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Outline of Presentation

Benchmarking PHITS Examples:

e Comparison between Simulation Results using PHITS and
Experimental Data from Heavy lon Reactions

e Neutron Production
e Neutron Transport Through Thick Shields

e Magnetic Field Capabilities
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e VN VERS I'T Y | Michigan State University.
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Challenging Requirements

for Codes and Simulations

e P, n,d, and ion transport (through uranium), their interactions in the targets, beam dumps,
magnets, efc., required

— Transport in magnetic fields required
— In some cases, charge state distributions should be considered

e Calculation of isotope yields, energy deposition, and radiation damage

e Determination of the radiation fields, dose levels, and shielding requirements during operation

e Calculation of radioactive inventory build-up in the target, post-operation decay heat, and dose
rates
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Buy This Book!

Handbook on
Secondary Particle Production

and Transport by
High-Enerqy Heawg; IS

(with (D-Rom)

www.worldscientific.com _ AR NSl A Ura
' Lawrence Heilbronn
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Textbook Example in Handbook: Iwata et RAcma e cuim R RN

: . Nakamura, T. Kurosawa, L. Heilbronn,
al : Experl ment: R.M. Ronningen, K. leki, Y. Tozawa, and

Ne 600 MeV/u on Pb K. Niita, Phys. Rev. C 64, 054609(2001).

NE102A veto detector
NE213 neutron detector
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Y. lwata, T. Murakami, H. Sato, H. Iwase,

1. Projectile breakup (< 20°, ~ beam velocities)

p. is neutron momentum in rest frame of source

O related to internal momentum of nucleons within source

+

° L5 Department of Bnengy
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T. Nakamura, T. Kurosawa, L.

Heilbronn, R.M. Ronningen, K. leki,
Y. Tozawa, and K. Niita, Phys. Rev.

C 64, 054609(2001).

Simple Picture — “Moving Source” Model:

_do _
pidp,dQ,

2
ex,{_ 2
20

dPo/dEGQ ( mb MeV' sr)
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Double differential cross sections of neutrons for Ne 600MeV/u on Pb
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HIMAC Experiment
(NIRS, Chiba, Japan)

10P012 Collaboration

el BNL: L. Heilbronn, C. Zeitlin

*NIRS: Y .lwata, T. Murakami
*Tohoku University: T. Nakamura, H. Iwase, H. Sato,
E. Mihara

*Rikkyo University: K. leki, Y. Tozawa
*Electrotechnical Lab: T. Kurosawa

Secondary Neutron-Production Cross Sections from Heavy-lon Interactions
between 230 and 600 MeV/nucleon

L. Heilbronn, C. J. Zeitlin, Y. lwata, T. Murakami, H. Iwase, T. Nakamura,
T. Nunomiya, H. Sato, H. Yashima, R.M. Ronningen, and K. leki

Submitted to Nuclear Science and Engineering (August, 2006)

©

.y
a4l
e ~ QT The NSCL is funded in part by the g &
W National Science Foundation and R b‘
UNIT VERSITY Mihigan State University.



R.M. Ronningen presentation at Hadronic Shower Simulation Workshop FNAL September 6-8, 2006

Beam Trigger Detector

Target Position

'Shadow Bar

He-filled tube . ™ %
5 an T !

-'_&;,,‘@Ha'rged'particle veto detector
> Neutron detector
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Double Differential Cross Sections of Neutrons for Xe 400 MeV/u on Li Preliminary:
E M L | M LI | M LR | ! 3 .
1000 E’ ;HH -. -Target, detector array In vacuum
10F  g° I . : :
2 owf + a_pmﬂr" _.HJ.“.] *No helium tube
L L) 7'y . : Data uncorrected for neutron
-> E’ 20 —1|_'0_‘E—'_|__, o ! 'E . 0 o o
2 o4 B 0" (x107) -ﬁﬂ. L‘ k attenuation (|n target, N alr)
s . 5 30° (x10° }tﬁ ___'
E " [ 40()(10)*11L “ﬂ. H :
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Benchmarking PHITS against Experimental Data

on Neutrons Behind Thick Shields - susana Reyes (LLNL)

