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THE KOTO EXPERIMENT
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• Purpose: Search for New Physics that violates CP symmetry  

• Probe: KL→𝝅0𝜈𝜈 

• Signature: 2 photons with 𝝅0 invariant mass and finite pT

KL 𝛾

𝛾
𝝅0



MOTIVATION
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• Want to know if there is K+ contamination in KL beam 

• Major decay mode: K+→𝝅+𝝅0 (3 clusters: 2 photons from pi0 and 1 
pseudo-photon pi+) 

• Main background: KL→𝝅+𝝅-𝝅0 (1 charged pion escapes detection) 

• Develop a new algorithm to reconstruct K+ from 3 clusters  

• Kaon mass, chi2, PT, energy, etc are reconstructed and used to 
evaluate the performance of new algorithm using MC data 

• Different cut criteria are also studied



𝝅0 RECONSTRUCTION

(x1, y1)

(x2, y2)

• Position and energy info of the two 
photon clusters 

• Assumption: pi0 decays on the z axis

𝜋0

z

p2⇡0 = (p1 + p2)
2
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ALGORITHM



(x1, y1)

(x2, y2)
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• Assumption: K+ decays on z axis
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=> From pi0 and pi+ 4-momenta, kaon invariant mass can be reconstructed.

𝝅+ RECONSTRUCTION
ALGORITHM

p+ =
p+T

sin(atan(
p
x2 + y2/z))
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THETA ANGLE
pT 

axis

𝜃p

𝜃l

• Theta angle: Angle pi+ cluster made with 
pT axis (reconstructed from 2 pi0 clusters):

(x1,y1,E1)

(x2,y2,E2)

(x0,y0)

✓ = ✓p � ✓l

= ✓(x1, y1, E1, x2, y2, E2, x0, y0)
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r1

+ E2x2
r2

E1y1

r1
+ E2y2

r2
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KAON MASS
RECONSTRUCTION

signal background
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𝝅+ ENERGY DEPOSIT
RECONSTRUCTION
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THETA ANGLE
RECONSTRUCTION
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𝝅0 PT
RECONSTRUCTION
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DATA
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• MC events: + K+→𝝅+𝝅0 : 2E+7 
                   + KL→𝝅+𝝅-𝝅0 : 1E+8 

• Branching Ratio: + K+→𝝅+𝝅0 : ~20% 
                           + KL→𝝅+𝝅-𝝅0 : ~10% 

• Flux Ratio (Simulation): K+/KL~1E-5 

Assumption: Same amount of K+ and KL in the beam 

=> Scaling factor: 10



theta (rad)
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

500

1000

1500

2000

2500

3000

3500

4000

(KL3pi) Theta angle (loose veto)
ht

Entries  151256
Mean   0.004931
RMS     0.737

(KL3pi) Theta angle (loose veto)

12

KAON MASS W CUTS
RECONSTRUCTION
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Peak Height Ratio  
(PHR) ~10

PHR ~20
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KAON MASS W CUTS
RECONSTRUCTION
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PHR ~10

PHR ~18

K+→𝝅+𝝅0
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KAON MASS W CUTS
RECONSTRUCTION
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KAON MASS W CUTS
RECONSTRUCTION
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SUMMARY
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• The new algorithm can be used to discriminate between K+ and 
KL. 
However K+ contamination is low even after cuts, more selection 
criteria are needed to be implemented to improve SN ratio. 

• The new algorithm’s results show agreement with theory. 

• Next steps:  
+ Apply more different cuts to improve SN ratio 
+ Study a new tagging algorithm for better 𝝅+ event selection



BACKUP
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MAXIMUM PT OF PI0

E1 =
M2 +m2

1 �m2
2

2M
<latexit sha1_base64="VszNZmaHenUrEuzMYK6h+WMryIg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBosgiCWJim6EoghuChXsA/oIk+mkHTqThJmJUEJ2bvwVNy4UcesvuPNvnLZZaPXAhcM593LvPV7EqFSW9WXk5uYXFpfyy4WV1bX1DXNzqy7DWGBSwyELRdNDkjAakJqiipFmJAjiHiMNb3g19hv3REgaBndqFJEOR/2A+hQjpSXX3L127Yu2LxBOKl3nkLt21znirtN10sSppK5ZtErWBPAvsTNSBBmqrvnZ7oU45iRQmCEpW7YVqU6ChKKYkbTQjiWJEB6iPmlpGiBOZCeZ/JHCfa30oB8KXYGCE/XnRIK4lCPu6U6O1EDOemPxP68VK/+8k9AgihUJ8HSRHzOoQjgOBfaoIFixkSYIC6pvhXiAdChKR1fQIdizL/8ldadkH5dOb0+K5cssjjzYAXvgANjgDJTBDaiCGsDgATyBF/BqPBrPxpvxPm3NGdnMNvgF4+MbP4aXpw==</latexit>

