
Develop 
theoretical,phenomenological/
computational tools for hadron 

experiments

GLOBAL EFFORT 

Create a vibrant 
community 

 Experiment-theory 
collaboration

JLab Physics Analysis Center (JPAC)

• Analysis strategy
• Current projects : 

diffractive dissociation 
light meson properties 

Adam Szczepaniak
Indiana University/JLab
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Specific goals

• Develop state-of-the-art description of  
hadronic interactions to take the full 
advantage of the information contained in 
the high quality experimental data.

• Build software tools to analyze high 
statistics data on a large number of 
reactions channels simultaneously. 

• Develop framework for data preservation.
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O(100K) ⌘0s,!0s,�0s

O(1M) pK+K�, p⇡+⇡�

(from existing data)

GlueX and CLAS12 
data arriving soon
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“Can we quantitatively understand quark and gluon confinement in quantum 
chromodynamics and the existence of a mass gap”

in 10 Physics Questions to Ponder for a Millennium or Two

quark model states

π

ρ
hybrid interpretation of the 
Y(4260) 

same pattern in ss, cc and 
pion mass < 400MeV

_ _ large gluon content
includes 1-+ exotic 

0-+ 1-+  2-+  1--

 lowest-mass
 hybrid multiplet

NEW states

J.Dudek et al.  JLab 
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provide confinement => long range correlations
are confined => short range correlations

All gluons are equal but some are more equal than others:

space

time

⟨A⊥A⊥⟩

massive, 
effective particle

1+� � 1��SQQ̄=1 =

JPC glue

JPC QQ

_

1+� � 0�+
SQQ̄

= 1��

0�+, 1�+, 2�+

⟨A0
A

0⟩

long range instantaneous potential

in physical gauges (Coulomb, light cone,)

three-body
 potential

one-body 
(kinetic + self-energy)

two-body 
potential

Lightest hybrids  have “constituent” gluons !
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“quark model” states

2-- (L=2,S=1)

JLab, LQCD
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Amplitude Analysis

Reggion- beam 
closely related to 
particle-beam 
(analyticity 
understood)

target

“slow”

⇡
⌘

�

p N
The Golden Channel for ground 

state exotic meson search
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Amplitude Analysis

Reggion- beam 
closely related to 
particle-beam 
(analyticity 
understood)

target

“slow”

2

rapidity
 gap

beam
“fast”

3

A
s12

s23

te3

exchange 
particle 

(Reggion)

1

⇡
⌘

�

p N
The Golden Channel for ground 

state exotic meson search
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Amplitude Analysis

Reggion- beam 
closely related to 
particle-beam 
(analyticity 
understood)

target

“slow”

2

rapidity
 gap

beam
“fast”

3

A
s12

s23

te3

exchange 
particle 

(Reggion)

1

Effects to include 
(similar for lower vertex) ⇡

⌘

�

p N
The Golden Channel for ground 

state exotic meson search
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Amplitude Analysis

Reggion- beam 
closely related to 
particle-beam 
(analyticity 
understood)

1. Double-Regge 
amplitudes for higher 
masses/spins

target

“slow”

rapidity
 gap

rapidity
 gap

Effects to include 
(similar for lower vertex) ⇡

⌘

�

p N
The Golden Channel for ground 

state exotic meson search
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Amplitude Analysis

Reggion- beam 
closely related to 
particle-beam 
(analyticity 
understood)

1. Double-Regge 
amplitudes for higher 
masses/spins

target

“slow”

low energy PW/
resonances

rapidity
 gap

2. Single-Regge (Deck) 

Effects to include 
(similar for lower vertex) ⇡

⌘

�

p N
The Golden Channel for ground 

state exotic meson search
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Amplitude Analysis

Reggion- beam 
closely related to 
particle-beam 
(analyticity 
understood)

1. Double-Regge 
amplitudes for higher 
masses/spins

Use duality/FESR to 
constrain parameters

target

“slow”

2. Single-Regge (Deck) 

3. Quasi-elastic (isobar)
parametrized low-energy 
waves (unitarity/coupled 
channels)

Effects to include 
(similar for lower vertex) ⇡

⌘

�

p N
The Golden Channel for ground 

state exotic meson search
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t

u
s

S.Mandelsta

T. Regge 

“force” <duality>“particle”

the distinctive feature of relativistic 
dynamics are crossing relations 

leading to duality between “forces” 
and “particles”  ...

...mathematically
, it is expressed 
through Regge 

theory  

two component duality: Reggeons <> Resonances
Pomeron <> backgrounds

Wednesday, July 23, 14



Resonance

π 

ρ
Force 

F.Haas, PhD, COMPASS 

Is “bump” a 
resonance: 

 Reggeons <> Resonances
Pomeron <> backgrounds

two component 
duality:

interpretation ambiguous 
without constraints
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t1 

t2 

s1 

s2 

t1 s1 

s2 
t2 

√s1  √s1  

Υp→ηπ0p (g12)
A.Celentano, PhD, HASPEC/JPAC 
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f

η

π

η

π

ηη

π π

a2 η

πη

π

t-channel u-channel

f,a2 exchange degeneracy implies 

that the direct (s-channel) channel is dominated by spin-
even partial waves. 

