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Outline CSNS

CHINA SPALLATION NEUTRON SOURCE

@ Project overview

@ Accelerator design and prototyping
@ Target system R&D

@ Instrument system R&D

@ Summary
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Types of SNS accelerators CSNS
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@ Continuous-wave facilities

a Driven by a high intensity proton cyclotron
01.2 MW SINQ (PSI) driven by 590 MeV cyclotron

@ Long (ms) pulse facilities

a Driven by a high intensity proton linac
a1 MW LANSCE (LANL) driven by 800 MeV linac

@ Short (us) pulse facilities

aPartial energy linac and rapid-cycling synchrotron(s):
e ISIS (RAL) driven by 70 MeV linac/800 MeV RCS
o J-PARC driven by 400 MeV linac/3 GeV RCS/50 GeV MR

a Full-energy linac and an accumulator ring:
@ SNS (ORNL) driven by 1 GeV linac/accumulator
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Accelerators at power frontier
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CHINA SPALLATION NEUTRON SOURCE

High power accelerator applications/Vs

@ CW and long pulse applications

High average power, high current proton source,
high duty factor (~10% or higher) to minimize
mechanical shock, ~1 GeV to reduce power
deposition in window & cost

aIrradiation, Rare isotope, ...
a Transmutation of nuclear waste
0 Accelerator driven subcritical power generation

@ Short pulse applications

High peak power, H- ion source for accumulation,
pulsed high intensity secondary beam generation
(duty factor < 10-4)

aNeutrons, Kaons, neutrinos, muons for neutrinos,
muons for muon collider, radioactive isotope (ISOL)
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CHINA SPALLATION NEUTRON SOURCE

Projects proposed in China CSNS

@ China Spallation Neutron Source (CSNS) -
Chinese Academy of Sciences and Guangdong
0 Huge domestic demand from the user community
aCompliments light sources (4 in China) and reactors

0 Bridges the technology towards ADS

@ Accelerator Driven Sub-critical programs

aCompliments fast-breeder reactor (FBR) and
pressured water reactors (PWR)

a Transmutation of waste from nuclear power plants

o No long-lifetime waste, more abundant fuel (238U), higher
safety/possibly lower cost, less proliferation problem

@ Proton/ion cancer therapy (synchrotron based)
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CSNS layout CSNS
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@ Linac: H- beam, 81 MeV (DTL) to 250 MeV (SCL)
@ Rapid-cycling synchrotron: 1.6 GeV at 25 Hz
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CSNS accelerator schematics

50keV 3 MeV 80/130MeV (lave=063/1251 A)
H LS. RFQ DTL Linac

RCS
1.6 GeV, 25Hz
63/125 u A
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Challenges CSNS
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@ Physics:

a Space charge & halo, electron cloud, fringe field, impedance &
instability, diagnostics (same as those for SNS and J-PARC)

@ Engineering:
o High-efficiency, high-yield target & moderator, rapid-cycling
technology (power supply, ceramic vacuum chamber, RF shielding,

RF system, magnet/coil ...), high-intensity source, RFQ, Linac and
transport, collimation, remote handling, coating, diagnostics

@ Management (budget):
a0 SNS: US$1.4B + upgrade funds
o J-PARC: ~US$15B + people
a0 CSNS: ~ US$0.2B; (accel.: budgeted < $100M extremely tight)
@ Primary challenges:
a Complete project scope at high quality with limited budget
0 Reserve potential for future development in phases
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CHINA SPALLATION NEUTRON SOURCE

Design philosophy CSNS

@ Fit in China's present economical situation
o Total phase-I cost ~1.46B CNY (~US$188M)

@ An advanced facility with upgrade potential

aPhase I beam power goal: 120 kW; phase IT: 240 kW
o Expandable to higher power/2nd target

@ Adopt mature technology as much as possible
aFirst high-intensity proton machine in China
aHigh reliability for our users
@ Closely collaborate with world leaders & develop
domestic technology to control cost
a Keep final fabrication in China as much as possible
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CHINA SPALLATION NEUTRON SOURCE

