
Stato delle Analisi Dati Run Group K
Riunione Fisica e Analisi JLab12 Italia, 30 aprile 2025

Lucilla Lanza
University of Rome Tor Vergata & INFN Rome Tor Vergata Rome – Italy



Riunione Fisica e Analisi JLab12 Italia - Stato delle analisi dati RGK- Lucilla Lanza

Outline
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• RGK: an experimental program dedicated
to Quark-Gluon Confinement and Strong 
QCD

• Latest RGK results overview:
- Beam-Recoil Transferred Polarization
- Recoil Hyperon Polarization
- Extraction of KY Differential Cross 

Sections And Separated Structure Functions

• Summary and Outlook

W (GeV)



CLAS12
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RGK @ CLAS12
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Fall 2018: EVENTS 15.6 G Spring 2024: EVENTS 60 G (Statistics increased by a factor 4)

50% of the total

Run Group Proposal (RG K) “Color Confinement and Strong QCD”:
Search for Hybrid Baryons (qqqg) DVCS
KY Electroproduction for the N* study SIDIS
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Collected Charge: 2018 vs. 2024 
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The total collected
charge is Q ≈ 45 mC

The total collected
charge is Q ≈ 91 + 81 

mC

x4



KY Resolution: 2018 vs. 2024 
round
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6.4 GeV

6.5 GeV

Courtesy of 
Dan Carman



Beam-Recoil Transferred Polarization in K+Y Electroproduction in the 
Nucleon Resonance Region with CLAS12
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K+Y Transferred Polarization CLAS12 vs. CLAS
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• RG-K Λ and Σ0 recoil polarization analysis by D. Carman, A. D’Angelo, L. Lanza, V. Mokeev: WG approval
• Paper currently under Collaboration-Wide Review
• This work aims at extending the available data from CLAS to provide more complete input to available

reaction models to improve our understanding of strong QCD in the non-perturbative domain.

Recoil Polarization in K+Y Electroproduction in the Nucleon 
Resonance Region with CLAS12

𝑒 + 𝑝 → 𝑒! + 𝐾" + 𝑌 𝑌 = Λ, Σ#KY channels:

angular distribution of the 
decay p in the Y decay frame

polarization of the 
parent Λ or Σ0

where

𝜈! = 1,−0.256 Λ, Σ"
Dilution factor

𝛼 = 0.747 ± 0.009
Λ weak decay

asymmetry parameter

Yield Integral



10Riunione Fisica e Analisi JLab12 Italia - Stato delle analisi dati RGK- Lucilla Lanza

Recoil Polarization in K+Y Electroproduction in the Nucleon 
Resonance Region with CLAS12

𝑒 + 𝑝 → 𝑒# + 𝐾$ + 𝑌

Recoil polarization for Λ and Σ0

Recoil polarization for Λ and Σ0

Yield in the 
backward angle 
range, 
i.e. cos θRFp <0

Yield in the 
forward angle 
range, 
i.e. cos θRFp >0

Forward-backward
yield asymmetry 𝐴9,: =
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Acceptance
Correction

Sensitivity to the 
detector acceptance



K+Y Induced Polarization in the Nucleon Resonance Region
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6.535 GeV 7.546 GeV

W: 1.6 – 2.4 GeV
Q2: 0.3 – 3.5 GeV2

W: 1.6 – 2.4 GeV
Q2: 0.4 – 4.5 GeV2



K+Y Induced Polarization in the Nucleon Resonance Region
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6.535 GeV 7.546 GeV 6.535 GeV 7.546 GeV

6.535 GeV 7.546 GeV



Analysis Cuts Overview
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Electron Hadron FD Hadron CD



K+Y Induced Polarization: MM2(e’K+p) vs. MM(e’K+) Cut
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MM2(e’K+p) vs. MM(e’K+) Cut, Topologies
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K Forward
P Forward

K Forward
P Central

K Central
P Forward

K Central
P Central



Yields Extraction: Kinematic Bins
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Once the exclusive final state eʹK+p events were
selected, the events were divided in kinematic bins of

• Q2 , photon virtuality

• W , invariant mass of K+Λ

• 𝒄𝒐𝒔𝝑𝒄.𝒎.𝑲

• 𝒄𝒐𝒔𝝑𝑹𝑭
𝒑 >0 and 𝒄𝒐𝒔𝝑𝑹𝑭

𝒑 <0

and the number of Λ events was extracted in each
bin from a fit of the MM(eʹK+) spectrum. 



Yields Extraction: Acceptance Correction
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Acceptance-corrected yields were calculated for each
kinematic bin and P0 was extracted by employing

𝐴$ =
𝑁$./0

𝑁$10
𝐴% =

𝑁%./0

𝑁%10

𝐴$% =

𝑁$
𝐴$

− 𝑁%𝐴%
𝑁$
𝐴$

+ 𝑁%𝐴%

=
𝜈&𝛼𝑃&
2

genKYandOnePion event generator was employed for K+Λ 
and K+Σ0 generated events
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Yields Extraction: Fitting Procedure

Background: multi-pion
events dominated by 
ep→eʹpπ+π−, where the 
π+ is misidentified by 
CLAS12 as a K+

Landau: High mass side 
of the peaks includes a 
radiative tail

Two half-Gaussian/half-Landau functions for the Λ and Σ0 hyperons and a second-order
polynomial to model the background. 

