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2006
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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 EGA W ATT SPA L LATI ON NEUTR ON SOURCES

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



FINAL 
CONSTRUCT

DESIGNDESIGNFor this to happen,
scientists need engineers

more than ever.

Words of wisdom

The target station will work, 
no worries. The pipe from 

the gate to the target 
station won’t...

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



REFLECTORS

PROTONS

5.0 MW
~2.5 GeV

20 Hz
2.0 ms

TA R G E T  S TAT I O N

NEUTRONS
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REFLECTORS

NEUTRONS

TA R G E T  S TAT I O N

PROTONS

5.0 MW
~2.5 GeV

20 Hz
2.0 ms

NEUTRON FACILITIES ACROSS THE WORLD
HOW WE MEASURE

WHO IS THE KING OF THE JUNGLE?

?

?

or ‘flux’?
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REFLECTORS

NEUTRONS

TA R G E T  S TAT I O N

PROTONS

5.0 MW
~2.5 GeV

20 Hz
2.0 ms

NEUTRON FACILITIES ACROSS THE WORLD
HOW WE MEASURE

WHO IS THE KING OF THE JUNGLE?

WHAT 
GOES 

IN 
HERE...

OR WHAT 
COMES  OUT 

THERE?
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IT IS A MATTER OF RELAY
ACCELERATOR FOLKS – TARGET STATION FOLKS – USERS

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



REFLECTORS

TA R G E T  S TAT I O N Eφ(E)

log E

φ(E)

t

PROTONS

5.0 MW
~2.5 GeV

20 Hz
2.0 ms

• peak flux 
• time-averaged flux

NEUTRONS
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REFLECTORS

NEUTRONS

TA R G E T  S TAT I O N

FLUKA and MCNPX
particle transport

McSTAS
waves

ANSYS
mechanics + 

fluid dynamics

PROTONS

5.0 MW
~2.5 GeV

20 Hz
2.0 ms
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1-D OPTIMISATION:  N1 SIMULATIONS NEEDED

2-D OPTIMISATION:  N1*N2 SIMULATIONS NEEDED

multi-D OPTIMISATION: N1*N2*N3*N4*N5… SIMULATIONS NEEDED

THINGS CAN GET PRETTY 
OUT OF CONTROL

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org
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FINAL 
CONSTRUCT

DESIGNDESIGN
ANSYS

THERMO / MECHANICS 
FLUID DYNAMICS

FLUKA and MCNPX

HADRONS and CHARGED 
PARTICLES TRANSPORT

McSTAS

WAVE NATURE OF 
NEUTRONS
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DESIGN

most worrying
BITS 

LURKING IN THE 
BACKGROUND
eg. corrosion

DESIGN
ANSYS

THERMO / MECHANICS 
FLUID DYNAMICS

FLUKA and MCNPX

HADRONS and CHARGED 
PARTICLES TRANSPORT

McSTAS

WAVE NATURE OF 
NEUTRONS

less worrying

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



CORROSION STORY @ n_TOF
extensive detective work

CERN-SC-2005-034-RP-TN
as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



WATER
TEMPERATURE 

WATER
O2 CONTENT 

Pb →Pb2++2e-

Pb →Pb4++4e-

Pb2++ 2H2O→Pb(OH)2+2H+

Pb4++ 2H4O→Pb(OH)4+2H+

Local acid attacks metals

POOR WATER FLOW
MECHANICAL INSTABILITY

RIDDLE  
SOLVED   

@ n_TOF

analysis at CERN and CIEMAT
as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



WATER
TEMPERATURE 

WATER
O2 CONTENT 

Pb →Pb2++2e-

Pb →Pb4++4e-

Pb2++ 2H2O→Pb(OH)2+2H+

Pb4++ 2H4O→Pb(OH)4+2H+

Local acid attacks metals

POOR WATER FLOW
MECHANICAL INSTABILITY

PROCESSES BEYOND 
MONTE CARLO 

RADIATION TRANSPORT

EVEN HEATR and DPA CAN’T PROVIDE SUCH ANSWERS
as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



TRANSPORT 
PHYSICS, 
MODELS, 

ALGORITHMS

THE HEART OF 
THE CODE

CROSS 
SECTION 
LIBRARY

MF-MT 
PAIRS

USER INPUT

SHAPES, SIZES

MATERIALS

SOURCE, BIAS,

CUTOFFS, ...

x ?
MONTE  CARLO  SIMULATIONS

EVALUATED 
DATA

+cov matrices
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TRANSPORT 
PHYSICS, 
MODELS, 

ALGORITHMS

THE HEART OF 
THE CODE

CROSS 
SECTION 
LIBRARY

MF-MT 
PAIRS

USER INPUT

SHAPES, SIZES

MATERIALS

SOURCE, BIAS,

CUTOFFS, ...