CM frame

E, M

E1, m1

E2, m2

z

• K+→𝝅+𝝅0 : maximum 𝝅0PT can reach ~250MeV 
=> large PT distribution 

• KL→𝝅+𝝅-𝝅0 : maximum 𝝅0PT can’t reach 250MeV  
=> smaller PT distribution 

!? The large PT tail may come from hadronic interaction

PT
1  E1

<latexit sha1_base64="ikp2a5FHH9ZnWwO1TjxaCE21GTE=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DEogscI2SAZh55OTdKkZ0l3TyAM+Q4vHhTx6sd482/sLAeNPih4vFdFVT0/EVxp2/6yciura+sb+c3C1vbO7l5x/6Ch4lQyrLNYxLLlU4WCR1jXXAtsJRJp6Ats+oPbqd8coVQ8jmp6nKAb0l7EA86oNpJb9ZzHWkfgkNx5jlcs2WV7BvKXOAtSggWqXvGz041ZGmKkmaBKtR070W5GpeZM4KTQSRUmlA1oD9uGRjRE5WazoyfkxChdEsTSVKTJTP05kdFQqXHom86Q6r5a9qbif1471cG1m/EoSTVGbL4oSAXRMZkmQLpcItNibAhlkptbCetTSZk2ORVMCM7yy39J46zsnJcvHy5KlZtFHHk4gmM4BQeuoAL3UIU6MBjCE7zAqzWynq03633emrMWM4fwC9bHN1AckSg=</latexit>



4 SOLUTIONS!?
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RECONSTRUCTION

Quadratic equation of z2 => there are 4 solutions 
+ z3, z4: behind the calorimeter 
+ z1, z2: possible solutions



VETO CONDITIONS

20



VETO CONDITIONS
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• Tight Veto Condition 2017: 
if(CBARVetoEne<=1 && IBVetoEne<=1 && IBWideVetoEne<=2 && 
IBCH55VetoEne<=1 && (MyVetoCondition&0x100)==0 && 
FBARVetoEne<=1 && NCCVetoEne<=1 && NCCScintiVetoEne<=1 
&& OEVVetoEne<=1 && CVVetoEne>0.3 && IBCVVetoEne<=0.5 
&& MBCVVetoEne<=0.5 && !(newBHCVModHitCount>1 && 
newBHCVVetoEne>884.e-6/4.) && BHGCVetoEne<=2.5) 

• Loose Veto Conditions 2017: 
if(CBARVetoEne<=2 && IBVetoEne<=2 && IBCH55VetoEne<=1 
&& (MyVetoCondition&0x100)==0 && FBARVetoEne<=2 && 
NCCVetoEne<2 && CVVetoEne>0.3 && IBCVVetoEne<=1 && 
MBCVVetoEne<=1 && !(newBHCVModHitCount>1 && 
newBHCVVetoEne>884.e-6/4.) && BHGCVetoEne<=2.5)

EVENT SELECTION
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�2
✓ =

⇣ @✓

@x1

⌘2
�2
x1

+
⇣ @✓

@y1

⌘2
�2
y1

+
⇣ @✓

@E1

⌘2
�2
E1

+ ...
<latexit sha1_base64="DWTOiBw5as/woMcljhl2xx7rePA="></latexit>

@✓

@x1
=

✓(x1 + ✏)� ✓(x1)

✏
<latexit sha1_base64="dQjULecmQxgEBb2zk/PLRQdRcq0="></latexit>

�2 =
✓2

�2
✓

<latexit sha1_base64="8A8Lk7gQHU95DTPgEBM2Lpkxjrc=">AAACEnicbZDLSsNAFIYnXmu9RV26CRZBNyWJgm6EohuXFewFmjRMppNm6OTCzIlQQp7Bja/ixoUibl25822ctllo6w8DP985hzPn91POJJjmt7a0vLK6tl7ZqG5ube/s6nv7bZlkgtAWSXgiuj6WlLOYtoABp91UUBz5nHb80c2k3nmgQrIkvodxSt0ID2MWMIJBIU8/dUjI+vaVEwhMcgdCCrhvF7kj2TDCXkkKhTy9ZtbNqYxFY5Wmhko1Pf3LGSQki2gMhGMpe5aZgptjAYxwWlSdTNIUkxEe0p6yMY6odPPpSYVxrMjACBKhXgzGlP6eyHEk5TjyVWeEIZTztQn8r9bLILh0cxanGdCYzBYFGTcgMSb5GAMmKAE+VgYTwdRfDRJiFQ6oFKsqBGv+5EXTtuvWWd2+O681rss4KugQHaETZKEL1EC3qIlaiKBH9Ixe0Zv2pL1o79rHrHVJK2cO0B9pnz8GMJ5W</latexit>

✓ = ✓p � ✓l

= ✓(x1, y1, E1, x2, y2, E2, x0, y0)
<latexit sha1_base64="LTC0v2cngmiE5rFjpluI919Jq64="></latexit>

Note: The dependence on x0, y0 is not taken into account because position 
resolution is dependent on energy of pi+ which is not known. 

CHI2 CALCULATION