« Data on neutron spectra behind thick shields of iron and concrete:

— M. Sasaki, E. Kim, T. Nunomiya, T. Nakamura, N. Nakao, T. Shibata, Y. Uwamino, S.
Ito, and A. Fukumura, Nucl. Sci. Eng. 141, 140 (2003)

— M. Sasaki, N. Nakao, T. Nunomiya, T. Nakamura, A. Fukumura, and M. Takada, Nucl.
Instrum. Meth. B 196, 113 (2003)

* lon beam is 400 MeV/nucleon C, on Cu stopping target (5 cm thick, 10x10 cm
square)

» Concrete blocks are 50 cm thick, 100x100 cm?, spectra measured for 50, 100, 150
and 200 cm shielding

e L5 Department of Bnengy
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MICHIGAN STATE National Science Foundation and *{ -:
ot

LAWRENCE LIVERMORE NATIONAL LABORATORY W i BT AT . - L - m‘:-::-] It f 0
OAK RIDGE NATIONAL LABORATORY AANBEONNE Nerap U N 'V ER ST Y Michigan State University.




R.M. Ronningen presentation at Hadronic Shower Simulation Workshop FNAL September 6-8, 2006

Geometry for the PHITS Simulation

Detector A Detector B

Cu target \

Shield
Concrete
floor
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Concrete shielding, detector in position A
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Concrete shielding, detector in position B
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Iron shielding, detector in position A
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Iron shielding, detector in position B
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Evaluating the Dipole Magnetic Field Option of PHITS for a Heavy lon Beam

e LISE++ for “optimized Li target” for production of 26Ne fragments
— 8Kr beam at 500 MeV/u '
— Target thickness is 9.6 cm
e “optimized” for fragment
e (Thick! 38% energy loss)
— Dipole set to 2.5806 T with Bp =8 Tm

“This is just a test”-not operationally useful!

e PHITS
— 86Kr beam at 500 MeV/u
1 mm diameter
Simple cylindrical target in vacuum “pipe”
Box “dipole” with 2.5806 T field
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From Michal Mocko et a/., Michal's Ph.D. Thesis (MSU), Sept. 2006
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Figure 2.6: The PID spectrm of a simulated of N = Z setting for **Ni+"Be reaction
at 140 MeV/u using LISE++ [56] for the A1000 fragment separator. Parameters of
the simulation: Bp=3.6 Tm, 0.2% momentum acceptance.
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Is the Fragment Bent to the Correct Location?

86Kr beam at 500
MeV/uon 9.6 cm Li

Beam no.= 1, ie= 1, iy= 1
target 4o Pipe | , ‘

o0 L / Li Target “Dipole Magnet”B = | 100 g
B o ==X 25806 T,Bp=8Tm 1 [ dud
" 20 — <— 86Kr Fragments — :;

—40 | - -

/ 100 200 300 400
86Kr Beam z[cm]

200 300

z [ecm]

0= BL For 30 degrees, 8 Tm, 2.5806 T
0.3x Bp x0.0582 L calc=1.62m
L measured = 1.62 m
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Yield Comparisons

PHITS LISE++

Fragment Fragment Fragment Fragment PHITS/LISE
per source particle | per pnA perincident 86Kr

86Kr 3.43E-01 2.60E+09 4.17E-01 0.8
82Br 4.90E-03 3.34E+07 5.35E-03 0.9
77Se 2.40E-03 1.99E+07 3.19E-03 0.8

2.30E-03 1.27E+07 2.04E-03

3.90E-03 1.11E+07 1.78E-03

5.30E-03 6.55E+06 1.05E-03
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Compare 8Kr to 43Ca: Note Momentum Spread

T

40 - o2
20 ] 'IU'“'?
= - 86 1 ~ 8
g 0 — Kr | 0
— o
< B . 107 =
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| | i@
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LISE++: B-Rho Plot for 86Kr and 43Ca

D1-BrhoPlot
86Kr (500.0 MeViu) + Li (95833 pm); Settings on 26Ne; Config: D
dp/p=6G9.24% ; Brho(Tm): 8.0000

withouw! charge stales

le+12 |

let11g
— le+i0f
,g ]
a L
2 1e+d
2
=

Te+h

SBKr100.0%

1-10-2004 09:02:08
LISE ++ [Moname]
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Compare Momentum Spread

PHITS Simulation vs LISE++ Simulation

Yield (ions/bin/source

86Kr)

Momentum Spread Comparison

1.0E+00
1.0E-01
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©op.os | LISE:57-68 N\ —e— 86K
' / \ —m—43Ca
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Where Do Primary Beam and Fragments Go?

