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The set of experiments forming the g8a run took place in the summer of 2001 in Hall B of Jefferson Lab. The
g8a run was the commissioning experiment for the linearly-polarized photon beam at CLAS. The aim of these
experiments is to improve the understanding of the underlying symmetry of the quark degrees of freedom in the
nucleon, the nature of the parity exchange between the incident photon and the target nucleon, and the mecha-
nism of associated strangeness production in electromagnetic reactions. A beam of tagged and collimated lin-
early polarized photons (energy range 1.8-2.2 GeV) in conjunction with the large solid angle coverage of CLAS
make possible the extraction of the differential cross-sections and polarization observables for the photoproduc-
tion of vector mesons and kaons. The reaction channels−→γ p → ρ0p → π+π−p and−→γ p → K+Λ0 → K+π−p
are under investigation to search for possibly missing nucleon resonances. An overview of the experiment and
preliminary results on the measurement of the photon asymmetries of the aforementioned reactions will be
presented in this paper.

1 Beamline for producing linearly
polarized photons

The g8 group of experiments [1-4] employed the coherent
bremsstrahlung facility, which was commissioned at the be-
ginning of the g8a run in Hall B of JLab [5, 6] (see Fig. 1).
To produce polarized photons of energy 2.0 GeV from an
incident 5.7-GeV electron beam on a diamond radiator re-
quires that the angle of incidence between the reciprocal lat-
tice vector of the radiator and the electron beam be aligned
to approximately 1µrad. We employed the GWU goniome-
ter [7] to align a 50-µm diamond radiator. The technique of
Glasgow University for aligning the crystal by means of a
series of scans is an extension of Lohman [8], and will be
detailed in an upcoming NIM article [9].

Figure 1. The Hall B beamline for the coherent bremsstrahlung
facility at Jefferson Lab.

The alignment procedure entails executing small angu-
lar movements of the crystal and recording the correspond-
ing photon tagger spectrum for each shift inθh andθv. The
[100] crystal axis is set at 60 mrad from its nominal position
and is swept through a 360◦ cone in azimuth. The procedure
for aligning the crystal is shown in Fig. 2, where on the left

we show a simulation of a scan that is not yet aligned; the
θh-θv offset indicates the degree that the [100] plane is not
perpendicular to the electron beam direction. The scan on
the right is real data. The dark radial ridges of these plots
trace the energy of the coherent peak as the angle between
the beam and the face of the crystal varies. As can be seen
in the left hand figure, the orientation of the crystal with re-
spect to the beam is found by fitting a template (shown with
dashed lines) composed of 8 lines, spaced 45◦ apart. The fi-
nal scan is close to a perfect 4-fold symmetry, showing that
the crystal is very well aligned to the beam, as indicated in
the right-hand panel in Fig. 2. The photon spectrum, as mea-
sured by the photon tagger [10], is the key diagnostic tool for
aligning the reciprocal lattice vectors of the diamond radia-
tor with respect to the incident electron beam to allow for
coherent bremsstrahlung production. From the scan plot on
the right in Fig. 2 (see also Fig. 3), we can see that the pho-
ton tagger performed very well.

An instrumented collimator [11] of aperture 2 mm was
installed in the Hall-B beamline downstream of the tagger
magnet at a distance of 22.9 m from the diamond radiator.
The collimator was sensitive to beam shifts to better than
25µm.

2 Production running of g8a

The g8a production running period took place in the sum-
mer of 2001 (July 12 - August 13). The energy of the in-
cident electron beam on the 50-µm thick diamond radiator
was 5.7 GeV, with a nominal current of 7 nA. For our coher-
ent bremsstrahlung data, we ran at three separate coherent
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Figure 2. (Left) Simulated scan illustrating the alignment proce-
dure by fitting a template. Here the face of the crystal, i.e. the
[100] plane, is offset inθv andθh with respect to the direction of
the incident electron beam.(Right) Final scan taken during a data
scan run. We see that the crystal is aligned to the desired degree of
precision.

