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Introduction
• High	  PT reactions	  probe	  transition	  region	  between	  meson-‐nucleon	  and	  
quark-‐gluon	  degrees	  of	  freedom
• Signature	  of	  onset	  of	  perturbative	  regime:	  constituent	  counting	  rule	  is	  
valid	  

• Helicity	  conservation	  :	  small	  final	  state	  polarization
• High	  precision	  data	  exist	  from	  6	  GeV	  area	  CLAS	  and	  Hall	  A	  experiments	  
explored	  the	  low	  energy	  limit
• Reactions:	  
• Explore	  the	  possibility	  of	  extending	  kinematic	  region	  using	  the	  GlueX
detector
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FIG. 13. (Color online). Scaled differential cross section s7dσ/dt

versus center-of-mass energy
√

s for the γn → π−p process from
JLab E94-104 and previous world data [46–48]. The open triangles
in the upper panel are averaged from the Besch et al. data [47] at
θc.m. = 85◦ and 95◦, whereas open triangles in the middle panel are
averaged from those at θc.m. = 65◦ and 75◦. The Fujii et al. and
Scheffler et al. data [48] in the middle panel were taken at θc.m. = 75◦.

was 6.9 ± 0.2 for the γn → π−p process and 7.1 ± 0.2 for
the γp → π+p process, consistent with the prediction of 7.
This may have some theoretical implications, for example, the
validity of quark-gluon degrees of freedom and the freezing of
the running strong coupling constant at several giga-electron-
volts.

There is no sign of s−7 scaling for the data at θc.m. = 50◦

up to center-of-mass energy of 3.0 GeV for the π− case and
3.9 GeV for the π+ case. This is not surprising because the
deuteron photodisintegration data [7,8,28] at forward angles
do not scale at as low energies as those at 90◦. The deuteron
photodisintegration data at θc.m. = 53◦ seem to scale when
the photon energy is greater than 3 GeV, whereas the data at
θc.m. = 90◦ scale when the photon energy is greater than 1 GeV.
The corresponding center-of-mass energies are 3.8 and
2.7 GeV, respectively.

The scaled invariant amplitude P 5
T |M| is plotted in Figs. 15

and 16 against center-of-mass energy
√

s and transverse
momentum PT , similar to what was performed for neutral pion
photoproduction on the deuteron [64]. The invariant amplitude
M was calculated from the differential cross section by using
the following:

|M| = 4
(
s − m2

N

)
√

π
dσ

dt
(γN → πN ), (8)

and the transverse momentum was calculated by using
PT = |p⃗π | sin θπ from the pion momentum p⃗π and scattering
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FIG. 14. (Color online). Scaled differential cross section s7dσ/dt

versus center-of-mass energy
√

s for the γp → π+n process from
JLab E94-104 and previous world data [10,46,48].

angle θπ . The scaled amplitude P 5
T |M| is plotted here for

the γN → π±N process, whereas P 11
T |M| was plotted in

Ref. [64] for the γ d → π0d process. The scaling power of
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FIG. 15. (Color online). Scaled amplitude P 5
T |M| versus center-

of-mass energy
√

s and transverse momentum PT for the γn → π−p

process. All the data points came from JLab E94-104. The arrows
indicate the position below which the data do not scale for either π+

or π− photoproduction.
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FIG. 1: (color online). (a): Reconstructed missing mass
squared of the spectator proton fitted with a Gaussian plus
linear function. The arrow indicates the mass squared of
the proton; (b): Reconstructed spectator proton momentum
(missing momentum) from this experiment together with a
Monte Carlo simulation.
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FIG. 2: (color online). Scaled differential cross section s7 dσ

dt
as

a function of
√

s for θc.m. = 90◦ for three different channels.
The upper panel is for the γp → π+n process, the middle
panel is for the γn → π−p process, and the lower panel is for
the γp → π0p process. The green solid squares are results
from Ref. [15] and the results from this experiment are shown
as red solid circles. Results from Dugger et al. [27] on neutral
pion production are shown as blue solid squares. The blue
open squares are recent CLAS data on π+ production [28].
The SAID FA08 results [28] are shown as the magenta curves
in all three panels. The prediction from a Regge approach [32]
is shown in the top and middle panels by black curves. The
black open circles are the world data collected from Refs. [4,
29].

