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C. SUð3ÞF point, m! ¼ 702 MeV, ð16; 20Þ3$128

In this case we take all three quark flavors to be mass
degenerate, with the mass we have tuned to correspond to
the physical strange quark. Here, because there is an exact
SUð3Þ flavor symmetry, we characterize mesons in terms of
their SUð3ÞF representation, octet (8) or singlet (1), and
compute correlation matrices using the basis in Eq. (5).
The octet correlators feature only connected diagrams
while the singlets receive an additional contribution from
a disconnected diagram. Since the strange quarks are now
no heavier than the ‘‘light’’ quarks, any splitting between
states in the octet and singlet spectra is purely due to the
disconnected diagrams and thus to ‘‘annihilation dynam-
ics.’’ In Fig. 13 we present the spectra extracted on two
lattice volumes.

D. Quark mass and volume dependence

Figures 14–16 show the quark mass and volume depen-
dence of the extracted isoscalar and isovector spectra.

In general, the extracted spectrum is fairly consistent
across quark masses. There are some cases, such as the
second level in 3þ$, that are not cleanly extracted at the
lowest pion mass.

We refrain from performing extrapolations of the masses
to the limit of the physical quark masses, since, as we have
already pointed out, we expect most excited states to be
unstable resonances. A suitable quantity for extrapolation

might be the complex resonance pole position, but we do
not obtain this in our simple calculations using only single-
hadron operators.
We discuss the specific case of the 0$þ and 1$$ systems

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 Sec. III B do not apply.
Figure 17 shows the quality of the principal correlators
from which we extract the meson masses, in the form of
an effective mass,

meff ¼
1

#t
log

$ðtÞ
$ðtþ #tÞ ; (16)

for the lightest quark mass and largest volume consid-
ered. The effective 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 volume

dependence of the " and "0 mesons. We have already
commented on the unexplained sensitivity of the "0 mass
to the spatial volume at m! ¼ 391 MeV, and we note that
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FIG. 11 (color online). Isoscalar (green and black) and isovector (blue) meson spectrum on the m! ¼ 391 MeV, 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.
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The Hall D Photon Beamline
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• Goals

• final detector 
commissioning and 
calibration

• commission 
computing/analysis 
infrastructure

• opportunistic physics 
results

• Typical acquisition rate:   
30 kHz with 90% live time  
750 MB/s data acquisition

• Approximate data volume 
to date:  250 TB
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rotate beam polarization by 90o in the lab

Asymmetry Amplitude is ρ Polarization
Data confirm high polarization transfer from beam to ρ
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(Measured using exclusive γp→4γp events.)
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Particle Identification Capability
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γp→π+π-p
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VOLUME 53, NUMBER 8 PHYSICAL REVIEW LETTERS 20 AUGUST 1984
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FIG. 1. The vr +m invariant mass distribution
corrected for all losses. The solid curve is the prediction
of the Soding model with only the p(770) resonance.
The dashed curve shows the effect of adding a second
resonance of mass 1.55 GeVe and width 0.28 GeV/e .

cept those in a narrow forward region dominated by
e+e conversions) triggered the recording of

hadronic interactions. A kinematic fit with three
constraints was used to select the yp m+m p
events. Backgrounds were studied and found to be
negligible after rejection of the events (1.4%) which
had a better fit to yp m+m m p, K+K p, or
ppp. The data were corrected for experimental
detection and selection losses as a function of the
production and decay variables of the m+m sys-
tem. An important feature of the experiment is
that it has good acceptance for all decay angles of
m+ m pairs with masses between 0.4 and 2.5
GeV/c2.
The final data sample consists of 20908

yp 7r+m p interactions. This represents a cross
section of 11.1+0.9 p, b. A small, well-isolated sig-
nal of 5(1232) production was observed and re-
moved by rejecting 133 events with m + & 1.4P7T
GeV/c2 The m+m mass distribution of the
remaining events, presented in Fig. 1, shows that
this channel is dominated by p(770) production.
The experimental mass resolution varies from 0.008
to 0.013 GeV/c standard deviation for m+m
masses between that of the p and 2.0 GeV/c . This
is much smaller than the natural widths of the reso-
nances studied in this experiment. We will briefly
discuss the production and decay characteristics of
the p(770) and then show that a second resonance
at a 7r+7r mass of 1.55 GeV/c is required to
describe the data.
The cross section for the reaction yp pp is

known to vary slowly with center-of-mass energy

752
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3.0

FIG. 2. Variation of the four-momentum slope param-
eter, b, with m-+m mass. The curves are Soding model
predictions with one (solid curve) and two (dashed
curve) resonances as described in the text.

and rapidly with the square of the four-momentum
transferred (t' = t —t;„)from the photon to the p.
The variation with m+ m mass of the slope param-
eter, b, from fits of the form Ae ' to the experi-
mental distribution drr/dt', is shown in Fig. 2. We
will return to a discussion of the dependence of b
on the m-+sr mass, but note here that the slope is
7.5 + 0.2 (GeV/c) 2 at the p mass peak. This
value is typical of elastic processes, and suggests
that the p is produced by the diffractive, vector-
meson dominance mechanism shown in Fig. 3(a).

/7T
/

7T

/7T
/

FIG. 3. (a) Diffractive production of the p(770). (b)
Nonresonant ~+m production via a Drell amplitude as
suggested by Soding. (c),(d) Diffractive p' production
amplitudes.

K. Abe et al., PRL 53, 751 (1984)
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γp→4γp

• Very little data exist (until now) on 
photoproduction of mesons that decay 
into multiple neutral particles

• Plots integrate over all available beam 
photon energies (3.0 GeV - 11.7 GeV)
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Summary and Outlook

• Hall D beamline is operating at 
design energy and intensity for 
initial phase of GlueX

• Most GlueX subsystems are 
operating at design resolution

• Unique features of the GlueX 
experiment are evident already

• high statistics

• large acceptance, especially for 
photons

• At least an order of magnitude 
more data will be collected during 
first physics run in 2016-2017
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