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Thin target
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Pion absorption
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Coalescence
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High energy light fragments through the coalescence mechanism

double differential d production double differential + production
from 383 MeV neutrons on Copper from 542 MeV neutrons on Copper
Nucl. Phys. A510, 774 (1990)
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Compar'lson with SPY data: 450 GeV p on Be
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Double diff
distribution for
K+/K-
production from
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QMD’s: Neutron production cross section

L

Phys. Rev C64 034607 (2001) Ar1 Cu 86 MoV/A allb
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The new QMD model: thick target example
. (full interface to FLUKA)

' Phys. ReV. C62 044615 (2000) Ar+ C 400 MeV/A allb

. - - 7cm (stopping ) C target

d®Y /d Omega d E, ( neutrons MeV™' sr™)

1000 10000

1 10 100
neutron E, | or (MeV)

A QMD + FLUKA @ EXPdata
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Fragmentation of therapeutic beams in a water target

p
\U
12¢ 19N 160 NIM B 117,
221 (1996)
676 MeV/u 674 MeV/u 672 MeV/u
1.0F - - 1.0 - - 1.0 - - !
Z°05f > 1 05} 0.5 of primary
= A
03l data = 0.3} 0.3} beam
&
0.2 . . 0.2 . . 0.2
0 100 200 300 0 100 200 300 0 300
0.08 - - ] 0.12 - - 0.10 Build-up
i -~ — 1 o010} i ]
0.06 K & €.09 ] of
[ ” , ' o.08l s osl | secondary
Z° 504l ] _ ' ragments
£ 004y Boron 1 006 ol _ frag
X | 0.04} T As a
0.02} - : .
W, 0.0zl 0.02} 1 function
t/ 3 " L -
0.00 Pt I 0.00 0.00 of depth
0 100 200 300 0 100 200 300 0 100 200 300
Penetration depth (mm) Penetration depth (mm) Penetration depth (mm)

Simulations by F. Sommerer, K.Parodi, W. Enghardt, A.Aiginger

Forscungszentrum Rossendorf (Dresden) , Vienna Univ. of technology and CERN H



Pr'ellmlnar'y PQSUH‘S Head K. Parodi et al., to be published
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* K. Parodi, H. Paganetti and T. Bortfeld, Massachusetts General Hospital
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Calorimeters
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ATLAS TILE CalorlmeTer (1994 setup)

1994 Test beam : 5 modules, positrons
and positive pions beam, 20-300 GeV/c
NIM A394,384 (1994)

proton contamination in the beam measured
(Cerenkov counters) in a later testbeam:
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TILE Calorimeter: resolution and e/n
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Tile Calorimeter: effect of quenching

N

=

N
O

o (E) /E%

1.3
1.25
1.2
1.15
1.1
1.05
1
0.95
0.9
0.85
0.8

14
13.5
13
12.5
12
11.5
11
10.5
10
9.5

Tilecal response to 20 GeV/c 7" vs. quenching

ol .

L A

= ¥ * *

- P

-k

o *

T AT

—

T WTT+P

7\ ‘ L ‘ I ‘ I ‘ I ‘ I | ‘ I | ‘ I | ‘ I | ‘ L
0 0.0025 0.005 0.0075 0.01 0.0125 0.015 0.0175 0.02

Birks coefficient (g/(MeVcm?) )

3 yy A :%

C A.

E pA¢ DA *

3 . * K * *

E * ®OX

= * HTT

= YT

E\ ‘ I I | ‘ I ‘ I N | ‘ I ‘ I ‘ I ‘ I ‘ L1 ‘ |
0  0.0025 0.005 0.0075 0.01 0.0125 0.015 0.0175 0.02

Birks coefficient ( g/(MeV cm?) )

Paola Sala, HSS06

FLUKA simulations,
20 GeV/c

209 incidence
diferent quenching
parameters and
effect of beam
contamination
onhe/n

and resolution
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Tilecal: pion/proton difference

 signal/ n resolution/ Data :
proton signal proton resolution ATL-TILECAL-2001-005
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ATLAS combined calorimeter test beam
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Layout of the experimental set-up (NIM A387,333(1997), NIM A449,461 (2000))
Test beams in 1994 and 1997, electrons and positive pions
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The EM calo ( from standalone test beams)