Figure 3. Normalized photon spectra before and after collimation.
We remark that both plots have the same vertical scale; this high-
lights the enhancement of the spectral peak due to the collimation
of the photon beam. The fits to both the uncollimated and colli-
mated normalized photon spectra are from theanb code [12].

peak edge energies: 1.8 GeV, 2.0 GeV, and 2.2 GeV. For un-
derstanding and delineating the systematics of the azimuthal
dependence of the CLAS detector, we rotated the photon-
beam polarization axis by 90◦ on several occasions. We did
this by periodically rotating the diamond crystal between the
Miller indices of [022̄] and [022], so that these two mutu-
ally perpendicular reciprocal lattice vectors were properly
aligned with respect to the incident 5.7 GeV electron beam.
To further eliminate misleading or ‘built-in’ azimuthal de-
pendences of the CLAS detector, we took several unpolar-
ized photon runs employing the amorphous 50-µm thick car-
bon radiator in lieu of the diamond crystal. These incoherent
bremsstrahlung data will furthermore be our yardsticks for
determining the polarization of the beam. These comple-
mentary data sets will aid us in understanding our azimuthal
dependences and thereby will serve to reduce the systematic
uncertainties in the differential cross sections of the hyper-
ons and vector mesons.

In Fig. 3 we plot the normalized photon spectrum be-
fore and after the collimator. Here,normalizedmeans that
the spectrum obtained with the diamond radiator is divided
by the reference spectrum from an amorphous carbon radi-
ator of thickness 50µm, and where we have set the base-
line to the value of 100. The uncollimated data were col-
lected online with the free-running scalers. The collimated
spectrum is derived from TDC hit patterns with the random
background subtracted out. This preliminary spectrum re-
sults from a first pass through the data with a rough timing
calibration. Both data sets, i.e. uncollimated and collimated,
are fit with theanb code [12]. We see excellent agreement
between the data and the fits, and based upon this calcula-
tional evidence, we claim we have succeeded in producing
a beam of linearly-polarized photons with a high degree of
linear polarization of up to a maximum of 84%.

3 Analysis of the reaction channel−→γ p → ρ0p → π+π−p

The primary decay branch of theρ0 is to π+π− (∼100%),
the mass is 770 MeV, and the widthΓ = 150 MeV.
Exclusive−→γ p → pπ+π− reactions are obtained by de-
tecting all three outgoing particles in CLAS, and apply-
ing the following cuts: |missing energy| ≤ 0.04 GeV,
|missing transverse/longitudinal momentum| ≤ 0.04 GeV/c,
and|missing mass2| ≤ 0.004 GeV/c2.

The main problem of identifying a cleanρ0 signal is
the contribution ofπ+π− from πN∗, N∗ → πN . Dalitz
plots allow allow theρ0 signal to be emphasized in the for-
ward direction i.e. low values of Mandelstam variable|t|
(4-momentum transfer squared to the proton). In such plots
the (invariant mass)2 of theπ+π− is plotted against that of
thepπ+, and also against that of thepπ−, for all |t|. Fig. 4
shows the problem of isolating theρ0 more clearly. The high
intensity signal in both plots for the (invariant mass)2 of the
π+π− of 0.6 GeV2 corresponds to theρ0. The horizontal
bands passing through the verticalρ0 signal in both cases
correspond to the overlapping resonances. The following
(invariant mass)2 cuts have been applied to enhance theρ0

