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Existing Data from CLAS
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g1c dataset:

• Acquired Oct. – Nov. 1999
• Electron beam energy 2.9 GeV

• 18 cm lH2 target, ⟨i⟩ = 10 nA

• Cx, Cz data:

– W: 1.6 → 2.53 GeV

– cos K
CM: -0.85 → 0.95

• Data sort:

– Cx,Cz vs. W binned in cos K
CM

– Cx,Cz vs. cos K
CM binned in W

One of our most cited CLAS papers
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A Bit of History of this Work
Shankar Adhikari

Ph.D. thesis FIU 2018 Working Group analysis review
Sep. 2020 – Jul. 2023

Paper draft prepared 
Mar. – May 2025

Ad hoc review June 2025

• Acquired Apr. – Jun. 2008

• Electron beam energy 5.715 GeV
• 40 cm lH2 target, ⟨i⟩ = 60 nA

• Cx, Cz data:

– W: 1.6 → 3.33 GeV

– cos K
CM: -1.0 → 1.0

• Data sort:

– Cx,Cz vs. W binned in cos K
CM

– Cx,Cz vs. cos K
CM binned in W

g12 dataset:



Motivation
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A lot of high-quality data has been collected from exclusive meson photo- and electroproduction 
experiments. 

• This advancement has allowed for marked progress in mapping out the N* spectrum and in 
understanding the internal structure of these resonant states. 

The high-precision data from CLAS on exclusive K+Y photoproduction have proven crucial in this 
advancement. 

• With these data, roughly a dozen N* states have been confirmed within global multi-channel 
analyses with a decisive impact from the hyperon polarization observables. 

Gaining insight into QCD in the non-perturbative regime requires not only high-precision experimental 
data, but advanced reaction models that accurately describe the data over a broad kinematic range. 

• The constraints that reaction models provide are only as good as the quality of the data. 

This work is an extension of previously published CLAS photoproduction data on the Λ polarization 
observables Cx and Cz. 

• Extend W from 2.5 to 3.33 GeV - much improved statistics in overlap region 1.78 < W < 2.5 GeV. 



Evidence for New N* in KY Channels
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State
N(mass)JP

PDG 
2010

PDG 
2024 N KΛ KΣ N

N(1710)1/2+ *** **** **** ** * ****

N(1875)3/2- *** ** * * **

N(1880)1/2+ *** * ** ** **

N(1895)1/2- **** * ** ** ****

N(1900)3/2+ ** **** ** ** ** ****

N(2000)5/2+ * ** * **

N(2060)5/2- *** ** * * ***

N(2100)1/2+ * *** *** * **

N(2120)3/2- *** ** ** * ***

(1600)3/2+ *** **** *** ****

(1900)1/2- ** *** *** ** ***

(2200)7/2- * *** ** ** ***

Decisive impact from CLAS KY photoproduction data 

- Extend studies to KY electroproduction and to 
higher masses 

LQCD predictions support CQM
J. Dudek, R. Edwards, PRD 85, 054016 (2012)

U. Löring, B. Metsch, H.R. Petry, Eur. Phys. J. A 10, 395 (2001)

RCQM

missing N* states



Importance of  Polarization Observables
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M. McCracken et al. (CLAS), PRC 81, 025201, 2010 R.K. Bradford et al. (CLAS), PRC 75, 035205, 2007 

Λ Recoil Polarization

A.V. Anisovich et al. (BnGa), EPJ A48, 15 (2012) 
Slide from V. Burkert



Hyperon Photoproduction Polarization Observables
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Most general form for photoproduction 
of pseudoscalar mesons

Simplification/reduction for the case of circularly 
polarized beam and polarized recoil

Focus of this work



Data Analysis
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Topologies:

• Two-track K+, p
• Three-track K+, p, - (cross check only)

Standard Cuts and Corrections:

• Track vertex timing cut
• Track vertex coordinate cut
• Fiducial cuts
• Bad element knockout
• Multiple photon cut
• Energy, momentum corrections

g12 Standard 
Analysis Checklist

CLAS-Note 2017-002:

g12 Analysis Procedures, 
Statistics, and Systematics



Kinematic Fitting
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before beforeC.L. > 5% C.L. > 1%

after after

En
tr

ie
s



Yield Determination
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Q-factor method (multi-variate analysis):

• Separate signal from background
• For each event, find N nearest neighbors in 

kinematic space (cos θK
CM, cos θp

CM, Φp, W)

• For each event:

W-dependent spectra 
after kinematic fitting

Signal: Voigtian
Background: linear

Example fits: W [3.1:3.2] GeV

Final Λ yields from Q-weighted 
distributions



Polarization Extraction
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Traditional Extraction Approach:

Alternate approach:

• Perform simultaneous extraction 
of Cx, Cz

• Define likelihood function in 
terms of “PDFs”

Probability density function

Likelihood function

Extract Cx, Cz minimizing the 
log likelihood using the event 
defined Q-factors



Data Binning
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Two-Track vs. Three-Track Comparison
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Systematic Uncertainties
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Method for assignment:

Measurement uncertainty is 
dominated by counting statistics



CLAS g1c vs. CLAS g12

15

g1c

g12



Data Results
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Kaon-Maid
BS3
RPR – Czech
JuBo
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Kaon-Maid
BS3
RPR – Czech
JuBo

Data Results



Data Results
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Data Results
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Kaon-Maid
BS3
RPR – Czech
JuBo



Data Results
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The paper does not discuss the very interesting question of the 
quantity “R” introduced in the 2007 paper. The three components of 
the Λ polarization seem to add up quite close to unity. As far as I 
have seen it is still not something that is explained in a qualitatively 
convincing way.

Reinhard Schumacher:

g1c g12



Data Results

21

“The paper does not discuss the very interesting question of the quantity “R” 
introduced in the 2007 paper. The three components of the Λ polarization 
seem to add up quite close to unity. As far as I have seen it is still not something 
that is explained in a qualitatively convincing way.”

Reinhard Schumacher:

g1c g12



Summary
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• New measurement of Cx, Cz beam-recoil transferred polarization data for exclusive 
photoproduction of K+Λ from the CLAS g12 dataset are now (finally) available.

• New data greatly extend the well-cited/well-known data published by the CLAS 
collaboration in 2007 in terms of W coverage and in terms of statistical precision.

• No existing models – single channel or coupled-channel - describe the data well 
over the full kinematic range of the new data, so we expect that reconsideration 
of these models in view of these new results may lead to new insights into the 
contributing N* states that couple to K+Λ. 

• The extended coverage to higher W will enable improved understanding of the non-
resonant backgrounds that extend down into the N* domain. 

• An important next step is to include these new CLAS data into the model fits.

This work is now getting underway.

• Paper completed ad hoc review in June and the CLAS-Collaboration review period is 
now in progress.
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Backup



Motivation
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