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Tugging into existing experiment hall
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MESON HALL (& Vault):

Cleanup M11,1A/1B roof-beam
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Activities Elsewhere
(KEK, RCNP, CERN, Acsion)

Schedule by Larry Lee, Project Manager




materials, shapes, sizes and placements are provisichal
new facility still under design

delivery of
COLDER THAN COLD
NEUTRONS
to experimem& Por&s

TUNGSTEN
target

for (pxn)
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The glorious Gaussian bell

YOU LIKE IT HERE?
(count over finite amount of ktime)

PHYSICS NO LESS CORRECT
THAN THE PEAK'S;
JUST THAT THINGS HAPPEN
LESS FREQUENT

I LIKE THE TAIL

no averaging: one source particle only
in Monte Carlo nomenclature: “single history’



THE MOST PAINFUL HISTORY IN MY LIFE

”

Fig. 1. A sample history from FLUKA simulation of
carbon therapy of the brain. Successive collisions of a
common parent and common progeny are grouped; labels
along connectors indicate the number of collisions
grouped. Trans Am Nuc Soc (108) 2011 Chin et al

‘PAI»NF: UL because Mownte Carlo codes

are hot designed to be used this way.

BEAUTIFUL ot that FLUKA s
dLsEmc&bj analog*
bj design and bj philosophy,
Energy, momentum, A and Z are
«fu,iiv conserved at each collision

- before any averaging.

NG LONGER PAINFUL TODAY

because I have automated ik

now wikh tom[zpi.e&e qu&h&i&a&éve d&sgiav

* complemented by a complete suite of variance reduction options
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THE GO0D OLD CLOUD CHAMBER

but info is Limiked:
par%iciﬁ enerqy,
time etec nobk available

but skill on
GEANT4 eq HEPREP DISPLAY spatial distribution,

nok par%iﬂe correlakion

but MCNP is bv and
Llarge non-analog

DIG MCNPs PTRAC IF WE WILL



Introducing 5

~ for FLUKA

TREE (1)

tree - list contents of directories in a tree-like format.

SYNOPSIS

tree [-acdfghilnpqrstuvxACDFONSUX] [-L level [-R]] [-H DbaseHREF] [-T title] [-o filename]
[--nolinks] [-P pattern] [-I pattern] [--inodes] [--device] [--noreport] [--dirsfirst] [--version]
[--help] [--filelimit #] [--si] [--prune] [--du] [--timefmt format] [directory ...]

DESCRIPTION
Tree 1s a recursive directory 1listing program that produces a depth indented listing of files




® 0 6 /5 Free x

€& - C [ www.marychin.org/cgi-bin/maresias.php

MeV

line# ns

0 4.800e+2 TungstenTarget
1 4.79%4e+2 TungstenTarget

CORRKELATED SAMPLING

each progeny in the shower/cascade fiks

into a unique place in a famiij tree,;

the relakion bebween each particle is

umiqu,ei.? defined without ambi
2 sovae-
16 1.731le-1
17 1.731e-1
18 5.948e-2
19 5.948e-2
20 5.721e-2
21 1.034e-1
22 1.760e+0
23 1.760e+0
24 1.386e-1
25 1.024e-1
26 4.416e-2
27
28
29 :
30 1.110e+0
31 9.816e~-2
32 5.110e-1
33 5.110e-1
34 5.948e-2

35 5.948e-2
4_741e-2

material particles & collisions
._>p
*delta
t . ->e-
t *delta
t . ->e-
t *delta
t . ->e-
t *delta
t . ->e-
t *inelastic
t . ->photon
t . *photoelectric
t . . ->photon
c t . i *photoelectric
5)t&5&:2 t . . . ->e-
rungstenrarget . i +>e-
TungstenTarget . +>photon
TungstenTarget . *photoelectric
TungstenTarget . . ->photon
TungstenTarget . . *photoelectric
TungstenTarget . . . ->e-
TungstenTarget . . +>e-
TungstenTarget . +>photon
TungstenTarget . *pair production
TungstenTarget . . ->e-
TungstenTarget . . *brem
TungstenTarget . . . ->photon
TungstenTarget . . - *Rayleigh
TungstenTarget . . . *photoelectric
TungstenTarget . . . . ->e-
TungstenTarget . . +>e+
TungstenTarget . . *annih at-rest
TungstenTarget . . . ->photon
TungstenTarget . . . *photoelectric
TungstenTarget . . . . ->photon
TungstenTarget . . . . *photoelectric
TnnastenTaraet - - - - - -




