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Outline

1. Brief introduction to ADS
2. Basic requirements of ADS accelerator

3. Introduction of worldwide ADS accelerator

progresses

4. Summary
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1. Brief introduction to ADS

(Accelerator-driven Subcritical System)

Institute of High Energy Physics,
Chinese Academy of Sciences 'IPAQM
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v 2009: ~14% electric power from the nuclear energy
# Till Oct., 2010: 441 reactors, 376.3GW,
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»Nuclear waste is a bottleneck for nuclear power development.
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Nuclear Waste
Management Motivation for transmutation
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»ADS is considered as a good option for nuclear waste transmutation,
but never tested, many challenges faced.
FIPA 14
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Nuclear waste

o

Main two aims for ADS :

Burn-off of long-lived actinide waste from reactors ; r IPAC14
Energy production from Thorium fuel. S
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2. Basic requirements of ADS accelerator

Institute of High Energy Physics,
Chinese Academy of Sciences ri}%%
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requires a beam power of 1-2 MW to deliver a
thermal power of 50-100 MW.

A example : MYRRHA Project : 600 MeV /1.5 MW
beam power, 85 MW thermal power.

CW beams are preferential for ADS, because
target for pulsed heating is a challenge
space charge effect is weaker in CW

Institute of High Energy Physics, -

Chinese Academy of Sciences FIPCAQ%
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Restrictions to ADS particle accelerators :

>High beam power :high energy and/or high beam current
>Very high stability: very few interruptions during long run
>Very low beam loss: <1W/m.

special design for high power ADS!

Institute of High Energy Physics,
Chinese Academy of Sciences rI(PqAQE%
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Transmutation | Industrial Scale Industrial Scale Industrial Scale
Demonstration | Transmutation | Power Generation | Power Generation
with Energy without Energy
Storage Storage
Beam Power 1-2 MW 10-75 MW 10-75 MW 10-75 MW
Beam Energy 0.5-3 GeV 1-2 GeV 1-2 GeV 1-2 GeV
Beam Time CW/pulsed (?) Ccw cwW CcwW
Structure
Beam trips N/A < 25000/year <25000/year <25000/year
(t <1 sec)
Beam trips < 2500/year < 2500/year <2500/year <2500/year
(1 <t<10sec)
Beam trips < 2500/year < 2500/year < 2500/year < 250/year
(10s<t<5min)
Beam trips < 50/year < 50/year < 50/year < 3/year
(t >5 min)
Availability > 50% > 70% > 80% > 85%
Chinese Acadery of Sciences BNIPAC 4
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beam trlps
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High Availability

Control strategies for high availability

Over-design

reliable components in key parts, much over their
limits,

redundant elements,

perfect protections,

fault predicting function.

Institute of High Energy Physics,
Chinese Academy of Sciences
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' Table 1. The comparison of accelerator technologies for ADS :
Technology | Cyclotron Svichrotron FFAG Linac o
s | Eilemer | Hbess High cun‘en‘t and high | High cml'egt and high

energy energy
Disadvantages | Energy limited | Current lmuted Not yet proven Expense
Examples PSI CERN PSB EMMA ESS. SNS

Linac

— Good beam quality, low beam loss
— Expensive (Large real estate, large RF system)

Cyclotron

— CW, stable, cost effective, small

— Heavy magnet, beam energy is limited
Synchrotron

— Higher energy

— High intensity injection is limited

FFAG many merits but not proven yet
Institute of High Energy Physics,

i : IPAC]4
Chinese Academy of Sciences <\
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Today’s Linear Accelerators :

*SRF linac is quickly developed and has most potential
elarge aperture, low loss, CW possible
*high beam power --- couplers are critical

The main disadvantage is high expense, but
mass production will be lower .

Institute of High Energy Physics, P
Chinese Academy of Sciences FG%A 4
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3. Introduction of

worldwide ADS accelerators progresses

Institute of High Energy Physics,
Chinese Academy of Sciences 'IPAQM
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MYRHHA

——Multipurpose Hybrid Research Reactor for
High-tech Applications (MYRHHA) Project

» European Transmutation Demonstrator by coupling
the three components (accelerator, spallation target and sub-critical
reactor) at power level scalable to an industrial demonstrator

— demonstrate the physics and technology of ADS for transmuting
long-lived radioactive waste .

Institute of High Energy Physics, :
Chinese Academy of Sciences r IPACI4
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MYRRHA ADS — Technical specifications
T cceeaor TN Recor |
particles protons

power ~82 MW,
beam energy 600 MeV Kog 0.955
beam current 4 mA Specirum fast (flexible)
mode Ccw fuel MOX
MTBF =250 h coolant LBE
-—m—‘
| Tarqet

main reaction

output 2-1u'? n's
material LBE (coolant)
power 24 MW

Multipurpose |- Transmutation concept
Flexible + Iradiation facility for GEN-IV materials
1 - Neutron iradiated silicon

Irrad |:a_t|on *  Radioisotopes for nuclear medicine
Facility - Fundamental research
3 EuCARDZ / MAX Accelerators for ADS Workshop — CERN, Geneva
— st
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MYRRHA ADS — Schedule

/ \

2019 2020-2022 2023 2024-
On site Commissioning ; Progressive Full
assembly start-up exploitation

E————

2010-2014
Front End

Minimise
technological Spallation Sub-eritical
rislt:sg : *
Secure PDP PSAR EIAR
the licensing preliminary  preliminary  environmental FEED
"5"[;?;‘““"9 -’-afetfm impact L | (FrontEnd
assesm ===l Engineering
Design
Secure a gn)
sound t Central owner owner 2010-2014/15
man:?::’men Project Consortium Engineering
Team Grou Team
investment P
structure
[
e EuCARD2 / MAX Accelerators for ADS Workshop — CERN, Geneva
st
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TRALEHEADIT MG
MYRRHA - Accelerator

