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Λ AND Σ

▪ My primary channel of interest is the Λ baryon.
– K0 

L+ p → π+ + Λ 

– Λ → p + π- 

▪ The other channel, which is a major background, is the Σ0 baryon
– K0 

L + p → π+ + Σ0

– Σ0 →  Λ + γ

– Λ → p + π-

▪ Based upon just reconstruction NΛ / NΣ is about
– 2 for phase space MC

– 6 for MC with cross section input

– 5 ± 0.6 from experimental cross sections in R. J. Yamartino et al. in the beam momentum 

range 1.8 – 5 GeV.
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Λ AND Σ0 RESULTS

Current 

(A)

Relative 

Yield (Σ0)  

Relative 

Yield (Λ)  

1350 1.00 1.00

1100 1.44 1.27

900 1.73 1.43

800 1.51 1.50

700 1.53 1.51
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▪ This update deals with the affect of current on particle 

reconstruction.

▪ For each current, 1M events, from a beam energy range of 

0.5 to 4.5 GeV, were generated using the physics-based 

generator.

▪ Five currents were studied: 1350A (the nominal current), 

1100 A, 900A, 800A, and 700A.

▪ To the right is the table of the relative yield for the various 

currents, with Relative yield = Ncurrent / N1350. 

▪ The nominal current yield of the Λ and Σ0 is 33698 and 

4003 events, respectively. 

▪ As a general trend, decreasing the current increases the 

yield.

▪ Λ and Σ0 used Jana1 and Jana2 respectively.

▪ The above color scheme 

remains constant through out all 

plots.
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Λ: P AND Θ

▪ To the right are plots of the 

momenta and polar angle of 

the final state particles in the 

Λ decay for 5 different 

currents.

▪ The lion share of the increase 

in statistics happens at low 

momenta for the p and π-, 

and higher polar angle for the 

p and π-, while the opposite is 

seen in the π+.
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Σ0: P AND Θ

▪ To the right are plots of the 

momenta and polar angle 

of the final state particles 

in the Σ0 decay for 5 

different currents.

▪ These results largely 

mirror those seen in the Λ 

channel, though the π- and 

γ polar angle distributions 

increase symmetrically.
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Λ AND Σ FINAL STATE PARTICLE MOMENTA

▪ The proton and π- 

distributions look similar, 

albeit the Λ has a higher 

momentum tail.

▪ The π+ shows a different 

structure.

▪ There is a dip round 1 GeV in 

the Σ’s π+ distribution that is 

absent in the Λ’s π+ 

distribution. 

▪ This dip and the neighboring 

peak are in the same position 

as the π+ from the Λ decay. 

6

Λ

Σ

Λ

Σ

Λ

Σ



M. B. C. Scott

Λ AND Σ FINAL STATE PARTICLE Θ

▪ Similarly to the last slide, 

the Σ π+ distribution looks 

like a distorted version of 

the Λ distribution.

▪ The hump seen in the Λ 

distribution after 25o 

seems to be reflected as a 

higher hump in the Σ 

distribution. 
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Σ: ∆Θ

▪ To the right are plots of the 

∆θ distributions for the π+, 

π-, proton, and γ as a 

function of current.

▪ The plots look fine across 

all currents with a general 

decrease in width with 

increasing current.
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Σ: ∆P

9

▪ To the right are plots of the 

dP distributions for the π+, 

π-, proton, and γ as a 

function of current.

▪ Thes results mirror those 

of the ∆θ, with a decrease 

in width with increasing 

current.

▪ The double peak structure 

in the γ distribution is 

being looked into.
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Λ: ∆Θ

▪ To the right are plots of 

the ∆θ distributions for 

the π+, proton, and the π- 

as a function of current.

▪ These results mirror the 

distributions Σ ∆θ 

distributions. 
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Λ: ∆P
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▪ To the right are plots of the 

∆P distributions for the π+, 

proton, and the π- as a 

function of current.
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Θ RESOLUTION

▪ To the right are plots of the ∆θ 

distributions final state particles 

for the for Σ (top) and the Λ 

(bottom) as a function of beam 

current.

▪ The widths were extracted from 

a gaussian fit to the ∆θ seen in 

the previous slides. 

▪ Width seems to be proportional 

to the yield, with Λ yield 

decreasing as current 

increases and Σ yield 

increasing with current until 

900A and then decreasing. 
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P RESOLUTION 
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▪ To the right are plots of the 

∆P distributions final state 

particles for the for Σ (top) 

and the Λ (bottom) as a 

function of beam current.

