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Introduction



SuperKEKB Accelerator & Luminosity
Previously on the Belle 
experiment through the 
KEKB accelerator, they 

achieved “the world highest 
peak luminosity” : 
2.1 × 1034/𝑐𝑚2/𝑠

SuperKEKB

Now we have upgraded the 
accelerator to SuperKEKB 

for the Belle II experiment. 
The goal is to achieve 40x 

higher luminosity. 
𝐿𝑝𝑒𝑎𝑘 = 80 × 1034 /𝑐𝑚2/𝑠

What is 
luminosity?

Luminosity describes how effectively 
an accelerator produces particle 
collisions. The higher the luminosity, 
the more collision events are available 
for physics analysis.

Belle II 
Experiment

Need a large 
amount of collision 

data

High luminosity



My Project 
during KEK-SSP



Project Background & Motivation

Still a long 
way to go!

Source:
https://www-linac.kek.jp/skekb/snapshot/dailysnap.html 

Achieving high luminosity requires stable accelerator 
operation

Accelerator performance is influenced by various 
machine parameters and environmental conditions.

Understanding the relationship between machine 
parameters helps characterize accelerator behavior 

and provides insight for future machine optimization.There is still room for performance improvement…

https://www-linac.kek.jp/skekb/snapshot/dailysnap.html
https://www-linac.kek.jp/skekb/snapshot/dailysnap.html
https://www-linac.kek.jp/skekb/snapshot/dailysnap.html
https://www-linac.kek.jp/skekb/snapshot/dailysnap.html


Current Task
As the first step of this project, I investigate the relationship between HER & LER beam current and 

beam pipe temperature using SuperKEKB machine data.

Beam current: HER & LER

Beam Pipe Temperature: 6 points

BWD region FWD region

BWD_T4 FWD_T4



1st Week Progress
Plot 1: Beam Current vs Time 

• LER current always 
higher than HER 
current

• The ratio of LER and 
HER current generally 
constant (5:4)

• Periodic current drops 
correspond to 
machine operation 
cycles.



1st Week Progress
Plot 2: Beam Pipe Temperature vs Time 

• FWD temperatures are 
consistently higher 
than BWD 
temperatures.

• Temperature variations 
appear to follow 
changes in beam 
current



1st Week Progress
Plot 3&4: Temperature vs HER & LER Beam Current

• Vertical bands correspond to periods where the beam current was intentionally held constant to monitor beam conditions
• The spread at zero beam current reflects the beam-off period, during which the beam pipe gradually cools down.



1st Week Progress
Fitting

Quadratic fitting:
𝑇 = 𝑎𝐼2 + 𝑏𝐼 + 𝑐



1st Week Progress
Fitting

• The quadratic model provides good fits for all sensors (R² 
= 0.88–0.96).

• LER generally exhibits higher R² values than HER, 
particularly for the forward sensors.

• BWD_T4 is an exception, where the HER fit performs 
slightly better than the LER fit.

• The linear coefficient b is negative for all HER fits but 
positive for all LER fits, an interesting feature that is 
currently under investigation.

• The contribution of 𝑎𝐼2 is larger than the 𝑏𝐼.



Future Work
1. Improve the regression model

- Investigate separate HER and LER contributions in a combined fitting model:

𝑇 = 𝑎𝐼𝐻𝐸𝑅
2 + 𝑏𝐼𝐻𝐸𝑅 + 𝑐𝐼𝐿𝐸𝑅

2 + 𝑑𝐼𝐿𝐸𝑅 + 𝑒

2. Extend the parameter analysis

- Include additional machine parameters (e.g., beam size, number of bunches, beam lifetime, etc.)

𝑇 = 𝑓 𝐼𝐻𝐸𝑅, 𝐼𝐿𝐸𝑅, 𝑏𝑒𝑎𝑚 𝑠𝑖𝑧𝑒, 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑢𝑛𝑐ℎ𝑒𝑠, …

3. Explore advanced data analysis methods

- Investigate correlation, regression, and forecasting tools available in the provided PV Analysis 

framework.

4. Correlate machine parameters with luminosity

- Extend the analysis to include luminosity

- Investigate which machine parameters are most strongly related



Arigatou Ghozaimasu for this amazing 
experience!
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  2 . 1 ×   10  34 / c  m 2 / s


   L  p e a k = 80 ×   10  34   / c  m 2 / s


  T = a  I 2 + b I + c


  a  I 2


  b I


  T = a  I  H E R 2 + b  I  H E R + c  I  L E R 2 + d  I  L E R + e


  T = f  (   I  H E R ,  I  L E R , b e a m   s i z e ,   n u m b e r   o f   b u n c h e s ,   … )

