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Abstract

Using the LIPAc deuteron accelerator, beam loss characteristics were quantitatively assessed through multiple radiation measurement techniques. Significant losses of high-energy deuterons were
observed at the interface between the MEBT Extension Line (MEL) and the HEBT for core particles, and after the HEBT bending magnet for halo particles. Portable HPGe measurements indicated

that the deuteron energy of halo particles was lower than core particles. Furthermore, activation foil measurements revealed beam losses of approximately 20 uA for core and 100 uA for halo particles.
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LIPAc in “Phase B+” (Top view), 2021 — 2024 Summer, D+ 125 mA, 5 MeV, high-duty op.
(Ni activation foil, 17 — 27 June 2024, Reaction rate: ®>0>0>0>0)
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Uil \ .. Qualitative observations using ionization chambers (ICs) revealed unexpected beam losses durmg the beam campaign.
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< ¢ Detailed and quantitative beam loss analyses were not conducted until the end of the beam campaign.
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seam operation on 10 June 2024  Beamoperationon 17 June 2024 seam operstion on 18 June 2024 The objective of this is to quantitatively characterize beam loss for both core and halo particles,
Qualitative beam loss measurements using lonization Chambers (ICs) and to demonstrate the effectiveness of multi-modal radiation diagnostics.

Method

A Beam On a 1% duty oycle | Pulsed beam operation operations (typically with a 1% duty cycle) during Phase-B+ were treated as short-duration continuous wave (CW) operations (e.g. 0.01 hours
’ ’ ' CW vs. 1 hour pulsed operation) in the activation analyses, considering unintentional beam interruptions caused by interlocks.
5 1. Nal(Tl) survey meter: Its portability makes it an effective tool for identifying beam loss. An increase in dose rate following beam operation indicates the presence of
- beam loss. The amounts of loss was estimated by comparing measured and calculated dose rate, assuming a given deuteron energy.
. .’ _' —>
. P tme “® 2. Portable HPGe detector: The energies of lost deuterons were estimated based on in-situ measurements of activated beamline surfaces. Differences in the cross
(a) Actual operation sections from the TENDL-2017 data library were used for deuteron-induced nuclear reactions producing Tc-96 (4.3 d), Co-55 (18 h), and Cu-61 (3.3 h).
Q 3. Activation foil method: Al, Ni, In, and Au foils (both bare and Cd-covered) were placed on the beamline surface. Beam loss was precisely estimated by comparing
reaction rates calculated using MCNP mcorporatlng the latest prototype JENDL-5 deuteron sublibrary for Fe(d,xn) reactions with IRDF-2002.
Beam On at Continuous Wave (CW) for 0.01 hour
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Results & Discussions
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v The HMAO06 exit, where halo particles are predicted to be generated in the -X
direction according to beam dynamics simulations.

* Localized damage was observed in the Y-direction at the flange inside edge of the

* Significant beam losses were observed at the following locations during Phase-B+ beam campaign: 2 | B E o+ R
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MEL-HEBT interface. This damage was attributed due to core particles (5 MeV [1]), . &
where the pipe diameter narrows in a collimator-like fashion. TS J l<' MEST Extansion Line (WD ',‘ [ MEBT ] [ WEBT Exfslon Line (1) l};
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- Portable HPGe detector (Beam: June 10) Activation foil measurement (Beam: June 18)

* While Tc-96, Co-55, and Cu-61 peaks were clearly detected at the MEL-HEBT interface, Reaction rate [atoms/s] R L
- I I I i P ; Neutron flux
the Tc-96 peak was below the detection limit (< 30) at the HMAOG6 exit. VELHEBT imterface MGG e g 0 eutron flu
* The detection limit of Tc-96 was estimated to be 63 Bq/kg at the HMAO06 exit. Fol Caleulation Cateulation = B
10 .
. . Measurement Measurement ® 2 s 10
* When deuteron energies of 3.3, 3.4, and 3.5 MeV were assumed at the HMAO6 exit, the 5 MeV, 20 pA 3.4 MeV, 104 yA ~ED |
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0 L . - MEL-HEBT interface 'm rm i \“)WHM ‘H“‘ e These daily average losses during the June 18 beam operation correspond to deuteron loss
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R er?ergy[MeV] ° 12 0.1 20 500 750 999 198 74T 1996 fractions of approximately 1.6 X 10™* and 8.3 X 1074, relative to the nominal 125 mA beam
gamma-ray energy [keV] current, at the MEL-HEBT interface and the HMAOG exit, respectively.

Conclusion & Future works

Multi-modal radiation diagnostics for quantitative beam loss estimation demonstrated consistent loss characteristics in each measurement, in terms of both the amount and deuteron energy of core

and halo particles. A significant loss of halo particles, approximately 0.1 — 0.2% relative to 125 mA at 3.4 MeV, was observed during the LIPAc 5 MeV beam campaign. Such substantial halo particle

loss may pose more critical challenges for beam operations at higher energies, such as 9 MeV in LIPAc Phase-C/D and 40 MeV operations in IFMIF-DONES, where radiation diagnostics will play

an increasingly important role.
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