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Spallation Neutron Source Facilities Serve
Neutron Scrence Programs

 Neutron beams to suites of instruments
— Elastic and inelastic scattering
— Diffractometers and spectrometers

 Engineered structures, powders, liquids, crystals,
bio-materials, proteins, chemistry ...

 Neutron physics, imaging, SEE testing




A few preliminary thoughts

e Expectations of funding bodies on neutron source facilities vary
— What defines success?
e Some measure of science productivity
 What defines neutron performance?
— Total flux? Intensity? Peak brightness?

— Preferred temporal characteristics?
— Instrument specific metrics have become the norm

 Neutron sources: typically 3000 ~ 5000 neutron production
hours per year

 Budget ups and downs
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Two popular ways to produce neutrons

@ Pproton
4 neutron

Fission

e chain reaction

chain reaction °®
by moderated
neutrons

continuous flow

e 1 neutron/fission

fission of the
excited nucleus

e 180 MeV/neutron

intra-nuclear inter-nuclear

cascnse cascade Spallation

e no chain reaction
e pulsed or continuous operation
@ 40 neutrons/proton

e 30 MeV/neutron

highly excited
nucleus evaporaion




Dealing with heating in spallation targets
Is a still a challenge

» Removal of steady state heating
— Total power vs. volume power density

* Pulse effects
— Thermal “shock”, fatigue, cavitation damage

Of course, there’s more to target design

e Target — source physics performance
 Required duty cycle, maintenance strategy, remote handling
 Radiation damage effects

* Facllity safety, waste disposal



Spallation neutron sources

 Operating

e On the horizon



Low energy neutron sources

e Proton knock-out reaction sources — not spallation
— For science, industry, development and education

* LENS (Indiana University)

e Tsinghua University

 Peking University

* Bilbao project - in a deep sleep

* UCANS
— Union for Compact Accelerator-driven Neutron Sources



Rutherford Appleton Laboratory, Oxfordshire

T. Broome




T. Broome
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ISIS' ‘» Existing Neutron Target Station (TS-1)

« Tantalum clad Tungsten targe &20 cooled
L ey
* Moderators &.
« H,0O 0.51 Gdpoison Boral decoupler
« CH; 0.51 Gd poison Boral decoupler
« H, 0.81 nopoison Cd decoupler

Running since 1984

MARI

MERLIN

VESUVIO

« Beryllium (D,0O cooled) reflector

« 18 Neutron Beam Holes

* Integral Remote Handling Cell
« Horizontal target handling

 Dose rate at shield surface <0.75 mSv/h

POLARIS

« Beam shutters 2 m iron and concrete -
dose rate at sample positions ~ 10 mSv/h ws! |
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ISISS?:, ISIS Target moderator and Reflector Assembly
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kW class spallation nheutron sources

 [SIS TS-1 at RAL -
— 40/ 50 Hz, short-pulse (SP) P -y
— 800 MeV H* ‘ ;, e f T
— 160 KW ‘ ’ e
— W plates target with Ta clad : V

/i

T. Broo me, ISIS



kW class spallation neutron sources

Decoupled
Moderator

— | , - * | Beryllium 3§

* |SIS TS-2 at RAL
— 10 Hz, SP 800 MeV H*
— 32 KW

— Monolithic W rod target
 with Ta clad

L. Jones, ISIS



ISIS Operations

1515 NEUTRON AND MUON SOURCE ANNUAL REVIEW 2013 e ————

Beam Statistics 2012-13

® Total Of 3 2 O O h r Of b e am O n For the period of this report and during scheduled operating cycles, ISIS delivered a total of 642mA.hrs of user proton
beam to the muon and neutron targets.
targetS -n 2012 13 (UN C CleS

Beam on target (hr) 557 50 660 658 795

Total beam current 109.2 102.9 136.8 125.9 167.3
delivery for both targets

e 642 mAnh at 800 MeV .
Averaged beam current 170.0 1825 198.6 193.4 193.6
per hour (pA) for targets 1

and 2 combined

5 O O + M W R h ISIS operational statistics for year 2012-2013.

S Year Tz 2003 {2004 [ 2005 2006 | 2007 | 2008 | o0 | om0 | aort | otz
e > 419 publications e el el T R
Total integrated current (mAh) 612 647 409 445 738 317 612 630 459 583 642

Average beam current (for 178 177 177 178 179 176 177 208 197 194 203
beam on target) (pA)

Year-on-year [515 performance summary for the past 10 years.