Detail of the FLUKA geometry and response vs. electron impact position
deposited energy
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300 GeV uin ATLAS combined calo

Calibration in electron scale, electronic noise added
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Comparison with PTION data stmuLATIONS

f\

Calibration in electron scale

DATA Scintillator quenching included
Cut on mip in presampler Photostatistics convoluted
Cut on beam position Noise added

Proton contamination taken
into account
Cut on preshower

(beam chambers)

Energy reconstructed using the ™ benchmark'’ technique

Eo = Egy +a'Qhad +b'\/EEM3'a'Qhad1 +C- EéM

All parameters fixed to minimize 6/E, at 300~GeV
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_Atlas combined calo test beam: 1994 data

Experimental electron a (GeV/pC) b c (GeV™)

scale calibration FLUKA | 0.172(2) |0.38(2) |-0.00038(10)
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_Atlas combined calo test beam: 1994 data
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| Atlas combined calo test beam: resolution
U/
Energy resolution, 1994+1996 data
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1996 Data

Less electronic noise
Better presampler
No electron calibration

Note the
experimental point
at 20 GeV

2 simulated curves:
different algorithms
for preshower
reconstruction
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CERN-EU High-Energy
Reference
Field (CERF) facility

Paola Sala, HSS06
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CERF: neutron measurements

N

Top (left, one side removed) and side
(right, roof removed) views of the CERF
facility with the measuring positions

120 GeV secondary SPS mixed hadron beam
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N

CERF: results

experimental FLUKA
cts/PIC| % |cts/PIC| %

experimental FLUKA
cts/PIC| % |cts/PIC| %

CONCRETE TOP “E”

IRON TOP “C”

LINUS rem counter*
SNOOPY rem counter®
233 sphere
178 sphere
133 sphere
108 sphere
83 sphere

0.364 [0.36] 0.409 |2.2
0.200 [0.59] 0.207 |3.3
0.788 [0.33] 0.899 |3.7
0989 (036 1.01 |34
1.02 |0.30| 0.981 |3.2
0942 [0.35| 0.883 |3.1
0.704 1030| 0.717 |3.1

1.78 1030 1.68
1.83 |0.75] 1.71
9.28 1028 9.23
16.1 (024 169
19.2 |0.19| 21.2
1777 1020 19.2
11.2 026 121

2.1
2.0
2.0
1.9
1.9
1.9
1.9

Comparison between the FLUKA predictions and the
experimental response of the various detectors in stray
radiation fields at CERN". The percent statistical (%)

* C.Birattari et al, Rad.Prot.Dos., 76 (1998), 135

Paola Sala, HSS06

uncertainty is indicated
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TEPC Absorbed Dose Measurements and FLUKA Simulation

CERF facility for mixed Radiation Field

N
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TEPC Dose Equivalent Measurements and FLUKA Simulation
CERF facility for mixed Radiation Field
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CERN-EUV High-Energy Reference

Field (CERF) facility

Ja Y

Location of
Samples:

Behind a 50 cm
long, 7 cm
diameter copper
target,

centred with the

N, = beam axis
Beam Dump .

< Target below Concrete
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Calculation of Induced Activity with FLUKA

N

L/

Simulation of particle interactions and transport in the target, the
samples, as well as the tunnel/cavern walls

Separate simulations for proton and pion beam
Simulations of isotope production via

- High-energy processes

- Low-energy neutron interactions

Transport thresholds

- Neutrons: down to thermal energies

- Other hadrons: until stopped or captured

- No electromagnetic cascade was simulated
Calculated quantities

- Radioactive isotope production per primary particle
- (Star density and particle energy spectra in the samples)

Calculation of build-up and decay of radioactive isotopes for specific
irradiation and cooling patterns including radioactive daughter products

