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» Brief introduction of CIADS project

» Beam dynamics design facing beam loss control
» Beam recovery for high availability

»Summary
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China Initiative Accelerator Driven System

Approved in Dec. 2015, Ground broke in August
2018, Officially started in July 2021

Leading institute: IMP

Budget: ~4 B CNY (Gov. 1.8B + CNNC 1.0 B +
Local Gov. 1.2 B)

Location: Huizhou, Guangdong Prov.

Partners: CIAE, CGN, IHEP, etc.
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* Beam Energy: 500 MeV (upgrade to 1.5GeV)
* Beam Current: 5 mA (upgrade to 10 mA)
Qperation Mode: Pulse&CW

* T1: ADS Terminal, 10MW reactor, Keff 0.75~0.97;
» T2: High power Target experimental Facility;

» T3: u experimental Facility;

» T4: Multifunctional Irradiation Research Station;

* T5: Nuclear Data Experimental Terminal
» T6: ISOL for upgrade
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China Initiative Accelerator Driven System
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Challenge of sc-Linac for CiADS

e iz (wa) e (I
o d > I

Target& 1

Reactor
20keV@5mA 2.1MeV 500MeV
107 5 s Beam Trip Duration Industrial Sc?ale Remarks
] 410 Transmutation
T<lsec <25000 Target window

lifetime

107 5
] Fatigue failure of

1sec<T<10sec <2500 fuel cladding

Energy (MeV)

Q
N
«
=
wn
w0
=}
—
<
9
==}

Fatigue failure of

410
5 ]
10 E | ] 10sec<T<S5min <2500 inner barrel and
i ‘ ‘
0 50 100 150

reactor vessel

T>5min <50 System Availability

10" - 10

250 300 . .
o H. Ait Abderrahim et al, Accelerator and Target Technology for Accelerator Driven

Position (m) Transmutation and Energy Production. 2010. https://doi.org/10.2172/1847382

Beam loss control il ms M CiADS Physics

High availability oriented physics design for CiADS proton linac, Shuhui Liu, HB2023



@iamwﬂimﬁﬁi

China ] Driven

Ref: F. Grespan, Experience from the IFMIF RFQ Commissioning
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Phase space distortion and Impurity ions is the main reason causing beam loss
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162.5MHz / 325MHz / 650MHz
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Target&
H‘ Reactor
2.1MeV 500MeV

Alison
sCanner

Function of LEBT:

» Beam parameters measurement

> Matching between ECRIS and RFQ TRREE

» | Transverse beam quality optimization]

> (Purifying H* beam ]
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Ele #0 [0 m] NGOOD : 99994 / 99994

Beam loss control: issue @RFQ
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162.5MHz / 325MHz / 650MHz

ECRIS : LEBT MEBT - superconducting section - |'-—< Beam
N dump
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> (Full particle optimization aimed at 99.99%
_ longitudinal emittance at bunching segment ) P [l
» Smooth transition to prevent emittance increase N _EE?;C?;’;MW -
caused by parameter mutation at transition segment . iy P = !
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Vane voltage (kV) 65 04 ] = -
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Beam loss control: MEBT design 6’9
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» Beam parameters measurement

» Beam quality optimization:full space scraping method to

Beam loss reduction due to low energy scraping@SNS

Ref:M.A. Plum, Proceedings of HB2012, Beijing, China
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Beam loss control:

MEBT design
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Beam loss control: MEBT design
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Beam aperture along the MEBT

Smaller acceptance of MEBT than that of SC section is considered to reduce beam loss probibility in
the downstream linac. This method can achieve a continual scraping along the MEBT by selecting
apropriate beam aperture.
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Ref:R.Miyamoto, An Ess Linac Collimation Study, HB2014
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Beam loss control: SC section design 6’9
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Four T-detectors located on the flange of cold BPMs to  The T-detectors effectively indicate the loss during high
detect slow beam loss due to beam halo or off center beam power commissioning

27-12:31

High availability oriented physics design for CiADS proton linac, Shuhui Liu, HB2023



Beam loss control: Beam loss detection 6’9
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Beam recovery for high availability
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[ beam trip recovery strategy ]
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Rematch twiss parameters to avoid beam loss at It is more effective to achieve energy
the location where the failure occurred by compensation by cavities in the high energy part
adjusting the neighboring cavities and magnets of because of the greater acceleration capability of
the failure cavity the high beta cavity
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Hybrid fault compensation scheme based on physical characteristics-Matching compensation and energy
compensation are considered separately.
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Beam recovery
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Summary "9

The CiADS is expected to have the first 500 MeV beam acceleration in 2027.

The physics design of sc-linac for CIADS has been done facing low beam loss
and high availability.

Beam loss detect and machine protect have been considered based on beam
Instrumentation

Fast beam recovery scheme was proposed and verified in improving the
availability of operation in CAFe.

Beam physics and technology study for high beam availability is on going
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Thanks for your attention
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