▪ Both sets of particles show 

the inverse relationship 

between beam current and 

width, save for the γ 

distribution.
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W EFFICIENCY 

▪ The plot to the right is of the 

efficiency of W for the Λ (left) and 

the Σ (right) distributions as a 

function of current.

▪ The increase in efficiency mirror the 

increases in statistics.

▪ Decreasing the current yields more 

higher W Λs, with most of the 

increase coming from dropping 

from 1350 to 1100.

▪ The Λ is strongly peaked around W 

~ 1.9 GeV and decreases in current 

increases this peak and the 

immediate neighboring events.
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CURRENT VS Λ/Σ DISCRIMINATION

▪ Selection cuts were developed to separate 

Λs proper and Λs coming from Σ decays.

▪ 3 different approaches were studied with the 

particle survival rates plotted to the right

– Boosted Decision Trees (Top)

– Handmade (Middle)

– Neutral Net (Bottom)

▪ There is not much of a dependence on the 

current.

▪ Full description of the approaches is in the 

back up slides.
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CONCLUSION 

▪ In summation, the Λ and Σ kinematic distributions were studied as a function of 

magnetic field current.

▪ In general, the final state particles stemming from the decays show an increase 

in lower momenta and higher polar angle events as the current decreases.

▪ Polar angle resolution has been shown to be inversely proportional to the relative 

yield and momentum resolution increases as current increases.

▪ Discrimination between the Λ and Λs stemming from the decay of the Σ has been 

studied three ways: handmade cuts, BDTs, and NNs, and the results do not 

show any significant current decencies.
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Λ: P VS. W

▪ To the right are plots of 

momentum vs W for the 

Λ, π+, π-, and p as 

function of current.

▪ The current decreases 

from left to right.

▪ There are not significant 

differences between the 

different currents.
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Λ: Θ VS. W

▪ To the right are plots of θ vs 

W for the Λ, π+, π-, and p 

as function of current.

▪ The current decreases from 

left to right.

▪ There are not significant 

differences between the 

different currents.
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Σ: P VS. W

▪ To the right are plots of 

momentum vs W for the 

Λ, π+, π-, and p as 

function of current.

▪ The current decreases 

from left to right.

▪ There are not significant 

differences between the 

different currents.
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Σ: Θ VS. W

▪ To the right are plots of θ vs 

W for the Λ, π+, π-, and p 

as function of current.

▪ The current decreases from 

left to right.

▪ There are not significant 

differences between the 

different currents.
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Λ: ∆P VS. W

22



M. B. C. Scott

Λ: ∆Θ VS. W
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LAM ∆W V W
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Σ: ∆P VS. W
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Σ: ∆Θ VS. W
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Σ: ∆W VS. W
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Σ: ∆Θ

▪ To the right are plots of the 

dθ distributions for the π+, 

π-, and the proton for the 

following currents: 1350, 

1100, 900, 800, and 700 A.

▪ Thes results mirror those of 

the ∆θ, with broad 

distributions and shifted 

means.
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Σ: ∆P
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▪ To the right are plots of the 

dp distributions for the π+, 

π-, and the proton for the 

following currents: 1350, 

1100, 900, 800, and 700 A.

▪ Thes results mirror those of 

the ∆θ, with broad 

distributions and shifted 

means.
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Λ: ∆Θ

▪ To the right are plots of the 

dθ distributions for the π+, 

π-, and the proton for the 

following currents: 1350, 

1100, 900, 800, and 700 A.

▪ Thes results mirror those of 

the ∆θ, with broad 

distributions and shifted 

means.
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Λ: ∆P
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▪ To the right are plots of the 

dp distributions for the π+, 

π-, and the proton for the 

following currents: 1350, 

1100, 900, 800, and 700 A.

▪ Thes results mirror those of 

the ∆θ, with broad 

distributions and shifted 

means.
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SELECTION CUTS

▪ I made some cuts initially:

– Mx < 0 GeV : [Mx = |KL + p – Λ – π|]

– Mxt
2

 < 0.081 GeV2 : [Mxt
2 = Ex

2 – 

pxz
2]

– Pxx,Pxy < 0.094 GeV

▪ These removed ~10% of the Λ and 

50% of the ∑.

▪ Then I did some machine learning 

within ROOT TMVA.
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BELOW ARE THE RESULTS FROM THAT INITIAL ML TRIAL

▪ Multiple models were tried, but the BDTs showed the most promise in this 

preliminary ML trial.

▪ The best model, Adaptive BDT + Decorrelation, removed only removed 5% of the 

Λ and 90.7% of the Σ.

