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Motivation  

2 

Å Idea: study QCD through spectrum of 
bound states 

  

 

Å Open questions: 

ï Which color-singlet states exist in 
nature? 
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Motivation  
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Å Idea: study QCD through spectrum of 
bound states 

 

 

Å Open questions: 

ï Which color-singlet states exist in 
nature? 

 

 

 

 

ïDo gluonic degrees of freedom 
manifest themselves in the bound 
states that we observe?  
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Search Filter: Exotic Quantum Numbers  

4 

ñNormalò Meson 

J=L+S  P=(-1)L+1  C=(-1)L+S 

Allowed JPC :    0ī+, 0++, 1īī, 1+ī, 2++, 2ī+,é 

Forbidden JPC: 0īī, 0+ī, 1ī+, 2+ī, é 

Mesons are arranged in groups of 9 (ñnonetsò) with same JPC 



Search Filter: Exotic Quantum Numbers  
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òNormaló Meson 

J=L+S  P=(-1)L+1  C=(-1)L+S 

Allowed JPC :    0ī+, 0++, 1īī, 1+ī, 2++, 2ī+,é 

Forbidden JPC: 0īī, 0+ī, 1ī+, 2+ī, é 

Allowed JPC :  0ī+, 0+ī, 1īī, 1ī+,  

                      2ī+, 2+ī, é 

Mesons are arranged in groups of 9 (ñnonetsò) with same JPC 

gluonic ŦƛŜƭŘ ŜȄŎƛǘŀǘƛƻƴ Ҧ  
άconstituent gluonέ (JPC) = 1Ҍҍ 

òHybridó Meson 

We call the red òexoticó. 



Lattice QCD 
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Exotic Meson Production Via Photo-production 
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Å A wide variety of IG JPC states can be produced,  including all expected 
hybrids.  
 

Å Existing relevant photo-production data are sparse.  
(Xsects lower than with pion beams. Need a high intensity photon beam!) 
 
Å Photon polarization provides an additional constraint on the production 

mechanism.  



Expected Decay Channels 
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A broad survey for hybrid mesons requires a large acceptance 
detector with good PID for both charged particles and photons.  

p1   ­ pr, pb1 , pf1,phõ, ha1 
h1   ­ hf2, a2p, hf1, hhõ, p(1300)p, a1p,  
h1õ ­ K

*K,  K1(1270)K,  K1(1410)K , hhõ 
 

b2 ­ wp, a2p, rh, f1r, a1p, h1p, b1h  

h2 ­ rp, b1p, wh, f1w   

hõ2 ­ K1(1270)K,  K1(1410)K, K2
*K,  fh,  f1f  

 

b0 ­ p(1300)p , h1p, f1r, b1h 

h0 ­ b1p , h1h   

hõ0 ­ K1(1270)K,  K(1460)K, h1h              

JPC 

---- 
1-+ 
 
 
 

2+- 
 
 

0+- 
 

RedĄ large BR          Black Ąsmall BR, much harder 
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Where to Start? 
Initial Channel Candidates  

ȁ1  Ą ȁ f2 Ą ȁ (2Ù) 84% 

     Ą Ù a2 Ą Ù (ȁÙ) 15%  
 
 where both ȁ2Ù0 and ȁ Ù+Ù- can be searched for signals.  
 
As for 

 b2 Ą ȁ ȉ Ą ȁ (Ù+Ù-) 100% 
 
the neutral channel is not useful for the b2 since there is no ȉ Ą 2Ù0 .  
 
 

For ǿ+pĄp+meson0  (ie, no charge exchange): 

Both the ȁ Ù+Ù- and ȁ 2Ù0 channels are reasonably well 
motivated for an exotic hybrid search for the ȁ1 and  b2 . 



ȁÙÙ Invariant Mass in ǿ+pĄp+ȁÙÙ 
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ȁÙ+Ù- 
 

 

The lowest lying peaks 
are the etaõ and f1.    

M(ȁÙÙ) 

Thesis topic of  
Alex Fernez (CMU) 



ȁÙÙ Invariant Mass in ǿ+pĄp+ȁÙÙ 
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ȁÙ+Ù- 
 

 

ȁ2Ù0 

 

Allowing for 
resolution 

differences, the 
lowest-lying peaks 

are common to 
both spectra.   

