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LER Injection Kicker : Countermeasure for Self-firing
Work during the 2024 summer shutdown 

vThe G1 trigger has been changed from DC primed to the pulsed trigger method.
• DC primed grid is always in a standby state, which means it is easy to fire. 
• Using the pulsed trigger method, both G1 and G2 are needed to trigger a fire event. Therefore, 

self-firing events are more difficult to occur
v The 2024ab run had 12 times self-firing events in 5 months (2.4 SF/⽉), while the 2024c run, it 

was reduced to 6 times in 3 months (2 SF/⽉). 
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HER Injection Kicker : Modification for K4 dividers
v Divider for voltage control feedback will be modified.

• Capacitance of circuit elements sometime are damaged due to high leak current. That affect 
the output stability in the operations. 

v To prevent high leak current, resistances will be added to the dividers.

Divider for Injection Kicker

Work to be performed during 2025 shutdown

PI: K.Kodama





Vertical Kicker to Survey Vertical Aperture of the Ring
Vertical kickers were installed at HER (2024 spring) / LER (2024 Autumn),  respectively.

To make 50 𝜇rad kick angle for each beam and 1 Hz rep. rate by using existing kicker magnets, we fabricated 
semiconductor switch pulse power supplies.  

Coil Inductance Cable inductance Total Current for 50 𝜇rad kick

LER 16.7 𝜇H 3.625 𝜇H (2 Cable) 20.3 𝜇H 221 A /4 turn = 55 A

HER 10.8 𝜇H 7.85 𝜇H (1 Cable) 19 𝜇H 328 A /3 turn = 110 A

Required peak current for the existing kicker magnet.

Simulation of the kicker pulse waveform: The pulse 
peak is 120A at 5.5kV, which depends on the inductance 
and the storage capacitor. 

10usec

Current

Voltage@SW

PI: K.Kodama, T.Naito

Work during 2024 



Vertical Kicker to Survey Vertical Aperture of the Ring
Semiconductor SW Evaluation

• The switching characteristics of the semiconductor SW is evaluated by using
the dummy load.

• The V-𝐼!"#$ shows a that the peak current is 136 A at 5 kV.

• The waveform pulse width is 4 𝜇s (FWHM) by using 16 𝜇H dummy load.

4 𝜇s136 A@5 kV

Waveform characteristicsV-𝐼!"#$ characteristics

PI: K.Kodama, T.Naito



Vertical Kicker to Survey Vertical Aperture of the Ring
System Configuration

Event Receiver
(EVR)

Kicker PS

EtherNet

１Hz Trigger

20D HV cable(s) 

AC100V

1 revolution time

HER kicker waveform 
5 𝜇s/div

1 revolution time

HER kicker waveform 
4 𝜇s/div

D7/D8
Klystron gallery
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Additional SRM Installation at BTe PI: T. Mori

• Continuous beam size monitor.

• Branched beam duct
• Obsolete AR-BT branch line

• Installation: 2024 summer
• With Driss-san, Ueda-san
• Calibration can be done with movable mirror

• Different phase from SRM@BH3E.1
• Useful for emittance optimization

Work during 2024 

Work to be done in 2025

• Consideration to add SRM to BTp.

mailto:SRM@BH3E.1




• Pre:
- Image background removal.
- smoothing of artificial signal peaks (new).
- Tighter camera exposure times (new).

• During:
- Automatic beam position detection and reduction of the image surface considered 

(treatment speed-up) (new).
- Pixel intensity variation map dynamic background removal (new).

• Post:
- Beam (single or double) isolation from background (new).

Work performed during 2024

PI: D. Oumbarek Espinos

RAW Treated Beam separation

Tighter camera exposure time



v New application to treat data and automatically log and 
plot the different parameters has been done (Usable at 
>1 Hz).

v New application to monitor the 2 bunches at the same 
time in a single screen after transverse separation using 
the kickers (with automatic detection of each beam and 
plotting of the measurements).

v New application to do the Q-scan with all the discussed 
improvements and methods.

• Plans to put all these tools under a single environment.

Work performed during 2024

PI: D. Oumbarek Espinos

Work to be performed during 2025

Automatic 2 bunch 
detection and 

analysis

New Q-scan app



v Statistical significance studies done to determine 
the optimal number of shots needed for Q-scans. 
Improved precision, robustness and repeatability.

v We greatly increased the data taken and analyzed 
at all screens. Also, all raw data is saved to be able 
to go back to, if methods improve or any other 
reason.

v Source time related patterns observed and taken 
into account during studies. Allowing us to provide 
a better feedback to other groups.

Work performed during 2024

PI: D. Oumbarek Espinos
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• Real time measurement of beam surface, peak intensity, 
transverse size, peak position and center of mass 
position.