signal above these resonances:0.4 ≤ π+π− ≤ 0.8 GeV2,
1.8 ≤ pπ+ ≤ 3.1 GeV2, and1.8 ≤ pπ− ≤ 3.1 GeV2. For
|t| > 0.45 GeV2 cleanρ0 identification is difficult. Analysis
below this value is presented below.
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Figure 4. (Left) A dalitz plot showing the realρ0 signal as a vertical
red band centered around 0.6 GeV2, and overlapping resonances
appearing as the horizontal bands from the detectedpπ−particles.
(Right) A similar dalitz plot as before, except the horizontal bands
arise from a resonance from the detectedpπ+ particles.
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A typical definition of the photon asymmetry,Σ, is
shown in eqn 1. HerePγ is the degree of linear polarization,
andY‖ andY⊥ are the yields of theρ0 to emerge in the plane
of photon polarization and perpendicular to it. An alterna-
tive definition ofΣ can be obtained by integrating complete
angular distribution,W (cos θ, φ, Φ), with respect toθ and
φ [15].

Hereθ andφ are the polar and azimuthal angles of the
π+ decay product in the helicity frame [1],Φ is the angle
between the photon polarization vector and the production
plane,Pγ is the degree of linear polarization, andρn

αβ are
the spin density matrix elements [1], as shown in eqn 2.
Here, the photon asymmetry parameterΣ is obtained from
measuring the azimuthal distribution of the production plane
with respect to the angle of the photon electric polarization
vector,Φ, in the overall(−→γ p) c.m. system as depicted in
Fig. 5. The large solid angle coverage of CLAS provides an
excellent means for making this measurement.

Σ =
1
Pγ

Y‖ − Y⊥
Y‖ + Y⊥

(1)

W (Φ) = 1− ΣPγ cos 2Φ (2)

Figure 5. The(−→γ p) c.m. system.Φ is the azimuthal distribution of
the production plane with respect to the angle of the photon electric
polarization vector.

A selection of perpendicularly linearly polarized photon
data taken with the coherent edge at 2.0 GeV has been sam-
pled to measureΦ. This measurement allied with an esti-
mate of the degree of linear polarization allows a first mea-
surement ofΣ to be extracted using eqn. 2. The same event
selection and kinematic cuts are also applied to a sample of
unpolarized data obtained with an amorphous radiator, and
Φ is measured for this data set also. To remove systemat-
ics and areas of non-fiducial acceptance, theΦ distribution
from the polarized data is divided through by a scaled un-
polarized distribution. The results of this method are shown
in Fig. 6, and the corresponding asymmetries assuming an
average polarization of 80% are presented in Table I. Fig. 7
is a first comparison with the quark model for baryons of
Qiang Zhao [14]. This is a semi-empirical calculation with
parameters based on theω. A coherent study ofω andρ is
currently being worked on.
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FIG. 4: (Left) A dalitz plot showing the real ρ0 signal as a
vertical red band centered around 0.6 GeV2, and overlapping
resonances appearing as the horizontal bands from the de-
tected pπ−particles. (Right) A similar dalitz plot as before,
except the horizontal bands arise from a resonance from the
detected pπ+ particles.

FIG. 5: The (−→γ p) c.m. system. Φ is the azimuthal distribu-
tion of the production plane with respect to the angle of the
photon electric polarization vector.

tegrating complete angular distribution, W (cos θ, φ,Φ),
with respect to θ and φ [15].

Here θ and φ are the polar and azimuthal angles of the
π+ decay product in the helicity frame [1], Φ is the angle
between the photon polarization vector and the produc-
tion plane, Pγ is the degree of linear polarization, and
ρn

αβ are the spin density matrix elements [1], as shown in
eqn 2. Here, the photon asymmetry parameter Σ is ob-
tained from measuring the azimuthal distribution of the
production plane with respect to the angle of the pho-
ton electric polarization vector, Φ, in the overall (−→γ p)
c.m. system as depicted in Fig. 5. The large solid angle
coverage of CLAS provides an excellent means for making
this measurement.