Thesis topic of  
Alex Fernez (CMU) 

Thesis topic of  
Georgios Vasileiadis  

(U. Athens) 

M(ȁÙÙ) 



ȁÙÙ Invariant Mass in ǿ+pĄp+ȁÙÙ 
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ȁÙ+Ù- 

 
from 

2ǿÙ+Ù- 

 

The purpose of 
doubling JLabõs 

beam energy to 12 
GeV was to 

efficiently produce 
mesons of mass  
2-2.5 GeV/c2.  
Here we are! 

 
After selecting 

events in this mass 
region (yellow), on 
the next slide we 

look for evidence of 
the desired decay 

channels 
ȁ f2,  Ù a2, and ȁ ȉ. 

  

M(ȁÙÙ) 
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Very strong 
 ȁ ȉ signal 

M(ȁÙ) vs M(2Ù) in ǿ+pĄpȁÙ+Ù- 
 M(ȁÙÙ) near ~ 2 GeV/c2 

M2(ȁÙ) 

M2(ÙÙ) 
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Very strong 
 ȁ ȉ signal 

Strong  
Ù a2 signal 

M(ȁÙ) vs M(2Ù) in ǿ+pĄpȁÙ+Ù- 
 M(ȁÙÙ) near ~ 2 GeV/c2 

Baryonic bkg 
from Ù a0. 

M2(ȁÙ) 

M2(ÙÙ) 
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Very strong 
 ȁ ȉ signal 

Strong  
Ù a2 signal 

M(ȁÙ) vs M(2Ù) in ǿ+pĄpȁÙ+Ù- 
 M(ȁÙÙ) near ~ 2 GeV/c2 

Baryonic bkg 
from Ù a0. 

Needs a PWA. Weõre just getting started. 

M2(ȁÙ) 

M2(ÙÙ) 



GlueX Overview 

16 



Salient features for the field of meson spectroscopy: 
Å Intense beam of 3-12 GeV photons of known energy  
Å 40% linear polarization in the coherent peak near 9 GeV. 

Sparse bubble chamber data from SLAC are all that exist for photons of this energy.  

17 



The GlueX Collaboration 

Arizona State, Athens, Carnegie Mellon, Catholic University, Univ. of Connecticut, Florida 
International, Florida State, George Washington, Glasgow, GSI, Indiana University, IHEP, 
ITEP, Jefferson Lab, U. Mass Amherst, MIT, MePhi, Norfolk State, North Carolina A&T, Univ. 
North Carolina Wilmington, Northwestern, Old Dominion, Santa Maria, University of 
Regina, Tomsk, Wuhan and Yerevan Physics Institute. 

Over 125 collaborators from more than 25 institutions with others joining and more are 
welcome. 
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Photon Beamline 

19 



GlueX Detector 

Solenoid, Target (blue) 
 
Tracking (red) 
 
 
                          beam 
 
Calorimetry (green) 
 
Timing (magenta)  

20 



Status 

21 



Running Periods 
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Year GlueX Goal 
 

(JLab Priority) 

GlueX Event 
Triggers 

on LH2 Target 
with Diamond 

Radiator 
  

Electron 
Beam 
Energy  

(Coherent 
Peak) 

2015 
Spring 

Commission 
GlueX 

(Hall A) 

CH2 target 5.5 GeV 
(4.1 GeV) 



Running Periods 
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Year GlueX Goal 
 

(JLab Priority) 

GlueX Event 
Triggers 

on LH2 Target 
with Diamond 

Radiator 
  

Electron 
Beam 
Energy  

(Coherent 
Peak) 

2015 
Spring 

Commission 
GlueX 

(Hall A) 

CH2 target 5.5 GeV 
(4.1 GeV) 

2016 
Spring 

 Engineering 
Run 

(Hall D at 12 
GeV) 

~26 billion 
(~7 billion 
άƎƻƭŘŜƴέύ 

12.05 GeV 
(9.0 GeV) 



Running Periods 
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Year GlueX Goal 
 

(JLab Priority) 

GlueX Event 
Triggers 

on LH2 Target 
with Diamond 

Radiator 
  

Electron 
Beam 
Energy  

(Coherent 
Peak) 

2015 
Spring 

Commission 
GlueX 

(Hall A) 

CH2 target 5.5 GeV 
(4.1 GeV) 

2016 
Spring 

 Engineering 
Run 

(Hall D at 12 
GeV) 

