plastic
scintillator
barrel

Liquid
Hydrogen
target

Cylindrical

wire chambers [ —

BGO

calorimeter

BGO calorimeter

450 crystals of Bismute
Germanate(BGO) with this
structure:

15 crystals covering the polar
plane.

32 crystals covering the
azimuthal plane.

Resolutions: '=2%,
AB=10%,Ap=9%

View of a Multiwire proportional
chambers MWPC

Discrimination between charged
and neutral particles

Neutral track: only hit in the BGO.
Charged tracks: hits in MWPC
chambers- barrel- BGO




Description of the apparatus: Central part of the .
. cintillator Liquid
Layrange detection system - Hydrogen
- target
. gn . . Cylindrical [
Identification of charged particles: = i
concidence between: 8GO
* Cylindrical MWPC. calorimeter
e Barell of plastic scintillators.
 BGO calorimeter.
DE/dx vs Er tecnique(MIP)
DE/dx vs Er
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Description of the apparatus: Layrange Detection system: Forward section

Central part of the set-Up

Plastic
scintillator
barrel

Liquid
Hydrogen
target

Central Photons
detected by the
BGO calorimeter

Cylindrical
wire chambers

BGO

calorimeter

Forward part of the set-Up

NOT IN SCALE

17 Shower detector

BGO calorimeter

25° I Liquid H,or D,
target

Two walls of plastib
scintillators

gamma-beam line

| _
3, Target vacuum
Planar MWPCs system

Cylindrical MWPCs and
plastic scintillator barrel

Forward charged
particles were
identified by the TOF
vs De/dx tecnique
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Coherent N T° photoproduction on deuteron.

Investigation of the coherent N
photoproduction on deuterium

It can access to the N* and A resonances which
cannot be observed in single meson
photoproduction reaction.

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



Analysis of y d-nNn T’ d reaction channel :

1) The requirement to have 4

photons reconstructing an N and
a pi0 detected in the central

region of the apparatus

Selection of the events

Invariant mass of the reconstructed Tt

2) One nucleus of deuterium

detected in the forward region

of the apparatus.
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pairs: the closest Mw
Value to the mass of the
mesons.

Remotion of the residual
background by a fitting
procedure.
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Analysis y d -~ T d: GRAAL vs BGOOD

GRAAL data: Yields vs C.M. BGOOD data: dsigma/dQ vs C.M. energy

energy o cos(6d”™{C.M.})>0.8
Preliminary
T T T {Fijt: 1 B. W. + pol2 7 8
100~ Entries 58022 i 7:_ €0s gy > 0.8
: St ey 0168 g & mnd (BGOOD)
i ¥ / ndf 26.59/ 14 B 6F ¢ TEOTIOd (Forest)
- % § - ¢ ¥ (8G00D]
cl 2,698 + 0.004 5 114
I 0.1285 £ 0.0137 L :
wn B j p3 -1795+1.3 C
S e : B oM f ’
0 - —T1 u
;»;4 N _ i 3;— % % 'l "T' M |
40 ; i oF F % ' ] } ’ * ’
L i 15H }% HH MH
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| | Lo b bon o bavaa by Do W [MeV]
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Energy C.M.(GeV)


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

Analysis y d =»n 1" d: GRAAL vs BGOOD

Dati BGOOD: dsigma/dQdM vs MpiOd:
2754 MeV<= W<= 2988 MeV
cos(0") > = 0.8

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

Preliminary
N B

| RS - W = 2754 to 2988 MeV
0.12F - é 0051
L ] — —— BGOOD
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£0.08" | | - 5 003 e
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‘ Y / Isovector dibaryon NA observed with Forest at the ELPH

I detector(M =2.15 GeV/cN2}, 1=0.90 GeV/cN{2}).

