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Introduction



Motivation

Increasing beam current is important for improving luminosity, but it can also affect the beam pipe 
thermal environment.

Understanding the dependence of beam pipe temperature on beam current helps characterize the 
thermal response under different machine conditions.

Specific luminosity can exhibit variations even under relatively stable beam current conditions. 
Increasing beam current is important for improving luminosity, but it can also affect the beam pipe 

thermal environment.

Understanding the relationship between machine conditions, environmental response, and specific 
luminosity may help identify parameters relevant to SuperKEKB performance.



Objectives

1. Characterize the beam current and temperature dependence during April 2026.

2. Identify machine/environmental PVs associated with specific luminosity using multiple correlation 
methods.

3. Investigate machine parameters associated with specific luminosity change in selected time periods.



Beam Current and 
Temperature Study during 

April 2026



Beam Current vs Time Plot

The ratio of HER and LER current generally constant (4:5). 
Many current drops correspond to beam aborts.



Beam Pipe Temperature vs Time Plot

FWD temperatures are consistently 
higher than the BWD temperatures.



Quadratic Fitting Results
 The fitting result for FWD_T2 (the highest temperature sensor):



Quadratic Fitting Results

 Overall fitting results for all sensors:  It would be interesting to 
see which one contributes 

more: aI² or bI??

For comparison:  I_HER = 1200 mA & I_LER = 1500 mA

Count the contribution of aI² and bI for each 
sensor and beam current.



Quadratic Fitting Results

aI² > bI

That means these fenomena possibly has a 
greater impact on the heating.

The quadratic term 
contributes more 

strongly to the 
temperature.

 Possible caused:  



Combined HER/LER Quadratic Fitting
Beam pipe temperature is affected by both HER and 

LER beam currents.

A combined fit is therefore used to model their joint 
effects within a single temperature model.

The Fitting results for April 2026**:  

**However, because the HER/LER current ratio remains nearly constant, 
the fit result might have some ambiguity.



 Relative contribution of HER and LER current terms**: 

(dangerous?)

The quadratic term of LER 
current is dominant.

The quadratic term of HER 
current is dominant.

FWD 

BWD 

**As it mentioned in the previous slide, the fitting coefficients might be biased.

Combined HER/LER Quadratic Fitting

*Evaluated at I_HER = 1200 mA and I_LER = 1500 mA.



Combined HER/LER Quadratic Fitting

 Therefore the April 21, 
10:00-22:00 JST might be a good 

candidate for the next fitting.

Since the ratio between HER and 
LER current ≈ 0.8 most of the 

time during April 2026.

The previous fit 
result has 
ambiguity.

We choose smaller time series where 
the ratio between HER and LER is 

not constant.

This will tell us the 
fitting coefficients (a, 

b, c, d, e) better.



Combined HER/LER Quadratic Fitting

The Fitting results for April 21, 
10:00-22:00 JST:



Combined HER/LER Quadratic Fitting

Compared with the full April fit, the selected 
period fit shows a larger HER contribution, 

especially for the FWD sensors.

 Relative contribution of HER and LER current terms: 
*Evaluated at I_HER = 1200 mA and I_LER = 1500 mA.

Fitting results for April 21, 
10:00-22:00 JST:

The quadratic term of HER 
current is dominant for all 

sensors.



Correlation of Specific 
Luminosity with 43 PVs during 

April 2026



43 Selected PVs + Anchor PV

QC1 BPM Position**:

● BMH:MQC1LE:POS.PXP
● BMH:MQC1LE:POS.PYP
● BMH:MQC1RE:POS.PXP
● BMH:MQC1RE:POS.PYP
● BML:MQC1RP:POS.PXP
● BML:MQC1RP:POS.PYP
● BML:MQC1LP:POS.PXP
● BML:MQC1LP:POS.PYP

Paraffin BWD T1-T10:

● B2_IR:paraffin:BP_BWD:T1
● B2_IR:paraffin:BP_BWD:T2
● B2_IR:paraffin:BP_BWD:T3
● B2_IR:paraffin:BP_BWD:T4
● B2_IR:paraffin:BP_BWD:T5
● B2_IR:paraffin:BP_BWD:T6
● B2_IR:paraffin:BP_BWD:T7
● B2_IR:paraffin:BP_BWD:T8
● B2_IR:paraffin:BP_BWD:T9
● B2_IR:paraffin:BP_BWD:T10

Room Temperature T1-T8:
*Room temperature of where the feedback module is installed.