Refs. [4, 29]. There are three distinct features shown in
the data: a broad enhancement around

√
s of 2.1 GeV; a

marked fall-off of the differential cross section in a narrow
energy window of about 300 MeV above this enhance-
ment; and the suggested [15] onset of the CCR scaling
for

√
s around 2.8 GeV. The second feature was sug-
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FIG. 3: (color online). Scaled differential cross section s7 dσ

dt

as a function of
√

s for θc.m. = 50◦ to 115◦. The arrows indi-
cate the location of

√
s corresponding to a transverse momen-

tum value of 1.1 GeV/c. The green solid squares are results
from Ref. [15]. The results from this experiment are shown
as red solid circles. The black open circles and open squares
are the world data collected from Refs. [4, 29] and [33], re-
spectively. Errors on the data from CLAS are the quadratic
sums of the statistical and systematic uncertainties. The blue
dashed lines indicate the known resonances, and the red dot-
ted lines illustrate the angular dependent feature of the broad
enhancement structure discussed in the text.

gested by Jefferson Lab experiment E94-104 [15] (shown
as green solid squares) and the π−p total scattering cross
section data [30]. The drastic fall-off of the cross sec-
tion has now been firmly established by the results from
this experiment. Also shown are the results of the SAID
FA08 partial wave analysis [28] (magenta), the MAID07
model [31] (blue), and the prediction from a Regge ap-
proach [32] (black).

The Regge approach does not describe our data and
the deviation is speculated to be due to baryon reso-
nances [32]. While the SAID FA08 fit has been greatly
improved by the CLAS π0 [27] and the π+ data [28], it
does not give as good a description of the data near the
peak of the enhancement. Further, it lacks the constraint
on the π− channel and does not describe our data well
above 2.4 GeV in

√
s. The precision data presented here

will help to further constrain the SAID fit and will allow
for a determination of the corresponding neutron electro-
magnetic parameters for 4-star PDG resonances. These
studies will be reported in a future publication.

Fig. 3 shows the scaled differential cross section s7 dσ
dt

as a function of
√

s for θc.m. = 50◦ to 115◦ with an angu-
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s for θc.m. = 90◦ for three different channels.
The upper panel is for the γp → π+n process, the middle
panel is for the γn → π−p process, and the lower panel is for
the γp → π0p process. The green solid squares are results
from Ref. [15] and the results from this experiment are shown
as red solid circles. Results from Dugger et al. [27] on neutral
pion production are shown as blue solid squares. The blue
open squares are recent CLAS data on π+ production [28].
The SAID FA08 results [28] are shown as the magenta curves
in all three panels. The prediction from a Regge approach [32]
is shown in the top and middle panels by black curves. The
black open circles are the world data collected from Refs. [4,
29].
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s for θc.m. = 50◦ to 115◦. The arrows indi-
cate the location of

√
s corresponding to a transverse momen-

tum value of 1.1 GeV/c. The green solid squares are results
from Ref. [15]. The results from this experiment are shown
as red solid circles. The black open circles and open squares
are the world data collected from Refs. [4, 29] and [33], re-
spectively. Errors on the data from CLAS are the quadratic
sums of the statistical and systematic uncertainties. The blue
dashed lines indicate the known resonances, and the red dot-
ted lines illustrate the angular dependent feature of the broad
enhancement structure discussed in the text.

gested by Jefferson Lab experiment E94-104 [15] (shown
as green solid squares) and the π−p total scattering cross
section data [30]. The drastic fall-off of the cross sec-
tion has now been firmly established by the results from
this experiment. Also shown are the results of the SAID
FA08 partial wave analysis [28] (magenta), the MAID07
model [31] (blue), and the prediction from a Regge ap-
proach [32] (black).

The Regge approach does not describe our data and
the deviation is speculated to be due to baryon reso-
nances [32]. While the SAID FA08 fit has been greatly
improved by the CLAS π0 [27] and the π+ data [28], it
does not give as good a description of the data near the
peak of the enhancement. Further, it lacks the constraint
on the π− channel and does not describe our data well
above 2.4 GeV in

√
s. The precision data presented here

will help to further constrain the SAID fit and will allow
for a determination of the corresponding neutron electro-
magnetic parameters for 4-star PDG resonances. These
studies will be reported in a future publication.

Fig. 3 shows the scaled differential cross section s7 dσ
dt

as a function of
√

s for θc.m. = 50◦ to 115◦ with an angu-

W.	  Chen	  et	  al.	  PRL	  103	  (2009)



PHYSICAL REVIEW C VOLUME 52, NUMBER 6

Nucleon helicity in pion photoproduction
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Pion-photoproduction data is examined to check for the nucleon-helicity conservation predicted by asymp-
totic QCD. The differential cross section shows agreement with constituent-counting rules, and polarization
data are not in disagreement with conservation of nucleon helicity. However large uncertainties in the polar-
ization measurements do not allow a conclusive statement. The helicity amplitudes from a partial-wave analy-
sis are also examined for helicity conservation. While the amplitudes become small as s increases, the s
dependence of the helicity-conserving amplitudes is similar to the dependence of the nonconserving ampli-
tudes.

PACS number(s): 25.20.Lj, 12.38.Qk, 24.85.+p, 25.10.+s

The application of QCD to the study of nuclear phenom-
ena is an important issue which will be studied by the new
generation of several-GeV, high-intensity electron accelera-
tors. The present data for pion photoproduction and deuteron
photodisintegration offer a means for a first look at these
issues.

