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and wrote a poetry in chinese:
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from the Arts and Crafts Institute of Thsinghua

University;
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• At a time when accelerator projects at the high-energy

frontier are experiencing difficulties in gaining financial

support, projects at the high-intensity frontier are

flourishing world. Demands for such accelerators

extend from science to applications.
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today for different applications:

– spallation neutron source (SNS) ;

– nuclear waste transmutation (ADS);

– radioactive ion beams;

– proton radiography, tomography, microscope and

therapy;

– high intensity Muon beams and neutrino beam;

– others;
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power (100 kW-class) proton accelerators, CERN,

Fermilab, J-PARC and RAL have a declared interest in

neutrino physics, including the potential

implementation of high power (MW-class) proton

accelerators;
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(proton driver) between neutrino production and other

facilities such as a high energy collider or a spallation

neutron source is an attractive cost-effective solution (

a common proton driver ).
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required to deliver a proton beam of 4 MW at a

repetition rate 50 Hz to the pion -production target.

The proton beam energy must be in the multi-GeV

range in order to maximize the pion yield. In addition,

the NF specifies a particular time structure consisting

of three very short bunches separated by about 120 µs.

to allow the muon beam to captured efficiently, short

1-3 ns rms, bunches are required.
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Linac can be the proton driver for an ISOL-type

radioactive ion beam facility of the next generation (for

example, EURISOL) and for a neutrino facility based

on superbeam + betabeam or on muon decay in a

storage ring (neutrino factory):
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• The advent of radioactive beam facilities has given a

new impetus to nuclear structure physics, it has led to

several major unexpected discoveries. Further progress

is hampered by the weak beam intensities of current

installations.
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aimed at the construction of an accelerator-based ISOL

system for producing exotic radioactive ion beams

(RIBs) with intensities several orders of magnitude

greater than those available today.
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aimed at the construction of an accelerator-based ISOL

system for producing exotic radioactive ion beams

(RIBs) with intensities several orders of magnitude

greater than those available today.

• EIRISOL is intended to be complementary to FAIR.

With high-power beams of protons producing higher

yields for a different range of exotic isotopes, EURISOL

will provide a unique facility for European scientists;
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facility that aim at providing pure electronic neutrino

and antineutrino beams for the measurement of

νe→ νµ oscillations, with unprecedented sensitivity for

detection of the θ13 mixing angle and CP-violating

phase.
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at CERN making use of the PS and SPS for

accelerating the beta-decaying neutrino-emitting

beams to a Lorentz gamma value of 100. Intense

beams of 6He and18Ne would be produced using ISOL

method in a facility of the scale of EURISOL.
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facility to the θ13 angle and CP violating phases, a

total throughput of 1.1× 1019 neutrinos and 2.9× 1019

antineutrinos immediately after the decay ring was

generally assumed over a running period 0f 10 years

(200 days/year, 50% efficiency )for the low-Q option.
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facility to the θ13 angle and CP violating phases, a

total throughput of 1.1× 1019 neutrinos and 2.9× 1019

antineutrinos immediately after the decay ring was

generally assumed over a running period 0f 10 years

(200 days/year, 50% efficiency )for the low-Q option.

• The top-down approach then results in the need for

production of about 3.3× 1013 6He radioactive atoms

and 2.1× 1013 18 Ne atoms per second, taking account

efficiency coefficients along the accelerator chain.
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reaction, which benefits from high cross sections over

a wide neutron energy spectrum. Neutrons in the

0.1-10 MeV range, of interest for 6He production, are

to a first approximation emitted in all directions from

solid metal converters that will act as neutron

spallation source
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on a beryllium oxide target through the 9Be(n,α)6He

reaction, which benefits from high cross sections over

a wide neutron energy spectrum. Neutrons in the

0.1-10 MeV range, of interest for 6He production, are

to a first approximation emitted in all directions from

solid metal converters that will act as neutron

spallation source

– Therefore, a conceptual layout of a dual

converter-target assembly has been proposed;
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kW, 1 GeV protons.
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a mechanical support and water-cooling circuit to the

converter in order to accommodate to beam of 100

kW, 1 GeV protons.

– The validation of the required 6He intensities for the

β beams has been performed with on-line tests at

CERN ISOLDE. The operation parameters, release

properties and production rate 6He have been

monitored with pulsed 1.4 GeV protons delivered

from proton synchrotron booster (PSB) accelerator.
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X)(or 3He, X) reaction on Na, F or Mg target. Among

the wide list of available molten salts, the best

candidate to the present application would be sodium

fluoride (NaF). However, the high melting point of

this salt limits its applications and the use of a binary

system containing NAF would be more advantageous.

– Two different binary system have been first proposed

as candidates for the production of 18Ne: NAF:ZrF4,

and NAF:LIF.

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 34



D
ra

ft
Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 35



D
ra

ft– The choice of the composition has been made on a

basis of thermal stability and low vapor pressure at

operating temperature.

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 36



D
ra

ft– The choice of the composition has been made on a

basis of thermal stability and low vapor pressure at

operating temperature.