● FB_RM:T01
● FB_RM:T02
● FB_RM:T03
● FB_RM:T04
● FB_RM:T05
● FB_RM:T06
● FB_RM:T07
● FB_RM:T08

Specific Luminosity (Anchor PV):

● CG_OPR:SpecificLuminosity

Paraffin FWD T2-T10:

● B2_IR:paraffin:BP_FWD:T2
● B2_IR:paraffin:BP_FWD:T3
● B2_IR:paraffin:BP_FWD:T4
● B2_IR:paraffin:BP_FWD:T5
● B2_IR:paraffin:BP_FWD:T6
● B2_IR:paraffin:BP_FWD:T7
● B2_IR:paraffin:BP_FWD:T8
● B2_IR:paraffin:BP_FWD:T9
● B2_IR:paraffin:BP_FWD:T10

XRM Beam Size**:

● BMHXRM:BEAM:SIGMAX
● BMHXRM:BEAM:SIGMAY
● BMLXRM:BEAM:SIGMAX
● BMLXRM:BEAM:SIGMAY

Beam Current**:

● BMHDCCT:CURRENT
● BMLDCCT:CURRENT

Luminosity:

● B2_nsm:get:ECL_LUM_MON:lum_acc_20

Number of Bunches:

● CGHINJ:BKSEL:NOB_SET

**note:
H = HER (-) 
L = LER (+)

PXP = Horizontal Beam Position
PYP = Vertical Beam Position

SIGMAX = Horizontal Beam Size
SIGMAY = Vertical Beam Size

Since downloading and analyzing all ~140k PVs takes very long 
time, we first try smaller samples, picking up the following PVs. 



The `pvana-corr` tool in the PV Analysis framework currently provides four correlation methods:

● Pearson Correlation (pearson)
● Kolmogorov Smirnov Correlation (ksc_raw)
● Mutual Information (mi)
● Distance Correlation (dcor)

Introducing Correlation Methods
All four methods are compared 
because each one measures 
relationships from a different 

perspective. 

Method What does it measure? How is the score interpreted?

pearson Measures how closely two signals follow a straight line trend. In 
`pvana-corr`  the signals are first aligned to a common 1 second time grid.

−1 to +1. The sign shows the direction

ksc_raw Measures correlation while keeping the original measurement times. 
Measurements that are closer together in time receive more weight.

−1 to +1. The sign shows the direction

mi Measures how much information two signals share. It can identify 
relationships that are not well represented by a straight line.

A higher value means stronger 
dependence; no direction

dcor Measures the overall dependence between two signals using distances 
between data points. It can detect both linear and nonlinear relationships.

0 to 1. A higher value means stronger 
dependence; no direction



Correlation Results
Pearson:  
Linear trend The highest-ranked PVs include:

● beam position near the 
interaction point (MQC1R/L 
position monitors)

● beam current (HER and LER 
DCCT)

● paraffin temperature sensors. 

These PVs are likely associated with the beam 
conditions around the interaction region.

However, it is important to note that the Pearson 
coefficients are relatively small (|r| < 0.04), 
indicating that none of these variables has a 
strong linear correlation with Specific 
Luminosity.



Correlation Results
KSC Raw:  
Time weighted correlation The highest-ranked PVs include:

● paraffin temperature sensor (BWD 
T10)

● QC1 beam position monitors 
(MQC1LE and MQC1RP)

● Beam Size

Unlike Pearson, KSC places more QC1 
BPM signals near the top.

This suggests that timestamp handling 
influences which PVs receive the highest 
ranks.



Correlation Results
MI:  
Shared information The highest-ranked PVs include:

● ECL luminosity monitor
● number of bunches (only 3 raw 

samples)
● beam current (HER and LER DCCT)
● paraffin temperature sensor (FWD T2)

MI highlights the luminosity monitor and 
beam current, showing shared information 
that may not be purely linear.

The number of bunches result is not 
reliable because it contains only three raw 
samples.



Correlation Results
dCor:  
Overall dependence

The highest-ranked PVs include:

● number of bunches (only 3 raw 
samples)

● paraffin temperature sensors (BWD 
and FWD)

● beam current (HER and LER DCCT; 
ranks 8 and 9)

dCor can detect both linear and non-linear 
dependence. The high ranks of several 
paraffin temperature sensors suggest that their 
relationship with Specific Luminosity may not 
follow a simple straight line trend.

The number of bunches result is unreliable 
because it is based on only three raw samples.



Correlation Results
Overall Ranking:  

Beam currents, paraffin temperatures, and the 
number of bunches appear among the highest ranked 
variables, although their relationships with specific 

luminosity may not necessarily be direct.

Overall, the ranking seems reasonable. 

The presence of Beam Position PV was 
less expected. Therefore, we need to 

investigate more using 2-D plot.



From 27 April onward, the beam position shifts to a lower band.
Both bands in the right graph show a similar negative trend with increasing LER current, suggesting a 

position offset under a different operating condition.

QC1RP BPM Visual Investigation



A negative slope island is observed in the Lsp LER current plot at approximately 1200–1600 
mA. The BeamPos-LER current plot shows two approximately parallel bands across a broader 

current range. The lower band mainly consists of data from 27 April onward, suggesting a change in 
operating conditions.

QC1RP BPM Visual Investigation



The BeamPos Lsp plot contains two bands and a lower island.
The lower island is dominated by data from 27 April onward, suggesting that the structure reflects 

different operating conditions.

QC1RP BPM Visual Investigation



Correlation of Specific 
Luminosity with All ~140k PVs 
during Selected Time Range



A dip in specific luminosity occurs at 
approximately 19:39 JST.