Boosted Decision Trees (BDTs)
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https://vagifaliyev.medium.com/adaptive-boosting-simply-explained-through-

python-eebdb988de66
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NEURAL NET

▪ I developed a new model using a neural net, 

or Multi-Layer Perceptron (MLP), with the 

sklearn package in python.

▪ I used ~33K Λ events and ~6K Σ events, 

using the physics-based generator with both 

coming from a run the nominal current.

▪ Procedure 

– I started off with 24 variables related to the 

Λ: the momenta and energy of the proton, 

Λ, π-, and x, along with the masses, pT, 

mT
2, and ET

2 of the Λ and the x. 
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https://ik.imagekit.io/upgrad1/abroad-

images/imageCompo/images/ChatGPT_Image_Nov_20_2025_03_47_

56_PMTT18DE.png
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NEURAL NET

▪ Procedure continued
– Used PCA to reduce the number of variables to 20 

while keeping basically all the variance of the data

– Transformed the data with Power Transformer 
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https://towardsdatascience.com/pca-clearly-explained-how-when-

why-to-use-it-and-feature-importance-a-guide-in-python-

7c274582c37e/

https://www.yourdatateacher.com/2021/04/21/when-and-how-to-use-power-

transform-in-machine-learning/

▪ Principal component analysis 

(PCA) rotated the data to a 

space where each direction is a 

variance within the data as 

opposed to a variable. 

▪ Power transformation transforms 

each variable so that it is 

Gaussian distributed.   
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NEURAL NET

▪ Model

– Max iterations = 400

– 1 hidden layer of 10 nodes

– The rest of the hyperparameters were at their 

default values

– The Test and training scores were 0.988 and 0.985, 

respectively.

• Scores closer to 1 signify better models and the 

closer the test and training scores are, the better 

the model is in terms of overfitting.

▪ The picture on the right is a graphical representation 

of the model.
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NEURAL NET

▪ The images on the right show that the model performs very 

well.

– Only 6.4% of Σs would be misidentified as a Λ

– Only 0.73% of Λs would be misidentified as a Σ

▪ The new model is significantly better than the old one 
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% Λ 

Retained

% Σ Retained

BDT NN

90 6.5 0.2

95 9.3 0.7

98 14.1 2.7

99 19.7 9.1

TPFN

FPTN

Model 

Characteristics

Accuracy 0.985

Precision 0.990

Sensitivity 0.992

Specificity 0.935

F score 0.991



M. B. C. Scott

WHAT IS OUR NN ACTUALLY DOING?

▪ Using the SHAP package within python, the variables 

that are most important to the model can be found.

▪ The plot to the left ranks the 20 PCA variables from 

most to least important.

▪ From the PCA transform we can see which of our 

original variables are associated with each PCA 

variable. Full listing in back up slides.

▪ Top variables

– pca16: Λm,   xE,     xpz

– pca4:   ΛET2, ΛmT2, ΛpT,   Λpz, ppz, xm

– pca5:   xm,    xmT2, xpT

– pca1:   ΛE,    ΛET,   ΛmT2, Λpy, Λpz

– pca12: ΛE,    ΛET2, ΛmT2, ΛpT, pE, xm, xmT2, xpT, xpx, xpy 
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VARIABLE DEFINITIONS

▪ x = K0 + p – Λ – π+  

▪ ET
2 = E2*pT

2/(pT
2 + (px + py + pz)

2) 

▪ mT
2 = E2 – pz

2 

▪ Decorrelation

– Calculate the covariance matrix 

– Take its squareroot

– The new variables are product of this inverse and the original variables

– Xnew = (C’)-1Xold 

• X is the column vector of the variables

• C’ = (Covariance Matrix)0.5, which means that C’*C’ = Covariance matrix
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VARIABLE DEFINITIONS

▪ T, F, N, P are True, False, Negative, and Positive, respectively.

▪ Accuracy: (TP + TN)/ALL , a measure of how accurate the model is in general

▪ Precision: TP/(TP + FP), a measure of how well the model is at discriminating 

against false positives 

▪ Sensitivity/Recall: TP/(TP + FN), how well the model is at correctly predicting the 

positive cases

▪ Specificity: TN/(TN + FP), how well the model is at correctly predicting the 

negative case

▪ F score: 2*(Precision*Sensitivity )/(Precision + Sensitivity), the harmonic mean of 

the precision and the sensitivity. This is a measure of how well the model is at 

identifying positive cases and discriminating against false positives.
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