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Electron cloud effects in J-PARC
• Seen only in Slow extraction mode.

• Longitudinal microwave instability occurs 
simultaneously with the electron cloud signal.

• Longitudinal emittance is enlarged to suppress the 
micro-wave instability.

• The instability has not been seen in Fast extraction 
mode in spite of much higher intensity. 



EC at the debunching process at the flat-top

Higher	Power	SX	Demonstration	(2	shots)

Beam	power		62.8kW		(rep.	5.2s)	
6.8x10^13	ppp	
Efficiency		 99.47%	
Spill	Duty	56%	
Spill	length		1.82s	
RF	phase	offset			50deg	(45deg)
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Coupled bunch instability occurs at the top 
energy. Longitudinal dipole motion, dz/ds≠0.
Single bunch (MW) instability occurs at overlap 
on debunching. High frequency component of 
the bunch profile induces electron cloud.
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 Electron cloud (EC) instability is present in most of the high power proton accelerators. During the Slow extraction  mode at the Main Ring (MR) of J-PARC, signals related with the 

electron cloud were detected through several systems: sweeping EC detector, beam loss detectors, vacuum gauges, beam position monitors, etc. This provided information of the 

characteristics of the electron cloud build-up at the MR. In addition, using knowledge acquired in the surveys, beam simulations were developed to reproduce the measurements 

and to corroborate our assumptions about the conditions that enhanced the EC.

ABSTRACT

Electron Cloud Studies at  J-PARC Main Ring

REFERENCES

INTRODUCTION

  The MR of J-PARC accelerates protons to the energy of  30 GeV in two modes: 

Fast Extraction (FX) for the Neutrino Experimental Facility and Slow Extraction 

(SX) for the Hadron Experimental Hall [1]. Figure 1 shows a draw of the J-PARC 

center and Table 1 presents some of the important parameters  of the MR ring 

and SX operation.

   Electron cloud is observed at SX operation, when the beam is debunching by 

reducing the accelerator voltage after reaching the flat top (P3) [See Figure 2]. 

The presence of the EC at SX mode is a main concern for the successful 

operation and the power upgrade of the machine.
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Figure 1: J-PARC center.

Figure 3:The presence (red circles) or absence (blue diamond) of the electron cloud as a 

function of the intensity and phase offset .
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Figure 2: The time evolution of the beam distribution (left) and the EC signal 

measured by the detector (right) during the debunching process [2].

Table 1: Relevant parameters during the SX survey at MR.1This values 

depends of the difference of injection phase between the RF systems and 

the beam at 0° difference phase is 40 ns  and a 60° is 80 ns.

The study proved the dependence of the beam intensity as well as the bunch length, through different phase offset,in the formation of the electron cloud at the J-PARC MR [3].

The frequency analysis in the beam distribution supports that a high frequencies enhanced the electron cloud build-up [2]. 

The simulations reproduced the electron density observed during the measurements. [4,5]. The codes reconfirmed the importance of the bunch structure for the formation of 

the electron cloud.

The future work is to determined the source that produce that micro bunch structures in the longitudinal beam, study the features of the electron cloud to understand more the 

phenomenon and provide countermeasures [6].

Figure 5: Left: the beam current; right: the comparison of the electron flux signals 

measured (green dot line) and the simulated (blue dot line). The values corresponded 

at 75 ms after the beginning of debunching.

MEASUREMENTS

  Special surveys were performed to investigate the dependency of beam intensity and 

the phase offset in the EC buildup [3], the results are summary in Figure 3. Indeed, the 

presence of a strong micro-bunch structure for the cases with electron cloud is shown in 

Figure 4.

Figure 4: The beam current signals for events with and without electron cloud in the time 

domain, top and bottom left, respectively. The corresponding Fourier transform plots are 

shown in right side in the same order.

 The EC buildup observed at MR were reproduced by using two simulations code: 

EPIT developed at KEK [4] and PyECLOUD created at CERN [5]. Figure 5 presents 

the latest results using the PyECLOUD code.
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the latest results using the PyECLOUD code.
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  Special surveys were performed to investigate the dependency of beam intensity and 

the phase offset in the EC buildup [3], the results are summary in Figure 3. Indeed, the 

presence of a strong micro-bunch structure for the cases with electron cloud is shown in 
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Figure 4: The beam current signals for events with and without electron cloud in the time 

domain, top and bottom left, respectively. The corresponding Fourier transform plots are 
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 The EC buildup observed at MR were reproduced by using two simulations code: 

EPIT developed at KEK [4] and PyECLOUD created at CERN [5]. Figure 5 presents 

the latest results using the PyECLOUD code.