The question of the applicability of perturbative QCD to
deuteron photodisintegration has been addressed recently by
Belz et al. who measured the differential cross section for
energies up to 2.8 GeV [1].Their results demonstrate that at
0, = 90' the cross section is in good agreement with
constituent-counting-rule predictions for incident-photon en-
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FIG. 1. Differential cross section and polarization observables for pion photoproduction at 90 c.m. angle. The data are taken from the
SAID data base [6].(a) The differential cross section der/dt versus s for the reaction yp~ m+n. The dashed line shows the function s for
reference. (b) P, the recoil-polarization asymmetry for the yp~7rop reaction, (c) T, the target-polarization asymmetry for the yp~m. n
reaction, and (d) H, the double-polarization observable for polarized photons on a transversely polarized target for the yp —+ rr+n reaction.
The polarization observables are equal to zero if the reaction conserves nucleon helicity. The solid line shows the prediction SM95 from the
partial-wave analysis of Amdt et al. [9].
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Extension	  in	  GlueX

• Cross	  section	  estimated	  using	  scaling	  and	  fit	  to	  data:

From	  Zhu	  et	  al.	  PRC	  71	  (2005),	  044603

• Fit	  to	  angular	  distributions	  of	  SLAC	  data
• Reproduces	  exp.	  data	  reasonably	  well	  

• Select	  typical	  photon	  rate	  of	  107 photons/s
• 30	  cm	  LH2
• Overall	  Luminosity:	  1.3	  1031
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Beam	  times	  for	  1000	  events
• Small	  cross	  sections
• Large	  amount	  of	  beam	  
time	  needed

• Run	  parallel	  to	  existing	  
and	  new	  program	  
(especially	  on	  D)

• Polarization	  degree	  
measurements	  at	  
lower	  energies	  (and	  
larger	  σ)



GlueX detector

CHAPTER 3. THE GLUEX DETECTOR IN HALL D 28

560 cm

342 cm

48 cm

185 cm

BCAL 

CDC

Central Drift Chamber
FDC

Forward Drift Chambers

GlueX Detector

Forward

 Calorimeter

Solenoid

390 cm long
 inner radius: 65 cm   outer radius: 90 cm

240 cm diameter 
45 cm thick

30-cm target
CL

Future
Particle ID

photon
beam

10.8 
o

14.7 
o

118.1 
o

126.4 
o

FCAL
 Barrel Calorimeter

Figure 3.1: The spectrometer schematics.

and anode wires, both of which are read out. Each package is designed to reconstruct short
track segments, with positions measured to an accuracy of about 200 µm. The momentum
resolution of the charged particles detected by the FDC depend strongly on their momentum
and polar angle. The FDC measures tracks with polar angles going from about 1� out to about
25�.

Charged particles that exit the FDC at the downstream end of the solenoid travel to the
time-of-flight wall. This detector is a crossed pair of scintilator planes, readout at both ends
by photo multipliers. The detector records the time at which charged paricles pass through it
with about 80 ps accuracy, and when this is combined with the time of the start of the event
and the momentum of the particle, both the path-length traveled by the particle and its flight
time can be determined. The accuracy of this decetor is su�cient determine if the particle is a
⇡

± or K

± up to momentums of about 2 GeV/c. Particles with polar angles more forward than
about 11� are measured by the time-of-flight wall.

In order to be able to reconstruct ⇡

� and ⌘ mesons, the GlueX detector must be able
to detecect and reconstruct photons. This is carried out by a pair of calorimeters. The barrel
calorimeter (BCAL) is located inside the bore of the magnet outside the radiuse of the CDC
and FDC. The forward calorimeter (FCAL) is located downstream of the time-of-flight wall.

The BCAL is built with scintilating fibers between thin sheets of lead formed into 48 wedge-
shaped modules that run the lnegth of the solenoid. The 4 m long wedges form a ring against

✓
CM

= 90o ✓
CM

= 60o

Recoil direction

⇡

⇡

• No	  forward	  particles
• Pairs	  of	  large	  PT particles
• Special	  trigger	  needed
• BCAL	  	  start	  counter	  coincidence



Summary

• GlueX/Hall	  D	  has	  the	  potential	  to	  significantly	  increase	  kinematic	  
range	  of	  π	  production	  at	  high	  PT	  (>	  1	  GeV/c)
• Small	  cross	  sections:	  optimize	  trigger	  (for	  large	  angles)	  and	  PID
• Background	  needs	  to	  be	  studied
• Hydrogen	  target	  	  data	  can	  be	  taken	  in	  parallel	  to	  meson	  spectroscopy	  
program
• Deuteron	  target	  opens	  new	  possibilities
• High	  PT studies	  for	  other	  mesons	  interesting	  (ρ,	  ω)
• Polarized	  photons:	  new	  possibilities