2gap Spcke 5 cell elliptical

[ 352 MHz 704 MHz .
E o
>—| IIHIIH-- gg
i | p=035 | p=047 | p=065
v ¥
100 MeV 200 MeV 600 MeV

254 mA

Independently phased
superconducting section

Institute of High Energy Physics, g
Chinese Academy of Sciences r IPAC14
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MYRRHA proton beam requwesments
—> High power proton beam (up to 2.4 MW)

Proton energy 600 MeV
Peak beam current — 0.1to 4.0 mA
Repetition rate 1 to 250 Hz
Beam duty cycle 10%to 1
Beam power stability <+ 2% on a time scale of 100ms
MTBF
>250 h
# of allowed beam trips on reactor longer than 3 sec 10 maximum per 3-month operation period
# of allowed beam trips on reactor longer than 0.1 sec 100 maximum per day
# of allowed beam trips on reactor shorter than 0.1 sec unlimited

—p Extreme reliability level

F. Bouly, ThEC13, CERN, 30/10/2013.
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176 MHz 1.5 MeVv 3.5 MeV 17T Mev

Reference design, 2012

by C. Zhang B E[ e

Alternative design, 2013

222 m

4-rod RFQ, R
a Rebuncher 2! BHE KHE i Rebncher CHE CHE CHT CHE CHO CH10 CH1i CH1Z

L B 4

Consolidated alternative design, 2013

X

3

Smooth design, 2014

195 m

Institute of High Energy Physics,
Chinese Academy of Sciences 'IquAQL%
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The ECR proton source

BIPANTECHNIK
Monogan 1000
ECR Ion souce — 30keV, 20mA

- Electron Cyclotron Resonance, 2.45 GHz

- multi-electrodes extraction system

- flat magnetic profile configuration by PMs
- tapered axial RF injection

- Einzel electrostatic focusing lens

accelerating voltage 30 kV (40 kV capable)
beam current 20 mA DC
— B | RF 2.45 GHz, 1200 W
I | 8 transverse emittance @ 5 mA | 0.1 mmm-mrad RMS norm.
1 l“'r-: "' magnetic system Permanent Magnets
e al autonomous control system NI CompactRIO
“H provisions for reliability/repairability
courtesy of Pantechnik SA beam diagnostics devices incl.: Faraday Cup. Allison scanner
Copynght © 2014 EuCARD-2/MAX Accelerators for Accelerator Driven Systems Workshop g,

e — CERM, Switrerland — March 20eh—21= 2014
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Acceptance Tests

arr- e

T T ¥ " E——)
N x| s | e e o 2 IPANTECHNIK

.
i
ELN I

15,21 [ Ta | —
- :

Eigone 23 Snurce paramenees ar 15 mAS Sile i

- Beam characterization in a short test line |
(source, dipole, FC, Allison scanner, dump) ey L S —
Max p beam current achieved: 16mA :
Long stability run (24hrs), standalone system,
up to 12 mA 5
- Excellent stability shown with brief recovery
time in case of electrical discharges ;

- T R o e m e s e owe g owh W P =T
P R TR TR R T EFE R R TR T Y g LA CS MU ST LT TR SO AR T

Copymight © 2014 EuCARD-2/MAX Accelerators for Accelerator Driven Systemns Workshop [

T I L T T BAE L e @ L oo o




5th INTERNATIONAL PARTICLE AccELERATOR CONFERENCE
June 1

5 - 20, 2014 | DrespDeEN, GERMANY

X IR 4L M sl A b IR e LL

Acceptance Tests

SPECTRUM ® | Total efficiency : 84%
MO, ® Includes beam transport
ST ' ' ' ' ' efficiency (total current from
130< I | H—
T ﬁ power supply divided by the
W, sum of measured intensity)
® and HV losses (bleeder)
g 73 - | ® Jonisation efficiency (ion
F i, Fas ' intensity divided by total
i 4’5__ measured intensity)
& 307 f ® H+ =63%
s 2.:—; Hi= ® HZ2+=30%
i = N\ ® H3+=7%
R T e T v T R Y R R P
Magmetic ficld (G)
mﬂmu 014 EuCARD-2/MAX Accelerators for Accelarator Driven Systemns Workshop 7

— CERM, Switzerland — March 20eh21= 20014

Institute of High Energy Physics, _—
Chinese Academy of Sciences VI%Q,%
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Spoke Cavity Prototype EM Opt_imizatidn

el W

Numerical Model -Svmetries and BC Geometrical Parameters
I I

Optimal beta 0.37

Vo.T [MV/m] @ 1 Joule & optimal beta 0.693

Epk/Ea 4.29 *

Bpk/Ea [mT/MV/m] 7.32 #

G [Ohm] 109

1/Q [Ohm] 217

Qo @ 2K for Rres=20 nQ2 5.2 E+09

Pcav for Qo=2 E+09 & 6.4 MV/m [W] 9.35

Lacc=0.315m=beta iy, - € - T

*Goal at 4.4, # Goal at 8.3
Goal: E =6.2 MVIm, E .. tauit tor. = 8-2 MV/m

acc nom.

