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Why meson photoproduction ?

The understanding of the dynamics underlying the bound state of the nucleon and its excited spectrum still
remain a crucial task since in this energy range QCD cannot be treated in perturbative mode.

Many models, based on different degrees of freedom descriptions, have been developed in order to describe the
spectrum of excitation states and their features

" Meson photoproduction studies represent a strong tool for probing nucleon resonances:

v' Access to resonance states coupled to photons which only weakly coupling to the N processes (Missing
Resonances problem)

v' Access to Polarization Observables => Separation of overlapping resonances and characterization in terms
of Spin and Parity, Constrains for unambiguous PWA

v Decay amplitude extraction => Study of Resonance nature

e Low e.m cross section => v" Overcome thanks to technological developments

« Non resonance contribution => v Disentagled with polarization observables

n photoproduction isoscalar meson (I=0) => Isospin Filter => only N*(I=1/2)resonancesas intermediate states
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BGOOD Detector:

BGO calorimeter (central region) & Forward Spectrometer combination
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BGOOD Tagged and Polarized Bremsstrahlung Photon Beam
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BGOOD Central Detectors:

_ . Photons in BGO Rugby Ball
large solid angle calorimeter:

all combinatorics
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> good detection efficiency for neutrons = 10 4 e e
g 10°
» charged particle tracking and identification € 10
S 10k
» neutron/photon discrimination Target system 102k

200 400 600 800 1000
Two photon invariant mass [MeV/c?]

LH, LD,

Beam (a) 2200
- . — 12r = ten 2000
direction NENEEEEEEFY = Ul 0 E T Bl Bl oo
% 101 ' = -_:Z 1600

= p 1 .

.................... Lél 8:_ \550

6:_ ; 1000

- 800

4 600

2:_ 400

r 200

: %50 100 150 200 250 300 350 400 °
Energy dep. in the BGO Rugby Ball [MeV]

4 17-21 June 2024 York 6



BGOOD Forward SEectrometer

High momentum resolution forward tracking Mass from ToF Walls

*
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* Charged particles tracking in front of the magnet by means of two
scintillating fibre detectors

Reconstructed

* Behind the magnet, particle trajectories are determined through eight double
layers of drift chambers

Particle identification through velocity measurements with the ToF Walls
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Y Beam Asymmetry of n photoproduction on the proton

Y+p—-n+p

Energy Range: E, = 1.2 + 1.7 GeV

Analyzed simultaneously all main n decay channels:
n—2y
n - 3n° - 6y
n-nt+n +n°
for

4 data taking periods

» With different Polarization degrees
> With different detection and reconstruction efficiencies
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¥ +p = n+p Events Selection:

D)n—-2y
2 vy detected in the BGO + 1 proton in whole apparatus

2)n - 3n°
6 y detected in the BGO + 1 proton in whole apparatus

Nn-nt+n +n°
2 v detected in BGO + 1 proton + n* + 7~ in whole apparatus

for this last case:
IPp| |Pz+| IPr-| reconstructed from momentum conservation between Initial and Final State

Particles with NO hypothesis on the decaying meson

Measured quantities: => Beam Energy E,
p and n* angles (6p, @p) (On+, @p+) (On- , Pr-)
2y's energies and angles (Ey,,, 0y, ¢y,) (Ey,.0y,,®y,)
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Dy+p-n+p 22y+p 2Dj+p->n+p >6y+p
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2-body reaction completely defined by the meson reconstructed from the 2 y’s or 6 y ‘s in BGO and the
proton detected in whole apparatus.

Redundancy of Measured variables => Clean Event Selection by means of 2D Graphical Cuts
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Dy+p-on+p >ont+n +n+p
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Four Data taking periods with different po]

-

arized E, spectra

During each data period two different polarization planes
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«Standard» method for £ beam asymmetry extraction:

In case of One Data Taking period P with polarization P, = PL = PF

» For fixed (E g™ ) bins the number of polarized events normalized to the flux is modulated in "sin (2¢,)

m) (L + sin(2<pf,m) = +sin(2¢y)

NP d
= (35),p & @Nsc(1F P Z-sin(20y)) | “cos2(0y-

Since the detectio and recostruction efficiency £ (¢) can be assumed to be the same for the two polarization states

NP = MM P (e) - (1 Mq)n) +1+ W%)) = NlI])NP,norm x ZEP(('DH) I

UNP norm Ff_ FP

» For each (E,, 8£™) => The term P"Z can be extracted from an azimuthal fit of the ratio

P B
NP NE
FP Ff 1
+ + — :
=—=—=—(1FP"Zsin2p,))
N, NP NP 2 1
UNP,norm + —
P
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«Standard» method for £ beam asymmetry extraction (continued):

In case of a single period of data taking, but with P; # P~

In the ratio: NP
FJr 1, _ _
NP =3 (1 + ?1_';_2 Sm(2<p,7))
UNPnorm

1t 1s necessary to redefine the expression of the unpolarized term Nyyp ,orm because
P P
Y + X hasa dependence on sin(2¢).

