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Joint Physics Analysis Center

•JPAC: theory, phenomenology and analysis 
tools in support of experimental data from 
JLab12 and other accelerator laboratories.

•Contribute to education of new generation 
of practitioners in physics of strong 
interactions. 

•In this talk : JPAC’s role in spectroscopy 
analysis and some “exotic” physics 
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Identifying resonances 

• Experimental or lattice signatures  
(real axis data: cross section bumps 
and dips, energy levels)  

• Theoretical signatures (complex 
plane singularities: poles, cusps)   

• What is the interpretation 
(constituent quarks, molecules, …) ? 
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Signatures of new, unusual light resonances 
• High precision PWA of 3pi diffractive association 

yields a new a1(1420) incompatible with the 
quark model/Regge expectations.

Or ?

• At low-t exotic wave production compatible with one pion exchange  

• Large exotic wave 
seen in η(‘) π 
production : FESR’s 
to constrain P-wave

a0

a2

extrapolated Regge

V.Mathieu in progress

• In photoproduction exotic mesons 
be produced via pion exchange 
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Signatures of unusual heavy quark resonances

Esposito, Pilloni, Polosa, Phys. Rep.

_Virtual OPE

Real OPE
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Spectroscopy from peripheral production

• Need to establish 
factorization between 
beam and target 
fragmentation 
(Regge factorization) 

• Single Regge pole 
exchange dominate 
over cut other 
singularities (cuts, 
daughters)  
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Global Regge analysis

• Test Regge pole hypothesis and 
estimate corrections (daughters, 
cuts)

• Factorizable Regge pole exchange 

• NData=1271, Npar=9

(6 SU(3) couplings, 1 mixing angle, 2 exp. slopes )
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Global Regge pole analysis 
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• Possible tension between GlueX and SLAC data ? 

Beam asymmetry: measurement of the exchange process



INDIANA UNIVERSITY

Finite Energy Sum Rules 

• No kinematic singularities 
• No kinematic zeros 
• Discontinuities:  

• Unitarity cut 
• Nucleon pole
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Combine energy regimes 
● Low-energy model ((SAID, MAID, Bonn-

Gatchina, Julich-Bonn,…) 
● Predict high-energy observables

[V. Mathieu, J.Nys. et al. (JPAC) 1708.07779 (2017)]

Two applications 
● Understand high-energy dynamics 
● Constraining low-energy models

Finite Energy Sum Rules 
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Constraining the resonance spectrum

    

A1 A2 A4

Ambiguities in the low-energy model (η-MAID) 
→  Mismatch with high-energy data  

Possibilities 
● Low-energy model inconsistent 
● Cut-off not high enough 

○ High mass resonances!

[J.Nys et al., PRD95 (2017) 034014]
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η/η’ asymmetry probes coupling to strangness 

V.Mathieu et al. (JPAC) Phys. Lett. B774, 362  (2017)

Based on the FESR for η: 
predict beam asymmetry for η’ 
● Same exchanges 
● Natural exchanges (⍴,⍵) dominant 

○ Couplings from radiative decays 
○ Mixing angle cancels in ratio 

● Unknown behavior of  
○ ϕ exchange 
○ unnatural exchanges (b,h) 

Prediction: ≈ same beam asymmetry
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πΔ photoproduction 

J.Zarling (GlueX): preliminary

π

⍴, a2

Comparison to GlueX data 
● Confirmation of interference pattern 
● High -t: natural, low -t: unnatural 
● Mismatch: oddly behaved π exchange 

○ Ongoing analysis 
○ Experimental or theoretical? Łukasz Bibrzycki  et al. (Cracow,JPAC)

π

● Stringent  test of one-
pion-exchnage production 

● Possible to make 
parameter-free 
predictions 

J.Nys et al. (JPAC) Phys.Lett. B779, 77  (2018)
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Vector meson production 
● Pomeron dominates at high energies 
● Isoscalar exchanges dominantly helicity non-flip 

(λ=λ’) 
● Unnatural exchanges: only helicity flip (|λ-λ’|=1)

V.Mathieu, et al. (JPAC) Phys.Rev. D97, 094003 (2018) 
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M = 1370 ±16−3 0
+5 0  MeV / c2

Γ = 385± 40−105
+65  MeV / c2

π−p→ ηπ−p

π−p→ ηπ0 n No consistent B-W interpretation
possible but a weak ηπ interaction 
exists and can reproduce the exotic wave

π−p→ρ0π−p
M = 1593 ± 8−47

+29  MeV / c2

Γ = 168 ± 20−1 2
+150  MeV / c2

BNL (E852) yes/no
COMPASS yes

E852 result

π
−

p → π
−

2
(1600)p

π
−
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0
π
−

ρ
0
→ π

−

π
+

π1(1600)nn
_

hybrid
search for  

M = 1597 ±10−1 0
+4 5 MeV / c2

Γ = 340 ± 40−50
+50  MeV / c2π−p→ $ η π−p

Need to be confirmed 
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Production(sππ)  x Interactions in ηπ (sππ)
Constrained by unitary 

A.Jackura et al. (JPAC/COMPASS) Phys.Lett. 
B779, 464 (2018) 
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π
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p → η
′
π
−

p

E852

COMPASS
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Fits to COMPASS : D-wave &19

a2

a’2
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P-D interference  &20

a2

a’2

a2
π1

π1
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P-waave
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Exotic physics:  Pc at JLAB
Confirmation possible thorough photoproduction
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(Very) exotic physics: constraining Lorentz symmetry violation 

• Observer transformations do not affect 
results. 

• Particle transformation, e.g. rotation of 
the experiment in the background filed 
produces a physical effect.

• There is a well defined SME                                                                       e.g 
(D.Colladay & V.A. Kostelecky, PRD55, 6760 (1997); PRD58, 1166002 (1998); PRD69, 105009 (2004)) 

• Only a few constraints in the quark sector : use DIS, SDIS, Drell-Yan, … 

• The first estimate on the sidereal time dependent coefficients cf were obtained using HERA data: O(10-5) 
(V.A.Kostelecky, E.Lunghi, A.Vieira, PLB729, 272 (2017)) 

• Sensitivity studies for EIC are under way: N.Sherrill, A.Accardi, E.Lunghi.
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Impact &24
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JPAC 2018 &25


