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1, ADS & CSNS Plan
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Nuclear Power in China

® 170 2010.10
— Operation reactor 13 sets, 10.23GWe

— Constructing reactor 23 sets, 25.90GWe , is the largest iIn
construction scale over the world

® According to some information:

2020: >70 GWe NPP in operation and 30GWe NPP under
construction; >5% of NP to total installed capacity

2030: ~10% of NP to total installed capacity

2050: >400 GWe NPP _| almost same as the scale of the
total in the world todays!
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ADS Roadmap in China

CW 162.5MHz/ 325MHz / 650MHz Phase 111
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Phase | - CIADS

Schedule: 2011-2017

Budget: &260M approved ($98M for accelerator), plus free land &
Infrastructure from local government.

Site Candidate: Inner Mongonia

» Accelerator Task:

a) 2011-2013: 2 Injectors at 5MeV

b) 2013-2017: S.C. Spoke Linac: 50MeV
Accelerator Team: IHEP&IMP

» Accelerator Key Technology:

a) R.T. RFQ and low-beta S.C. spoke&HWR

b) S.C.laboratory
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CSNS Plan

» It consists of a H- linac, a rapid-cycling synchrotron, a target station and 3
neutron spectrometers in Phase-l ( Max. Num.=20)

« Its approved budget is $260, with additional free land & infrastructure plus $76
from the local government.

 Itis going to start construction in September 2011 and completed in 6.5 years.
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2. ADS Accelerator
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1, ADS Linac Preliminary Design

Major Parameters

Particle Proton

Frequency 162.5/325/650 MHz
Energy 1.5 GeV
Current 10 mA
Beam power 15 MW
Duty factor 100 %

Page 1
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Layout

Injector 11

RFQ
162.5MHz

2.1 MeV

10MeV

A ERZEA TR

40 MeV 180 MeV 360 MeV

Elliptical 063 650MHz
32 cavities

1500 MeV

3.2 MeV
325.0MHz
. >
Injector |
>
>
>

Finished in three phases:

2013: 5MeV accelerator;

2015: 50MeV accelerator and 10MW reactor,
target;

2020: 600MeV accelerator and 100MW reactor,
target;

2030: 1.5GeV and 1000MW reactor, target;
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IS & RFQ (Injector-I)

Ele: 0 [om]  WeOOD @ 9873 [ 9873

lon source o) - ¥ e

30[1

Out put current 20 mA

Trans. RMS. Nor.
0.2 tmm.mrad

Emittance .. RN Y
Type 4 vane —

Input energy 55keV

Transmission efficiency | 98%

Output energy 3.2 MeV

Length 4.67m et o

Cavity Power 272 kKW
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MEBT1 Q1 @2 Q5 Q6
GAP1 GAP2
RFO I I (’/\ (’/‘ I I cav012
100 G100 ~ ~ 100 {100
60 60 600 60 60 600 60 60
* 2060 mm >
Element Length (mm) Magnetic field gradient (T/m)
/Effective electric field (kV)
Q1 60 41.0
Q2 60 -26.5
Q3 60 19.3
Q4 60 -18.8
Q5 60 13.2
Q6 60 -11.9
Buncher-1 600 117.5
Buncher-2 600 114.3 bage 11
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Injector |

 Spoke012 cavity:
— Geometry beta: 0.12

A

— Acceleration gradient:
(active length: BA)
= 5,75 MV/m (schemel
= 8.6MV/m (scheme?2)
— Cavity number:
= 18 for schemel in twe
cryomodules;

= 13 for scheme2 in one
cryomodules;

— Epeak/Eacc=4.38

— Bpeak/Eacc=7.76
mT/MeV/m

R =216 mm

120 mm
0 mm‘ \ /

190 mm
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A ERZEA TR

Elliptical cavity
« 5cell;
 Gradient:
— Eacc=10MV/m for p=0.63
— Eacc=15MV/m for p=0.82
« Changing end cell length to get smooth
field distribution;
B=0.63 B=0.82
middle cell end cell middle cell end cell
rxl 18 18 18 18
ryl 36 36 38 38
rx2 51 53 71 73.1
ry2 53 53 73 73.1
rl 40 40 47.5 47.5
r2 195.5 195.5 199.7 199.7
xlen2 72.64 75.1 94.55 98.6
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Cavity characters along the accelerator