F{ = FP
NUNP norm Nas to be defined as

the form Njyp norm=

2 NP NP
NUNP norm :PP+?P (:PP _++:PP _) = NUNP norm < ZEP ((pn)

It 1s simple to show that this quantity depends on ¢, only via the efficiency ef ((pn)
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X beam asymmetry extraction method considering several data taking periods

Different Polarization spectra for the two polarization states and several periods

For each (E,, 65™) bin we start from the ratio:

1) ZN-II—)l:norm 1(1_
Where:. | - Np P

» P, = i-th data taking period (1=1,2,3,4) UNPnorm

Pi
Ny
N + norm = 131' = yeld of polarized events, normalized to flux for the period P;
_I_

P; 2 NP p; NPt P; .
* Nunpnorm (Ey.00 @)= —5——; <? i + +P ) = Nynpnorm Ey, 05, @) x £71(¢)

I,_|_:P_l F l F l
Pi l
+ Zl ePi

= sum of polarizations weighted on the efficiencies of the respective periods

« NB ! PL= P, (@) =>the fit on the ratio 1) is not possible
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Y beam asymmetry extraction method considering several data periods (cont.)

. P; P: .
Since NUNP,norm < e i(e) :

the quantity P% can be extracted directly from data replacing the efficiency £ by NZ‘}VP,nO,,.m
\ 4
PipPi Pj Pj
P — Zi(g P, ) - Zi(NUNP,norm:P+ )
1 1" "UNPnorm

We still have the problem that P} depends on ¢, but it is possible to show that the behavior of P (¢)

i1s quite flat as function of the azimuthal angle ¢ for each (Ey, 05™)

Fantini Alessia - NSTAR 2024 17-21 June 2024 York 16



P

=P (@)

Unpol - CentrProton E_gamma=1250_1310- ThetaCM = 98_112FirstPeriod

vvvvli”lnnlunlnu

o A L
EED 900 50 ° 50 T 50
Phi Mason (deg)
Unpol - InlermProton E_gamma« 1250_1310- ThetaCM « 100_120Firs® eriod
o
03/
028
02
015,
01 -
Phi Meson (deg)
Unpol - CentrProton E_gamma=1490_1550- ThetaCM = 98_112F rstPerod
035 —rr—rr

%
_|_
_—I}:
_|.

Trises
Mea -0.1954
S Dev 1038

L 1 HE

lIII
§

)

— o
100 50 0 El 10 150
Phi Meson (deg)

°
o

025

TTTTTTT

02|

LAARNRRRRS|

R

Phi Meson (deg)

Unpol - CentProton E_gammas1250_1310- ThetaCM = 112_130FirstPeriod

Tre
n
Sii Dev
Q3]
025
02|
015 +——— _{‘__i__'—{_o—{— t
& T L L Ty e
=E =T == g G 700 ]
PH Moson (deg)
035
Sx Dev 10938
3]
025
a2
0.15]
s L " s
Siim—_ =L = T 0 TS
P Mason (deg)
Unpal - Cen¥Proton E_gammax1490_1550- ThetaCM = 112_130 FrstPeriod
S E L

Mean -001513
S Dev 1037

T

L L L L
50 100 150
P Mesan (deg)

Unpol - IntermProon E_gammas<1490_1550- ThetaCM = 120_1 30FirstPeriod

P Meson (deg)

Fantini Alessia - NSTAR 2024 17-21 June 2024 York

Unpol - CentrProton E_gamma=1310_1370- ThetaCM = 98_112FrstPeriod

0.15

]
r f |

a-
g
o
o
L
E

03]

M
nnluul_Frlnn]nn

Urpol - CenyProton E_gammas 1310_1370- ThetaCM « 112_130FrstPeriod

0
a3
028
B e e L T i By L
015
a1 — - ~
-150 -100 -50 0 50 100 150
P Meson (deg)
Urpol - IntermProton E_gamma«1310_1370- ThetaCM « 120_130FirstPeriod
03s T
Mean 0 0640
Sy Dev 1042
a3
02s