CSNS proposed budget CSNS

|tem Gost [10k ONY] Percentage [ %
1 Gonventi onal engi neeri ng 44, 566 30.4
1.1 Avil construction 19, 629 13.4
1.2 Gonventional facility 20, 223 13.8
1.3 Instal | ation 4,714 3.2
2 92, 273 63.0
2.1 Li nac 15, 930 10.9
2.2 Synchrotron & transports 42,578 29. 1
2.3 Target station 16, 126 11.0
2.4 | nst runent ati ons 13, 810 9.4
2.5 Gontrol s 3, 809 2.6
3 Proj ect managenent 2, 666 1.8
4 Cont i ngency 7,000 4.8
Tot al 146. 505 100.0
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CSNS project schedule CSNS
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e ET TH 2005 2006 2007 2005 2009 2010 2011 2012 2013
E 0sNS—Schedule 2871 davs :
Conceptual Design 1044 days 05-12-30
E&D and Prototype 521 days 0E-1-2 oT-12-31
| Marufacture
Site Selection 225 days | 05-10-3 ' oB-12-29
Fropo=zal Eeport Z1T daws 0E-1-2
Feazibility Study 1T3 days
| Report
Preliminary Dezign 151 days O7-12-31
| Report
Site Investigation 281 days ao7-1- ao7-12-31
and Convent ional
] Facilitv De=zign
The Environment and 261 days o7-1- 07-12-31
Eadiation
i Protection Eewview
Construction Eeport BS days og-1-1
Starting 0 days
| Construction
Ciwil Construction B5Z days n5-4
Maz=z production of 1044 days 0a-1-1
| dewices
Starting 0 days
| In=tallation
Inztallation and 391 days= 12-6-249
| Tuning
Starting 0 days ’ 17-1-%
| Commizsioning
Devicez and Beam 261 days 12-1-2 12-12-31
| Commizzioning i
First Beam to 0 days & 12-12-31
i Target H
e ————————————
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Limited R&D fund for prototypingC5VS
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@ Funds are very limited (US$3.8 M)

@ Limited prototyping efforts

a Five accelerator systems:

o DTL (half tank), Ring magnet (2), RF cavity (1),
vacuum duct (2), magnet power supply (1)

o Target body material tests, moderator &
cooling system, decouple & poison

a Neutron super-mirror guide, background
chopper, neutron detector

@ Much more R&D funding is needed;
schedule is extremely tight

YB AL D & BIAR f
Institute of High ‘Energy Plysics
inese Academy of Sciences
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CHINA SPALLATION NEUTRON SOURCE

TIon source & LEBT CSNS

@ Ion source

a Collaborating with & assisted by ISIS:
Penning H- source

0 Backup: SNS type RF source with external
antenna

@ LEBT & pre-chopper

a0 J-PARC type magnetic LEBT 11 =
lon species: H- P [
Repetition rate: 25 Hz i 1l :;Qﬂ
Output energy: 50 keV ! I iI!II!}I;;H:i!
Transverse emittance (rms normalized): 0.2 pi mrm s ! il
Lifetime: 30 days cg, ﬂ
Current Pulse length A | I
[MA] [us] i
Phase | 20 400 _,,m N “"ﬁﬁ*;
Phase 11 40 400 E—
s —, Hﬂﬁﬂ'-‘:tar _"-t_i‘in
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RFQ H.F. Ouyang, Z.H. Zhang, J. Li et al CSNS
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@ Following the ADS/RFQ design (352MH2z)
@ 324 MHz, 4-vane, 3 MeV Qutput energy
@ Domestic vendor expe o




Commussuonmg success in 2006  CSNS
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CHINA SPALLATION NEUTRON SOURCE

@ Phase I to 81 MeV with four DTL tanks

Drift tube linac prototyping CSNS

@ 324 MHz with duty factor < 3% (frequency
chosen by several projects/programs)

@ Tank: Electro vs. explosive forming




Linac RF system CSNS
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Rapid cycling synchrotron layout CSNS
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Ring lattice CSNS
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@ Four-fold symmetry
o Separated functions 25 0000