~26 billion 
(~7 billion 
άƎƻƭŘŜƴέύ 

12.05 GeV 
(9.0 GeV) 

2017 
Spring 

Physics Phase I  
(Halls B,C) 

~50 billion 
(20% of Phase I) 

11.64 GeV 
(8.8 GeV) 



Running Periods 
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Year GlueX Goal 
 

(JLab Priority) 

GlueX Event 
Triggers 

on LH2 Target 
with Diamond 

Radiator 
  

Electron 
Beam 
Energy  

(Coherent 
Peak) 

2015 
Spring 

Commission 
GlueX 

(Hall A) 

CH2 target 5.5 GeV 
(4.1 GeV) 

2016 
Spring 

 Engineering 
Run 

(Hall D at 12 
GeV) 

~26 billion 
(~7 billion 
άƎƻƭŘŜƴέύ 

12.05 GeV 
(9.0 GeV) 

2017 
Spring 

Physics Phase I  
(Halls B,C) 

~50 billion 
(20% of Phase I) 

11.64 GeV 
(8.8 GeV) 

2017 
Winter 

Continue  
Phase I 
(4 Hall 

operations) 

ongoing ά   έ 



Event Display Example: Observation of J/ȍ  
ǿ+pĄp + J/ȍ    

                        J/ȍ Ąe+e- 

26 Thesis topic of Luke Robison (Northwestern U.) 



Event Display Example: Observation of J/ȍ  
ǿ+pĄp + J/ȍ    

                        J/ȍ Ąe+e- 

27 Thesis topic of Luke Robison (Northwestern U.) 

These events are challenging. At start-up luminosity,  
there was O(1) reconstructable J/Psi per hour. 



The Beam Asymmetry, ǳ, for ǿ+pĄp+PS 
  

28 

Published or short-term results. 



ớ 

 

Beam Asymmetries for ǿ p Ą p + Ù0 / ȁ 

29 

ÅTests the reaction mechanism for photo-production of PS and 1-+ exotic 
hybrid mesons. 

Å Finite Energy Sum Rules relate high energy amplitudes to the amplitudes in 
the baryon resonance region.  https://arxiv.org/abs/1708.07779 

https://arxiv.org/abs/1708.07779


ớ 

 

Beam Asymmetries for ǿ p Ą p + Ù0 / ȁ 

30 

ÅTests the reaction mechanism for photo-production of PS and 1-+ exotic 
hybrid mesons. 

Å Finite Energy Sum Rules relate high energy amplitudes to the amplitudes in 
the baryon resonance region.  https://arxiv.org/abs/1708.07779 

JPAC: Mathieu et al., PRD 92, 074013 
https://arxiv.org/abs/1505.02321 

 

Ą +1 for vector exchange. 
Ą -1 for  axial-vector exchange. 

https://arxiv.org/abs/1708.07779
https://arxiv.org/abs/1505.02321
https://arxiv.org/abs/1505.02321
https://arxiv.org/abs/1505.02321


Beam Asymmetries: ǿ p Ą p + Ù0 / ȁ 
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Ù0 region: 
negligible bkg 
from missing a 
red-shifted 
bachelor photon 
from ȎĄÙ0ǿB . 
 

M(2ǿ) 



Beam Asymmetries: ǿ p Ą p + Ù0 / ȁ 
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ȁ region: 
very small bkg from 
missing a photon 
from the Ù0 in 
ȎĄÙ0ǿB . 

Ù0 region: 
negligible bkg 
from missing a 
red-shifted 
bachelor photon 
from ȎĄÙ0ǿB . 
 

M(2ǿ) 



Beam Asymmetries: ǿ p Ą p + Ù0 / ȁ 
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ȁ region: 
very small bkg from 
missing a photon 
from the Ù0 in 
ȎĄÙ0ǿB . 

Ù0 region: 
negligible bkg 
from missing a 
red-shifted 
bachelor photon 
from ȎĄÙ0ǿB . 
 

Å Most acceptance effects cancel.  

Å Beam polarimetry (+-1.5% uncertainty) is 
provided by theTriplet POLarmeter (TPOL):  

NIM A867 (2017) 115-127 
https://arxiv.org/abs/1703.07875 

M(2ǿ) 

https://arxiv.org/abs/1703.07875


Beam Asymmetries: ǿ p Ą p + Ù0 / ȁ 
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Exclusive, very low bkg measurements 
of ǿ+pĄp+2ǿ using only 2016 data:  

Å ǳ å 1 indicates vector exchange 
dominates this beam energy and ðt 
range.  