Gammad DIV - N(NA)-Nmtd


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

y d =»n m° d@ GRAAL vs BGOOD

Dati GRAAL: Yield vs Metad dati BGOOD: cross section vs Metad: cos( ff ”) >(0.8
2576 MeV<=W<=2754 MeV 2576 MeV<=W<=2754 MeV
Preliminary =
B | = - (b) W= 2576 to 2754 MeV
. ] 'OU} 'Illl]?:—
80F Jj . '% 0.06E- —4— BGOOD
i i c = Phase space
- — 0.05—
o o0 It 1 o  F —— Kinetic model 1
§ 40/~ - ] © 0 —— Intermediate N{1535)N
o - g 1]_1]35— Intermediate A N
201 + 1 f . - —— Model fit, Ishikawa et al
o T DT 0.025- .
: ki i 0.015
—20_""l""l""l""l""_ :|- T T T S I R
22 23 24 2-52 26 27 2400 2450 2500 2550 EE-GG 2650 2700 2750
M, 4(GeV/c?) nd invariant mass [MeV/c’]

N*(1535)N bound state or a virtual bound state Nd like assumed
by the Ishikawa model fit.
Observed also at FOREST detector

10.1103/PhysRevC.104.L052201


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

Coherent double ™" photoproduction on deuteron.

Investigating dibarion resonances in this reaction
channel.

Investigate mechanisms of the reaction channel
vd - TrTtd



Coherent double Tt° photoproduciton channel on deuterium: selection of the
events

Application of the cuts

4 central photons reconstruction 2 1m(same identification criterium as for
the N 1t d channel) + one deuteron detected in the forward region of
the apparatus + un’energy of the Yy beam higher than the threshold.
 The condition to have (6d-8mis {mtm})>= —20° && (Bd-
Omis {mm} <=20°.
e The condition to have (Ed-Emis _{mnrt})>= —0.05GeV /c2 && (Ed-
Emis {mt})<= 0.05 GeV /c.



Coherent double Tt° photoproduciton channel on deuterium: GRAAL vs BGOOD

counts

Yields as functions of the

energy of the center of
mass: GRAAL data
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Conclusions

1) A complete reconstruction of the events for the two
reaction channels vd - Nmd and vd - 1trtd was made at
GRAAL

2) The distributions obtained from the selected events
are similar to the distributions obtained at BGOOQOD 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 1t
and N mesons.
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Thank you all for the
attention
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Analisi gamma d n 0 d: confronto dati GRAAL vs dati BGOOD

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

(a) v Kinetic model 1 P (b) Kinetic model 2 O

p A(1232) =1~ P ——¢ A(1282) <7
< f——
n — N(1535) ‘-E n F‘ N(1535) T

(c) Y (d) v

d E\ AN  «—— 0 d Egussmm.\_ d
N ~\ ~

~ ~ ~ Y
M M
\'r] 'IEU \.ECI M

Figure 3: Proposed diagrams contributing to the reaction, yd — n’nd (described
in the text).



Analysis on the coherent double Tt photoproduciton channel on deuterium: comparation
between GRAAL ¢ BGOOD

Proposed Feynman diagrams for the coerent Tt rt photoproduction channel on deuterium by
BGOOQOD collaboration

Toy_pickup_model.png Sequential dybarion decay mechanism
4
P — A< d N(1680)-N N —
It d '\\ A \ d
n ——&iiiige P N N
™ N

"I-n_-_-_ EI
- 70 « n0



Analysis of gamma d- N TO d reaction channel

the events

Difference between the missing energy to Nt

and the energy of detected deuteron
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Analysis of gamma d-n TO d reaction channel : Selection of the
events

Missing mass to the reconstructed 1t and I mesons
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counts

Analisi gamma d eta piO d: confronto dati

Dati GRAAL: Yield gs B{%ﬁﬂj’ VSDQ 95305 (gsgseglg vs MetapiO cos(8d cm)>0.8

2576 MeV<=W<=2754 MeV 2576 MeV<=W<=2754 MeV
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Analisi canale di fotoproduzione coerente di 2 pioni piO su
deut