The MYRRHA Spoke Cryomodule —H. SAUGNAC- EuCARD2/MAX- CERN 20&21/03/2014 - Geneve



Spoke Cavity Prototype Mechanlcal . e

Optimization

Bare Cavity Leak Test 0.1 Mpa

External
Cavity Leak Test 0.1 Mpa

External
Helium Tank Leak Test 0.1 Mpa

External
Cavity Cool down 0.12 MPa

Cryogenic Accident 0.15 MPa

First Eigen Mode HiH#H

Cavity Buckling it
Critical Pressure

Sth INTERNATIONAL PARTICLE ACCELERATOR CONFERENCE

June 15 - 20, 2014 | Drespen, GERMANY
y H = S e © SR S S
INSTIUT DE PHYSIQUE NUCLENRE| MYRRHA
R

52 MPa

<33 MPa

<35 MPa

<33 MPa

<41 MPa

232 Hz

3 Bars

The MYRRHA Spoke Cryomodule —H. SAUGNAC- EuCARD2/MAX- CERN 20&21/03/2014 - Geneve



Sth INTERNATIONAL PARTICLE ACCELERATOR CONFERENCE
J

une 15 - 20, 2014 | Drespen, GERMANY

" Spoke Cavity Prototype Overview

Welded
connections

Helium

Bellow

N
o0
q-
S| | E
Qg
&
o0
N
LN
N TN = —am y
y. oI >E- ' Welded
Cavit ; 439mm  connections
avi : !
y Cavity Wall ~ >

577mm

Cavity Wall thickness 3 mm (Nb RRR> 250)

Helium Tank Wall thickness 4 mm
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Power Coupler

A power coupler 350 MHz, 20 kW CW
(designed) was manufactured and
tested at 8 kW (limited by amplifier)
CW on a 350 MHz, beta 0.15 Spoke
cavity.

1 port for electron emission measurement pick up
1 water cooling loop for the window

Plain Copper Antenna

The MYRRHA Spoke Cryomodule — H. SAUGNAC- EuCARD2/MAX- CERN 20&21/03/2014 - Genéve
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Plan of Transmutation
- as Phase-II of J-PARC
(OAEA))

Transmutation Physics
Experimental Facilit}r: TEF-P

Glrpnse To investigate physics properties of
subcntical reactor with low power, and to
accumulate operation expenences of ADS.

Licensing: Nuclear reactor: (Crnitical assembly)

Proton beam: 400MeV-10W

Experimental F.

~

TERNATIONAL PARTICLE AccELERATOR CONFERENCE

7 .i::','_-;ﬁ-. , Sth In

15 - 20, 2014 | Drespen, GERMANY

e

| ADS Target Test Facility : TEF-T

Purpose: To research and develop a spallation
target and related matenials with high-
power proton beam.

Licensing: Particle accelerator

Proton beam: 400MeV-250kW

Thermal power. <500V

. T i e L

Critical Assembly

Proton Beam

| Target: Lead-Bismuth Eutectic (LBE, Pb-Bi)

Multi-purpose
_é Irradiation Area

Pb-Bi Target
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» day-1
RCS
MR
» Next Stage
RCS
MR

Linac 180MeV, 30mA, 25Hz

3GeV, 0.6MW
40GeV, 400kwW

Linac #400MeV, 50mA, 25Hz

3GeV, 1.0MW
40GeV, 6 7TOkW

Hadron Experimental

Phasa 1
Phasa #

3 GeV Synchrotran

1:25HZ:|
Muclear 1
Transmutation

Exparimental Facility

. . Facility
Paterials and Lile

Lirnac

Linac

-:Nnrra%ﬁﬁdelﬁting}

iSuperconducting)

600MeV

Mautrinos to
Supertamiokance

* Extension
= MR 50GeV, 750kw

uclear Transmutation Facility(ADS)
inac 600MeV,50Hz

50 Ge\
Synchratran

eutron Facility
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Linac structures and parameters
»Jon Source: Volume Production Type
* RFQ: Stabilized Loop
» DIL: Electro-Quad in DT, 3 tanks
sSeparated DIL(SDIL): no quad in DT, short tank(5cells), 32tanks
*Annular Coupled Structure (ACS): axial symmetric
sSuper Conducting Linac (5CL): wide aperture, high acceleration gradient
sparticles: H
» Fnergy: 181 MeV (RCS injection)
400 MeV (RCS injection)
600 MeV (to AD
» Peak current: 30 mA @181MeV
50 mA @400 MeV
» Repetition: 25 Hz (RCS Injection)
50 Hz(RCS Injection + ADS application)
» Pulse width: 0.5 msec
developed alot of key components and integrations 10 RS
BOKEY ey S0MEN 190 81V A00M Y
5 — RFQ DL SDT ALS "
I= Pl 354M Az AN aT3pHz \\_ FLIM ey
Fam I a7 1&am 109, SCL
1 7.0 91.2m 3 Ela mﬂ

53m



Upgrade plan of J-PARC linac

Energy is
upgraded
with ACS,
current is
upgraded
with new
jon source
and RFQ.

2012/5/9

181 MeV LINAC

31m 271m 912m (Two SDTL tanks are used as a debuncher temporally.)
: To 3-GeV RCS

|

(324MHz)

.

3MeV 50.1MeV 181 MeV

(Linac 3-GeV Beam Transport)

L3BT

~

15.9m 108.3 m

To 3-GeV RCS

(324MHz) 1 MEBT2

(972MHz)

!

DB1,2'—

JU.0c MeV

400 MeV

MEBT2
Two bunchers

ACS
21 Acc. Modules

L3BT

Two debunchers )
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Construction Schedule (T entative Plan)

Fiscal Year 2012|2013]2014)2015|2016|2017 [2018]|2019)2020)2021 |2022| 2023|2024

Beamline
TEF-T

L, opemen
TEF-P L

= The construction of Beam line and TEF-T will be started in 2014 and
the operation with 1/4 beam power will be started in 2017

To start the construction of TEF-P in 2017, just after the completion

SE '1I'5EF-T, a few years of licensing activities should be started in

2015/3/21 10th ASRC Int. Wockshop "MNuclear Fission & Decay of Exotic Nncled” 14



J._'I_HEPJ HIGH ENMEREYPHYSIC® : Sth INTERNATIONAL PARTICLE ACCELERATOR CONFERENCE
I i June 15 - 20, 2014 | Drespen, GERMANY

LT TR AL R ET

KIPT Experimental Neutron Source
Facility at Kharkov, Ukraine

v’ Provide capabilities for performing basic and applied research
using neutrons

v Perform physics and material experiments inside the subcritical
assembly and neutron experiments using the radial neutron
beam ports of the subcritical assembly

V' Produce medical isotopes and provide neutron source for
performing neutron therapy procedures

v Support the Ukraine nuclear power industry by providing the
capabilities to train young specialists

BTPA

4
Y
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Linac Machine Parameters

a 100MeV/100 kW electron linac for KIPT is used as the driver of a
neutron source based on a subcritical assembly.