Electron cloud build up is triggered by 
longitudinal single bunch instability 
which is induced by longitudinal couple 
bunch instability.

• Electron current~80mA/cm2.
• Electron production rate 0.25A/m.
• If Electrons stay 50ns in chamber, 

the line density is 7.5x1010/m.
• Threshold line density is 108/m.
• Measured density is very high.



Simulation for SX mode (debunching)
Simulation 

with the sinusoidal beam density modulation
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the phase offset in the EC buildup [3], the results are summary in Figure 3. Indeed, the 

presence of a strong micro-bunch structure for the cases with electron cloud is shown in 
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Figure 4: The beam current signals for events with and without electron cloud in the time 

domain, top and bottom left, respectively. The corresponding Fourier transform plots are 
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 The EC buildup observed at MR were reproduced by using two simulations code: 

EPIT developed at KEK [4] and PyECLOUD created at CERN [5]. Figure 5 presents 

the latest results using the PyECLOUD code.

Frequency spectrum of the beam
measured by the Fast CT 

30 – 50 MHz  EC appears 

“Multipactor condition” may be satisfied



Electron frequency and instability 
threshold

• Electron frequency bounded in proton beam potential

• we,x=we,y=32MHz (2.8x1013ppp), 40 MHz (4.2x1013ppp) for 
sxy=7.5mm. 

• lp=averaged proton line density=1.8x1010-2.7x1010m-1.

• These frequencies are consistent with the electron amplification 
in the previous page. we resonates with the frequency component 
(30-50MHz) of the bunch profile.

• Threshold of the beam instability 

𝜆𝑒,𝑡ℎ =
2𝛾𝜔𝑒|𝜂𝑝|𝜎𝑝(𝜎𝑥 + 𝜎𝑦)𝜎𝑥,𝑦

3𝑐𝑄𝑟𝑝𝛽𝑦
= 7.6 × 107 𝑚−1



Why the instability is seen in SX mode
• Beam intensity (ppp)

• FX mode 3x1014 >> SX mode 6x1033

• Energy spread is similar? 𝜆𝑒,𝑡ℎ =
2𝛾𝜔𝑒|𝜂𝑝|𝜎𝑝(𝜎𝑥 + 𝜎𝑦)𝜎𝑥,𝑦

3𝑐𝑄𝑟𝑝𝛽𝑦

M. Tomizawa

z

Dp/p0

Local momentum spread is much less 
than the total momentum spread

Debunching

𝜎𝑝



Effort of mitigation
• Increase longitudinal emittance at the injection

EC presence depends on 
the RF phase at MR injection 
and the beam intensity / beam power

Injection at RF phase

Phase offset [degree]     

Phase offset 

Larger RF phase results longer bunch length 
before debunching.



Electron cloud in Fermilab Recycler
Parameters

L=3300m, h=588, Nbunch=500, Np/bunch=5x1010

ex,rms=5.5x10-8 m, <b>=40 m

sz,rms=0.6m(0.3m), sd,rms=0.03%

Lbsep=5.6m (1.87ns), lp=8.9x109 m-1(line density).

we/2p=344 MHz, wesz/c=2.2

10cm

5cm



Combined bend

• Electron motion in combined bend.

• Integrate cyclotron motion using local magnetic field.

• Runge-Kutta integration is slow for high field, high 
cyclotron freq.

• wc=eB/m=2px 3.8x1010 /s

• wcsz/c=24.2

• Magnetic Mirror                             B0: B at initial position,

Bm: B at mirror position
𝐵0
𝐵𝑚

=
𝑣⊥0
2

𝑣0
2



Electron distribution

B+Q B

Q

curved stripe



Studies done by S. Antipov,  PRAB20, 044401 (2017)

• Small amount of electrons trapped in combined bending 
magnets played important role for electron build up.

• Experiments and simulation showed that electrons were 
swept by a bunch located at separated position from the 
bunch train. 

• Horizontal coupled bunch instability (caused by electron 
cloud) dominated.



What should we do?
• J-PARC

• Manipulate better longitudinal distribution.

• Feed back the longitudinal coupled bunch instability.

• Is the measured electron density reasonable?

• Fermi-RR
• How large is the Secondary emission rate?

• Measure electron current.

• Transverse coupled bunch instability has been observed. How 
is transverse single bunch instability?  

• Transverse Feed back damper?   