@ FODO arc
a Easy correction

@ Dispersion-free
doublet straight

..l
along, uninterrupted |
straight for | i ﬂ T
. -

Batatron amplituds function=s [m] varsus dietancae [m]

i
!
{ |

collimation & -
injection T
@ Missing-gap momentut,, e
collimation
aHigh efficiency
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Ring magne.l. C.T. Shi, C.D. Deng et al C‘SNS
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@ Large aperture, laminated magnets with eddy-
current cuts near the ends and plates

0 Dipole: stranded Al wire coil; successfully developed
by 3 domestic vendors

a Quad: considering split hollow-Cu wire
0 Can be used for rapid cycling medical machines

------------



Ring vacuum

@ Ceramic vacuum chamber of
a Metallic brazing (J-PARC) anc

@ Possible external wrap-onR |
@ Quadrupole duct developed

@ Dipole duct: parallel develop
(assistance from ISIS and . i



Ring radio-frequency system CSNS
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@ Ferrite-loaded RF cavity 1- 2.5 MHz
@ Test of ferrite rings supplied by BNL etc.

@ Controls: feed-forward, dynamic tuning,
feedback, radial & phase loops

TR N




Target material R&D o.Jaetad OGNS
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@ Corrosion test of
Tungsten

@ Ta cladding by Hot
Isostatic Pressing

@ Plasma coating (air
or vacuum) coating

a Uniformity, strength,
porosity
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Target station CSNS
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Instrument layout CSNS
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Target Cooling System

Low energy RG spectrometer LR

+
Long wavelength PND . '4 A U e L L L
. A
Neutron physics S o * Low energy DG spectrometer
@Iﬂtﬂlsit}' PND o’ . , == Disorder materials PND
v 1!'"" — "
EV Spectrometer — -  —— e " " - High energy RG spectrometer
J iy . - e ’ - Y~ : S i .
Single crystal diffractometer P - @91 oy DG spe@
”
-
7’ / ’ Liquid reflectometer
Engineering PND ”
v’ Magnetism reflectome

small angle diffractometel

7’ 7/ ' w
igh resolution PND 7 Proton beam
Backscattering spectrometer

(FPND: Powder Neutron Diffractometer; RG/DG: Reversal/Direct Geometry)

Moderator:
= == T[.CH4 LH2 m—— « Water

(100K) (20K) (300K)
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CSNS in perspective CSNS
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Summary CSNS
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@ CSNS is progressing with limited
funds under tight schedule

@ Priority: quality/user reliability, cost,
future potential

@ To accomplish the project with an
extremely tight budget, we must
a Develop domestic technology
0 Seek world-wide collaboration

: HEUDEEHUZ A
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April 25-29, 2007 Dongguan - China

C1 Accelerator system development (front end & linac)
= D. Faircloth (I1S1S), (D.C Faircloth@rl ac uk) ok

= K Hasegawa (J-PARC), (hasegawa kazuo@jaea go jp ) ok
= H.F. Ouyang (ouyanghfi@mailihep.ac.cn ) ok
D1 Accelerator system development (ring)
= 3. Henderson (SNS), (shenderson@ornl.gov ) ok
= A Chao (SLAC), (achao@slac stanford edu ) ok (may not attend)
= S.Wang (wangs@ihep ac.cn ) ok
F1 Accelerator and target/expenment interface
= G. Murdoch (SNS), (murdochari@ornl.gov)
= J.Y. Tang (fangjy@ihep.ac.cn ) ok

1 Accelerator commissioning and operations
= D. Findlay (ISIS), (D.J.S Findlay@r.ac.uk ) ok

= | Galambos (SNS), (dg@ormlorg ) ok
= S.N. Fu (fusn@ihep ac.cn ) ok

H1 Accelerator projects in China

= J. Xia (IMP), (xiajw@impcas ac.cn )
= ZT. Zhao (SSRF), (Zhaozti@ssrcac.cn ) ok
J1 Medical applications
= S.Peggs (BNL), (peggs@bnl.gov ) ok (f)
= L. Teng (ANL), (teng@aps anl.gov ) ok (f)
= Q. Qin (ginq@ihep.ac.cn ) ok
K1 ADS, RIA, Drivers
J, Lagniel (CEA), (jean-michel lagniel@cea fr ) ok
= W.T. Weng (BNL), (weng@bnl.gov ) ok —
= X.L. Guan (CIAE), (gxl@iris.ciae.ac.cn ) ok iy lysics




CSNS
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Thank you!
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Main accelerator parameters CSNS
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Table 1: CSNS accelerator primary parameters.

