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Introduction
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Λ(1670)

Λ(1690)

pdg.lbl.gov

The Quark Model Lattice QCD Calculations

The Particle Data Group Summary Phase at Resonances in Σπ Channel
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The Reaction
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0.9 ≤ MM(K+ππ) ≤ 1.0 Select neutron events

0.48 ≤ IM(π+π-) ≤ 0.51 Remove nK0 channel 

1.15 ≤ MM(K+π-) ≤ 1.25

1.15 ≤ MM(K+π+) ≤ 1.25
Select Σ+ and Σ-  events for 

exclusive Σπ channels

1.44 ≤ MM(K+) ≤ 1.6 Fitting Range Λ(1520)

2.25 ≤ W ≤ 3.25 GeV
-0.9 ≤ cosθK+

cm
 ≤ 0.9

-2.7 ≤ t ≤ -0.3

Binning Scheme

Data Analysis



  Nov 12, 2020    CLAS Collaboration Meeting  |  Photoproduction of Λ* at CLAS  |  Utsav Shrestha  |  Ohio University    5/20  

Data Analysis
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Λ(1405)

Λ(1520)

Λ(1670,1690)

J. Griselin et. al., 1975

Λ(1405)

Λ(1520)

Λ(1670,1690)

Data Analysis
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Data Analysis

Data Simulation
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Data Analysis

Binning Scheme in W & cosθcm
K+

 Binning Scheme in W & t 
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Data Analysis
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Differential Cross-sections

● The Λ(1520) differential cross sections are shown as a function of CM 
angle and invariant 4-momentum transfer t, and extented for higher W.

● The g12 results are in good agreement with previous CLAS measurements. 
● The model calculations by Nam et. al. (2010), shown as dashed curves, 

reproduce the data very well.
● Some deviations at forward angles for W > 2.7 GeV may need more 

sophisticated theoretical approaches.
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Source Description Uncertainty

t-slope dependence b = 2.0 vs. b = 1.0 0.78%

Timing Cut 3σ vs. 2.5σ 4.11%

Minimum |p| cut Minimum |p| vs. no cut 0.20%

z-Vertex Cut -110 < z < -70 vs. -108 < z < -72 1.28%

Fiducial Cut 50%(nominal) vs. 100%(tight) 3.13%

Background Function Pol2 vs. Pol1 2.07%

Signal Integration Range 3.0σ vs. 3.5σ 0.43%

Flux Consistency/Luminosity g12 1.70%

Sector by Sector g12 5.90%

Target g12 0.50%

Total Systematic Uncertainty Added in quadrature 8.45%

Systematic Uncertainties
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● The theory calculations are the numerical results without the N* contribution, and conserve gauge 
invariance.

● Theoretical study has concluded that the K*-N-Λ(1520) coupling must be very small to explain the data.

● Calculations with N* show very small contribution, just above threshold, and is limited to the first W bin. 
Such calculations include only N* resonances with mass below 2.2 GeV. 

● The simplest theoretical model with a pseudoscalar K-meson exchange, assuming t-channel dominance, is 
sufficient to explain our data, without other processes like Regge, K* and hyperon resonances. No new N* 
resonances decaying into K+Λ(1520) final state are found.

● This theoretical model can be used to study higher N* resonances as well.

Discussion and Conclusion
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Λ(1405)

Λ(1520)

Λ(1670,1690)

Λ(1405)

Λ(1520)

Λ(1670,1690)

Λ(1670) & Λ(1690)
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Σ0 coupling to the decay of coupling coupling to the decay of to coupling to the decay of the coupling to the decay of decay coupling to the decay of of coupling to the decay of Σ+ π- & Σ- π+ 

Σ0 coupling to the decay of → coupling to the decay of Σ+ π- or Σ- π+

<1 0 | 1 +1 1 -1> = 1/√2

  <1 0 | 1 -1 1 +1> = -1/√2  

Λ* coupling to the decay of → coupling to the decay of Σ+ π- or Σ- π+

<0 0 | 1 +1 1 -1> = 1/√3

<0 0 | 1 -1 1 +1> = 1/√3

Σ0(1670) 3/2-

Σ+ π-

Σ- π+

~23%

~23%
pdg.lbl.gov

Phase at Resonances in Σπ Channel

Λ(1670) & Λ(1690)
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Λ(1520) → Σ π

3/2- → 1/2+ 0-

Barber et. al., (1980)

Λ(1520) → Σ π

The Λ(1520) spin density matrix elements are connected with the angular distribution of the 
decay products as parameters which multiply the angular functions.
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Λ(1520) Fit with sPlot

● We used brufit framework based on RooFit, developed 
by Derek Glazier. With help from him, we were able 
to proceed in our analysis.

● First, the so-called sPlot technique is applied to 
separate data distributions using a discriminatory 
variable, MM(K+), before actually fitting to the 
angular distributions of the final state.

● An event-by-event maximum likelihood fit to 
MM(K+) is performed to determine the contributions 
from signal and background to the Λ(1520) peak.

● An event-by-event sWeight is calculated for signal and 
background, which are then applied to the angular 
distributions on an event-by-event basis.

https://github.com/dglazier/brufit



  Nov 12, 2020    CLAS Collaboration Meeting  |  Photoproduction of Λ* at CLAS  |  Utsav Shrestha  |  Ohio University    17/20  

θ
π

G.J.

φ
π

G.J.

Λ(1520) angular decay distributions

g12

g12

GlueX

GlueX

Λ(1520) → K- p

Λ(1520) → Σ π

Λ(1520) → Σ π

Λ(1520) → K- pVer
y 

Pr
eli

m
in

ar
y!

http://theses.gla.ac.uk/81591/
Pauli, Peter (2020) PhD thesis, GlueX.

http://theses.gla.ac.uk/81591/
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http://theses.gla.ac.uk/81591/ 
Pauli, Peter (2020) PhD thesis, GlueX.

Λ(1520) → K- pΛ(1520) → K- pΛ(1520) → K- p

Λ(1520) → Σ π

http://theses.gla.ac.uk/81591/
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● The higher mass resonance region has peak contributions from Λ(1670)1/2-- & Λ(1690)3/2--.

● Σ(1670)3/2-- peak interferes destructively for Σ+π- channel and constructively for Σ-π+ channel.  

● Our goal is to somehow use the decay angular distributions of the resonances to separate the JP 
= 1/2-- and JP = 3/2--.

● Using the spin density matrix elements, we want to fit the decay angular distribution for a 
resonance and select out the events corresponding to different JP = 1/2-- ~ Λ(1670) and JP = 
3/2--  ~ Λ(1690).

Outlook
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Thank You!
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Extras
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(Picture credit: Hall B website[2])
(Areial view of Jefferson Lab)

The g12 experiment

(Hall B)

The CLAS detector

CLAS @ JLab
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Model prediction showing the difference in K*0 
background contributions to the decay of Λ* into 
two channels Σ+ π- (red) and Σ- π+ (blue).

K*0 → K+ π- Backgound
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Λ (1670,1690)→ Σ−
+ π+Λ (1670,1690)→ Σ+

+ π−
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Trigger coupling to the decay of Correction coupling to the decay of “new”
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Trigger Efficiency Map
K+ π+ π-
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