
Calibration of beam current monitors at J-PARC accelerator facility

Abstruct
Accelerators at J-PARC, a high-intensity proton accelerator facility, consists of a 400 MeV linac, 3 GeV RCS, and 30 GeV MR. The RCS is aiming for steady operation with output beam power of 1

MW, while the MR has achieved its initial target of 750 kW by shortening its operating cycle, and further beam tunings and developments are underway to achieve the next target of 1.3 MW. At J-

PARC, it is necessary to suppress beam losses to an extremely low level to suppress the activation of the accelerator devices, and thus it is essential to improve the measurement accuracy of beam loss

and beam current monitors (BCMs). Particularly in MR, with the significant improvement in beam power, there is a need to improve the measurement accuracy of the beam current monitors from 1%

at the present. Accordingly, the current monitors have been calibrated regularly but have not been carried out in a unified manner throughout the accelerators. In this presentation, we will report on the

calibration methods of 3-50BT BCM and its accuracy.
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1, Motivations and targets of this study
Background
1, Investigating the measurement accuracy and consistency of beam current (intensity) in Li, RCS, and MR facilities

・The Beam Current Monitor (BCM) at each facility is operated independently.

・Each BCM guarantees an accuracy of 1%, but the calibration method, calibration accuracy, and consistency between 

facilities have not been investigated.

・With the power upgrade at J-PARC, high-precision evaluation of output power and loss power is required. 

Requirements for precise beam tuning and radiation management.

2, High-precision measurement of beam charge injected to MR

・Measured charge per beam bunch by 3-50BT BCM: 1% accuracy guaranteed

・Measured accumulated charge in MR by DCCT: 1% accuracy guaranteed

※Injection beam loss occurred immediately cannot be measured with DCCT due to limited cutoff frequency.

The importance of measuring beam charge with extremely high accuracy at 

BCT of 3-50BT
MR upgrade campaign (on going)

              ・3-50BT 130kW

              ・MR 1.3MW (at present 800 kW)

※By increasing the bunch charge and by 

shortening the repetition down to 1.16 s

New requirements based on beam collimator’s power limit
・3-50BT collimator unit, 2kW max

・MR collimator unit, 2kW max

※Both are equivalent to 1.5% of injection beam power

New Requirements from the viewpoint of beam loss 

evaluation during high power daily beam operation
・Required to evaluate the incident beam loss power with an error 

of about 100W (~ 0.08%) for radiation management

※Beam loss monitors measure its distribution along the MR, but it 

is difficult to accurately evaluate the total loss power.

Good accuracy of << 1.5%

Less than 1/5 of collimator 

power limit less than 0.3%
Accuracy of ~ 0.08%

0.1% calibration accuracy is needed for 3-50BT BCM

Investigate the limits of calibration accuracy : Present method

・How much accuracy can be improved "in principle"?

・How to improve  it?
※The accuracy of the signal source and the voltmeter will be evaluated independently.

2, Present calibration setup of 3-50BT BCM 3, Effect of eddy current loss in a core 3, Current transmission efficiency

4, 3-50BT BCM sensitivity: charge integration

Equivalent circuit was designed to estimate the present calibration accuracy
#LTspice code [5]
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Summary
1, A detailed analysis was performed for the 3-50BT BCM to evaluate the sensitivity and its calibration methods at present.

・Complex permeability Eddy current loss in a FT3M magnetic core

・Equivalent circuit  Sensitivity function  Charge integration : beam current vs. dummy current

・Current transmission efficiency : 2 D analysis using POISSON/Superfish code

2, Calibration method at present

   ・Calibration using 1μs width dummy pulse: Time domain analysis

   ・The current transmission coefficient is not taken into account, but the effect is at most 0.2% in the region of interest (f<10MHz)

   ・Errors occur due to differences in frequency distribution between the dummy pulse and the beam pulse

It is an overestimation of about 0.5%, but the initial calibration target of 1% accuracy has been achieved

3, Future calibration method (under consideration)

  ・Evaluation of the transmission coefficient and eddy current loss is essential

  ・Frequency domain analysis of sensitivity is effective

  ・Aging of magnetic core (permeability) needs to be considered Future issues                                                             
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