Σ =
1

Pγ

Y‖ − Y⊥

Y‖ + Y⊥
(1)

W (Φ) = 1 − ΣPγ cos 2Φ (2)

A selection of perpendicularly linearly polarized pho-
ton data taken with the coherent edge at 2.0 GeV has
been sampled to measure Φ. This measurement allied
with an estimate of the degree of linear polarization al-
lows a first measurement of Σ to be extracted using

FIG. 6: The measurement of Φ for four —t— bins with pho-
ton energy E−→γ = 2.0 GeV. Error bars shown are from statis-

tical errors only.

|t| bin range GeV2 Σ = −

W (0o)−W (900)

W (0o)+W(900)

Pγ

|t| ≤ 0.15 0.183±0.036

0.15 < |t| ≤ 0.25 0.406±0.025

0.25 < |t| ≤ 0.35 0.418±0.033

0.35 < |t| ≤ 0.45 0.492±0.046

TABLE I: Calculated asymmetry results for each |t| bin with
photon energy E−→γ = 2.0 GeV. The estimated polarization

used is 80%. Errors are calculated from statistical errors in
the fitting of Φ and 5% for systematic errors.

eqn. 2. The same event selection and kinematic cuts are
also applied to a sample of unpolarized data obtained
with an amorphous radiator, and Φ is measured for this
data set also. To remove systematics and areas of non-
fiducial acceptance, the Φ distribution from the polarized
data is divided through by a scaled unpolarized distribu-
tion. The results of this method are shown in Fig. 6, and
the corresponding asymmetries assuming an average po-
larization of 80% are presented in Table I. Fig. 7 is a first
comparison with the quark model for baryons of Qiang
Zhao [14]. This is a semi-empirical calculation with pa-
rameters based on the ω. A coherent study of ω and ρ is
currently being worked on.

ANALYSIS OF THE REACTION CHANNEL
−→γ p → K+Λ0 → K+π−p

The decay of the Λ0 (1115) → p + π−has a branching
ratio of ∼64% and a mean lifetime of ∼ 2.6× 10−10 sec-
onds. CLAS detects the K+, π−and p directly, so the
reaction is exclusive. The main problem of detecting this
reaction is π+ contamination in the K+ signal, which
then brings non-exclusive reactions inside the cuts placed
on the data, increasing the background.

Kinematic constraints can be used to reduce this ef-
fect, and by considering a plot of the missing mass

Figure 6. The measurement ofΦ for four —t— bins with photon
energyE−→γ = 2.0 GeV. Error bars shown are from statistical errors
only.

TABLE I. Calculated asymmetry results for each|t| bin with
photon energyE−→γ = 2.0 GeV. The estimated polarization
used is 80%. Errors are calculated from statistical errors in
the fitting ofΦ and 5% for systematic errors.

|t| bin range GeV2 Σ = −
W (0o)−W (900)
W (0o)+W (900)

Pγ

|t| ≤ 0.15 0.183±0.036
0.15 < |t| ≤ 0.25 0.406±0.025
0.25 < |t| ≤ 0.35 0.418±0.033
0.35 < |t| ≤ 0.45 0.492±0.046

Figure 7. A first comparison with the quark model of baryons of
Qiang Zhao [14]. This is a semi-empirical calculation uses param-
eters based on theω. A coherent study ofω andρ is currently being
worked on.

4 Analysis of the reaction channel−→γ p → K+Λ0 → K+π−p

The decay of theΛ0 (1115) → p + π−has a branching ratio
of ∼64% and a mean lifetime of∼ 2.6× 10−10 seconds.
CLAS detects theK+, π−andp directly, so the reaction is
exclusive. The main problem of detecting this reaction is
π+ contamination in theK+ signal, which then brings non-
exclusive reactions inside the cuts placed on the data, in-
creasing the background.
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Figure 8. The relative kinematics of theK+ andp + π− compo-
nents of the overall reaction.

