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OUTLINE

Mesons spectroscopy in QCD
Experimental status
Kinematics of two pseudoscalar photoproduction

Theoretical descriptions:
Background: Deck Model with Pumplin Prescription
Direct Resonances: Vector mesons

(Preliminary) Results



PHOTOPRODUCTION FOR HADRON SPECTROSCOPY

Photoproduction: clean probe for hadron spectroscopy.

High quality data at JLab, CERN SPS, ELSA, MAMI, and SPring-8
etc.

Including polarization data.

Photoproduction of pseudoscalars allows investigation of light meson
resonances.

Partial wave projection allows sensitivity to exotic quantum numbers.



m-n"): THE GOLDEN CHANNEL

Odd partial waves have exotic quantum numbers
Moments sensitive to these partial waves
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Figure 1: V. Mathieu et al., Phys. Rev. D 100 (2019) 54017




KINEMATICS OF TWO PION PHOTOPRODUCTION

We study the process v(pa) + p(pp) = 7 (p1) + 7 (p2) + p(p3)

Require 5 kinematical variables to
describe the process:

U by S=(pa+ Ph)z, si2=(p1 + pZ)Za

/ S3=(p2 + Ps)z, i = (Pa— P1)27
pa S12 5
o ts = (Pp— Ps)

s
Po or
P3 S23
K/\ s=(Patpo)’, si2=(p1+p),
t3

5= (pp— p3)°

and two angles 6, ¢ to specify
Helicity/GJ frames.



OVERVIEW OF MODEL

E, large: above resonance region, so minimal contribution from
s-channel nucleon resonances: currently neglect.

Continuum production

Resonant production.

Figure 2: Diagrams currently included in model: sum of continuum and resonant production
modes.



INTRODUCTION TO DECK MECHANISM

Also known as the Drell-S6ding mechanism

Imagine the process proceeds by diffractive process where photon
dissociates into a hadronic pair.

Reaction then proceeds via quasi elastic scattering.
Small #;: closest singularities
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GAUGE INVARIANCE: THE PUMPLIN PRESCRIPTION

PHYSICAL REVIEW D VOLUME 2, NUMBER 9 1 NOVEMBER 1970

Diffraction Dissociation and the Reaction yp — =t+=—p*

Jon PumpLIN
Stanford Linear Accelerator Cenler, Stanford University, Stanford, California 94305
(Received 6 April 1970)

The diffraction dissociation process for the reaction yp Ina 7r+7r p is analyzed in detail. Much of the analysns
is relevant to reactions initiated by hadrons. A for adding
(the “Séding term”) to p° production without double countmg and numerical calculations are presented.

Must include extra contact term e - C to ensure gauge invariance of
amplitude:

€u(Pa)(2P2 — pa)* . €u(Pa)(2p1 — Pa)* .

M, —e M_
Pa—p)2—m2 " pa—p2—m2
+ €u(Pa) C*

Pumplin prescription is C* = ¢(py, + p3)*, where c is a scalar

function. M M
i —iM_
= P 3)
Pa- (P + Ps)

iMDeck =e



ADVANTAGES OF DESCRIPTION

Allows one to relate 3 body final state to well known 7N elastic
scattering.

Wealth of data at low energies allows parameterization of amplitude
in terms of partial waves, ie SAID parameterization. R.L Workman et al.,
Phys.Rev.C 86 (2012) 035202

Extension of mIN scattering to high energies may be accomplished via
Regge Model. v. Mathieu et al., Phys. Rev. D 92 (2015) 074004

Code available: http://cgl.soic.indiana.edu/jpac/index.php
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SAID PARAMETERIZATION

Most general wIN scattering amplitude given by

IMy = ﬁ(pZ; >\2) |:A:|:(S*7 t*) + %(ﬂg + ﬂg)Bﬂ:(S*’ t*):| u(ph )‘1) (4)

Two body kinematics:

s =(p+ @) N ,
' =(p—p)° N

Must determine ‘correct’

kinematic variables to use when

embedded in photoproduction p(p1) p(p2)
amplitude.



OFF-SHELL PARAMETERIZATION

Assume scattering amplitude for elastic 7N scattering smooth
function of kinematic variables.

Make replacements

/\1/2(31'3: mIZV’ uj)

1/2(

2 2
$i3, My, mﬂ')

2«/8,'3
t —2m3 + 2E; E;
2|pillpil

LA
Ip3| =

cosf* =

Can think of this as scattering a pseudoscalar on the nucleon with
mass u; < 0



CONTINUUM MODEL (PRELIMINARY)

(Vi) = VA7 [ A0 0 Vi@, (o) = g (@)

dtds,

o === continuum
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RESONANT PRODUCTION

Currently take resonant production mechanism from szczurek et al., Phys. Rev.

D 71, (2005), 054005

For small 512, have large contribution from p°(770):

/
/

\\

Mies. = fMifAZ (5, ) Yi, ()| fow (512) (9)
P

VMD: relate vertex to MipA
1172



CONTINUUM + RESONANT MODEL (PRELIMINARY)

O = \/_/dndtdudﬂyw(m (Yoo) = Ly (10)

dtds»
o === continuum
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CONTINUUM + RESONANT MODEL (PRELIMINARY)

do
(Ying) = vVin / as dtdu T (@, (o) = 7= (10)

=== continuum

continuum+resonant

Battaglieri et al. (The
CLAS Collaboration),
Phys.Rev.D 80 (2009)
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SUMMARY AND OUTLOOK

Final state interactions (-7 rescattering).
Understand other moments.

Extra resonances?



BACKUP SLIDES



ANALYTICITY, CROSSING

Consider 2 — 2 process, pl? = m?. Ignore complications due to spin

etc.

S=1+iT

(p1, P2| iT |pas pp) = (270)*6(Pa+ Pp — p1 — P2)iM(s, 1) (11)

a2 — 1b iM(S, t)
A
S\
al — b2 ab — 12

Pp p2



GoOD DESCRIPTION OF PARTIAL WAVES

Bibrzycki et al., Phys. Lett. B 789 (2019)

— Deck+FSl+short range
-+ contact term
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BACKWARD SCATTERING



BACKWARD DOUBLE P1ON PHOTOPRODUCTION

Seek to apply Deck Model to backwards angle scattering
Backwards angle = large negative f», and small negative u.
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APPLYING DECK

Large s, small # =—> Regge exchange in u-channel.

Nucleon pole term leads to Deck description:

v(p1) 7 (p1)
- 7 (p2) ~ Lo
p(pp) p(ps) Tt

Need a model for the lower vertex.
Ideally use mIN amplitudes.
But! Kinematic regions incompatible (s* < 0, £* > 0)



Instead, propose to start from pp — nw
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Amplitude is

LA AR

Mian, = eeu(pa el es, 30|

x (Ai(s*, ) + %(y)1 — p,)BL(s", t*)) u(Pp, Ap)

where, ie
= (pl + p2>2 = Mgy
This study is ongoing



