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- essential for many modern experiments  e.g. LEAR@CERN, STAR@BNL, ATLAS@CERN

- affects decay parameters of other hyperons e.g. Trippe et al. (1967), Bono et al. (CLAS) (2018)

PDG live (2019)

- impacts LO parameters of SU(3) baryon ChPT Holstein (2000) 
Borasoy/Marco (2003)

- essential for (γp → K+Λ) 

THIS TALK: ESTIMATE 𝛂—new measurement by CLAS 

D/F
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RECENT PRESS COVERAGE

BESIII (2018)

BESIII (2018) & this work
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DETERMINATION OF 𝛂— FROM 

KAON PHOTOPRODUCTION 
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BUT: observables are not independent FIERZ IDENTITIES
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๏ Helicity space maps on Clifford algebra ➤ Fierz identities:

Ox
2 + Oz

2 + Cx
2 + Cz

2 + Σ2 − T2 + P2 = 1 & ΣP − CxOz + CzOx − T = 0

⇒ Observables are not independent

๏ Implication

⇒ determine 𝛂— such that FI are fulfilled

⇒ statistically non-trivial question
𝛂—[PDG]

𝛂—[PDG] / a

Chiang, Tabakin (1997) 
Sandorfi et al. (2011)  
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ℱ(1)
i = a2l2 (𝒪2

x,i + 𝒪2
z,i − 𝒯2

i ) + a2c2 (𝒞2
x,i + 𝒞2

z,i) + l2Σ2
i + a2𝒫2

i

๏ Define random variables:
𝒩[μ, σ2] from CLAS measurements

๏ FV, a, l, c become random variables, but:

Data and errors are scaled with a, l, c

Normalization of                

B. Most “observables” and scale parameters enter quadratically 

PDF[ a2𝒪2 ]A. Scaling: {
PDF[ ℱi ]

d’Agostini (1994)

…similarly for second F.I.

& Is there a closed form of                   ?
Roe (2015)
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A. Scaling
Imagine linear case: 𝒪 = 𝒩[μ, σ2]

conditional  
probability

PDF of O suggests a=2 PDF of F peaks at a<2

⟹ remove a-dependence 
 from the normalization

ℱ := a 𝒪 = 1

pℱ( f, a) = ∫ dO p(O)δ(aO − f )

pℱ(1,a) =
1

a 2πμσ
e− (1 − aμ)2

2 (aσ)2
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B. Non-linearity

𝒪 ∼ 𝒩[μ, σ2] ⟹ 𝒴 = 𝒪2 ∼ NCχ2

non-central chi squared distribution

μ𝒴 = μ2
𝒪 + σ2

𝒪, σ2
𝒴 = 2σ2

𝒪(2μ2
𝒪 + σ2

𝒪)

⟹ Expectation value of Fierz identity ≠ 1 

Δf := 1 + a2 σ2
P − a2 l2 σ2

T + . . .
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STATISTICAL ANALYSIS

๏ Combined likelihood function:

𝒫(a, l, c |{𝒪}) ∝ 𝒫({𝒪} |a, l, c) ⋅ 𝒫(l, c)

∏
kin. points

p(1)( f (1)
i = Δfi |a, l, c) ⋅ p(2)( f (2)

i = 0 |a, l, c)

- likelihood for a, l, c to fulfill F.I. 
- attention: Δf ≠ 1

- prior knowledge of calibration parameters 
δl = 0.05, δc = 0.02 

- test various forms ➤ systematics
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๏ Ultimately— blind test on synthetic data
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both Fierz identities: 
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� (1), full

� (1), Gauss

� (2), full

� (2), Gauss

1.14 1.16 1.18 1.20 1.22
0

10

20
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40
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60

๏ Or… blind test on model data (JuBo 2019)

- 500 sets of observables from JuBonn model 

- Wrong 𝛂— is dialed in

Rönchen et al 2014

STATISTICAL ANALYSIS
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RESULTS

Gaussian prior on 
calibration parameter
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RESULTS

α− = 0.721 ± 0.006 ± 0.005
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SUMMARY

๏ Kaon photoproduction data contains information on Lambda decay 
parameter: 𝛂-

๏ Fierz identities allow for an extraction of 𝛂-

๏ Careful statistical interpretation is in order:

- Scaling bias (similar to d’Agostini bias) - Non-linearities - …

๏ Final result is close to the recent 
BES III value

multiple simulations and tests ➤ “bias-free” procedure 
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SPARES

๏ Ultimately— blind test on model data (JuBo 2019)
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