Parameters Values Units
RF frequency 2856 MHz
Beam energy / power 100/100 MeV / kW
Beam current (max.) 0.6 A
Energy spread (p-to-p) +4 %
Emittance 5X107 m-rad
Beam pulse length 2.7 ns

RF pulse length 3 ns
Pulse rep. rate 625 Hz
Klystron 6 X30MW / 50kW Units
Accelerating structures 10 X1.336m Units
Gun high voltage ~120 kV
Nominal gun beam current ~1-1.2 A




The injector testing facility installed

O
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~7 80A btaned Wlth ~90°/ transport
efficiency at the injector exit

The maximum beam current obtained at
the injector exit is ~2A with 2.7 ps beam
pulse.

Energy spread is ~2% @ lo
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HYPER (Hybrid Power Extraction Reactor)

The Korea Atomic Energy Research Institute (KAERI)
performs HYPER for the transmutation of nuclear waste
and energy production , to develop the elemental
technologies for the subcritical transmutation system and
build a small bench scale test facility (5 MW). 1 GeV/16
mA proton beam is designed to be provided for HYPER.

Institute of High Energy Physics, P
Chinese Academy of Sciences

IPA 15\
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KOMAC (Korea multi-purpose accelerator complex)

KOMAC accelerator facility was put into the operation
from July 2013, which consists of a 100MeV proton linac
including a 50keV ion source, a 3MeV RFQ and a 100MeV
DTL, and 20MeV and 100MeV beam lines. The goal of the
Beam commissioning is delivering 100MeV 1kW proton
beams to a bump in a 100MeV target room.

BIPAC 4
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DTL iﬁe accelerator tunhel

Parameters of KOMAC Linac
Frequency 350 MHz

Beam Energy 100 MeV

Operation Mode Pulsed

Max. Peak Current 20 mA

Pulse Width <1.33 ms (< 2.0 ms for 20 MeV)
Max. Beam Duty 8% (24% for 20 MeV)
Max. Beam Power 160 kKW ( 96 kKW for 20

pd , MeV)
High power rf system Institute of High Energy Physics, :
Chinese Academy of Sciences IPA ld\
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roton Linac in India ADS Program

Indian-ADS (especially thorium-cycle)

i -I':.I-ormal -Cnndl; cting :
M - - - - - - . I__-__.'_-_-.__-_-..l_ _____
! High cu inject ; DTL . _
i High current injector 20 MeV, 30mA (4 o L -4

Phase lll

| et

————— L C BB l—————l —————-——————‘I
I r - Y 4 : i
| ProtoniS | 1 RFQ | 1 DTL Phase Il 100 MeV ;/
I 50 keV :“"} 3MeV [ 20Mev T,
I------ e — e e " ————— —
Phase 1 LY Super- |
conducting :- —£
I ______ E-- p= = - - 3 e o
. Super.—
conducting —
i
325 and 650 MHz - Fuel
||::l:|::i.r|§:!:ilu _,r""
poke cavities
2 Sip Dt
L Ll 1] Tes i oe Zreg
(Courtesy of P. Singh, BARC) ______Ff'f‘f’i‘_____________________________“T____T?__:____.
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Accelerator Development for ADS
30 mA /20 MeV Linac injector (LEHIPA) and High energy Linac (1 GeV)

Design completed & fabrication is in progress

ECR lon Source LEBT RFQ Drift Tube Linac

50 kW RF Coupler
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Developing Technique for
SC RF Cavity Fabrication

_—c : o W

elded dumbell
Formed Niobium

Half Cell -
Courtesy of PK. Nema, ITPACI14
BARC Mumbai “C%\\
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Roadmap for ADS Developments

Calendar years —» 2010 11 12 13 14 15 16 17 18 19 20 21 2 23 24 XX X X 2B 29 30 31 32 33

sisararss  (EDEEDEENEED

{20 MeV, 30 mA)
2 LEHIPA Hinkin R

with AHWR CF
{20 MeV, 1 mA)

3 UMAL injector for
proton SMNS
1GeV, 1-2 maj)

4 SNS for ADS RED
applications

{1 GeW, 1 MWL)
5 ADS Dernd LINAC
(0.6 GeV, 2 mi)

& ADS Demo reactor ]
and target coupling
{2040 MWL)
7 Industrial ADS for {a) 1 GeV Unac
thorium & actinldes {30 rrA)
burner {b) ADS reactor & target
[ LDOD P
Mote: Design and engineering phases are not factored.
R8.D for enabling technologies to precede the onset of projects. Courtesy of PK. Nema,
R&D on fuel cyde, fuel design and fabrication to meet appropri ate sci BARCMumbai IPA 14
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A PROVISIONAL STUDY OF ADS WITHIN TURKIC ACCELERATOR COMPLEX PROJECT l.

TAC (Turkic Accelerator Complex project)

Planning to have four facilities:

SASE FEL Facility; Third Generation Synchrotron
Radiation Facility (SR); Super-Charm Factory (Vs =
3.77 GeV) ; GeV scale proton accelerator which has
two-fold goal: Neutron Spallation Source (NSS) and
ADS.

The proton accelerator construction will have 3 MeYV,
100 MeV, and 1 GeV phases.

