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Introduction and Motivation
Double pion photoproduction:
e Model description:
e Deck Model
e pion-proton Scattering
e Resonance Production

o Differential cross Section
e Moments of angular destribution

Summary
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Introduction-Ordinary and Exotic Hadrons

According to quark models, quarks can be organized as triplets to
form Baryons and ¢g pairs to form Mesons.

=» However the QCD predict that other kind of resonances could
be formed i.e. multi-quarks configurations such as tetraquarks and

pentaquarks.
@

mesons baryons

tetraquark  pentaquark
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Introduction- Hybrid Mesons

hybrid meson

The gluonic field excitations

\
Certain sets of quantum numbers cannot be formed from a quark
and antiquark pair, such as:

JPC =070, 17, 2.,
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Searching for exotic mesons allows us to:
e confirm the theory of quantum chromodynamics,

e gain a better understanding of the fundamental quark-antiquark
interactions,

e understand the role of gluons and the origin of confinement,nucleon
mass.etc..

Hybrids can be photproduced through v + p — nr + p at JLab.

= Our main motivation is to understand the non exotic chan-
nel 7w because without this we can not proceed to the exotic
channels. So we are focusing on computing distributions and
moments of the nr photoproduction.
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Model Description

Deck Mechanism :
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Figure: The Deck Mechanism for two pion photoproduction. Note that
either charged pions may couple with the incoming photon.
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Model Description
For y(q, 1)) + p(p1, 21) — 7" (k1) + 7~ (k2) + p(p2, A2).

(g, Ae) (k1)

p(p1.21) P(p2. A2)
Figure: Kinematics

We have worked with the following kinematic invariants:

s=(1+9)7, (1)
si = (ki + p2)?, 2)
t=(p1—p2)%, 3)
s12 = (ki + ka)?. (4)
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Model Description- Deck Model

The Deck Model amplitude can be written as:

€(q, Ag) - k
M/?le/?zk/lq(s’ 1,812, Q) = e[ q—qﬂ(tZ)T/ll/lz(slet t2)

N (g, q)

(5)
BT o210

Where S(t;) = exp((tz — 1" /A2), Az = 0.9GeV, t, = (q — k;)* and

1
" = mj - —[(s —mp)(s — 53+ m3) — A'3(s,0,m N (s, 52, m,%)],

2s
(6)
1
N = m2 — 2—[(s - mlz,)(s — 51 +m2) — A2(s,0, mlz,)/ll/z(s,sl, m,zr)]
s
(7)

where A(a, b, ¢) = a* + b* + ¢* — 2(ab + bc + ca).
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Deck Model

Momentum-vectors in the Helicity and Gottfried-Jackson (GJ)

Frames:
Py =piIGsin61,0,co801) 5 py’ = |pil(=sin6y,0,co86;)  (8)
Py = Ip31(0,0,-1) : Py =1p5l(—sin6,,0,cos6;)  (9)
= 141(~ sin6,,0,cos6,) ; g% =141(0,0,1) (10)
kllq = |k_;|(sin0Hcos ¢H sin 67 sin¢H cos @) = —kH (11)
kGJ |k1|(sm 6% cos %, sin 6% sin ¢, cos 897 = kGJ (12)

GJ frame AT Helicity frame
, Y ® |
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Pion-proton Scattering:

g k2 .
a— k1l ~
~ Fs
/Q\
pl p2

Figure: Feynman diagram for 77p — n7p

Assuming that the intermediate pion is offshell, then the pion-proton
scattering amplitude will read:

L _ 1 _
T,l = u/l(pZ) A (S, t’ tﬂ') + E'y/x(q_kl +k2)ﬂB (S, t’ tﬂ') u/l(pl)’ (13)

where t; = (g — k)
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Pion-proton Scattering:

Similarly for the positive exchanged pion:

1
T,T = ﬁ/l(PZ) [A+(S, 1, tﬂ') + Ey#(q - k2 + kl)yB+(S, t, tﬂ)] u/l(pl)a (14)

where t; = (¢ — k).
In the 7N center of mass frame the t-channel A and B defined as

follows:
1, Ns+my . s—-m,
AT = + +pf1__ - —pfl_’ (15)
ViV Z] Z2 Zl 22
(IR T B
iy » o + _ x. 16

Where f and f; are called the reduced helicity amplitudes, Z* =

\VE; +myp.
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Pion-proton scattering

The partial wave decomposition:

(o)