A OO sense
Fro&om
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material
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenT>~"

[2ad

p'\’ TA

TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget

a pro&am
for some fun

particles & collisions

_>p

*delta

. ->e-

*delta

. ->e-

*delta

. ->e-

*delta
-

*inelastic

. ->photor A 3f\{
182 \Af AP

Ay
?pﬁ? *phogggn ¢ &ﬁ-"‘&

S

*p ir productlon

—-—e—-

*brem
->photon
*Rayleigh
*photoelectric

. ->e-

+>e+

*annih at-rest
->photon

*photoelectric




positron annihilation before thermalisation

for from thermalised
(=)

241 1.106e+0 £ TungstenTarget

242 4.833e-1 TungstenTarget
243 4.833e-1 TungstenTarget
244 7.156e-2 TungstenTarget
245 4, 095e—1‘¥0ﬂ~ ‘gro TungstenTarget

246 5.948e-2

251 1.645e+0 LeadBase
252 1.092e+0 LeadBase
253 8.318e-1 LeadBase
254 5.639%9e-2 LeadBase
255 5.63%e-2 LeadBase

256 5.639%e-2 LeadBase
257 4.335e-2 LeadBase
258 7.395e-1 LeadBase
259 1.463e~-1 LeadBase

260 l1.463e~-1 LeadBase
261 7.525e=2 LeadBase
262 7.525e~-2 LeadBase
263 LeadBase
264 7.025e-2 LeadBase
265 6.719%e-2 LeadBase
266 5.798e-2 LeadBase
267 5.532e-1 LeadBase

MeV

TungstenTarget

247 5.948e-2 TungstenTarget
248 4.928e-2 5 1 1 ‘fév TungstenTarget
249 3.398e-1 TungstenTarget
250 1.645e+0 TungstenTarget

Dstill tia the
W tarqet:

7th-generation e+

. éb"fannih in-flight

->ghoton
*Compton
-
*photoelectric
->photon
*photoelectric
-—>e—-
+>e-
+>ghoton
*Compton
->e-
*brem
->photon
*Rayleigh
*photoelectric
-—>e—-
*brem
->photon
*photoelectric
->photon
*Compton
-
*photoelectric
-—a—-
. . +>e-
*photoelectric

1,106 + 1,022 = 4%33 + 1,645 [MeV]

as opposed to the far more probable annihilation at rest:

11

o + 1,022 = 511 +.511 [MeV]



Mownte Carlo

s O T”ﬂf &E & &(;) Y

sensitivity = 100%; efficiency = 100%
noLse = zero

generate sighal without reijivxg o
energy deposition

make observakion & acquire daba withouk
per&urbing the radiation field

I can set up my laboratory (computers) in the
most obscure part of the world

12




.504e-2

.38%e+0
.38%e+0
.808e+0
.785e~-1
.87%e~-1
.786e-1
.920e-2
.920e-2
5.763e~-2
3.08%e-1
2.098e-1

gqamma, )

TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget

L e e @) a bth-generation gamma a
*photoelectri .
5T undergoes photonuclear reaction
+>photon
*Rayleigh 182

+>photon
*photoelectric

+>photon
*photoelectric

+>photon
*photoelectric

+>photon
*photoelectric

+>photon
*Compton

*Compton

*photoelectric

*photoelectric

->photon /y —I_ 74 W _)1’§i W + n _|_ 7/}/

+>e-

->photon
*photoelect
. ->e-
+>e-

characteristic X-Tays
following atomic relaxation

->photon
*photoelectric
. ->e-
+>e-

->photon
+>e-

->photon
*photoelectric
. ->e-
+>e-

*brem

. *photoe ectri%
photon
photoelectric
-
>e-

-
-
->photon

*photoelectric
. ->e-

sy neukron!




