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Outline

Constraints from S-Matrix principles:

® Unitarity

implemented in analysis

® Analyticity

not implemented in analysis
examples:Yp — 7™ P, Np

® N* trajectories
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;f Im Ej, (s, q°) = ZEéjt(s, 7°) i (8) 0(s — i)

S, = threshold channel n



Unitarity

T~ o~ — K S
A I | ImEzisq ZEﬁiSq{fEi )9

a

hadronic amplitudes as input



Unitarity

* KT +
T~ o~ — &

A ik ﬁ Im Eii $,q%) ZE& (s,q {f& )9

hadronic amplitudes as input

Possible solution of unitarity Ej:t (S, qz) — €pL (S, qz)fgl_J_ (S)

pole positions (mass & width)
do not change



Unitarity

T~ o~ — K S
A T Im Egi s,q%)

hadronic amplitudes as input

ZE& (s, ¢ {fei )9

Possible solution of unitarity Ej:t (S, q2) — €Ey+ (S, qz) 61:3 (S)

pole positions (mass & width) o,
do not change

1 (s,4°) = €01(0,¢%) polyn.(s)




Possible solution of unitarity

pole positions (mass & width)

do not change

Unitarity
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CLAS: Present & Future

Hadronic final Covered Covered Q?- Measured

state W-range, GeV | range, GeV? observables

otn 1.1-1.38 0.16-0.36 do/dQ
1.1-1.55 0.3-0.6 do/dQ
1.1-1.7 1.7-4.5 do/dQ, A,
1.6-2.0 1.8-4.5 do/dQ

1!°p 1.1-1.38 0.16-0.36 do/dQ
1.1-1.68 0.4-1.8 do/dQ, Ay, Ay Ay
1.1-1.39 3.0-6.0 do/dQ

np 1.5-2.3 0.2-3.1 do/dQ

K*A thresh-2.6 1.40-3.90 do/dQ

0.70-5.40 PO, P’

Hybrid Baryons

Search for hybrid baryons (qqqg) focusing on 0.05 GeV? < Q2 <

Run Group conditions:

E12-16-010 2.0 GeVZ?in mass range from 1.8 to 3 GeV in KA, N1, N1r
(A. D’Angelo, et al.)

KY Study N* structure for states that couple to KY through

Electroproduction | measurements of cross sections and polarization observables

E12-16-010A that will yield Q2 evolution of electrocoupling amplitudes at

Q2<7.0 GeV2 (D. Carman, et al.)

E, = 6.6 GeV, 50 days

E, = 8.8 GeV, 50 days
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Finite Energy Sum Rules

v=_(s—u)/2
Y X
A ) . A@i(t)+k > 4
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Can we predict the residues ?

X OB 2B [ § |
S oY

N v, (t) —+ k’ —+ 1 -
57; (t) = 5 (t’ k) Ai(t)+k 3

= Bi(t) + O(1/A)

VM et al (JPAC), in preparation 10
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SAID (R. Workman et al) used for the low energy models

effective residues almost k-independent

Good prediction of t-dependence at high energy

VM et al (JPAC), in preparation
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MAID (L. Tiator et al) used for the low energy models

effective residues not k-independent

Good prediction of t-dependence at high energy

VM et al (JPAC), in preparation
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input input
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Use high energy data to constraint
low energy models

FESR as a penalty in the fit
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Regge Trajectories

Unnatural parity J Natural parity
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N(1675) " 5/2 + % ,N(1680)
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N(1535) & ", ‘1/24+ A N(939)
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C. Fernandez-Ramirez et al (JPAC) in preparation 4



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 George Washington University Bonn University
o Adam Szczepaniak Professor o Ron Workman Professor o Misha Mikhasenko PhD student
o Geo.ffrey Fox Professor o Michael Doring Professor
o %mlhf P‘:issemarpfr’g;fessm University of Valencia
© ZlmLondergan rTolessor Universidad Nacional Autonoma de Mexico
o Vincent Mathieu Postdoctoral researcher o Astrid Hiller Blin PhD student
o Ina Lorenz Postdoctoral researcher o Cesar Fernandez-Ramirez Professor
o Andrew Jackura PhD student Ghent Universi ty

Jeff Lab Johannes Gutenberg University, Mainz

eiierson La o Jannes Nys PhD student
Danilkin Postdoctoral h

o Michael R. Pennington Professor o Igor i Fostdoctoral Teseareher
o Viktor Mokeev Professor
o Vladiszlav Pauk Postdoctoral researcher
o Alessandro Pilloni Postdoctoral researcher



INDIANA UNIVERSITY Jefferson Lab —

BLOOMINGTON OThomas Jefferson National Accelerator Facility S

Joint Physics Analysis Center

HOME PROJECTS PUBLICATIONS LINKS

U.S. DEPARTMENT OF * National Science

ENERGY | \: Foundation
2 4

JPAC acknowledges support from DOE and NSF

W (interactive webpage:

INDIANA UNIVERSITY

http://www.indiana.edu/~jpac/index.html )

Photoproduction:

1. High energy model for ' beam asymmetry photoproduction: vp — 'r)(') p page ¢
2. High energy model for n photoproduction: yp — 7p page |
3. High energy model for 0 photoproduction: yp — 0 P page '
4. High energy model for J /1) photoproduction: yp — J/4p page

4 Hadroproduction:

1. Pion-nucleon scattering:
o Amplitudes #IN — 7N amplitude page
o Finite energy sum rules 7N — /N FESR page

2. Kaon-nucleon scattering: KN — KN page

‘ . Light meson Decay:

1. n meson into three pions: 7 — 3 page
2. vector meson into three pions: w, ¢ — 37 page

I5
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Resources

Publication: [Nys16]

C/C++ observables: C-code main, Input file, C-code source, C-code header, Eta-MAID 2001 multipoles
C/C++ minimal script to calculate the amplitudes: C-code zip

Data: Dewire , Braunschweig

Contact person: Jannes Nys

Last update: November 2016 W/ p ; 77 p

© 0 0 0 0 ©

Run the code

E, inGeV 9

Ot cos

t in GeV? (min max step) -1 0 : 0.01
cos @ (min max step) 0.85 3| |1 ¢ 0.01

Start reset

Observable: photon beam asymmetry Observable: differential cross section
Download the the plot with Ox=t , the plot with Ox=cos . Download the the plot with Ox=t , the plot with Ox=cos .
gammap —> etap gammap —>etap
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