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EUROPE 
NEEDS ONE 

TOO

28 MAY 2009  Meeting of Research Ministers in Brussels
• YES, WE  WILL  DESIGN  AND  BUILD  ONE
• LUND  WINS  THE  BID  TO  HOST

M E GA W AT T  S PA L LAT I O N  N E U T R O N  S O U RC E S



OUR  LEGOLAND

GPS N 55° 44,013  E 013° 14,829

CURRENTLY  AN  OLD  FARMLAND



TOWARDS

THE  1ST NEUTRON

IN  10  YEARS’  TIME
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1. TO  IDENTIFY  HIDDEN  TRAPS  now
2.TO  AVOID   BUILDING  CASTLES  in  the  air
3.TO  TAKE  CARE  OF  ERROR  BARS

THIS  WORK: 
1.  TO  IDENTIFY  ISSUES
2. TO  RULE-OUT  NON-ISSUES
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MANY  MORE  SOURCES  OF  ERRORS  WHICH  
WON’T  DIMINISH  EVEN  IF  NCASE→∞

THERE  ARE  SYSTEMATIC  
ERRORS  WHICH  WILL  

PLAGUE  EVERY  SIMULATION



NOTE:  MCNPX’s  PERT  does  not propagate  covariance  data 

It  only estimates  perturbation if  ZAID  were  replaced  by  another

A  solo ZAID would have its own cov data, independent of another ZAID
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NO CODE IS BENCHMARKED 100%
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< meV 2.5 GeV

ENERGY  RANGE                      
VULNERABLE  AT  BOTH  ENDS

Free gas vs S(α,β) thermal treatments.
MCNPX2.5.0 simulations were started with 106 5 eV
neutrons in concentric spheres of polyethylene,
passing all 10 statistical tests. Thermal data at 300 K
was taken from the tmccs library, which provides
scattering data for 1H only; 12C was still represented
by the default free-gas treatment.

• THERMAL MOTION
• CRYSTALINE STRUCTURE1
• CHEMICAL  BINDING1

• LACK OF TABULATED NUCLEAR LEVELS

• LACK  OF  MEASURED  DATA
• MANY REACTION  CHANNELS OPEN UP
• MAINTAINING CORRELATION 
BETWEEN  PARTICLES  BECOMES  TRICKY

PARTICLES  RECOGNISE  NEITHER  
SIBLINGS  NOR  FOREPARENTS

eg. multiple  0.48 MeV gammas may  
emerge  from  a  single  10B(n,α)7Li 

collision2

1. Chin MPW et al 2009 Variation of 3γ ‐to‐2γ ratio 
from 18F in haematological components measured 
using the GAMMASPHERE  Nucl Instrum Meth 
A 604 331‐4

2. Chin MPW, Spyrou NM 2007 Event‐by‐Event Monte 
Carlo Tracking of Neutron‐Nucleus Collisions in 
Neutron Detectors  Trans Am Nucl Soc 97 288
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OLD‐GENERATION 
REACTORS

MILITARY INTERESTS

ACCELERATOR 
DRIVEN SYSTEMS

FUSION 
TECHNOLOGIES

SPALLATION 
SOURCES

Some balancing is expected

EMPHASIS / BIAS  in  terms  of

ISOTOPES, ENERGY  RANGE, 

TEMPERATURE  RANGE, 

REACTIONS  TYPES

ESS  SHARES  SOME            

COMMON  INTERESTS  WITH  

SISTER TECHNOLOGIES



www‐nds.iaea.org



BROAD  TEMPERATURE  RANGE

could be          
> 600 K

depending on 
the choice of 

target

MELTING POINT (K)

LEAD 600.6

BISMUTH 544.4

LEAD‐BISMUTH EUTECTIC 397.7

GOLD 1337.4

LEAD‐GOLD EUTECTIC 485.2

MERCURY 234.3

MCNPX2.5.0
• 293.6 and 300 K for most isotopes
• some isotopes have additional libraries for 
0, 77.0, 587.2, 880.8, 3000.1 K
• extra libraries for the uraniums and 
plutoniums (which is not of ESS’ special 
interest)
FLUKA
• 87 and 296 K for most isotopes
• additional 4K libraries for selected isotopes

MONTE  CARLO  CODES  CAN’T  DO
TEMPERATURE  CHANGES  ON-THE-FLY

could be          
< 14 K
depending on 
the choice of  
moderator



MODELS  vs TABLES

Models may be extremely dangerous
Chin MPW, Spyrou NM 2009 Non-convergence of Geant4 hadronic models for 10 and 
30 MeV protons in 18O and 14N Appl Rad Isotop 67 3 406

Models may even be more believable than measurements
Especially microscopic models built from bottom-up (instead of marcroscopic ones built 
top-down)

MCNPX’s  advertising  of  its  mix‐and‐match  capability  gives  
the  impression  that  tables  are  always  better

IAEA BENCHMARK OF 
SPALLATION MODELS



ESS’  NUCLEAR  DATA 
ACTIVITIES

• data pre‐processing using NJOY and PREPRO

• preparation of non‐ACE pointwise libraries

• data‐checking: many errors still lurk behind 

publically available databases



some errors can only be discovered by accident

5 CURVES 
SITTING ON TOP 
OF EACH OTHER



ROCK-SOLID FACILITIES + INFRASTRUCTURE

WE CAN DO EXPERIMENTS THERE

BUT WE CAN’T GO BACK IN TIME 

TO DESIGN & BUILD CERN



SHALL BE AS GREEN AS IT CAN BE

CERTAINLY NOT AS GRAY

SHALL EMULATE THE 

FREEDOM TO DO SCIENCE

ROCK-SOLID FACILITIES + INFRASTRUCTURE

WE CAN DO EXPERIMENTS THERE

BUT WE CAN’T GO BACK IN TIME 

TO DESIGN & BUILD CERN