Ehe UCN mission

4628 8.524e-2 LeadBase . . . . . *photoelectric

4629 6.998e-2 LeadBase . . . . . . ->e-

4630 4.417e-1 LeadBase . . . . . +>e-

LYKy 7.410e+0_7.600e+0 WarmModerator . . . *low-energy collision @D MQM&T’O n QV\EQT‘S

4632 2.293e+0 WarmModerator . . R . ->photon

4633 2.293e+0 LeadBase . . . . *Compton wWarm MO&Q“Q&OT
4634 1.939%e+0 LeadBase . . . . . ->e-

4635 3.541e-1 LeadBase . . . . *photoelectric

4636 3.383e-~-1 LeadBase . ) . . . ->e-

4637 1.918e+0 WarmModerator . . i . +>photon

4638 1.918e+0 WarmModerator . . . . *Compton

4639 1.585e+0 WarmModerator . . . . . ->e-

4640 1.475e+0 WarmModerator . . . . . *Moller

4641 1.594e-1 WarmModerator . . . . . . ->e-
4642 3.331le-1 WarmModerator . . . . *Compton

4643 7.296e-2 WarmModerator . . . . . ->e-
4644 2.60le-1 ColdModerator . . . . *Compton
4645 ColdModerator . . . . . ->e-
4646 .131e-1 Guide G@D . EM SkOMQT‘ . *Compton
4647 Guide . . i . . ->e-
4648 1.954e-1 ColdModerator § FE,U,S nko. gu.i,cie. *Compton
4649 9.290e-2 ColdModerator . . . . . ->e-
4650 1.010e-1 ColdModerator . . . . *Compton
4651 ColdModerator . . . . . ->e-
4652 9.086e-2 WarmModerator . . . . *Compton
4653 WarmModerator . ) . . . ->e-
4654 ColdModerator . . . . *Compton
4655 ColdModerator . . . . . ->e-
4656 WarmModerator . . . . *Compton
4657 WarmModerator . . . . . ->e-
4658 5.021e-2 ColdModerator . . . . *Compton
4659 ColdModerator ) . . . . ->e-
4660 ColdModerator . . . . *Rayleigh
4661 ColdModerator . . . . *photoelectric
4662 i ColdModerator . . . . . ->e-
I X] 4.070e+0_4.270e+0 WarmModerator . . . *low-energy collision

LYYy 2.270e+0_2.310e+0 ColdModerator . . . 1!

a neutron finally enters the cold moderator

1 presenting itself as potential Ulkra Cold Neutron source
4



IMPOSSIBLE TO SHOW A COMPLETE CASCADE AT INCC

© 0 6 /5 rree x

€& - C [ www.marychin.org/cgi-bin/maresias.php

line# MeV ns material particles & collisions
0 4.800e+2 TungstenTarget ->p
1 4.79%4e+2 TungstenTarget *delta
2 1.425e~-1 TungstenTarget . -3
3 4.772e+2 TungstenTarget *G
4 1.123e+0 TungstenTa> b&@.
5 4.760e+2 ' L\'&
6 5.107e-1 .( @ v\
7 4.753e+2 5 ‘? ?
8 2.559%e-1 <
9 E @_5“&