Institute of High Energy Physics, e
Chinese Academy of Sciences F IPA li\
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The TAC proton accelerator: GeV energy high intensity

(>1mA) proton linac.

I.T-u 3 MeV 55.6MeV  90.5MeV { GeV
| I l
IS [} RFQ st DTL {CCDTL| CCL
(2058 m) (22.3m) | (342.95m)
350 MHz '-i" F00 MHz -—-

experiment
stations

Institute of High Energy Physics,
Chinese Academy of Sciences

Pieaci
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X %% f{? {715 ﬁ' =i
Roadmap of ADS Project in Chma

, Goal in 2014, 5 MeV

|
} | Goal in 2015, 10 MeV

. SPOKE ELLIPTICAL ELLIPTICAL
ECR RFQ [t HW{R 650MHz

| 325MHz 650MHz

25 50MeV 0.25-1GeV 1.5GeV

L T

(“ 100MW
Stage 1: Research m /ﬂl
facility

l

1

(~10 MW, ~2023) |
|

|

Stage 3: Demo
facility
(~1000 MW, ~2040)

P IPi\gzm

|
Slage 2: Exp.
key technology R&D facility

‘~100 MW, ~2030)'
“Strategic Priority Research Program” ’ )
of the Chinese Academy of Sciences



Medium-energy,
very high beam
power, very high
reliability, CW
beam

Reliability and

availability much
higher than actual
accelerators in
operations

Particle Proton
Energy (GeV) 1.5
Current (mA) 10
Beam power (MW) 15
Duty factor (%) 100
Beam Loss (W/m) <]

Beam trips/year

1s<t<10s <25000

10s<t<5Sm <2500
t>5Sm <25

ASIER
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Layout of ADS Accelerator

* The proton accelerator is being built by

Injector II (IMP)
IHEP and IMP together.
. | RFQ * Project started from early 2011.
162.5MHz
35 keV 2.1 MeV
Spoke040 Elliptical 063 HEBT
MEBT2 10MeV 325MHz = 650MHz Target
72 cavities 28 cavities
35 keV 3.2 MeV 34 MeV 178 MeV 367 MeV 1500 MeV
. LEBT RFQ MEBT1
325.0MH L.
‘ Main linac (IHEP,
IMP)

Injector 1 (IHEP)

Final project has two identical injectors. Two designs of injector
I to technical tainty at | t. |
is due to technical uncertainty at very low energy segmen 1%@%\\
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Injector 1 Base on 325 MHz and Superconducting Spoke cav1ty
at IHEPi Bei]'ing )

=
@)
=
=
<]
o B
=]
=
=
| ‘
)
3
Q mmm
-}
-
-}
-
]

222222222222

Injector I1 Base on 162.5 MHz and Superconducting HWR cavity
at IMP, Lanzhou

I

35 KeV 2.1 MeV 5 MeV 10 MeV
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Progresses of accelerator (Injector I & I1)

key technologies :

I. CW RFQ with a high intensity Great
chellage !
II. Very Low beta SC cavities Spoke cavity &
HWR lowest beta!
BIPAC 4
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1) RFQ for Injector I

4 technical modules, 64 tuners,
4 RF power couplers, 4 dipole
rods on each plate .

—requency (MHz)

Parameters Value

325
Injection energy (keV) 35
Output energy (MeV) 3.2128
Pulsed beam current (mA) 15
Beam duty factor 100%
Inter-vane voltage V (kV) 55
Beam transmission 98.7%
Average bore radius r,(mm) | 2.775
Vane tip curvature (mm) 2.775
Maximum surface field 28.88
(MV/m) (1.62Kilp.)
Input norm. rms emittance 0.2/0.2/0
(x,y,z) (tmm.mrad)
Output norm. rms 0.2/0.2/0.061
emittance(x/y/z) 2
(mmm.mrad/MeV-deg)
Vane length (cm) 467.755
Accelerator length (cm) 469.95
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Conditioning goal: 270kW
Status: 80% of the full power.

BIPAC 4
o
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Muiti-particles simulatior Oct 31,2011, 14.07.05

Oct 37,2077, 14:19.07

Al .Iu__‘
ATt ’ J»[\Uu'"tr“’f’iﬂ;n“tﬂﬂ-”‘ﬂ(: ‘“"‘” v\ u“ Yy »f r-:v\mm A\

Mﬂmﬂ%Cmuhmmﬁoﬁmmmwme:WWﬂwwwc

o
Frane [oeq]
i

T

Parameter Value
Ion species Proton
frequency [MHz] 162.5
Inter-vane voltage V' (kV) 65
Average bore radius r,(cm) 0.5731
Vane tip curvature (cm) 0.4298
p/ry 0.75
Vane length / Total length (cm) 419.2 / 420.8
m 2.38

max

Number of cells

192 (including 2 T cell)

4 modules, 4200mm long

80 Tuners, 32 Pi-mode

Rods, 2 RF input ports
in Module 2, 8 vacuum

ports

Structure

Maximum surface field (MV/m) 15.7791
Synchronous phase () from -90 to -22.7
Ay (C) 0.3158
Transverse acceptance 0.3/0.3
(RMS, x/y, tmm.mrad)

Input norm. RMS emittance 0.3/0.3

(x/y, tmm.mrad)

Output norm. RMS emittance 0.31/0.31/0.92
(x/y/z, tmm.mrad, keV.ns)

Overall beam transmission 99.7% / 99.6%

@ 0/15 mA
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Four modules has been
finished. The flatness is
+ 1%, and symmetry is
+1.5% w/o tuners.

Conditioning goal: 91kW
Status: full power in CW,
commisioning beam now.

