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Goals of this proposal 

• Understanding the spectrum of excited 
states of the nucleon leads to a deeper 
understanding of non-perturbative QCD. 

• Similarly, the spectrum of excited states of the 
hydrogen atom led to advances in QM. 

• Measurements of baryon excited states is 
difficult and requires a coordinated effort 

• Theoretical advances have made it clear that 
new data for (p,2p) is badly needed.  
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Why now? 

• For almost 40 years, there have been no 
new measurements on (p,2p) in the 
nucleon resonance region. 

• For many years, elastic pN was good enough 

• With precise new data on gN pN, ppN at 
Jefferson Lab, Bonn and elsewhere, along 
with theory advances, it becomes clear that 
hadronic-beam data is also needed to 
properly interpret the photoproduction data. 
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Joint Physics Interest 

• Jefferson Lab and J-PARC share a 
common interest: to understand QCD. 

• The combination of high-quality hadronic data 
with double-polarization photoproduction data 
is more powerful than either one alone. 

• Many participants of this proposal are from 
the USA and do research at Jefferson Lab. 

• Other international participants as well. 

• Over 40 participants from 15+ institutions. 
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New participants 

• Since the proposal was submitted, there 
are additional international participants: 

• Alfred Svarc (Ruder Boskovic Institute, Hungary) 

• Sasa Ceci (RBI-Zagreb, Hungary) 

• Mirza Hadzimehmedovic and Hedim Osmanovic 
(University of Tulza, Bosnia/Herzegovina) 

• Tony Forest and Dustin McNulty (Idaho State 
University) 
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Image from PDG  

Masses: Exp vs. model (PDG) 

In general, the 
quark model 
does a poor job 
describing N* 
masses. Also, 
many QM 
states are 
missing! 
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Capstick & Roberts (1993) 

Even 20 years ago, this problem was known!  
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Recent Lattice Calculations 
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Reference: J. Dudek et al.,, arXiv:1201.2349  
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Projection of N* to SL
J 
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  Partial wave (LSJ) amplitude of a  b reaction: 
 
 
 
 
 
  Reaction channels: 
 
 
 
 
 
  Transition potentials: 

coupled-channels effect 

Dynamical coupled-channels model of EBAC 

Meson-exchange potentials 
(Derived from Lagrangians) bare N* states 

For details see Matsuyama, Sato, Lee, Phys. Rep. 439,193 (2007) 
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NΔ Transition Form Factor (GM) from EBAC 

In the relativistic QM framework, 
the bare-core contribution is well 
described by the three-quark 
component of the wavefunction at 
high Q2. 

 One third of G*M at low Q2 is due  
to contributions from meson–baryon 
(MB) dressing: 

bare quark core 

Meson- 
Baryon 
Cloud 
Effect 

The area of Q2<7.0 GeV2 is far  from pQCD domain 

B.Julia-Diaz et al., PRC 69, 035212 (2004) 
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ppN Total Cross Sections 

Kamano et al., PRC 
79, 025206 (2009). 
 
Dashed line: no 
channel coupling. 
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Importance of Npp Decay 

14 July 2012 J-PARC PAC 13 



p-N Total Cross Sections 
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The Primary Source of (p,2p) 
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Complete (p,2p) Database 
M. Manley, Phys. Rev. D 30, 904 (1984). 

Total 
number of 
events! 
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Mass Projections 

Note: the normalization 
of these data is not 
known.  The total cross 
sections were used to 
set the vertical scale. 
 
The solid curves are the 
full calculation using 
only pN elastic data.  
The other curves do not 
include some coupled-
channels effects. 
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CLAS: e p → e' p p+ p- 

The BLUE dotted curve 
uses only the known 
resonances from the 
Particle Data Group. 
 
The RED solid curve 
includes an extra 
resonance not seen from 
the PWA of pN data 
alone. 
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CLAS: Partial Wave Analysis 
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Additional final state: KY data 

• Data for KL and KS come for free 

• Cross sections are smaller, but the final state 
is two-body, so less data are needed. 

• These final states have two charged particles 
and hence will be part of the trigger. 

• Data on p+p  K+S+ are especially useful 

• Only isospin 3/2 contributes: D resonances. 

• Is the D(1600) the I=3/2 partner of the Roper? 
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Partial wave solutions: KY data 

We need better quality data to resolve the PWA ambiguities. 
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Connection to Hypernuclei 

Diagram showing the YN 
interaction studied through FSI 
of the (p,K) reaction on the 
deuteron.   
 
To calculate this, one first needs 
better data for the basic (p,K) 
reaction on the nucleon. 

Studies of hypernuclei have provided potentials for the YN 
force in nuclei, and now Lattice calculations have made 
predictions for free YN scattering.  The data from this proposal 
will provide the (p,K) data over a broad range of kinematics 
needed to constrain the first part of the calculation. 
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J-PARC Experiment 
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K1.8 beamline with TPC 

14 July 2012 J-PARC PAC 24 



Same TPC as for H-dibaryon 

Pion beam enters between 
the magnet coils. 

Top view of TPC as 
visualized by GEANT 

14 July 2012 J-PARC PAC 25 



Count Rate Estimates 

Assume a total cross section for (p,2p) of 2 mb. 
 
Pion beam rate is about 106 (per 6 second spill). 
 
Liquid Hydrogen target of length 5 cm. 
 
TPC acceptance of 50% (70% for each particle) 
 
100% computer livetime (using event buffering) 
 
Result: 200 events per spill cycle. 
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GEANT simulations: TPC 

Black: one particle trigger 
 
Red: two-particle trigger 
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Beam Time Estimate 

Need wide energy coverage: W=1.50 – 2.15 GeV 
 

Take small energy steps: DW=0.025 (26 beams) 
 

Need both p+ and p- beams 
 

Angular distributions: take 20 angle bins 
 

10,000 counts per bin (multi-dimensional analysis) 
 

Result: request 14+25+6 = 45 shifts total 
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Other Considerations 

Trigger: 2 charged particles. 

Elastic scattering increases rates by 2. 

→ Data acquisition may be near the limit 

→ Most of elastic events go to forward angle 

Detailed simulations are dependent on the 
exact details of the TPC construction 

Acceptance factors estimated from the same 
TPC design as H-particle search proposal 
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Experimental Summary 

With just 15 days of beamtime on the K1.8 
line with the TPC could increase the 
database for (p,2p) by several orders of 
magnitude. 

These data are necessary if we want to know 
the true poles of the N* spectrum. 
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General Summary 

The N* spectrum is a long-standing problem. 

Today, we know that dynamical coupled-
channels calculations are needed. 

→ Coupled channels requires hadronic data. 

→  Many N* states couple to 2p decay.  

Without quality (p,2p) data, it is difficult to see 
how the N* spectrum can be extracted. 

The experiment can only be done at J-PARC. 
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Sometimes you want 
to reach for the sky… 
 
 
 
 
 
 
 
but first you need a 
strong foundation. 

 Tokyo Sky Tree: world’s highest building 


