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Abstract

Transport process of negative hydrogen ion (H") in LEBT (Low Energy Beam Transport) is investigated by comparison of experimental and numerical results. A three dimensional Particle-In-Cell (PIC) particle transport model has been
developed in order to take into account (i) axial magnetic field by two solenoids in J-PARC LEBT and (ii) radial electric field by space charge (SC) effect. Ratio of H beam particles inside the RFQ (Radio Frequency Quadrupole) acceptance
to the total particles at the RFQ entrance is calculated for different current conditions in LEBT solenoid 1 and 2. The results are compared with RFQ transmission rate measured in the J-PARC linac commissioning. The double peak of RFQ
transmission rate to the solenoid applied current seen in the measurement is explained by the calculation results. The results indicate that presence of the LEBT orifice for differential pumping plays a role as a collimator to reduce
emittance at RFQ entrance.
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Figure 2: Dependence of MEBT-SCT current to the SOL1 Figure 4: Dependence of LEBT-SCT current to the SOL1&2 Figure 6: Dependence of LEBT-SCT current to the
STM (hori./vert.) scan (Fig.3) and SOL2 currents in J-PARC Linac 30 mA operation. current settings in LI 40 mA operation. Acceleration Voltage in LI 60 mA operation.
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 Dependence of the beam current to the horizontal STM is weak.
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Figure 3: Dependence of MEBT-SCT current to the Figure 5: Dependence of RFQ transmission rate to the Figure 7: Dependence of MEBT-SCT current to the
horizontal and vertical STM currents in LI 30 mA operation. SOL1&2 current settings in LI 40 mA operation. Acceleration Voltage in LI 60 mA operation.
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Numerical Results
 The numerical analysis also show two different peaks of the RFQ transmission rate for SOL1 & SOL2 current scan.

Numerical Analysis for H- transport in LEBT

* Transport process of negative hydrogen ion (H") is calculated by a three- dimensional (3D)
Particle-In-Cell (PIC) modeling [1].
e Effect taken into account in the model;
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or2 < similarity of the phase space to the RFQ acceptance. Figure 8: Calculated RFQ transmission rate dependence
(7‘) = —Jy_ X 5(7, 7‘) X (01 _ )/v /S on the current settings of SOL1 and SOL2.
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Given parameter in the present calc.;

1. ngc = 100% -> before the orifice (where gas pressure :pgas"’lO'3 Pa)

2.ngc =98 % > between the orifice and the SOL2 center (p,,,~10"* Pa)

3.ngc =97 % > between the SOL2 center and the RFQ entrance (p,,~10~ Pa)
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Conclusion

* The beam transport process in the J-PARC LEBT is investigated by comparison between the
experimental results in J-PARC commissioning and the numerical results by PIC simulation.
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The both results show different peaks of high RFQ transmission rate for SOL1 and SOL2 Figure 9: Calculated beam phase space at the RFQ Figure 10: Calculated beam profile in the XZ plane for
current variation. entrance for SOL1 = 480A and SOL2 = 540 A. SOL1 = 480A and SOL2 = 540 A.
S0L1 = 586A, SOL2 = 646A Particle Number (a.u.) SOL1 = 586A, SOL2 = 646A Particle Number (a.u.)

* In the case of the former peak, low emittance is obtained at the RFQ entrance as the orifice
takes a role as collimator of the beam which removes growing halo components. On the RFQ atceptance
other hand, for the strong SOL1 and 2 settings, the beam pass through the orifice. This leads
to the relatively larger emittance at the RFQ entrance while the similarity of the beam phase
space to the RFQ acceptance is obtained.

* The clarifiation of these characteristics observed in the actual commissioning leads to the

high reproducability of the beam optics in each RUN. From these results, the transimssion

rate is optimized in the Linac commissioning together with LEBT-SCT current which is
measured at just after the orifice to avoid beam cut off at the orifice.
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Figure 11: Calculated beam phase space at the RFQ Figure 12: Calculated beam profile in the XZ plane for
entrance for SOL1 = 580A and SOL2 = 640 A. SOL1 = 580A and SOL2 = 640 A.




