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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.

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

(o)
o6

mesons baryons

tetraquark  pentaquark
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Introduction- Hybrid Mesons

e Certain sets of quantum numbers cannot be formed from a
quark and antiquark pair, such as:
JPC =070, 17,2 ...

e These quantum numbers can be reached if excitations of the
gluonic fields contribute.
e These mesons are known as hybrid mesons.

hybrid meson
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Motivation and research problem

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 y + p — nr + p at JLab, and
due to the fact that there are a lot of experimental data for the double
pion photoproduction.

= which makes studying such process easier and gives us a
better understanding of the photoproduction processes.
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Double pion photoproduction - Methodology

Deck Mechanism :
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Figure: Diagrams for the pion photoproduction (Deck Mechanism)

€, : photon polarization vector,

q: photon momentum vector,

p1, p2 : momentum vector of initial and recoiling proton respectively,
ki1,k; : momentum vector of 7t and 7~ respectively.
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Methodology

Deck Mechanism :

Figure: Relevant Mandelstam variables

s=(p1+9)°,
t=(p1-p2),
si2 = (ki +ko)?,
523 = (ky + p2)°,

Sab = (q + p2)*.
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Methodology

Deck Mechanism :
Our photoproduction amplitude can be written as:

. k
6/1k1T €1. 2T++E/l(171 Pz)(

M=e
q.kq q.k q.(p1+p2)

)|, (6

where T* corresponds for 7tp — #~p while T~ represents 77 p —
ntp.

Note that M = 0 when replacing €; by g. This means that our
amplitude is Guage inveariant.
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Methodology

Frames:

Yycs =yn

GJ frame _ .2, Helicity frame
7

< TH
G L» ZH

Py = IpilGsin61,0,cos8 01 E1) ;5 p§’ = |pil(=sin6y,0,cos 013 Er) (7)
Py = p51(0,0,-1;E») ; pS’ = p>l(~sin 62,0, cos 62; E2) (8)
" = |g\(~sin6,,0,cos 6, E,) ; % =141(0,0, 1; E,) 9)
kf = kfj = Ikil(sinecos ¢, sin @sin ¢, cos ; w) (10)
K = kG) — _pH = _}G/ 11)
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Methodology

Pion-proton scattering:

L k2 .
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Figure: Feynman diagram for 77 p — n7p

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

o _ 1 _
Ty =u)p2) |[A™ + 57;4(6] — ki + koY'B™ [ ua(p1), (12)
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Methodology

Pion-proton scattering:
Similarly for the positive exchanged pion:

Ty = ia(p2)

1
A + =yu(q — k2 + k)BT lua(pr), (13)
2

Where A and B are scalar functions, u,(p;) and u,(p,) are the spinors
of the incoming and outgoing protons respectively.
In the 7N center of mass frame the t-channel A and B defined as

follows:
1, Ns+my . s—-m,
AT = + +pf1__ - 7pf2_’ (14)
ViV Z1 22 Z1 22
1 1 1
—B* = * x 15
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Pion-proton scattering

Where f; and f, are called the reduced helicity amplitudes, Zl.i =
vEi £ m,. The partial wave decomposition:

1 (o]
fi= P12l Zf”(s)P;H(COS 0) - \/|P1|—22ﬁ (5)P]_,(cos ),
=0 1=
(16)
1 (o8]
2= il |Z[ﬁ—(S)—ﬁ+<s)]P;(cos9). (47)
P21 =1
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Analysis of A and B amplitudes

Open Question:
Dealing with an onshell pions, it's known that:
e Pj(cos ) diverge like cos 6 ~ 1/(¢?)" for large cos 6.
e It is expected that our threshold will be finite, i.e. the cos o
found in the Legendre polynomial is cancelled by a similar fac-
tor of (¢)" in the amplitudes f;*.
=» Do we need an additional factor to ensure this cancelation
continues in the offshell case?
=» What is the correct momentum dependence of such factor?
We tried the following two options:

