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Motivation: The Factorization Hypothesis

Photoproduction of mesons at £, = 6 — 12 GeV

Study photoproduction of mesons
Search for exotic resonances

Special interest in mesons:

Does the target decouple at JLab energies ?
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Production of ‘Exotica’

In photoproduction, the production of 1 JY¢J1¢ —1-T1—
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3 start by photoproduction of pions



Factorization

Y PC
> )\Z — s-channel helicity of particle i

Trajectory
Ap Ay

Angular momentum conservation for the reaction implies:
—ima(t)
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Factorization

Y PC
Ay ESEDYY

> )\Z — s-channel helicity of particle i

Trajectory
Ap Ay

Angular momentum conservation for the reaction implies:
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Factorization implies angular mom, conservation at each vertex:
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Production: A Simple Example

, resonances ?

exchange

pP— > p

'

simple form for production
via Regge exchange

A o B(t)s*®)

s = c.-of-mass energy squared
t = mom. transfered squared



Production: A Simple Example

, resonances ?
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Effective Trajectory

A x B(t)s*®)
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Effective Trajectory
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Effective Trajectory
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7 m 0 diff cross section [SLAC Anderson et al. 1971
-~ 70 200 ]
YT
1.00} e 6GeV b
0.70} s 9GeV ¢ 4\
p p (_]g\ 0.50F e 12 GeV ,4,3::\“"’_
> 030 e 15GeV P
Q 020} fY A
; 2 0.15¢ . . . g 78/
o 2 2 0.10 ¢ i
E =0 + O-H — |IO - w| T |b - h‘ g ' 8 f 5 . ¢ . /{//:/
5 et e i
=) ' -~ '; ¢ i ”Il
2 2 ”’¢ ’ f i \‘ § "’l'l'l
s _ Lo _ p+wl®— |b+ h P By ~Iag S
- O-J_ _|_ O-” B ‘p —I_ W‘Q _|_ ‘b —|_ h|2 lf’,.,. L1 /’.,’.”1 TP e M |\\\ \\\ ) n.':n"l':" ......
14 -12 -10 -08 -06 -04 -02 00
t (GeV?)
. 2 *
both have dip at tg ~ —0.5 GeV 1o % ; % ﬁ *
pe(t) ~0.5+1 <08 % ¢ k i +
>
Xp.w (tO) =0 S o6l +
ol
i S 04!
Impose wrong signature zero 5 X ggg
)\ 0.2 * 10 GeV
A ~NAT AlO j
— 11 X ¥ t —1 , ,
Ay = A1 XaB)(Vot) o peamasymmery +




diff cross section [Anderson et al. 1971]
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Beam Asymmetries @ GlueX
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same production as
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Beam Asymmetries @ GlueX
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Beam Asymmetries @ GlueX
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Beam Asymmetries @ GlueX
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Beam Asymmetries @ GlueX
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strange exchanges contribution

blue and green models represent
the estimation of systematic errors

GlueX Preliminary results expected at the
APS meeting (October 25-27th 2017)

VM et al. (JPAC) arXiv:1704.07684



Beam Asymmetries @ GlueX
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Pion dominate very small || :
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Pion dominate very small |t| : [Boyarski et al. 1968]
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Courtesy of J. Nys
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Courtesy of J. Nys
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Fta-Pi @COMPASS
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Fta-Pi @COMPASS
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COMPASS PLB740 (2015) Eta-Pi@COMPASS

A. Jackura et al (JPAC) and COMPASS,
arXiv:1707.02848
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COMPASS PLB740 (2015)

A. Jackura et al (JPAC) and COMPASS,

arXiv:1707.02848
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COMPASS PLB740 (2015)

A. Jackura et al (JPAC) and COMPASS,

arXiv:1707.02848
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Eta-PI@COMPASS  “f
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Finite Energy Sum Rules

Cauchy contour

7{} A(v.t)dy = 0
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High energy: Regge
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Let’'s compare both side of the sum rule
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Combined Fit of FESR and Observables

00 02 04 0.6 038 0
Vet (GeV)
104 ) A
do(x n)/do(="p)
— 34GeV
osl — 5GeV
08
04k
00 02 04 0% 08 10
Va1 (GeV)
1+
0.5k
01
001}
o001}
00 02 oA 0.6 08 0

YN — N

VM et al (JPAC) in preparation

020¢
0.15
0.10
005
000
005}
-0.10¢

00

04

03

02H

0.aF
0on

-0.1

00

1 A

A3 g

02

04
V=t (

056
GeV)

08

1.0

» 8

o.10f :
0.08| [

0.0

i

~01k
0.0 . 10
V=1 (GeV)
577k
04 k=2 (a'l)
N
02} / \\
/ 5
00
1
-02H
00 02 04 06 08 10
V=1 (GeV)

Aa(t)—l—l

Im A(v, t)v’dv = S(t)

a(t) + 4



Future Projects
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vp — p’p

T Use beam polarization to extract

~y spin density matrix elements:
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Blue line: Predictions from VM et al
Phys. Rev. D92 074013
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Extracting Resonance Properties

amplitude analysis

constituent models,
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. DSEq..