M&V ->photon
11 ® W Q’ ® i . *photoelectric
‘a' ¥ ‘,vuv\b _..arget . . ->photon

%’Q& , “t «ugstenTarget . . *photoelectric
. C)&'O\ % TungstenTarget . . . ->e-
WVK OT TungstenTarget . . +>e-
a W ) TungstenTarget . +>photon
TungstenTarget . *photoelectric
&f TungstenTarget . . ->photon
QJ'} ‘M -7 TungstenTarget . . *photoelectric
@ 20 5.721e-2 TungstenTarget . . . ->e-
M"} 21 1.034e-1 TungstenTarget . . +>e-
22 1.760e+0 TungstenTarget . +>photon
23 1.760e+0 TungstenTarget . *pair production
24 1.386e~-1 TungstenTarget . . ->e-
25 TungstenTarget . . *brem
26 TungstenTarget . . ) ->photon
27 TungstenTarget . . . *Rayleigh
28 TungstenTarget . . . *photoelectric
29 4.228e-2 TungstenTarget . . . . ->e-
30 1.110e+0 TungstenTarget . ) +>e+
31 9.816e-2 TungstenTarget . . *annih at-rest
32 5.110e-1 TungstenTarget . . . ->photon
33 5.110e-1 TungstenTarget . . . *photoelectric
34 5.948e-2 TungstenTarget . . . . ->photon
35 5.948e-2 TungstenTarget . . . . *photoelectric

4. 741e6=2 TunastenTaraet - - - - . —_—f—
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MONTE CARLO TELLS US WHAT TEXTROOKS DON'T
o textboolks: Fosi&rovx annithilation ‘atwavs’ prociu{:e
back-to-back §11 keV photon pair
o textbooks: Compton, photoelectric effect etc cach interaction
type is discussed in ISOLATION
online FTREE database shall be extended to include
hadron&hemw, x=Tay raciiographj, detectors,

Com[v&om suppression, ...

16
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material

TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget

line# MeV ns
0 4.800e+2
1 1.794e+2

bree LEAVES bree STEMS

eastl
accessible

&rial@j ko
reconsktruck

challenging

Just do a even from

TungstenTarget

Ciump ‘f TOW C(:J'dé TungstenTarget
¢ TungstenTarget

any code cievei.oper 5 TungstenTarget

TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget

sEandFoim&

TungstenTarget

insktanbtaneo WS {MLL TungstenTarget
‘ TungstenTarget

S F’Sh(ﬁ)& COT’T‘ELO&Qd TungstenTarget

TungstenTarget
TungstenTarget
TungstenTarget
TungstenTarget

TnnastenTaraet

only antas&rj

35

particles & collisions

_>p

*delta

. ->e-

*delta

. ->e-

*delta

. ->e-

*delta

. ->e-

*inelastic

. ->photon

. *photoelectric

. . ->photon

. i *photoelectric

. . . ->e-

. i +>e-

. +>photon

. *photoelectric

. . ->photon

. . *photoelectric

. R i ->e-

. . +>e-

. +>photon

. *pair production

. . ->e-

. . *brem

. . . ->photon

. i i *Rayleigh

. . i *photoelectric
. . . . ->e-

. . +>e+

. i *annih at-rest

. . . ->photon

. . i *photoelectric
. . . . ->photon
. . i . *photoelectric

—_— 0 —
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ONE SOURCE PARTICLE ONLY: WHY NOT?

to pick up rare features before they get washed out bj averaging
to ‘measure’ what physical detectors cant

to detect as F?erﬂfec& detector without F»er&urbing the

radiation field, without requiring enerqy deposition

to debect particles with full memory about ancestry

not to mention entertainment and pedagogy

serves as behind-the-scene QA for very serious worlket

* Chin et al IEEE Trans Nuc Sci (in press) Monte Carlo Latching Studies of Prompl-Gamma Detection during Hadrontherapy



TODAY

Ido nmy virtual experimemﬁs

ROL1E

Users from all over the world

shall be able to do real experiments
@ UCN, TRIUMF

The seeming contradiction in the
title of this talk shall dissolve

A Brief Radiation History of the Fubure
Ulkra Cold Neutrow facility
ab TRIUMF
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MONTE CARLO RADIATION TRANSYOKT

one ‘Ms%ca-rv’

te start one PT‘OEOM om.j

one hi,s&c:rj alowne leads ko
COMFL&X hadronic and EM*
cascades

answer ¥ 100% error

GREAT FUN

and more

bi/tri-Llions
of histories

even more r;:ompi.ex;
talkes ages; so
everyonhe needs

&Lus%er--&ampuﬁv\g

answer ac:cep&abi.e error

everyone does bhis

*EM: ElectroMagnetic e, electrons, positrons, photowns