_ (Poril\!
~ \Pon|

_ (1Pottl\1+3
~ \Ponl

1

R,
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Threshold Correction
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Figure: A* amplitude for (L = 1) with onshell pion, offshell pion of
virtuality z, = —0.1GeV? in all cases i.e. with and without the different
factor options; solid lines: Real, dashed lines: Imaginary.
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Differential Cross Section

The differential cross section is given as:

do

G5 d0dD 1(Q,0) = I"(Q) + I(Q) - P,(D) (20)

where Q = (6, ¢) and the intensity vector is defined as:

K *
Q) = 3 Z Mg, QM 1, (Q) (21)
A,A1,A2
K *
Q) = 3 Z Mg (DM, 1, (Q) (22)
A,41,42
K "
lz(g):z5 D AM @M, 4, (@) (23)
A,41,42

where 0 < P, < 1 is the degree of linear polarization of the photon
beam.
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The phase space factor « is:

11 11”2('% ", mz) I

V78

73 2 9"

The Moments of angular distributions can be defined as:
1 T 21 21
HY(L,M) = > f sin 6d6 f de f dDI(Q, D)d%,,(6) cos Mg
T Jo 0 0
(25)

1 T 27 27
HI(L,M) = Ff sin@d@f dgbf ddI(Q, CD)dzll‘,[O(G) cos M@ cos 20
y Jo 0 0
(26)

*Aa, b, c) = a® + b* + 2 — 2(ab + bc + ca)
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Helicity frame
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Figure: 7*t7~ Moments with E

= 8.5GeV? in-both,frames.
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e Search for hybrid mesons gives a greater insight into how quarks
and gluons bind to form such states and hence increase our
understanding of the fundamental strong force. gluon and ori-
gin of confinement which is crucial to complete our picture of
strong interactions.

e We desribed the methodology used in studying double pion
photoproduction process and computing the differential cross
section as well as the Moments of 772~ angular distributions
for different LM in two frames.

e ltis still an open debate if we really need to include a correction
factor to our partial waves for virtual pion-proton scattering, and
what is the correct momentum dependence that we have to use
if this is the case?

Nadine Hammoud IFJ-PAS ICHEP 2022,Jul 6-13, Bologna, Italy



Current Work

In the meantime we are working on adding the P wave(Pomeron
and f>» exchange) amplitude to the photoproduction amplitude. T
The P wave amplitude can be defined as:

1
Avag = - B P BW (i )R(s, D(pa, L)y u(pr, v, (27)

Where v! = k,e'.(ki — kp) — q.(k; — ka)et, and k = k; + kp. The
Breit-Wigner and Regge propagator are given by:
1

BW(my,) = 28
() m% —m2, — imyly (28)
1+ €70 g a0
R(s,t) = ————(— H=1.08+0.2r H=05+009¢
(5, ) sin(ra(t)) so) ap(f) - ap, (1)

(29)
We used the following constants:¥
g =596 B =2506 Bp=3.6 ,BJZZP =2.476 By =0.55 5o = 1GeV?
tarXiv:hep-ph/0304007
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Threshold Correction
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Figure: A~ amplitude for (L = 1) with onshell pion, offshell pion of
virtuality ¢, = —0.1GeV? in all cases i.e. with and without the different
factor options; solid lines: Real, dashed lines: Imaginary.
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Results-Moments
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Figure: Moment of the #* x~ angular distribution with E, = 8.5GeV? for
LM = (10) in both frames where H° is in red while H' is in blue .
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Results-Moments
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Figure: Moment of the #* #~ angular distribution with E, = 8.5GeV? for
LM = (11) in both frames where H° is in red while H' is in blue .
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Results-Moments
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Figure: Moment of the #* x~ angular distribution with E, = 8.5GeV? for
LM = (21) in both frames where H° is in red while H' is in blue .
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Results-Moments
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Figure: Moment of the n* x~ angular distribution with E, = 8.5GeV?
forLM = (22) in both frames where H® is in red while H' is in blue .
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