– Following the synthesis and characterization, several

annealing tests have been carried out to test the

stability of proposed binary system. The lower vapor

pressures and reactivity with air exhibited by the

NAF:LiF system proved the suitability of the salt for

the use in a circulating loop for the production of
18Ne.
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a molten NAF:LIF salt has been performed using a

standard target unit at ISOLDE-CERN. The release

properties and production yields of 18Ne have been

assessed at CERN-ISOLDE with 1.4 GeV from the

PSB accelerator: The extraction efficiency and

deduced yields have been studied as a function of the

target temperature and proton beam intensity;
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salts in the production of 18Ne as well as its use in a

molten salt loop target. The circulating molten salt

target will improve the diffusion time of 18Ne and

rate of 1× 1013 18Ne/s are expected for 160 MeV 7

mA proton beam.
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after being collected in charge breeding ECR Source.

The ionized isotope then pass through a rapid cycling

synchrotron (RCS), the CERN PS synchrotron and the

last acceleration stage before the decay ring(DS) is the

CERN SPS.
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ft• The beta beam isotopes are accelerated in an ion linac

after being collected in charge breeding ECR Source.

The ionized isotope then pass through a rapid cycling

synchrotron (RCS), the CERN PS synchrotron and the

last acceleration stage before the decay ring(DS) is the

CERN SPS.

• The decay ring would have a circumference of 6900m

and a straight section length of almost 2700m. The

main bending magnet field is 6T, consequently

Superconducting technology is necessary.
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• With succeeding constructions of CSNS, CIADS and

HIAF, high power hadronic accelerator become

available in China, physics of high intensity Muon and

Neutrino beams at these facilities should be seriously

taken into consideration: preliminary R&D

programs,conceptual design and design studies.
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hadronic accelerators: CSNS, CIADS, HIAF and the

proposed Nanjing SPL;

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 42



D
ra

ft
Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 43



D
ra

ft
Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 44



D
ra

ft
Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 45



D
ra

ft
Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 46



D
ra

ft• Physics goal is focused on at intensity frontier of

particle physics: facilities, experiments and theories;

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 47



D
ra

ft• Physics goal is focused on at intensity frontier of

particle physics: facilities, experiments and theories;

– Ultra-cold neutron physics;

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 47



D
ra

ft• Physics goal is focused on at intensity frontier of

particle physics: facilities, experiments and theories;

– Ultra-cold neutron physics;

∗ Baryon Asymmetry of Universe(BAU) and the EDM

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 47



D
ra

ft• Physics goal is focused on at intensity frontier of

particle physics: facilities, experiments and theories;

– Ultra-cold neutron physics;

∗ Baryon Asymmetry of Universe(BAU) and the EDM

∗ Structure of the Weak Interaction

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 47



D
ra

ft• Physics goal is focused on at intensity frontier of

particle physics: facilities, experiments and theories;

– Ultra-cold neutron physics;

∗ Baryon Asymmetry of Universe(BAU) and the EDM

∗ Structure of the Weak Interaction

∗ Test of Gravitation with Quantum Interference

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 47



D
ra

ft• Physics goal is focused on at intensity frontier of

particle physics: facilities, experiments and theories;

– Ultra-cold neutron physics;

∗ Baryon Asymmetry of Universe(BAU) and the EDM

∗ Structure of the Weak Interaction

∗ Test of Gravitation with Quantum Interference

– Muon Physics;

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 47



D
ra

ft• Physics goal is focused on at intensity frontier of

particle physics: facilities, experiments and theories;

– Ultra-cold neutron physics;

∗ Baryon Asymmetry of Universe(BAU) and the EDM

∗ Structure of the Weak Interaction

∗ Test of Gravitation with Quantum Interference

– Muon Physics;

∗ (g-2)µ;

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 47



D
ra

ft• Physics goal is focused on at intensity frontier of

particle physics: facilities, experiments and theories;

– Ultra-cold neutron physics;

∗ Baryon Asymmetry of Universe(BAU) and the EDM

∗ Structure of the Weak Interaction

∗ Test of Gravitation with Quantum Interference

– Muon Physics;

∗ (g-2)µ;

∗ Proton radius puzzles;

Phys. High Intens. µ and ν Beams at CIADS-HIAF Accel. Compl., talk given at Tsinghua Univ., 10. April 2018 back to start 47



D
ra

ft• Physics goal is focused on at intensity frontier of

particle physics: facilities, experiments and theories;

– Ultra-cold neutron physics;

∗ Baryon Asymmetry of Universe(BAU) and the EDM

∗ Structure of the Weak Interaction

∗ Test of Gravitation with Quantum Interference

– Muon Physics;

∗ (g-2)µ;

∗ Proton radius puzzles;

∗ Charged Lepton Flavor Violation;
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Neutrino Factory and β- beams;
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∗ Neutrino Factory;
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ft• Work out the discovery reach and potential of the

China’s high power hadronic accelerators;

– CIADS vs PSI on future high intensity surface muon

beams;

– HIAF vs ESS, CERN-SPL, PIP-II and J-PARC on

Feasibility study of heavy ion beam and compound

target materials for muon production at HIAF;

• Make a roadmap through R&D programme, feasibility

study, conceptual design and design study;
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