• Using all the improvements named before, now the 
emittance measured by Q-scan and Wire-scanner 
consistently agrees within ~10%.

Work performed during 2024

PI: D. Oumbarek Espinos

Start Config

After tuning

Example of KBP orbit correction study (Iida-
san, Yoshimoto-san).

Wire-scanner Q-scan

𝜸𝜺𝑸,𝒙 = 103.21 𝝁𝒎

Example of emittance measurement at the entrance of BT 𝑒- line



PI: D. Oumbarek Espinos

v Diagnostics data now saved together with relevant magnet data to structured files (.hdf5), 
making the file size smaller and things easier to find. 

v Matlab and Python libraries under development to allow easy re-analysis by anyone.

v Upgrades of the OTR setup to improve the alignment and reflections.

v Planned single button full BT 𝑒./𝑒/ line beam characterization application.

v Planned the start of Machine Learning tools applied to “deep diagnostics”.

Work to be performed in the future

Work performed during 2024





BT Diagnostic Cameras Network PI: T. Mori

SRM@BH3E.1

Work during 2024 

40 cameras network map. Work to be done in 2025





PI: D. Oumbarek Espinos

v Data treatment to improve Noise/Signal.

v Improvements of precision and 
resolution of Wire-scanner 
measurement.

Work to be performed during 2025

X YXY

Noise Noise Noise

Noise
Close to the 

beam

Y measurement at the 4 wires during a wire-scanOnly 7 
points





BPM Signal Isolation for 𝒆! Improved PI: T. Mori

2nd bunch for 2-bunch operation
1-bunch operation

Work during 2024 



High Resolution BPM Platform Development 
PI: M. Tawada, D. Oumbarek Espinos

• A new platform for fast high resolution BPM data acquisition is being 
developed.

• The acquisition card to be used is the ADQ35-PDRX

• AMD threadripper based platform

• Performance:
o 4 channels
o 12 bits resolution
o 11 bits ENOB
o 5 GSPS sampling rate
o 14 Gbyte/s data streaming through PCIe

vHardware already acquired, waiting for delivery.

Work to be continued in 2025





𝑒!/𝑒"

QAF4P

QTF1P

QAD1P

• While applying an offset for the bending magnet of  ARC1 in BT 𝑒% line in 2023, a significant misalignment was 
observed.

• As a result, a realignment was performed for the BT 𝒆% line magnets, the shielding effect of CSR was not 
visible and the vertical emittance growth in ARC1 disappeared.

v We assume that a similar misalignment exists in BT 𝑒& line, potentially causing vertical emittance growth.

1mm

Deviation from the design of the BTp magnets before 
realignment

Work to be performed in the future

PI: M. Tawada



• The poles of BH2P and BH3P magnets are vertically asymmetrical, because spacers were inserted into only the upper pole to 
strengthen the magnetic field when increasing the beam energy from 3.5 GeV to 4 GeV.

• Oide-san’s tracking simulation has pointed out that the multipole components of the magnetic field could potentially lead 
to an increase in the vertical emittance.

v The replacements of BH3P pole are planned to be carried out sequentially during the shutdown period. 

v As for the BH2P, we will consider its replacement after reviewing the results of BH3P magnet pole exchange.

Work to be performed during 2025 summer shutdown

PI: M. Tawada



• Taking into account that a Q-scan should be independent 
of the middle magnets as long as they are properly 
characterized, one can use this technique to confirm the 
accuracy the Q’s model.

v Some quadrupole magnets deviates from their expected 
behavior. Which also affected our emittance 
measurements.

v The test will be carried in other locations and the 
problematic magnets investigated.

Work performed during 2024 and to be continued during 2025

PI: D. Oumbarek Espinos

Quadrupole 
used for Q-scan

DriftDrift

Middle
Quadrupole (s)

QXD7P 
state

𝜷𝑸,𝒙 (m) 𝜺𝑸,𝒙 (nm) 𝜸𝜺𝑸,𝒙
(𝝁𝒎)

𝜸𝜺𝑸,𝒙,𝑹𝑴𝑺 𝒆𝒓𝒓𝒐𝒓
(𝝁𝒎)

On 81.73 10.25 77.0523 2.18

Off 73.74 13.73 103.2125 2.0597

OTR𝒆
! 4

OTR𝒆
" 5

OTR𝒆
" 10

OTR𝒆
" 16

OTR 
Screen Middle Qs Off

Middle Qs On

OTR𝒆
! 15

On/off ratio



𝑒!