Duality and exotic mesons

Hybrids dual to Regge/Pomeron cuts?
Wednesday, July 23, 14



V.Mathieu, JPAC 

Reconstructed from Dispersion Relations 
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ψ’

J/ψ

BESIII, Phys.Lett.
 B710 (2012) 594-599

“standard” 
(isobar)

A(s, t) =
�(�J(s))�(�J(t))

�(�J(s)� J(t))

dual model

J/ψdual model

PRELIMINARY 

ψ’

! ! 3⇡

Veneziano or B4 

• Duality:  resonances in direct channel dual to reggeons in cross channels and backgrounds are 
dual to the pomeron

• All resonances are “connected”: resonances belong to Regge trajectories (reggeons) 

• Asymptotics: determined by Regge poles

• Unitarity: imaginary parts determined by decay thresholds
Wednesday, July 23, 14



 The B4 amplitude and the ω decay  
The ω → 3 π decay process is a good candidate to test the B4 amplitude approach. 
 

 

Fit performed with 2 trajectories 
 (2 real parameters) 
 

!  2.3 GeV < sqrt(s) < 2.31 GeV 
!  0.78 GeV < M3π < 0.79 GeV 

 

First results look very promising 
 
 
Work plan: 
 

!  Use the full g11 statistics, merge 
different Eγ bins. 

!  Try different numbers of trajectories 
!  Investigate the  M3π dependence 

A.Celentano, PhD, HASPEC/JPAC 

Wednesday, July 23, 14



Bn amplitudes

Generalizations 
of the 

Veneziano 
model: 

 
Force - 

Resonance 
Duality

Reggeone and 
resonances 

single Regge limit 

single Regge limit double Regge limit 

B5
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γp → K+K-p  (g11,g12)

sK+K-

sK-p

Λ(1520)

ϕ(1020)

Duality @ JLab 

D.Schott, JPAC/GWU 
M. Shi JPAC/Pekin U.

B5 amplitude description
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1

2

3

van Hove longitudinal plot 

Preliminary
CLAS g12

�

⇤DR region
Pr

eli
mina

ry
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η→π0π0π0

18

• Light	
  meson	
  proper0es
η→3π ϕ→3πω→3π

A3π0 ~ (mu-md)[1 + α(s1-sm) + ..]
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η→π0π0π0

18

• Light	
  meson	
  proper0es

Amplitudes constrained phase space: effective (chiral) 
dynamics, low partial waves 

η→3π ϕ→3πω→3π

A3π0 ~ (mu-md)[1 + α(s1-sm) + ..]
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Expected sensitivity to 3-body effects

D.Schott, JPAC/GWU 
P.Guo JPAC/IU
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I.Danilkin JPAC
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Webpage template with 
summary of publication results, 

data. MC, codes, etc.
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The JPAC team

JPAC@JLab JPAC@GWJPAC@IU

Vincent Mathieu

Cesar Ramirez 

Igor Danilkin Ron Workman

Michael Doering Geoffrey Fox 

Weekly meetings (Tue. 1pm, Thu. 9:30)

Weekly “lecture series”  (Mon. 10am)

Joint CLAS/JPAC Seminar series 

Peng Guo Diane Schott 

https://wiki.jlab.org/jpac/

Michael Pennington

Emilie Passemar

Lingun Dai

Viktor Mokeev

New collaborators are 
welcomed ! 

Meng Shi

Andrew Jackura

Wednesday, July 23, 14

https://wiki.jlab.org/jpac/
https://wiki.jlab.org/jpac/
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Deck Model: One Step at a Time

X

22
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KN→KN: High-Energy Region

0 0.2 0.4 0.6 0.8 1
10−2

10−1

100

101

102

103

104

−t (GeV2)

dm
/d

t (
m

b/
G

eV
2 )

K+ p A K+ p

 

 
3 GeV x102

5 GeV x101

6 GeV x100

0 0.2 0.4 0.6 0.8 1
10−2

10−1

100

101

102

103

104

−t (GeV2)

dm
/d

t (
m

b/
G

eV
2 )

K− p A K− p

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

10−2

100

102

104

106

108

1010

−t (GeV2)

dm
/d

t (
m

b/
G

eV
2 )

K+ p A K+ p

 

 

50 GeV x100

70 GeV x102

100 GeV x104

140 GeV x106

175 GeV x108

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

10−2

100

102

104

106

108

1010

−t (GeV2)

dm
/d

t (
m

b/
G

eV
2 )

K− p A K− p

T s
++ = cos

�

2

⇥
2mA+

�
s�m2 � µ2

�
B
⇤

T s
+� = � sin

�

2

⇥�
s+m2 � µ2

�
A+

�
s�m2

+ µ2
�
mB

⇤
/
p
s

Regge	
  exchange
ρ,	
  ω,	
  a,	
  f,	
  Pomeron

A	
  and	
  B	
  are	
  free	
  of	
  kinema0cal	
  singulari0es
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KN→KN: Resonance Region
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Coupled-­‐channels	
  Unitary	
  model
KN,	
  πΣ,	
  πΛ,ηΛ,ηΣ,	
  K*1N,K*3N,KΔ,	
  πΣ(1385),	
  πΛ(1520)
34	
  resonances
Manley	
  et	
  al.	
  PRC88,	
  035204	
  (2013)
Par0al	
  waves:	
  S01,	
  P01,	
  P03,	
  D03,	
  D05,	
  F05,	
  F07,	
  G07

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  S11,	
  P11,	
  P13,	
  D13,	
  D15,	
  F15,	
  F17,	
  G17
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