Accomplishment of high duty cycle beam commissioning
of Linear IFMIF Prototype Accelerator (LIPAc) at 5 MeV, 125 mA D+

T. Akagit, F. Benedetti?, Y. Carin3, J. Chambrillon?3, F. Cismondi%, A. De Franco?!, H. Dzitko?3, T. Ebisawa?, D. Gex#,
K. Hasegawa?, K. Hirosawa?, J. Hyun?, T. Itagaki!, D. Jimenez-Rey>, N. Kaneko?!, A. Kasugai?, K. Kondo?, K. Kumagai?,

S. Kwon?, K. Masuda?, A. Mizuno?, I. Moya3, F. Scantamburlo3, M. Sugimoto?, IFMIF/EVEDA Integrated Project Team
1QST, Rokkasho, Japan, °CEA Paris-Saclay, Gif sur Yvette, France, *Fusion for Energy, Rokkasho, Japan,
*Fusion for Energy, Garching, Germany, >CIEMAT, Madrid, Spain

Email: akagi.tomoya@qst.go.jp

The Linear IFMIF Prototype Accelerator (LIPAc) aims at validating the design of the Validation of beam transport simulation

low-energy section of the 40-MeV/125-mA IFMIF deuteron accelerator, thus up to 9 . Good agreement between measurement and simulation

MeV in continuous-wave (CW) operation. While the Superconducting RF Linac (SRF

e Beam losses are significantly reduced.
Linac) has been assembled, the LIPAc beamline was operating in the intermediate & Y

simulation measurements

configuration, namely the Phase B+ commissioning. The main objectives of this
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phase were to validate the 5-Mev/125-mA deuteron beam acceleration by the RFQ
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at a high-duty cycle and to characterize the beam properties in preparation for the 550

x” [mrad]

19 5.0

final configuration with the SRF Linac. In June 2024, the Phase B+ commissioning was
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completed with the acceleration and transport of a 5 MeV/119 mA deuteron beam iy \ x [mm] % [mm]
at 8.75% duty cycle up to the beam dump. E o | :d P O Gpm=03mmmmrad | Snm=0267mmmiad
= 300 simulation % a) D 3 m _
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— T ' = e 119 mA at HEBT, RFQ transmission is “90% (consistent with RFQ design)
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RFQ-RF: 175 MHz, 200 kW (design) x 8 chains Present coupler (using EPDM O-ring)

High-duty deuteron beam test (Phase B+) Nominal RFQ cavity voltage: 132 kV it

Objectives of Phase B+ Vacuum leak event occurred in March 2022 &
Viton O-rings were melted/deformed in 5/8 couplers (.

* Demonstration of high duty cycle deuteron beam acceleration by RFQ (5 - - |
MeV, 125 mA, up to CW). Identlfleq multipacting as the cause of O-ring
overheating.

* Validation of the HEBT and the Beam dump (first time in operation). Duty cycle was limited to 10% max in Phase B+

Forced cooling

* Characterization of beam to be injected into SRF in subsequent Phase  toavoid RFQ coupler damage. @ S—
C/D. Bhase B . . RFQ O-ring Coupler behavior at high-duty operation
ase B+ configuration L e b | * Confirmation that a duty increase of up to 10% is difficult with current RFQ
———————————————————— I e O-ring couplers.
e Y T | - b SR R e — Preparation of brazed couplers for high-duty operation is ongoing.
100 keV 100 keV = 5 MeV (SRF linac to be installed)

Transverse beam profiles measured by the interceptive diagnostics
DPlate SLITs (H/V) + CT

Secondary Emission Monitor (SEM) grid

Horizontal .. Vertical _HSEM Horizontal  HSEM Vertical —
i j{ NE _____ /(M _____ e Successfully demonstrated high-duty cycle operation of the LIPAC,
achieving 8.75% duty cycle and 119 mA D+ beam current. HEBT and BD,
Following the observation of unexpected particle loss, the beam were validated, and beam transport simulations were validated through
modeling was improved. experimental comparison.
* Simulation using the exact quad field distribution, fully implementing fringing * These achievements establish a solid foundation for future progress
fields instead of the hard-edge model. towards CW operation to demonstrate the IFMIF accelerator concept.
* Beam-based calibration of quadrupole magnet g (T/m) to / (A). e A key challenge was RFQ RF couplers overheating due to multipacting;

Updated beam optics with calibrated conversion factor and Fringe Field model

high-power tests of brazed couplers are ongoing.
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