1
Zfl+(S)Pl+1( 0) - fi-(5)P]_(cos6),

fi=
o V|171||I72| 1=2
(17)

V|I71||Pz

fr= Z[ﬁ (5) = fi+ (9)1P](cos 6). (18)
\/|I71|IP2

The scalar functions A and B in our case depends on the pion virtu-

ality, in which it enters in Z; and hence P, since

Si— I+ mlz,
Ej=——— 19
e (19)
Also our scattering angle is proportional to the virtuality as follows:

2si(t = 2m2) + (s; — ty + m2)(s; — mizr +my)
P L 4 (20)

At b m2) JAGsi, 2 )
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Resonance Production:

Adding the P wave to our amplitude i.e. the p resonance which
comes as a result of the exchange of both pomeron and f>. *
The amplitude can be defined as:

-1
M/F{’/ll’/b = Tgp”ﬁzlpeBNZBW(mnn)R(sa Di(p2, )y u(p, /11)1/:1 (21)

Where v = kyet - (k) — ko) — q - (ki — ko)et, and k = ki + ky.
The Regge propagator is given by:

_ ay(t) 1 + e™n® g ay)
Rs.0 = ) smta®) \so) (22)

with the following linear trajectories for both pomeron and f, ex-
hanges:
ap(t) = 1.08 + 0.2t (23)
ap () =0.5+0.9¢ (24)

*https://doi.org/10.1103/PhysRevD.97.094003
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Resonance Production:

We used the energy dependent width BW distribution:

1 s —4m2 \312
BW(s) = ————— with  T(s) = (2—”2) (25)
mg — My, — im,I'(s) m= — 4my

We also used the following constants:T

8on =596 B =2506 Pp=36 B =247 B, =055 so=1 GeV?
(26)

10

0.5 1.0 1.5 2.0
s12 (GeV?)

Thttp://cgl.soic.indiana.edu/jpac/sdme.php
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Differential Cross Section

The P-wave differential cross section can be written as:

00 l
do 1 - 2
=Sk Y| D M s V@) @)
nx A2 A 120 m=—1
where

11 1 AY2%(s10,m2,m2) 1
K= —— —.
(27m)3 47 27w 16 +[s12(s — m?2)2 2

(28)

Thus we obtain:

max

l
doy 12 1 I 2
— = E j;n  dimgy E(27r)/< § MR 1,0, (55 15 512)l (29)

n

m=—1 nm /lq/ll/lz
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Differential Cross Section
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Figure: Differential cross section for P-wave (I = 1), Deck and the full
Model in the M,, range 0.4 — 1.2 GeV and beam energy E, = 3.4 GeV
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IMPROVING OUR MODEL:

Modifying -dependence of the Model:

-1
M= — o8N BW (myr)R(s, D(pa, 12)y u(py, A1)« (30)
Hence total P-wave amplitude can be written as:

M = MpeP' + My, ((1 - ©FP%' + e’ (31)

By=36. B, =055 B =-020923732,  e=1.3710881
(32)
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UPDATED Differential Cross Section

do/dt (ub/GeV?)

—_
L
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Figure: Differential cross section for our improved model in the M, range
0.4 — 1.2 GeV and beam energy E, = 3.4 GeV
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Moments of Angular Distribution

We used the following moments convention*

Yim(s, b, meg) = Van f dQ ——Re Y u(Q), (33)

dQ

this normalization ensures that

do
dtdmy,

YOO(S’ f, mmr) = (34)

One can use the other definition of the moments given in [Phys.Rev.D
100, 054017], they are related to the above definition via

Yiu = 2nV2L + 1HY,,

+arXiv:0907.1021 [hep-ex]
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Moments of Angular Distribution
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Figure: Comparing the prediction of JPAC model with experimental data

from Ballam and CLAS.

Nadine Hammoud IFJ-PAS

eQCD Oct 23-29,2022,

Oct 24, 2022

icily, Italy



We have presented:

e the definition of our model which composed of two mecha-
nisms i.e Deck model arises from diffractive scattering of pho-
ton on the target proton via one pion exchange and the p res-
onance production piece.

e the computation of both Deck and the P wave contribution am-
plitudes.

e the calculations of P- wave differential cross section of Deck
model, p resonance (pomeron +f;) as well as the full model.

e We also showed some results of the moments of angular dis-
tribution at different momentum transfer r.
Currently we are calculating all the remaining moments and
comparing it with the data. We also are in the last steps of
finalizing our paper to be published soon. So stay tuned!
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