I«I}“\%\\
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ECRIS+LEBTs fimshed commissioning

Total length: 1670 mm

- =
< >

Drift-1: 220 mm Drift-2: 780 mm Drift-3: 150mm
+—> « > +—>
Gate valve Test chamber-2
Solenoid-1 Solenoid-2 ==
HV volume - Testchamber-1 A g
ECR [im b DCC |
. @ i T T
I ) @& &
l 2 ;

piagnosticc  Chopper cone. ACCT. Trap

Two ECR Proton Ion Sources was
commissioned at IMP and IHEP.

25 mA proton with 35 keV has
been extracted.

IM
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Beém Commrlssmnlng of 162 SIMHZ RFQ

Test chamber

Single wire

Dump

platform

Dipole

FC3

ECRIS|  LEBT RFQ Movable Dplate

L TR .

Got cwW beam of 2.3 mA (10/06/2014)

rol: (192.168.20.104) Jun 10, 2014

4 1 e y S S

ed: DCCT1;Green: DCCT2  Yellow: BPM1;Green: BPM2; Signal from pillbox
fficiency > 95% Blue: BPM3;Energy=2.16MeV  Momentum spread ~2%
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822, 0.0204; 3152

1 1 31 ] 300ms/1H: 400ms/1Hz
75 3 0.018 ] ] 4Q0n}s/1Hz
3 1 30 1 200ms/1Hz
7 3 0.016 ]
] 100ms/1Hz
6.5 1 o014 2P 7 10ms/1Hz
6 3 3 1
e 1 00129 28 1
955 Jg ] ]
£ 16 b ]
S, igoon 7 5 ]
- :E I ] .
©,5 18 0.008 ik ] slit pull out
= 17 -"’26 ] . .
U v 1= ] slit push in
g4 1% 0.006 1%
a 18 EE25
@35 3.1 p.o0g J%
w 18 ] ]
2.3 ';3' 0.002 1 2% 1
25 3 1 3
5 ] 0 1 23
] ] 1 10ms/1Hz power ramp  power ramp
1 -0.002 ] ]
15 ] 1 22 ]
, 3 -0.004 ] ]
] 121 ]
0.5 § -0.006 4 ] M
] ] ] : i1 l
bosd Do0re. 190 MM . —_ —, . T W=yt o o i W
2014-06-12  15:27 15:30 15:33 15:36 15:39 15:42 15:45 15:48 15:51 15:54 15:57 16:00 16:03 16:06 16:09 16:12 16:15 16:18  2014-06-12
15:22:31 16:22:31

Time
|— RFQ:PLC:T1 ||— Dplat_BD:FC_01:Vmon ||— Dplat_BD:DCCT_01:Vmon |

The Purple is the signal of the DCCT?2 at exit of RFQ. the Blue is the temperature of
the Faraday Cup, means average beam power, ~8 degree C increasing in maximum .

Pieaci
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Note: Effective length for Eacc is defined as A

Institute of High Energy Physics,
Chinese Academy of Sciences
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df/dp =10Hz/mbar
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Vertical test result of Spoke(12

Qg Radiation (uSv/h)
1.00E+10 — 1000
# Q0 (before conditioning)
4 QO (after conditioning) hd
IRﬂd‘}atj.ﬂﬂ (before (_‘Otfd.ﬂl(?ﬂlﬂg) Py ] . 100
BRadiation (after conditioning) 1
1.00E+09 ‘—mﬂ-l—ﬁﬂ : 10
Ag
4
A
& -1
@
E m0 EpED BN ﬂ
1.00E+08 == m= 8 == . 0.1
0 1 2 3 4 2 6 7 8 9
Eacc (MV/m)

BPAC |4
- 64 -
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Horizontal test result on Sept. 12, 2013
for the low beta proton SC cavity

the first horizontal test

Qp Radiation (mSv/h)
1. OE+09 | 100
B [ ]
- h .
B - Y s & Q0 before aging
i — m Q0 after aging
- <> - » Radiation before aging
- 0. 1 A Radiation before aging
- >
1. OE+08 | | | | 0. 01
4. 5 5 5.5 6 6. 5 T
Eacc(MV/m)

v'Q0=2.2x10% @6.5MV/m, 4K; Q0=8.5x108@5MV/m, 4K.

BIPAC]4
- 65 - r
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4) Spoke021 Cavity ($=0.21) of Main Linac

T S
10" ———— e e — . 3 10°
Para. Value | ¢ Q“@‘l_'zKE 1.
] . o _Radiation | Q;Ooo 310
é é é é o : —_
Ep/E}acc 4.38 . ‘ .o OO . 103 g
/(void) T, e i1
7] P N N N R oo, O 1102 ¢
Fp/Tl?af\cW/ 9.37 | 910 e, | -
m ; : : L. ; ] =
m) ( ' | Ko .'.';'o 310" 3
Designed Q,=5x 10° | | . | =
Bopt 0.243 @B, =65mT o 310
Gap=c'b | 224 | | ®Po00°eccec |
/f (mm) 0 20 40 60 80 100 120
rQ /Q 191 Boaa (MT)
L | R | S T TN R S T S S T | T | o
G /O 7 0 10 20 EM(MWn%[)] 40 50
L | L | | | | |
0 2 4 6 8 10 12

E,=V_/({,_A) MVm)

v'V-T : Bp=98 ImT, Q0=5e8; Max. Bp=107 /mT

r
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5) Elliptical Cavity (p=0.63 & 0.83) of Main Linac

650MHz ( preparing for test)

F'IPA 14
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f (MHz) 162.5
— B, 0.101 |
Epeak / Eace 5.9
Bpeak / Eacc 12.1
G=RsXQ0 (©2) 28.4
R/ Q0 153
Q0 (4.4K, Rs=71.4 AES
nQ2)
Vacce (MV) 0.78
Epeak (MV/m) 25
Bpeak (mT) 50
Pdiss(W) (4.4K, 10
Rs=71.4nQ) !
% Eacc=Vacc/(B,, X A) I«Iﬁ%\\
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VT results of HWR