• Extremely recent data (taken the 20 of December and analyzed the 1st week of January). 
v As previous data was taken with the middle Qs on, the new measurements in the same conditions only show a 

small change (77.05 𝝁𝒎à 116.14 𝝁𝒎), far from the data provided for the simulation.
v With a middle Qs off (more accurate measurement), an emittance growth from 103.21 𝝁𝒎 to 176.31 𝝁𝒎 is 

found, much less than the initially believed, and on the same level as the one observed at BT 𝑒& line (from 60 
𝝁𝒎 to 110 𝝁𝒎).

Work performed 
during 2024-2025

PI: D. Oumbarek Espinos
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• The group also gave everything to support and accommodate any 
request and to provide a swift response to any appearing issue.

• Of course, even without being PI, other members also helped.



vLER Kicker self-firing reduction.
vVertical kickers installed at HER and LER and characterized.
vAdditional SRM monitor installed at BT 𝑒!.
vOTR data treatment overhauled improving accuracy, robustness and ease 

of use. Finally, agreement between different diagnostics achieved.
vMultiple new applications done for different uses of the OTR screens.
vA bigger focus on large quantity of data analyzed improving accuracy of 

studies and revealing more information.
vRadiation related camera network issues detected and dealt with.
vBPM signal isolation for 𝑒" improved.
vBT 𝑒" ARC1 magnet realignment performed and emittance growth 

reduced.
vSome magnets model difference with the real ones detected.



vHER Kicker hardware improvements for voltage feedback and leaks.
vDevelopment of multiple SRM emittance variation diagnostic.
vUnification of the different OTR diagnostic tools.
vMatlab and Python libraries to be develop to allow easy re-analysis by anyone.
vSingle button full BT 𝑒"/𝑒! line beam characterization application.
vStart of Machine Learning tools applied to “deep diagnostics”.
vUpgrades of the OTR setups to improve the alignment and reflections.
vImprovements of the Wire-Scanner precision and robustness.
vSolve the diagnostic camera network issues.
vRealignment of BT 𝑒! ARC1 to reduce emittance growth.
vBH3P poles replacement and consideration of same work at BH2P.
vStudy of detected quadrupoles difference between model and reality.

Thank you for your time and attention !





The transition radiation (TR) is generated 
when a charged particle beam transits 

the interface of two media with different 
dielectric constants

The existence of transition radiation was 
theoretically predicted by Frank and Ginzburg in 

1945

https://www.slideserve.com/laura-bass/optical-transition-radiation-measurements-of-pbar-transfers
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Screen

Measurement fit

From fit values and the matrix term 𝑆./ one gets the 
beam emittance at the Q-scan quadrupole 

If the intermediate quadrupole is well characterized and without significant higher multipolar 
terms, both measurements (with the middle Q on and off) should give the same beta and 

emittance results, as the results are given in a position before the middle Q.
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200 shots per k

Using 200 shots per K the 
distribution of 𝜎<,678 clearly 
shows a peak and always on the 
lower side.

However, it can also be seen that 
there is quite a bit of jitter shot-
to-shot.

10 shots per K

No clear distribution peak visible.

The range of 𝜎<,678 values can be 
quite large.

v10 shots per K gives a quite poor insight of the real beam behavior.
vIt is clear that 10 shots is not enough.
vWhile the 200 shots per K case gives 𝜎K,LMNO = 0.0467 𝑚𝑚O, this specific 10 shots per K case 

gives 𝜎K,LMN
O = 0.0626 𝑚𝑚O, i.e., 1.34 times higher !



Cases studied: 10, 20, 30, 40, 50, 75, 100, 125 and 150 shots per K
50 measurements for each case.

v When the beam is more focused the improvements
due to increase of the number of shots are smaller.

v This is due to the resolution limit of our screen.

v But when the beam is big enough (defocused) one 
can clearly see the decrease of ∆𝜎<,678 𝑘 per case. 
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Cases studied: 10, 20, 30, 40, 50, 75, 100, 125 and 150 shots per K, 50 measurements for each case.

∆𝜎
<,
6
7
8
𝑘
/∆
𝜎 <

,.
?8
.!
"(
A
𝑘
[𝑁
𝑜𝑟
𝑚
𝑎𝑙
𝑖𝑧
𝑒𝑑
]

Plot showing ∆𝜎-,/01 𝑘
normalized by the values of the 10 
shots per K case, thus, showing the 
improvement in % of the variation 
Measurement-to-Measurement 
(M2M) when increasing the 
number of shots.

vFor HER, the 
compromise between 
“data taking time” and 
accuracy seems to be 

at 50 shots per K

Big dots represents the mean improvement of 
each case



Sweeping Box Transverse Projection Maximum

vThe sweeping box can keep up with the beam center without problems.

vThe transverse projection mistakes multiple times reflections or noise with the real beam.
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PI: D. Oumbarek Espinos