Å The ȁ measurement is the first in 
this beam energy range.  
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First GlueX physics publication 
PRC 95, 042201 (2017) 

https://arxiv.org/abs/1701.08123 
 
Sabbatical project of Zhenyu òJaneó Zhang, Wuhan U. 

https://arxiv.org/abs/1701.08123


Forthcoming ȁõ/ȁ ǳ Asymmetries 
one example  

  

35 

Å Predicted to be ~1 unless hidden 
strangeness is enhanced (ie, ŷ exchange)                   
https://arxiv.org/abs/1704.07684 

 
Å Uses similar (2ǿ)Ù+Ù- topologies:   

 
ȁĄÙ0 Ù+Ù- 

ȁõĄȁ Ù+Ù- 
 

Å Provides experience building ȁõ in our 
cleanest, high yield  channel.  

All 5 particles detected in the final state. 
 
Å Will use full 2017 Dataset 

 
Thesis topic of Tegan Beattie (U. Regina) 

  
 

ȁõ 

Partial 2017 
statistics 

https://arxiv.org/abs/1704.07684
https://arxiv.org/abs/1704.07684
https://arxiv.org/abs/1704.07684


Spin Density Matrix Elements 

ό{5a9Ωǎύ 
Also tests the reaction mechanism for photo-production, but now including 

the richer information provided by decay of a vector meson 

36 

Short-term results. 



SDMEõs of Vector Mesons 
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The SDMEs measure the transfer of polarization from the photon to the vector meson. 
Multiple analyses are in progress (V = Ȏ, ȉ, and ŷ). Today Iõll show only  Ȏ results.  

In the OTL model, the SDMEs are sensitive to the relative amounts of 
Pomeron and PS meson exchange  (mostly Ù0) . 



SDMEõs of Vector Mesons 

38 

New wrinkles beyond the ǳ asymmetry analyses: 

i. Need corrections for relative  acceptance 

ii. Need to transform into the helicity frame 

Fit 
quality. 



SDMEõs of Ȏ Mesons ð OTL Model 

39 

-t dependence of Ȏ SDMEs 

Blue ð Pomeron Only 
 
Red ð Pseudoscalar Only 
 
Green ð Combined 

Note the often different behavior predicted for pure Blue/Pomeron and Red/PS. 



SDMEõs of Ȏ Mesons ð OTL Model 
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-t dependence of Ȏ SDMEs 

Blue ð Pomeron Only 
 
Red ð Pseudoscalar Only 
 
Green ð Combined 

Note the often different behavior predicted for pure Blue/Pomeron and Red/PS. 

òcontroló 

sensitive 



SDMEõs of Ȏ Mesons 

41 

Here I only show 2 of the 9 SDMEõs, the 
one with little model sensitivity, and one 
with high model sensitivity. But broadly 
speaking,: 
 
Å results are consistent with the dominance 
of Pomeron exchange at our beam energy 
and range of ðt.  
 
 
 
Å in the context of the OTL model, a small 
adjustment in the relative strengths of the 
Pomeron and Ù0 may be needed.  
 
 
 

This SDME has  
little sensitivity 

to P vs PS 

Strong sensitivity 
to P vs PS 

Ȏ SDMEõs, M. Staib, PhD thesis, Sept 2017, 
Carnegie Mellon U.    

Pink ð SLAC 
Blue - GlueX 



Lepto-phobic Dark Omega Search 
Searching for a dark matter particle with suppressed couplings to leptons,  

and in a poorly constrained mass range 

  

42 

Short-term results. 



Searches for a Lepto-phobic Dark Vector Boson  

43 

At the GeV scale, there has been relatively little progress  searching for a 
dark boson with suppressed couplings to electrons and muons.  



Searches for a Lepto-phobic Dark Vector Boson  

44 

At the GeV scale, there has been relatively little progress  searching for a 
dark boson with suppressed couplings to electrons and muons.  

Recently Tulin considered a model with universal quark couplings, which 
preserves low energy symmetries of QCD. He focused on light meson decays 
producing  dark omegas.  PRD89, 14008 (2014)  



Searches for a Lepto-phobic Dark Vector Boson  

Fanelli and Williams then formalized direct ȎD production ǿ+pĄ ȎD +p  . This 
has clear advantages in certain mass ranges. (But needs GlueX SDME data!) 