29C 1 48Ca, R=3.854m { \

1227¢ 1 138Xe, R=5.051 Dipole 'y
BN / 86K, R=5.312m 43 cm XHem | [7
130Cd 7 138%s, R=5.083m

200W/ 238U, R=8.112m ¥ ¥ ¥

100Sn/ 1125n, R=7.695m \\\\ — 380 cm
,f’"

! dan A\
N

NICHIC/

NSCL Michigan Si
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Sample Beam-Fragment Combinations (from Brad Sherrill, MSU)

Target Dump
Charge Thickness Fragment Beam Beam Power Power
Fragment Beam Siate Fraction Beam Energy MeViu mg/cm2  Brho Brho  Ratio in Target (kW) (kW)
1227r 136Xe 54 1 200 3200 89015 6.8786 0.7630171%94 153 247 €——
130Cd 136Xe 54 1 200 3320 7846 7.0896 0903554188 138 261
TENI 86Kr 36 1 520 5300 8.33 £6.6832 0.802304922 150 250
22C 48Ca 20 1 320 3300 8938 57971 05820896556 89.2 3108 &
2000 238U 400 1100 7.4968 0.923100523 102 <4+—
92 0.04 6.9203 11.92
a1 0.29 6.9963 a6.42
a0 06 70741 176.8
a9 0.06 71536 17.88
ad 0.003 7.2349 0.854
1005n 11258n 50 500 4000 4.843 56286 1.162213504 186
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Where Does the Primary Beam Stop? (Brad Sherrill, MSU)

10 Possible rare isotope beams are represented

by squares.
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The color of the square tells the relative
primary beam rigidity.
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Fragmentation Pre-Separator in PHITS (inseok Baek, NSCL/MSU)
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Transport of Primary Beam using PHITS (inseok Baek, NSCL/MSU)
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Tracking the Primary Beam

48Ca 500 MeV/u on Be Target
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Tracking the Fragment 4°Si

from 4Ca 500 MeV/u on Be Tar get

[t-track] in xyz mesh
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Neutron Flux in Pre-Separator using PHITS: 48Ca beam at 500 MeV/u

Normalized to 400 kW
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“Realistic” Quadrupole Geometry

using BNL Design with Realistic Material Compositions

SAE1010
So31E
woid
Helium

Bi Pb+iB0
Yacuum

% [cm]

_e L5 Department of Bnengy
MICHIGAN STATE The NSCL is funded'in part by the
. 8 S/

LAWR VERMORE NATIONAL LABORATORY - i N ATTON - , National Science Foundation and
OAK RIDGE NATIONAL LABORATORY ; e\ ARGONNE @y U N ' V£ RS T V| bichigan State Universty.




R.M. Ronningen presentation at Hadronic Shower Simulation Workshop FNAL September 6-8, 2006

Projectile Fragmentation Experiments at the NSCL

e Michal Mocko et al.

e Michal's Ph.D. Thesis:
— Aavisor: M. Betty Tsang
— Title: “Rare Isotope Production”
— Defended September 6, 2006
Paper submitted to Physical Review C
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Compare PHITS to Mocko et al. Experiment 48Ca 140 MeV/u + Be
Fragmentation Production of Sulphur Isotopes
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e We wish to thank Koji Niita and the PHITS development team for PHITS

e PHITS has many features useful to help design the next generation of exotic beam
facilities
e PHITS performs very well when comparing to existing data
— True for light-ion reactions as well as heavy ion reactions
e Suggestions for improvements
— Continue to improve models
— Benchmark against new data sets

— New data sets needed from the heavy ion community
e Radiation damage (DPA)
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