E—— s s —— s

N Parametrizing data constrained
interpretation by S-Matrix principles:

® unitarity

® crossing symmetry

® analyticity

N ———————— S ——————— - e

Joint Physics Analysis Center

\4

Review of Particle Physics

(masses, widths
and couplings)



THE GEORGE
INDIANA UNIVERSITY  Jefferson Lab DNERSITY

BLOOMINGTON ®Thomas Jefferson National Accelerator Facility

WASHINGTON, DC

Joint Physics Analysis Center

HOME PROJECTS PUBLICATIONS LINKS

U.S. DEPARTMENT OF * National Science

E N E RGY : Foundation

'»-‘*\

JPAC acknowledges support from DOE and NSF

W (interactive webpage:

http://www.indiana.edu/~jpac/index.htm|

-

INDIANA UNIVERSITY

Indiana University Universidad Nacional Autonoma de Mexico  George Washington University

o Adam Szczepaniak Professor o Cesar Fernandez-Ramirez Professor o Ron Workman Professor

o Geoffrey Fox Professor o Michael Doring Professor

o Emilie Passemar Professor Johannes Gutenberg University, Mainz

o Tim Londergan Professor

o Ina Lorenz Postdoctoral researcher o Igor Danilkin Postdoctoral researcher . .

o Andrew Jackura PhD student o Astrid Hiller Blin Postdoctoral researcher Bonn University

Misha Mikhasenko PhD student

Jefferson Lab ° a asento FALT studen

> Michosl B, Pennington Profsssor Murcia University Ghent University

o Viktor Mokeev Professor . "

o Vitopint Mathion Poskinctoual taseaiiies o Miguel Albaladejo Postdoctoral researcher o Jannes Nys PhD student

o Alessandro Pilloni Postdoctoral researcher



THE GEORGE
INDIANA UNIVERSITY  Jefferson Lab DNERSITY

BLOOMINGTON ®Thomas Jefferson National Accelerator Facility

WASHINGTON, DC

Joint Physics Analysis Center

HOME PROJECTS PUBLICATIONS LINKS

U.S. DEPARTMENT OF * National Science

E N E RGY : Foundation

'»-‘*\

JPAC acknowledges support from DOE and NSF

W (interactive webpage:

http://www.indiana.edu/~jpac/index.htm|

-

INDIANA UNIVERSITY

Photoproduction:

Indiana University ashington University

¢ 1. High energy model for y beam asymmetry photoproduction: yp — n(') p page | '
Adam Szczepaniak Prof 2. High energy model for 7 photoproduction: yp — 7p page o oo

o

o Geoffrey Fox Professor 3. H@gh energy model for 7! photoproductiop: Yp — 0 P page kael Doring Professor
o Emilie Passemar Profess 4. High energy model for J /4 photoproduction: yp — J/¢p page v

o Tim Londergan Profess i

o Ina Lorenz Postdoctoralj Hadroproduction: :

o Andrew Jackura PhD s§ niversity

4 1. Pion-nucleon scattering:
Jeff Lab [ o Amplitudes 7N — 7N amplitude page tha Mikhasenko PhD student
clierson La 3 o Finite energy sum rules 7N — N FESR page 4

o Michael R. Penning ton 2. Kaon-nucleon scattering: KN — KN page | niversity
o Viktor Mokeev Profess@ y ; 5
# Light meson Decay: ‘
o Vincent Mathieu Postdg igh y nes Nys PhD student
o

Alessandro Pilloni Post§ 1. 7 meson into three pions: 7 — 37 page
' 2. vector meson into three pions: w, ¢ — 37 page



Collaborations

YD — TP PRDS80, PRL102 (2009)

<
clas#| cLasi2

HASPECT (HAdron SPEctroscopy CenTer)
M. Battaglieri et al.

YD — KKp under CLAS review

YD — 7T0p, NP  PRC95 (2017)

J. Stevens et al. Yp — wWp
vp — A

T D —NT P arXiv:1707.02848

M. Mikhasenko et al. n

T PpP— T W' T P

T. Skwarnicki et al. Ay — J/YK ™ p

32



‘Intera tive webpage:

http://www.indiana.edu/~jpac/index.htm| |

INDIANA UNIVERSITY

Upload your partial waves: Choose File no file selected

Or choose a model: @ SAID  JuBo BnGo ' KH80 ' ANL-O

Range of ¢ in GeVZ: min= -1.0 :  max= 0.0
Cutoff: E{:g" = 2.00 : GeV
Moments: kl= o . k2= 2 .

Regge parameters [show/hide]

Start

nu*B~{+} nu*B~{-}
100
| LHS kK1 ———
' RHS k1 ===~
80 - LHS k2 ——
' RHS k2 ===~

60

I ! T ! N

40 |

20 -

mFm.GeV~™2
mFm.GeV"™2

-1 -0.8 -0.6 -04 -0.2 0
t (GeV™2) t (GeV™2)



Wednesday AM

Spectroscopy of Mesons
Tensor resonances in 7’]7'(' using COMPASS data

R

Monday PM
Analysis Tools

R

TTu esday PM ]
Bayesian Analysis of H

Ana IySIS TOOIS Photoproduction Reactions ’
&resonance -like phenomenon 1 ( 142%

% Monday PM

Tuesday PM Analysis Tools
POSte r §| Covariant and helicity

q sess | on 4 | formalisms
Peripheral transverse

h densities of the baryon octet
from ChPT and dispersion
analysis

———

——

Tuesday PM

4l Spect. Mesons

Three-body decays of
quarkonium states at BABAR

rDWednesday AM
1‘ Exotic states

Multiquark states

Monday PM

Spectroscopy of Baryons
Regge phenomenology and the nature of the A(14()5) resonance