Bpeak (mT)
0.00 10.25 20.50 30.75 41 .00 51 i25 61 i50 71 i75 82i00 92i25 102.50
1E10 1 | HWRO‘IO S- 2 test at Shanghal @4 2K - ¥ HWRO010-S-4 before RF process T
- @ HWR010-S-2 test at Lanzhou @4.0K : HWR010-S-4 after RF process I
1 ® HWRO010-S-3 before RF process P HWRO010-8-5 without Helium vessel
4. A HWRO10-S-3 after RF process i ® HWRO010-S-5 with Helium vessel - 100
i ‘ HWR010-5-3 after 850degree bakmg S X e e . E_
K ——10W limit g é :
: % Design goal 3? 5 [
L 10 ~
; FAC
; o >
.. . ............ - O
a S
............... - >
————— e [ ©Q
b
- X R:ay HWRO'Ib-S-Safter i
850degree bak_ing i
EA | E Ra:y HWRO10—IS-5 with [ 0.1
: _ f ‘ 1 Helium vessel F
1 E8 T l T l T l T l T l T I T l T I T I T
df/dp =10Hz/mbar 0 5 10 15 20 25 30 35 40 45 50

Epeak (MV/m)
#03~#05 have been qualified and #05 has been jacked and put into TCM*

IPACI
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Four HWRs with ribs on both surfaces has been fabricated
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Op. Temperature 44 K valve |
Op. Pressure 1.25 bar solenoid |
Cooling bath
Pressure +1.5 mbar
Dynamic load 10 W
Solenoid storage 27KJ | | Total: 1560mm J
= - & L I B Vertical Test =
i ® Vertical teat with helium vessel 1
: fﬁ;r::;ntal Test - 2500
4 X-ray2
% TARGET 1 s
”OQI..%.'. 4 7y : <
i o 41500 __
o 1E9 | M e = S
o i ey 1000 g
o 4 L] = =
® o " . $
*y ° . {500
4
3 MMMAAAMAA‘AM Ho
1E8 . - : L - L . L . -500
0 10 20 30 40 50

finished T
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e B Sk = s
7) High Power Input Couplers for Injector I &I1

one operate n spoe l! cavity orlzonta test.

- coupler operated with cavity

H i @3 515’ L2
- . A

il

::::::

W2 Ny
74 QU
‘!'-n‘i:" f%‘(
A )
IOV 3




Helium Recovery System
putting into operation
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Other International ADS Programs?

IAEA reported that 18 countries are performing ADS R&D

Also, there are many similar accelerator
technologies (as ADS ) used for other
purposes.

Institute of High Energy Physics, '
Chinese Academy of Sciences r IPACI4
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SNS SCL many parts, equipment, design are
based on CEBAF, TESLA, APT, LEDA, KEK expenences )
e Acc nulator Ring:

Front-End- Comp ress 1 msec
Produce long Efﬂtse to 700
a 1-msec long, jnsec
chopped, H-beam H- stripped to p :—,1_1
Linac; IJLGE'\." acceleration
£ N : kY
402.5 MHz 805 MHz i g
— » k-f"* 0
DTL -1-| SRR, b=0.61 | sreb=081_ | pur ()= RN, P
1 f 1 e
2-5 EE_B 135 33? 1{1}“ ME"J’ SHE EIMG LATTICE — REYW 1IY — ODHEGA - "Z:—.'--IHH? ..-: i..:_.-":‘-'. #__
' 9 . E s A, e

259 m

* Most powerful spallation neutron source
* 259-m long linac + accumulator
» Short pulse

* 71-m long Space is reserved for additional
. crquudules to give 1.3 GeV
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" Project-x 5= sk

Project-X (Courtesy of S. Nagaitsev)

* 3 GeV CW superconducting H- linac with 1 mA average beam
current.

» 3-8 GeV pulsed linac capable of delivering 300 kW at 8 GeV

» Upgrades to the Recycler and Main Injector to provide 2 2 MW to
the neutrino production target at 60-120 GeV.

Meutri

Recycler / EE"JM:.,-HE
Main Injector
120 GeV

» Day one experiment to be incorporated

utilizing the CW linac
'\.:"J.
|."E'h._h
l':_" J
3 GeV, 1.0 mA CW Linac <

— Utilization of a CW linac creates a
facility that is unique, with performance
that cannot be matched in a

synchrotron-based facility. aw - v
Muclear MW Muons
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Normal Conducting
Structures

AT

Superconducting
Structures

g5 Fermilab
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8 Sector Magnets:
Magnet weight: ~280 tons
4 Accelerator Cavities: 860 kV (1.2 MV) e
1 Flat-Top Resonator 150 MHz -
Accelerator frequency: 50.63 MHz

harmonic number: 6

kinetic beam energy: 72 — 590 MeV
beam current max.: 2.4 mA
extraction orbit radius: 4.5 m

outer diameter: 15 m

RF efficiency 0.90x0.64x0.55 =
Grid/Beam 32%

rel. losses @ 2.2mA: -~1..2.104
transmitted power: 0.32 MW/Res.

