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Goal Physics Motivation

C. Patrignani et al. (Particle Data Group)

Chin. Phys. C, 40, 100001 (2016) and 2017 update

● �-N scattering provides access to 
fundamental questions
➢ Baryonic spectrum of QCD.
➢ Chiral dynamics of QCD.
➢ Study of isospin violation.
➢ Internal structure of the nucleon.

● Just imagine the possibilities with 
other mesons, say a vector meson!

● Experimental Challenge:
➢ Short mean lifetimes ~1023 s
➢ Vector meson beams cannot be 

produced in a lab.

● Extract �-N cross section!
➢ LQCD
➢ Physics models

http://pdg.lbl.gov/2017/html/authors_2017.html
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Scattering on the Lattice

D.J. Wilson, R.A. Briceño, J.J. Dudek, R.G. Edwards, C.E. Thomas 
The Hadron Spectrum Collaboration

Phys. Rev. D 92, 094502 (2015)

I = 1

Physics Motivation

√
  
= 783(2) - (/2)90(8) MeV

√
  
= 853(2) - (/2)12.4(6) MeV

Breit-Wigner:

Energy dependent width:

Parameters:

● Lattice QCD

➢ �� scattering (� resonance)

● Meson-baryon scattering is now 
a possibility.

●  � is a good choice!!

→ Pions are heavy on the 
lattice.

● Jianwei pointed out the progress 
made by The Hadron Spectrum 
Collaboration on Wednesday’s 
Plenary talk.

 Elastic � -wave �� phase shifts Elastic � -wave �� phase shifts
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Vector Meson Dominance (VMD)

Phenomenologically:
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Vector Meson Dominance (VMD)

ℙ 

 Proton → I = 0, 1
 Deuteron acts as an Isospin filter for I = 0 only.

 Vector Meson off deuterium simplifies theoretical 

interpretations of the data.

ℙ 

● Two processes:
➢ �N→�N
➢ �N→�N

● Slope parameters:
➢ b�N and b�N

● Ratio of Re(A) and Im(A):
➢ ��N and ��N
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Vector Mesons of  euteron in CLAS

Single scattering Double scattering

T. Mibe et al.
CLAS Collaboration

Phys. Rev. C 76, 052202(R) (2007)

 γ d → ω d 

Highlights:
● g10 data
● A rescattering model is used.
● Within VMD, data is consistent 

with σ�N at about 10 mb.

● In the model, larger σ�N is possible 

by taking b�N > b�N
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Previous Results: γ d → ω d 

Limited World Data
● Mostly from Bubble Chamber experiments.
● Missing double scattering effect. 

T. H. Bauer, R. D. Spital, D. R. Yennie, and F. M. Pipkin
Rev. Mod. Phys. 50, 261(1978)



9CLAS coll. Meeting 03/09/2018Coherent   ω-meson Photoproduction off Deuteron

Previous Results: γ d → ω d 

Limited World Data
● Best data till date is from the Weizman Institute of Science

Eγ = 4.3 GeV and |t| < 0.2 GeV2/c2

T. H. Bauer, R. D. Spital, D. R. Yennie, and F. M. Pipkin
Rev. Mod. Phys. 50, 261(1978)
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Global Spectrum: γ d → ω d ( g10 dataset)

π0

● Basic cuts to reduce background:
➢ z-vertex cut
➢ Fiducial cut
➢ Minimum Momentum cut, etc.

● Corrections applied:
➢ Momentum corrections
➢ Energy loss corrections

● Signal over smooth background.

Lorentzian
+

pol2

0.047                        0.236
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Binning

E� [GeV] t-bins -tmin  [GeV2/c2] -tmax [GeV2/c2]

1.4-1.8 8 2.0 0.3

1.8-2.2 6 1.5 0.3

2.2-2.8 6 1.5 0.3

2.8-3.4 5 1.5 0.3

4 incident photon energy and variable 4-momentum transfer bins.
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Yiel  Extraction

Fit Functions
Voigt
Pol2

Yield is 
extracted by 

taking integral 
of the Voigt 

function

 E = [1.4, 1.8] GeV E = [1.4, 1.8] GeV
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Diferential Cross section: γ d → ω d

ρd=0.169 gcm−3

Luminosity,

ld=24cm
M d=2.014 gmole−1

N γ (Eγ)= Photon Flux

A     = Acceptance
Δt    = Width of t-bin
YD   = Signal Yield
γcorr = Photon Multiplicity 
           Correction factor



14CLAS coll. Meeting 03/09/2018Coherent   ω-meson Photoproduction off Deuteron

Calculation based on VMD
(provided by M. Sargsian, FIU)*

�ωN
bγN  =  b�N dσ/dt|t=0;γN 

dσ
dt

Comparison with Data

* Frankfurt et al, Nucl.Phys. A622 (1997) 511-537

Mo el Base  on VMD: γ d → ω d

σ
� � � �

��N

b

αγN    αωN

� �
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SLAC Data

R.L.Anderson et al, Phys. Rev. D. 4, 3245, 1971 Using Calculations provided by M.Sargsian
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Results: γ d → ω d

Single 
scattering

30 < σωN < 40 mb

This range is typical of hadronic 
cross-sections in the energy 
range!

Click here to see animation!!

http://www.phy.ohiou.edu/~chetry/datavstOmegaBin4.gif
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Summary

● Access to lower energy and larger momentum transfer to 
investigate ω-N scattering.

● First high statistics world data for the reaction: γ d → ω d  
Extracted 30 < σωN < 40 mb  using a rescattering model based 

on VMD for Eγ = [2.8, 3.4] GeV.

● The cross-section data provides sensitivity to the nucleon-
scattering data in the energy and momentum transfer range 
mentioned.

Submitted to PLB, arXiv:1802.06746
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Future work:

● d* interference using the same final state detected particles.

– γ d → d*+ π → dπ0 π+ π- 

● Investigation of photocoupling ratio of light vector mesons.

● A2 meson exchange from proton data (T0 and T1 amplitudes).

f meson exchange or the ℙ exchange in deuteron data provides 
T0 (natural isospin 0 transfer) amplitude.

– Combining proton (pion extracted) and deuteron data, 
estimation of A2 is possible.
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Any Questions?
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Extras
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Lattice QCD (LQCD)
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Investigate  Channels Back-up

γd → ρd →x π
+x

π
−x d

γd → ω d → xπ
+x

π
−xd (π

0
)

γρ :γω: γϕ=1:3:−3 /√2
Photon Coupling ratio of the vector mesons:

● Assuming SU(3) and SU(6) symmetry.
● The coupling constants provide understanding for EM form factors 

of pseudo-scalar mesons and nucleons, EM meson decays, etc.
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Difractive DCS

ρd=0.169 gcm−3

Luminosity,

Differential cross-section,

ld=24cm
M d=2.014 gmole−1

N γ (Eγ)= Photon Flux

A     = Acceptance
Δt    = Width of t-bin
YD   = Signal Yield
γcorr = Photon Multiplicity 
           Correction factor

   Preliminary

P
R
E
L
I
M
I
N
A
R
Y

b =2.6068

dσ

dt
∝e−b|t|

b =2.9523 b =2.7503

b =2.4109
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Back-upSystematic Uncertainties
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Back-upInterference
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Back-upInterference
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