Project Phase | I1 T
Beam power on target [KW] 120 240 500
Proton energy on target [GeV] 1.6 1.6 1.6
Average beam current [tA] 76 151 315
Pulze repetition rate [Hz] 25 25 25
Proton per pulse on target [1013] 1.9 3.8 7.8
Pulze length on target [ns] <400 <400 <400
Linac output enerey [MeV] 81 134 230
Ion source/linac length [m] S50 76 86
Linac RF frequency [MHz] 324 324 324
Macropulse ave. current [1mA ] 15 30 40
Macropulse duty factor [%] 1.1 1.1 1.7
LEBT length [m] 142 116 106
Synchrotron circumference [m] 230.8 230.8 230.8
Ring filling time [ms] 042 042 0.68
Ring RF frequency [MHz] 1.0-241.3-241.6-24
Max. uncontr. beam loss [W/n1] 1 1 1
Target material tungsten
Moderators H-,O. CH,4. Ho
WEZMAO2 Wei 2007- Number of spectrometers 5 18 =18 " ‘f’*ﬂf*’ffr‘"f”ﬂ"’fﬂ




CSNS target design CSNS
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CSNS Tungsten Target -l

» cladding with Tantalum S e

* 40 high x 100 wide x 400 long (mm)--- o 1

pieces stacking mﬁm i !
|

» Heavy water cooling, 1.5mm gaps between TR =
both disks for cooling R 416.5/50

13
100

= Velocity distribution E ::Water temperature distribution .. - Target temperature

i —

- PRAARAL LA

nstitute of High Energy Pliysi
Chiy m-/lmd" femy f\rﬂm’ﬂ

-

WEZMAO02 Wei 2007-1-31




CHINA SPALLATION NEUTRON SOURCE

CSNS moderator configuration CSNS

H, Coupled CSNS Be/Fe Reflector

Be @800 x 1000mm
Iron &;,800/ G,,,2000mm x 1000mm

”

H, O Moderator

//// /_C.H Moderator Moderators
7 — W Target Top upstream H,O, Decoupled
ey ;l/ 2

—F —< ‘
I ___MV/ xl I% e L 300 K

_“7 7 : ‘*%x H, Motlerator Top downstream (13;)4I,<Decoupled+P0|soned
+ with premoderator
Bottom H, ,Coupled
20 K

ed+Poisonad

with premoderator
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Monte Carlo simulation for instruments CSNS
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Example: Monte Carlo Simulation to optimize the neutron
optics for the high intensity powder diffractometer

Neutron Guides Monitor Sample

Wavelength range:  0.3~5 A

Moderator
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Target materials CSNS
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Tungsten becomes brittle by radioactive W-Re alloy (Re 25%)
damage and easily corrodible under heavy
water coolant.

*Ta cladding on W by hot isostatic press.

 Fabrication of W-Re (Re 25%) alloy.

W-Ta cladding by HIP Homogeneity by supersonic

F-SCAN
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S|
|
o |
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Sputtering system for neutron guide CSNS
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Neutron guide Is an important neutron
optical components to transfer
neutrons efficiently to sample studied.

« Small neutron supermirror film with
m = 2 deposited successfully.

 New sputtering system to fabricate
large area supermirror film.

¢ m=1 ¢ m=2
I Fesna
i ""ﬁ!
80.5¢
= N
@
o B
~ (Ni/Ti)*50
) oy 1 s s i e g Ml

1 2
Incident angle(degree)
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