Figure 9.Φ results from eachθ bin, with E−→γ =2.25 GeV

Kinematic constraints can be used to reduce this ef-
fect, and by considering a plot of the missing mass of−→γ + p → K+ + X versusΛ0 → K+ + π−, the background
from misidentified kaons can be seen as a rising diagonal
above the main kinematic region of the reaction. In Fig. 4
theΛ0 peak is clearly identifiable and this enables a simple
cut to be made around the peak, the parameters of the cut
being1.08GeV < Missing Mass (X) < 1.14GeV and the
same parameters forMissing Mass (p + π−).

As shown in eqn. 2 the photon asymmetry is calculated
from particle yield over a range of azimuthal acceptance.
Also as in Fig. 5, we calculateΦ with respect to the polariza-
tion vector of the incoming photon, in this case theK+ and
theΛ0 are substituted for theρ and proton respectively. With
the K+Λ0 reaction well identified in CLAS, the azimuthal
distribution is plotted over threeθ bins defined by theK+

in the (−→γ p) c.m. frame. Each set of polarized data defined
in this way is normalized by the corresponding amorphous
data set, which reduces the effect of non-fiducial regions of
CLAS and other systematics, as in Section 3. The resulting
data sets are shown below in Fig. 9, where the azimuthal
distribution is divided into10◦ bins to improve statistics for
this preliminary calculation. The error bars come from the
statistical weights of each point in the fit to the data.

TABLE II. Calculated asymmetry results for eachθK+

C.M. bin,
assuming a linear photon polarization of∼80%. Again, the
systematics are 5%.

θK+c.m. Σ = −
W (0o)−W (900)
W (0o)+W (900)

Pγ

20 < θ < 40 0.87± 0.29
40 < θ < 60 0.45± 0.16
60 < θ < 120 0.17± 0.16

Figure 10. Preliminary comparison between the data and the theo-
retical calculations of Stijn Janssen made from fits to the SAPHIR
data at 1.95 GeV. The relevance of the color scheme is discussed in
the text.

Shown in Fig. 10 are plots of predicted photon asymme-
try from the quark model calculations of Stijn Janssen [16].
This model makes calculations of the polarization observ-
ables of theK+Λ0 reaction, which are variables which con-
tribute to the differential cross section of this reaction when
linearly-polarized photons are used [17].

dσ

dΩ
= σ0{1− PbΣcos 2φ− Px′ (PbOx′ sin 2φ)

− Py′ (PbT cos 2φ)− Pz′ (PbOz′ sin 2φ)} (3)

Janssen’s model uses data from the SAPHIR [18] collabora-
tion on the differential cross-section ofK+Λ0 to make esti-
mates of the coupling strengthgKΛp, which is an essential
parameter for using elements of the Isobar model and Regge
Trajectory model to make predictions of the polarization ob-
servables, in particularΣ, Px, Py, andPz. Using the Isobar
model allows a comparison to be made between the presence
of different reactions or resonances in the reaction, and this
alters the prediction of the photon asymmetry accordingly.

The predictions shown in Fig. 9 relate to three groups
of resonances that Janssen includes in the model. The black
line is a prediction of the photon asymmetry parameterΣ
at E−→γ = 1950 MeV, including theN∗ baryon resonances
(S11(1650), P11(1710), P13(1720)).

The red line includes the “missing” resonance
P11(1895), and the green line the “missing”D13(1895).
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5 Summary

With the g8a run, we were able to show ‘proof of princi-
ple’ that we can coherently produce a tagged and collimated
beam of linearly-polarized photons from a 50-µm diamond
radiator. The maximum degree of polarization exceeds 80%.
For the first phase of g8, i.e. g8a, we collected approxi-
mately 1.8 billion triggers, which, after our data cuts and
analysis, should give us over 100 times the world’s data set
for linearly polarized photoproduction of vector mesons in
the energy range of1.8 ≤ E~γ ≤ 2.2 GeV. In summary, a
linearly-polarized photon beam represents a real enhance-
ment of the JLab facility and its physics capabilities.
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