L e i e R o o iy

0.15| 015
0.ttty =t 4 ? & Sty =Th 4 ? % T iy
Phi Meson (deg) P Meson (deg)
Unpol - CentrProton E_gamma=1610_1670- ThetaCM = 98_112FirstPeriod Unpol - Cen¥Proton E_gammas1610_1670- ThetaCM = 112_130FrstPeriod
" -
Trdes o -
Mean o I o
Sui Dev. 1038 -
03] Q3p—
02sf—

N Aa e e S s

02|
0.15
01 ok o L L
-1%0 -100 50 0 %0 100

a2

lll

2
E
g
o
o
E

150
P Meson (deg)

Unpol - IntermProfon E_gamma=1610_1670- ThetaCM = 120_1 30FirstPeriod

A

Phi Meson (deg)

L J
T Ly I L

17



Y beam asymmetry extraction method considering several data periods (cont.)

. P; P: .
Since NUNP,norm < e i(e) :

the quantity P% can be extracted directly from data replacing the efficiency £ by Nf,‘}vp,norm
\ 4
PipPi Pj Pj
P — Zi(g P, ) - Zi(NUNP,normP+ )
1 1" "UNPnorm

We still have the problem that P’ depends on ¢, but it is possible to show that the behavior of P’ (¢) 1s quite

flat as function of the azimuthal angle ¢ for each (E,, 6;™)

¥
It is possible to make the average of P% all over the ¢ bins.
k
P* = Z(p P + ((P)
"N
P bins
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Z beam asymmetry extraction method considering several data periods (Cont.)

For each (Ey , Hﬁm) bin we can then obtain the £ beam asymmetry by:

1) extracting ?;Z from the azimuthal fit of the ratio: e L

Z + norm

3N,

UNP norm

=—(1 + P, ZSln(Zcp))

2) Dividing the value ?;Z by P}

2
M

Py

NB: Since we analyze several n decay channels: 1 — 2, n - 3n° - 6y, n-ont+n + Y

£Pi(¢) is the "global efficiency” = i.e the sum of the efficiencies of each channel

gPi((p) — gPi,Cl(q)) +€Pi,C2((p) + gPi,CB(<p)
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Azimuthal Fit of ratio };; Nfﬁwrm/ 2, iNZl}vp,norm

[p—
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Y. Beam Asxmmetrx Results gPreliminang
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Comparison with data from GRAAL-CLAS-CBELSA-LEP2
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Comparison between X extracted analizing 4 periods together or individually

Period 1 Period 2
Ey = 1370 + 1430 MeV P Pallines 1570 1430 | s POl 1570 1450
3 H =11 } 3
| All the 4 periods e B

l
e
.
i
-
Wi

Period 3 Period 4

PolPlus-PolMinus 13701430

o e b ok L ! M|
4 -

e
& -

E =1370-1430 MeV|

PolPlus-PolMinus 1370_1430

ﬁ;iii¥ '}.}{TT'}ii'}}

fit

_IllIIIIIIIIIlllIlllllllllllllllllllllll

lllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Fantini Alessia - NSTAR 2024 17-21 June 2024 York 23



Comparison between X extracted analizing 4 periods all together or individually

E, = 1610 +~ 1670 MeV Period 3 Period 2
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Summary & Conclusions

We extracted the Beam Asymmetry X for n photoproduction on the proton, with an
original technique which allows to analyze simultaneously data:

 With Different polarization Degree
« With Different Detection and Reconstruction Efficiency
* From Different Eta decay channel

 This technique permits to considerably i1mprove the statistics and opens the
possibility for us to analyze n photoproduction on neutron and n’ phoproduction on
proton.

« The work 1s in progress => systematic errors estimation & checks with
simulation, other two periods have to be analyzed for n photoproduction on the
proton and data taking is still in progress
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Y beam asymmetry extraction method considering different data periods




Y beam asymmetry extraction method considering different data periods




Y+p-on+p oat+n +a+p

2 y in BGO (°) + 1 proton in Centr/Interm Det t* n~ everywhere (most in BGOBarrel)

We miss the energies of pions and proton => apply momentum conservation along the three directions and

we get a system of three equations:

0 = pp sinbpcospp + E,, sinb, cosp_y, +E,, sinb, cosp,, + D SINO_+ coSQ + + Dy- SINO;-COSP -
0 = pp sinbpsingp + E, sind, sing, + E, sinb, sing,, + Do SINO + SiQ + + Dy SINO-SiNQ -
E, = ppcosbp +E, cosO, +E, cosO, +p.+cos + +p,-cos@-

Where:

- Measured quantities:

proton and charged pions angles (0P, P) (0nl onl) (0xl onl)
photons energies and angles (0y2¢y2) (0y2¢y2)

- Unknown quantities:

proton and charged pions momenta (pP, pnl , pn2)
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