! This is the total days available from the accelerator, before instrument calibration and commissioning time, and instrument and accelerator down-time,
are taken fnto account. The days available for the user programme are therefore less than this figure — 120 days were delivered to the user programme in
12/13, averaged agoss the fully-scheduled instruments.

,,W Pl
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The IS5 integrated beam current year-on-year Average I515 beam curent per grcle.




ISIS TS-1 upgrade

* In December 2014, TS-1 will have its 30 year anniversary

 Upgrades are being contemplated
ExpeCtationS M. Fletcher

« Average factor two gain in performance minimum
» Possibility of higher but localised / specialised gains

* Proton power as it is, but benefits / consequences
understood of increasing to max of 500kW

* Risk level on implementation low

* Re-configuring instruments not in the scope
— Filters (to limit saturation should this occur) in scope

« Upgradability built in (probably moderator tweaks)

— Development moderator considered

Science & Technology
@ Facilities Council




kW class spallation neutron sources
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Lujan Neutron Scattering Center at LANSCE
Running since 1985

 Operated ~900 hr in 2012

— Beam Is shared between several
experimental facilities

* Proposed cessation of funding
for the Lujan Neutron

Scattering Center operations

from the DOE's Office of . \
Science Basic Energy
Sciences — FY15 s Nl
— NNSA mission continues | i@/ 05




kW class spallation neutron sources

« 1SIS TS-1 at RAL =MW =
_ 40/50Hz, SP 8OO MeV H* il
Proton ! n‘ =1 Outlet

— 160 kW
— W target with Ta clad

o [SIS TS-2 at RAL
— 10 Hz, SP 800 MeV H*
— 32 kW
— W target with Ta clad

 Lujan LANSCE at LANL
— 20 Hz, SP 800 MeV H*
— 100 kW
— W target with Ta clad




MW class spallation neutron sources

—— R

: e [

e SINQ at PS|
— Continuous beam, 570 MeV H*

e SNS at the ORNL
— 60 Hz, short-pulse, 1 GeV H*

e JSNS at MLF / JPARC
— 25 Hz, short-pulse, 3 GeV H*

F e — — T/ o
S . gl (D B
. T |
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PSI: Swiss Spallation Neutron Source SINQ

* Solid lead In Zircaloy tube array target

 Water-cooled, stationary SS316L vessel,
AlMg3 safety hull

* Vertical beam injection, from below




PAUL SCHERRER |

==

NSTITUT

[

SINQ Instrument Suite

M. Wohlmuther, Feb. 2014
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M. Wohlmuther, Feb. 2014

SINQ History
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L____ | The SlNQ upgrade project M. Wohlmuther, Feb. 2014

 On 01.01.2014 the “SINQ Upgrade Project” has officially been started. Joint
project of Departments “Neutron and Muons” (NUM) and Large Research
Facilities (GFA).
Primary objective
0 Significant increase of the SINQ instrument performance’
a Study of (all) integral parts of SINQ for their “upgrade potential”

= Proton beam

= Target

= Moderator inserts (D, source, H,O scatterer)

= Neutron guides

= Shielding

= |nstruments (background, detectors, disposition in neutron hall ...)
Major milestone
Conceptual Design Report in 2016/2017 (engineering feedback will be
included)

" Definition of Performance: not solely neutron flux at sample position; Performance will
be optimized by complex Figure of Merit (FoM) for the different instruments: low
background instruments, maximal signal/noise ratio, maximum neutron flux in
correct wavelength band etc...
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* MILF: neutrons and muons
* Hadrons

‘ bL » Neutrinos

Materials & Life '_ < " = N\ ——  ADS development
sciences Facility ~ el o




MLF neutron source at J-PARC - JSNS

* 3GeV RCS, us pulses to target at 25 Hz
 Mercury, stationary SS316L vessel
« Ca. 20 tons of mercury, circulates at 11 liters/sec




JSNS features 3 liquid hydrogen

moderators
e Large, coupled

— High time-integrated and pulse-peak
Intensities

— Requires LH, ortho—>para catalyst

 Decoupled
— Unique Ag-In-Cd de-coupler
* will be replaced by Au-In-Cd

— Sharply cuts neutron pulse tail for
iImproved resolution

 Decoupled & poisoned
— Cd poison plate

« Moderators can be replaced
Independently of reflector plug

JAEA-Technology 2011035

I |
Polsoned moderator

Slow neutron Intensity
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MLF neutron and muon sources

bterial and [ife Science Exparimental Facility Neutron Scattering / Mion Science Facility

