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Kaon Photoproduction



Kaon Photoproduction - KΛ example

2



The Recent BESIII Result



arXiv paper...
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Λ− Λ̄ Production

4



Λ− Λ̄ Production
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Λ Weak Decay Parameter
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Λ Weak Decay Parameter
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Consequences for Observables

from g8 and g1c?



Fierz Identity for LUY plus CUY

Experimental Polarization Configurations:

LUY: Linear photon beam; unpolarized target; measured recoil

Intensity:

1 + α− cos θyP− {Σ + α− cos θyT}Pγ
L cos 2(α− φ)

+ {α− cos θxOx + α− cos θzOz}Pγ
L sin 2(α− φ)

CUY: Circularly photon beam; unpolarized target; measured recoil

Intensity:

1 + α− cos θyP + (α− cos θxCx + α− cos θzCz)Pγ
C

Fierz identity connecting two experiments:

Ox
2 + Oz

2 + Cx
2 + Cz

2 + Σ2 − T2 + P2 = 1
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Fierz Identity Values for Original Data
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Fierz Identity Values for Scaled Data
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Fierz Identities as a Statistical Ensemble

Generate pseudodata:

• Pick random point in amplitude space

• Calculate observables from amplitudes

• Treat observables as independent and adjust value by a random

number sampled from N (0, σ),

• Single polarization observables have σ ∈ [0.01, 0.05]

• Double polarization observables have 3× σ

Writing

F = Ox
2 + Oz

2 + Cx
2 + Cz

2 + Σ2 − T2 + P2

Also define pull as
F − 1

σF
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Key Result: Histogram of Fierz Identities

1.0 0.5 0.0 0.5 1.0 1.5 2.0 2.5
O2

x + O2
z + C2

x + C2
z + 2 T2 + P2

0.0

0.5

1.0

1.5

2.0

2.5

3.0 Pseudodata

12



Key Result: Histogram of Fierz Identities
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Key Result: Histogram of Fierz Identities
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Key Result: Pulls of Fierz Identities
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Key Result: Pulls of Fierz Identities
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Key Result: Pulls of Fierz Identities
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Key Result: Λ Polarization from CLAS Data
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Key Result: Λ Polarization from CLAS Data
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Key Result: Λ Polarization from CLAS Data
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Consequences for Fitting

Observables from g8 and g1c?



Using New Weak Decay Parameter for Jülich-Bonn Fits
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Measuring α− from g8 and g1c

data?



Likelihood Function

Define function

F(a, l , c) = a2l2
(
Ox

2 + Oz
2 − T2

)
+ a2c2

(
Cx

2 + Cz
2
)

+ l2Σ2 + a2P2,

where a, l , c are the relative calibrations (i.e. systematics) for α−, linear

photon polarization and circular polarization, resp.

Likelihood of obtaining data Oi in i-th bin, given a, l , c is

Pi (Oi | a, l , c) =
1√
2π

1

σF
exp

(
F(a, l , c)− 1

σF

)2

,

assuming observables are independent and identically distributed

(gaussian).

For observables from N bins:

Ptot ({Oi} | a, l , c) =
N∏
i=1

Pi (Oi | a, l , c)

i.e. the probability that the observables obey Fierz identity
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Likelihood Function
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Include knowledge of calibrations

Calculate posterior PDF from likelihood and prior:

Pi (a, l , c | Oi ) ∝ Pi (Oi | a, l , c)Pi (a, l , c)

• Impose α− ≥ 0

• Quoted systematic uncertainties in PL
γ are 3-6% (use 5)

• Quoted systematic uncertainties in PC
γ are 2% (use 2%)

• Which PDF to use? Gaussian N (1, σ)? Uniform U(1− σ, 1 + σ)?
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Gaussian Prior
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PDF for α− (gaussian prior and marginalize over l and c)
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Uniform Prior
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PDF for α− (uniform prior and marginalize over l and c)
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Conclusions



Conclusions

Source Value

PDG 0.642 ± 0.013

BES III 0.750 ± 0.009 ± 0.004

CLAS
0.747 ± 0.006 (uniform)

0.731 ± 0.014 (gaussian)

• New BES III result for α− is 17% higher than PDG value

• Affects all recoil observables relying on Λ weak decay

• CLAS data corroborates BES result

• Previous physics interpretations are ∼ safe

• Preliminary calculation shows CLAS data can independently

determine α−

• More checks and cross-validation to do...
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Backup Slides
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g8 K − Λ Coverage
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Gaussian Process Interpolation
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Using Gaussian Process to Interpolate g1c to g8 Bins: Cx
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Using Gaussian Process to Interpolate g1c to g8 Bins: Cz
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MCMC Chain - no prior
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MCMC Chain - gaussian prior
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MCMC Chain - uniform prior
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