45 

At the GeV scale, there has been relatively little progress  searching for a 
dark boson with suppressed couplings to electrons and muons.  

Recently Tulin considered a model with universal quark couplings, which 
preserves low energy symmetries of QCD. He focused on light meson decays 
producing  dark omegas.  PRD89, 14008 (2014)  

http://arxiv.org/abs/1605.07161 

http://arxiv.org/abs/1605.07161


Direct Production 
MB = 600-900 MeV/c2  
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In this mass range, Tulin predicts the  
dominant decay  would be ȎD Ą Ù+Ù-Ù0 . 

M(ȎD)  MeV/c2   



Direct Production 
MB = 600-900 MeV/c2  
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Looking for a bump 
in GlueX data. 

In this mass range, Tulin predicts the  
dominant decay  would be ȎD Ą Ù+Ù-Ù0 . 

M(3Ù)   GeV/c2   
 

M(ȎD)  MeV/c2   



Expected Constraints on Lepto-phobic  
Dark Coupling and Mass Using Direct Production   

ŲB 

48 

A coupling  
ŲB ~ ŲEM  has 
not yet been 

excluded in the 
0.5-1 GeV/c2 
mass range!  

M(ȎD)  MeV/c2   



Expected Constraints on Lepto-phobic  
Dark Coupling and Mass Using Direct Production   

ŲB 

Spring 2016 Preliminary 

49 
M(ȎD)  MeV/c2   

 

Thesis topic of John Hardin 
(MIT).   

 
  



Expected Constraints on Lepto-phobic  
Dark Coupling and Mass Using Direct Production   

ŲB 

Spring 2016 Preliminary 

Entire GlueX program, 
only considering beam 
flux in the coherent peak. 

50 
M(ȎD)  MeV/c2   



Summary 

51 

Å GlueX is a new, linearly polarized photo-production facility with the beam 
energy, acceptance, and intensity to search for exotic hybrid mesons with 
LQCD-anticipated masses of 2-2.5 GeV/c2.  

 
Å The detectors and beamline instrumentation are all working well. We are 

routinely reconstructing complete final states with 5-7 tracks+showers. 
 
Å Early beam asymmetry ǳ measurements have been possible due to precision 

polarimetry. 
   
ÅPreliminary SDMEõs for Ȏ and ŷ photo-production have been produced.  
 
Å  Lepto-phobic òdark omegaó search is underway. 
 Spring 2016 data alone have statistical power to improve constraints 
on dark coupling ŲB by 2 orders of magnitude for ȎD of 0.5-0.9 GeV/c2.  

 
ÅWeõve dipped our toe in the water of exotic hybrid searches (no PWA yet). 

Preliminary event selection for ȁ1 and b2 searches looks promising. 
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Backups 
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GlueX References 
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Physics: GlueX Sigma 
Asymmetry on pi0, eta 

Phys.Rev.C 95, 
042201 (2017)  

https://arxiv.org/abs/1
701.08123 

NIM articles post-
beam: 
 

Triplet POLarimeter NIM A867 (2017) 
115-127  

https://arxiv.org/abs/1
703.07875 
 

PhD Theses Ȏ SDMEõs M. Staib, PhD 
thesis, Sept 2017, 
Carnegie Mellon U.  

ŷ SDMEõs A. Barnes, PhD 
thesis, May 2017, U. 
of Connecticut 

NIM articles, design 
and prototyping stage 
 

BCAL circulating 

GlueX Start Counter circulating 

Misc JPAC references Pi0 Regge model  PRD 92, 074013  https://arxiv.org/abs/1
505.02321 

https://arxiv.org/abs/1701.08123
https://arxiv.org/abs/1701.08123
https://arxiv.org/abs/1703.07875
https://arxiv.org/abs/1703.07875
https://arxiv.org/abs/1505.02321
https://arxiv.org/abs/1505.02321


JPAC References 

55 

 
 
 
  

Misc JPAC references Pi0 Regge model  PRD 92, 074013  https://arxiv.org/abs/1
505.02321 

High energy constraints 
on low energy baryon 
resonances 

https://arxiv.org/abs/1
708.07779 
 

https://arxiv.org/abs/1505.02321
https://arxiv.org/abs/1505.02321
https://arxiv.org/abs/1708.07779
https://arxiv.org/abs/1708.07779