Gaussian : Low mass side of the hyperon peaks
is dominated by the detector resolution



Fitting Procedure: Comparison

19Riunione Fisica e Analisi JLab12 Italia - Stato delle analisi dati RGK- Lucilla Lanza

Λ and Σ0 MC templates Fitting Function



K+Y Induced Polarization CLAS12: Independent Analyses Match
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Agreement between
independent approaches

support final results

Δ𝑃# = −0.027, RMS = 0.042



K+Y Induced Polarization: Previous Results from CLAS e1f
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Λ recoil polarization in the ep reaction 
was first measured from the CLAS e1f 
experiment using a 5.479 GeV electron 
beam

Kinematic range:
Q2: 0.8–3.5 GeV2

W: 1.6–2.7 GeV. 

Due to limited statistics the polarization
was provided in coarse bins in W and 
𝑐𝑜𝑠𝜗2.3.4 integrated over Q2

RGK data have ~5 times the statistics
compared to e1f



K+Y Induced Polarization CLAS12: 𝚲
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K+Y Induced Polarization CLAS12: 𝚺0
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The data included here for the recoil polarization of the Σ0 in the exclusive eʹK+Σ0 final state represent the 
first time this observable has become available in electroproduction.



Separation of Cross Sections Into Structure Functions
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Five-fold differential cross section separates in virtual photon flux and virtual photoproduction
𝑑𝜎

𝑑𝐸!𝑑Ω5!𝑑Ω4∗
= Γ

𝑑𝜎
𝑑Ω4∗

Γ =
𝛼
4𝜋 F

𝑊
𝑀𝐸78

F
𝑊8 −𝑀8

𝑀𝑄8 F
1

1 − 𝜀

𝑑𝜎
𝑑Ω4∗

= 𝜎9 + 𝜀𝜎: + 𝜀𝜎99𝑐𝑜𝑠2𝜑 + 2𝜀(1 − 𝜀)𝜎:9𝑐𝑜𝑠𝜑 + ℎ 2𝜀(1 − 𝜀)𝜎:9#𝑠𝑖𝑛𝜑

Photon degree-of-polarization: 𝜀 = (1 + 2 |<|
!

=!
𝑡𝑎𝑛8 ⁄> 8)?@

H𝐞𝐥𝐢𝐜𝐢𝐭𝐲 𝐨𝐟 𝐢𝐧𝐜𝐨𝐦𝐢𝐧𝐠 𝐞𝐥𝐞𝐜𝐭𝐫𝐨𝐧: ℎ
[E. Amaldi, S. Fubini, and G. Furlan, Pion-Electroproduction (1979)] [A. Donnachie & G. Shaw, Electromagnetic Interactions of Hadrons (1978)]



Separation of Cross Sections Into Structure Functions
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𝛬 yields binned in kinematic variables: 

Q2, W, 𝒄𝒐𝒔𝝑𝒄.𝒎.𝑲 , 𝜱, 𝒉
%&
%'!∗

= 𝜎( + 𝜀𝜎) + 𝜀𝜎((𝑐𝑜𝑠2𝜑 + 2𝜀(1 − 𝜀)𝜎)(𝑐𝑜𝑠𝜑 helicity integrated

)*
)+!

∗ = 𝐴 + 𝐵𝑐𝑜𝑠𝜑 + 𝐶𝑐𝑜𝑠2𝜑 Structure Functions obtained via a fit

𝐴,-. =
/(#(/)*#$%2345

*&
𝝈𝑳𝑻! - helicity sensitive, extracted via a fit



Summary and Outlook
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Stay tuned for further updates…

• The study of N* states is one of the crucial topics of the CLAS and CLAS12 physics programs:
-CLAS has produced a huge amount of data up to Q2 < 5 GeV2

-CLAS12 was designed to extend these studies for 0.05 < Q2 < 12 GeV2

• The first results of the CLAS12 N* program have been obtained with the analysis of KY polarization
transfer data from the RGK Fall 2018 Run

-The RGK dataset is 5x larger than the available KY world data in the resonance region
-Only 10% of expected statistics has been analyzed.

• On going analyses:
-First paper on KY electroproduction has been published on PRC
-Other analyses based on the existing RG-K data are in progress:

i) The paper "Recoil Polarization in K+Y Electroproduction in the Nucleon Resonance Region with CLAS12" is now
undergoing Collaboration-wide review (target journal PRC)

ii) A new analysis concerning the Extraction of KY Differential Cross Sections And Separated Structure Functions
is ongoing- JLab (D. Carman, V. Mokeev)/Roma Tor Vergata (A. D’Angelo, L. Lanza + new Ph.D student C. Ammendola) group

-More data have been collected in Spring 2024
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