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Large acceptance detector for charged and neutral 
particles (many final states)


Orders of magnitude higher statistics than previous 
photoproduction experiments

3

in Hall D
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Exotic JPC: t-channel photoproduction

Production through t-channel  
meson exchange
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Conventional: t-channel photoproduction

1�� : !, ⇢

1+� : b, h

Exchange JPC

Begin by understanding non-exotic 
production mechanism 


Linear photon beam polarization 
critical to filter out “naturality” of the 
exchange particle

, ⌘, ⌘0

JPC
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FIG. 11: Isoscalar (green/black) and isovector (blue) meson spectrum on the m⇡ = 391MeV, 243 ⇥ 128 lattice. The vertical
height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-lying
states having dominant overlap with operators featuring a chromomagnetic construction – their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.

extrapolation might be the complex resonance pole posi-
tion, but we do not obtain this in our simple calculations
using only “single-hadron” operators.

We discuss the specific case of the 0�+ and 1�� sys-
tems in the next subsections.

E. The low-lying pseudoscalars: ⇡, ⌘, ⌘0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ⇡ and ⌘ mesons are exactly stable and ⌘

0

is rendered stable since its isospin conserving ⌘⇡⇡ decay
mode is kinematically closed. Because of this, many of
the caveats presented in Section III B do not apply. Fig-
ure 17 shows the quality of the principal correlators from
which we extract the meson masses, in the form of an
e↵ective mass,

me↵ =
1

�t
log

�(t)

�(t+ �t)
, (16)

for the lightest quark mass and largest volume consid-
ered. The e↵ective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.

Figure 18 indicates the detailed quark mass and vol-
ume dependence of the ⌘ and ⌘

0 mesons. We have already
commented on the unexplained sensitivity of the ⌘0 mass

to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,

✓ = ↵ � 54.74�, which by definition must be zero at the
SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
tor mesons along with the relevant threshold energies.

4
Here we are using a convention where |⌘i = cos ✓|8i � sin ✓|1i,
|⌘0i = sin ✓|8i+cos ✓|1i with 8,1 having the sign conventions in

Eqn 5.
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ɣp→π0p beam asymmetry Σ

Beam asymmetry Σ provides 
insight into dominant 
production mechanism


From experimental 
standpoint it’s easily 
extended to ɣp→ηp


No previous 
measurements! 

6

1�� : !, ⇢

1+� : b, h

Exchange JPC

t

Mathieu et al. PRD 92, 074013

Theory and SLAC  
data beam energies
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π0 and η beam asymmetries

7
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Dip in multiple theory 
predictions not observed


Vector exchange (Σ=1) 
dominance at this energy


Additional asymmetry 
measurements for eta, 
eta’ 


What about backward 
angles (u-channel)?

8

π0 and η beam asymmetries

Phys. Rev. C 95, 042201(R)
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Previous backward π0 measurements

9

Meson 
exchange

N/Δ 
exchange

Laget Review 
arXiv:1911.04825
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t-channel kinematics of exclusive π0

11

Detected protons Detected photons

For high energies Eɣ > 8 GeV 
with -t < 2 GeV2


GlueX well suited for slow recoil 
protons and forward photons
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u-channel kinematics of exclusive π0
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For high energies Eɣ > 8 GeV 
with -u < 2 GeV2


Fast forward protons and low 
energy photons in barrel 
calorimeter, still detectable
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For high energies Eɣ > 8 GeV, 
expected dip at -t = 0.5 GeV2 from 
zero in vector meson trajectory


Smooth efficiency over range 
dominated by t-channel exchange
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Yield Efficiency
Efficiency-corrected  

yield
u-channel π0

For high energies Eɣ > 8 GeV, smooth 
efficiency over range dominated by 
u-channel exchange


Low-u region needs further 
investigation of decreasing effic.


