INFN
2 PION QUASI-REAL PHOTOPRODUCTION ANALYSIS AT CLAS12

Marco Filippini
University of Messina & INFN Catania Jefferson Lab

The study of hadron spectroscopy and nucleon resonance structure has entered a new precision era with the 12 GeV upgrade at
J effers.on Lab. The. CLAS 12 detector, a large-acceptance spectrometer in Hall B, provides efficient charged and neutral particle CLAS12 Detectors:
detection over a wide solid angle. B - Central Detector (CD)

PN A7 2 - Forward Detector (FD)
We present a preliminary analysis of the exclusive quasi-real 2 pion photoproduction, from the reaction ep — epzr'r~ where the WX : - Forward Tagger (FT)
virtuality of the exchanged photon Q* — 0. This is needed to understand the mechanisms responsible for production of meson W~ F A
resonances decaying into two pions. The goal of the analysis is the extraction of the differential cross sections and moments of the 1= \ .
vp — m'w p reaction. Selecting the properly kinematic range of the two-pion invariant mass and momentum transfer reveals some R Y 4 k. NP
resonances like the p(770) and the £,(1270). i B Bl =)
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Photoproduction 1s the process where a photon interacts with a target hadron (like a proton or nucleus), typically producing new m;_;i'| =mui
hadrons. The critical parameter 1s the photon's virtuality, which measures how far the photon is from being a real, massless & || T ‘f -7 1= CLASI2 Magnets:
particle. J p “’ | ’ J { - Torus (0.5-10 GeV)
= 1L L L =1 ]L = - Solenoid(0.3-1.5 GeV)
A real photon (Q?=0) has only transverse polarizations. N ”
Parameter Value
The quasi-real regime is defined by Q?=0 but not exactly zero. This situation arises naturally when a fast charged particle (e.g., an Charged tracks:
electron or proton) emits a photon with very low transverse momentum. The photon 1s a/most on-shell. Polar angular range (6) 8° to 140° Range Resolulion
Polar angular resolution (46) ~ 1 mr
Azimuthal angular resolution (d¢) ~ 4 mr Ee 0.5 - 4.5 GeV 2%/+/Ee (GeV) & 1%
Momentum resolution (6p/p) ~ 1% 0, 2.5° - 4.5 1.7 %
Neutral particles: Dol 0° - 360° 9 ]°
| | | | Polar angular range (9) 8° to 45 E, 65-105 CoV 09-014%
Quantum Chromodynamics (QCD) describes the strong interaction, where quarks and gluons are confined Energy/momentum resolution ~0.1//(E) Q% [ 0.01-03 GeV? (< 02 >~ 0.1GeV?)
into color-neutral hadrons. Particle identification: e —
T/p < 3.5 GeV/c
K/ < 2.0 GeV/c Same physics of quasi-real photoproduction

Hadron spectroscopy studies the excitation spectra of these hadrons, providing a critical test of QCD in the

non-perturbative regime.

By measuring production cross sections and decay angular distributions, we can identify resonant states and

their quantum numbers. - - - : : : :
q _— COLOR CHARGES The anaysis consists of looking for known meson resonances and extracting their production cross section.
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Meson spectroscopy provides a direct window into the non-perturbative regime of QCD, where quarks and Focus on the resonances p~(770) and 1,(1270). o 03
gluons are confined into hadrons. E |
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These measurements also help to identify excited states, radial excitations, and potentially exotic mesons
(hybrids, glueballs) that lie beyond the simple quark-antiquark picture.

The best way 1s extracting a set of observables called “moments”, that allows to enhance the spin of individual
Ultimately, precise cross sections and partial wave amplitudes from CLAS12 data will constrain the resonances.

spectrum of QCD and guide future theoretical developments.
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