EVALUATED 
DATA

+cov matrices

x ?
GEOMETRY:
TYPICALLY              

OVER-EMPHASISED

SO FAR:
ONLY ACCOUNTS FOR 

SAMPLING 
UNCERTAINTY

THE BOUNDARY for 
‘HANDLING-OVER’     

IS OFTEN BLUR

NJOY & PREPRO
HERE

DOESN’T             
TAKE CARE OF 

UNDER-
SAMPLING
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TRANSPORT 
PHYSICS, 
MODELS, 

ALGORITHMS

THE HEART OF 
THE CODE

CROSS 
SECTION 
LIBRARY

MF-MT 
PAIRS

USER INPUT

SHAPES, SIZES

MATERIALS

SOURCE, BIAS,

CUTOFFS, ...

EVALUATED 
DATA

+cov matrices

x ?
SO FAR:

ONLY ACCOUNTS FOR 
SAMPLING 

UNCERTAINTY

MANY  MORE  SOURCES  OF  ERRORS WHICH  
WON’T  DIMINISH  EVEN  IF  NCASE→∞

THERE  ARE  SYSTEMATIC  
ERRORS  WHICH  WILL  

PLAGUE  EVERY  SIMULATION
as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



TRANSPORT 
PHYSICS, 
MODELS, 

ALGORITHMS

THE HEART OF 
THE CODE

CROSS 
SECTION 
LIBRARY

MF-MT 
PAIRS

USER INPUT

SHAPES, SIZES

MATERIALS

SOURCE, BIAS,

CUTOFFS, ...

EVALUATED 
DATA

+cov matrices

x ?
TSUNAMI / SCALE 
DO PROPAGATE          
COV DATA            
BUT ...

ESS’ PHASE SPACE IS 
MORE COMPLICATED 
THAN CRITICALITY’S

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



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
as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



GENERIC ‘FORMAT’ FOR REPORTING MONTE CARLO RESULTS
SOMETIMES THERE JUST TO SATISFY THE REFEREES

NUMBER OF HISTORY = ...

RESULTS = x ± y

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



GENERIC ‘FORMAT’ FOR REPORTING MONTE CARLO RESULTS
SOMETIMES THERE JUST TO SATISFY THE REFEREES

NUMBER OF HISTORY = ...

RESULTS = x ± y

USEFUL FOR 
REPRODUCIBILITY BY 

OTHERS IN THE 
COMMUNITY BUT 

REALLY DOESN’T TELL 
MUCH ABOUT THE 
GOODNESS OF THE 

SIMULATION

A SINGLE VALUE OF          
STD ERROR DOESN’T TELL 
MUCH UNLESS AND UNTIL 

WE CHECK HOW THE           
STD ERROR EVOLVED

AS SIMULATION 
PROGRESSED

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



NUMBER OF HISTORY = ...

RESULTS = x ± y

standard 
error

number of histories

REALLY?
NOT ALWAYS ...

standard 
error

number of histories

EFFECTS OF 
UNDER-SAMPLING

Stopping the simulation here 
quoting the standard error 

would be a 
lucky deception

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org

A SINGLE VALUE OF          
STD ERROR DOESN’T TELL 
MUCH UNLESS AND UNTIL 

WE CHECK HOW THE           
STD ERROR EVOLVED

AS SIMULATION 
PROGRESSED



FLUKA SIMULATION OF 
LOW-ENERGY 

NEUTRONS 
TRAVERSING WATER 
(AS A TOY MODERATOR)
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BEHIND THE SCENES

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



FLUKA SIMULATION OF
NEUTRON PRODUCTION AND SINK FOLLOWING (p,xn)

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



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.

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org



OUR  LEGOLAND

GPS N 55° 44,013  E 013° 14,829

CURRENTLY  AN  OLD  FARMLAND
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TOWARDS

THE  1ST NEUTRON

IN  10  YEARS’  TIME

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org
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ROCK-SOLID FACILITIES + INFRASTRUCTURE

WE CAN DO EXPERIMENTS THERE

BUT WE CAN’T GO BACK IN TIME 

TO DESIGN & BUILD CERN

as presented at the American Nuclear Society Annual Meeting 2009 (Washington) by me@marychin.org

http://images.google.ch/imgres?imgurl=http://3.bp.blogspot.com/_0Wr0UXG14ok/SFKO4JemE_I/AAAAAAAAAN0/xQM0aFRWfzQ/s200/200px-CERN_logo.svg.png&imgrefurl=http://dwaparayuga.com/2008_06_01_archive.html&usg=__n-5Q0m69SPHbso7oWqZi9KRuQc4=&h=197&w=200&sz=16&hl=de&start=11&um=1&tbnid=kXafwvA2c7mMOM:&tbnh=102&tbnw=104&prev=/images?q=cern+logo&hl=de&um=1�


SHALL BE AS GREEN AS IT CAN BE

CERTAINLY NOT AS GRAY

SHALL EMULATE CERN’S

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
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