A ERZEA TR

Cavity type S-spoke | S-spoke | S-spoke | 5 cell ell. | 5 cell ell.
Geometry 0.12 0.21 0.40 0.63 0.82
E,/E 4 4.38 3.67 3.70 3.13 2.13
B, /E . 7.76 6.59 7.22 4.57 4.30
Acc. Grad. /MV/m 5.75 6.97 7.56 10.56 16.36
325MHz 650MHz

Epeak=25MV/m
Acctive length=BA

Epeak=35MV/m
Active length=5BA/2
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Acceleration efficiency and acceleration gradient

TraceRin - CE4/DSN/IEFUS SACK
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Asymmetry acceleration efficiency for each cavity type about
active velocity range:

1. Efficiency for each cavity is greater than 0.5;

2. Acceleration gradient is smoothly change at the transition
between different sections; aue 10
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Dynamic results of the main linac

Trace®in - CEA/DSM/TRFU/ SACH
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RMS emittance growth

Trace®in — CEA/DSMSIEFU SACH
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2, Key Technology in the ADS Linac

1.
2.
3.
4.

Accelerator Physics -- low beam loss
Ion Source -- Reliability
CW RFQ - Heat release

SC Spoke (p=0.12, 0.21, 0.40) and Elliptical cavity(B=
0.63,0.82, 5-cell) -- welding

High power couplers — Ceramic window
Cryomodule

RF source (CW Klystron, CW SSA, LLRF)
Control & Instrumentation

O N O W

21
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3, R&D Activities - RFQ accelerator
A 3.5MeV RFQ has been commissioned at IHEP with an ECR ion

source, an LEBT and a post beam line for diagnostics.

46mA output beam at 7% duty
factor, transmission rate>93%,
now up to 15% duty factor and
then to CW.
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4, R&D Activities - SC cavity study

1.3GHz. B=0.45 single cells as a scale down prototype of 700MHz
cavity was first developed to master the manufacture and surface
treatment technology .

SC-03
10 3rd meas

10 LR L LI L L I L

2007/01/29 Mon.
TTTT T 1T

L O 3

44
! Esp=42.4MV/m
: : [ : - Q0=2.19E9
X-ray was found i

[=]
¢ ip®
nitec by, ch
‘Di#12A118 ol |
10 = Hl|
0 10 20 30 40 50
The whole set of SCC waiting for measurement Ep(MVim)
1.3GHz. B=0.45 single cell Measured data of 1.3GHz cell

Surface field Ep = 42.4 MV / m (Eacc= 10 MV / m) Page 23
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FRERIERP IR

In recent the second BEPC-II backup cavity of 500MHz(KEKB type)
reached 2.3MV cavity voltage, with Q0=1.2E+9, better than the
design specification---1.5MV and QO0=5E+8.

1E8

1E10

—— LA R R
—.—i - &N BRS

DESIGN VALUE
(V_=1:5MV, Q,=5E8)

1 A 1 N 1 A 1

0.5 1.0 1.5 2.0
Ve (MV)
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4, R&D Activities- SC cavity study

9-cell (1.3 GHz)
>20MV/m

FRERIERP IR

10"
e eoe e o
e L
3 [cray o
°
°
@
o 10°F ‘3
: quench Isal:f pu‘lu
E___=198MVim
10
- CBP(190 um) + BCP (110 um) + Anneal {750°C, 3 h) + BCP (20 um) + Rinse @ IHEP
" Ultrasonic (Liquinox 2%, 43°C, 3 h) + HPR (8.5 h) + Bake (105°C, 48 h) + VT @ KEK
10’
0 5 10 15 20
E _(MV/m)

ace

IHEP-01 Low-Loss Large Grain 9-cell Cavity Vertical Test (ILC)
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4, R&D Activities- High power coupler

>400kW

26
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4. R&D Activities- SC lab for vertical test

~

Helium Cycling System will be
et built for SRF Lab soon to make the
vertical test cheaper and easier.

SC lab of 250m?2

Page 2127
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CSNS Accelerator
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1, CSNS Overview

S0keV 3 MeV
H- IS RFQ 80MeV

il

LEBT

RCS
= L6GeV,02.514,25Hz

’ /G

Neutron instruments 7k *,

4 ‘o ' “\‘O
'f&_- 3 o Pp= 100 KW g s, W
# RTBT
*Target station

g [}
[ 4

it

A ERZEA TR

CSNS-1 | CSNS-II
Beam power 100 500
(kW)

Repetition rate 25 25
(Hz)

Target number 1 1

Average current 62.5 312
(nA)

Proton energy 1.6 1.6
(GeV)