Institute of High Energy Physics,
Chinese Academy of Sciences r IPAC14
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ESS ESS Linac
I S -

~i 352 21 MHzoeeeeessss -~ 04 42 MH -
dEZdmie dd5mie S35 S 0mME o Sdm 3 dfE=TSM = dff= ITAM -

HEBT &
Contingency

Energy (MeV) | No. of Modules | No. of Cavities Bg Temp (K) | Cryo Length (m)

Source 0.075 1 0 — ~300 —
LEBT 0.075 - 0 - ~300 -
RFQ 3.6 1 1 — ~300 -

3.6 - 3 - ~300 —

90 5 5 - ~300 —
Spoke 220 13 2(235) x 13 | 0.5 pow ~2 428
Medium B 570 9 4(6C)=9 0.67 ~2 8.52

High B 2000 21 4 (5C) =21 | 0.86 ~2 8.52
HEBT 2000 - 0 - ~300 -

e
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High =20 dpa/hr, 0.5 L
Medium = 1dpa/hr, 6L
Low < 1dpa/hr,>8L

Lithium Target Test Cell
25 mm thick, 15 mv/s

2 accelerators, 2 X125 mA, 2 X SHW

L_WMWWWW A i

T RFQ 5 MeV T 200 x 50 mm?
Deuteron suurt;e SF.:: Ur:l:r:; 40;:: - ijpfﬁﬂf reactions
140 mA, 100 keV (Half Wave Resonators) 7Li(d, 2n)"Bo
6] i{d n)’Be
6 i(n, T)*He
: THERL MY IFMIF/EVEDA
u_wn{u{nﬂm || r;;, - Prototype Accelerator
M|

ENTRACTION LEBT G MEET . SE-HWH LINAC HEET
E'ul'![l.i. 1 -lttEL!kl'I'm AEI:!LEFH.'I'I‘HE 11! rrl.l.t'I.H tl!l.l'l'!RﬂH HEAM TO ! H:'l.l'

Cryumodule under construction for the accelerator prototype
The first one of the IFMIF SRF Lianc~5 m Long

4.5 MV/m, reliability, imits the coupler power

Large beam aperture 40-48 mm

Qex=6_3e4
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Linac4: Block diagram

45keV 3MeV 3IMeV S50MeV 103MeV 160MeV
l ] |
H- RFQ H CHOPPER H DTL - CCDTL H PIMS
RF Radio Chopper Drift Tube Cell-Coupled Pi-Mode
volume | Frequency | & Linac Drift Tube Structure
source Quadrupole | Bunchers Linac
(DESY) [2m 36m 187 m 25m 22 m
45 KV 1 Klystron 11 EMquad || 3 tanks 21 tanks 12 tanks
Exirac. 550 KW 3 cavities 1+2 Klystrons | | 7 klystrons 4+4 Klystrons
4 7 MW f MW ~12 MW
H-ion current: 111 PMQs 21 EMQuads 12 EMQuads
40 mA (avg.),
65 mA (peak)
Length: 80 m

19 klystrons [13 x 1.3 MW (LEP), 6 x 2.8 MW (new]]
Normal conducting accelerating structures of 4 types: RFQ, DTL, CCDTL, PIMS

Single frequency: 352.2 MHz
Duty cycle: 0.1% phase 1 (Linac4), 3-4% phase 2 (SPL), (design: 10%)

R.G.
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SPL SPL block diagram

+ SC-linac [160 MeV ® 5 GeV] with ejection at intermediate energy

280 m SO05 m
[I' :lﬁ GeV ﬂ ?3 GeV 2.5 GeV

Medium B I N High B i
20x 3 10x8 13x8
B=0.65 cavities p=1 cavities B=1 cavities

*+ Medium beta cavities: p = 0.65 Length: ~500 m
+ High beta cavities: p=1

From Linacd4

5 GeV-4MW

2.5GeV

“New” TDR to be published during Q2/2014

BIPAC 4
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REPAIR OF FIRST MONOCELL

Material defects observed after
electro-polishing.
Repaired with new e-beam welding
machine from outside (W#1 and

Wi#3) and inside (W#2) b

CAVITY FABRICATION AT CERN

Half-cells and beam tubes L_' RF measurements.
fabricated by spinning. _ i . { W |

En

R.G.



Particles : deuterons and protons

Input energy : 20 keV/u

Input emittance (rms, norm.) : 0.2 pi.mm.mrad
Output energy : 1.3 MeV/u

Emittance growth <25%

Time structure : pulsed and cw

Beam current : 0.04 — 5 mA

Beam losses :

<150 nA/m for E <5 MeV (0.4-0.75 W/m)
<40 nA/m 10 MeV (0.2-0.4 W/m)

<5 nA/m 20 MeV (0.05-0.1 W/m)

<1 nA/m > 20 MeV (0.02-0.04 W/m)
<<1W/m!!!

Institute of High Energy Physics, " PA
Chinese Academy of Sciences I 14
o
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Summary to ADS accelerators

1. The ADS program is to speed up from the basic study
to the real facility.

2. The key technologies in high power proton accelerator
are severe challenges for us.

3. Many good technologies have been developed, e.g.
SNS demonstrated <1 W/m beam loss in MW-class
pulsed accelerator: Could go higher power; SRF
became a choice especially for high power and high
duty factor machines

4. There are many common interests in the high power
proton acceleration technology for the labs involved in
proton accelerator. Close international cooperation is
very important and expected.

Institute of High Energy Physics

Chinese Academy of Sciences IPA l«‘fj\\
@



I 'm sorry for uncovering
all ADS plans probably.

Fmsci
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Thanks for your attentions!
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Accelerator architectures for high power

> Linear accelerator only (long pulse beam, pulsed or CW) —
LANSCE, PEFP, ESS, Project X driver, IMFIF, FRIB, SNS-
STS, China ADS

> Linear accelerator + accumulator (short pulse, pulsed)
SNS, PSR/LANL, CSNS

Lower energy linear accelerator + RCS (short pulse, pulsed)
ISIS, J-PARC, CSNS

> Circular accelerator: Cyclotron (or FFAG) (long pulse, CW)
PSI, (future FFAG in somewhere)

A\




For Injector I:

Emittance (RMS) at entrance of MEBT1:

0.198/0.199/0.159 piimm.mrad (x / y / z)

10MeV: 3.4% /3.0% /5.0% (no error case)
(x/y/ z)