Paola Sala, HSS06 31




N

Activation: Stainless Steel

Table 1: Stainless Steel, cooling times 1d 6h 28m, 17d 10h 39m

Isotope t1/2 Exp OLD FLUKA/Exp FLUKA/Exp
Bq/g = % + % + %
Be 7 53.20d | 0.205 24 | 0.096 34 1.070 30
Na 24 14.96h | 0.513 4.3 | 0.278 8.6 0.406 13
K 43 22.30h | 1.08 4.6 0.628 8.7 0.814 11
Ca 47 4.54d |0.098 25 | 0.424 44 (0.205 62)
Sc 44 3.93h 13.8 4.8 | 0.692 5.8 0.622 6.2
mSc 44 | 58.60h | 6.51 7.1 1.372 8.1 [.233 8.6
Sc 46 83.79d | 0.873 8.3 | 0.841 0.1 0.859 9.5
Sc 47 80.28h | 6.57 8.2 0.070 0.7 1.050 13
Sc 48 43.67h 1.57 5.2 | 1.266 8.4 1.403 11
V 48 15.97d | 897 3.1 | 1.464 3.8 1.354 4.8
Cr 48 21.56h [ 0584 6.7 1.054 11 1.032 12
Cr 51 27.70d | 15.1 12 | 1.261 3 1.231 13
Mn 54 | 312.12d | 2.85 10 | 1.06] 10 1.060 11
Co 55 17.53h | 1.04 46| 1.112 7.7 0.980 10
Co 56 77.27d 10485 7.6 | 1.422 9.0 1.332 10
Co 57 271.79d | 0.463 11 | 1.150 [2 1.140 12
Co 58 70.82d | 221 5.9 0.930 6.3 0.881 6.9
Ni 57 35.60h | 3.52 4.5 1.477 6.5 1.412 8.2

Paola Sala, HSS06

M. Brugger,
et al,
Proceedings
of the Int.
Conf. on
Accelerator
Applications
(AccApp'05),

Venice, Italy,
2005
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Benchmark experiment - Resu/ts 1

Copper

10000 p———rrrrr———rrrrm

(nSv / h)

dD/ dt

M. Brugger et a/, Radiat. Prot. Dosim. 116 (2005) 12-15

Dose rate as function of cooling time
for different distances between sample and detector
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Cosmic Rays

aaaaaaaaaaaaaaa




N

JFLUKA and Cosmic Ray physics: Atmospheric Showers

Two different streams:

@ Basic research on Cosmic Ray physics (muons, neutrinos, EAS,
underground physics,...)

@ Application to dosimetry in civil aviation (DOSMAX
Collaboration: Dosimetry of Aircrew Exposure to Radiation

During Solar Maximum, research project funded by the EU)

Available dedicated FLUKA library + additional packages

including:

@ Primary spectra from Z =1+to Z = 28 (derived from NASA and
updated to most recent measurements.)

@ Solar Modulation model (correlated to neutron monitors)

@ Atmospheric model (MSIS Mass-Spectrometer-Incoherent-Scatter)

@ 3D geometry of Earth + atmosphere

@ Geomagnetic model

Paola Sala, HSS06 35
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(3D) Calculation of Atmospheric v Flux

The first 3-D calculation of
atmospheric neutrinos was
done with FLUKA.

The enhancement in the
horizontal direction, which
cannot be predicted by a 1-D
calculation, was fully

. unexpected, but is now

generally acknowledged.

In the figure: angular
distribution of v,

Vy Ve Ve

In red: 1-D calculation
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Negative muons at floating altitudes: CAPRICE94
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Some recent achievements:

(S.Muraro, PhD thesis Milano)
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Comparison with AMS data

"I Protons and leptons below the geomagnetic cutoff have been measured by the AMS
experiment at altitudes 370-390 Km, latitude +51.7° Astrop. Phys. 20,221 (2003)
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| Neutrons on the ER-2 plane at 21 km altitude
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Dosimetry Applications
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Neutrino
Interactions
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Missing transverse momentum
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The n-tof facility
at CERN:

neutron beam
with excellent
energy resolution
for cross section
studies

beam from PS :
20 GeV/c
protons +

Huge Lead target
Water moderator
neutron beam line

Simulations : FLUKA + C. Rubbia’s detailed low energy neutron transport
Assumption : 5 cm water moderator as in the design of the facility
Comparison with measured neutron spectrum shows up to 20% difference in the range

1-10°eV ( published data)
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Lead target
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Discovery that
the water layer
is 6 cm thick
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6 cm water
(black)
compared with 5
cm ( red)
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