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The Standard Model

•Quarks are now recognized as 
being one of three types of 
elementary particles, joining 
leptons and the force mediators as 
the fundamental units of all 
matter.
• Baryons (ex. protons, neutrons) 
have a 3-quark structure.
•Mesons (ex. kaons, pions) are 
composed of a quark-antiquark 
pair.

•Kaons come in three different 
varieties: two charged (K+, K-), 
and one neutral (K0). 
•K0 is composed of a down 
quark (d) and an anti-strange 
quark (s*).
•More specifically, the K0 is a 
superposition of two distinct 
eigenstates, each with a slightly 
different lifetime. K-Long refers 
to the longer-lived eigenstate.

•|K0〉 = 1/√2 * (|KS〉 + |KL〉)
•KL➔3𝞹, 𝛕 ≈ 10-8 sec
•KS➔2𝞹, 𝛕 ≈ 10-10 sec

•Experiment has shown, 
however, that even these 
eigenstates are not “pure.” This 
result provides strong evidence 
of CP Violation. 

•Ex. |KL〉 = C * (|KL〉 + ε |KS〉) 
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The K0to Experiment
• The purpose of K0to is to study the (#32!) branching ratio KL ➔ 𝞹0 𝜈 𝜈*.

• The decay, a flavor changing neutral current reaction, is carried 
out through 2nd-order weak interactions. 

• The K0to collaboration includes universities from the U.S., Russia, S. 
Korea, Taiwan, and Japan. The detector is located at the JPARC 
facility, in Tokai-Mura, Ibaraki, Japan.   

• Studying a rare decay means generating a lot of data. The UMich 
team focuses mainly on the development of the Data Aquisition 
System (DAQ), and has also produced Monte Carlo Simulations as 
theoretical models of what should be seen experimentally. 

• K0to’s detection system essentially measures photons; however, by 
tracking their progress through the detector and by knowing the 
energy of each photon, we can ascertain information about the Kaon 
decay itself. 

Logo Credits: http://hep0.physics.lsa.umich.edu/k0to/Physics/physics.html
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Charged Veto Detector
JPARC, Tokai-Mura, Japan
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Pi-0 Toy Monte Carlo Simulation

𝞹0 𝛾𝛾
𝛾1

𝛾2

1. Generate a 𝞹0 (CM Frame)
E𝜋 = Eɣ1 + Eɣ2

 P𝜋 = Pɣ1 + Pɣ2 = 0 ∴Pɣ1 = －Pɣ2

2. Choose 𝛳, 𝜑 at random:
0 < 𝛳 < 𝜋
0 < 𝜑 < 2𝜋

3. Describe Momentum in 3D-Space:
Px = P*Sin 𝛳*Cos 𝜑 
Py = P*Sin 𝛳*Sin 𝜑
Pz = P*Cos 𝛳

4.Give it a 𝛾 boost factor, and boost into 
lab frame (in Z-Direction)

E’ = ɣ*E + 𝜷*ɣ*Pz

Px’ = Px
Py’ = Py

Pz’ = 𝜷*ɣ*E + ɣ*Pz

5. Propagate to CsI Crystals and Graph 
(X,Y) Positions

(X/Z) = (Px/Pz); (Y/Z) = (Py/Pz)
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n = 4000
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K-Long Toy Monte Carlo Simulation

KL
(𝜈 𝜈*)𝞹0

1. Start with 𝞹0!𝛾𝛾

2. Choose random 𝛳𝛾, 𝜑𝛾 for 𝛾’s in 𝞹0  CM frame.

3. Boost 𝛾’s to 𝞹0 “lab” frame = kaon CM frame.

4. Consider KL!𝞹0(𝜈 𝜈*). Choose random 𝛳𝜋, 𝜑𝜋 

5. Boost particles to kaon “lab” frame

6. Graph (x, y) positions; Calculate Center of Energy (CoE) of 𝛾’s, and 
the transverse momentum (PT) of the pion:

PT = √[(∑ Px,i)2	
 +	
 (∑ Py,i)2]

CoE = √[(∑ Ei*xi)2	
 +	
 (∑ Ei*yi)2]
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K-Long Toy Monte Carlo Simulation, Ctd.

KL

𝛾
𝛾

𝞹0

(𝜈𝜈*)

Friday, August 10, 12



Results

𝛾1

𝛾2

𝞹0

(𝜈𝜈*)
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Results, ctd.
•There is a clear linear 
relationship between the 
CoE of the photons and PT 
of the pion, However, the 
uneven scattering 
towards the top of the 
graph remains 
unexplained.

•It has been suggested 
that this is due to 
statistical error, or is 
possibly the result of a 
single photon hitting the 
virtual detector. 
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Questions?
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