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Introduction



Baryon Summary Table

Figure 1: Particle Data Group listing 2014 [1]
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Baryon Spectrum (LQCD)

Figure 2: From [2]
4



Resonance Hunting

Figure 3: Most resonance information is from πN scattering
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Resonance decays to other channels

Figure 4: Some resonances predicted to decay into strange channels [3]. 6



Meson Photoproduction

Figure 5: Comparison of photoproduction channels
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Kaon Photoproduction

Figure 6: Energy dependence of cross section
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Experiment



g8b Run Period

Figure 7: Standard CLAS configuration; 4.5 GeV beam; diamond radiator.
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Linear Photon Polarization

Figure 8: Alignment of
diamond radiator Figure 9: Fitting enhancement spectrum
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γ⃗p→ KΛ Kinematics

Figure 10: Taken from [4].
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Event Selection

Reactions of interest proceed via the branches:

−→γ p→ K+Λ → K+pπ−

and
−→γ p→ K+Σ0 → K+γΛ → K+γpπ−

For this analysis, final state p, K+ and if possible π− are identified in
CLAS.

Differential cross section reads

dσ
dΩ =

(
dσ
dΩ

)
0
{1− PγΣ cos 2ϕ + α cos θxPγOx sin 2ϕ

+α cos θyP− α cos θyPγT cos 2ϕ +α cos θzPγOz sin 2ϕ} .
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Data Selection and Processing



Event Selection Cuts

Applied Cut Details Events
Initial skim (1 proton) and (1 K+) and (0 or

1 π−) and (0 or 1 γ)
6.03× 107

Vertex cut −40 < z < 0 cm 4.71× 107

γp and γK+ vertex
timing

Momentum dependent criterion 1.94× 107

Minimum momen-
tum cut

pp and pK+ > 300MeV/c 1.59× 107

Fiducial cut > 4◦ in azimuthal angle from
the sector edges

1.41× 107

Pion mis-ID as
kaon

Assume p(γ, π+p)π−, thenmiss-
ing mass (π+p) > 0.17GeV/c2

9.36× 106

Invariant Mass pπ− 1.06 < M(pπ−) < 1.2GeV/c2 7.06× 106

Table 1: [More details and plots in analysis note]
15



Selected Events
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Figure 11: Channel identification
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g8 Event Coverage

Figure 12: γ⃗p→ KΛ⃗
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Figure 13: γ⃗p→ KΣ⃗0
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Linear Photon Polarization

Figure 14: Coherent peak position during g8
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Extracting Observables



Measuring Asymmetries

The cross section contains five observables:

dσ
dΩ =

(
dσ
dΩ

)
0

{
1− Pγ Σ cos 2ϕ + α cos θxPγ Ox sin 2ϕ

+α cos θy P − α cos θyPγ T cos 2ϕ +α cos θzPγ Oz sin 2ϕ
}
.

Separate parts dependent and independent of photon linear
polarization (each event labelled by i):

fi = 1+ α cos θy,i P
gi =

(
Σ + α cos θy,i T

)
cos 2φi + α

(
cos θx,i Ox + cos θz,i Oz

)
sin 2φi.
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Measuring Asymmetries

Define an estimator of asymmetry for a {W, cos θK} bin:

âi =
fi∆L+ (1− β)Pγgi
fi + (1− β)Pγgi∆L

.

Likelihood is

Li =
1
Z (1+ âi)

N⊥=1(0)
(1− âi)

N∥=0(1) =
1
2 (1± âi) ,

Maximize
Ltotal =

∏
i

Li

by varying {Σ, T,Ox,Oz} ∈ [−1,+1].

21



Comparisons



Recoil Polarization
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Figure 15: Grey - g11 [5]; Red - g8 23



g8 Kinematic Coverage

Figure 16: γ⃗p→ KΛ⃗. Red - LEPS; Blue -
GRAAL; Black - CLAS
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Figure 17: γ⃗p→ KΣ⃗0. Same symbols
as in previous plot.
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GRAAL Beam Asymmetry

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.64 < W < 1.66

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.74 < W < 1.77

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.85 < W < 1.87

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.66 < W < 1.68

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.77 < W < 1.79

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.87 < W < 1.89

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.68 < W < 1.71

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.79 < W < 1.82

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.89 < W < 1.92

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.71 < W < 1.74

­1 ­0.5 0 0.5 1
­1

­0.5

0

0.5

1
1.82 < W < 1.85

­1 ­0.5 0 0.5 1

1.6

1.7

1.8

1.9

2

2.1

2.2
W (GeV) Data Coverage

Λ + K→ + p γg8­GRAAL comparison: 
Σ

O
b

se
rv

ab
le

: 
B

ea
m

 A
sy

m
m

et
ry

, 

Kθcos 

Figure 18: Blue - GRAAL [6]; Red - g8
25



GRAAL Target Asymmetry
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Figure 19: Blue - GRAAL [7]; Red - g8
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GRAAL Beam Asymmetry
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Figure 20: Blue - GRAAL [6]; Red - g8
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LEPS Beam Asymmetry
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Figure 21: Green - LEPS [8]; Red - g8
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Results



g8 Results

Explanation of symbols and colors:

• Data Points: CLAS g8 results;
• Red: ANL-Osaka calculations [9] (prediction);
• Green: Bonn-Gatchina 2014 fit [10] (BG2014-02, prediction);

• Blue: Bonn-Gatchina full re-fit with CLAS g8 results;
• Calculation bands indicate standard deviation of calculations
within angular bin.
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γ⃗p→ K+Λ⃗: Beam Asymmetry
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γ⃗p→ K+Λ⃗: Beam-Recoil, Ox
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γ⃗p→ K+Σ⃗0: Beam Asymmetry
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γ⃗p→ K+Σ⃗0: Beam-Recoil, Ox
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Bonn-Gatchina PWA
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Bonn-Gatchina PWA

Significant studies carried out [11]:

• New fit to data from all two-body final states (33988 points)
• Couplings to three-body final states were kept fixed
• Additional weighting (sic.) given to new data
• BG2014-02 fit had total χ2 of 55370 with new data
• Added one or two new resonances in region 2.1–2.2 GeV
• Many combinations show χ2 improvement, none significant

• Best combination: N⋆

(
3
2

+)
and N⋆

(
5
2

+)
(χ2 = 54190)
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Fierz Identity Comparison

Assuming pseudoscalar meson photoproduction, we have the
constraint [12]:

O2x + O2z + C2x + C2z +Σ2 − T2 + P2 = 1

Plot g8 combination:

1− O2x − O2z − Σ2 + T2 − P2

against g1c combination:
C2x + C2z
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Fierz Identity Comparison

Figure 22: Open circles - g1c [4]; Filled - g8
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Conclusion



Summary

• CLAS g8 run period results
• Measurements of polarization observables for the reactions
γ⃗p→ K+Λ and γ⃗p→ K+Σ0

• Energy range 1.71 GeV < W < 2.19 GeV;
• Angular range −0.75 < cos θK < +0.85.
• Observables extracted: beam asymmetry Σ, target asymmetry T,
beam-recoil Ox and Oz.

• Extends kinematic reach and accuracy of γ⃗p→ K+Λ data
• New data on T, Ox and Oz data for γ⃗p→ K+Σ0

• Bonn-Gatchina model analysis: some evidence of resonances
beyond the 2014 solution
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Linear Photon Polarization

Figure 23: Photon beam asymmetry Σ for KΛ (blue) and KΣ0 (green)
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Background

Figure 24: Determining background fraction 43
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Figure 25: Depends on on W

Definition of luminosity
asymmetry:

∆L =
L⊥ − L∥
L⊥ + L∥
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Measuring Asymmetries
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φ = (θ − ϕ)

Figure 27: Definitions of angles
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Recoil Polarization
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Figure 28: Grey - g11 [13]; Red - g8 43



GRAAL Beam-Recoil, Ox
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Figure 29: Blue - GRAAL; Red - g8
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GRAAL Beam-Recoil, Oz
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Figure 30: Blue - GRAAL; Red - g8
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LEPS Beam Asymmetry
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Figure 31: Green - LEPS; Red - g8

43



γ⃗p→ K+Λ⃗: Beam Asymmetry
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γ⃗p→ K+Λ⃗: Target Asymmetry
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γ⃗p→ K+Λ⃗: Beam-Recoil, Ox

1.6 1.7 1.8 1.9 2 2.1 2.2
1−

0.5−

0

0.5

1
 < -0.55Kθ-0.75 < cos 

1.6 1.7 1.8 1.9 2 2.1 2.2
1−

0.5−

0

0.5

1
 < 0.25Kθ0.05 < cos 1.6 1.7 1.8 1.9 2 2.1 2.2

1−

0.5−

0

0.5

1
 < -0.35Kθ-0.55 < cos 

1.6 1.7 1.8 1.9 2 2.1 2.2
1−

0.5−

0

0.5

1
 < 0.45Kθ0.25 < cos 1.6 1.7 1.8 1.9 2 2.1 2.2

1−

0.5−

0

0.5

1
 < -0.15Kθ-0.35 < cos 

1.6 1.7 1.8 1.9 2 2.1 2.2
1−

0.5−

0

0.5

1
 < 0.65Kθ0.45 < cos 1.6 1.7 1.8 1.9 2 2.1 2.2

1−

0.5−

0

0.5

1
 < 0.05Kθ-0.15 < cos 

1.6 1.7 1.8 1.9 2 2.1 2.2
1−

0.5−

0

0.5

1
 < 0.85Kθ0.65 < cos 

x
B

ea
m

-R
ec

oi
l, 

O

W (GeV)

43



γ⃗p→ K+Λ⃗: Beam-Recoil, Oz
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γ⃗p→ K+Σ⃗0: Beam Asymmetry
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γ⃗p→ K+Σ⃗0: Target Asymmetry
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γ⃗p→ K+Σ⃗0: Beam-Recoil, Ox
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γ⃗p→ K+Σ⃗0: Beam-Recoil, Oz
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