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OUTLINE

Why two-pion photoproduction?
CLAS Measurements
Theoretical Model:

— Resonant production

— Non-resonant production: Deck
Results

Further work and conclusions



Way Two-Pi1ON PHOTOPRODUCTION?

e Have previous measurements from CLAS6
e Measurements at CLAS12, GlueX

e Deck piece has applications to exotic ‘golden channel’:
T nATT

e T'wo-pion electroproduction?

e LEixtraction of pion electromagnetic form factor?



Two-Pi1oN PHOTOPRODUCTION




Two-Pi1oN PHOTOPRODUCTION

ki = |lac11_I | (sin Oy cos ¢y, sin Oy sin ¢y, cos Oy)
ko = —kq :




CLAS MEASUREMENT: TwoO-P1ON PHOTOPRODUCTION

E, € [3.0,3.8] GeV, t <€ [-0.4,1.0] GeV”

,— do
Wiar) = / A dtdm2dQH ReYra (Q7), (Yoo) =

Phys.Rev.D 80 (2009) 072005



CLAS MEASUREMENT: TwoO-P1ON PHOTOPRODUCTION

E, € [3.0,3.8] GeV, t <€ [-0.4,1.0] GeV”
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MESON RESONANCES < 1 GEV
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MESON RESONANCES < 1 GEV

f5(500) 1G(JPCy = 0t(0+ 1)

also known as o; was fy(600)

See the review on " Scalar Mesons below 1 GeV."”
Mass (T-Matrix Pole \/5) = (400-550)—i(200-350) MeV
Mass (Breit-Wigner) = 400 to 800 MeV
Full width (Breit-Wigner) = 100 to 800 MeV
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MESON RESONANCES < 1 GEV

f5(500) 1G(JPCy = 0t(0+ 1)

also known as o; was fy(600)

See the review on " Scalar Mesons below 1 GeV."”
Mass (T-Matrix Pole \/5) = (400-550)—i(200-350) MeV
Mass (Breit-Wigner) = 400 to 800 MeV
Full width (Breit-Wigner) = 100 to 800 MeV

5=7.00GeV? t = —0.75 GeV? s=7.00 GeVZ t = —0.45 GeV? 5 =7.09 GeV? t = —0.55 GeV?

o gl = | e
¢*“*"+ Ml ™ Y

0.04

0.4 0.6 0.8 1.0 12 14 0.4 0.6 0.8 1.0 12 14 04 06 08 10 12 11
miz (GeV) mi2 (GeV) my2 (GeV)

(Yao) (1b/GeV?)
(Yon) (ub/GeV?)
(Y11) (1b/GeV?)

p(770) 1P =1t~ )

See the review on " Spectroscopy of Light Meson Resonances.”
T-Matrix Pole /s = (761-765) — ¢ (71-74) MeV
Mass (Breit-Wigner) = 775.26 & 0.23 MeV
Full width (Breit-Wigner) = 149.1 &+ 0.8 MeV

R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)



MESON RESONANCES < 1 GEV

fo(500) 16(JPC) = 0r(0+ ) (980) 1G(PCY = ot (0t )
also known as o3 was fo(600) See the review on "Scalar Mesons below 1 GeV."
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MODEL OVERVIEW

e 2 — 3 dynamics built from known dynamics in
2 — 2 subchannels.

71 Resonances 7N Resonances



RESONANT PRODUCTION

e Effective Lagrangian: One particle exchange model

e Reggeize:
, E
L ey = LEem O (s (t)
» R (s,t) =
t —mé B sinraf(t) \ sg
e “Breit-Wignerize” :
1 d n(si2)
> S (812, 1 1 = 1
P m%{ Bw(S12,1) + poly(si2) M2 — 5 — imlyor (512) + poly(s12)
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PARTIAL WAVE AMPLITUDES

M)\1>\2>\»y (37 t7 512, QH) — Z Ml)\T)\Q)\,Y (87 ta SlZ)Ylm(QH)

A A
M—)\l, A2, — Ay — (_1)m 2T 1M>\1,)\2a>\
e Model is too rigid to describe data.

e Introduce free parameters ¢ for resonant pieces
(keep Deck fixed)

Mo xan, (8,1, s12,Qm) ZglmelMA (s,t, 512) Y ()

o 2+ 242 (fy(500), fo(980), background) + 6 + 6 (p, background) = 18

free parameters.



NON-RESONANT PRODUCTION: DECK MECHANISM

p(p1, A1) p(p2, A2)

Phys.Rev.D 92 (2015) 7, 074004

SAID Regge



NON-RESONANT PRODUCTION: DECK MECHANISM
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NON-RESONANT PRODUCTION: DECK MECHANISM

Phys.Rev.D 92 (2015) 7, 074004
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RESULTS (PRELIMINARY)

s =7.00GeV2, t = —0.45 GeV?
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RESULTS (PRELIMINARY)
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RESULTS (PRELIMINARY)
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RESULTS (PRELIMINARY)

s =T7.09 GeV?, t = —0.95 GeV?




RESULTS (PRELIMINARY)
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RESULTS (PRELIMINARY)
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PHOTOPRODUCTION @ s=17 GEV?

s =16.86 GeV?, t = —0.45 GeV?
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FURTHER WORK AND CONCLUSIONS

Results for other £, bins: results qualitatively the same
Can we provide an empirical parameterization of couplings?
Polarization observables

Angular moments in m,n

Deck for other final states: 7~ nA™TT etc

SDMEs for p, A

Two-pion electroproduction for F(Q?) determination?



ANGULAR MOMENTS

PHYSICAL REVIEW D 100, 054017 (2019)

Moments of angular distribution and beam asymmetries
in 2" photoproduction at GlueX

V. Mathieu,"”" M. Albaladejo,"" C. Ferndndez-Ramirez,” A. W. Jackura,*> M. Mikhasenko.®
A. Pilloni,”* and A. P. Szczepaniak'*’

(Joint Physics Analysis Center Collaboration)
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S-CHANNEL HeELICTY CONSERVATION

Mo, (5,1, 512) = /dQHYz*m(QH)M/\V\Q/\W (s,t, 512, m)
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(FAUGE INVARIANCE
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MODEL PARAMETERS

Model parameters not fit from data.

my = 0.5 GeV o =1.08

T =05 GeV off —0.2 GeV ™2
m, = 0.775 GeV ao =0.5

Fp = 0.149 GeV 041 —0.9 GeV_
miyg, = 0.99 GeV 0‘0 —0.55

'y, =0.2 GeV P —08 QeV 2



ANGULAR MOMENTS AND PARTIAL WAVES
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LIGHT MESON SPECTROSCOPY

Standard Model of Elementary Particles

three generations of matter interactions [ force carriers
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QUARKS

LEPTONS

LIGHT MESON SPECTROSCOPY
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