Yields vs MniOntO(GRAAL)
2427 MeV <=W<= 2441 MeV
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Analisi sul canale gamma d piO 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 : float mass =
. In un lo for
3 x 4: 4 fotoni dn €ICio 10 0.1349768
-, troviamo la GeV/c {2}
Int indexes[3][4]={ : :
0.1.23% Jfirst ind combinazione che
10,1,2,3}, rSt index Mminimizza

from O to 2 first couple first

. la somma del
pi0 second to the second

quadrati delle

one 1513 discrepanze tra le
{1,21():3}' masse delle coppie
E2’0’1’3i’ di fotoni e le masse

dei 2 pioni.



count

Analisi gamma d nn0 d: confronto dati GRAAL vs
dati BGOOD

Yields vs MpiOd: dati GRAAL
2576 MeV<= W<= 2754 MeV
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dsigma/dQdM vs MpiOd : dati BGOOD

2576 MeV<= W<= 2754 MeV
cos(6d”™{C.M.})>=0.8
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.+.

I S T BT T |

2200 2300
n%d invariant mass [MeV/c’]

2100




Analisi canale di fotoproduzione coerente

di 2 pioni pi0 su deuter

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

InvMPi0d_2523_2628

14— -
- Entries 187
B %2 / ndf 21.1 /11
12— Prob 0.03231
B p0 9.812 + 0.600
10— T M1 2.226 + 0.004
- width1 0.1527 + 0.0086
- p3 —1.288 + 0.087
M2 2.524 + 0.011
width2 —0.2205 + 0.0482
p6 —0.3642 + 0.0311
p7 -0.1932 + 0.0172
p8 —0.0978 + 0.0090
p9 —0.04796 + 0.00454
| L1 | L1 L1 | L1 1 1 | | | I_‘_I |
2.2 2.25 2.3 2.35
M, 4(GeV/c?)

cm)>0.8

Ig;lti BGOOD: cross section vs Metad: cos(0d

2523 MeV<=W<=2628 MeV

Ll
=

(a) 2523 - 2628

-
i
s m

Tt

21 22 23 24 25 26

ﬁ'd invariant mass [GeV/c?]
¥
A-N?
diNU%O)-N\ AN &— d

N N\
N N
N

.xo \RD




Analisi gamma d n 10 d: confronto dati GRAAL vs dati BGOOD

Dati GRAAL: Yield vs Metapi0 Dati BGOOD: cross section vs MetapiO
2754 MeV<=W<=2988 MeV cos(B6d cm)>0.8

" I
: Rl

W = 2754 10 2988 MeV

-+ —— BGOOD

Phase space
+ —— Kinetic mode! 1

0.04

:|II|II_|'|'I_|'IIII|IIII|IIII|IIII|IIII|IIII|IIII|III:

§ 0.03 — Intermediate N{1535)N
8 = — Intermediate A N
15 g— + Jr ++ 0.02 — Model fit, Ishikawa et al
10 I |
SE 1
: -
of ﬂ; 0.01
|

Mﬂﬂn(GeV/cz) 700 800 900 1000 1100
7’ invariant mass [MeV/c]



Analisi gamma d n 0 d: confronto dati GRAAL vs dati BGOOD

Dati GRAAL: Yield vs Metad Dati BGOOD: cross section vs Meta cos(8d cm)>0.8
2754 MeV<=W<=2988 MeV 2754 MeV<= W<= 2988 MeV

b E - W = 2754 to 2088 MeV
- - | —4— BGOOD
25 :_ 1 _: 0.06 Phase space
203_ +H+ _f 0.05 : ::trz:e:i::::\:{iﬁaﬁjw
a - e _ —— Intermediate A N
E 15F + ~\—+ — 0.04 —— Model fit, Ishikawa et al
Z _ 0.03
U IO;_ + _; 0.02
St ﬁ T - |
: 4 17 0.01
oﬁ - +
E —|— E 2400 2450 2500 2550 2600 2650 2700 2750
[ I Lo | = nd invariant mass [MeV/c®]
2.3 2.4 2.5 2.6 2.7