ȁÙ and ÙÙ Invariant Masses in ǿ+pĄp+ȁÙÙ 
  

56 

ȁÙ+Ù- 

M(ȁÙ)  
GeV/c2 

M(2Ù)  
GeV/c2 

Very strong 
 ȁ ȉ signal 

Strong  
Ù a2 signal 



ȁÙ and ÙÙ Invariant Masses in ǿ+pĄp+ȁÙÙ 
  

57 

ȁÙ+Ù- 

ȁ2Ù0 

M(ȁÙ)  
GeV/c2 

M(2Ù)  
GeV/c2 

Possibly ȎÙ0  
with a missing  

photon. Preliminary 
cuts are loose.   

Strong  
Ù a2 signal 

Very strong 
 ȁ ȉ signal 

 potential ȁ f2 
signals are cut off 

by phase space 

Strong  
Ù a2 signal 



Direct B Production ǿ+pĄB+p 

We need the relative proportions of natural and unnatural parity exchange at our beam 
energy. Ongoing GlueX analyses determine the relative importance of Pomeron vs meson 
exchange: 
 

Ȏ SDMEõs, M. Staib, PhD thesis, Sept 2017, Carnegie Mellon U.    
ŷ SDMEõs, A. Barnes, PhD thesis, May 2017, U. of Connecticut 

Fanelli and Williams  http://arxiv.org/abs/1605.07161 

where the baryonic fine structure constant is  

58 

The natural ŵ+  and unnatural ŵ-  parity cross sections are: 

Off-shell Ȏ, ŷ, and B mix. The amplitude to decay as a B is: 

http://arxiv.org/abs/1605.07161
http://arxiv.org/abs/1605.07161


SDMEõs of Ȏ Mesons 

59 

In photo-production, 
we produce relatively 
large yields of Ȏõs.  

M. Staib Ph.D. Thesis, Sept 2017, CMU 
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OTL Prediction for SDMEs 

Green ς Pomeron + PS Amplitudes 
 
Blue ς Pomeron Only 
 
Red ς Pseudoscalar Only 
 

M. Staib Ph.D. Thesis, Sept 2017, CMU 



SDMEõs of Vector Mesons 

61 



62 



Beamline Instrumentation 

63 

Photon Tagger Triplet Polarimeter Pair Spectrometer 

Measure energy of incoming photon 
beam with precision of 0.1% 

Measure photon beam 
polarization 

Measure photon beam flux 



Forthcoming ǳ Asymmetry Measurements 
Using 8x Larger 2017 Dataset  

64 

 
Å Ratio of ȁõ/ȁ asymmetries in PSÙ+Ù-

Ą(2ǿ) Ù+Ù-  
 

Predicted to be ~1 unless hidden strangeness (ie, 
ŷ exchange) is enhanced.            
https://arxiv.org/abs/1704.07684 
 
Experience in building ȁõ in our cleanest, high yield  
channel. All 5 particles detected in the final state. 

Thesis topic of Tegan Beattie (U. Regina) 
 
Å ȁ asymmetry in 3 main ȁ decay channels 

 
improves statistics on ȁ asymmetry  
multi-channel systematics checks 

Thesis topic of Will McGinley (CMU) 
 
Å  Ù-æ++  asymmetry 

 
Charge exchange rxn 
 -t dependent interplay of Ù, ȉ, and a2 exchange  

Thesis topic of John Zarling (UI Bloomington) 

ȁõ 

Partial 2017 
statistics 

https://arxiv.org/abs/1704.07684
https://arxiv.org/abs/1704.07684
https://arxiv.org/abs/1704.07684


S. Dobbs τ SESAPS 2017 τ Nov. 18, 2017 τ Recent Results from the GlueX Experiment 

Beam Asymmetries: Ὓ p Ÿ p + ɖ / ɖᾳ 

6
5 

ÅLƴƛǘƛŀƭ ǎǘǳŘƛŜǎ ƻŦ ʹ ŀƴŘ ʹΩ 
beam asymmetries using 
2017 data and additional 
decay modes are 
consistent with vector 
exchange dominance 

ïFull GlueX-I data will 
provide an order of 
magnitude more events 

ïProgram of production 
amplitude studies is well 
underway 
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Statistical uncertainties only  