Large u-channel exchange coverage 
with clean π0 peak
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π- beam asymmetry: t-channel

15

Charged pseudoscalars: more 
complicated -t dependence 

Mark suggested the 
investigation of u-channel: 
beam asymmetry, dσ/du?

t

⇡�

�++

⇡, ⇢, a2, ...

arXiv:2009.07326
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Backward vector mesons

Data on ω from CLAS6 and Clifft et. al.


Models from Laget, B.-G. Yu, et. al. (see 
talk this morning’s talk)


Interest in pushing to higher energies for 
more complete s, t, u dependence?

16

arXiv:1810.11645 
arXiv:1710.04511



Justin Stevens,u-channel workshop

t-channel: Spin Density Matrix Elements

17

Intensity expressed as function of production and 
decay angles for vector mesons:  �p ! ⇢p
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Intensity expressed as function of production and 
decay angles for vector mesons:  �p ! ⇢p

<latexit sha1_base64="vnpBtVrkfc3m3IvxdU3FLZ4xcqg=">AAACBHicbZDLSgMxFIYzXmu9jbrsJlgEV2WmCrosunFZwV6gHcqZNJ2GJpMhyShl6MKNr+LGhSJufQh3vo1pOwtt/SHw8Z9zODl/mHCmjed9Oyura+sbm4Wt4vbO7t6+e3DY1DJVhDaI5FK1Q9CUs5g2DDOcthNFQYSctsLR9bTeuqdKMxnfmXFCAwFRzAaMgLFWzy11IxACcIK7ikVDA0rJB8tDiZOeW/Yq3kx4GfwcyihXved+dfuSpILGhnDQuuN7iQkyUIYRTifFbqppAmQEEe1YjEFQHWSzIyb4xDp9PJDKvtjgmft7IgOh9ViEtlOAGerF2tT8r9ZJzeAyyFicpIbGZL5okHJsJJ4mgvtMUWL42AIQxexfMRmCAmJsbkUbgr948jI0qxX/rFK9PS/XrvI4CqiEjtEp8tEFqqEbVEcNRNAjekav6M15cl6cd+dj3rri5DNH6I+czx8loJfG</latexit>

Requires control of angular 
acceptance distributions 
similar to PWA


Signal Bkgd. Accept.

t-channel: Spin Density Matrix Elements
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Intensity expressed as function of production and 
decay angles for vector mesons:  �p ! ⇢p
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MENU2019 Proceedings arXiv:1908.07275

Good agreement with JPAC 
model in the low -t regime


Natural parity exchange is 
dominant for ρ, ɸ, and ω

t-channel: Spin Density Matrix Elements
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Intensity expressed as function of production and 
decay angles for vector mesons:  �p ! ⇢p
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MENU2019 Proceedings arXiv:1908.07275

t-channel: Spin Density Matrix Elements
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t and u dependence: exclusive ω→π0π+π-
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t-channel kinematics: exclusive ω→π0π+π-

22

Detected protons Detected π±

Detected photons
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Detected protons Detected π±

Detected photons

u-channel kinematics: exclusive ω→π0π+π-
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Yield Efficiency
Efficiency-corrected  

yield
u-channel ω→π0π+π-
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For high energies Eɣ > 8 GeV, smooth 
efficiency over range dominated by 
u-channel exchange


Low-u region needs further 
investigation of decreasing effic.


Large u-channel exchange coverage 
with clean η, ω peak
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Summary
“Backward” angle peaks observed for π0, η, ω mesons, next 
talks show more interesting examples


Large acceptance allows GlueX to fully reconstruct these 
final states in u- and t-channel production


Observables: 

dσ/du for 3 < Eɣ < 11.5 GeV


polarization (Σ and SDMEs) for 8.2 < Eɣ < 8.8 GeV


Questions: 

Which final states are most interesting from theoretical 
perspective?  And which are simplest to interpret/model?


Which observables are most important?
25
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η/η’ beam asymmetry

26

Neutral pseudoscalars: Σ~1, dominated by vector exchange

t

⌘, ⌘0

1�� : !, ⇢

Consistent with prediction 
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