BRTE: Running since 2008
] : TOm
i kb
EZ - 158m
Length
=& @ 30m
S A TR Heat
[ Target ehandizg room ?iﬁ‘;g:ﬂma 1 22m
: "

by 3152
Cooling systems

BL-08: SHRPD
3GV, 1MW
~—i, | BL-09: SPICA BL-05: NOP
proton beam
, BL-10: NOBORU / BL-04: ANNRI
. BL-11: PLANET / BL-03: iBIX
e
BOPHTE— LS| LERE BL-12: HRC BL-02: DNA

23 neutron beam lines wil be Installed in

experimental halls under present design. BL-01:|4SEASQONS

Proton beam ling i

D1 Instrument

e 20/ 23 neutron beam lines occupied or assigned ™"
. . MATERAS BL-21: NOVA
* Time for a second target station! L £L.20: IMATERIA

BL-16: SOFIA ’ \l BL-19: TAKUMI
’ BL-18: SENJU

BL-17: SHARAKU




A couple of unfortunate events at J-PARC
have held up neutron production

Tokai area; = S
- Great East Japan Earthquake, — EERAHESH RIS
MarCh 2011 ?%Sﬂggllﬂt;gﬂtt}i 2 p —_{V_ Hitachi Port
— Phenomenal recovery on MR s P i

— Operations resumed in < 1 year

« Hadron facility accident May 2013 e
— Beam extraction malfunction caused EsgEs*
5 ms extraction, vs. intended 2 S
 (Gold target partly vaporized
 Spread of contamination

— Safety review of incident and all of
operations at J-PARC

— Operations resumed in February 2014




Beam Power (kW)
Average Availability (%)

J-PARC - Qperational history in 2013

H. Takada, Feb. 2014

300 kW steady operation with injecting gas micro-bubbles since Dec. 2012
187 days beam delivery with high availability of 93.8% for JFY 2012.
36.5-day operation for 2013A with an availability of 94% until the
radioactive materials leak accident occurred at Hadron Facility in May

400

350

300 -

2000

May 25. to end of July, 2013;

Unscheduled shutdown due to accident
« Cooperation to the investigations of
causes of the accident.

Goal: 1 MW

before Sprmg 2016

ce

- 600
-400

-200

Cumulative Be

and replacing components

« Jan. 17: The 400 MeV Linac energy
upgrade successfully achieved

* Feb. 17: User program resumes
today! 4




J-PARC Is aggressively working
mitigation of target pitting damage

 Bubbler system operational

— Substantial suppression of target vibration associated with cavitation

« New octupole magnet flattens beam on target & reduces energy density in mercury

 Target post irradiation examination is pending

e Double-wall beam window desian in development

Pressure wave mitigation expected by improving  «%-24a¢
performance of gas mico-bubbles injection system

Velocity induced on Hg vessel will be reduced by a factor of
three to four than ever because void faction of bubbles

increased at beam window portion. H. Takada et
0'5 r~———r T rrTrrrrTrTTr T T T
0.4 313kW 2.81/cc/pulse (Oct., 2012) w/o bubbles
' _ | Best condition in Oct. 2012 with bubbles
" 0.3 - il Present (Feb. 11, 2014)
“é 0.2 £ '}l 299KW 3.5]/cc/pulse 7.2L/min
= 0.1 E [l l “
S of M, bl \l“ QUL g
Mercury % E T I"l M”“‘H”H]’l’U"HH'W”"“W
, Tdrg@m bubbler > 0.1 F
g -0.2 ¢
-0.3 tu M B 1 1 1

al.



SNS - running since 2006

» Mission Is focused on neutron science

1.4 MW accelerator, 1 GeV, linac & accumulator ring,
LIS pulses to target at 60 Hz

& e
V'-w“ AT . W L% h N .
S et e e
3 LS e e ! = e S5

07-P04234/arm



20 out of 24 beam-lines built or assigned
Neutron production schedule ~5000 hly

Wide Angular-Range
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SNS mercury target

 More than 20 tons of mercury circulating through a SS 316L
target module

WikDoLy o

* The target module Is a replaceable component
— Administrative radiation damage limit is 10 dpa
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Accumulated kne

Power on target & accumulated energy

Major Remote Handling Component Replacements
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Target lifetime and power levels are
Improving - still room for more