Mnd(GeV/cz) A bound state N*(1535)N or a virtual bound state

Nd near the threshold like assumed by the
_ Ishikawa model



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

dati GRAAL: Yields vs MpiOd dati BGOOD: cross section vs MpiOd: cos(8d cm)>0.8
7628 MeV<=W<=2705 MeV 2628 MeV<=W<=2705 MeV
_ InvMPi0d 2628 2705 E"\E' EEEB 2?']5
16 i 16735 S 30 (©) '
:_ Prob 0.05306 3
14: | po0 29.06 £ 165.21 - 25
12 'lf|1 0 0045023; T g ;):1(1{1322 =
- 4 p; 7071008 E 20
10— ﬂy M2 2.326 £ 0.026 _
B Gamma, 0.2494 + 0.1039 E 15
8— pé 8.962 £ 13.019 g
- p7 0.8118 % 15335 %‘ 10
61— -1.055 + 1.343 %
4:_ | <\> -> P8 ~‘> -1.08 £ 1.51 .

ol | - i . e Ll
R #\H %1 22 23 24 25 26
P05 21 215 I 22 | 225 | 23 2. 24 245 \_Y—} °d invariant mass [GEUfﬂE]

(GeV/c )
A-N7?
\ Y
A-N? —> l
d N(1680}Ne_ AN &— d
N N
\\. o \\ o



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

BGOOD

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

dati BGOOD: cross section vs MpiOd: cos(8d cm)>0.8
2705 MeV<=W<=2771 MeV

InvMPi0d_2705 2771

35 :— Entries 341
- %2 / ndf 11.12/8
- Prob 0.1949
30—
- p0 1.877 £ 1.255
B M1 2.179 +0.005
25— I 1.787e-07 + 2.687e-03
- p3 35.78 £ 8.53
o0 M2 2.36 +0.01
r r2 0.2156 + 0.0698
: p6 2224 +2558
15— p7 -96.67 + 109.51
C Y p8 -44.27 + 50.48
10:_ ng 18.5+20.9
5 C M
0 [ [N T N SR R I |+
2 2.5 26 2.7

0
r|1

(e) 2705 - 2771

i
r L] I'Ir'Irl

—t E —t —l
1
b

© o
ey
e

[
r1r|1l1 i

do/dQdm [nb/(sr.GeV/c”

M s
_1_I'.|l_'|_|l'|1r'|
4"

B=571 22 23 24 25 28
n’d invariant mass [GeV/c]




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

Dati GRAAL: Yield vs MpiOpiO Dati BGOOD: cross sec. vs MpiOd cos(6d cm)>0.8
2523 MeV<= W<=2628 MeV 2523 MeV<= W<=2628 MeV
22FT T TS —
205 - o 18 (b) 2523 - 2628
185 14+ - > 16
16F E G 14
5 l4F LR £ 2 12
= 1 2 40
o 10 E =
8F - g °
- _ 5
6- : 5 0
4:— + ] 4
: E =
2F -
:...F|T++T~7....|...T~j..|? E'. L
8.4 05 06 07 08 09 0~03 04 05 06 07 0.8

M, 102(GeV/c?) ' invariant mass [GeV/c?]



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

BG

QQRRAAL: Yield vs MpiopI0
2628 MeV<= W<=2705 MeV

25k

20k

Counts

15

10L

5

++

%

e

i

6 065 07 0.75 08 0.85 0.9 095

M, o100 GEV/C %)

Dati BGOOD: cross sec. vs MpiOd cos(8dcm)>0.8
2628 MeV<= W<=2705 MeV

(d) 2628 - 2705

SN Do N Ao MN

do/dQdm [nb/(sr.GeV/c

HTE

03 04 05 06 0.7 08
°x? invariant mass [GeV/c®




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

Counts

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

35F

. m

20F

12: T ﬂﬂ%ﬂ \

OE...—HFL_HMI"""""""'+'

M_,, ,(GeV/c?)

Dati BGOOD: cross sec. vs MpiOd cos(6C.M>0.8)
2705 MeV<= W<=2771 MeV

© 10f (f) 2705 - 2771
D i

C gf .

@ -

S 6f +7

= N B

.51 4__ J"‘J-L > ?#l‘
LS, i r l':_.._ |
3 2f #7

o

03 04 05 06 07 0.8
n°n? invariant mass [GeV/c?]
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