Linac energy 80 250

(MeV)
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2, Linac Design

S0kV AhIeV B0/132NeV
H }{uest H_ RFQ J{ »msr H DTL Tanks |
Ip=20/40mA 1 3240 IH= 3240 Hz
- 40msec -
. 421 2usec " I EMQ option in FD lattice
A68nsec 468nsec «— Electrostatic chopperin
LEBT
lon Source RFQ DTL
Input Energy (MeV) 0.05 3.0
Output Energy(MeV) 0.05 3.0 80/132
Pulse Current (mA) 20/40 20/40 15/30
RF frequency (MHz) 324 324
Chop rate (%) 50 50
Duty factor (%0) 1.3 1.05 1.05
Repetition rate (Hz) 25 25 25
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Elliptical Cavity from 130-250MeV

RERHP R
3, Linac Upgrade Options-superconducting linac

Spoke Cavity from 80-250MeV

Energy Range (MeV) 130-250 Energy Range (MeV) 80-250
RF frequency (MHZz) 972 RF frequency (MHz) 324
Geometry f3g 0.52 Geometry f3g 0.5
Particle B range 0.48-0.61 Particle B range 0.39-0.61
Eacc (MV/m) 13.02 Eacc (MV/m) 5.6
Energy gain (MeV/m) 1.92 Energy gain (MeV/m) 3.1
Epk/Eacc 3.72 Epk/Eacc 4.46
Bpk/Eacc(MT/(MV/m)) 6.7 Bpk/Eacc(MmT/(MV/m)) 7.1
Cell No/ Cavity 6 Cell No./ Cavity 3

Cell No/ Cryo 6 Cell No/ Cryo 9

Cell No. 240 Cell No. 108
Length (m) 62 Length (m) 56
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4 Linac R&D: DTL

7 .
; S

The first module of the first tank has
been fabricated as a prototype.

Bulk éopper drift tube by electron welding.
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5, RCS Design

Injection
|

Momentum
collimation

® [attice of 4-fold symmetry,
triplet

® 227.92m circumference
® 1.6GeV at 25Hz
® 80MeV injection energy for

Injection (|

RF Cavity

chicane & bumps)

D)
O 5
£ || Instuments and Others g
p h ase I g ® / Collimatign (transverse & longimdinal) ? :é
. . 1 @  Exwuaction (kickers & septum) 2
® four long straight sections  : O penonchers & sep L] %
=

for injection, acceleration,
collimation and extraction

® Upgradeable with increased
Injection energy (beam
current)

Extraction
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6, RCS R&D

 Dipole and quadrupole are prototyped. AC measurement system
developed for dipole, with a good preliminary result.

WS MSEIRIE (CRINTZE)
- 00f-04
150 -100 ,r!%od& /‘ " 50 150
004
AL AN
4/ / 4~ &
? - / 600504
N
g / 8-00E-04
00663
/ —— 3280
7 26563 —=— 11450
. 13000
20004
1.606-03
x[mm]
Central field gradient excitation curve
5.0
4.5
1.0 Yo
3.5 Wa
E 3.0 Wa
E 25 Wa
8 2.0 Wa
1.5 Wa
1.0
0.5
0.0 e
0100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
1A]
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6, RCS R&D

 Power supply for dipole magnet

12/17/2007 =

White resonant circuit was chosen as the power supply for the magnets with a
large conductivity. Itis composed of DC (1260A)+ AC( 900A) sources, choke,
and capacitor bank.

One of the key technology is high tracking accuracy.
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6, RCS R&D

A prototype of the ferrite loaded RF cavity: 1 - 2.5 MHz, RF
power source of 500kW at 50% duty factor.

e ) ! t
H‘HH\“‘\‘\H“-“ R e R S R |24 ! i
i \ SRALS IhTa ol dat 43 f Ll

| | e

& q#nwﬁ;‘w FAESEE

ALLUELLERDL LU B LI B LT Td
AL T Ty
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6, RCS R&D

Ceramic chamber has to be used in the 25Hz AC magnets to avoid
heat from addy current. Inside surface with TiN; outside surface
with RF cage.

_ _ Two whole size prototypes for dipole
Section prototype have been fabricated magnet are under fabrication in two

vendors in China
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6, RCS R&D

® Injection and extraction magnets and their power supply are prototyped
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SUMMARY

1, High intensity proton accelerator has two applications in
China: CSNS and ADS.

2, ADS long-term road map has been plotted, and its first
phase has been funded and started in 2011.

3, CSNS will start construction in 2011 and will be
completed in 6.5 years.

4, High-current proton accelerators will be intensively
studied for CSNS and ADS in China.
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