Operating hours above given power level

4500

10 dpa is reached at ~5000 MW-hrs MW-hrs | Paye [kW]*
mT1 3055 379
| mT2l 3145 771
| T3| 2791 | 845 | Cavitation / inclusions?
T4 3252 782
MTS 2362 938
mT6) 617 916 Weld defect
| |T7| g8 | 943 | Weld defect
T8 3750 851
LRE 3110 978
*Threshold power: 20 kW
TS through 13Mayl4 Noon 1
T8
24 h above 1.3 MW | |
3 m above 1.4 MW
600 700 800 900 1000 1100 1200

Power [kW]

\__] -
|




SNS has 3 liquid hydrogen moderators
and 1 water moderator

 Upstream moderators are decoupled and poisoned

* Downstream are coupled, not large; no ortho—> para catalyst
— Disadvantage vs. JSNS

— Next generation IRP to improve and enlarge top downstream moderator;
catalyst equipment to be added

Supercritical H,
Moderator
decoupled
poisoned

i

Supercritical
H, Moderator
coupled

Steel

i Beryllium

Reflector

Proton Beam

Ambient
Moderator
decoupled
poisoned

Supercritical
H2 Moderator
coupled




Target pitting damage is being
monitored with PIE program

 Target 8 mercury vessel beam entrance inner wall

 Quter containment wall holds up much better

 “Jet-flow” target desig
— Mitigation by flow — no g
—  First unit set for installat

SELOATA
37 Managed by UT-Battelle g
for the U.S. Department of Energy



Final words on SNS

 Upcoming IRP replacement in 2016 will be largest remote
handling operation to date

e Fusion Materials Irradiation Test Stand (FMITS) about to have
30% design review

 Second Target Station Technical Design Study (TDR) Is In
preparation
— Up to 500 kW, 10 Hz, short-pulse, solid tungsten target — water-cooled

— Related accelerator upgrades will provide 2 MW to FTS



CSNS has taken off
Operational in 2018

-
S0keV 3 MeV
\u.rs Ri

1,-&.@ ﬂl TR
2 R4MHz

EBT

Main-Quadrupoles

f'\nll:....nlu-
BB FiR

China Spallation Neutron Source

Target system

» overall design finished, and passed the
review organized by CSNS project office.

> Prototypes to test key technology:

(1) Imaging coating: Prepared imaging coating using flame spraying method.

(2) Seal performance for Target Plug: good seal performance and high position accuracy -

(3) Pillow Seal prototype: Thickness of diaphragm is 0.3mm. Leak rate of 107"Pa.m’/s has been

achieved .

(4) Target Trolley prototype: h
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(1) Target plug (2) Seal performance tests (3) Pillow Seal prototype  (4) Target Trolley prototype

position accuracy (0~~0.18mm) and reliable locking
! s e ——
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»Preparation for the installation in 2014: I section

(1) Rail Assembly: The first section is being
manufactured in Shanghai. -
(2) Trolley Cask: Detailed designed is finished and will

be installed by CNI23 Construction company. roll Cask

25 Hz, SP, 100-200-500 kW, 1.6 GeV
Ta clad W plates target
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Helium Vessel: manufacture

» Contract: Signed with Nanjing Chenguang
Group in October 2012
» Formal machining: started in January 2013
4 skit and 5-6-7 neutron beam-port block
finished
< water jacket and lower cylinder assembled and
welded
4 cylinders for chimney section rolled and welded.
% inner vessel shielding, outer reflector plug
casted

Insert the mandrel to correct

Cylinders for chimney section Lower assembly water jacket Inner vessel shiclding rough casting



ESS Is gaining momentum

* 5 MW of 2.5 GeV protons
14 Hz, long-pulse (2.86 ms)

* Rotating target of tungsten blocks — cooled

by helium
 More from Yong Joong Lee

R. Linander, ESS
(AccApp13)

Safety valve

Proton beam instrumentation plug Target wheel

Proton beam window / I

Moderators and reflector plug

Neutron beam window

2.5 m dia.
target wheel




It’s harder to talk only about targets

 Overall source performance Is what matters

— How well does the source provide the desired beams for science
Instruments?

e Integrated approaches to source design around specific
Instrument performance metrics, utilizing optimization techniques,
can show new paths to high-performance

— TS-2 at1SIS

* When isn’t higher target power the right direction for higher
performance?

— Spallation sources
— Other high-power target applications