Both HER and LER beam currents 
remain stable during the dip.

This suggests that another machine parameter may be 
associated with the sudden decrease in specific luminosity.

Selected Time Range: April 3, 2026, 13:00–21:00



Selected Time Range: April 3, 2026, 13:00–21:00
The SuperKEKB IP knob history 
shows that...

The LER IPr2 knob 
was adjusted around 
the time of the dip.

We therefore examine the correlations between all PVs and specific luminosity within this selected time window. If ‘CGLOPT:IPr2’ 
ranks highly, it would indicate that the framework can recover this known operational change.



Correlation Result for April 3, 2026, 13:00–21:00 

Beam transport PV; likely unrelated to luminosity.

IP knob was scanned during this time range.

Beam size PVs are expected to relate to luminosity.

Derived from measured luminosity; correlation is expected.

Magnet in LER and RF in HER PVs relevance to 
luminosity requires expert input.



Framework Validation: Identifying the LER IPr2 Knob

*Note that it was obtained after averaging the 
ranking score over four different correlation 
methods (single method cannot predict 
CGLOPT:IPr2  as the highest rank).

After excluding ranks 
1–5, which are derived 

from measured 
luminosity, and rank 6, 

which is likely unrelated, 
CGLOPT:IPr2 becomes 
the highest ranked PV*. 

The LER IPr2 knob was adjusted around the 
time of the luminosity dip.

This shows that our framework can recover 
a relevant operational change from 
approximately 140,000 PVs.



Selected Time Range: April 6, 2026, 07:00–12:00 JST

Specific luminosity increases around 09:00–10:00 JST while both beam currents remain stable.

No IP knob tuning coincides with this increase.

We therefore investigate which other PVs are associated with this change in specific luminosity.



Correlation Result for April 6, 07:00-12:00

Derived from measured luminosity; correlation is expected.

RF PV and other PV relevance to luminosity requires 
expert input.



The Fisrt Rank of RF PV Investigation

Raw evidence: 09:13 JST -> 0.195   |   10:47 JST -> 0.205
Only two RFHSC updates are available within the five hour window. Therefore, the apparent high 

correlation is not statistically reliable and cannot establish a meaningful association with specific 
luminosity.



Sparse Sampling Explains the High PV Rankings

Rank PV name n_raw

9 RFHSC:D10A:DISC:CIR4DL 2

10 RFHSC:D10A:CRYOTEMP1 2

11 RFLNC:D08E:VALC:REF:UD 2

12 CO_KIKAI:AAH009 5

13 RFLKLY:D05E:OUT2:TEMP 2

14–22 Various RF/beam related PVs 4–12

23 CO_KIKAI:PPF2001 2,896

Ranks 9–22 contain only 2–12 raw 
samples.

Their high rankings are therefore 
not statistically reliable.

Next: repeat the three plot investigation for CO_KIKAI:PPF2001 (it has the most 
sufficient data).

For future analyses, a minimum 
number of data points should be 
required before calculating the 

rankings.



Rank 23 KIKAI PV Investigation

Raw evidence: n = 2,896 across 07:00–12:00 JST (no forward-fill).
PPF2001 decreases in time ordered bands while Lsp generally increases; HER current stays within a 

narrow range.
This structured association is suitable for expert follow up, but it does not demonstrate causation.

*The April 6 analysis did not identify a conclusive non trivial PV within the available time. 
Further investigation of the other highly ranked PVs is therefore left for future work.



Summary & Next Steps



Summary

● Beam pipe temperatures increase nonlinearly with beam current, and the 
FWD sensors are generally hotter than the BWD sensors.

● The full April HER/LER fit result is ambiguous because the two currents have 
an almost constant ratio. A shorter period with a changing current ratio 
indicates a larger HER contribution, especially for the FWD sensors.

● Across four correlation methods, beam current, paraffin temperature, and 
QC1 beam position PVs consistently ranked among the 43 PVs most strongly 
associated with specific luminosity during April 2026. However, these rankings 
indicate association, not causation.

● For the April 3 luminosity dip, the all PV analysis recovered the known LER 
IPr2 knob adjustment from about 140,000 PVs. The April 6 candidates still 
require further validation.



Next Steps

● Repeat the HER/LER temperature fit using more periods with different current 
ratios to test whether the fitted contributions are stable.

● Investigate the top ranked QC1 BPM, beam size, and paraffin temperature 
PVs using time series and 2D plots under normal operating conditions.

● Apply minimum sample and data quality checks before ranking PVs, so very 
sparse signals are not overinterpreted.

● Validate the all PV analysis on additional luminosity dips and compare the 
results with operation logs and expert knowledge. For April 6, check the 
RFHSC candidate over a wider time range.
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Appendix



Pearson:  KSC:  
Correlation Result for April 3, 2026, 13:00–21:00 



MI:  dCor:  

Correlation Result for April 3, 2026, 13:00–21:00 



Pearson:  KSC:  

Correlation Result for April 6, 2026, 07:00–12:00 



MI:  dCor:  

Correlation Result for April 6, 2026, 07:00–12:00 



Thank You