S. Dobbs τ SESAPS 2017 τ Nov. 18, 2017 τ Recent Results from the GlueX Experiment 

Beam Asymmetries: Ὓ p Ÿ ˊī ȹ++ 

6
6 

Å Charged pseudoscalar beam asymmetry 
program under way 
ï Experimentally more challenging 
ï Preliminary results use order of magnitude 

more data than previous results  
X = ˊ, ɟ, a2 

ˊī 

ȹ++ 

A
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-t  (GeV2) 



Design and Construction of a high-energy photon polarimeter  
(TPOL or Triplet POLarimeter) 

67 

Nucl.Instrum.Meth. A867 (2017) 115-127 https://arxiv.org/abs/1703.07875 

  
To measure the photon polarization near 8.5 GeV, the TPOL uses pair production from 
atomic electrons in a Be target.  

https://arxiv.org/abs/1703.07875
https://arxiv.org/abs/1703.07875
https://arxiv.org/abs/1703.07875


New weakly-coupled Forces in Low-energy QCD  

  S. Tulin http://arxiv.org/abs/1404.4370 
 

Accurate constraints on ŲB requires getting the 
hadronic physics right. 

Eg, the VMD  has interference between  
the ɤ and ű contributions.  

There are no significant interpretational 
ambiguities below 0.95 GeV/c2.    

One of the most interesting decay branches is  

Considering both production and decay, the B signal is proportional to ŲB
2 hence gB

4.   
68 

http://arxiv.org/abs/1404.4370
http://arxiv.org/abs/1404.4370


Proposed JEF Upgrade of FCAL 
(installing a high resolution, lead tungstate insert into FCAL) 

Å ȁ decay would provide  stringent 
constraints in the 140-550 MeV 
range. 

Å Indirectly sensitive to TeV-scale 
physics: a positive signal would 
imply a new fermion with a mass  
up to a few TeV . 

FCAL-II (PbWO4) 

FȁĄÙ02ǿ 

FCAL-II  

(PWO insert) 

S/Bkg = 10 

FCAL  

(Pb Glass) 

S/Bkg = 0.1 
ȁĄ3Ù0 

bkg  

FȁĄÙ02ǿ 

Lead tungstate has better energy resolution, and 
there is less chance of shower merging because the 
blocks and their Moliere radii are smaller. 
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ȁĄ3Ù0 

bkg  



Direct B Production, Decaying to Ù0ǿ 
lower mass region MB = 200-600 MeV/c2   

Ȏ 

An exclusive measurement is made of 
 

ǿ + pĄ Ù0ǿ +p 
 

The small continuum background appears to 
be dominated by 2Ù0 (below) with a missing 
photon.  

 
 
 

The sensitivity depends in part on the resolution and 
the reconstruction efficiency:  
 
Å A check on the resolution model for a hypothetical 

B peak is provided by the SM ȎĄÙ0ǿ peak. 
 

Å The reconstruction efficiency is checked by 
comparing to the known ratio for ȎĄÙ0ǿ/ȎĄ Ù+Ù-Ù0 
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Looking for a bump 



Another Dark  Side: Bõ/ȉD 

Mass Range Meson Decay Direct Production 

 
0.3 ð 0.75+? 

GeV/c2 

   
(ȉD ĄÙ+Ù-) 

 

 ǿ + p Ą p + ȁõ Ą p + ǿ(Ù+Ù-)  

(same channel as radiative decay being 
explored by Mahmoud Kamel,  

mB ~ 0.3-0.75 GeV/c2) 
 

ǿ + p Ą p + ȁ Ą p + ǿ(Ù+Ù-)  
(mB ~ 0.3-0.5 GeV/c2 ) 

 ǿ + p Ą p + B Ą p + Ù+Ù- 

 

 
(For the B/ȎD case, see red curves of 

Fig 3 of the MIT preprint.)  

M(Ù+Ù-) 

Mahmoud Kamel 
http://argus.phys.uregin
a.ca/cgi-
bin/private/DocDB/Sho
wDocument?docid=3041 

 
M(ǿÙ+Ù-) 

The B/ȎD Ą Ù+Ù-  channel is generally suppressed relative to other potential branches because itõs  
isospin violating.  However, the Ù+Ù- channel can be used to search for Bõ/ȉD  as outlined by Gardner et 
al. in http://arxiv.org/abs/1509.00050 .   

Searching in the Dalitz plots of ȁ(õ) Ą ǿ(Ù+Ù-) will suppress SM background.  
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